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PREFACE

The field of radio servicing still offers many
opportunities for establishing a source of
lucrative income, even though its companion
field, television, continues 1ts great expansion.
The mastery of radio servicing, a profitable
field in its own rights, is the inevitable pre-
requisite for the study of television servicing.

As in the case of the previous editions of
this book, basic and necessary information are
presented together with a dynamic tech-
nician’s procedure. The many tributes paid
to the previous editions have indicated to the
authors the sound basts of their pedagogical
methods.

It is assumed that the reader has acquired
an el y bac} dof theory
prior to delving into service work. Neverthe-
less, elementary theory is presented 1n this
book wherever 1t serves to make a particular
procedure more clear

Design theory has been eliminated since
it is felt that such theory does not fall within

stereo receivers. The chapter on auto rado
servicing has been completely rewritten in
line with current practices. The three-way
portable radio receiver servicing chapter has
been replaced with one on the servicing of
transistor portable sets. All other chapters
have been updated to include current prac-
tices. Information on printed circuits has been
merged into several chapters to give greater
proficiency in general servicing New informa.-
tion has been added to the appendix to make
it more useful.

The authors feel that this edition of the book
15 the most comprehensive treatment on radio
servicing found in any one book. Indeed, it
has passed from basic elements to a far more
extensive treatment of radio servicing.

A book of this hmited size could not possi-
bly cover all the individual variations found
m radio recervers. So the authors have con-
fined their survey to the most widely used
practices of the last ten years. It is felt that
with this back d, the technician will be

the prov of the It 15 axi 1
that the technician must never redesign a
receiver brought in for repatr unless so ad-
vised by the manufacturer.

Since the publication of the second edition
of this book, new practices and circuits have
been developed. Therefore new chapters
have been added to update the information
A new chapter is devoted to the popular and
growing field of hi-fi phonograph assemblies
An addition has been made to the chapter on
f-m radio to include multiplexing and f-m

able to figure out the other variations with
greater ease

We are sure that old friends of the previous
editions will find this third edition sufficiently
new to be of extreme value to them May we
thank the many friends who wrote to us
through the past years m prase of what they
had learned from the previous editions.

WILLIAM MARCUS
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PREFACE

The field of radio servicing still offers many
opportunities for establishing a source of
lucrative income, even though its companion
field, television, continues its great expansion.
The mastery of radie servicing, a profitable
field in its own rights, is the wmevitable pre-
requisite for the study of television servicing.

As in the case of the previous editions of
this book, basic and necessary information are
presented together with a dynamic tech-
nician’s procedure. The many tnbutes pard
to the previous editions have indicated to the
authors the sound basis of their pedagogical
methods.

1t is assumed that the reader has acquired
an elementary background of electronic theory
prior to delving into service work. Neverthe-
less, el y theory 1s 1 d m this
book wherever 1t serves to make a particular
procedure more clear.

Design theory has been eliminated since
it is felt that such theory does not fall within
the province of the repairman. It 1s axiomatic
that the technician must never redesign a
recewver brought in for repair unless so ad-
vised by the manufacturer

Since the publication of the second edition
of this book, new practices and circuits have
been developed. Therefore new chapters
have been added to update the informanon.
A new chapter is devoted to the popular and
growing field of hi-f phonograph assembhes.
An addition has been made to the chapter on
fm radio to include multiplexing and fm

stereo receivers. The chapter on auto radio
servicing has been completels rewritten in
line with current practices. The three-way
portable 1adio receiver servicing chapter has
been replaced with one on the servicing of
transistor portable sets All other chapters
have been updated to include current prac-
tices. Information on printed circuits has been
merged into several chapters to give greater
proficiency in general servicing New informa-
tion has been added to the appendix to make
1t more useful

The authors feel that this edition of the book
1s the most comprehensive treatment on radio
serviemg found in any one book. Indeed, it
Las passed from basic elements to a far more
extensive treatment of radio servicing.

A book of this limited size could not possi-
bls cover all the individual variahons found
n radio receners. So the authors have con-
fined their survey to the most wideh used
practices of the last ten years. It is felt thar
with this background. the technician will be
able to firure out the other variatons with
greater ease.

We are sure that ald fnends of the previons
editions will £ad this thrrd edinon seBoenth
new to be of extreme value to them Moy we
thank the wam fends who wree to we
through the paxt vea 10 proee of what ey
had learmed o the previous edinoms.
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Functional servicing. Thinking, especially
in the solving of problems, involves the ap-
phcation of random bits of information to a
pasticular situation. Two distinct elements
are involved in this procedure. The first is
that sufficient information to draw from is
available. The second is that the infuymation

ary for lhe i is applied to the
The frst el t is 2
static one; ‘the nf may be iled

in a book for continuous reference. The second
element 1s a dynamic one and cannat be as-
sumed to develop from the first element un-
less specific exercise 15 provided.

‘Foo many servicing manuals and baonsks ase
orzanized on the premise that servicing skills
can be develnped if anly enouzgh bits of infor-
mation are presented. In this respect, they, fai]
to develop Functional skills The Jezrrer fnds
his path a slow and uncertam o

The purpose of this book ts to apply e
psychology of leaming to redi qeracs
Basic information is presented 2t afl brmas In
addition, the information 13 4 o7
it develops whole dymamic promd
appheation to specific rrd tebles,

Scope of the book It wo=ld be 1ropens:
to present in any 1r’:z.'l b procedioet
servicing all types of radin rowenien & Tes
as all the vagiations of exch tipe Fer €
reatom, the soope is resinetsd &
widely med gecerner—the 17

All the
given. Therefore, 2 standzd ©

et

-

ndyvidnal vanatosn enld s
taserd on

the most widely used practices, by presented
as the basts for study, This cirasitis show s
Fig. 1-1 ¥n uf$ probability, there fs no yecoiver
that Incomporates all the fratures fodicated,
but for study purpmes, such a slandard cie-
cuit vill be found invatuable, Theoughont thy
Yonk, the stantlard cirenit §s bawksrn Sowe atil
aralyzed by stages, i arcordance wvith the
plan deseribed in the follorwing section,

All smndern practices coold gt perssibly be
indicated in one schenatic disgsam, Theres
fore, a secdion on widely wsed vanigtions iy
detizn bs incInded tn earh cliaptes of cvare
analysis, It is felt that enemzh inforrasion vall
b obtained from the standard circuit and the
variztions wectiom to wnderdtand and wnior
ansy other variztion.

To prosocts underitanding of B Vuatie des
ctity, the: text devxibos and diessey the v
of wnch tet imtraents 2t the gl pro-
erator, the tonltieneter, thee ¢heay geiatads,
arad the ctbadoney eillroroe, Ttow ae
the secrmrtoetiled fasprzaty Sor batl gt
Wz

Semorzl (asters aze desered to tie v
traznSomar grones v ,!/. thie /bt
$ormaiens pronas arpgly, 2ol thaar v
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At temguery zre banunlly toen
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described in this chapter. Another chapter is
devoted to alignment of recetvers. This pro-
cedure involves the proper adjustment of
tuned circuits for best reception of station
signals and for tracking with tuning-chal
settings,

The remainder of the book is concerned
with the servicing of transistor portable re-
cejvers, auto radios, and f-m receivers. These
are explained in hapters, more
quickly than the analysis of the lrmc receiver
of the book, since they could be considered as
vanations of the basic superheterodyne re-
ceiver, with special power supplies and ad-
justments. The final chapter is a relatively
rapid overall summary of the causes of if

NtropueTion 3

1. Quick check for normal functioning
of the stage
Function of the stage
Tynpical or basic circuit schematic
Function and common value for each
camponent part
Normal test data for the stage
Common troubles 1 in the
stage
How they are found
Special problems invohed in re-
placement of components
Variations from the typical stage that
are frequently used; special trouble-
T 3 in these variations

Aot

ot

=

defects and of servicing procedures.
Organization of dynamic material. In order
to make the material of this book dynamically

®

. Summary of tests including outline of
procedure to be followed in tracing
various symptoms to their cause

functional, information 15 | ted 1n the
sequence that 1t would be used practically in
servicing a superheterodyne receiver Instead
of proceeding from stage to stage in the order
that a radio signal would pass from the antenna
to the speaker, the stages are presented in the
order that a tech would investi a
defective receiver Standard radio-servicing
procedures are given for each stage In add)-
tion, simple practical tests performed by tech-
nicians on the bench are presented These
tests are based on vears of practical servicing
experience.

Each stage 15 presented i a simlar manner
The following topcs are discussed as appro-
prate.

The organization of the information, as
outhned above, 15 the method by which the
material nformation will become quichly
functional. A little practice in its ase will
assure a quick practical approach to radio
servicing problems

It should be understood that this book is not

ded to be an encyclopedia of radio setv-
fctng Once the method of attack 1s mastered,
reference to service notes distributed by radio-
receiver manufacturers will be more useful
than before Where an unusual circuit 1s en-
countered, such notes will prove to be of
great value.
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Block diagram of a superheterodyne re-
ceiver. Before the stage analysis of the su-
perbeterodyne  receiver is presented, it s
advisable for the technician to have an over-
view concept of how it works, This picture
will be obtained readily from a block diagram.,
Each block represents a stage that will be
shown later in schematic and more detailed
form. The accompanying wave forms or pic-
tures of the types of clectric currents show
how cach stage alters the signal entering it. It
will be seen later that some of these stages
may be omitted or that two stages may be com-
bined into one. The block diagram of the
superhelerodyne recciver is given in Fig, 2-1.

How the superheterodyne receiver works,
An analysis of the block diagram shown will
clarify this matter. The antenna picks up the
modulated r-f carrier signals of all stations
within the receiving area of the set. In the
broadeast band, they vary from 550 to 1,600
ke. Before passing through the vf stage, one
station is sclected by tuning and its signal is
passed on. The modulated r-f carrier signal is a
high-frequency wave modulated or varied by a
lower frequency wave known as the “audio
modulation,” The audio modulations re-
present the useful component that will even-
tually drive the speaker.,

The r-f sltage merely amplifies the station to
which we are tuned and passes the amplified

signal with its audio modulation on to the
mixer, The audio modulation retains the same -
wave form as the signal yeceived at the
antenna, :

The mixer and Jocal oscillator work together
as a tcam. Often the two stage functions are
performed by one tube, which is called a
“converler.” The local oscillator is a generator
of unmodulated r-f waves, automatically ad-
justed to a frequeney of about 455 ke above
that of the reccived station r-f frequency.
When the output of the local oscillator is
mixed with the r~f station frequency in the
mixer stage, the resulting output of the mixer
is at a frequency of 455 ke, with the same
audio modulations as that of the original signal
that came down the antenna, .

The 455-ke sigaal is then fed into the i-f
stage, which is fixed-tuned to about 455 ke.
Here the signal is amplified and fed into the
detector. The audio modulations still retain
the original wave form.

The detector stage removes the 455-ke
r-f component from the audio modulation
component and passes the latter into the Grst
audio stage. This detector is frequently re-
ferred to as the “sccond” detector, and the
mixer or converter is called the “frst” de-
lector.

The audio component enters the first audio
stage, where ils voltage is amplified. It still



retains the same wave form as that of the orrgi-
nal audio modulation on the statron carrier.

The second audio stage amphifies the audio
signal even more, developing suffictent power
to drive the speaker, which is a power-drven
device The audio signal shll retains 1ts sune
wave foum at the input to the speaker. The
speaker response 15 a sertes of sound waves.

Power for the entire receiver 1s usually
obtatned from a 110-volt, 60-c vele a-¢ source or
a 110-volt d-¢ soutce The power supply wall
rectify the a-¢ supply, whete such power 15
wupplied, and will filter the rectified voltage
ta obtam a farly smooth direct current, which

SUFERUETFRODYNE RECFIVERS B

now hecanes our B sapply. Where 110-valt
d-¢ power s furnished, the power supply
will merely filter it to obtain the B supply.
In hattery portable sets the supply 1s nbtained
direetly from batteries, which do not require
additional filtering

Using the Dblock diagram. It is tmportant
that the block diagranr shown in Fig 2-1 be
committed to memory before going on Where
test instruments are used, the input and the
output wases of each stage will determine how
to make proper settings. This 1s especially
smportant  in  sigual-substitution  methods
where a signal generator is used

1. R {550 to 1,600 ke)—~modulated at radio
frequencies.

2. Tuned and amplified r-f {550 to 1,600 ke)—
madulated at audio frequencies.

3. Unmodulated r-f {r-f one + 455 kc}

4. L1 {455 kc)-modulated at audia fre-
quencres.

5. Amplitied I-f (455 kc) I
frequencies

at audio

PowER
sFmy

Audio frequencies (50 to 10,000 cycles) for
high-fidelity recervers.
Amphfied audio frequencies {50 to 10,000
eycles) for high-frdelity receivers
Amphfied audio frequencies (50 to 10,000
cycles) for high-frdelty recervers
. D-c B— supply
110-volt, 60-cycle a-c supply or 110-volt
d-c supply

N o

®

-
ow

FIG. 2-1. Block diagram of a superheterodyne receiver with associated wave f -



Receiver servicing systems. When a radio
receiver is brought in for servicing, the de-
mand made of the technician is that he put
the set back into normal operation. The means
is of relatively no importance to the customer.
Although this end also becomes the aim of the
technician, he is confronted with a more im-
h .chdiulc goal. What method shall he follow in
“locating the defeet?

The various technicues that he uses can be
grouped into a few systems of procedure,
which are listed below:

1. Reliance on sight, louch, smell, and
past experiences with the same type
of receiver.

2. Part-substitution method.

3. Voltage measurements across com-
ponents,

4. Point-to-point  resistance  measure-
ments,

5. Electrode-current checking,

6. Signal substitution,

7. Dynamic-signal tracing with a vacuum-
tube voltmeler and oscilloscope.

The first system is a self-evident one,
Wherever a component appears to be broken
or burned, or smells as if it has been over-
healed, or feels too hot, the assumption might
reasonably be made that it is defective and

should be replaced. Similar difficulties pre-
viously experienced with the same type of
receiver might guide the technician. Unfor-
tunately, too many defects will not result in
extremes of breakdown. Also, the defective
component is not disclosed as the cause of the
receiver failure or the result of some other
defect. Finally, experience as the guide can
al most be a helpful rather than an infallible
aid.

The sccond system involves the substitution
of a part, known Lo be good, for a similar part
that seems to be defective in the receiver.
The weakness in this procedure is that jtis too
time-consuming by itself and may be useless
where the trouble involves a number of de-
feetive components.

The third system is one in which voltage
measurements are taken across various com-
ponemts. When the observed values are com-
pared with normal voltage data, defective
components are readily found. There are
several weaknesses in this system when used
alone. The time required to make all voltage
checks in a modern complex receiver makes it
extremely ineflicient. At the very best, it may
be used alone for making routine checks. In
addition, many defects will not alter voltage
readings to an extent that would indicate
where the defects may be found.

The fourth system is similar to the third,
except that resistance measurements are taken



with an ohmuneter across the various com-
ponents, rather than voltage measurentents
with a voltmeter. Used alone, this system has
the same weaknesses ns the voltage test.

The fifth system is one in which current

SERVICING PROCEDURE 7

Reference to the stage analysis in later see-
tions will give great facility in the proper
1} I use of the 1 systems.
What instruments should the technician
have? To follow lhc suggestions that are ree-
)

measurements are made in various p of
the recetver to locate deviations from normal
values. It is not often uscd, because it mvolves
either the opening of circuits to insert am-
meters in series, or the use of special adapters.

The sixth system is a popular one. A signal,

similar to the one normully encountered in
aperation, is fed into the input of a stage, and
the result at the output is then observed and
compared with normal expectations. It is not
suitable when used alone, since 1t primarily
locates a defective stage without indicating
the defective component.

The last systtm s one that mvnlves ex-
pensive eq and 1
Commercial instruments are of various types,
but most attempt to analyze the stages of the
recever under actual working conditions.
Basically, all are combinations of vacuum-tube
voltmeters, capablé of making measurements
without loading the circunts tested, and are
excellent for measunng weak signals in the
order of microvolts The signal indicators are
of various types oscilloscopes, electron-ray
tubes, loudspeakers, meters, etc These in-
struments readily indicate loss of gamn of
stages, distortion, ntermittents, regeneration,
oscillation, noise, and other condiions How-
ever, they still require supplementation by
the multimeter and the signal generator

Which servicing procedures shall we use?
No one of the servicing systems referred toin
the above section can be used with speed and
efficiency when taken alone. Expenence has
shown that 1t is most efficient first to determne
the defective stage by means of a signal check
and then to carefully analyze that stage for
defective components.

This book assumes that the intelligent and
combined use of the first four systems histed,
plus the signal-substitution system, will gve
a highly efficient trouble-shooting procedure

L an 1, and a
signal gencmtur are required Two of these
are comlined 1 one popular instrument
called a “multimeter,” which combines a
voltmeter, ammeter, and ohmmeter in one
unit, with a switching device to obtain the
desired function as well as the proper range,

Order of use of instruments. The advantages
of the recommended procedures wall become
evident with use The geneml rule to be
followed in servicing a receiver is, first, to use
the signal generator in order to locate the
defective stage or interstage components,
The voltmeter and chmmeter are then applied
in order to close in for the kill, that is, the
determination of the actual defective com-
ponents,

The latter part of this book breaks down a
typical superheterodyne receiver into its
stages and gives procedures for testing the
normal operation of each one, For each stage,
typical test voltage and resistance measure-
ments are histed for comparison with those
actually found in the defective recewver. In
addition, where possible, practical methods
of testing stages are listed.

Finally, the order of presentation of the
stages analyzed 1s, in general, the order in
which a technician would be etpected to
subject the defective receiver to analysis. It is
felt that i ths way he will use this book with
a more functional approach to his problem,

The question mught arise at this time as to
the place of a tube tester n a service shop,
since many recener defects may be due to
faulty tubes alone. A word with regard to this
matter will explain the lack of emphasis placed
on that instrument.

There are two types of tube testerss=«
mutual-conductance type of tester an -
enussion tester In the first, as desiy.
change of gnd voltage is ap ,



0 BLEMENTS OF ANO SERVIGING

The vesnlting chanpe of plte cverenl detey-
mines whether to el the tabe good o bad, Ta
the cadssion toster, the curront Jow or emise
ston that vesudt when the Blaments are heatedd
and a fixed voltape is pliced on the plite de-
tenmines whether to call o tabe pood or bad,
Pandssion deerenses with the age of the tube,
T addition, hoth types of testers have chrenits
for determidnating, whether theve is loakape or
a shoet hetwoeen the tahe cloments,

The tube tostor s suitable for tosting roeti-
fier tubes, However, for pther tabes, it does

nol measure their operation under the sane
dynamic conditions that they envcountey in
netial vpemion, "Fabes that test pood inilmay
he poor i actoal recoiver operations A far
hetter cheek Tor the techntetan 1s to hook up
the sipnal genertor and an outpnt meler to
the reeciver and observe the ontput, "Then
substitute u pond tube Tor the one believed to
e bad wnd compare the two outpuls, OF
vourse, where the enstomer hrings only hix
hes for testing, the tahe lester is e insteus
ment o use, ity Hmblations heinge understood,
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A typical mulumelcr. The multimeter i: isone
of the radio tect ’s
It is the instrument that finally localizes
troubles in the receiver after the defective
stage is found. A typical multimeter js shown
in Fig. 4-1. Its purpose is primanly to make
voltage, current, and resistance measurements
throughout the receiver.

To perform its functions, the multimeter is
a mithammeter, voltmeter, and ohmmeter
combined in one case. In addition, 1t 1s de-
signed to furnish various ranges of current,
voltage, and ts. To

with the circnit to be mcasured, brings up
some interesting factors that will be described
later.

Essentially, the voltmeter is a2 D'Arsonval
galvanometer in series with a fairly high-
chmage resistor. The latter is commonly called
the “multiplier.” Figure 4-2 shows a basic
voltmeter. The size of the multiplier deter-
mines the range of the voltneter. A brief anal-
ysis will make this point clear.

Begin with a galvanometer that gives full-
scalc deflection at 1 ma (0.001 amp) Such an
is usually called a *one-mil mil-

select a particular function and a particular
range from the instrument, a front-panel selec-
tor switch is provided. Each posil of the

liammeter.” Assume that it has an internal
resistance of 30 ohms. What must be the re-
of the multiplier to convert it into a

switch is labeled for that purpose.

In describing the components of the mul-
timeter, it is better to treat the voltmeter and
ohmmeter as though they were separate
Nothing will be said about the milliammeter
as a current measunng device, since few tech-
nicians will make such measurements without
adapters. The only prinaiple to be kept in
mind, when currents are measured, s to be
sure to be on the correct range. A good policy
is to start at the highest range and switch down
to lower ones until the correct one is reached

0 to 1 voltmeter? When so converted, 1 volt
placed across the milliammeter and multiplier
will drive 1 ma through it to give full-scale
deflection, as shown in Fig. 4-3. Using Ohm’s
law, determne the resistance that will give
this condition

f o—gﬁ— 1,000 ohms

Since the mll. hasa of 30
ohms, the multiplier R,, must have aresistance
of 1,000 minus 30, or 970 ohms. An instrument
of dus sort 1s called a 1,000-chms-per-volt

General of the vol The
purpose of a voltmeter is to indicate the poten-
tial diffc or voltage 1 two points

' of a circuit. This is accomplished by connect-

1 volt 1s applied across
l 000 chms (1,000/1) = 1,000, Ths designa-
tion 1s an indication of its sensttivity.

Suppose that 1t was desired ta convert the

ing the two input terminals of the voll
to the two points to be tested 1n the circuit.
The placement of the voltmeter, in paralle!

same mill into a vol of 0 to
100 volts. What must be the resistance of the
multiplier? By similar reasoring, 100 volts
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now placed across the milliammeter and mul-
tiplier will drive 1 ma through it to give full-
scale deflection, as shown in Fig, 4-4. Using
Ohm’s law for the total resistance,

£ 100

R =""= mz 100,000 ohms
Again subtracting the milliammeter resistance
from the total resistance, we find that the
multiplier must have a resistance of 100,000
minus 30 = 99,970 chms. Its sensitivity is still
found to be 100,000/100, or 1,000 ohms per
volt. A switch is usually provided on the mul-
timeter to give a voltmeter of different ranges
by cutting in different multipliers. Such a
switching device is shown in Fig. 4-5.

In using various veoltmeters, the technician
may be surprised when he measures the volt-
age across two points of a circuit and obtains
two different readings. His first impulse might
be to say that one of the instruments is in-
accurate. Yet they may both be right, and the
technician must interpret his results more

- _ carefully.

The explanation for this condition lies in
the different sensitivities of the voltmeters.
The example given above was for a 1,000-

FI1G. 4-1. The Simpson Model 260 multimeter.

ohms-per-volt voltmeter. The current tend-
ency in radio servicing is to use voltmeters
whose sensitivity is 20,000 ohms per volt.
To illustrate, let us assume that a galvanome-
ter requires 50 microamperes (0.00005 amp)
for full-scale deflection. What must be the
size of the total resistance to give a voltmeter
with a range of 0 to 1 volt? From Ohm’s law,

E 1
R == 000008~ 20,000 ohms
The sensitivity of this voltmeter is 20,000/1,
or 20,000 ohms per volt. Similarly, with the
same basic movement, we could convert it
into a voltmeter with a range of 0 to 120 volts.
From Ohm’s law, ‘

== === = 2,400,000 ohms
The sensitivity is still 2,400,000/120, or 20,000
ohms per volt. Now, consider the following
circuit in Fig. 4-6, across which 60 volts are
dropped. We shall use voltmeters on an as-
sumed 100-volt range.

Since R, = R,, the voltage dropped across
each is equal and is 30 volts, If the 1,000-chms-
per-volt voltmeter is connected across R,

FIG. 4-2. A basic voltmeter.

MA= M IAMMETED



we have the condition indicated in Fig. 4-7.
The voltmeter and R, are equal in resistance
and in parallel. The combimed resistance of
the parallel branch 18 now 30,000 ohms, and
the circuit now appears as in Fig. 4-5. Since
the two resistors are now not equal, the voltaze
divides differently, (100,000°130,000) x 60, or
40, volts across R,, and (30,000/130,000) x
60, or 20, volts is dropped across R, and the
voltmeter. The voltmeter reads 20 volts. If the
20,000-0hms-per-volt voltmeter is substituted
for the 1,000-ohms-pervolt oltmeter, the
condition indicated in Fig. 4-9 prevails. The
combined resistance of the voltmeter and R. is
about 93,238 ohms The ctreuit now appears
as shown i Fig 410 Across R, {100.000"
195,238} x 60, or about 30 7 valis are Cropped.
Across R. and the voltmeter are dropped
(05,238/195.238) x 60, or sbowt 9.3 sols.
The voltmeter reads 293 volts In both cases
above, the effects of chanze cf corent when
the voltmeters were connect=2 Lave r st been
tahen into consideraion becume the reline
results would still evist.
Which voltmeter was cer
If mterpreted properly, b

2 1m s eadoae

ore e

FIG. 4-3 Voltmeter mitha0- 43 1T 7=
scale deflection
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resalts. The technician inay use either of the
two voltmeters of different sensstivities, but
at all times Le must interpret his results. Gen-
erally, st is true that the voftmeter of the higher
ohms-pervolt sensitinity will gine o more
accurate reading when the voltage across 4
high-resistance arenit §s meamred  Sinee
radio-receiver cirants are generally of high
resistance, voltmeters intended for mes unngy
them have a sensstivaty of ot Jeast 20,000 ¢hies
per volt. Such soltmeters can be uued for
every radio soltage sneasurement, sy
where there is a low voftawe drop atrosc g s rry
hizh resistor, For example, az
develaped across 2 hizh praivtor of afont 22
mezohams, On a 126!t gange, the 28 1o
olms of the veltmeter zorns the 22 goepe
chms cf the resistor cines 2nonerall e e
of ab L Ties werld prdisee O
Trwaanece readiz to o salue to Yo 10 1
read To peta sropereresendong, v gn e
fzvermrmt e snlimeter, Jthavat od oy

e woltage §s

=t ] ez

21200 5 et sz 2]
23 & Yetvey dagere,

sl et of Gpe m It vmter 3o

v Geeimoed for szmorze et et oF g

& folsnze oef T
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f20v 300V

12y 600V

FRONT PANEL VIEW

12V

20v

300V

600V

p -
SCHEMATIC VIEW
FIG. 4-5, Multirange voltmeter showing range

‘ switch.

as well as d-c¢ voltage measurements. The
voltmeter is converted into an a-c meter by
placing a rectifier in the circuit, as shown in
Fig. 4-11. The rectifier converts the alternating
current to direct current, which is then read
on the d-¢ meter. Different ranges of a-c volt-
age may be measured by use of the range
switch, as was done for the d-c voltmeter.
The rectifier is switched in and out of the
circuit by a separate switch, one position of
which is marked A-C and the other p-c.

Several considerations must be kept in
mind when using the voltmeter. When used
as a d-¢ voltmeter, polarity must be observed.
There is a positive terminal and a negative
terminal. The test leads are color-coded, one
red and the other black. The usual convention
is to connect the red lead to the positive ter-
minal and the black lead to the negative ter-
minal. It is advisable to clip the black, or nega-
tive, lead to the B— of the power supply or the
chassis, and to tap the red, or positive, lead
to points to be tested in the receiver. This
latter step should be done with one hand to
avoid severe shacks. )

When using the instrument as an a-¢ volt-
meter, such polarity need not be observed.
Either terminal may be connected to any
point. The rectifier takes care of the polarity
required by the voltmeter itself.

A final important precaution to remember is
that a high voltage, applied across the volt-
meter when it is switched to a low-voltage
range, will burn out the meter. With an a-c
voltmeter, a similar error will burn out the
rectifier. Good practice is to switch to the
highest range and then to decrease the range
by steps until the proper one is attained. Of
course, voltmeter readings in the receiver
are always taken with the power from the
mains turned on. Voltage measurements on a
receiver are usually taken with the volume
control turned full on, and the tuning dial in
an off-station position,

General principles of the ohmmeter. The
ohmmeter is an instrument indicating the
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FIG. 4-6 Voltage distntbution across twa
equal resistors,

FI1G. 4-7. Measuring voltage with a 1,000-
ohms-per-volt voitmeter.

FIG. 4-8. Voltage distribution resulting from
foading the circuit with a 1,000-ohms-per-
volt meter,

FIG. 4-9. Measuring the voltage with a
20,000-chms-per-volt meter.

FIG. 4-10. Voltage distnibution resulting from
foading the circuit with a 20,000-0hms-per-
volt meter.
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amount of resistance that a component offers
to the flow of a direct current. When used to
make such measurements in a radio receiver,
the power must be shut off if we do not wish
to ruin the ohmmeter by placing an external
voltage across it.

Basically, the ohmmeter is a milliammeter
that requires current to energize it. Since
the power in the receiver is off, another driv-
ing source of voltage is required. A battery is
included in the instrument itself for this pur-
pose. To compensate for any change in battery
voltage as time goes on, a zero-adjusting rheo-
stat is included. A basic circuit for an ohm-
meter is shown in Fig. 4-12. The component
to be measured is placed across the points
marked x—x in the figure. If the component
has practically no resistance, the milliammeter
will be fully deflected. The higher the un-
known resistance, the less the amount of
current through the milliammeter, and the
less the deflection. For this reason, the zero
. of the ohmmeter scale is at the right and the
- -scale increases toward the left,

2 Unfortunately, the scale is not linear; that
s, the units are not equal. Values of resistance
at the upper, or left, end of the scale are very
crowded and hard to read. For this reason, a
switching device is included to give various
ranges. In some ohmmeters, the switch mark-
ings and scales present a problem in reading.
For this reason, an example in reading would
be of great value. Figure 4-13 shows the ochm-

RANGE
SWITCH

AL
VOLTAEGE

108
TESTED MULTIPLIER

meter scale of a typical multimeter, with the
meter needle indicating a particular reading.
Note that the left end of the scale shows 2K.
The letter K stands for 1,000. Unfortunately,
owing to previous practice, the letter M is of-
ten used for 1,000. This latter practice leads to
confusion. For example, 2M ohms equals
2,000 ohms, while 2Mc equals 2,000,000 cy-
cles. Tt therefore becomes necessary for the
technician to interpret the meaning of M in
schematics. This book will use X for 1,000 and
M for 1,000,000.

The ranges of such an ohmmeter are 0 to
2,000 ohms; 0 to 200,000 ohms; and 0 to 2
megohms. The switch ranges are indicated in
either of two ways by multimeter manufac-
turers. These are shown in Fig. 4-14,

The switch designation in Fig. 4-14B is
more convenient, since it tells directly by what
value the scale reading must be multiplied
in order to get the true reading for each range.
It is suggested that, if the ohmmeter of the
technician has scale indications as indicated in
Fig. 4-144, he paste multipliers 51m11ar to
those at B over the ranges.

Now what is the reading if the switch of
our meter is at R? Here the scale is read di-
rectly as 43 ohms, approximately. If the switch
is at the R X 100 range, the reading is 43 X 100,
or 4,300 ohms. When the switch is at the R X
1,000 range, the reading is 43 X 1,000, or
43,000 ohms.

A good rule to follow is to select the range

DL METER

FIG. 4-11. Typical mul-
tirange a-c voltmeter.

RECTIFIER




that éi\'es the resistance reading about the -

middle of the scale. Of course, since 2 battery
is included in the ohmmeter and is propetly
polarized, no polarity need be obsened “hen
the resi of 1s
A final word must be said about mdhng
resistance measurements in the receiver with
an ohmmeter. The technician must be sure
that there 1s no parallel branch across the
component that he is measuring. Reference
to a schematic of the receiver being tested will
ald in such determination. When in doubt,
one 1 of the t
under test. The tect will also
difficulty where an electrolytic capacitor is in
paralle! with a tested unit. Normally, capaci-
tors are practically infinite 1n resistance to di-
rect curtents. But electrolytic eapacitors have
a fairly low leakage resistance (from 1 to 50
megohms) The rule to follow, where such ts

FIG. 4-12. Basic ohmmeter crrcuit.

-,.._—--tvvwv----—

= BATTERY
Rx- ZEROG-ACTUSTING RHEOQSTAT
Re= CALIBRATOG P SSTTR
‘ MASM LLIAAE TE]
' Ryx RESISTOR I!El\c TESTD
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the case, is to measure the resistance of the
component, then reverse the chmmeter prods,
and measure again. This is done because the
polarized electrolytic capacitor will show less
leakage in one direction than in the other. Use
the higher of the two readings obtuined as the
reading for the unit being tested. If there 1s
any doubt, disconnect one terminal of the
component, as for parallel resistors.

Electronic volt-ohmmeters. Reference was
made previously ta the vacuum-tube volt-
meter with its high-input impedance. These
instruments have in recent years become
relatively inewpensive. Their popularity has
also increased, since the function of ohmmeter
has been added. They are referred to as “elec-
tronic volt-chmmeters.” Figure 4-15 shows
such an electronic meter, the RCA Junior
Voltohmy st,

The principle of operation of the vacuum-

FIG. 4-13 Typical ohmmeter scale.

FIG 4-14 Typical chmmeter range switches.

2,000 &5 8
200000 045 Ax0g
2165 Tx1200
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FIG. 4-15. RCA Junior Voltohmyst.

\tl}be voltmeter is fairly simple. Examine the

chematic of a basic d-c electronic voltmeter
shown in Fig. 4-16. The voltage to be tested
is applied across two test prods and is then fed
to grid and cathode of a tube. The grid return
to cathode is through'a high resistance, giving
the instrument its high-impedance input. The
test voltage applied to the tube grid increases
the plate current more or less, depending on
the magnitude of the applied voltage. The
increase of plate current is then indicated on
the d-¢ current meter. The latter is calibrated
in volts necessary to produce the amount of
plate cwrrent increase. The range switeh is
similar in function to that in galvanometer
instruments,

The clectronic meter, then, is basically a
d-c voltmeter. To measure low-frequency
alternating  voltage, a Dbuiltsin  rectifier is
switched ahead of the basic d-c instrument, as
shown in Fig. 4-17. Usually a diode tube is
used for the rectifier. This changes the alter-
nating current to direct current, which is then

measured on the d-c vacuum-tube voltmeter.

The capacitance losses of the test leads
make the above type of a-c voltmeter unsuit-
able for testing high-frequency a-c voltage.
To overcome this dificulty, many instrument
manufacturers supply an auxiliary high-fre-
quency test probe. Here the rectifier {(usually
a germanium crystal) is enclosed in the probe,
making for very short, low-loss r-f leads. The
d-c output of the crystal in the probe is then
measured by the basic d-¢c vacuum-tube volt-
meter. The probe setup is shown in Fig. 4-18.
This special probe enables the instrument to
measure a-¢ signal voltages at frequencies as
high as 250 megacycles.

The last function of the electronic instru-
ment is that of an ohmmeter, shown in Fig.
4-19. In this function, the instrument includes
a self-contained batltery and calibrating re-
sistor R, connected in series with the test
prods, as shown in the diagram. The place-
ment of an unknown resistor, R,, across the
prods, produces a closed series circuit, and
battery current flows. This develops a voltage
across the unknown resistor, of a magnitude
dependent on its resistance. This voltage is
then measured by the basic vacuum-tube
voltmeter.

One of the scales on the instrument is cali-
brated directly in ohms. Note that the circuit
is s0 arranged that zero ohms is at the left end
of the scale, as shown in the top scale of Fig.
4-15. This is opposite to that of a moving-coil
ohmmeter.

The general rules previously given for
moving-coil meters apply equally to electronic
meters. When measuring ohmage, get the
reading around the center of the scale by
choosing the proper range. Also, be sure that
no parallel circuits exist across components
being measured. Again, the same precaution
exists for both instruments when measuring
leakage resistance of electrolytic capacitors.
Reverse the test prods, and take the higher
reading as the leakage resistance. When meas-
uring voltage, begin on a high-voltage range
and work down for a good readineg. .



Both the moving-coil and vacuum-tube
multimeters are extremely useful instmiments
for the technician Many prefer the moving-
cotl type because of its greater mobility and
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greater stability during use. Others prefer the
vacuum-tube type because of jts ability to
make all measurements, induding those of
low veltages across high resictances.

PLATE
SEf
ETESL - FIG. 4-16. Basic d-c
s electronie voltmeter,
<+
—~—— x
AC_VOLTAGE g F1G. 4-17. Basic elec-
70 BE TESTED RECTIFIER pe tronic a-c voltmeter.
- =
RFPROBE
l- e FIG. 4-18 Basic elec-
= tromic r-f voltmeter.
R
R DC FIG. 4-19. Basic elec-
X vivm tronic ohmmeter.




Fundamentally, the signal generator is a de-
vice for placing into the input of a stage a
signal similar to that of the input signal, when
the set is receiving a station. In this way, it can
be determined if a stage is operating normally.
By placing the signal from the generator at
various strategic points, interstage coupling
components can also be tested for breakdown.
. Finally, the signal generator is an invaluable
aid in receiver alignment.

Types of currents. A better understanding
of the use of the signal generator will be ob-
tained if time out is taken for a review of the
various types of currents. The simplest type is
the pure direct current. It is a flow of electrons
at a steady rate in one direction through a cir-
cuit. Such a current would result from the use
of a battery as a power source, The build-up
and steady flow of such current could be rep-
resented as shown in Fig. 5-1. The fact that
the current is steady is shown by the horizon-
tal current line. The fact that the current flows
in one direction is shown by the fact that the
current line (graph) is always above the Zero
base line, in the plus direction.

Another type of current is the pulsating or
varying direct current. Here, the electrons
always flow in one direction but at a varying
rate. Such a current would result from a vary-
ing voltage source or from a varying resistance
in the circuit. Figure 5-2 represents the vary-
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ing direct current resulting in a circuit that
includes a flasher button which changes the
resistance from that of the lamp alone to an’
infinite (open) resistance. Notice that the
direct current flows only in one direction, as”
shown by the fact that the graph is always
above the base line.

A third important type of current is the pure
alternating current. This current cantinually
changes in magnitude and periodically re-
verses in direction. An a-c generator as a
power source would produce such a current,
often called a “sine-wave current.” Figure
5-3 represents a pure alternating current. That
the magnitude is constantly changing is shown
by the fact that every point of the current
curve is different in value from every point
adjacent to it. That the direction of electron
flow is regularly changing is shown by the
fact that the current curve regularly rises
above and dips below the zero base line, first
in the plus direction and then in the minus
direction. :

Alternating and direct currents need not be
mutually exclusive: They may be mixed and
combined in a single circuit. Figures 5-4 and
5-3 show two such combinations. In Fig. 5-4,
a pure direct current from a 3-volt battery and
an alternating current (L-volt peak) are mixed
in a circuit. The result is a varying direct cur-
rent, whose average is 3 amp, varying 1 amp



above and below the average at the same rate
as the altermating current. In Fig, 5-5, two
alternating currents from two generators of
different outputs and different frequencies
are mixed. Sometimes thewr phase relation-
ships are such as to add te each other; at other
times, they oppose each other. The result is
the regularly recurring a-c wave form m the
diagram that 1s like neither of the two pure
sine-wave components.

Types of alternating currents. Alternating
currents present many interesting aspects
that requre explanation Reler again to Fig.
5-3. The complete movement of electrons back
and forth through the errcuit is called one
“eycle.” The figure shows one cycle com-
pleted 1n 1 second Ilence the frequency of
the current through the cireuit is sard to be
one cycle per second. It is possible to have
currents of any frequency, even up to millions
of cycles per second

On the basis of different frequencies and
therefore use, alternating currents are divided
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into various categories. The first are the power
frequencies, which are the altemating cur-
rents wsed to deliver power to Tamps, radias,
clectnical appliances, ete, The most common
frequeney in this group iy 60 cyeles per see-
ond. Other power frequendies are 23 and 40
eyeles per second

The seconxd eategury makes up the audio
frequencies (n-f). These are altermating cur-
rents of frequencies from 20 to 20,000 eveles
per second. They are charactenzed by the
fact that, when fed into a reproducer hike o
pair of earphones or a speaher, they produce
an audible sound.

A third category makes op the radio fre-
quencies {r-f). These are alternating enrrents
of frequencies above 20,000 oy cles persecand.,
Currents of such high frequencies have two
important characteristics. If fed into 4 pair of
earphones, they will not produce an audible
sound. Also, they tend to radiate energy, in
the form of radio waves out into space, from
the circuit in winch the current is fowing,

FIG, 5-1. Circuit and
wave form for 2 pure
direct current (d-c).

—nTINE

FIG 5-2. Circuit and
wave form for a vary-
ing direct current.
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Fundamentally, the signal generator is a de-
vice for placing into the input of a stage a
signal similar to that of the input signal, when
the set is receiving a station. In this way, it can
be determined if a stage is operating normally.
By placing the signal from the generator at
various strategic points, interstage coupling
components can also be tested for breakdown.
Finally, the signal generator is an invaluable
aid in receiver alignment,

Types of currents. A better understanding
of the use of the signal generator will be ob-
tained if time out is taken for a review of the
various types of currents. The simplest type is
the pure direct current. It is a low of electrons
at a steady rate iu one direction through a cir-
cuit. Such a current would result from the use
of a battery as a power source. The build-up
and steady flow of such current could be rep-
resented as shown in Fig. 5-1. The fact that
the current is steady is shown by the horizon-
tal current line. The fact thar the current flows
in one direction is shown by the fact that the
current line (graph) is always above the Zero
base line, in the plus directjon,

Another type of current is the pulsating or
varying direct current, Here, the electrons
always flow in one direction but at a varying
rate. Such a current would result from a vary-
ing voltage source or from a varying resistance
in the circuit. Figure 5-2 represents the vary-
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ing direct current resulting in a circuit that
includes a flasher button which changes the
resistance from that of the lamp alone to an-
infinite (open) resistance. Notice that the
direct current flows only in one direction, as
shown by the fact that the graph is always
above the base line.

A third important type of current is the pure
alternating current. This current continually
changes in magnitude and periodically re-
verses in direction. An a-c generator as a
power source would produce such a current,
often called a “sine-wave current.” Figure
5-3 represents a pure alternating current. That
the magnitude is constantly changing 1s shown
by the fact that every point of the current
curve is different in value from every point
adjacent to it. That the direction of electron
flow is regularly changing is shown by the
fact that the current curve regularly rises
above and dips below the zero base line, first
in the plus direction and then in the minus
direction. .

Alternating and direct currents need not be
mutually exclusive; They may be mixed and
combined in a single circuit. Figures 5-4 and
5-5 show two such combinations, In Fig. 5-4,
a pure direct current from a 3-volt battery and
an alternating current (1-volt peak) are mixed
in a circuit, The result is a varying direct cur-
rent, whose average is 3 amp, varying 1 amp



above and below the average at the same rate
as the alternating current, In Fig. 5-5, two
alternating currents from twe generators of
different outputs and different frequencies
are mixed Sometimes their phase relation-
ships are such as to add to each other; at other
times, they oppose cach other. The result is
the regularly recurring a-c wave form in the
diagram that is ke neither of the two pure
sine-wave components,

Types of alternating currents. Alternating
currents present many interesting aspeets
that require explanation. Refer again to Fig
5-3 The complete movement of electrons back
and forth through the circuit 1s called one
“cycle.” The figure shows one cycle com-
pleted in 1 second. Hence the frequency of
the current through the circuit 1s said to be
one cycle per second. It is possible to have
currents of any frequency, even up to millions
of cycles per second.

On the basis of different frequencies and
therefore use, alternating currents are divided
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mto vanous categories The first are the power
frequencies, which are the alternating cur-
rents ved to deliver power to lamps, radios,
electneal appliances, ete The most common
frequency m this group 15 60 eycles per see-
ond. Other power frequencies are 25 and 40
cycles per second

The second category makes up the audio
frequencies (a-f). These are altermating cur-
reats of Geguendies from 20 to 20,000 eycles
per second, They are characterized by the
fact that, when fed into a reproducer hhe a
pair of carphones or a speaker, they produce
an andible sound.

A third category makes up the radio fre-
quencies (r-f). These are alternating currents
of frequencies above 20,000 cycles per second.
Currents of such high frequencies have two
important characteristics If fed into a pair of
carphones, they will not produce an andible
sound. Also, they tend to radiate energy, in
the form of radio waves out into space, from
the circuit in which the current is flowing.
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Audio frequencies. Sound, as it comes to
our ears, consists of nothing more nor less
than vibrations of the air particles. However,
our ears are limited to a relatively small range
of vibration frequencies, about 20 to 20,000
vibrations per second. Anything below or
above that range will not be heard; within it,
different vibration rates will produce sounds
of difterent pitch.

When a sound falls on our eardrums, it
causes them to vibrate at the same frequency
as that of the sound itself. Similarly, when it

falls on a microphone, it sets up vibrations at
the same frequency as the sound. A-micro-
phone is designed to produce alternating cur-
rents at the same frequency as the mechanical
vibration produced by the sound. If these al-
ternating currents are amplified and fed into a
reproducer, like a loudspeaker, they make it
vibrate mechanically at a frequency equal to
that of the currents. This mechanical vibration
of the speaker makes the air around it vibrate
at the same frequency, and the original sound
is reproduced. This sequence is illustrated in



Fig. 5-6. If the sound is complex instead of
one-frequency, the electrical eurrents pro-
duced will also be complex as a result of the
combination of various altemating currents,
The end result will be the same.

Radio frequencies. The problem confronted
by a broadeasting station is to radiate into
space energy that will eventually resuit in
sound at the repraducer of the radio receiver.
Unfortunately, a-f currents will not radiate
into space to any great extent. When we getup
to currents of frequencies above 20,000 cycles
per second, the radio frequencies, radiation
of energy into space as.radio waves hecomes
efficient. Unfortunately, the radio frequencies
will not produce sound at the receiver re-
producer

To obtain the desired results, the sound-
s 1 audio frer must be com-
bined with the radiating radio frequencies.
In this combination the radio frequeney 1s
called the “carrier” and the audio frequency
the “modulating currents ™ The combined
current is called a “modulated carner ™ This
relationship is shown in Fig 57 The camer
is shown as a pure sme current at 1,000 ke
{1,000,000 cycles per second) The audio cur-
rent is shown as a pure sine current at 400
cyeles per second The modulated carmer s
an tf current whose pedks fenvelope) vary at
the audio rate (400 cycles persecond)

This type of modulation of u carmer wave 1s
krown as “amphtude modulation” (abbre-
viated a-m), since the amphitude of the carmer
wave 15 made to increase and decrease at the

FIG 5-6. Basic saund system

/M'CROFHOTE

CURRENTS
OF 400~/SEC

~

SOUND
400 VIBRATIONS/SEC

SICN\AL GENFRATOR-INTRODULCTORY 21

same rate or frequency as the modulating or
audio signal.

Another type of modulition of & carrier
wave is known as “frequency modulation”
(abbreviated fm). In this system, the audio
stgnal does not alter the amphtude of the
carrier but alters the frequency instead, at 4
rate equal to the frequency of the audio signal.
For example, of a 400-cycde audio note were
modulating an r-f carrier whose frequency 1s
88 megacyeles per second. the camer would
be made to shift above and below 58 mega-
cyeles 400 imes cachi second A graph of the
f-m system is shown in Fig, 3-8,

The branels of fn receivers is a system by
itself. In this book, we shall firt desenibe
the a-m superheterodyne receiver. Later
chapters will desenibe the f-m receiver. The
signal generator described at this time pro-
duces an a-m signal for a-m receivers.,

Nature of an electric current. The question
of the nature of an electric current should be
cleared up at this point. Too much confusion
has anisen from comparing different books
About 1765, Benjaumin Franklin evohed a
theory of electricity that became widely ac-
cepted. He believed that electricity (what-
erver it was) flowed in an electric arcuit. By
comyention, he and many others assumed that
electneity flowed from the + pole to the —
pole This conventional current flowing from
+to—was described in technical literature
for many years after, and still leads a virile
hife

However, 1 1897, ]. J. Thomson discosered
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Block diagram of the signal generator. There
are various differences in detail between one
signal generator and another; basically, they
are very similar. A block diagram will show to
best advantage the elements that make up an
average signal generator {Fig. 6-1).

The r-f oscillator generates an r-f voltage
with a range of about 75 ke to 60 megacycles.
This range includes the intermediate fre-
quencies of any standard receiver. The output
from the oscillator itself is unmodulated.

The a-f oscillator, as its name implies, gen-
erates a voltage at an audio frequency, which
is usually the audio test frequency of 400
cyeles per second. On some signal generators,
the audio output is varjable from approxi-
mately 100 to 10,000 cycles per second. The
a-f oscillator is used to modulate the r-fvoltage
generated by the v-f oscillator. In addition,
most signal generators provide front-panel
terminals where the a-f output is independ-
ently available. This independent a-f ontput
may vary in voltage up to several volts. It is
wsed to check the a-f stages in the receiver.

The modulation switch shown in Fig, 6-]
cnables the operator to modulate the r-f with
the a-f signal. The usual practice is to have 30
percent modulation at an audie modulating
frequency of 400 cycles. The 30 percent modu-
lation means that the r-f voltage is made to dip
and rise 30 percent below and above its peak

24
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value, as shown in Fig. 6-2. Many signal gen-
erators make provision for modulating the r-f
voltage with an external af signal of any
frequency,

The strength of signals at various test points
throughout the receiver will vary greatly,
beginning at the antenna and ending at the
loudspeaker. Since the signal generator must
substitute signals comparable to the actual
signals, it must have a great range of output,
This function of variable output is taken care
of by an attenuator that breaks the complete
range of output into steps and then gives
smooth variation within each step. For the -
most part, the output readings obtained from
the attenuator primarily furnish a value to any
setting of the output, rather than give an exact
microvolt output for radio-servicing proce-
dures. Later chapters in this book will make
this statement more significant, especially in
stage-gain measureinents.

Up to this point, the description of the signal’
generator has been generalized to give an
overview picture. A more detailed discussion
of the actual controls will give greater skill
with the instrument, Of cowrse, there is great
variation in the control designations. Some
common ones will be described and should be .
sufficient to aid the technician in understand-
ing any other variations. The manufacturer’s
instructions for al] signal generators should



senve as the finad guide for specific operation.

A typical signal generator. To zet a better
understanding of the varjous signal generators
in existence today, it might Lelp to synthesize
a typical front panel of such an mstrument and
study its controls. Of course, there probably
is no generator that has this exact make-up.
Figure 6-3 shows the signal generator that
would be constructed On the left center is
found the POWER switch to energize the signal
generator when at 1y to be used. On the right
center 1s the oUuTPUT jack from which the
various outputs for apphication to various test
pomts in the receiser are taken.

To determine the nature of the output, there
is an oUTPUT SELECT switch for obtaining
pure ¢f, modulated rf, or andio signals.
This nstrument 1s of the usual fixed a-f type
with an audio output at 400 ¢y cles per second.
Therefore, when the OUTPUT SELECT switch
is 0 the MOD R-F position, the ontput 1s an
r-f signal modulated approximately 30 percent
by a 400-cycle audio note

The entire r-f coverage 1s accomphished by
the large tuning dial 1n the center This fre-
quency range of r-f output s quste large and
could not be covered in one sweep of the
tuning dial Therefore, a band sefector swatch
{(BAND 5W.) 15 prntded to divide the complete
coverage into bands The complete swing of

VOOULATION
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the tuning dial will therefore emver ouly ane
band Four distinct bands are shown i our
typical signal generator. They are Tabeled
A, B, C, and D, each with a different ranze,
Fraure 6-3 shows band € chosen for coverage.

The output leve! is controlled by the two
dials marked MICROVOLTS and MivLTIPLILK
The first of these controly gives the wamber
of microvolts from O to 10. iy usually a paten-
tiometer control. The cecond §s a 3-pomt
switch for a step attenator and detemunes
by what value to multiply the reading from
the sicrovoLTs dial to get the autput Jevel
The multiples shownare 1, 10, 100, 1K (1,000},
and 10K (10,000). For example, the reading
shown in Fig. 6-3 would be 6 7 1K, or 6000
microvolts. The cantion given in the previous
section about the true value of this reading
should be kept in mind.

The general information given above is
important because the technician should see
in what ways all signal gencrators are ahhe
However, cach specific instrument will have
its own vanations, and the service manual
supplied by the manufacturer should sen e as
the guide The next section will desenbe a
good commercial signal generator, to show
how the controls should be pperated to get
the sanous outputs and output levels that
are required in senvice work

MODWATED WHEN
MODULATIOH S¥1TCH]
's CLosED FIG. 61. Block dia-
gram of an a-m signal

generator.
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FIG. 6-2. A 30 percent modulated r-f signal,

The Precision E-200-C signal generator. In
the Precision signal generator, the usual tun-
ing dial is found in the upper center part of
the front panel (see Fig. 6-4). Frequency cav-
erage from 88 ke to 110 megacycles is per-
formed in eight bands, indicated as A, B, C,
D,E,F,G,and H. The BAND SELECTOR switch
M\«. is located at the lower left end of the panel.
* The frequencies covered by each baud are as

indicated below.

88-230 ke
220-600 ke
550-1700 ke
1.60-5.0 me
5.0-15.5 mc
15-~29 me

1 2955 me

: 55~110 me

QEEoQTY

~
y—

R-f output is taken from two jacks above the
BAND SELECTOR switch. When large output
is desired, the jack labeled HiGH is used;
when low output is required, the jack labeled
Low is used. From these two jacks are ob-
tained cither unmodulated r-f signals or r-f
signals that are modulated by the audio oscil-
lator sigual.

The type of output is determined by the set-
ling of the control at the lower right end of
front panel, The settings of this dial are B-F

UNMOD., MOD. R-F, EXT. MOD., and 400 ~
AUDIO, giving unmodulated R-F, modulated
r-f, externally modulated r-f, and 400-cycle
audio, signal, respectively. The audio signal’
for the last-named position is obtained from
two jacks labeled ‘AUDIO SIGNAL under this
control.

The level of the audio output is deter-
mined by the setting of a control at the upper
right end of the panel. This is labeled MODU-
LATION CONTROL. The setting of this dial also
determines the percentage modulation of the '
r-f signal when the output type countrol is in
the MOD. R-F position. The a-f output is very
high, sufficient to operate a high-impedance
speaker directly without an intervening am-
plifier.

Altenuation of the r-f output signal is ac-
complished by two controls at the upper left
end of the panel. They are labeled R-F CON-
TROL-1 and R-F CONTROL~2. Each of these
dials is arbitrarily divided into 10 main units.
R-F CONTROL-I delivers increasing outputs -
at each position as the knob is turned clock-
wise. The outputs in these various positions
are not calibrated but are relative. »r-F con-
TROL-Z is a decimal multiplier. Thus,_ if the
first dial is in position 3 and dial 2 is in posi-
tion 7, it means that 710 of the total available
output for position 3 of dial 1 is available. If
dial 2 is turned to position 9, it means that
%10 of the maximum available output for posi-
tion 3 of dial 1 is delivered. If dial 2 is at posi-
tion 10, then %10, or all, of the availahle out-
put for position 3 of dial 1 is available, To
get more output, return dial 2 to zero and set
dial 1 in position 4. The greatest available
output is delivered when dial 1 is at position
10 and dial 2 is also at position 10. In other
words, dial 1 sets the limit of output and dial 2
tells us how many tenths of that limit are being
delivered. Note, again, that the two dials give
no actual output reading but merely arbitrary
positions for any output obtained.

A final control on this signal generator is
one marked AGC CONTROL. It determines the
level of steady age voltage delivered to two
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IG. 6-3. Front panel, showing controls of a typical
gnal generator.

wcks marked AGC VOLTAGE | h it. This
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ceiver ground should be commenly connected
to a good ground.

1f there is a station whose carrier frequency
1s exactly 600 ke, the check will be quite sim-
ple. We first tune our receiver sharply to that
station. Then set the output selector switch
of the signal generator to unmodulated r-f
output. As we tune the frequency dial close
to 600 ke, a high-pitched whistle js heard.
This effect is due to 2 phenomenon known as
“beats.” For example, if the signal generator
were producing an output at a frequency af
603 ke, it would mix with the station signal of
600 ke and produce a beat note of 5 ke—the
difference betw een the two signals. Since 5 ke
is in the audio frequencies, it would be heard
in the receiver as a whistle. As the generator
outpul appmachcs the station frequency, the
less, producing a lower

ge voltage is used for checking age operation
n receivers, and 1n aligning receivers with
ge cantrol,

Checking signal-generator calibration. It
s important that the frequencies of the signal
enerator should be accurately calibrated and
egularly cheched. To make such a check, it
s necessary to have a standard for comparison
hat is accurate. The frequencies of the broad-
ast stations are valuable 1n this respect, since
ach station 1s assigned a fixed camner fre-
juency from which it deviates to a neglimble
legree.

and lower pitched sound in the speaker, since
the beat frequency becomes less. When the
two frequencies are identical or very nearly
so, the beat nate tends ta disappear, At that
position we have tuned for zero beat. As we
tune the frequency dial past zero beat, we
again begin to get the beat note. At zero beat,
we could safely assume that the signal gencra-
tor 1s at the same frequency as the station;
namely, 600 ke,

It is not always possible to find a broad-
cast station with the exact frequencies that
we wish to check. Such would be the case in

1t is not necessary to check the freq

the litan New York area. Suppose the
h 1n that vicinity wanted to check 600

alibration of the signal all over
he dial. In radio service work a few test fre-
juencies are important. These are 455, 600,
,000 and 1,500 ke. The nstrument will be
xtremely useful if these frequencies are
ccurately determined on the dial.

Let us see how we could make the check
uggested above. Suppose that 1t 1s desired
o see if 600-ke output from the generator 1s
>btained when the frequency dial 15 set at
500. The output lead from the instrument
hould be connected through a 0.00025-mfd/
500-volt capacitor to the antenna of a broad-
-ast recever. The generator ground and re-

ke on his signal generator The nearest stations
to that frequency are \WWMCA at 570 ke and
WVN] at 620 ke To check the signal generator
at 600 ke, tune 1t for zero beat with WMCA,
the station to which the recever is sharply
tuned. At that position, the output of the gen-
erator 1s 570 ke. Suppose ats tuning dial reads
560 kc. We can then assume that it is 10 ke
off and that therefore an output of 600 ke
would be obtained when the generator tuning
dial 15 at 590 ke To venly, tune for zero beat
with WVNJ at 620 ke and note whether jt too_
15 10 ke off 1n the same direction
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FIG. 6-4. The Precision signal generator, E-200-C.

Similarly, tuning-dial positions on the gen-
erator should be found for 1,000 ke and for

1,500 ke. The stations to use for 1,000 ke might -

" be WJRZ at 970 ke and WINS at 1,010 ke. The

stations to use for 1,500 ke might be WHOM
at 1,480 ke and WQXR at 1,560 ke.
Determining the true setling for 455 ke
requires a different analysis, because it is
outside the broadecast band. At first, it would
secm impossible to check until we realize
that, when a signal generator oscillator is set
at 455 ke, it is not only producing an output
of 455 ke or thereabouts but also whole-num-
ber multiples thereof, Therefore. there would
be concurrent signals at frequencies of 455
X2=010 ke, 455 X 3=1,365 k¢, 455 % 4
= 1,820 ke, ete. These simultaneous multiple
signals are known as “harmonics.” The funda-
mental frequency of 455 ke is often known as
the “first harmonie,” 455 X 2 as the “second
harmonie,” 455 X 3 as the “third harmonie,”

ete. Now, if we use the second harmonic
of 455, or 910 ke, we find that it falls in the
broadeast band. Therefore, set the ‘signal
generator up as before, but tune on the band
including 455 ke. The two stations for com-
parison near 910 ke ave WCBS at 880 ke and.
WJRZ at 970 ke. If we are tuning for zero
beat with WCBS, our generator tuning dial
should be at 440 ke, since we are using the
second harmonie. If we obtain zero beat at
445 ke, the signal generator is off 5 ke. An
output of 455 ke will then be obtained at a
dial position of 460 ke. Again, this fact should
be verified by beating the second harmonic
of 485 ke from the signal generator with station
WJRZ at 970 k.

A special precaution is required when
checking calibration in the i-f band. If the
check receiver employs an i-f amplifier tuned
to 455 ke, a confusing double beat may be
obtained, since the signal-generator output
may beat with the signal in the i-f amplifier
as well as with the test station. However, if
the receiver is equipped with an r-f stage and
an i-f wave trap, there is little likelihood of
the signal generator’s output beating with the
signal in the i-f amplifier, and it may be used.
Another way of avoiding this effect is to use a
receiver whose i-f amplifier is tuned to a fre-
quency quite different from the signal being
tested, such as an auto radio at 260 ke. Fur-
thermore, a TRF receiver, if available, could
be used for calibration purposes, since it has
no i-f amplifier.

The proper settings for the important test
frequencies should be recorded in some man-
ner by the technician for later use. The same
technique may be used for regions other than
the metropolitan New York area by similarly

choosing local stations close to the test fre-
quency points.
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Uses of the signal generator. Throughout
this text, various purposes will be served by
means of the signal generator. First, the in-
strument will be used to determine if a stage
and its associated couphng circuits are func-
tioping properly. By placing the “hot”™ lead at
various points in the radio receiver, this fact
can easily be determined. This system of
servicing js known as the “signal subsmutmn
method and will receive more elab

LDF

coaxial cable or a shielded connector cable.
In either case, the external conductor is
ded within the g and the center,
or hot, lead is connected to the receiver test
points. The hot lead is usually coded red, and
the ground lead is either black or bare braid-
ing.
Both the signal generator and the receiver
should be at the same ground potental. This
dition may be d by connecting the

throughout the text.
Another use to which the 5|gnal generator

ground lead of the signal genesator to the
recewver chassis, which in tum should be

may be put is that of ¢ For
most receivers brought into the technician’s
shap, this will not be a nsual procedure
Where alignment 1s necessafy, it 1s advisable
to follow instructions given by the radio manu-
facturer. However, a generalized procedure
will be given for those cases where the manu-
facturer’s notes are not available
A third use of the signal generator 1s to
determine if each stage 1s giving proper gain.
In this respect, a standard output will be mea-
sured by means of an output meter. Then the
settings of the output of the generator will be
d with those y for each stage
on a known good recerver, to obtain the above-
mentioned standard output.
How to connect the signal generator to a
receiver, The output from the signal generator
is fed to the receiver bemng tested through a
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d to a good ground. In a-c/d-c re-
ceivers, where the chassis is connected di-
rectly to one side of the power line, there is
danger of a short circuit in following this direc-
ton This danger may be overcome by con-
necting a capacitor of about 0.1 mfd/400 volts
n series wath the ground lead.

Where the hot lead 15 to be connected to an
inductor like an antenna coil, it is advisable to
use the Institute of Radio Engineers (LR.E)
standard dummy antenna in series with the
lead. This is shown in Fag 7-1.

Under normal circumstances i using the
signal generator for signal substitution service
work, it is necessary only to connect a capaci-
tor in series with the hot lead. This prevents
high d-c potential ponts of the receirer from
ruining the test instrument. In each case, the
manufacturer’s instructions should be fol-
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lowed. Generally, a 0.1-mfd/600-volt capacitor
should be used where i-f and a-f signals are
delivered to the set. Where r-f signals are
delivered to the receiver, a 0.00025-mfd/600-
volt capacitor may be used. When short waves
(high-frequency r-f signals) are fed to the
receiver, a 400-ohm resistor is used.

Signal-substitution method of servicing. The
signal generator, as used through the re-
mainder of this book, will primarily concern
itself with signal substitution for servicing
receivers. At various test points in the receiver
it will introduce a signal, similar to the one
received in normal broadeast reception, and
the results will be observed. Where observed
results are not normal or typical, trouble is
indicated.

A brief description will serve at this time
to set down the outline of testing to check that
each stage is operative. Figure 7-2 shows a
simplified diagram of a superheteradyne with
sirategic points indicated by the ballooned
numbers. Above each number is indicated
the tvpe of signal input for testing the appli-
cable stage. The sequence of the numbers is
the order in which to make the test.

Point @ tests the speaker itself. The test
cannot be made unless a signal generator with
a high level of a-f output is available. Where
such is the case, the audio note should be
heard in the speaker.

Paint @ checks the operation of the second
a-f stage, once the speaker has been found to

FiG. 7-1.-The LR.E
standard dummy an-
tenna, connected to
signal generator and
receiver.

=10 RECEIVER

be in good shape. Because of the stage am-
plification, a lower level a-f signal is required
at the input. If operation of the stage is normal,
the audio signal should be heard clearly.

Point @ is the test point for operation of the
first a-f stage, if the preceding tests check
perfect. Once again a lower level a-f input
signal is required. Normal operation would
result in a strong, clear audio note in the
speaker,

Point @ is the test point for operation of the
detector stage. It should be remembered, as
always, that all previous checks have shown
proper stage operation. A modulated i-f signal
introduced at this test point should produce a
clear modulation note in the speaker. The
intermediate frequency, of course, is that for
the particular receiver.

Paint @ is the test point for the i-f amplifier.
A modulated i-f signal from the signal gen-
erator, at the i-f for the particular receiver,
should produce a clear modulation note in the
speaker. The level of this signal input should
be less than that for point @, because of the
gain of the i-f amplifier,

Point @, the signal grid of the mixer, is the
test point for the mixer and oscillator. A modu-
lated r-f signal injected at this point should
produce the modulation note in the speaker if
the oscillator and the mixer are both operative.
If no note is heard, then introduce a modu-
lated i-f signal at this point. If the note is now
heard, then the mixer is functioning and the
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FIG 7-2 Signal chain of a superheterodyne receiver showing test points.

oscillator may be assumed to be moperative.

Point @ 15 the gnd of the r-f amplifier tube. A
modulated r-f signal is introduced at this point
to check the operation of the r-f stage. Again, 1t
should require less input signal at point @ than
was needed at paint ®, the converter grid,
because of the gain of the r-f tube

Point @ is the test pomt for the antenna coil.
A modulated r-f signal at a lower level than for
point @ should produce a clear modulation
note mn the speaker, if all else ts well

The check procedure presented bnefly here
will be elaborated 111 the stage analyses given
later 1n the book It should be noted that,
where coupling devices are to be checked,
introduction of the proper signal at the mput
and the output of the coupling device should
produce modulation notes 1n the speaker If
the note 1s heard at the output but not at the
input, then the device or its associated cireunt
15 presumed to be defective

Using the signal-substitution method of
servicing. An example of how to use the signal-
substitution method in locahzing a defect
will make clear its value. Refer to the receivér
whose schematic is shown i Fig 7-3, We as-
sume a defect and try to localize 1t Suppose
i-f trimmer capacitor C-14 is shorted. The

receiver is brought in with the complaint
that it does not work.

Voltage analysis will not disclose the defect,
because the d-c resistance of parallel coil L-6
is quite low, and the d-c voltage drop across it
15 very small. Ohmmeter analysis of the re-
ceiver would be too lengthy if used by itself.

Let us proceed by the signal-substitution
method. An audio signa! from the signal gen-
erator 1s delivered to the signal grid of the
output tube It 1s heard clearly in the speaker.
This stage 1s considered to be all right. The
audio signal 1s then introduced to the grid of
the type 14B6 tube. Again the audio note 15
heard 1n the speaker and the first audio am-
phifier 1s assumed to be good. A modulated i-f
signal is now introduced on the signal gnd of
the 1-f amphfier The modulation note 1s heard
clearly 1n the speaker and the detector, and
i-f stages need no further investigation Now,
when a modulated 1-f signal 15 introduced on
the signal gnd of the type 14Q7 converter,
the modulation note 1s not heard. This mn-
dicates that the trouble 1s between the con-
verter signal gnd and the i-f amplfier grid.
Then a modulated 1-f signal 1s introduced on
the plate of the converter, and still no modula-
tion note 1s heard. This localizes.the defect
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hetween the plate of the converter.and the
signal grid of the i-f amplifier. Thereafter, a
simple ohmmeter check across the primary
and the secondary (L-6 and L-7, respectively)
of the first i-f transformer will show the short
across L-6.

Receiver alignment. The average super-
heterodyne receiver has seven or more tuned
circuits, each one of which has to be in reso-
nance at its proper frequency for best opera-
tion of the receiver. The procedure for bring-
ing these circuits to resonance at their operat-
ing frequencies is called “alignment.”

The signal generator is an invaluable tool
in receiver alignment, since it is used to feed

FIG. 7-3. A Stromberg-Carlson a-c/d-c receiver,

0
.
i

HS

the proper aligning frequency to each circuit.
The procedure consists essentially in con-
necting an ocufput-measuring device across
the speaker, which is the output of the re-
ceiver; feeding a voltage at the proper fre-
quency to the circuit being aligned; and ad-
justing the verizble component, usually trim-
mer capaciiors provided for the purpose, to a
maximum deflection of the output meter.
Alignment is necessary when one of the
components of any tuned circuit becomes
defective and is replaced. Alignment will
also perk up a receiver where, owing to natural
aging of the components with time and mois-
ture, the tuning-circuit parts change in value.
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Stage-gain measurements. In a superhetero-
dyne receiver, each stage, except the diode
detector, amplifies the signal before it passes
it on to the next stage. When the technician
has an 1dea of the approximate amplification
or gain that may be expected from each stage
and is equipped to measure it while making a
signal check of the receiver, he has a powerful
service tool for quickly determining the Ioca-
tion of many troubles,

For example, assume an open cathode by-
pass capacitor in a stage of a receiver that is
perfect in all other respects. The receiver
would produce a weak output. In servicing
such a receiver by the old methods, tubes
would check good, voltage measurements
would be normal, and a routine ol t
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in engineering laboratories, would require a
considerable outlay in the matter of test equip-
ment. However, for servicing purposes, great
accuracy is not necessary since the offending
stage will usually be far below normal when
the r is brought in as defe . Ade-
quate stage-gain measurements can be made
with the equipment that the technician has
on hand-a signal generator and an a-c volt-
meter.

The theory underlying stage-gain measure-
ments is quite simple. The receiver is held
at all times during the check at one output,
known as “standard” output A signal from
the generator 1s fed into the input of a stage,
and the voltage of that signal, necessary to

dard output, is noted. Then the

check would also show nothing The tech-
nician would then proceed to substitute parts,
more or less at random, until he came to the
defective capacitor.

With the aid of stage-gain measurements,
he would be examiming the defective stage in
a matter of minutes. Although he would still
be confined to the substitution of parts, he
would be doing so for the components of
only one stage found to be defective.

t.

stage-g; as made

FIG. 7-4 Sequence of measurements to obtain the

¥

INTERVENING  STAGES

sxgnal is fed 1nto the output of the stage. The
voltage level of the signal is increased until
standard output is again obtained. By dividing
the second voltage by the first we obtain the
gain of the stage This sequence is illustrated
in Fig. 74

Let us take an example to illustrate the
point If 1 volt of signal at the input of a stage
gives standard output, and the signal level
must be increased to 10 volts to maintain the
standard output when it is connected to the

gain of a stage
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output of the stage being tested, then the
gain of the stage is 10 to 1, or 10. '

The standard output used in stage-gain

measurements has been set by the LR.E. at
50 mw of signal power fed into the speaker.
The output power may be measured by con-
necting an a-c voltmeter across the speaker
voice coil or, more conveniently, across the
primary of the output transformer. In stage-
gain measurements, the signal input level is
adjusted to keep the output meter at the proper
fixed value. This value corresponds to approxi-
mately 16 volts across the output transformer
primary for most receivers. During stage-gain
measurements, the age system must be in-
operative, or it will invalidate results. For
this reason, the receiver output is maintained
at the low level of 50 mw so that input signals
necessary to attain that level will be too weak
to activate the age system.

The measurement points in the receiver
for stage-gain checking are usually taken from
one grid to the next. The amount of signal

> mnecessary to give standard output from any

“point in the receiver is often called the “sen-

sitivity” of the receiver from that point on.

When a signal of 3,500 microvolts is required

at an i-f amplifier grid to give standard output,

the sensitivity of the receiver at the i-f am-
plifier grid is said to be 3,500 microvolts.

For the practical technician, exact sensi-
tivity measurements are not necessary. Com-
parative sensitivity measurements will serve
as well. These may be obtained by actually
making sensitivity measurements from various
points in receivers known to be in perfect
operating condition. In each case, the attenua-
tor reading of the signal generator necessary
to give standard output should be recorded.
When completed, the readings for each point
are averaged. As a result, the technician will
h:we' comparative data for determining proper
sensitivity from various points for any receiver
brm.lg‘;ht in.‘For example, if the attenuator
anplifier of an o o214 of the i

7 Nknown receiver from the
average setting just obtained, a defect in the

i-f amplifier stage is indicated, if all later
stages check perfect.

On the average, the sensitivity of radio
receivers from various points may be sum-
marized in the accompanying table. The diode
detector is omitted because its purpose is
not amplification but rather demodulation.

S et L]

Generato

$ et

i lead ponnectcd 3:?‘_:::’;::,

{0 o
5-12 microvails l 600 ke Antenna terminal Standard
50 microvolts 600 ke Modutater grid Standard
3500 microsolts | 455 ke (or other 1) | 1 grid Standard
0032 volt 400~ First Af grid Standard
16 vaolts AQQ~ Second A grid Standard

T T I Ry P

t
'

After having obtained the attenuator setting
at various points to give standard output,
the technician may assume that the input
values are those given in the table. There-
after, he may make due allowance if he has
service literature from the receiver manu-
facturer giving sensitivity at various points.
For example, if the service data indicate that,
for a particular receiver, the sensitivity at
the i-f grid is 3,000 microvolts to give standard
output, he knows that he must turn the at-
tenuator up to give less than his comparative
output, which is presumed to be 3,500 micro-
volts.

Stage-gain measurements are readily ob-
tained from sensitivity measurements. Sup-'
pose that the signal generator delivered an
output of 50 microvolts to the converter sig-
nal grid to develop standard output. The sen-
sitivity of the receiver from that grid would
be 50 microvolts. Now, suppose that the gen-
erator delivered an output of 3,500 microvolts
to the grid of the next i-f amplifier to develop
sta_ndard output. The sensitivity of the re-
ceiver from the i-f grid would be 3,500 micro-
volts. The gain of the converter stage would
?hen be found by dividing the latter sensitiv-
ity by the former. It is found to be 3 500/50.
or 70, ’ '

Gain per stage varies in different receivers;
therefore a small range of figures rather than a
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Jingle figure would be desirable for compira-
tive wark. The accompanying table hsts' the
various stages of a sup(:rhetemd.ync receiver,
gives the test frequencies to the n‘mut of cach,
ihe ranges of gain {or nuny receivers, und’n’n
average gain nsed in this book. For spcmﬁc'
reccivers, gain data furnished by the manv-
facturer in his service notes should be fol-

towed, if available.

Test EET T A

Stage frenuoney | of gl } s
Second A-f 400~ 5-15 10
First Af (high-mu) | 400~ 40-60 50
If 455 ke | 80-1201 100
Converter 600 ke | 60-80 70
R-f 600 ke | 20-40 25

Examination of the service notes of o typical
receiver will naw show the value of this stagre-
gain technigque, Figare 7-3 shows the sche-
matic diagram for the receiver, Service notes

" given by the manufacturer give the data shown
in the accompanying tabic. The demmy an-
tenua capaerty indicates values to be con-
nected in senies with the hot lead of the signal
senertor, In each case, the input signal is
siven which results in standard output. From
the data given, it is seen that from antenna
to modalator geid (at the same roodulated r-f
frequency), there is @ voltage mun of 85/15,
o approxinately 3.7, From modulator grid to
i-f wrid (at the same modulated i-f frequency)
these is a voltage gain of 3,700/50, or 74. Any
wide variattans from these gain measnrements

would result ivan indication of o defectjve
s,

Baptpug prrsreyrh . s . L
- fovsopoor ey gy | TUHRRObA30 L Baerry posegres

Rt eI et ta erectity
T
3.7‘{‘1 /::,:. ¥ i1 gne 03 mid
‘,' A6 ke e prig 01 rmites
;‘, :,i;; : Poditatng grig 01 mitd
Y 0 be

AEIENGS terynyt 405 abyy,

Another wcthod of indicating stage gain is
shown in Fig. 7-8, Here, stage gain is indicated
hetween speeified points, Bencath the stage-
grain vadue iy indicated the frequencey to Wh‘.d“
the signal zencrator must be set in making
the check. )

The dats may be analyzed as follows, The
fovel of fuput signad {rom the signal generator
at a raotulated 1,400-ke Srequencey should be
}1 times as great at the signal grid of the con-
verter tibe as it is at the - tube signal grid, to
give standard outpnt. This means that there is.
a voltase gain of 11 dune to te amplification of
the 5-f tuhe. The level of input signal at a
modulated 1,400-ke froqueney should be 61
times as great of the signal grid of the i-f ampli-
fier as it is al the signal gid of the converter
tube, to give standard output. The Jevel of in-
put sinal at 2 wodulated 455-ke frequency at
the detector plate should Le 100 times as great
as it is at the signal grid of the i-f anplifier, to°
give standard output, The level of input signal
al 400 eyeles per secand should be 31 times ag
preat of the signal grid of the output tube as it
is ut the sipnal grid of the first andio amplifier,
to give standard output, And finally, the level
of input signal at 400 eycles per second shonld
be 5.8 times as great at the plate of the output
tuhe as it is at the signal grid of the same tube,
to give standard output.

When service notes do not include sensitiv-
ity figures or stage-gain data, the technician
can still use these ideas for working on receiv-
ers with inadequate vohnme or sensitivity, As
was stated previously, he should establish av-
crage allenuator seitings on his signal genera-
tor based on results with several sood receiv-
ers. For example, when checking from the i-f
grid, the ave age attenuator setting turns oul to
be 20 % 100 to give standard output, Then, on
a defective set, up to the i-f grid, normal atten-
uator settings produce standagd output, But
at this point, the attenuator has to be advanced
to 803 100 for standard output. He then knows
that a defective condition exists in the if stage.



Quick check. If all the tubes in the receiver
light, there 15 no sign of overheating, the hum
level is normal, and the B+ voltage measures
200 to 300 volts, the power supply 1s probably
functioning properly, and the trouble shooter
proceeds to check the next stage.

Function of power-supply stage, The power
supply furmishes A, B, and C voltages for the
rest of the receiver. The A supply lights the
filaments of the tubes, the B supply furmishes
the necessary d-c voltage to operate the plate
areint of the tubes, and the C supply furnishes
d-c grid voltage for the tubes.

The power-supply stage can be a set of bat-
teries, as 1s the case in portable and emer-
gency equipment. Usually, the highting mains
are employed to furnish the power The power-
supply stage, therefore, converts the 110-volt
highting supply into the necessary A, B,and C
voltages for the receiver

Two main types of power supphes will be
considered' the transformer-type power sup-
ply for use on a-c mains, and the so-called a-c/
d-¢ type which permts receivers to be plugged
into erther a-c or d-c mains. The a-c/d-c power-
supply stage will be treated in a later chapter

Theory of operation of a-¢ power supplies.
‘The basic parts of the power supply are shown
m the block diagram of Fig 8-1.

The power transformer, by stepping voltage
up and down. supplies high voltage for the rec-

tifier 1n the B supply, and low voltage for the
tube filaments, The low-voltage windings of
the power transformer are all that is needed
for the A supply.

The rectifier allows current to flow only in
one direction. Its output, therefore, is pul-
sating direct current

The filter circuit smooths the pulsating di-
rect current from the rectifier into unvarying
direct current, for use as the B supply.

Standard circuit. See Fig, 8-2.

Functions and values of component parts.
Transformer 7-7 1s the power transformer. 1t
operates on the principle of electromagnetic
induction, Current in the primary sets up a
magnetic field in the iron core. Since the pri-
mary current is allemahng, the magnetic field
15 1y ck itude and direc-
tion. bwlding up, collapsmg, bwlding up in
the opposite magnetic direction, collapsing,
ete, with each change 1n the alternating cur-
rent A changing magnetic field induces volt-
age 1 any winding that 1s exposed to 1, and
the greater the number of turns, the greater
will be the induced voltage. At thts pormnt, the
inability of transformers to operate on direct
current can be easily seen. Direct current sets
np a steady magnetic field, and voltage will not
be induced 1n the windings.

Power transformers for radio workeage usu-
ally designed to operate at 2 ¢ )
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Assume a 2-turns-per-volt transformer. Then
the 120-~volt primary will be wound with 240
turns. {Although the lighting mains are usually
called “a 110-volt line,” line voltage will actu-
ally measure more nearly 120 volts. Design
work assumes a line voltage of 117.) Each 2
turns of secondary winding will have 1 voltin-
duced in it. The S-volt winding for the rectifier
filament will be wound with 10 turns, and the
wire will be comparatively heavy to carry the
.. 2 amp that the rectifier filament draws. The
“high-voltage winding, usually 546 volts, will
be wound with 1,080 turns. This will be fine

Py

o

}
R e o L
v

wire, since the radio requires only about 70 ma-
{0.97 amp)} of B current. Remember that 540
volts is dangerous. Care must be exercised in
handling and measuring the high-voltage

leads. '

The filament winding for the other tubes in
the receiver will be wound with 12 turns for 6
volts, and the wire will be heavy enough to
carry the current drain of several tubes.

The high-voltage winding is always center-
tapped for use in the full-wave rectifier circuit.
The other windings are sometimes also
tapped: the primary at the 220th turn, for use

R T e o

i+

3

FIG. 8-2. Standard cir-* -
cuit of a transformer-
type a-c power supply.

1




in areas Where hine woltage is bow, The sapls
Ber and rectifier Blamerts sy also be tapped
in the center.

Small receivers generally have fewer tubes
and therefore draw less current than Larger nee
ceivers with more tubes. Trancfammen for
these smaller receivers will be cormespand.
ingly smaller in physical size. Althouch the
secondary voltage ratings may be the same for
bath types, the heavier current drain of the
larger radios requires heavier wire in the
windings, resulting in an increase in overall
size,

The rectifier is 2 comventronal full-wave civ
cuit. Tube V-6 15 a 5Y3GT. In large recviven,
where the plate corrent drain is heavy, the rees
tifier is a SU4GB or a 5AR4. The full-wave rees
nfier, operating from a 60-c)cle-per-second
source, delivers 120 pulses per second to the
Slter circuut.

The Blter circmt consists of L-15, €-15, and
C-16. L-15 consists of a large number of turns
of wire, wound on an iron core. Its action fn
the filter circuit 1s that of an inductor or choke.
An inductor acts to retard any change in cur
rent through it in the following way. Any
change in current will produce a change in the
magnetic field The changng magnetic field
will induce voltage in any winding exposed to
it, as 1t does 1n the case of the tramsfonmer. In
the case of the choke, where there is only one
winding, the voltage will bie tndueed in that
winding,. Since the induced voltage is oppostte
in direction to the original sonrce, it will al-
ways tend to oppose any change in cenrrent tn
the coil due to the varymg magnetic feld, The
chake, therefore, has a high opposition to any
change in current (alternating current or pul-
sating direct current), while its opposition 16
direct current (unchanging magnetic Geld) (v
comparatively Jow. Since the choke v con-
nected in series with the power-aupply om-
put cireuit, it tends to keep pulwtiony ont of
the output.

Capacitors C-15 uud C-16 we comnected
across the power-supply outpnt, one on eurh

AC TRANFORI R TV YA vty XR

side of the chale, The actran algeadnal w oy
ciromt contaimie Polvadians i d e e
Aolaee adrs 3t When The Wl e sevn sy
s eweredad By the manentan peak
from the reetiBer, Qe vapaitan vhaees L amd ah

woths the paak, Dintng the Tl Botsaen poaly
from the whificy, When tha wiliage wonhd
dropy the capaciton dichasees amd hamtans
the aeltare, Caposity O and € 30
hiedecapacitanee,  lighaasltae clectinhie
capaciton. Oten they ae i the wame von

taitner, which v callad o “hltersapaato
Block.™ A vommon size wonkd e laheled * P
20 wid47 volth D e-Suige valtage S2a™
Sometimes the block eonmtains thive vapay s,
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NORMAL TEST DATA
FOR THE POWER-SUPPLY STAGE

Check for normal stage operation.

Al tubes light or heat.

No sign of overheating.

Voltase cheek, B to chassts, 200 to 300

volis.

Hum level—~normal,

Most receivers novmally have a shiaht o,

sinee it is rathey costly wwemove the last
tences. This is known as “residual”™ ham, and
the technician must have some way of detor-
wining whether the amount present is normal
ar excessive. A good cheek is to place the var
close to the speaker with no station tuned in 1
the hum is just disceymble, eall it normal, This
small wmouut will vot be objectionable when
the car is at its usual distunce frow the speaker
and a station 15 uned mu H neises frons the of
amplifier interlere with the test, the «{end of
the veceiver can be made inoperative by re-
moving the i-f amphifier tube. T the test s be-
g made with the speaker out of i cabine, as
is usual at the bench, the technician should re-
wember that the cabinet batile sccentuates
tow-frequeney response and, sinee 120-evele
huat i low-{requencey, e should atlow necord-
ingly,

1 the guick check mdicates trouble in the
power supply, discomneet the line plag and,
hefore praceeding o fusther tosts, discharge
the filter eapacitors by shorting them, The il
ter capacitors may retain acharge, with subse-
arent danger of shoek or damage to test cquip-
ment,

y
ki

Nornad resistanee data. Nomad resistance
data are given in the accompanying table.

Plug, prong to prong
Chassis Lo vectifier plates
Reotifior filament to B+
across choke 1215
Chassis to rectifier flament

2-15 ohms
35-200 ohms

J0-400 shins
160,000 ohms

g »
Uhe noval veading of 2 10 15 ohms across
the pronus of the plag is a measure of the

"~ . "L“
sistanee of the primacy winding of the po

wer

teansfopmer. The range of resistance is caused
by the different sizes of transformers. Large
sots with darge transformers draw heavy cm-
rent throurh windings with heavy wire. Such
transiopners will show a primary resistance of
abuat 2 ohms. Smalier ransformers with finer
wire drawing lower cwrrent will range np to 15
vhios,

The reading {rom the chassis to the rectifier
plates measures each hall of the high-voltage
winding. Again, the larger transformenrs will
ahow the lower reading, Stmilarly, when meas=
uring choke E-15, the lower reading may be
expected i sets with 2 farger carrent drain,

The reading from ground to rectifier heater
is given as 100,00¢ ohms. This reading shows
the leakage vesistinee of fler capacitors C-15
and C-16. When making this test, reverse the
ohnmeter prods after taking the reading and
read ugain. The higher of the two readings
should be taken as the corveet one.

Normal voltage data. Normal voltage data
are given in the accompanying table,

Rectifier Ailament to
filament

Across other tube heaters

Chassis to rectifier plate

Chassis to rectifier
filament

Chassis to B+

5 valts a-¢
6 volts a-c
200-350 volts a-c

920-385 volts d-¢
200-360 volts d-c '

Small yeceivers tend toward the lower B
voltages, Targe veceivers tend toward the
higher B voltages. The measured voltage from
chassis to rectifier plate is the RMS or effec-
tive value. The rectifier voltage, measured
from chassis to rectifier filument, is usually a
little higher than the a-c input owing to the ae-
tion of capacitor C-15, which maintains the
rectified voltage at more nearly the peak value,

COMMON TROUBLES IN THE POWER SupPPLY

All the component parls in the power sup-
ply are common sources of trouble. Even the
re‘cliﬁcwluhc socket is not immune. In the case
of the sacket, divt between the rentifior RN



pins causes the high voltage to arc across,
burning up the socket matenal. This is found
by inspection, and the cure is obvious: replace-
ment of the socket. The power transformer
should be carefully checked, since the heavy
drain may have damaged it.

Troubles common to power transformers,
The power transformer develops many ills, the
chief cause of which is overheating due to
overloads within the transformer or to external
shorts. The chmmeter check is not entirely re-
lable. For example, a few shorted tums in the
high-voltage winding will not affect the ohm-
meter reading to any great extent, while it will
cause a heavy drain from the primary and con-
sequent overheating In a case like the above,
even though the voltage would be consider-

FIG. 8-4. The power transformer.

7
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ably reduced, the radio would keep on play-
ing, and it might not be brought in for repairs
until the overload had caused the primary
finally to open or the owner had become con-
cerned about the smell from his radio. In-
cidentally, the smell from a buned transfor-
mer is un kable, and the tecl need
only follow his nose to the trouble When the
trouble has been determined, it is wise to
check for external shorts before replacing the
transformer. As an example of the necessity for
this, assume a partial short in the dial-light
wiring of a radio. The radie continues to play,
and finally the overload causes the transformer
primary to open. The technician quickly finds
the open transformer; replaces it; checks the
radio, which appears to operate satisfactonly;
returns 1t to the customer, and, before long, the
new transformer is burned owing to feeding
current to the partial short that 15 still m the
dial-hght winng

How to check the power transformer. The
best check for normal operation of the power
transformer 15 a wattmeter, or a-¢ ammeter,
d in the primary oiwewst, The tech-

nician’s multitester, however, rarely includes
scales and ranges that are suitable for this pur-
pose. A good check with inexpensive t.qulp-
ment can be made as follows

1. Remove all tubes from the radio.

2 Plug the radio nto an outlet that con-
tans an ordmary 25- or 40-watt lamp n
series with the line, as shown 1n Fig
33

3 A good transformer will cause the lamp

to glow dimly

Any short that 1s present will cause the

lamp to glow bnghtly.

If a short 1s present, remove the trar-

former secondary leads from their e~

nection points, one winding at a *7%

to determine whether the short

nal or external; in the latter

determine which cxrmﬂ o

short.

s

@
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Fif, 8% Checking the power transformer.

o coterpret the above checks, it might be
ot pree snge move transformer theory.
Soits bt tubes remnved, the secondaries
won b doww g current, and consequently, the
gt . foubd not be drawing current. This
et be 2ot the transformer were 100 per-
‘e an ofhoeat Sinee this is not so, the prisnary

Yot drew g small amonnt of current to over-
eizme the Ly steresis and eddy-current Josses in
the fran core. With the average radio power
tuensformer, this small amount of current is
suffinient to cause the series 25-watt Tamp to
jist glowe. This is the test for a good transfor-
raer,

mov, assume some shorted turns, or a short
in the G-volt amplifier-filament wiring, The
primary must furnish the power that this short
consumes, The added primary drain canses
mare current to flow through the series 25-watt
tamp, and the Jamp glows more brightly. Now,
suppose that we disconneet the 6-volt trans-
forrer Jeads, I the larap brightness drops to
Just a glow, we must inspeet the receiver fila-
ment cirenit for a shart, If the lamp filament
continies to glow brightly, even after all cir-
cuits have: heen opened, the short is within the
transformer,

When a power transformer is replaced, an
exact duplicate is to be preferred. If this is un-
obtainable, the technician is beset by a num-

ber of questions. What size shall T use? Whiei
winding is which? How can T tell the winding
apart? What shall T do with the extra leads’

What size of replacement power transforme;
should be used? Replacement transformers arc
usually rated in the voltages and currents ob.
tainable from the various secondary windings,
A partial listing of general replacement trans-
formers from the Stancor catalogue is shown in
Figz. 8-6. These data must be compared with
the calenlated requirements of the tubes in the
receiver being serviced, For example, check-
ing the requirements of our standard receiver
with the tube manual, we obtain the informa-
tion shown in the accompanying table,

A requirements B requirements
Tube
gomplement : Total cathods
) Yolts | Amp Volts | current, ma ]
5713.GT 5 2
BVE-GT 6.3 0.6 315 362
6507 6.3 02 100 04
65KT 6.3 03 100 13
BSA7 6.3 0.3 100 123
6347 6.3 03 100 13
Totat 5 2 315 volts at 75 ma
63 | 18
We should remember that transformers

are rated in RMS values, and that the action
of the input filter capacitor provides a maxi-
mum B4 voltage which is closer to the peak
vitlue of the input voltage. Therefore, a trans-
former rated at 260 or 270 volts RMS will
casily provide the 315 volts at the maximum
B4 point. The replacement transformer for
the standard receiver should have secondary
windings with the following ratings:

270-0-270 volts at 90 ma

5 volts at 2 amp

6.3 volts at 2 amp

The high-voltage winding in some catalogues

is kibeled “540V CT.” The CT indicates that

the high-voltage winding is center-tapped,
giving 270 volts on cach side of the tan.

High voltage
Rectifier filament
Amplifier heaters
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A-C TRANSFORMER-TYPE POWER SUPFLY

N R PM PA 3
POWER TRANSFORMERS to Provide Approxumately 260 Volts D C to Condenser Input Filter
Catalog Plate Supply Remhu ﬁL- ‘mner Windings Mg Height Base
Ho. AC.Vots DC.Ma | Vets Amps. | vorts  Amps. | Type | Overalt hrea
sy 2350235 a0 | 50| 20 Jescr] 20 | B§ | 3he | fnr2e
pLasaz 2400240 s5 | s0 | 20 [eser| 20 | BG | b | Zuxan
fLasos 2500250 0 | 50| 20 [eser| 25 [ BG | 3 | Saxde
peaans 2600-260 0 [ so) 20 |eser| 30 | B[ 3% | 3.z3%
Fin40s 200270 | 120 | so | 30 eacr| 3s | bS] 4n ] 3eude
POWER TRANSFORMERS for Use with Choke Input Filter, VR-Tube Regulated Supply, Speaker Freld in
Filter, or Higher Voltage with Condenser Input Filter
" Catatog Plate Supply " Rectfier it | OtherWindings | wig. ] meight Base
No. ACVots DCMa | Vors  Amps. | vots  Amps | Type | overan |  wea
pu-g423 3000300 o0 | s0o | 20 lescr| 3s L N
Pisacs 3250325 w0 | so | 20 Jescr| 20 | pa [ 30
:fﬂ‘ﬂ, 3250325 55 50 20 }e3cT| 20 Ef,, 32‘
%2 as032s | 150 | s0 | 30 fesct| so | g | %
LA QETRER 0 | s0| 20 leaert 2s | BG 1 3%
e 3500350 0 | 50| 20 |escr| 30 | PG [ 3
LAl 3600360 1o | so | 30 [eser| 35 | 5| %
sl 3750375 | 150 [ s0 | 30 [escr| 4s [ 5| 40
RS | covoam | o | 50 | 30 [eser| so | B[ | 4TIE
POWER TRANSFORMERS for Use with 6AXS, 6X4, 6X5, or Selenium Rectifiers
Catalog Plate Supply Rectitier fil. Cther Windings Mg Her Base
Na AC Vots  DC.Ma | Vots Amps. | Voms  Amps. [ Type | Dwmt
psgars 125 vewave | 15 63 | os [ e .
PS8AIE 1750125 25 63 | io [ o R
] e | B | es ] o |83 351 s
Al 2300230 50 63 [ 22 - 3m
A 2400240 70 63 | - o
At 2600260 %0 63 | -
6358 3000300 65 63CT

FIG. 8-6. A partial listing of general replacement transfc—s= —~ =T

(Stancor Electronics, Inc.).

43
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Reference to Fig. 8-6 shows that the Stancor
PC8404 or PM8404 may be used as a replace-
ment for the power transformer in the standard
cireuit, The next step is to compare the over-
all height and the base arca of the original
transformer with the fgures shown in the
catalogue. A good rule to follow is that of
selecting a replacement transformer with
about the same physical size as the oniginal
one.

Power-transformer color code. Most trans-
former manufacturers color their leads in
accordance with the Electronic Industries
Association {E.LLA.) color code. This can be
used to advantage for replacement and
given in Fig. 8-7.

" How to identify leads of an uncoded trans-
former. In case the manufacturer does not
follow the code, the leads can he determined
with an ohmmeter and voltmeter as follows:

1. Pair up the winding leads by means of
an vhmmeter.

a. First connect the ohmmeter to any
lead and check for continuity with
all the other leads, as shown in Fig.
8-8A. The lead that shows cuntinuity
is the other end of that winding or a
tap. In the case of a tapped winding,
three leads will show continuity.

b. Separate these two or three leads,
as the case may be, and repeat to
find the other windings, as shown
in Fig. 8-8B.

9. Bead the resistance of each winding,
as shown in Fig. 8-0. "

a. The primary will show a resistance
of 2 to 15 ohms (240 turns).

. The high-voltage winding will show
a resistance of 80 to 400 ochms (1,080
turns) for the entire winding.

¢. The filament windings will show a
reading of less tlnt 1 ohm (10 or
12 turns).

These will be no mistaking the high-

voltage winding, Tape the leads so

there will be no danger of shock.,

3. Connect the primary to the a-c line,
and check the voltage of the filament
windings to determine which is the
amplhificr and which the rectifier fila-
ment winding (Fig, 8-10).

What to do with unused leads. The replace-
ment transformer often has leads that are
not used in the original wiring diagram of the
receiver. The filament center taps, for ex--
ample, may not be used. If this is the case,
tape the unused Jeads so that they will not
short and dress them neatly in the receiver
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FIG. 8-8. Pairing the transformer teads

chassis. If the unused center tap 1s of the type
that has two separate wires in a single piece
of spaghetti, solder these two wires together
before insulating with tape

S i the 1 t transformer
has an uncoded lead that does not show con-
tinuity to any of the other leads This lead
will be the connection to a nose-reducing
Faraday shield, between the pnimary and the
secondary windings If the transformer has
such a lead, connect 1t to a chassis soldering
Iug.

General replacement notes. Before con-
cluding this section of replacement notes on
power transformers, the authors would like
to remind the technican that it 15 a sign of
good workmanship always to be careful of
wiring and soldenng and that this is especially
important when replacing the power trans-
former. A poor connection or resin joint can

A-C TRANSFORMER-TYPE POWER SUPPLY 45

cause much trouble when it is in the Tow.
valtage high-amperage Rlament circuit. Poor
insulation and sloppy soldering can also cause
a messy recall job from flashovers 1 the high-
voltage circuit. Of course, the line cord should
be examined for frays, the grommet should be
examned for breaks, and the knot should be
in place behind the grommet on the inside of
the chassis.

Troubles comman to the rectifier tube,
Rectifier tubes usually have a long life. The
5Y3-GT, for example, is rated at 125 ma of
output current. This 1s rarely exceeded or
even reached by the typreal receiver; when it
is, a larger tube, the 5U4-GB, is usually em-
ployed. As the tube ages, it gradually loses
1ts emission, with a consequent loss in output
voltage. Tube checlers are reliable in indicat-
ing this condition. Another check fs a com-
parison of output voltage with another rec-
tifier tube that is known to be good. Occasion-
ally, rectfier tubes become gassy and glow
with a purplish hght. In this case, the receiver
will not operate at all, or its speaker might

s

. ﬂm
! ofo

S

FIG 8-9 Checking resistance of each winding.

FIG 8-10 Identifying the amphfier heater wind-
ing.
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emit only a low tearing growl. Replacement
of the tube is the answer. The above applies
only to high-vacuum rectifiers like the 5Y3-
GT, 5U4-GB, etc. It is normal for a glow to
appear in gas rectifiers like the OZ4-G and in
mercury-vapor rectifiers like the 82 and 83.
Troubles common to the filter choke. The
common fanlt with flter choke L-15 is that
the winding opens. This will be found on
check, by no voltage at B+ and abnormally
high voltage at rectifier filament. When he
finds this condition, before checking to make
sure that the choke is open, the technician
should pull the receiver plug and discharge
the filter capacitors. Input filter capacitor
C-15 remains at full charge, since there is no
discharge circuit when the choke is open.

Another trouble that sometimes ocenrs with
filter chokes is that the insulation between
the winding and the iron core breaks down,
making the winding short to the core. Since
the core is generally connected directly to the
chassis, the plate power supply is shorted out.
When this is the case, the receiver shows zero
volts at B+, and the rectifier plates glow at
red heat in their effort to feed the heavy cur-
rent demanded by the short.

When the filter choke opens or develops a
short, a replacement must be obtained. If an
exact duplicate is not available, a general
replacement type may be used. A partial list-
ing of general replacement chokes from the
Stancor catalogue is given in Fig. 8-11, When
choosing a suitable choke, the important
ratings to look for are the current-carrying
capacity (DCMA) and the physical size (height
and base area). For example, we have caleu-
lated a current drain of 75 ma for our standard
receiver. The replacement choke should be
rated at 75 ma or more. Of the two chokes
listed at 75 ma, we would choose the one that
is closest to the original in physical size. Note
t_hat the insulation rating is sufficiently high
for any radio application. The inductance and
d-¢ resistance ratings are generally not eritical
in the filter circuit.

Troubles common to the input filter capaci-
tor. The input filter capacitor C-15 is the most
common cause of trouble in the power-supply
stage. It is a high-voltage, high-capacity elec-
trolytic capacitor of either the wet or the dry
type. With time, electrolytic capacitors lose.
capacitance and open. When this is the case,
the B+ voltage will be low and the receiver
will hum. The defect is confirmed by bridg-
ing the capacitor with a good one of similar
capacitance and noting the improvement.

Capacitor C-15 also has the highest d-c volt-
age in the receiver across it. In addition, there
are large surges in voltage across it. As aresult,
it is subject to voltage breakdown and short-
ing. When this happens, the B+ voltage is
zero, and the rectifier-tube plates become red-
hot from the heavy drain of current into the
shorted C-15. "

How to check an electrolytic capacitor. The
handiest check for an electrolytic capacitor
is a resistance measurement on the high-re-
sistance range of the ohmmeter, This check is
illustrated in Fig. 8-13. When the capacitor
is checked, the meter pointer will kick up
and then drop. The meter test prods are then
reversed. The meter pointer should kick up
further and then drop again. The surge of
current, indicated by the kick, is caused by
the capacitor’s being charged by the battery
in the ohmmeter. When the test prods are
reversed, the charged capacitor adds its volt-
age to the battery in the ohmmeter, causing
an increased surge of current, as indicated by
the increased kick. An open electrolytic ca-
pacitor will show very little of this charge-
and-discharge current.

Electrolytic capacitors normally have leak-
ages, which will be different, depending on
the polarity of the ohmmeter connections and
that of the capacitor. Definite values cannot
be assigned to the ohmmeter readings of this
leakage resistance, owing to differences in
Capa‘c'lt()r§ as well as in ohmmeters. An ap-
proximation for capacitor C-15 is 50,000 ohms
with the test prods connected one way, and
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2 \BY
DI t i
SMOOQTHING CHOKES For b.c. Power Supplies
Inductance values rated a1 10 Volts R.M S, 60 cycles
Catalog Rating RMS.V. ] Hean | T Bme ™
Mo | ingucatpewa | inOhms lnsut. Type Overall Area !
C-1706 45hy. at 50ma 300 1500 A 1% ¥y X 14
c-1707 70 hy.at 50 ma 550 1500 A 1% Ya X 12y
¢-1003 IGOhy at 50 ma 580 1500 A 2 Ya % 1Y,
c-1708 130hy &5 ma 500 1500 A Ya X 1%,
C-1355 80 hy a( 75 ma 290 1500 L 2% 2%0 X% 1%
¢-1002 150hy at 75 ma. 400 1500 A 2% 3% 2%
c-1420 160hy. at 80 ma 360 1500 4 3% 2% ¥ 2%
¢-1709 80hy 85 ma. 250 1500 A 2 Yax 2
C-2704 90 hy. at 125 ma 250 1500 A 2V Yo X 1%
€-2303 25hy at 130 ma 100 2000 A 2 Ve X 1%,
c-1421 70hy at 130 ma 165 3000 C Ihe Y X 2%
£-2304 23 hy at 150 ma. 60 1500 A 2 Yax 1%,
€-2309 30hy 2t 150 ma 90 2000 A 2Ys Ve % 2Ya
c-1710 70hy at 150 ma 200 1500 A 2% X 2%
C-2325 20 hy at 200 ma 80 1500 A 2% Ve x 2%
C-1646 50 hy at 200 ma %0 5000 [ 4 e X 3Ye
c-2705 100 hy at 200 ma 150 2500 c 3% 3%
c-1412 40 hy at 250 ma. 60 3000 C 3% X3
C-2326 10hy 2t 300 ma 43 1500 A 2% Ya x 2%
c-2334 28 hy at 300 ma 60 1500 A 2% 2Yax 4
C-2308 80 hy 2t 300 ma 80 3000 C Pl A4 %V

FIG 8-11. Stancor replacement chokes and a partial listing from the Stancor catalogue (Stancor

Electronics, Inc.)

500,000 ohms on reversal The difference 1s
due to the fact that the capacitor 1s polarized.
Capacitor C-15 must be disconnected from the
cwrewt for this test, since other arcwits are
connected in parallel with 1t The above ex-
plains the general rule when making resist-
ance tests in a circuit bridged by an electro-
1ytic capacitor: Reverse the test prods and take
the higher reading

Replacement of the input filter capacitor.
When filter capacitor C-15 is replaced, the
capacitance and voltage rating of the onginal
should be used. A lower capacitance may
cause hum; a lower voltage rating may soon
cause breakdown. Correct polanty must be
observed since, if polarity 1s reversed, the

capacitor will overheat and possibly explode.
Somet:mes, iput-filter replacement capaci-
tors continually break down. This is due te
fugh surge voltage and 1s found n large re-
cervers. The high surge voltage is due to the
fact that, when the receiver is tumed on, the
filament-type rectifier furmishes high voltage
almost diately while the cathode-typ
amplifiers, which constitute the load, have not
yet warmed up and are not drawing current.
Dunng the peniod of no load or low load as
the amplifier tubes warm up, the voltage out-
put of the power supply 1s high. Normally,
mn the average receiver, this is of no conse~
quence, since the surge voltage developed
from a 270-0-270 high-voltage winding 1s
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approximately 379 volts, well under the 525 C-U5B «hould cacly be twice the capacitance
sure-voltage rating of an clectrolytic capaci-  of capacior C-15, sinee two equal capacitors
tor, In large receivers, however, where the  in senes have a total capacitance of half of
tube complement includes a 3U4-GB and two  one of them, The resistors should be 1 watt,
or four BBO5 or 7184 tbes, the bigh-voltage 1 wegobm (1,000,000 ohms) apiece. Their pur-
winding may deliver higher voltage, and the  puse 1 to equalize the voltage across capaci-
voltage across C-15 may be 550 volts until the  tors C-154 and €-15B. Each capacitor, there-
output tubes warm up. Where this is the case,  fore, will bave half of the total voltage across
there will be repeated breakdowns of capaci- it A circuit of this type, employing capacitors

. =4
lm‘C«l.), _ ' of the same voltage rating, will thhst'md
Surge voltage is casily checked. Simply  any surge,
allow the recciver to cool down, connect When a shorted input filter capucitor is
the voltmeter across capacitor C-13, turn the  replaced, itis advisable to check the rectifier

receiver switch on, and watch the voltmeter.  tube to make sure that it was not damaged by
If the voltmeter goes up to 400 or 425 volts  the heavy overload
when the switeh is first turned on, and then T o

s ) roubles common o the output filter ca-
setiles huck to about 300 volts as the tubes tput flter

warm up, there is little likelihood of trouble ?:::;tloz: (f)) l(llt\xzuxtng]\i:it‘lzs;t:()zciéﬁ .mdu.&uj:{:’i
from surge voltage. If the surge voltage climbs jeet to the same truu{fcs tr ) and 19} t)
ahove 525, the safest procedure s to replace When it opens, there o Opf; mt . ; l();;::
capacitor C-15 with two capacitors in series, voltage, but there " ?0 oty “;l

as shown in Fig. 8-14. Capacitors C-15A and squeal, or momrboatrxnnq: o)rL'x(JLx(:reng};’::Stx(:: rgf”



c-15A 1,000,000
©C58 1,000,000 -
FIG. 8-14 C two s to ase

voltage rating

all three Substituting another capacitor to
see 1its effect is the fastest check When 1t
shorts, B+ voltage 15 zero, and the rectifier
tube overheats, but not to the pomnt of red
plates.

Before condemming capacitor C-16, the
technician should look for even a small B+
voltage, In parallel with capacitor C-16 1s

BeLINE

BeMAY RIS, RAg

100 VOLTS {APPROX)
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the plate circuit of every tube in the radio,
and the short may very well be elsewhere,
Figure 8-15 is a skelcton diagram of the re-
ceiver, showing only the plate and B+ circuits,
If, for example, capacitor C-12 were shorted,
B+ voltage would be low, the voltage at the
rectifier ilament would be almost normal, and
the plate voltage of the second a-f tube, V-5,
would be zero. It would be a good idea, there-
fore, to check all plate voltages before going
further. Another good indication as to the
focation of the short would be an overheated
resistor. Resistor R-4, R-22, or R-25 would be
badly overloaded if capacitor C-4, C-22, or
C-25 were shorted If these methads do not
locate the short, 1t would be necessary to
open C-16 as well as the rest of the B+ circut,
one wire at a time, and hunt for the short with
an ohmmeter. When the short is located, if1tas
an item other than capacitor C-186, replacement
notes will be found for it 1in the chapter dealing
with 1ts particular stage.

When replacing capacitor C-16, the tech-
nician must be careful to observe polarity.
Also, when replacing an open output filter
capacitor, he should be careful to remove
the connection from 1t when, for one reason
or another, the ongmal capacitor is left phys-
1cally on the chassis. Even though the solder-
ing lug might be handy for the replacement
capacitor, leaving the old one connected in

h

FIG. 8-15. Skeleton di-
agram of the standard
receiver, showing the
B circuit.
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the circuit is a potential source of trouble.
Output filter capacitor C-16 is not nearly so
susceptible to high surge voltage as input
filter capacitor C-15, and the usual surge volt-
age rating of 525 volts is adequate.

Finally, capacitors C-15 and C-16 are often
contained in one dual-section filter block
The fact that one capacitor has proved de-
fective is no indication that the other cannot
still give long, satisfactory service. Whether
to replace the single unit or the entire block
is up to the individual technician. Usually,
it is preferable to replace the block.

Troubles common to the line filter capacitor.,
Line filter capacitor C-20 is a paper tubular
capacitor, whose usual capacitance is 0.1 mfd.
With the usual rating of 400 volts, voltage
breakdowns are unknown, The capacitor may
open, and this would theoretically cause
greater interference from line disturbances.
An open line filter capacitor, however, may
cause entirely different effects. Owing to its

LT N e T IO P A A EP B

Quick check for normal operation of stage.
All tubes light.

Nao signs of overheating,

Hum level is normal,

FIG. 8-16. Papertubu-
lar capacitor,” com-

monly used for line fil-
ter C-20.

position in the cireuit, the receiver chassis
is grounded throngh capacitor C-20 by the
lighting mains, one side of which is grounded.
The receiver installation may have no ground
at all or an indifferent ground, in which case
C-20 takes on a new function—that of ground-
ing the receiver, This explaing why reception
(absence of hum or noise) is often improved
by reversing the plug on a-c receiver installa-
tions. It also explains why a tiny spark or small
shock is experienced when connecting a
ground to a receiver, When C-20 is open, its
grounding function is gone. The most an-
noving manifestation of this is known as “mod-
ulation hum”; that is, the receiver does not
hum when making a hum check. The hum
comes on as a station is tuned in. There will
be no hum between stations. Standard pro-
cedure for modulation hum is to check the
ground and capacitor C-20, Bridging capacitor
C-20 with another capacitor of like value is
the check for an open capacitor.

Typical a-¢ power supply.
Typical a-¢ power supply i

= SUMMARY o ——————
B+ voltage measures 200 to 300 volts.
is shown diagmmmatica)ly in the aceom-

panying figure,
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Nommal resistance data,
Plug, prong to prong 2-15 ohms
Chassis to rectifier plates 35-200 ochms
Rectifier filament to B+, across choke L-15 40-100 chrmns
Chassis to rectifier filament 100,000 ohms *
Normal voltage data. ~
Rectifier filament to flament Svoltsac
Across other tube heaters 6 volts ac
Chassis to rechfier plate 200-350 volts a-¢
Chassis to rectifier filament 220-355 volts dc
Chassis to B+ 200-360 volts dc
® Reverse test prods and take the higher reading. )
SERVICE DATA CHART
Syrzpton Abnormal rezding Look fer
Tubes do not 1 gnt Pz, preng 1o prong cheoks Defoctne ine cord 2nd plug.
cpen wth chrmeter Open fuse, Defective Ine
serich S-1. Open power
transformer T.7 (pnmary)
T B R JE
Rectifiertube pletes shoa Chess:storectifier filamenm Shorted mmput fLiter cepeci
ced checys shot circut wath tor C-15. Checr surge vo't-
chmmeler 2ge cn replezerent
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, Symptom
Réctiﬁ—:—r iube overhesals

J S T e

‘

Rectifier fube cverheals

Hum

Hum

Osciliztion or motorbozting

Beciifier tube shows pur-

Week reception. No sign of
overhesting

o signal from speaker. No
sign of overheating

N.cdulation hum

et e em—

S

P hesmimnry wps e er
FERE P R A et )d

B~ voltage low

B+ voltage normal, or fluc-

wating with motorboat beats.

creen voltage normal

B+ voltage checks low

B+ voltage checks zero {dis-
charge filter Capacitor)

Lookfor
'Sﬁorted oﬂut/px;it‘ﬁiter capac§~
tor C-16. Short circuit in
B+ wiring

Zero plate voltage on ampli-
fier tubes. Short-circuited
plate filter capacitor

Open input filter C-15

Open output filter C-16

Open grid

Oren output filter C-16

Gassy high-vacuum type of
rectifier tube

Weak rectifier tube

Dead rectifier tube, Open
fitter choke 1-15

Poor ground, open line filter
capacitor C-20, or both
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QUESTIONS

. The tubes of an a-c¢ radio receiver do not

light. List the various possible sources
of trouble in the order in which you would
check them. .

. An a-c recewer does not play, and the

rectifier plates become red-hot. What is
the most likely cause of the trouble?

An a-c receiver is brought in for hum.
How would you check to see if the hum
originates in the power-supply stage?

An a-c receiver does not play. A check of
the recewver shows that the tubes light
and that there is no sign of overheating
or hum, but there is no B voltage List
the possible causes of the trouble, and
explain how you would check for each.
After a shorted input filter capacitor has
been replaced, what two checks should
be made before checking the receiver for
normal operation?

. The power transformer of an a-c receiver

overheats. The radic plays, the hum level
is somewhat high, and B voltage 1s low
A voltage check of the power supply
shows 180 volts a-c on one rectfier plate,
80 volts a-c on the other What 1s wrong?

1

1

7. Descnbe the series lamp check for a short
in a power transformer or its associated
circuits.

. When using the series lamp check on a

receiver with an overheating power trans-

former, the lamp glows brightly until the
amplifier filament wires are removed.

Where would you look for trouble?

When a 5Y3-GT rectifier tube glows with

a purplish glow, what is likely to be

wrong?

Refer to the histing of replacement power

transformers given 1n Fig, 8-6 and choose

replacements for the receivers of Fig.

12-14 and Fig. 12-16.

1. The receiver of Fig. 12-14 motorboats.
What component in the power supply is
likely to cause this condition?

2. The hum level in a receiver is normal,
but the receiver hums badly when cer-
tam stations are tuned in What component
in the power supply can cause this con-
dition?

. Resistor R-8 of Fig. 12-16 is found to be
open. What should be the wattage of the
replacement resistor?

™

d

1=

w
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The wide popularity of the a-c/d-c type of
receiver is due not so much to its ability to
operate on either a-c or d-¢ lighting mains as to
the fact that it makes possible an efficient in-
expensive power supply for small receivers.
The percentage of a-c/d-c receivers in use is
very large as compared with the percentage
of homes supplied by 110-volt d-c lighting
mains. The power transformer is an expensive
unit, and its elimination in the a-c/d-c receiver
circuit accounts for the circuit’s wide prev-
alence.

The signal circuits of the a-¢/d-c receiver
are the same as in an a-c receiver, with minor
differences. The signal checks and stage-gain
data are approximately the same for both,

. The main difference between the two lies in

the power supply.

Quick check for proper operation of the
a-c[d-c power supply. If all the tubes in the
receiver light, the hum level is normal and
the B4+ voltage measures approximately 120
volts, the a-c/d-c power supply is probably
functioning normally.

Function of the a-c/d-c power supply. The
function of the a-c/d-c power supply is like
that of any other type: to furnish the necessary
A, B, and C voltages to the filament, plate, and
grid circuits of the rest of the receiver. In this
case, the power source is the 110-volt lighting

mains, to be used regardless of whether it ig
alternating or direct current,

The common type of a-c/d-c receiver uses
a 5-tube superheterodyne circuit. The stages
employed are a converter, i-f, detector and
age, first a-f, second a-f, and power supply.
The detector and first a-f stage functions are
combined in one tube. Printed wiring is gen-
erally used. A receiver of this type should be
kept in mind while studying the power-supply
stage. -

The power supply can be easily subdivided
into a study of the A or heater circuit and the
B or plate circuit. '

Heater circuits in a-c/[d-c power supplies.
The heater circuit in the a-c/d-c power supply
is so designed as to use tubes for the receiver
which draw the same heater current. The heat-
ers are connected in series, a dropping resistor
is added if necessary, and then the circuit is
connected directly across the power line.

Figure 9-1 shows the heater circuit em-
ployed in widely used a-c/d-c superhetero-
dyne receivers. Modern sets use the miniature
base type of tube. Older sets, still encountered
in service work, use the larger octal-base tubes
in the same circuit, Equivalent tube types are
shown in the diagram. The heaters will light
equally well on alternating or direct current,
in the same way that an ordinary lamp will.

Reference to a tube manual shows that all
the tubes in this receiver are designed to oper-
ate at one value of current, 0.15 amp, a condi-
tion true for a series circuit. The voltage rating

P T
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fis-6T A7 ra ¥4 [F 214
FIG. S-1. Basic heater
supply for a S-tube
o7 jrixg ey 2-¢/¢-C receiver,

)

for cach tube is entered below the tube in the
diagram. Adding these tozether for the series
circuit to get the total voltage drop, we get
122.8 volts. Line voltage is conventionally
cansidered to be 117 volts: but this is an aver-
age figure. Actual line voltages in different lo-
calities and at different times may vary consid-
erably from this value. When the line voltage
is lower than 1228, the current through the
heaters will be less than 0 15 ampere. At the
reduced current, the voltage across each tube
heater will be reduced also. Similarly, at a line
voltage over 122.8, there will be a hizher cur-
rent through the heaters and a higher yoltage
across each heater than the rated value
Differing line~oltage conditions have ven
little effect on the operation of the receiver
The circuit of Fiz. 9-1 1s considered satisfac-
tory for operation at hine voltages vanang from
105 to 125 volts. Under low line voltage con-
ditions, the main difference noted i operation

; RECT A% 1-F cori,
3598 S0CS  12BA6 12886

on reception of local stations is a longer
warmup time necded betw een turning on the
switch and hearing the station.

In a receiver using few er than five tubes, the
tube omitted from the lineup of Fis. 9-1 is re-
placed by a dropping resistor. A 63-ohm/2-watt
resistor is generally used to replace one of the
12-volt heaters.

The negative end of the B or plate power
supply is connected to one side of the line, as
shown in Fig. 9-2. This point is called “com-
mon aezative”™ and correspands to the chassis
ground connection in a receiver with a trans-
former type power supply. It is usual practice
to place the detector-first a-f tube heater at
common negative or ground potential, since
this 1s the position of minimum hum. The con-
verter is usually placed next in line to avoid
hum modulation n the oscillator stage. The
sensitivity of the other tubes to hum deter-
mines the remaining order. the i-f amphfier

DET. 1A-F
12ave

FI3. 9-2. The commen
reg2ive Conrecton
a1 ac'dC  recerver.
The crcunt 250 shows
pronsicd fer 2 ¢’
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next, followed by the sceond a-f heater, sud
followed last by the rectifier. This order is
shown in Figs. 9-1 and 2-2. o

Some a-c/d-c receivers use a small lmnp fo
light the dial, or to show that the set is turped
on. The dial lamp wiring is shown in Fig. 9-2.

The heater of the 35W4 reclifier tube is tapped
at the number 6 pin and the dial lamp is con-
nected across the section of the heater be-

tween the number 4 and 8 pins, as shown. The
octal-base 35Z5-CT rectifier bas a similar tap
at pin pumber 3. Noic that the series circuit is
complete with or vwithout the dial Jamp, so that
the set continues to operate if the dial lamp
should open.

B power supplies in s-c/d-¢ receivers. The B
power supply m a-¢/d-¢ receivers consists of a
half-wave rectifier and filter circuit. A basic
diagram is shown in Fig. 9-3.

Capacitor C-20 acts as 2 line filter to keep
r-f disturbances Bike those caused by refrigera-
tor motors, electric shavers, etc., from affect-
ing the recerver. In addition, since one side of
the line is grounded, it serves to gronnd the
recetver. No other ground connection is used
in a-cf/d-t receivers, ¥t is usually a 200-volt ca-
pacitor, whose capacitance ranges from 0.006
ta 0.25 mid.

The reetifier tube is the 35W4 miniature-
base half-wave rectifier. The octal-base equiv-
alent is the 35Z5-GT. In the half-wave rectifier

eireuit, current flows from cathode to plate, as
indicated by the arrow in the diagram on the
hall evrie of a~c line current when the plate is
pu:;zii:ve with respect to common negative,
When the plate is negative on the nexthalf cy-
cle. no current flows through the rectifier tube.

1f the 1eceiver is operated on a d-c line, the
rectifier simply acts as a series resistor. How-
ever, in this case, polarity of the line plug is
important, since the rectifier will act as a series
open circuit if the plate is connected to the
negative side of the d-c¢ line. This fact explains
the tag {ound near the plug on many a-c/d-c
receivers which says: “If the receiver does not
work on a d-¢ line, reverse the line plug”
This connects the rectifier plate to the positive
side of the d-c line. .

On a-c operation, the rectifier output is 60
pulses of current per second, in the direction
of the arrow in Fig, 9-3. This requires the
smoothing action of a filter circuit. The B++
point supplies plate voltage to the second a-f
or power output tube. Here the filter circuit
consists only of input filter capacitor C-15. In
order to reduce hum and maintain voltage, it
must be a large capacitor. The circuit uses a
50-mfd input capacitor rated at 150 volts. The
capacitance is rarely less than this value, and
is often greater. Sizes as high as 100 mfd are
found in some receivers. Note again that the
d-c output voltage at the B++ point is higher

B s

X
RECTIFIER 5. ;
SURGE, Zov4 & ;
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RB .o .
r—t 0 B+ 125y
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LINE et €70 + + dc ) )
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than the RMS input voltage. This is because
the input filter tends to maintain the
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ccmbm:mnn is called a “cheater,” and is also
il 1 in Fig. 94.

voltage at the peak value of the a-c input.

The tnitial charging current of a 50-mfd ca-
pacitor is high enough to harm the rectifier.
So resistor R-16 fs connected in series with the
rectifier and input filter capacitor. It 1s known
as a “surge”™ resistor. This series connection
limits the charging current of the eapacitor.

Small a-c/d-c receivers generally use a4-or
S-inch speaker. These do not give a strong re-
sponse at 60 cycles per second. Thercfore the
simple capacitor filter for the last audio stage
is sufficient. However, the other stages in the
receiver are followed by amplifiers, making
more efficient filtering necessary. This 15 pro-
vided by the r-c filter consisting of filter re-
sistor R-15, and input and output filter capaci-
tors C-15 and C-16. The resistor 1s usually a 1-
watt size ranging from 1,000 to 2,000 ohms in
different receivers The value chosen for any
particular receiver is a
efficient filtering and satisfactory voltage at the
B+ paint. Larger values of resistance give bet-
ter filtering, but lower the voltage Output
filter capacitor C-16 1s usually a 30-mfd or
higher electrolytic ty pe also rated at 150 volts,
Both filter capacitors are usually enclosed an
the same container.

Standard circuit. The heater circuit of Fig.
¢-1 and the B power circnit of Fig 9-3 are
combined in Fig. 9-¢ to show a complete
power supply. This crremt appears so often
that it may be taken as a standard for 5-tube
a-c/d-c superheterodyne recevers.

The component marked INTERLOCK 1s a
safety device. It 1s a connector m the Jine cord,
the receptacle half of which is attached to the
rear panel of the cabinet. Removing the back
of the cabinet therefore automatically discon-
nects the line at the mnterlock, thereby protect-
ing the consumer from hlgh-vnltage points
within the iver. When the
works on such a receiver, he uses a spare line
cord terminating with the receptacle half of
the interlock. This special cord-connector

Note that the power line is connected to the
number 6 tap on the rectifier heater, so that
only one section of the heater is included in
the receiver series heater circuit. The other
rectifier heater section brings the line voltage
in a series circuit to the rectifier plate. This
latter rectifier heater section thus serves a sim-
ilar function to that of surge resistor R-16 in
Fig. 9-3. Also, observe the absence of a dial
light in the standard circuit. Most of these
small receivers do not use one. Those sets with
dial lights use the heater circuit of Fig. 9-2,
and have a separate surge resistor.

Floati . 2

. In
the standardized circuit of Fig. 9-4, note the
ground-symbol connection at common nega-
tive. This ground symbol indicates the metal
chassis on which the receiver components are

d. In many i larly the
older ones, the metal chassxs is a large metal
base. In receivers with printed circuits, the
chassis is reduced to a framework to hold the
printed board, and many of the metal parts
mounted on the board are electrically con-
nected to the framework to take advantage of
shielding effects.

The ction to the
chassts or to the fmme presents short-circuit
and shock hazards, because this connection is
one side of the power line. The hazard is
avoided by insulating or floating the chassis in-
side the cabinet so that the consumer has no
contact with it. Control shafts for the volume
control and tuning mechamism are recessed
from the front panel and operated by means of
long-shank mnsulating knobs which go through
the front of the cabmet. Chassis holding
serews do not extend to the outside of the
cabmet To get at these, the back of the cabinet
must be opened. When this is done, the inter-
lock acts as protection by disconnecting the
power hne

This insulating protection 1s for the con-
sumer \When the technician is)‘ﬂl\ingﬂn one 1{
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RECTIFIER
35v4

3

FIG. 94, Standard
power supply circuit

12BAS 12AV8
CHEATER

CORD

12BE6

5L

- C-20
0

for an a-c/d-c receiver.
The circuit also shows
the interlock and the
cheater cord used to
replace it for service
work. . .
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of these receivers, he has no such protection
and must recognize that he is working on a
“hat” receiver. He must be careful to avoid
grounding the receiver either directly or
through himself. It is for this reason that the
service bench should be of wood construction
- with no metal trim,
* The safest way to avoid short or shock trou-
bles is to connect the receiver to the line
through an isolation transformer, which in-
-sulates the chassis from the line. A tapped iso-
Iation transformer rated at about 350 watts is a
useful picce of bench equipment for this and
other purposes. The 350-watt rating is recom-
mended so that it can be used when servicing
television receivers, many of which also yse
the same type of floating-chassis design.

NORMAL TEST DATA FOR THE
A-G/D-C POWER-SUPPLY STAGE

Locating power-supply test points, Common
negative and B4+ are important test points in
an a-c/d-c receiver. The technician should be
able to find them quickly in any rec

: . eiver that
he is working on, If the set is mounted oy 5
metal chassis, vou e

annot take for granted that
the chassis is the common negative test point
as in a-¢ receivers, since other circuits are,
often used. Reference to Fig. 94 shows that
common negative beging at the switch, and

that the B-++ point is at the cathode of the rec-

tifier tube. )

The volume control and switch is an easily
recognized component in any receiver. The
switch terminals are shown in F ig. 9-5. In the

FIG. 9-5. How to identify the switch terminals and
rectifier socket. Either switch terminal is common

negative and the cathode pin of the rectifier is
B+,

LINE CORDV KNOT

SWITCH
CONTACTS

T
RECTIFIER FILTER SWITCH ZAND
S0CKETY CAPACITOR VOLUME
CONTROL

“A-
CONVENTIONAL, WIRING

PRINTED WIRING

-]

o

SWITCH AN
VOLUME CONTROL

.8.
PRINTED wiRing



test procedures to be given, either switch ter-
mimal may be used for the common negative
test point, If the switch terminals are not read-
ily accessible, another easily located test point
for common negative 15 the common negative
lead on the filter capacitor.

The rectifier may be identified from a tube
placement chart. When such a chart is not
available and the set 1s ane with conventional
wiring, the rectifier may be found by tracing
the line-cord winng as shown in Fig. 9-5A. If
the receiver uses printed wiring, the rectifier
may be similarly found by tracing the printed
winng from the interlock, as shown n Fig,
9-5B. Having located the rectifier, reference
to a tube manual will give the pin number for
the cathode which 1s the B4+ test point.

Another important test point in the power
supply is B+. Reference to the standard dia-
gram of Fig. 9-4 shows that B+ 1s one end of

Acipc TRANSFORMERLESS POWER SUPPLY §9

receivers are serviced, smce variations 1 ap-
plied heater voltage are mfrequent.

If the quick check mdicates trouble in the
power supply, disconnect the plug and dis-
charge the filter capacitors by shorting them
before procceding to further checks. The filter
capacitors may retain a charge with subse-
quent danger of shock or damage to test equup-
ment.

Normal resistance data. Normal resistance
data are given in the following table:

Line plug, prong to prong
(switch closed)

Rectifier cathode to B+

Rectifier cathode to com-
mon negative

B+ to cominen negative

100-200 ohms
1,000 chms

Capacitor action
Capacitor action

The reading from plug prong to prong
takes in the heater circuit. There will be con-

Rlter resistor R-15. This is lya tt
resistor with a resistance of 1,000 to 2,000
ohms, located near the rectifier tube. A volt-
meter connected from common negative to
one termmal of the resistor gives the voltage
reading at B++, When the positive test prod 1s
moved to the other terminal of the resistor, the
voltage reading at B+ ts obtained.

Quick check. The a-c/d-c power-supply
stage is probably functoning properly when.

All tubes light or heat.

The hum level 15 normal

There are no bad squeals or motorboating

‘The B4+ voltage measures approximately
120 volts to the common negative terminal
The B+ voltage measures approximately 90
volts to the common negative terminal

Thus 1s the quick check for the stage

The technician should familianze himself
with the normal brightness of tube heaters,
since any marked varation 1s indicative of
trouble m the heater circuit. Another aid to
determining trouble 1n this regard 1s the
length of time it takes for the tubes to reach
their proper operating temperature Tube
brightness is not of great importance when a-¢

derable variation in this reading depending
on whether the tubes are still warm or not. Re-
sistance of tube henters, as of mast conductors,
varies with temperature. At the time of testing,
the tube heaters may be anywhere from room
temperature to several hundred degrees witha
chife in the resist read-

ng.

As mentioned before, readings in all a-e/d-¢
receivers should be taken from the common
negative termnal rather than from the chassis.
The readings from the common negative to B+
or rectifier cathode are called “eapacitor ac-
nion” because the electrolytic filter capacitors
are connected across these points Since there
15 usually no bleeder 1n an a-c/d-c power sup-
ply, the point at which the ohmmeter needle
comes to rest will indicate the leakage of the
electrolytic capacitors Reverse the test prods
and take the higher reading as the leakage re-
sistance  This should be 100,000 ohms or
greater

Standard circuit. The standard cweuit is
shown 1n Fig 9-6 .

Normal voltage data. Normal vo, v\\dnm .
are shown in the followsng table: £\ .
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Common negative to
rectifier plate

Common negative to
rectifier cathode

Common negative to
B+ 85-100 volts d-c

117 volts a-c (line)

110-130 volts d-¢

", Heater voltages should be measured across
wach tube heater. The normal heater voltage
for each tube is the rated voltage as found in
the tube manual. An easy way of knowing the
normal heater voltage is the frst number in the
tube designation. For example, the heater of
the 50C5 is rated at 30 volts, 35W4 at 35 volts,
12AVG at 12 volts, ete..

COMMON TROUBLES IN THE A-G/D-C
POWER SUPPLY

Troubles common to the heater cireuit,
Since the heater circuit in an a-¢/d-c receiver
is a series chain, any open in any part of the
circuit will cause the entire cirenit
and the tubes wil not light. The series chain
includes the lipe cord, the interlock, the wir-
ing, the tube heaters, ang the switch, A break
in any one of these ¢an cause failure of the
tubes to light, and all of them are commop
troubles. The technician must be able to find
the break quickly and efficiently, )

When the tubes in an a- '

to be open

c/d-¢ receiver do net

_;5-

light, a good way of determining the cause is to
make a continuity check of the heater circuit
with an ohmmeter. Checking across the two
prongs of the line plug with the switch turned
to the ON position should, of course, show an
open circuit. If it shows the normal reading of
100 to 200 ohms, the receiver had been
plugged into a defective or dead line outlet.

Checking the line cord, interlock, and
switch. The next check should be from the
common negative side of the switch to each of
the line-plug prongs, as shown in Fig. 9.7,
One of the line-plug prongs should show con-
tinuity (zero resistance) to the common nega-
tive wiring, If neither prong shows continuity,
the trouble is in the line cord connected to the
switch or in the switch itself. Which of these
two is at fault is determined by further check-
ing across the switch terminals.

_ If the check from common negative to the
line plug shows continuity to one of the line-
plug prongs, the switch and this half of the line
cord are good, and the break is in the tube
h.eaterS, the wiring, or in the other wire in the
line cord, J¢ is best to make sure of the line

cord first,

_Th? plug prong that connects to the heater
circuit has already been determined. Check-
Ing from thig

shows that the ]

4 ne cord wire i good, if a zero
Tesistance read;

ng is found, If these tests show

prong to the rectifier heater -
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FIG. 9-7. Checking the
line cord, 1nterlock,
and switch in an a-c/
d-¢ heater circuit.

an open Jine cord or switch, the defective cam-
ponent must be replaced.

When the set uses an interlock, an open e
cord or defective interlock s immediately
found because the set plays when operated
with a cheater cord. The repair is then made
by installing a new interlock 1n the back panel
of the radio

Checking for an open tube heater. Having
established that the line cord and switch are
good, the next check 1s to look for an open tube
heater. The tubes are checked mn a tube
checker, or by an ohmmeter check across each
parr of heater terminals Before replacing a
tube with an apen heater, one precaution
should be held in mind When any defective
condition 1 an a-c/d-¢ receiver 1s found and
repaired, the filter cirewst should be checked
from rectfier cathode to the cormmon negative
before plugging in A shorted filter capacitor
will ruin a rectifier tube

Checking the heater wiring and socket con-
tacts. If all the tubes are found to be good, we
have the unusual condition where the hine
cord, switch, and tubes prove to be good, and
yet our senes circit 15 open This can only be
caused by either a break in the heater wiring
itself or by the failure of a tube pin to make
contact in its socket.

A method for tightening or respringing
socket contacts is shown in Fig 9-8 A sharply

COMMON NEGATIVE. (B

painted awl is inserted hetween the socket
hole and the pin contact, This pushes the two

halves of the contact together
When the set has conventional wiring, a
break in the wiring is very unusual, but is a
possibility. There may also be an unsoldered
or poorly soldered connection. To check for
this, examine the heater wiring. Start with the
line wire at the rectifier socket, and check each
connection and each wire from socket to
socket through the set. Grasp each wire near
each connection with a pair of long nose pliers,
and wiggle 1t gently. A broken wire will come
loose An unsoldered wire will be seen, and a
poorly soldered wire will move in its soldering
lug A bmken wire 1s replaced, and a pootly
tion 1s Idered with a hot

so]dermg tool

In a receiver with printed winng, breaks in
the winng are more common. The printed
board acts as the chassis, and 1s subject to
stresses and strains These may cause cracks
1n the printed wining  Here, 1t 1s best to check
the printed winng from termmal to terminal
with an ohmmeter, because the break 1s often
too fine to be seen by eye The procedure is1l-
lustrated 1n F1g 9-9 The test prods should
be dug hard mto the soldered terminals at each
end of the piece of wiring being checked, to
make sure of good contact through any insu-
lating coating which may have been sprayed
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.FlG. 9.8. How to tighten a socket contact.

FIG. 9-9. How to find a break in printed wiring.

over the printed wiring. A continuity reading
shows that the wiring is good, and a reading of
“open’” shows a break. The break is repaired
by preparing a piece of hookup wire that is the
same length and shape as the defective plat-
ing. This is placed over the plating, and the
ends are soldered to the two connection points
which alreadv have well-soldered connec-
tions.

Receivers with blinking tubes. There is a
type of intermittent reception during which
the radio lights up and plays for a short time,
and then the tubes go out and the radio dies
out. After a short time, the radio lights up and
plays, and the process repeats. If the radio uses
a pilot lamp, it blinks on and off each time the
set goes on and off. Since this is the most obvi-

ous symptom, radio men call this defective
condition a “blinker.”

The situation is caused by an intermittent
open in one of the tube heaters. The filament
expands on heating and breaks, thereby open-
ing the series heater line. The pilat lamp goes
out immediately, and all the tubes die down
more slowly. In the meantime, the filament
contracts, the break is temporarily recon-
nected, and current flows through the heater
line again. The pilot light goes on immedi-
ately; the tube heaters warm up more slowly.
This, of course, causes the filament to expand
again, thereby repeating the process.

In servicing a complaint of this type, the
problem is to find the tube which is cauvsing
the trouble. An ohmmeter check-will not do
for the purpose, because when the tube is cold
the break is healed.

The fastest way of finding the defective tube
is by using a neon test lamp. The receiver is
placed in such a position that the heater wir-
ing is readily accessible and the pilot lamp can
be seen. The set is then turned on and allowed
to blink on and off. The neon test lamp is now
connected across each heater in turn,

When the neon test lamp is across a good
tube heater, it will remain dark, regardless of
whether the radio blinks on or off. When it is
across the defective tube heater, it will remain
dark while the set is on but will light up as
soon as the pilot lamp blinks off.

Start with the rectifier and power output
tubes, since these two are the most common
offenders in this regard. When the cause of the
blinking is found, the tube must be discarded
and replaced.

When a tube with a thermal intermittent
condition in its heater is present in a receiver
that does- not have a pilot lamp, the same
symptoms of play, die down, and then play
again occur. But this time, we are not guided to
it by the blinking of a pilot lamp. Now, the
technician must recognize that the receiver
gradually loses volume, dies, and then the
volume gradually builds up again. The effect
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down, the short is in the converter tube; if they
remain bright, the shorted tube is still in the
receiver. It is probably in the i-f tube, which is
then removed for confirmation.

Troubles in the B power supply in a-c/d-¢
receivers. The B power supply in a-c/d-c re-
ceivers is similar to the B power supply in a-c
receivers, except for the lower voltages in-
volved. The unit is subject to the same trou-
bles which were described in detail in Chap.
8. To avoid repetition, the trouble and service
procedures will be briefly outlined here, ex-
cept for those circumstances which apply to
a-c/d-c receivers only.

When the quick check discloses normal
heater operation, coupled with hum, motor-
boating, low or no B+ voltage, the trouble is
probably in the B power-supply section of the
Yeceiver.

Troubles common to the rectifier tube.
Aside from trouble in the heater, the rectifier
tube may become weak or entirely inactive,
resulting in low or no B+ voltage. When this is
the case, a tube checker will confirm the con-

"y dition. Before replacing the tube, the tech-
nician should first check the filter circuit. This
should be done because rectifier tubes used in
a-¢fd-c receivers have an easily fused cathode
lead inside the tube. This internal cathode
lead will melt on any overload, such as that
caused by a shorted filter capacitor, thereby
ruining the new tube.

Troubles common to the input lter capaci-
tor. The input filter capacitor commonly opens
and occasionally shorts. When the capacitor is
open, the receiver hums and the B+ voltage is
low ~approximately 30 volts. The receiver
may still operate weakly at the low voltage,
but the quality of the reception will be badly
garbled by hum,

The low voltage is due to the use of a half-
wave rectifier, the output of which is half of
the average of the applied voltage, when the
rectifier is not followed by a capacitor input
ﬁltcr: This is the condition when the input
filter’ capacitor is open. The rectifier output

drops to approximately 50 volts, which is re-
duced 1o 30 volts on the B+ end of the flter.
The best check for this condition is to substi-
tute a test capacitor. ;

When the capacitor shorts, it will short the
rectifier output, giving zero B voltage. The
condition will be found on resistance check,
the resistance from the rectifier cathode to B—
checking short instead of the charge reading of
the capacitor, The capacitor should be re-
placed with one of the same capacitance and
voltage rating as the original. The rectifier
tube and surge resistor, if used, will also have
to be replaced since the short will have ruined
them. .

When replacing either filter capacitor in an
a-cid-c power supply, the technician should
be careful to use the correct capacitance and
voltage rating. Using capacitors with higher
voltage rating is not advisable, since experi-
ence has shown that electrolytic capacitors
rated at 450 volis nused for replacement pur-
poses in a-c/d-c receivers deteriorate rapidly.

Generally, there is no yoom to install an ex-
tra filter capacitor. Therefore, it is necessary
to replace the entire unit when any capacitor
in the filter unit becomes defective. A stock of
50-30 mfd/150 volt filter capacitors will be
found to be satisfactory for replacement pur-
poses for most receivers.

In printed circuijt receivers, an exact re-
placement filter capacitor is usually to be pre-
ferred because its leads are specifically placed
for mounting the part. However, there is some
small leeway, in that the mounting leads may
be bent somewhat to it the holes in the
printed board. When making such a replace-
ment, remove the old capacitor by heating
each contact in turn while gently pulling the
part from the other side of the board. The
holes are then cleared of any remaining solder.
Tl}e replacement capacitor should be carefully
oriented so that the leads go through the cor-

rect contact holes, and are then pushed into

p}ace. Finally, solder the leads on the under-
side of the board. ‘
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FIG. 9-11. Typical filter capacitor and tts position
in the circuit.

Troubles common to the output filter capa-
citor. The output filter capacitor C-16 also
opens and rarely shorts. When it 1s open, the
receiver operates, B+ voltage 1s normal, the
receiver may hum shghtly but it surely will
squeal or motorboat, or both This effect 15
much more apparent 1n a-c/d-c receners than
a similar conditton 1n a-c receivers, since the
output filter capacitor is usually the sole by-
pass agent for all screen and plate arrcuits

The best check for this condition ts to bndge
the with a test
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The output filter capacitor may also short.
This condition will be found by na voltage at
B+ and almost normal veltage at the rectifier
cathode. The rectifier tube may not be harmed
owing to the intervening resistance of the filter
resistor. The short, however, is not necessanly
in the output filter capacitar. A skeleton dia-
gram showing the B+ circuits of a typical a</
d-¢ receiver is given in Fig. 9-12, The short
may be anywhere on the B+ hine. Foresample,
if one of the primary leads in one of the i-f
transformers were to touch the shield can, all
points on the B+ line would show a shorted
condition to common negative. A pracedure
for determining the lncation of the short s
given in the next secton.

The output filter capacitor may also develop
internal resistance and draw heavy current. In
this case, the voltage at B+ will measure be-
low its normal reading of 85 to 100 volts, and
the filter resistor will probably o\erheat. The
procedure for locating shorts will also disclose
a leaky output filter.

The skeleton diagram of Fig. 9-12 will help
to sohve another short which may be confusing.
Suppose capacitor C-12 in the plate carenit of
the second af tube were to shortcircuit. The
recever would not play, there would be a
heavy current drain through the short, and
cathode resistor R-13 would overheat. A volt-
age check would mive the clue. The voltage at
rectifier cathode would be low—about 70
volts, indicating a heavy drain, or a weak recti-
fier The overheating reststors pont to the
heavy drain. The soltage at B+ would measure
about 60 volts —low, to be sure, but narmally
lower than the voltage at the rectifier cathode.
This places the short n the second a-f stage
Continued voltage checking shows approu-
mately 30 volts at the second a-f plate. and the
same 30 olts at the second af cathode An
ohmmeter now confirms the short i plate ca-
paator C-12.

How to check for shorts on the B+ line. The
diagram of Fig 9-13 15 a layout diagram of the
bottom view of a conventionally wired a-</d-¢

A~
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FIG. 9-12. Skeleton B8 -
circuit of a typical a-cf.
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receiver, showing only the B+ wiring and the

parts associated with it. In Fig. 9-12, note that
the screen grid pins of all tubes are connected
to B+. In Fig. 9-13, trace all B+ wiring to the
screen grid terminals of the tube sockets.

+ To find the location of any short, it is neces-
‘ary to open the B+ line. Start by removing all
leads from the screen terminal of the output
tube. Then check with an ohmmeter from
common negative to each of the opened Jeads.
One lead will give the “short” reading, The
procedure is illustrated in Fig. 9-14. If the
short is in the output filter capacitor, the latter

FiG. 9-13. Bottom view of a conventionally wireq
a-cfd-c receiver showing the g+ wiring,

is replaced. If, as in our previous example, the
short is in an i-f can, the lead showing the
“short” reading will be the one that leads to
the screen grid terminal of the next tube.

All wires are then removed from this termi-
nal, and each one is checked separately for the
short. Again, only one lead will give the
“short” reading. This lead is traced to the
shorted component, and the short should be
cleared. Replacement notes and procedures
for clearing shorts in components other than
the power supply are given in the chapters
dealing with the stage to which the component
belongs. ‘

In a printed-circuit receiver, although the
schematic diagram is the same, a short on the
B+ line requires g different servicing tech-
nique. This is because the printed wiring does
f\ot converge at the sCreen pins, as is the case
m a receiver with conventional wiring. The
drawing of Fig. 9-15 shows the B+ and com-
mon negative wiring of a typical printed-cir-
cx.ut receiver. Refer to this diagram and also to
Fig. 9-12 ang note how the B+ printed wiring
takes in the Screen pins of the tubes, one lead
on each i-f transformer, the filter resistor, the
flter Capacitor, and the couplate which in-
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cludes resistor R-32 in the first a-f plate c|r~
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FIG. S-14. How to
check for shorts inthe
B+ fine.

‘The procedure just gisen for com entionally

cmt. Just enough of the
printed wiring is shown to give some ldenuﬁ-
cation points. These are the common connec-
tion of the filter capacitor, the center ground-
ing pin used on some of the tube sockets, and
the shielding connection of the i-f cans.

In the pninted-circuit receiver, just as in the
receiver with conventional wining, a short any-
where in the B+ line gives a reading of zero
ohms when testing with an ohmmeter from
common negative to any of the B+ points.
Again, the B+ winng must be opened to local-
ize the short.

wired s is adapted to the printed-
circuit receiver in the following way. Choose a
point near the center of the B+ printed wiring,
and open it by making two close parallel cuts
across it with a razor blade. Scrape out the foil
between the cuts. The procedure is illustrated
mm Fig. 8-16. Now, checking with an ohm-
meter shows which half of the printed wiring
contains the short. A second similar cut in the
middle of the shorted section further Jocalizes
the short to one or bwo components. The short
is then found and cleared.

Finally, the cuts are repaired by bridgingan

FIG. 9-15, Bottom view
of a printed circuit re-
ceiver showing the B~
wiring and some of the
common negatrre wir-
ing
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entire cut section with a piece of hookup wire
and solderiug it securely at both ends. The cut
shown in Fig. 9-16 would be repaired by pre-
paring the hookup wire Jong enongh to go from
the B+ connection on the output i-f fransfor-

" er to the sereen connection at the number 6
"in of the second a-f tube, follow ing the bends
in the original printed wiring. After the wire is
soldered in place at these two connection
points, it may be held at the bends sath a drop
of service cement.

Troubles common to the hlter resistor, As
can be seen in Fig. 9-12, Glter vesistor R-15
carries the B current of the converter, i-f, and
detector-first a-f tubes. Normally, it earries this
Joad without difficulty. Tlowever, any short in
the B4 line puts an overload on the resistor,
causing it to overheat. This mayv cause it to
change in value. Therelore, whenever a short
in the B4 line is corrected, filter vesistor R-15
should be carefully checked and replaced if
there is any sign of harm caused by the over-
fond,

Somotimes flter resistor R-15 burns open.
tu this case, voltage at B+ draps ta zero, while
the voltage at the rectifier cathode remaing
normal or goes up slightly. The condition js

weadily found by voltage and resistance
checks, and the resistor is replaced. If the size
of the original cannot be ascertained, a 1,000-
ohm/I-watt rvesistor will work satisfactorily in
most receivers. .

Troubles common to the line filter. Capaci-
tor C-20 in Fig. 9-17 is the line filter. It serves
the same function as the similarly placed line
filter in transformer-type receivers, and alsa
gives the same servicing problems. Sometimes
it opens; almost never does it short.

An open capacitor also produces the same
symptoms — modulation hum; that is, the re-
ceiver hums on station but not between sta-
tions. The suspicion of an open line filter capa-
citor is confirmed when the bridging of the
original with a test capacitor removes the mod-
ulation hum. A

When replacing a defective line filter, you
need not be too concerned about the exact
capacitance. A capacitor rated at about 0.05
mfd/400v will be satisfactory for almost any
receiver,

C(fneral service notes pertaining to a-c/d-c
receivers. The circuit of an a-c/d-¢c receiver
causes some problems in service procedure
and techniques. For example, when a signal
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generator 15 connected for signal check or
ahgnment, a bad hum may be expenenced.
It can usually be avoided by connecting the
shielded lead from the signal generator to
the common negative rather than to the chas-
sis, Another expedient that sometimes gives
good results 15 to connect the shielded ground
lead through a 0 1-mfd capacitor The 1solating
capacitor will still be used in the “hot” lead

Another difficulty often experienced 1s when
the test bench 15 ninged with a grounded metal
trim This wall cause shocks to the techmcian
and danger of short circunts if the chassis
should touch the metal tnm Another danger
of short cireuits exists when the signal gen-
erator test lead 15 connected. If this has ex-
posed shielding, 1t 1s likely to touch any
grounded object such as the plate of an elec-
trical outlet, thereby causing a short circut.

As previously mentioned, most of these
difficulties may be overcome by the use of an
isolation transformer This 1s a one-to-one
ratio transformer The prnmary winding is
connected to the line, and line voltage 1s avail-
able at the secondary winding because of the
unity ratio The a-c/d-c recewer 15 plugged
into the secondary winding. Because of the
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FIG. 9-17. Filter re-
sistor R-15 and line
filter C-20 and therr
position in the circuit.

structure of a transformer, the recenver s 1so-
Inted from the line, one side of which s
grounded.

The diagram of Fig 9-18 shows the setup
for using an 1solation transformer when con-
necting a signal generator to an a-c/d-c re-
ceiver. The use of the isolation transformer s
recommended for all service work on a-c/d-¢c
receivers.

FIG 9-18 Use of an isolation transformer with an
a-c/d-c receiver
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SERVICE DATA CHART
S\;MANLOM ABHORMAL READING

Tubes do not light Plug prong to prong checks

open
Some tubes are overly
bright, others do not light or
warm up
Tubes light—no reception No B+ voltage

IR - S - - - -

No B+ voltage. Low voltage
from common negative to
rectifier cathode

Tubes light—no reception

i

Tubes light -~ no reception No B+ wvoltage. Volitage
from common negative to
rectifier cathode measures
150 volts
' "’"\_’;

ubes light —no reception B++ low. B+ low. Second
af cathode voltage high

Tubes light —bad hum B+ voltage measures 30

volts

; - e erm e

Tubes light and receiver mo- B+ voltage normal but
torboats, squeals, or both jumps with the motorboat

Modutation hum

All tests no'rmél'

.24 2 QG e

2T SUMMARY e

capacitor

LGOK FOR
Open line cord or interlock. Open
switch. Open heater in one of the
tubes. Break in wiring.

Cathode-heater short circuft m
one of the tubes

ST gy e

Dead rectifier tube, short—éi‘rcujt'eAc‘l’
input filter capacitor, or both .
Short-circuited output filter ca-
pacitor. Short in the B+ wiring

Open filter resistor. (Discharge
filter capacitor before checking)

Shorted second ‘a-f>plate bﬂ}-péé's

Open input filter capécitbr

e e e e s e e s

Open output filter capacitbrA »

F P VN N

Open fine fﬂtér cap‘écitbr‘C-éo o

[ —

Quick check for normal operation of the A-¢/D-
All tubes light at normal brightness
The hum level is normal,
There are no bad squeals or motorboating
The B4+ voltage measures .
The B+ voltage measures

¢ power supply.

“M

about.l.‘ZO volts to common negative,
approximately 90 volts to the common negative terminal.

St'\ ]l i i IS cirertit ¢
andard circuit. This circuit is shown in tha amae_ .
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Normal resistance data.

Plug, prong to rongB(switch on)

Rectifier cathode to

Rectifier cathode to common negative

B+ to common negative

100-200 ohms
1,000 ohms
Capacitor action
Capacitor action

Normal voltage data.

Common negative to rectifier plate
Common negative to rectifier cathode

Common negative to B+

117 volts A-C (line)
110-130 volts D-C
85-100 volts D-C

QUESTIONS

—

. The tubes 1n an a-c/d-c receiver do not
light. List the possible causes and explain
how you would check for each.

. A dead a-c/d-c receiver is brought in for

repair. All the tubes light, there 15 no hum

or squeal, and the B+ voltage measures
zero List the likely causes of trouble and
outline how you would check for each.

How would you check for the most prob-

able cause when an a-c/d-c receiver hums?

What precautions should be taken before

replacing a dead rectifier tube in an a-c/d-c

receiver?

Inana-c/d-creceiver, the 35Z5-GT and the

50L6-GT tubes light up very brightly. The

receiver does not play. How would you
check for the likely cause of the trouble?

. What is the most probable cause of a tun-
able hum (modulation hum) in an a-c/d-c
receiver?

]

L

>

“

=3

7. When an a-c/d-c receiver squeals badly,
which unit in the power supply can cause
this condition? How would you check to
determine whether or not this unit is at
fault?

In the B circuit breakdown of Fig. 9-12,

assume that an ohmmeter check from

common negative to B+ gives a reading of

15 ohms. List some of the likely locations

of the short. Outline a procedure that

could be used 1n tracking down the short.

List the bench provisions and techniques

that should be obsened when working

with a-c/d-c receivers relative to the use of

o it idental d and con-

nections to a signal generator.

10. What 1s the most probable cause of a blink-
g pilot light in an a-c/d-c zegeiver? Out- 7
lhine a test procedure tha(\eter{nin
the exact cause. )

I

»
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The power-supply circuits deseribed in the
previous chapters are standard or hasic in
that they incorporate the most widely used
practices  Power-supply circuits found in
individual receivers, however, differ some-
what, and mav require adaptations of the
servicing procedure that has been outlined
for the standard circuits. In this chapter, the
power supplies in some representative re-
ceivers will be described, showing the varia-

“ tions, together with applicable servicing tech-

niques where required.

Power supplies that use two-section filters.
The filter system in the standard transformer-
type power supply described in Chap. B uses a
choke and two capacitors. The filter system
in the standard transformerless power supply
of Chap. 9 uses a resistor and two capacitors,
Although the single-scction filters are gen-
crally adequate in reducing hum in receivers,
some manufacturers employ a second filter
section, and sometimes even a third, for better
hum elimination.

An a-cfd-c power supply using a two-section
filter is shown in Fig. 10-1. Resistor R-15
capacitors C-154A and C-15B m
section of the filter which supplies the maxi-
muwn B+ voltage for the power output stage,
Note the low ohmic value of resistor R-15
which is in series with B+ Max. This wili
always be a low value so that the vdltages

and
ake up the fyst
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available at the high B+ point will be as high
as possible, consistent with good hum elimina-
tion. Resistor R-16 and capacitors C-15B and
C-15C make up the second section of the filter.
These provide a lower value of B+ voltage
with very good hum elimination for the rest
of the receiver, ’

The filter sections shown in Fig. 10-1 are
known as R-C filters, since they are made up
of resistors and capacitors. When a choke is
used in place of a flter resistor, the circuit
is known as an L-C filter.

The two-section filter circuit of Fig. 10-1
calls for three capacitors, C-154, C-15B, and
C-15C. These are generally contained in one
filter capacitor unit. A typical unit of this type
is included in Fig. 10-1. Note the semicircle
over capacitor C-15B in the diagram, and the
triangle over capacitor C-15C. These symbols
are used to identify the different capacitors
in the filter unit. Note also, the absence of a
symbol over capacitor C-15A. Now note that
the accompanying drawing shows similar
sxmbols and markings. The semicircle or
triangle symbol is oyt into the insulation near
each soldering terminal of the capacitor unit.
When a filter unit contains four capacitors, as
would be the case in a three-section filter,

2 square symbo] is added for the fourth ca-
pacitor,

Servicing aset with a two-section filter. The



complete schematic diagram of a Motorola
clock radie which uses a two-section filter is
given in Fig. 10-2 as a typical example of a
recewver of this type. The diagram is repro-
duced from the Motorola service manual so
that you can note differences in drafting prac-
tices and become familiar with all types of
service diagrams,

Examine the lower part of the diagram,
which shows the power-supply circuit Note
the indication at the plug that the receiver is
for use on alternating current only. The set
itself uses a standard a-c/d-c circuit and wiil
work on either type of current, but the clock
will burn out on direct current; hence the
notation, The clock motor indicated by the
coil is across the line at all imes. The on-off
switch for the radio is mncluded mn the clock
unit so that it can be preset to go on and off at
specified hmes

‘Tracing the hot lead from the clock, we find
a heater line and rectifier cireuit exactly like
our standard ecircuit. Note the marking of
125v at the rectifier cathode This 15 the nor-
mal voltage to be expected at this pont as
measured from common negative. 1t 1s identi-
fied both on the circurt diagram and on the
printed-circut  board by three adjacent
squares, Normal voltage readings are found at
the important socket terminals throughout the
diagram  Also note the black half-circles on
the heater hne wirmg Simlar half circles
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are included on the printed board in the re-
ceiver for easy identification of the heater
circuit. In the same way, a single square iden-
tifies the B+ line in the diagram and on the
printed wiring, while two adjacent squares
denote the B4+ wiring.

Tracing the lead from the rectifier cathode,
we come to the two-section filter, consisting
of resistors R-10 and B-11 and the three capaci-
tors marked C-64, C-6B, and C-6C. The three
capacitors are in a single can similar to the umt
shown 1n Fig. 10-1. Note that capacitor C-6A
is uncoded, C-6B has a triangle, and C-6C
has a square, These codes identfy the n-
dividual capacitors in the can. Similar mark-
ings identify the capacitors on the insulation
around the terminals and on the label of the
can.

When servicing a recever of this type, the
same general rules and checks already studied
will apply. We still want to know whether the
tubes light, whether the set hums or squeals,
and whether the voltage at the rectifier cath-
ode measures between 110 and 125 volts.

If any of these checks shows that there is
trouble 1n the power supply, you would then
apply the same tests and service procedures
you learned 1n with the standard
1zed power-supply crcuit. The heater power
cireutt and the rectifier are standard In the
filter circuit, the main difference is that you
have three filter capacitors to check instead

FIG. 10-1. Two-sec-

tion R-C filterand typi- |
cal filter capacitor
used in this circuit. /

COMMON NEGATIVES
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FIG. 10-2. Schematic diagram of Motorola clock radic which uses a two-section filter circuit.

of only two. Filter capacitors are subject to

t the same ills regardless of whether there are
two or three: they open or lose capacitance,
develop large leakage currents, and some-
times short.

1f the input filter capacitor opens, the volt-
age at the rectifier cathode will drop to ap-
proximately 50 volts. The hum level will go
up, although it will not be as high as is the
case with a single-section filter because the
two remaining capacitors now function as a
single-section flter.

If the intermediate capacitor with the
triangle marking should open, the voltage at
the rectifier plate would be normal, but the
hum level would increase because of insuffi-
cient filtering for the second a-f plate-supply
voltage,

If the output filter capacitor with the square
marking were to open, the result would he
the same as when the output- capacitor in a

J % *C—)

........ =

£-3
CLOCK

SWTCH

single-section filter circuit opens. That is,
there will be increased hum, loss in volume,
and probably squeals and motorboating.

The check for an open filter capacitor is
the same as has been given before. Connect a
test capacitor across each suspected unit and
see whether it clears up the difficulty. In this
case, there would be three test points instead
of two.

Similarly, excess leakage in any of the flter
capacitors would cause a decrease in voltage
oufput with a consequent lack of volume.
There would also be excess heating in the
filter resistors affected. A completely shorted
capacitor would make the output B+ voltage
drop to zero, and the set would not play at
all. These defects would be located by the
same procedures that were studied before
except that this time the procedure would
be applied to three capacitors instead of two.

If the filter capacitor unit is found to be



defective, it should be replaced. A stock 50-
30-mfd replacement filter with an additional
20-mfd/150-volt capacitor could be used, but
you might find difficulty squeezing the extra
capacitor into the chassis. There is the prob-
lem of space requirements in these small
receivers. It would be much better, there-
fore, to obtain an exact replacement, even
though it may take more servicing time to
get the part.

Use of output transformer in the filter cir-
cuit. In some recervers, the primary of the
speaker output transformer is tapped, provid-
ing a section which is included in the filter
circuit. Figure 10-3A shows the circuit used
in a transformer-type power supply. The cor-
responding circurt in an a-c/d-c power supply
is shown 1n Fig 10-3B. In both circuits, trans-
former T-6 is the output transformer that cou-
ples the signal energy from the audio output
tube to the loudspeaker The primary winding
L-12 is tapped, and the lower section is tn
series with filter resistor B-15 The tap 1s near
the B+ end of winding L-12, not in the cen-
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ter. The purpose of the tapped connection is to
reduce the hum level of the speaker. The
Jower section of coil I-12 is known as the hum-
bucking winding:

The complete schematic diagram of an RCA
a-c/d-c receiver is given in Fig. 10-1 as a typi-
cal example of a receiver which uses a tapped
output transformer in the filter circuit.

Study the power-supply section, Note that
the heater line is hke the standard circuit of
Chap. 9, except that provision is made for
the use of a dial lamp, by connecting it be-
tween pins 4 and 6 of the rectifier heater.
Resistor R-6 is connected in senies with the
rectifier plate to take over the surge-limiting
function of this portion of the rectifier heater
in the standard circuit.

The power-supply section of the diagram
shows only filter capacitor C-10B. The rest
of the Rlter circuit appears in the aadio sec-
tion. Trace the lead from rectifier cathede to
the tap on the output transformer, through the
hum-bucking winding to filter resistor R-12,
The other end of this resistor is the B+ lead

FIG. 10-3. Filter cirewit which uses a tapped section of the output transformer.

LINE A 4
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FIG. 10-4. Schematic diagram of an RCA a-¢/d
transtormer in the filter circuit.

to the rest of the receiver, It is marked 92
volts in the diagram, and is the connection
point for output filter capacitor C-10A.
From the servicing point of view, al checks
, are the same as for g conventional receiver.
The only problem that is encountered is that
an exact replacement must be obtained, if
the output transformer should become de-
fective. In replacing  the transformer, the
leads must be connected properly, since any

reversal would cause increased hum, weak
output, or bath,

If an exact replacement

be obtained and the receiver is large enough
to include an extra flter capacitor, a repair
an be effected by using a standard matching
transformer, omitting the hum~bucking wind-
ing. If the hum level i then excessive, ap
‘extra filter circuit is added, as shown iy Fig,
10-3. The original flter circuit i shown by
R-15 and capacitors C-154 and C-15B. The
added filter, consisting of resigtor R-15D ang
capacitor C-15D, will make up for the hym-.
bucking effect of the original transformer,

transformer cannot

-C receiver incorpor
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Compact a-c/d-c receivers using the 100
milliampere heater string. The a-c/dc re-
ceiver descnbed 1n Chap. 9 consumes about
30 watts. Although these sets can be made
quite small, the cabinets are generally some-
what larger than necessary because of the
heating factor of the 30 watts that is dissipated.
To appreciate this, imagine a 30-watt lamp
enclosed in a cigar box, turned on for 4 hours
or more. The entire box would become quite
hot. Even with the oversize cabinet, many
a-c/d-c bly warm,
especially if they are pushed close against a
wall, thereby cutting down on air circulation
which is usually provided by vents in the
back cover. This, incidentally, gives a cure
for a radio that becomes too warm Pull it
away from the wall.

The heaters in the tubes of our standard
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circuit draw a current of 0.15 ampere. Tubes
with heaters designed to operate at 0.10 am-
pere have been developed; these give a reduc-
tion of 6 watts in heater circuit consumption,
and a more compact a-c/d-¢ receiver can be
made. The schematic diagram of such a re-
ceiver is shown in Fig. 10-6.

The power supply is at the bottom of the
diagram  Although it .is drawn somewhat
differently than our standard circuit, trace
the leads and you will see that it is exactly
the same. First check the heater hine. Add up
the first two numbers of each tube type, and
you will have a total of 122, which is just
about right for operation from nornmal line
voltage. Note that the 18FY8, the last in the
series chain, is the detector-first a-f tube.
Check the other tubes, and you will see that
they are in the same order as our standard

FIG. 10-6 Schematic diagram of an Arvin compact a-c/d-c receiver.
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cireuit. Note the different symbols nsed} for
the interlock, common negative, and the filter
capacitor. ‘

From the servicing point of view, ﬂns‘ re-
ceiver is checked for any trouble exactly like
the standard circuit. To make matters casier,
these tubes use the same pin numbers as the
equivalent minjature-base 0.15-ampere tu“)cs
of the standard circuit, The only precaution
needed is to use the coreet type numbess
for replacement tubes.

Six-tube a-cfd-c receivers. Some a-cfd-c
receivers have six tubes in the filament line.
The sixth tube is usually found in sets de-
signed for greater sensitivity, where an r-f
amplifier stage is added (o the basic five-tube
circuit.

The standard five-tube a-¢/d-c receiver has
a carcfully worked out series heater cirenit
where the heater potentials add up to 120
volts, so that it can he fed directly from the
line. I another wbe were added, the line
voltage would be insufficient, and all tubes
would be operated below their normal bril-
liancy.

. The series-heater problem was solved by

‘the development of special tubes. The dia-
gram of Fig. 10-7 shows the heater circuit of a
sin-tube receiver, where the added tube is a
12BA6 v-f amplifier. The 50C5 power-output
tube is replaced by a 35C5 which has very
similar characteristies, except for a 35-voly
0.15-ampere heater. The voltage saved by
(his change is used o light the 12BA6 heater.
The heater potentials now add up to 118 volts,
which is carrect for the average lighting line.

Servicing the power supply in one of these
six-tube receivers is no more difficult than
servicing the standard five-tube circuit, The
only complication that has been added is
that there is one more tube heater 1o check in
case the tubes do not light,

Power supply for an a-mo/f-m receiver. The
schematic diagram of Fig. 10-8 shows the
power supply of a large Westinghouse a-mff-m
phono receiver, The diagram was chosen as a

typical example of receivers of the type where
one power supply furnishes current for the
various secdons of a large receiver. The re-
ceiver is built on two chassis. One contains
the tuner and i-f amplifier; the other contains
the of anfpiificr and power supply. Plugs
and cables interconnect the two chassis.

Capacitor €-20 and resistor B-20 in the
primary circuit of the power transformer form
the lne filter. These rarely give any service
difficulties. MNote that the ohmic resistance
values given near each winding of the power
transformes conform to the low readings to be
expected when checking a large translormer,
as shown in the resistance chart of Chap. 8.
The high-voltage and rectifier circuit are the
same as in the basic cireuit,

Note that there are two 6-volt heater wind-
ings. The oue for the a-f amplifier heater is
center-tupped, with the tap grounded. This
arrangement is 1o minimize hum. The 6-volt
winding for the i-f amplifier heaters is
grounded, as in the standard circuit. Note r-f
choke I-1 and capacitor C-1 in the feed line
to the tuner heaters, These components form
an rf filter in this line. The tuner tubes operate
at very high frequencies (88~108 me) and the
filter is used to prevent feedback effects in .
the heater line which may cause interaction
at these high frequencies. The filter shown
is present in the power supply. There is gen-
erally another connected at the socket in the
tuner assembly. The r-f filter in the heater
line is operating in a low-voltage circuit, and
almost never gives servicing difficulty.

The rectifier output feeds the B+ maximum
point through a filter circuit consisting of
resistor R-15 and capacitors C-154 and C-15B.
The filter circuit differs from the basic cir-
cuit in that the filter choke is replaced by a
resistor, forming what is known as an R-C
ﬁlt(fr. The choke in the L-C flter of the
basic circuit is more effective in reducing hum,
!)ut tl.w overall effectiveness of the filter is not
:}T;;I;m’red, since the capacitors in an R-C filter

uit are gencrally much !m‘ggr. Note the
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80-40 mfd capacitors used in the circutt of Fig
10-8 as compared to the 20-20 mfd units of the
basic crremt

From the servicing pomt of view, the R-C
filter presents few new problems. An open
filter resistor 1s found by the same procedure
that shows an open filter choke However, a
filter resistor 1s more subject to harm from
temporary overloads than a choke, A shorted
condition further down on the B+ line would
dnve heavy cumrent through the filter. The
resultant overheating is less Likely to do per-
manent damage to a choke than to a resistor
It is wise, therefore, when correcting such a
condition to check filter resistors carefully
and to replace any that have changed 1n value
from the overload. In making the replacement,
the techmicran should be careful to use the
same ohmic value and wattage rating as the
onginal,

Another interesting feature of the cirenit of
Fig. 10-8 is the voltage distnbution system
The B circuit has been redrawn in Fig. 10-9
to show how B voltage 1s supplied to the vari-
ous stages The maximum B+ voltage is fed di-
rectly to the stereo power-amplifier stages.
The plate circuits of the a-f amphfier stages
are fed through resistor R-17. Resistor R-17
and capacitor C-15C serve a dual function.
The resistor reduces the voltage to the a-f

lifiers, and the t bi
tion provides a second-section filter for further
reduction of hum Similarly, resistor R-16
and capacitor C-16 provide a lower voltage
and a second section filter for the r-f and +-f
amplfiers Note the 15 watt size of resistor
R-16 Ths 15 because of the heavy load of
the r-f and i-f amphfier tubes. The receiver
has five of these, although the disgram in-
dicates only two because of lack of space-
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The plate circuits of the tuner and i-f stages
_ are often supplied through individual R-C
“ filters rcpresented by resistor R-18 and capaci-
tor C-18 in the fecd circuit to the last tube in
the diagram- These act as decoupling filters
1o prevent interaction Hhetween the high-fre-
quency ctages, along the common B+ lead.
They are located in the stage, and so the de-
coupling filters do not appear in the power-
supply diagram 0 Fig. 10-8. However, they
are in the power-supp\y feed lines, and 2
shorted condition in capacitor C-18, for ex-
ample, would affect the entire power supply-
The receiver would not play on am or f-m but
would operate on phono, although possib\y at
reduced cfficiency- The overload caused by
the shorted capacitor would show elow nor-
mal readings at B+ 310 and B+ 270, and avery
low reading @t B+ 135. Checking along this
linc, the technician would come to the over-
heating resistor R-18, and zero plate voltage
at the associated f or i-f plate. Capacitor
C-18 is now suspected of the short, an the

Fig. .10-9. skeleton B circuit of the West'\nghouse a-mlf-mlphono receiver:
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condition 18 confirmed by an ohmmeter check.
The shorted capacitor is now replaced
taking caré to position the replacement ca-
pacitor and its leads exactly as the orig'ma\.
This is done SO that the lead dress is not dis-
turbed, 2 factor which may be jmportant in
high-frequency decoupling circuits. 1t is also
considered good practice in preventive main-
tenance 0 replace resistor R-18, since it may
have been harmed by the overheating

A-c power supplies with 6-volt heater-cath-
ode type rectifier tubes. Many’ transformer”
type power supplies make useé of a 6CA4, OF
the older 6AX5 or 6X4 cathode-heater types of
rectifier tubes. A basic circuit of this type 1
shown in Fig. 10-10. The circuit is genera“)
found in smaller receivers:

The heater-cathode tyPe of constructio
permits the rectifier tube to be operated fro
the same heater line with the other -amplifi
heaters as shown in the diagram: This avol
t-he need for a separate rectifier filament win
ing in the power transformer. Examination
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FIG. 10-10 A-c power supply with 6-volt heater cathode rectifier.

the circuit shows that the heater is at ground
potential, and the cathode is at the maximum
B+ voltage. There must therefore be good
insulation between the heater and cathode.
The tube manual rates the heater-cathode
insulation of the 6CA4 as being good for 500
vults This is suff for most

b B+ rarely ex-
ceeds 350 volts.

In service work, however, the heater-cath-
ode rectifier quite often turns out to be the
cause of power-supply fatlure. Reference to
Fig. 10-10 shows that leakage or a short be-
tween heater and cathode n the rectifier
shorts out the power supply, just Iike a short
in input capacitor C-15 Voltage at B+ and
rectifier cathode will check zero, and the
rectifier will overheat. Both the rectifier tube
and capacitor C-15 should now be

dition was touching the cathode, may now,
when cold and contracted, have cleared the
short, The best procedure, therefore, is to
make the ohmmeter capacitor check. If the
result is a normal capacitor charge reading, the
tube 1s probably at fault, and operation is
tried with a new tube. If the result is a low-
ohmic reading, the short may be in the tube
or a filter capacitor. The tube is now removed
from its socket, and an ohmmeter reading
taken again. If the result 1s the normal capaci-
tor charge reading, the tube is defective. If
the low ohmic reading persists, the tube is
good, and the filter circuit 1s checked for the
short 1n the usual way.

The schematic diagram of the power supply
used 1n a Magnavox f-m recewver 1s fiven in
Fig. 10-11 as a typical example of the use of 2

hode-heater fier This 15 a recetver of

as possible canses. An ochmmeter check, taken
from rectifier cathode to B~ may not show the
short, because this 1s taken with the set turned
off. The heater which in its hot expanded con-

mtermediate size, as can be confirmed by
noting the ohmic values given for the primary
and high-voltage windings of the power trans-
former.

LN
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FIG. 10-11, Power supply of a Magnavox f-m receiver.

The cireuit shows two features of power-
supply design not previously described. One
is the arrangement used to ground the six-
volt heater winding for the a-f tubes, Two
100-ohm resistors, R-18 and BR-19, are con-
nected across the winding in series, and the
junction of the resistors is grounded. This
provides an electrical center tap for grounding
the heater winding, In some receivers, the
two resistors are replaced by a potentiometer,
the arm of which is grounded. The potenti-
ometer has a slotted shaft which acts as a hum
adjustment. The use of the resistors or the
polentiometer rarely causes
difficulty,

The other feature is the presence of resistor
R-16 connected in series with the center tap-
to-ground  connection of the high-voltage
winding. This reduces the initial charge cur.
rent of the input flter capacitor so as not to
exceed the plate current-carrying capacity of
the rectifier plates. The resistor serves the
same function as the surge resistor in a-cf/d-c

any  servicing

power supplies. Refer to resistor R-16 in Fig.
9-3. The series connection of the resistor in
the center tap of the high-voltage lead in Fig.
10-11 permits the use of a single surge re-
sistor in a full-wave rectifier circuit.

In service work, surge resistors often open.
In a receiver like that of Fig. 10-11, there
may be some difficulty in that the presence of
the surge resistor may not be expected. The
condition would be found by the following
sequence. If the surge resistor is open, the
tubes would light, but the set would not play.
Routine checks would show no voltage at B+,
and no a-¢ input voltage at either rectifier
plate, The high-voltage winding of the power
transformer is now under suspicion, and ‘a
resistance check would show both plates open.
A resistance check from plate to plate would -
show a normal reading for the entire high-
voltage winding, and would therefore point to
an open circuit in the center tap-to-ground
lead. The tracing of this lead, or reference to
the schematic diagram, would reveal the



presence of the resistor, which is then checked
for the open circuit.

Use of semiconductor diode rectifiers. In
many receivers, silicon or selenium semicon-
ductor rectifiers, sometimes known as dry
rectifiers, replace the high-vacuum tube recti-
fiers of our basic power-supply circuits. They
are genenally found in a-c/d-c receivers using
six or more tubes. The power-supply circuit
described in Chap. 8 was developed around a
five-tube a-m superheterodyne receiver. When
f-m or stereo functions are added to this cir-
cuit, more tubes are needed, and the simple
Bve-tube series heater string must be rede-
signed. A semiconductor rectifier does not
have a heater. Its use to replace the 35W4 tube
rectifier gives an easy solution in that 33 volts
is thus made available to heat extra tubes in
the series heater string.

Drawings of stlicon and selenium rectifiers,
and their symbols are shown in Fig. 10-12.
Note the plus sign near one terminal of each.
The connection marked with the plus sign
corresponds to the cathode of a vacuum-tube
diode rectifier. The other connection, gen-
erally unmarked, comesponds to the plate.

The schematic diagram of a Granco a-m/f-m

FIG. 10-12. The symbol for a semiconductor
diode, and sificon and selenium types used in re-
ceivers.
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receiver is shown in Fig. 10-13 as a typical
example of a receiver using a silicon rectifier.
The power supply is redrawn in Fig. 10-14.
The heater line shows a series string of six
tubes connected directly across the a-c line,
The heaters of the r-f and i-f tubes are bhy-
passed to ground, as is usual in high-frequency
circuits. The feed line to the f-m tuner tube,
the last in the chain, is drawn right through
its bypass capacitor. This symbol indicates
that the capacitor is incorporated in the feed-
through connection into the shielding of the
tuner sub-chassis.

In the B-supply circuit, the silicon rectifier
replaces the vacuum-tube diode. Note the
plus sign near the terminal which corresponds
to the cathode of the tube rectifier, Because
of the extra tubes in the receiver, the current
requirements in the B circuit are greater than
in the case of the five-tube superheterodyne
receiver. As a result, larger filter capacitors
are needed to maintain voltage. The receiver
of Fig. 10-14 uses a capacitor unit of 80-50
mfd, as compared with the 50-30 mfd unit of
the hasic cireuit.

Note also that the voltage at B++ is marked
at 134 volts, somewhat higher than the average
of 120 volts for the five-tube superheterodyne
set With a half-wave rectifier, the maximum
rectifier output voltage is the peak value of
the a<c input and is 168 volts for a 120-volt
line. The actual d-c voltage present will be
less than 168 volts, depending on the size of
the load, the size of the filter capacitors, and
the svoltage drop across the rectifier. Silicon
rectifiers cause 2 smaller drop than the cor-
responding tube rectifiers, and so the output
voltage 1s generally higher 1n the former case.
Some s use filter cap rated
at 200 volts, rather than the 150-volt rating
common in a-c/d-c recervers.

Resistor R-16, i series with the rectifier,
is the surge resistor whose purpose is to pro-
tect the rectifier from the large initial chargine
current of the filter capacitors. It also }
second function. In case of a short or over
on the B+ line, 1t passes a heavy current
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burns out before the rectifier is harmed. For
this reason, it is known as a fusible resistor.
It is usually a wire-wound resistor equipped
with pin leads for easy replacement.

Servicing receivers with silicon or selenium
rectifiers. The servicing procedures for an
a-c/d-c receiver with a semiconductor recti-
fier is the same as the one described in Chap.
9, for the standard a-c/d-c receiver. The only
difference is that the rectifier is not as easily
changed for test purposes. To illustrate, let
us suppose that the receiver of Fig. 10-13
does not play and is brought in for repair.

Preliminary examination shows no sound
from the speaker, all the tubes light, and the
voltage at B4+ is very low or zero. A study
of the power supply in Fig. 10-14 indicates
that the condition could be caused by an open
in fusible resistor R-16, a dead rectifier, a
short on the B+ line, or some combination of
the three conditions.

The first step should be to examine fusible
resistor R-16 for signs of being bumed open.
If these signs are evident, there is likely to be
a short on the B+ line. This short must be
found and cleared before the resistor 1s re-
placed. If the resistor Jooks normal, it should
be checked with an ohmmeter. If the reading
is open, the B+ line should also be checked
with the ohmmeter to make sure 1t is not
shorted, before replacing the resistor. This
resistor may have opened due to such a shost
without showing signs of burmng.

If the surge resistor checks good and the B+
line gives its normal capacitor charge reading,
the trouble 1s most likely in the rectifier. This
is now checked 1n the manner shown in Fig.
10-15. Di: the i ifier from
the circuit by opening one lead. If the surge
resistor R-16 is equipped with pin leads, this
makes a convenient way of opening the recti-
fier circuit, as shown in the diagram. Provide

1f with a repl fiereq d
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fier rated at 130 volts and 500 ma is recom-
mended for test purposes, since this size is
heavy enough to work in most radio or televi-
sion receivers. Clip in the test rectifier as
shown in the diagram, being careful to observe
proper polarity. Connect the voltmeter from
common negative to B+ and tum on the
receiver. If the output voltage is restored to
normal, the original rectifier is defective and
must be replaced.

In chonsing a replacement rectifier, an exact
duplicate is desirable, but is not absolutely
essential. Check your service notes for the
specifications of the original rectifier. It is
generally rated at 130 volts. The current rating
may be as low as 30 ma and, dependingon the
receiver, may go as high as 500 ma. Choose a
rectifier with a current rating at least as igh
as the original one. In general, use the same
type of rectifier; that is, replace selenium with
selenium and silicon with silicon. Howeser,
if a selenium rectifier of the correct rating
cannot be found, a silicon unit with the proper
rating may be substituted. The reverse is
rarely possible, since a set which originally
used a silicon rectifier is not hkely to have
the space for the much larger selenium unit.
When wiring in the new rectifier, be careful to
observe the comect polarity. An improperly
polarized rectifier may harm the flter capaci-
tors.

Power supplies where the heater string is
fed from the d-c B-supply. The diagram of
Fig. 10-16 shows the power supply of an 8-
tube Westinghouse a-m/f-m receiver. This
circuit 1s interesting because the series 8-tube
heater string, which requires more voltage
than is obtanable from the a-c line, 1s con-
nected to the d-c output of the rectifier. As was

ioned before, the bined action of the
rectifier and input filter capacitor, particularly
when low-loss rectifiers and large Slter ca-
i are used, provides a voltage which

with chps for test purposes. The diagram
shows a selenium rectifier; either selenium
or silicon could be used as a test rectifier,
regardless of the type of the original. A recti-

may be close to the peak value of the line at
this point. Note the unusually Jarge values of
the capacitors 1 filter unit C-45 These very
large values are needed to maintain the recti-

Fa’
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ficd voltage, since the load on the rectifier
and filter system now includes the heater
current as well as the plate current require-
meuts of the receiver, Rectifier X-2 is rated at
375 ma in this receiver.

Service work in a power supply of this type
may cause some difficulty, unless the tech-
nician is aware of the differences caused by
the feeding of the heater line from the d-c
B-supply. For example, if onc of the heaters
should open, the entire heater string would go
aut, just as in any a-cfd-c set. If the heater
line is ten checked with an a-¢ voltmeter,

‘ -

ca

the d-¢ voltage which is present will give
erroneous readings. If it is checked with an
chmmeter, and the flter capacitors remain
charged, the ohmmeter may be harmed when
the capacitors discharge through the instru-
ment as it bridges the open heater. Also, fail-
ure of the tubes to light may not necessarily
be caused by an open heater, open line cord or
switch. It can also be caused by a defective
rectifier or filter. Finally, as the rectifier and
filter capacitors age, the symptoms in the con-
ventional a-c/d-c receiver are weak reception
and hum. In this receiver, the first sign of



reduced output from the rectifier and flter
system is an increase in the warmup time of
the receiver. In either case, a voltage check at
the B++ point indicates the cause of the
trouble.

Power lies with voltage-doubler cir-
cuits. The voltage at B+ max in a transformer-
less receiver is limited to approxi ly 150
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appears across the load only on half the input
cycle,

The circuits of Fig. 10-17A and B are com-
bined in Fig. 10-17C to show the complete
voltage doubler. The seri d heaters
are shown in their usual position across the a-c
line. Surge resistor R-16 serves its protective
function in both rectifier circuits. It is usually a

volts. This is adequate for efficient operation of
all receiver circuits. However, the usual audio
output stage delivers approximately 2 watts of
audio power to the loudspeaker when the volt-
age supply is 120 to 150 volts. Where larger
outputs and larger speakers are required, com-
mon practice is to make use of a power trans.
former where the high-voltage winding pro--
duces B+ outputs of 250 volts or more. Thie
power transformer 1s an expensive component,,
and so the a-¢/d-c circuit 1s generally found in:
small inexpensive recervers. In this latter case,
by use of a circuit known as a voltage doubler,
it is possible to obtain a B+ voltage of approxi-
mately 250 volts, without the use of a power
transformer. Voltage doubler circwts are found
in many radio and TV receivers. We will now
study the operation of the most commonly
used voltage doubler, so as to gain a back~
ground for servicing that type of set.

How the voltage doubler works. Refer to
Fig. 10-17. When the a-c line has the polanty
shown in Fig. 10-174, rectifier SR-1, like any
half-wave rectifier, conducts and charges capa-
citor C-1 to line voltage or higher with the
polanty shown. Now examine the circutt of
Fig. 10-17B. This shows the condition on the
reversal of line polarity. Now rectifier SR-1
does not conduct and 1s an open circut. For
this reason, it is omitted from the circust dia-
gram But the Line voltage across the capacitor
C-1 is now 1n senes with the line voltage, and
with adding polarity. This double voltage is

1o st Y duct Ser SR.2 to
girve a positive voltage of about twice line volit-
age at the load. The next altemation of line
voltage only serves to charge up capacitor C-1
once agamn. This circuit is called a half-wave
voltage doubler because the double voltage

fusible type. Filter capacitor C-2 maintains the
double voltage across the load.

If there were no load connected, capacitor
C-1 would be charged to peak value of the line
valtage, approximately 160 valts, and capacitor
C-2 would be charged to twice this value or
320 volts. When the load is applied, the volt-
age drops to an extent depending on the size of
the load and the capacitance of the flters. For
the usual values in receivers, the double valt-
age available is 240 to 280 volts, as marked for
B+ max on the diagram. Note that capacitor
C-1 is rated at 150 volts and capacitor C-2,
which is subjected to the double voltage, is
rated at 300 volts.

Rectifiers SR-1 and SR-2 have the same
rating. They are sometimes contained in one
unit.

A typical voltage doubler. The schematic
diagram of the power supply of a Sylvania 3-
tube stereo phonograph is shown in Fig. 10-18
as a typreal example of a voltage doubler. Con-
nector S-1 s the interlock through which the

hfier chassis 1s d to the line sup-
ply. There is no switch in this power supply,
since thrs function is taken over by an auto-
mahc control on the record changer. The
heater line includes series resistor R-1, since
the three tubes require 112 volts, which is a
little less than normal line voltage. The volt-
age-doubler circuit is exactly like the one
shown in Fig. 10-17C, with a two-section R-C
filter added for hum elimination. Note that the
main 80-40-20 mfd/300v flter is in one unit,
as shown by the semicircle, the square, and
the triangle over each capacitor symbol. Capa-
citor C-1, in senes with the line, is in a sepa-
rate container.

Servicing voltage doublers. The voltage

kN
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doubler is subject to the same defects that
happen to any B-power supply. The series
heater string may open. When it does, the
tubes do not light and the set is dead. This
condition is serviced like any a-c/d-c heater
cireunit.

In the B-power supply, the rectificrs weaken
with age, the electrolytic filter capacitors dry
up and lose capacitance, or an overload may
develop on the B+ line, Any of these condi-

tions causes the voltage at B-++ max to drop be-
low its normal reading of 240 to 280 volts. Also,
the fusible resistor may open, in which case
the a-c input to the rectifiers is open and the
voltage at B+ measures zero.

If the tubes light and the voltage at B+ meas-
ures zero, the most likely cause is the open
fusible resistor (R-16 in Fig, 10-18). This is
cf)nﬂrmed by checking directly across the re-
sistor with an ohmmeter. If the resistor checks



open, look for a short on the B+ line before re-
placing it. Such a short, if present, caused the
original resistor to open and will d the
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gram of the recetver being tested and the re-
ceiver itself, to locate the rectifiers and filter

replacement resistor if the short is not re-
moved. The B+ line 1s checked with an ohm-
meter, measuring from common negative to
B+ The reading at these points represents the
i of all the s on the
B+ lne, as well as the resistance across the
two rectifiers. When making the check, reverse
the test prods and take the higher of the twa
readings. If this reading 1s 10,000 ohms or
more, you may assume no shorts and you may
replace the resistor If the meter gives a low
ohmic reading. the short must be found and
cleared before the resistor is replaced
If the voltage at B+ ably

apacit

which are equivalent to SR-1, SR-2,
C-1,and C-2 in Fig. 10-19. Schematic diagrams
always mndicate the positive termina! of recti-
fiers and electrolytic filter capacitors, Note that
capacitor C-1 is not connected to ground nor to
2 B+ point. It will be in a separate container
from capacitor C-2, which may be combined
with other capacitors in the main filter unit.
Set up your multimeter as a d-c voltmeter on
the 300-volt scale and leave it connected to
common negative and B+, to observe the re-
sults of your tests on the output voltage. Ob-
serving praper polanty, connect a test capaci-
tor directly across first one and then the other
filter If the output voltage comes up

below normal, the trouble is probably a weak
rectifier or filter capacitor, or both. The B-
power supply of the recewver of Fig 10-18 1s
repeated 1n Fig, 10-19 to illustrate the serv-
icing procedure.

It is easy to check filter capacitors, so this is
done first. When working on a voltage doubler
for an open capacitor, do not make the mistake
of connecting the negative end of a test capaci-
tor to common negative and probmg around
the various B+ points with the positive lead of
the capacitor. First the schematic dia-

to normal when either capacitor is checked,
that capacitor is open and must be replaced. If
there 15 no change or little change when the
capacitors are checked, they are probably
good, and the rectifiers are defective.

To check a rectfier, unsolder one terminal,
as shown n Fig. 10-19. This disconnects the
onginal. Now, observing proper polarity, clip
1 a test rectifier and observe the output volt-
age If the reading comes up to normal, the
ongunal rectifier is defective and must be re-
placed. If there 15 no change, the second recti-

FIG 10-19. How to
check a rectifier in a

voltage-doubler  cir-
cuit.
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fier in the power supply is checked in the same
munner.

If cither rectifier proves defective, it is usu-
ally considered good practice to replace both.
1f an cxact replacement is not available, check
your service notes for the rating of the original
rectifiers and choose replacements of a similar
type with similar ratings. Be careful to observe
proper polarity when wiring in the replace-
ment.

Small transformer-type power supplies. It is
generally considered that the transformerless
type of power supply is used in small re-
ceivers, and the transformer type for large
ones. This is not entirely true, since the trans-
{formerless type of power supply with the very
efficient silicon rectifiers and a voltage doubler
circuit can be adapted for use in very large ra-
dio and TV receivers. A better reason for nse
of one or the other type of power supply in-
volves the cost and quality characteristics,

A power transformer is an expensive compo-
nent and will not be used in an economy line
of receivers, either large or small. On the other
hand, the primary winding of a power trans-
former isolates the receiver circuits from the
power line. This permits the receiver to be
grounded, reduces short and shock hazards,
and introduces less r-f disturbances from the
line into the receiver. The transformer type of
power supply is therefore used in all receivers,
large or small, where these advantages are
considered important enough to warrant the
cost of the component.

Small power supplies are found in small re-
ceivers and in self-powered tuners. A tuneris a
radio receiver with all stages through the if
and detector stages, but omitting the audio am-
plifiers. There is a trend in receiver design
whereby & manufacturer can achieve a wide
selection of styles and models by combining
two or more self-powered units in one cabinet
or cons.olc. The manufacturer makes two or
three sizes of self-powered audio amplifiers.
He also makes various sélf-powered tuners,
The units are so designed that interconnecting

‘any tuner and any amplifier produces a com-

plete receiver. The system is used extensively
in the a-m/f-m, hi-fi, phono, stereo combina-
tion field. .

The power supply for a tuner is small, since
the B+ requirement is generally 90 to 135 volts
at a curvent drain of 30 to 50 ma. Some self-
powered tuners use a transformer full-wave
rectifier circvit, like the basic power supply of
Chap. 8. These are serviced by the procedures
described in that chapter. Just remember that
components will be small, transformer-wind-
ing resistance readings high, and voltages low.
Other sell-powered tuners use a semicondue-
tor rectifier in a. transformer-type half-wave
circuit. ‘

The schematic diagram of a typical power
supply of this. tvpe is shown in Fig. 10-20.
Tuners generally contain most of the controls
of the combination. When the on-off switch is
lacated in the tuner, it becomes a complicated
device Because it must make provision for op-
eration of the other units in the combination.
Study the circuit around switch S-1. The
switch is shown in the OFF position. Here the
{feed line to the tuner power supply is open at
the top portion of the switch. The second sec-
tion feeds current to the phono receptacle so
that the switch on the changer can operate the
phono motor and audio amplifier. The ON posi-
tion of switch S-1 connects the-tuner and. am-
plifier to the line and opens the feed to the
phonograph. ,

Transformer T-1 is the power transformer for
the tuner. Note the comparatively high resist-
ance given for the primary winding. The re-
sistance reading of 20 ohms given for the sec- |
ondary winding cannot be considered low be-
cause the winding produces only 100 volts,
ar}d S0 cannot be compared with the usual
high-voltage winding. Rectifier S-2 is a 50-
ma selenium unit. The rectifier output is
smoothed by a three-section R-C flter.

From the servicing point of view, the power
SUPD}Y develops the same defects as any other.
Rectifiers, whether tubes or semiconductors,
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weaken with age, and filter capacitors dry up
and lose capacitance. In either case, the volt-
age at B+ will be below normal, and squeals
may develop, The capacitors are checked by
bridging them "with a test filter capacitor, the
rectifier by substituting a test rectifier. A re-
sistance check from chassis to the B+ line is

Note that the amplifier power supply is a
standard a-c/d-c circunt, even to the eries
heater string. The main diffcrence it that at is
fed by winding L-2 of the power twmforner,
rather than from the line. Anather dilterence is
the absence of a surge resist The surge re-
sistor function is taken ovet by the vhmic re-

i of winding L2

not very valuable in this circmt b semi-

d S- | on resi check,
giving a low reading which masks the normally
high leakage of the filter

Low-voltage circuits rarely develop shorts.
As a result, the power transformer and filter
resistors rarely give any service difficulty.
Similar low-voltage, low-current transformer-
type power suppltes are used in separate chas-
sis multiplex units.

Unusual power supply. When the individunal
chassis in a combination umit are not sell-
powered, one chassis must furnish power to
the other. Sometimes, the power supply is spht
up between the two chassis. The arcuit of
Fig. 10-21 is an example of such a circurt
Power transformer 7-1 and the power supply
for the audio amplifier are mounted on the
amplifier chassis. Power transformer 71 also
furnishes 110 volts a-c and 6 volts a-c to sup
ply the tuner The rest of the tuner power sco-
ply is mounted on the tuner.
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fiers used in high-power stereo installations,
the power supply furnishes a fixed negative
voltage (with respect to ground), which is used
to bias the output audio tubes. Such acireuit is
shown in Fig. 10-29,

The high-voltage winding is tapped neur the
center, producing about 12 volts a-c al the tap,
as measured from ground. The center goes to
ground in 4 standard full-wave reclifier circuit,
The 12-volt a-¢ supply is rectified by a sele-
nium or germanium diode §-1. The rectified
output is smoothed by the R-C filter circuit

FIG. 10-22. Power supply furnishing 8+ and fixed
bias for output tubes,
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consisting of R-1, C-1, and C-2. The filter capa-
cilors are rated at 50 volts. The grounded
center-tap of the high-voltage winding be-
comes thie positive end of the bias supply (C+),
as well as the negative end of the B supply
(B~}. A 12-volt tap on the transformer produces
a negative potential of about 15 volts which is
used for biasing the output 7189 tubes. Note
that the positive terminals of C-1and C-2 go to
ground. In some circuits, a separate winding
on the power transformer is used for the bias
supply. . )

The bias supply is a low-voltage, low-cur-
rent circuil, and the components in it rarely
give any servicing difficulty. Failure of any of
the components would cause poor tone or hum
or both. The standard servicing procedure of
voltage check, followed by bridging filter ca-
pacitors and substituting rectifiers would
quickly locate the cause. When replacing com-
ponents in the biag supply, a wide latitude in
replacement barts is permissible, since none
of the values is critical. But this does not hold
true for power transformer T-1. If the power
Id prove defective, an exact
replacement s hecessary. The usug] precau-

tions relating to the polarity of rectifier §-1 and
lter CAPACItOrs Cul avd ~ o . 0t -



Quick check. To determine whether a loud-
speaker is functioning, turn on the receiver
and momentarily unseat the second a-f tube.
A loud click should be heard. Where the out-
put stage is of the push-pull type, removing
either tube will produce the same result.

Function of the loudspeaker. The loud-
speaker is a device that takes electrical energy
or power at audio frequencies from the second
a-f output stage and converts lt mm sound en-

Two main varieties of momving-conl dy namie
loudspeakers have been developed. The dif.
ference between the two lies in the manner in
which the stationary magnetic feld is pro-
duced. The two types are the electromagnetic
dynamic speakers and the permanent-magnet
{P-M) dynamic speakers, the latter being al-
most universally used.

In the P-M dynamic speaker, a strong sta-
tionary magnetic field is created by attaching a

rful alnico permanent magnet to the pot

ergy. Its fidehty of on
its ability to convert into sound all lhe compo-
nent frequencies at the second a-f output.

Types of loudspeakers. Many vaneties of
loudspeakers have paraded across the stage
throughout the period of radio evolution. The
type of loudspealer most widely used at the
present time is the moving-coll dynamic loud-
speaker, Therefore, the balance of the descnp-
tion that follows will concem tself pnmarily
with that type.

Theory of operation of the dynamic loud-
speaker. The theory of operation of a dynamic
speaker is quite simple. In these speakers, the
a-f signal from the second a-f stage is im-
pressed across a small, free-floating coil of
wite (called the “voice™ coil), which is sus-
pended in a strong stationary magnetic field.
The a-f current causes a varying magnetic field
around this coil. This varying field reacts with
the statonary field and causes motion of the
voice coil The latter is cemented to 2 paper
cone which vibrates with the vaice corl and
produces the audible sound waves

of the speaker. The front end of the alnico
magnet is shaped into a small cylinder and is
known as the pole piece. Suspended by means
of its attached paper cone, the voice coil rides
freely back and forth over the pole piece. The
basic structure of the P-M speaker is shown in
Fig. 11-1A.

The power-output tube of the receiver feeds
a-f currents to the voice coil through the out-
put transformer. (The output transformer is
often mounted on the speaker unit itself ) The
reaction of the varying magnetic fields, ereated
by the a-f currents in the voice coil, wath the
stationary magnetic field of the pole prece pro-
duces the back-and-forth vibratory motion of
the voice coil and 1its attached paper cone.

The outer edge of the paper cone 1s attached
either directly or by means of soft leather or
plastic to the basket of the speaker, so that the
voice coil may float freely over the pole piece
A flexible membrane, called a spider, is &
mented to the voice-col form and at 3ts #~7
edge, to the pot, The sprder guides the ™~

PP



94 ELEMENTS OF RADIO SERVICING

BASKET—"1%

POT
PAPER CONE
‘J .
ALNICO
VAGHET VOICE COIL
HINPOLE PIECE
l FLExipLe
CONE
: SHPFORT
AC FROM y
RECEIVER 44
QUTPUT
TRANSFORMER
- A.
P OrNAMIC

™ FIG. 11-1. Typical moving-coil dynamic speakers.
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of the voice cotl over the pole picce. Some-
tintes, the outer edge of the spider is serewed
to the pot, rather than cemented, to provide
for replacement of a defective voice coil and
paper cone, A dust cap, usually made of felt,
is cemented at the front end of the voiee-coil
form to prevent dust oy other grit from petting
hetween the voice coil and the pale picce.

The clectromagnetic dynamic speaker is
similar 1o the P-M dynamic speaker, except
that an electromagnet, energized by direct cur-
rent, is wornd over an iron pole picee to pro-
duce the staionary magnetic field. Tts basie
stracture is shown in Fig, 11-1B. Note that it
has four leads, whereas the P-M speaker hus
only twa,

CHECKS FOR LOUDSPEAKER OPERATION

When the quick cheek indicates trouble in
the speaker or if the servicing complaint is rat-
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tles or poor tone quality, the speaker should be
carefully tested. The following section de-
seribes the quick cheek in detail and discusses
other tests that may he applied to the loud-
speiher.

Quick check for speaker operation. In the
quick check, the second a-f tube is unscated.
When this is done, a click should be heard in
the speaker. Unseating of the tube causes the
B+ voltage to the plate pin of the tube to rise to
maximum, with a consequent surge through
the primary of the output transformer. This
surge, induced in the secondary of the trans-
former, momentarily energizes the voice coil
and produees the click.

This quick check does not tell us how well
the speaker is functioning, but merely whether
the vaice coil is open or short-cirenited. Tt is
cqually applicable to both types of dynamic
speakers, ’

To determine if the field coil of an clectro-



magnetic dynamic speaker is open, a blunt
picce of iron, hke a socket wrench, should be
held near the center pole piece. A perfect field
col will cause the too! to be attracted strongly.
An open field cotl will give either no attraction
or a slight attraction due to residual magnet-

ism. Unfortunately, the dust cover may in”

some cases make this test somewhat unreli-
able. Of course, this latter test is not necessary
for a P-M dynamic speaker.

Checking the voice coil for opens and shorts.
When the quick check produces no elicks (and
the field coil in the case of the clect ic
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put from the receiver now sounds well, the
original speaker is defective. Of course, this
check must he made with the set tumed on

TROUBLES COMMON TO THE LOUDSPEAKER

From the serviang point of view, the loud-
speaker may be responsible for many recener
defects. Consider the P-M dynamic speaker
first. The receiver may be dead because the
voice eonl is either open or shorted. Receiver
reception may be distorted because the voice
cail is off-center or warped, or the paper cone

dynamic speaker checks good), the defective
condition is probably either an open or short-
circuited voice eoil. To check its condition,
remove the receiver and the speaker from the
cabinet, with all connecting leads in place.

Examine the speaker and note two leads
from the voice coil that are cemented to the
paper cone. From the paper cone, two thin
flexible wires bring the voice-coil leads to two
lugs on a fbre stnp mounted on the speaker
frame. The secondary winding of the output
transformer is connected to the voice coil via
these two lugs.

Disconnect either one of the transformer
leads to its lug. The voice coil may now be
checked with an ohmmeter, as shown in Fig
11-2. Its resistance should have the value indi-
cated by the receiver manufacturer. If this in-
formation is not available, assume the general
value of about 3 to 15 ohms, the higher values
being found in larger speakers, However, 1f
the ohmmeter reading 1s mfinite ohms, the
voice coil is open. A short in the voice coil 15
indicated if the reading is zero ohms

Checking the speaker as a source of distor-
tion. The speaker with an open or shorted
voice coil will make the receiver dead How-
ever, a defective voice coil that 1s neither
open nor shorted may produce a distorted out-
put. To check for this condition, open the same
lead as directed in the previous check. Con-
nect a test bench P-M speaker to the leads
from the secondary winding of the output
transformer, as shown in Fig. 11-3 If the out-

is warped. There may alsa be strange rattles
from the set because of loose parts in the
speaker mounting, a torn paper cone, dirt be-
tween the voice-coil form and the pole piece,
vibrations of other parts within the receiver,
or loose voice-coil windings.

All these defects could also ewst with elec-
tromagnetic dynamic speakers. But in addi-
tion, the set could be dead or weak because of
an ppen or shorted field co:l. Each defect will
be described from the point of view of its
source with instructions for repair.

Troubles common to the voice coil. The
most frequent speaker defect is an open voice
coil When this condition exists, the set is
dead The open is almost always tn the leads to
the votce coil rather than in the coil itself. The
pomts to inspect carefully are those where the
voice-coil wires are connected to the flexible
leads on the paper cone and where the fAexible
leads are connected to the Tugs on the insu-
lated stnp These broken connectons may be
repaired by resoldening.

One of the leads may be broken, rather
than a broken connection These leads are
made of very thin wire and must be handled
with the greatest of care Holding the broken
lead with a tweezer so as to avord tugging,
gently scrape the ends of the broken lead with
the blade of a knife to remove the enamel m-
sulation Then resolder the break, using rosin-
core solder. To avord too much tension on the
repaired lead, 1t may be necessary to solder a
jumper across the break. If so, use a single
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FiG. 11—2; Checking the voice coil for an open or
short.

strand of fine copper wire whose ends have
been pretinned. Finally, paint the new wire
and its connections with speaker cewent.

A short-circuited voice coil is most likely to
be the result of the connection paints shorting
cither 1o each other or v the spealer Gane.
Here, too, the set is dead. Carefullv unsolder
ane of the flexible leads tiits lug Cheel with
an ochmmeter o detevaiine  whether the short
has been removed I ot Las not, ispect the
connection paints ou thc paper cone ta see
whether conducnve dirt b beon deposited
there, With o pounted Lnite, carefully and
gsenlly  serape the space between the two
poiuty on the cone. However, if the first check
cleared the shad, the defeet was on the lug.
Poprovise a new insulated e point en the
speaker frame and solder the flexible lead and
its autput transformer lead to this new he
paint,

The remaining voice-coil troubles manitest
themselves by distortion of the output or by
huzzing sounds accompanying the output.
These may be cansed by a warped voice coil
that rubs against the pole picee, by loose
voice-coil windings, by dist between the
voice-coil form and the pole picce, or by voice-
eoil Jeads that have broken loase from the ce-
ment on the cone. The last-named condition is
readily repaired by applying speaker cement
to the leads and gently pressing them against
the cone until the coment is dry,

The other conditions are not so easily re-

paired. If the speaker is not a very expensive
awe, the average technician had best replace
the entire speaker with a new one. This is be-
case there are too many cemented areas that
st be opened to make the repair. In Fig.
11-t all the points that are usually cemented
are indicated by the letter C. Cement holds the
speaker edue to the basket, the voice coil to
the paper cone. the dust cap to the paper cone,
the spider to the speaker frame or basket and
to the voice-coil form, the voice-coil leads to
the paper cone, and the voice-coil tums to
each other. When an expensive speaker is in-
volved und repair of these defects is war-
rapted, it would be best to send the speaker
back to the manufacturer or to a service shop
that specializes in such repairs.

Troubles common to the paper cone. The
paper cone may cause distortion because it
has dried out and warped. Or it may cause
strange buzzes and rattles because the cement
at its outer edge or at its connection to the
voice-coil form or at the dust cap has loosened.
A hole or tear in the paper cone may also be
the cause of rattles.

The last named defect may be repaired, if
the tear is not too large, by applying special
speaker cement to the edges of the hole or tear
and pressing the edges together unti] the ce-
ment is dry. Do not try to fix the break with
masking tape or similar adhesive; they will
not hold permanently.

The loose dust cap may be repaired by ap-



plymg a very small amount of cement to the
point where the cap appears to be loose and
pressing the cap to the cone. As stated pre-
viously, the other defects would normally best
be fixed by repl of the M
speaker assembly or by sending the speaker
out for specialist repair.

Replacing voice-coil and cone assembly,
When the expense of the speaker warrants it,
the cone and voice-coil assembly may be re-
moved and replaced. To do this, the cement at
the varous holding points must be loosened
with a cement solvent, usually acetone. at the
dust eap connection to the cone, where the
edge of the cone 1s held to the basket, and
wlhere the outer edge of the spider 1s attached
to the basket. Sometimes the job 1s easier be-
canse the latter two joints are not cemented,
but are held by screws Extreme care must be
taken when removing the dust cap that the
cement binding the cone to the voice-coil form

FIG 11-4. loudspeaker showing all cemented
joints Cemented points are labelled C

T
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is not loosened, particularly if the same latter
assembly is to be used again. Now the cone
and voice-coil assembly, with the attached
spider, may be drawn forward and out.

We may now praceed with the repair. To re-
maove dirt from the space between the pole
mece and the pot, blow into the arca. Then
gently run a pipe cleaner through the space
while holding the pot facmg downward. Blow
out the area once again, If this is the only de-
fect, the cone and voice-coil assembly is then
replaced m the manner deseribed below.

If the voice-cotl wires have become loose,
apply a small quantity of coment to the wires
and gently wipe away the excess Be sure that
no blob of cement stands up, to ruly in the pole
piece space. Allow 1t to dry. Similarly, if the
cone cement has broken away from the voice-
coil form, apply a httle cement and allow to
dry thoroughly. Then replace the coil and cone
assembly.

FIG 11-5 Using shims to replace and center a
coil and cone assembly

SHIM
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If the voice coil is warped, do not try to
straighten it. Obtain an exact duplicate voice-
coil and cone assembly and use that as the re-
placement.

The reinsertion of the voice coil and cone is
not a simple task. The voice coil must be prop-
erly centered in the space between the pole
piece and the pot so that it can move without
rubbing. Of course, where the defect was only
an off-center rubbing voice coil, this recenter-
ing procedure is necessary.

First apply cement with care to the outer
edge of the spider and to the edge of the pot to
which it is to be attached. Of course, if this
outer edge is held by screws, this will not be

necessary. Now insert the voice coil with its at-
tached cone over the pole picce, but do not
press or screw the spider into position. It is
first necessary to center the voice coil for free
movement. This is done by inserting- three or
four equal-thickness nonmetallic  shims,
spaced symmetrically, between the pole picce
and the inner side of the voice-coil form, as
shown in Fig, 11-5. These shims should §t
snugly but should not be forced into position,
lest it warp the voice-coil form. Now press the
ostter edge of the spider to the pot and allow to
dry, If the spider is held by screws, tighten
them in place.

With the shims still in place, apply coment
to the outer edge of the cone and to the rim
of the speaker basket. Press the two edges

together and permit the bond to dry thor-

oughly.

In many receivers, there is a felt or card-
hoard ring that is fastened around the rim of
the basket over the edge of the cone. Its pur-
pose is to prevent acoustic continuity between
the speaker and the baffie to which it is ar-
tached. This ring should now be either ce-
mented or bolted back into position.

When all cemented joints are completely
dry, remove the shims and test that the voice
coil is properly centered. Place your fingers
close to the center of the cone and press~ the
voice coil back. Then allow it to slowly come
forward, Repeat this several times and 'fcel for

any rubbing. When satisfied that the coil
moves freely, apply some ‘cement {o a new
dust cap and press it into position on the cone.
Be careful that no excess cement seeps into
the gap in which the voice coil floats. The
cone and voice-coil replacement is now com-
plete.

Sometimes, the spider is of a different type
from the one just deseribed. It may be a plastic
disc with perforations in it, and it is cemented
to the cone in front, rather than behind. It is
then bolted to the pole piece at the center of
the disc. Such a spider, shown in Fig, 11-6,
does not require cement when replacing the
coil and cone assembly. As seen in the figure,
the shims are placed in position through the’
perforations in the disc and the center bolt is
tightened. Otherwise, all steps given pre-
viously may be followed.

[T S

- SHIM

L FRONT DISC™
" SPIDER ‘

FIG. 11-6. Speaker with front spider showing shims
inserted.

Troubles common to speaker field coils. The
clectromagnetic  dynamic speaker is found
only in older receivers. All that has been said
about P-M dynamic speakers applies equally
to the older type of speaker and is handled
similarly. The only difference lies in the trou-
bles common to the speaker field coil.

'Iihe fanction of the field coil is to develop a
stationary magnetic field; therefore it must be




fed with dircct current. The most usual pro-
cedure 15 to get this direct current supply by
employing the speaker field as a flter choke in
the power supply, as shown in Fig 11-7.

A defective speaker field will normally be
lacated in a power supply chech. It will be
noticed from Fig. 11-7 that an open conl will
cut off the B+ supply, so that all stages will be
inoperative. The receiver will be brought in
dead, even though all tubes light. A check of
the power supply will show no B (plate) volt-
age.

Disconnect the power plug and discharge
the filter capacitors An ohmmeter check for
continuity will confirm the open field. The
break may be in the field leads or in the con-
nection between the field wire iself and the
lead. These should be nspected and, if found
at fault, resoldered. If the break 15 not readily
found, you had best change the complete
speaker, in the manner explamed later

Another field-coil defect 1s that of shorts be-
tween the field winding and the pole piece or
the pot If the speaker 1s mounted on the chas-
sis, the, short will cause partial or complete
loss of B+ voltage and possible damage to the
power supply. This condition will be found 1in
a check of the power supply. The power-sup-
ply check would seem to indicate a shorted
filter capacitor. The actual defect would be
found when removal of the suspected filter
capacitor does not remove the short from the
circut. If the speaker 1s not mounted on the
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chassis, the speaker case will become “hot™
with high voltage, but the receiver aperation
may not be affected. Once again, complete
speaker repl isr ded
Troubles to speaker bly and
mounting. After continuous operation, various
parts within the receiver may have a tendency
to become loose. Various screws in the speaker
or associated with 1ts mounting may also
loosen, because of continuous operation,
Where such 1s the case, rattles and buzzes may
mar the speaker reproduction. The technician
may verify this condition by connecting in a
substitute test speaker from his test bench and
observing if improvement results I the rattles
and buzzes disappear, 2 careful hunt must be
made for any Joosc part prone to vibrate. This
is done by holding various parts with the fin-
gers while the receiver 1s operating, and oh-
serving if the vibrations are damped No part
should be beyond suspicion. Even the cabmet
must be mspecled for loose or cracked parts.
an dynamic with a P-M
speaker. Sometimes an  electrodynamic
speaker has to be replaced, and a similar
speaker 1s unobtainable. In such a case, a P-M
dynamic speaker of proper voice coil wattage
and size may be used with some provision to
replace the field coil in the circuit of the re-
cever
Connect the voice-coil wires of the new
speaker to the secondary winding of the out-
put transformer, just as with the old speaker.

~Q B MAX
e | |F1E 11
+ + field used as part of

11-7. Speaker
the filter In a trans-
former-type a-c power
supply.
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Where the old field coil was wired into the fil-
tor arenit of the power supply, solder a 10-
widl resistor with the same resistance as that
of the speaker field coil in its place. This
change gives us an R-C filter which is not as
cfficient as the original L-C filter. To obtain a
comparable fltering action, it becomes neces-
ary ta approximately double the capacitance
of the input filter capacitor. Be sure to observe
proper polarity when replacing this electro-
Ivtic capacitor.

Replacing a complete loudspeaker. Many
speaker defects require the complete replace-
ment of the entire loudspeaker assembly.
Where such is the requirement, an exact re-
placement is most desirable. This muy not al-
ways be possible, and a speaker that resembles
the original as closely as possible must be
used.

Several factors must be kept in mind by the
technician. Is there suflicient space within the
cabinet? Can the new speaker be mounted
with sufficient ease? s the resistance of the
ficld coil. if an electiody namic speakeris weed,

tmilar to that of the original? Is the cunent-

“arrying capabihty of the ficld coil of the re-

placement speaker sufficient for the recetvn?

Is the impedance of the new voive coil the

same as that of the old speaker? And finally | is

*he power-handling capability (wattage) of the
oice eotl of the new speaker suflicient for the
ceiver?

Replaceinent speakers are usualhy listed ac-

-ding to the following factors:

Lo Diameter of the basket in inches,
Voice-coil impedance in ohmes,
Voice-coil wallage,

Field-coil resistance in ohms,

l the current-carrying capability of the
is not listed, it is an important factor

" not be overlovked. In this considera-
“ze of the pot is an indication of the
rying capability of the field coil.
the replacement speaker should be

ao smaller in size than that of the old speaker.

If the wattage output of the receiver is not
indicated in the manufacturer’s schematic, the
proper wattage for the voice coil may be de-
termined in another manner. The tube or
tubes used in the second a-f or cutput stage are
determined by inspection. Then reference toa
tube manual will give the undistorted power
outpnt for that tube. This wattage may be con-
sidered as the voice-coil wattage.

Often in making a speaker replacement, the
old output transformer, mounted on the old
speaker, may be removed and used with the
new replacement speaker. The transformer
primary will thus match the second a-f stage.
Care must then be taken that the transformer
secondary  impedance matches that of the
voice coil of the new replacement speaker.

if the chosen replacement speaker has a
voice-cotl impedance differing considerably
from the original, this will necessitate chang-
ing the output transformer for proper imped-
ance watch, Replacement notes on output
tansformers are found in Chap. 12.

E.LA. color code for loudspeakers. The vari-
ous terminal wires of a loudspeaker may often
be identified {or servicing by means of the
E.LA. color code, tabulated below:

Vaice coil

1. Green Finish

2. Black Start
Field coil (if any)

1. Bluck and red Start

2. Yellow and red Finish

3. Shute and red Tap (if any)

Dual speaker systems. Some receivers are
built with two speakers within the same cabi-
ne.t. Where a condition develops in such a re-
cetver that one of these speakers must be re-
vlaced or requires a voice-coil and cone re-
placement, the procedure is similar to that
described for single-speaker replacements.

However, a new consideration develops. If
one vaice coil moves in while the other moves
out, interference effects develop and reduce
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FIG. 118 Adding 2a eawmxary P-M d&maric
speaver to g recefrer.

the volzme of total output. This condition is

desirable and may be tied by revers-
inz the voice-onil or feld-cnil leads to one of
the spealers. The voice coils will then mme
in and out together, and the spealers are said
to be in phase.

To determine if the spealers are pmpersls
phased after replacement, tum on the receiver
and tune to a non-statinn position. Place your
hands on the cones of the two spealers. Then
apply the voltaze of 2 drv cell acrins the out-
put transformer secondan. The movement of
the cones will be felt and seen. and proper
phase may be found

Adding 2 spealer to a receiver. In some
cases, a customer may desire a second speaker
connected to his receiver and mstalled m an-
other room. Since the spealers are remte
from each other, phasinz 1s not impartant.

A simple procedure in this requirement s to
obtain a P-M dynamic speaker and connectits
voice coil in parallel with the snice coml of the
receiver speaker. Of course, this wili cuse
mismatch with the output transformer sec-
ondary, but the effect will not be too poor. Be-
sides, the larrer the impedance of the voice
coil of the P-M dynamic spealer, the less wall
be the tota] mismatch, althouzh less power
will be fed to the auuliary spealer. This may
be of advantaze, since it is generally desirable
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FIG. 11-5. Saitehing the recefrer speaves 78 the
2uriary speater, indiid 2] contrsl

to operzte the aunilizry speaker 2t 2 reduzed
volume. The combinztion is stomm in Fiz
11-S.

In the setup deseribed then e, both speciers
will operate simultanecusty. If it 1s desinedty
shut oF the receiver speaker wihile e am.
iliany speaier functions, It is necessany to wee
2 sincle-pole double-tirrw switch to cet ot
the Erst soice coil. In addition, a res
compamble impedance to thatefthe v
gust cut out, stonld be connected acrocs the
secondary of the autpe? tansk 2. A secrnd
switch 15 connected at the anxilizry spealerto
cut it out when not in use. This setupis slsmn
i Fiz 119,

It 15 row pasmible to control the valume of
the receiver and auulian speziers enly by
means of the receiver volume eontrol i §

is
destred o vars the solume of the amilin
speaker at the spezler tiself. a standed L pd
amtrol may be mcerted 2crocs the voice onil
[£3
the pad should mxtch the impedance of the
aumlian wowce cuil. The ommplete setrp s
pow shown 1n Fiz 11-10. No sainch s re-
quired 2t the secund z2mulian spealer simew
the L pad ean replace tts funchion The -
mum pasiton of the L pad will cut out the 2ux-
1hany spealer.

Adding headphones to a receiver. A czet™

o~
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FIG. 11-10. Volume control for an auxiliary speaker.

mer may request that headphones be installed
on his receiver, so that he may turn off the
loudspeaker and still listen to the radio late at
night. The simplest procedure is to connect
the phones across the voice coil. The high im-
pedance of the phones will cause great mis-
matels and keep power fed to the phones low,
giving low volume. A switch may be installed
to cut out the speaker voice coil and to cut in
an cquivalent impedance resistor. A second

FIG. 11-12. Circuit for adding headphones to a receiver, using jack and plug.

e v ey -
n ™ Pt mrns A e bk, 3 Tt N2

SPEAKER
VGICE.COIL
i
%rg’”’
b
2B <
gE B 2R
—9 l PHONES.
i o :
QUTPUT 3’
TRAHNSFORMER

Fi1G. 11-11. Circuit for connecting headphones {o
a receiver. '

switch may be used to cut out the phones. The
setup is shown in Fig. 11-11.

The same effect may be achieved by the in-
stallation of a circuit-switching phone jack, as
shown in Fig. 11-12. Pushing the phone plug
only part way in will allow simultaneous op-
eration of the phones and speaker. Pushing the
phone plug all the way in will cut out the

speaker voice coil and allow operation of the
phones alone,

R

)
QUTPUT
TRANSFORMER SPEAKER
VOICE

ik

JACK PLUG PHONES
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SERVICE DATA CHART

(0 o v =
‘. Symptom

No reception No B+ voltage

Weak reception

o
Distortion

Rattles

1. A recewver is brought 1n as dead. No plate
voltage appears to be present If you sus-
pect that the speaker is defective, what part
would you suspect? How would you test for
?

A receiver requires anew speaher Anexact
repl. is not ot ble What con-
siderations must be made n selecting a
new speaker?

. A ratthng, rasping speaker 1s reported by a

+ E i

2

©w

shows an off-cent

voice coil. What remedial measures would
you make?

. A receiver has a dual speaker system One
speaker requires replacement of a voice coll

'S

Abnormal reading

No click on quick check

Weak click on quick check

QUESTIONS

@

o

=

Look for

Open fietd

Open voice coll Open voice-conl
leads

Deenergized field (open field or low
excitatron voltage) Jammed voice
coif

Rubbing voice cotf Low freld excita-
tion voltage Warped cone Factors
within the receiver {eliminate the
speaker by subshitution test)

Rubbing voice coil. Loose voice coit
Torn paper cone. Cone lcose from
basket nm. Loose spider. Gnt and
dirt in field gap Loose dust cap
Loose screws on speaker Loose
parts in radio

[,

and cone List the steps 1in order by which
you would make this replacement,

A customer has a recerver n s hving
room He wants to add an anaihary speaker
to operate 1 the cellar He wants to be
able to operate either or both speakers and
also to control the volume of the cellar
speaker in the cellar Design a creunt for
these requirements

A customer wants to use headphones with
Ins recerver at mght, so that be can cut off
the loudspeaker Design a circuit for lum.
Explain how you would replace an electro-
magnetic speaker in an old set with a P-M
dynamie speaker.



yRO000000000Q000 00

[ IR
PR -

v

The second af amplifier stage is also called
the “power-amplifier” stage, or “output”
stage.

Quick check. If a plugged-in soldering-iron
tip or finger is placed on the control grid of the
second af amplifier tube and causes a low
growl to be heard in the speaker, the second
af stage is probably functioning properly, and
the trouble shooter moves on to the first a-f
stage.

Standard circuit. Figure 12-1 represents our
standard second o-f stage.

Function of second a-f stage. The control-
grid circuit is the signal input of the stage; the
plate circuit is the signal output. The signal
fed into the stage is an a-f voltage, the magni-
tude of which would be about sufficient to op-
crate headphones. It is the function of the sec-
ond af stage to amplify this signal to an
amount sufficient to operate a loudspeaker.
To get an idea of the magnitude of the signal
voltages handled by the second a-f stage, a
6V6-G tube (most commonly used) gives an
output of approximately 5 watts with an input
erid signal voltage of 13 volts peak. A smaller
signal-input voltage would give a smaller out-
put power; 13 volts is the maximum the tube
will handle withouwt undesirable distortion,
The input signal is fed from the preceding first
a-f stage. The plate or output circuit of the
stage feeds the amplified signal o the speaker.
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Regardless of whether the receiver is a-c,
a-cfd-c, or battery-operated, the function and
operation of the second a-f stage is the same.
Indeed. this is true for all stages but the
power-supplv stage. '

FUNCTIONS AND VALUES
OF COMPONENT PARTS

Grid-load resistor B-12. Resistor R-12 is the
grid-load resistor, and the input signal is im-
pressed across it. Its value usually is 470,000
ohms. When a different ohmage is used, a
lower value would result in lower gain and
better frequency response, while a higher
value would give slightly higher gain at a sac-
rifice of tone quality.

Self-bias. Since grid-bias voltage affects tone
quality and amplification and is a valuable in-
dication of trouble to the technician, the
theory underlying self-bias circuits should be
thoroughly understood.

Let us first remember that, in order to main-
tain a grid-bias voltage, the grid must be made
negative with respect to its cathode. Assume
no signal input voltage, and examine the am-~
plifier circuit redrawn as in F ig. 12-2, with
components unnecessary to the self-bias cir-
cuit eliminated. Observe that resistor R-13 and
the tube V-5 are in series across the B power
E‘IDDI}'. Tracing the screen circuit, current
ows from B— through R-13, through the tube



to the screen and B+. Traung the plate circuit,
current flows from B— through R-13, throush
the tube to the plate, and finally through 113,
the output-transformer primarn, to the maxi-
mum B+ point. It is seen that both screen and
plate currents flow throuzh R-13 and, us a re-
sult, a voltage drop is developed across it. Nate
also that the cathode is made positine with re-
spect to B— by this voltaze drmop. Theu, when
the grid is retumed to B— through R-12, the
grid is negative with respect to the cathode. A
negative grid will not attract electrons and, as
a result, there is no current in the grid circuit
through R-12 and no voltage drop across it
The full voltage developed acrass R-13, there-
fore, is applied to the grid as the bias voltage.

This systern of obtaining grid-bias veltage is
known as “self-bias.” since the tube’s own
screen and plate currents cause the voltage
drop, which is used for biasing the grid. The
self-bias circuit can be used with a triode type
of tube also, in which case the voltage drop is
caused by the plate current alone.

The ohmic value of R-13 will depend on the
tube used and its operating potentials. Sev-
eral commeon values follow

6V6-G 330 ohms
6BQ3 150 ahms
6EH5 68 ohms
35C5 150 ohms
50C5 150 ohms
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Sell-bias bypass capacitor C-13. The input
circuit of the tube is between grid and cath-
ode. This imvolves grid-load resistor B-12 and
self-bias resistor R-13. The input-signal volt-
age diides itself between them, most of the
signal being across the larger grid-load re-
sistor R-12. The output circuit of the tube is
between plate and cathode. This includes the
output-transformer primany L-12, the B power
supply, and self-bias resistor B-13. The output
signal divides itself among these three, most
of it being across L-12, which has the high-
est impedance to the output signal. Resistor
R-13 is common to both the input and the out-
put circuits, and some of the input sigmal and
some of the output signal will mix in R-13.
This is coupling. Since a tube's output signal
is 180 deg out of phase with its input signal,
cancellation takes place where the two signals
are coupled, as across R-13. This effect of cou-
pling, where cancellation takes place, is
known as “degeneration” and results in a de-
crease in the gain of the tube.

The degenerative action can be minimized
by bridging R-13 with a capacitor. The current
through R-13 has components made up of
the d-c screen and plate currents of the tube,
the a-c input signal, and the a-c output signal.
When R-13 1s bndged by a capacitor, the
impedance of the parallel combination to
the signal current is reduced, while its oppo-

R-12 C-13
470,000 25

FIG. 12-1. Standard
creuit for a typizal
second af stage.

B+315V
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sition to direct current remains the ohmic
value of R-13. The voltages acvoss the parallel
combination therefore are reduced as regards
signal voltage, while the d-c bias voltage
yemains the same. The reduced input- and
output-signal voltages across the parallel
combination decrease the degenerative effect.

The action of the parallel eapacitor has been
called “bypass,” since, from one point of
view, the signal current is taken out of resistor
R-13 and passed around it through the capaci-
tor. The bypass action depends on the im-
pedance of the capacitor to the signal frequen-
cies. To be effective, it should he lower than
the ohimic value of the resistor being bypassed.

Since the signal in the second a-f stage is at
audio frequency, a bigh-capacitance capacitor
will be necessary for adequate bypass action.
Capacitor C-13 is usually a low-voltage elec-
trolytic type. Capacitances from 10 to 50
wld will e found in various receivers. The
higher capacitances will provide better by-
pitss action, with a consequent improvement -of
the response, especially at the low audio
frequencies,

Self-bins cirenits similar to R-13 and C-13
are used to obtain bias voltages for the of
and i-f tubes. The action in these tubes is
similar, except that the cathode bypass ca-
pacitors need be only 0.1 mfd for adequate
signal bypass, owing to the higher signal fre-
quencies at radio frequencey and intermediate
frequency.

FIG. 12-2. Circuit illustrating seli-bias.

OQutput capacitor C-12. Capacitor C-12
across the signal-output circuit bypasses high
audio frequencies to ground. The pentode
and beam-power tubes introduce a consider-
able amount of harmonics, which will be most
noticeable in the high a-f range. Placing
C-12 across the signal output circuit bypasses
some of the signal away from the output
transformer. This effect will be greatest at
the high audio frequencies, since the im-
pedance of a capacitor decreases as the fre-
quency increascs. Therefore, the harmonic
content will be reduced by the action of this
capacitor.

An average value for capacitor C-12 is 0.005
mfd. In individual receivers, this value may
vary from 0.001 to 0.02 mfd. Receivers using
the higher capacitance values have been de-
signed to favor the bass register, since the
higher capacitance bypasses more of the high
frequencies out of the output transformer and
Speftker, making the response deeper by com-
parison.

Ovutput transformer T-6. Transformer T-6,
called the “output” transformer, is often
mounted on the speaker. Its function is to
couple the output eircuit of the tube to the
spgakcr. The average beam-power tube re-
<_1un'es a ]o.ad of 5,000 ohms, and the average
:It’eztzr“:'mf;f c:il }f.as an ix}npedancg of 8 ohms
former is de‘g sz:;e:] Tfle G traﬂ&:'
mary i111ped~;nge of’5 (;368 ore, to have a pri-

; { ,000 ohms and a second-



ary of 8 ohms. Obviously, if the output trans-
former should become defective, the original
manufacturer’s part should be obtained for
best results. However, where this 1s not
possible, a universal-type transformer may he
used satisfactorily, The replacement notes on
autput transformers explain this procedure
more fully.

Vacuum tube V.5, Vacuum tube V-5 is
called the “power” tube, sometimes the
“output” tube, as well as the second audio
tube. The tube most commonly found in this
stage is the 6V6-G beam-power amplifier.
Smaller receivers, where the B supply voltage
and the power output are Jower, use the 6EHS
power-amphifier pentode A-e/d-c receivers
use the 35C5 or 50C5 tubes Some a-c/d-c
phonographs use the 25L6 or 50L6 tubes.

All these tubes are charactenzed by high
power seasutivity, that is, a low signal-mput
voltage causes a high power output. For ex-
ample, in the case of 2 6V6-G, an mput signal
of 13 volts gives an output power of 5 watts.
By way of companson, the very much older
45 power-amplifier tnode requires an input
signal of 50 volts to give an output power
of 16 watts.

FI1G. 12-3. Signal check of the second a-f stage
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NORMAL TEST DATA FOR
THE SECOND A-F STAGE

Check for normal stage operation. The
signal check for the second a-f stage is shown
in Fig. 12-3. The signal generator is adjusted
to give an af signal and the attenuator is sct
for maximum output The signal generator
ground lead is connected to the reeciver
chassis, and the “hat” lead is connected
through a 0.1-mfd/600-volt capacitor to the
plate terminal of the second af tube (pin
No 3 for a 6V6-G tube). The purpose of the
capacitor is to prevent the d-c voltage, present
at the plate of the second a-f tube, from affect-
mg the signal generator cireuits. Normally,
the full a-f output of the signal generator is
just sufficient to cause an audible note in the
speaker. The hot lead of the signal generator
is then shifted to the gnd terminal (pin
No. B for a 6V6-G tube) of the second a-f
tube. The signal-generator note should be
heard in the speaker af & much greater vol-
ume. The gain in volume 15 an indication of
the gain of the tube.

Expenenced technicians rarely go to the
trouble to use this method. A much faster
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check, wiven as the quick check at the begin-
ning of this chapter, is o toueh the grid termi-
nal with a finger or the tip of a plagred-in
soldorime tool. In cither case, a low growl will
be heard from the speaker, indicating that the
stagre is functioning,

Normal sccond af voltage datn, Voltagtes
are measured from chassis or common nega-
tive to tube terminal indicated, In some a-efd-¢
roceivers, where the vireuit insulates B~ from
the chassis, the nemative terminal of the valt-
meter is connected to the common newative,
This is most casily found at the line switeh
See Chap. 9 on a-c¢/d-¢ power supply,

' 2516 Ao Acfdc [ GEUS
Tube and 6V6-G {receivers, roceivers, | and 5008
terminal pin Ko. volts volts nin No.
Piate 3 200-325 1 110-120 7
Screen 4 175-2151 90-100 6
Grid 5 0 0 25
Cathade | 10-13 5-7 i

The voltages given for a-¢ transformer-type
receivers vary as shown in the table, depend-
ing on the dee output of the power supply,
In wee/d-c receivers, theve is very little varia-
tion,

A positive voltage reading at the arid s
indicative of hreakdown of the coupling ca-
paciter C-32 i the preceding stage. Serviee
notes on this fault will be found in the chapter
deseribing the fivst oo stage,

Nomal second af stage resistance data.
These data are given in the following table:

Chassis to cathode
Chassis.to control arid
Mlate to B4 max

330 ohmsy
470,000 ohis
200-G00 ohms

The 330 ohws of vesistanee from chassis o
cathoade is the ohmie value of selfthins re-
sistor R-138, When atube other than the 6V6.G
tube s used, a different value will be found,
Refor to the dingsm of the receiver heing
tested, or ta the table deseribed under self

bias. The plate to B4 wmax reading measuves
the resistance of 1,212, the primary of the out-
put tranformer.

CONMMOR TROUBLES IN THE
SECOND A-F STAGE

Troubles common o the grid-load resistor.
Resistor B-12 rarely causes trouble. Qccasion-
ally it may open, thereby opening the grid
civeuit and causing lack of grid-bias voltage.
This will result in bad distortion. At other
times. signal voltage at the grid may build up
and discharge periodically through dirt at the
socket terminals, acting as a resistance pau-
allel to B-12 and allowing a surge of current
with cach discharge. These surges may be
heard in the speaker as a put-put known as
“motorboating.™ I the surges come more
vapidly, they will take the form of a Jow-
pitched growl. The latter is sometimes mis-
taken for haw, which is also a low-pitched
grawl, Standard procedure in trouble shooling
for hum is frst to check the filter capacitors
in the power supply and then to look for an
open wrid-load resistor in this ov any other
stagte,

Open B-12 would be found in a voltage
check of the stage, since an open grid causes
a much heavier plate current, This condition
umkes for 2 gveater than normal voltage drop
acrass L-12 and, as 1 result, the plate voltage
is Tower, Since the sereen voltage remains
near its normal value, there will be a greater
than normal difference between plate and
sereen voltages. Since conditions other than
an open grid-load vesistor will cause heavy
plate current, confirmation must be obtained.
This can be done with an chwmetor.

. In replacing resistor R-19, nothing in par-
ticular need be stressed. An exact duplicate
of the original is desirable although not neces-
;Z;\pe:\z}c ::]lu:]::h:;dlu fli{r,%‘;ii“g by as mucl} as
able diﬂ‘cl‘cm‘o’ m\‘]\) n“: care no n-mm?-
unimportant H[swolf " \\':tllzlgf: rating s

ant. er, the soldering must be
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FIG. 12-4, A typical grid-load resistor and its position in the second a-f circuit,

carefully done, and the socket must be cleaned
of dirt and excess rosin

Troubles common to the cathode bypass
capacitor. The cathode bypass capacitor C-13
often causes trouble. Like all electrolytic
capacitors, it is hkely to dry out and lose ca-
pacitance. As C-13 loses capacitance, ap-
proaching an open capacitor, the stage would
give Jow gain and poor low-frequency re-
sponse. This condition would be found 1n
checking for low gain or for poor tone by bndg-
ing the capacitor with a test capacitor. A 20
MF/450 volt test capacitor, used for checking
filter circwits in the power supply, may be
used for test purposes here also,

Less frequently, C-13 shorts or leaks badly,
acting as a partial or complete short across

FIG 12-5 Typical audio cathode bypass capacitor

R-13. This will result in poor tone quahty
due to lowered bias and would be found by a
voltage check. Since plate current increases
at lowered bias, a greater than normal voltage
drop across the output-transformer primary
would be produced. This results in a lowered
plate voltage. A shorted C-13 may have been
caused by an open cathode resistor R-13.
Check this condition before replacing
In replacing capacitor C-13, the technician
watches for proper polanty, the positive side
being connected to the cathode The defective
capacitor should be removed A capacitance
larger than the onginal may be used since, f
anything, this wall improve the low-frequency
However, a of capacitance
lower than the aniginal wil adversely affect
the low-frequency response Low-voltage
electrolytic capacitors are usually rated at
25 or 50 volts. Either will do for C-13, since
the voltage across the capacitor 1s approxi-
mately 125 volts for a-c recenvers and 6 volts
for a-c/d-¢ recervers This 1s the vollage de-
veloped across R-13 for self-buas.
It 1s mportant to emphasize agamn that a
shorted C-13 may have been caused by an
open bias resistor R-13 Therefore, w TN
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placing a shorted C-13, the bias resistor should -

be checked immediately after the shorted
capacitor has been removed.

Troubles common to the self-bias resistor.
Sclf-bias resistor B-13 is a likely source of
trouble. It carries considerable current and
is subject to heating. Sometimes it changes in
ohmic value, and sometimes it opens. A
change in ohmic value affects the bias voltage
and, thereforc, the tone guality. When R-13
is open, the cathode circuit is completed by
the leakage resistance of parallel capacitor
C-13. Since this leakage resistance is com-
paratively high, the voltage drop across it
will be high, making for abnormally high bias
voltage. The condition would be found in a
voltage check. The plate voltage would be
high, since at the high bias voltage, plate
current would be low, the voltage drop
across the output-transformer primary would
be low, and plate voltage would be high.
The open would result in a high cathode bias
voltage which might damage parallel eapaci-
tor C-13.

Any change in ohmic value of B-13 is found
in a voltage check of the stage. If it becames
low in ohmage, cathode voltage will be low,
resulting in high plate current and 2 large
voltage drop across the output transformer,
increasing the voltage difference hetween
screen and plate.

When veplacing bias resistar R-13, use the
same ohmic value as the original. As for the
wattage rating, choose at least the same
size, or the next higher size.

Troubles common to the a-f bypass capaci-
tor. Capacitor C-12, the high a-f bypass,
often comes up as the cause of a dead radio,
Its position in the receiver is not only at
a high d-¢ potential but also where the a-¢
signal potential (audio variation) is at its
highest. This high voltage causes frequent
breakdown of insulation, resulting in a shorted
capacitar, which sharts out the audio signal
from the primary of T-6 and also the power
supply at this point. This condition is guickly

found in a voltage check. Plate voltage equals
zero, and screen or B+ voltage is low, since
the power-supply voltage drops with -the
heavy load. ‘

Capacitor C-12 may also open. However,
a radio will rarely come in for this defect
alone, since an open C-12 will merely increase.
the high-frequency response, and the cus-
tomer may overlook this. In some radios, an
open C-12 may cause a high-frequency
oscillation. If this is the case, bridging C-12
with a similar capacitor or with a higher
capacitance capacitor is the standard check
procedure.

When capacitor C-12 is replaced, a good
quality of capacitor should be used. Re-
gardless of the original value, the voltage
rating of the replacement capacitor should be
at least 600 volts, The outside foil lead or
ground lead should be connected to the chas-
sis. Capacitor C-12 sometimes is connected
from plate to B+. In that case, the outside
foil fead is connected to B+. The replacement
capacitor should have the same capacitance .
as the original. If the capacitance of the
replacement capacitor is changed for any
reason, it should be borne in mind that a
higher capacitance will cut more highs out
of the signal delivered to the speaker, while
a lower capacitance will increase the high-
frequency response.

Troubles common to the output trans-
former. Output transformer T-6 is also a
common source of trouble. In addition to
carrying the audio signal, the primary wind-
ing also carries the normal d-c plate cur-
rent of the tube. An open primary often re-
sult‘s.. When the plate circuit opens, the
positive screen attracts the total cathode
i‘?zls:r?; I{;}\ziatshnot intended to carry 5o heavy
b This’ ;m bee screen mesh becomes red-

an be seen in the case of a glass

a visual inspectioan fo Ol ; for W_hen making.
case of a o tubn of the receiver. In the
{ i e, the condition cannot be



seen and will be found by voltage analys:s,
since the open plate circuit will cause zero
plate voltage.

As explained before, the output trans-
former should be replaced with an exact
dupli where ot ble. When this is
vot possible, a umversal output transf
mer may be substituted These usually come
with an instruction sheet, but techmaans
sometimes find the sheet confusing and con-
nect the transformers improperly, This
results 1n poor tone quality A bit of theory
might help to clear up this matter,

The output transformer, as an tmpedance
matching device, works on the pnnciple
of reflected load, a term the ge tech-
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T-6

G:q FIG. 12-6. The af

plate bypass capacitor
2nd its position in the
second a-f circuit,

When one lamp is connected, as in Fig.
12-7, 1 amp flows through the lamp. Wattage
dissipated is 10 watts (\W=E X [=10%1
=10 watts), To satisfy watts input equals
watts output, the primary current will be 0.1
amp (I =W/E=10/100=0.1 amp). To the
100-volt line, the transformer primary Jooks
like a 1,000-o0hm impedance or resistance: load,
since 1t will drive only 0.1 amp tnto it (Z=
Efl = 100/0.1 = 1,000 ehms). Now let us light
two lamps from the same transformer, as in
Fig 12-8 Two 10-ohm lamps in paralle]l have
a combined resistance of 5 ohms and will draw
2 amp (I = E/R = 10/5 = 2 amp) from the sec-
on(hry, which remains at 10 volts. The actual

therefore 1s 5 ohms. Watts con-

nician shics away from Let us first try to
explain it.

Assume a power transformer that is being
used to light lamps. For simple anthmetical
figures, let us also assume a 100-volt lme,
rather than the usual 110 or 120 volts, and
lamps requiring 10 volts at 1 amp each For
further simphification, assume 100 percent
efficiency in the transformer, that is, watts -
put equals watts output. The transformer has
a 10 to 1 step-down ratio to furmish the 10
volts needed for the lamps. Each lamp has a
resistance of 10 ohms (R=EN=10/1=10
ohms).

IpsOIAMP  pay

:

100V

FIG 12-7 Transformer highting one lamp.
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cumed is 20 watls W=ExI=10X 2=20
watts). Once again 10 make watts input
equal watts output, the primary current must
now increase to 0.2 amp (I = W/E = 20/100
=02 amp). The 100-volt line now fooks at
the transformer primary as though it were
a 500-ohm impedance, since it must furnish
0.2 amp to it (Z= E/l = 100/0.2 = 500 ohms).
This is called “reflected load.” Under the
above conditions, a 10-ohm actual load reflects
back to the primary 2 1,000-0hm load, while
2 5-ohm actnal load gives 2 500-ohm re-
ficcted load in the primary. Note also the
ratio of reflected to actnal load. 100 to L,
which is the sgquare of the turns ratio 10 to 1;
that is, a transformer with a 10 to 1 turns
ratio would make the reflected load in the
primary 100 tirnes (10%) as great as the actual
load in the sccondary.

Now let us apply this bit of transformer
theory to the output transformer. Assume
a 10-ohm voice coil comeeted to the same
10 1o § transformer that was used befare to
light lamps. The connections are shown in
Fig. 12-9. The primary would look like 1,000
ohms to any line feeding it. Qbviously, this
transformer wonld not do to couple the 10-
ohm voice coil to a 6V6-G tube, which re-
quires a 5,000-0hm toad resistance for opti-
mum results. A turmy ratio of 20 to 1 would
make a much better match, since the reflec-
ted load in the primary of a 10-ohm voice
coil in the secondary would be (20), or

400 tmes as great (4,000 ohms). A tumns
ratio of 22.4 to 1 would be exactly right.

A universal output transformer .is one
supplving mauy possible combinations of
turns Ttatio, so that almost any voice coil
may be matched to almost any tube or com-
bination of tubes. A typical universal out-
put transformer is shown in Fig. 12-10.
The primary is center-tapped for use in push-
pull circuits. In seeond o-f stages usinga single
tube, the venter ap should be taped up and
disregarded. Then, either end of the primary
wiading is connected to the plate, and the
other to B+ The secondary usually has six
taps. numbered 1 to 6, and a great number of
turns 1atio combinations is possible.

In using a universal output transformer as
a replacement, the first requisite is to use
the proper size. They are rated by wattage.
Physical size of the transformer is a rough
indication of the wattage. Make sure that
the replacement is as large as the original.
Confinnation may be obtained by comparing
the wattage size used with the tube-manual
rating for the output tube or tubes in the
ceceiver. The tube manual will also give the
recommended load impedance.

The next step is to determine the voice-
coil impedance. To do this, determine its re-
sistance on the low-ohm scale of your ohm-
meter. Then multiply the reading by 1.25.
(This rule of thumb is close enough for gen-
eral service work.) Then check with the in-

Ip=02AMP  PRL  SEC
1g= 2 AMP
T FIG. 12-8. Transformer
lOiV \0‘\’ @ @ lighting two lamps.
Y
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PRI, SEC.
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FIG. 12-9. Transformer

. on feeding a 10-0hm voice .

. . coil.
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¢ 72-0 FIG. 12-10. A typical

( RED 30 upiversal replacement

| 40 output transformer.

i 50

! BLUE OR BROWN 6-0

i

b e et e = el

structtan sheet, which comes with the um-
versal output transformer for the proper taps
to use. Figure 12-11 1s a sample wmstruction
shect. As an example of how the sheet 1s to
be used, let us find the proper taps for the
standard recewver. The voice cotl is measured
on the low-range ohmmeter and found to be
S ohms. Multiplying by 1.25, its approximate
impedance 15 found to be about 6 chms. The
single 6V6-G output tube requires a load im-
pedance of about 7,000 ohms The output
transformer must therefore match about 7,000
ohms to 6 ohms Look for the single 6V6-G,
which is found 1n the column headed by 7,000
as the primary load impedance. Run down this
column into the voice-coil tmpedances look-
ing for 6 ohms. Then, read across honizontally
to find secondary taps 1 and 4, which are to be
used.

There 1s somettmes an tmverse feedback
lead connected from the secondary of the

output transformer back to a previous point
in the audio amplifier circutt. In this case,
when the output transformer is replaced, the
voltage fed back may be in the wrong phase
and cause an audio oscllation or squeal,
which will be present with or without any
signal being fed into the amplifier. When
this happens, reversal of either the primary
or the secondary leads will clear up the dif-
ficulty More will be said regarding this matter
in the sectton on circurt vanations dealing
with inverse feedback.

Troubles common to the second a-f tube.
The tube 1tselfinay be the cause of poor opera-
tion of the stage. Low emmssion will cause Jow
gain and poor power-handling capacity A
tube checker usually shows this condition, or
1t will show up on voltage analysis Low emus-
ston results 1n low plate current, consequently
Tows self-bias voltage, and a too smail differ-
ence between plate and B+ max valtages.
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SIMPLIFIED CHART SHOWING PROPER USE OF SECONDARY TAPS

18,000

0.97
1.2
18
3.2
4.2
4.8
59
7.7
116
125
148
213
270
315
54.5

18,000

14,000

41-47-

0.75
0.90
14
25
3.3
37
46
6.0
3.0
97
115
165
21.0
243
424

14,000

10,000

3v4

42-2A5-
B6ACSG-

6B5-6F6-

6N6G
6V6

8,600

89 pentode-
1G5G-
6KBG-
6A4/LA

43-
68Q5

7,000

6V6
6B5-6F6-
6NBG-GA-

45-6L6
Class AB,
6EHS

Voice-coil impedance

054
0.04
1.0
18
24
2.7
3.3
43
6.4
6.9
8.2
118
150
174
30.2

10,000

043
051
0.80
1.4
1.9
2.1
26
34
5.1
56
6.6
8.5
120
140
24.2

8,000

FIG. 12-11. Universal output transformer instruction sheet

0.38
048
0.70
1.2
1.6
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23
3.0
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49
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8.3
105
12.2
21.2

7,600

71A-
6L6-
6BQ5

2A3-
BA3-
6L6-
25L6

0.22
0.26
0.40
0.71
0.94
1.1
1.3
1.7
26
2.8
33
4.7
6.0
7.0
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4,000

4,000

45-50-

2,600

2A3-6A3-
BY6G-
35C5
50C5
25L6-
6EH5

35L6GT

011
0.13
0.20
0.36
047
0.53
0.65
0.85
13
14
1.6
24
3.0
35
6.1

2,000



SELUNLY, UR TUNEN, AVLDIU-AMPLIFIER DTAGE 119

= -
Type No. 2774 4-watt size
Type No. 2776 6-watt size
Type No. 2780 10-watt size
Type No. 2782 12-watt size
Type No. 2788 18-watt size
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FIG. 12-11. Continued

The tube also might be noisy {possible loose
elements) or cause hum {(cathode-to-filament
leakage). The best check for these conditions
is to substitute a similar type of tube, known
to be good.

A fairly common trouble, particularly 1n
the case of 25L6, 35C5, and 50C5 lubes,

of high frequencies through C-112 to take
place, constitutes a tane contral. The usual
value of R-112 is 50,000 ohms

All tests for the standard second a-f stage
are equally applicable to this variation, and
all notes applying to capacitor C-12 may
also be used for tone capacitor C-112. If this

1s known as “grid » The 1
here is that the radio starts playmng nor-
mally, but after 5 min or so begins to dis-
tort badly. A voltmeter connected from
chassis to grid will begin to show positive
at the grid as the distortion begins.

CIRCUIT VARIATIONS OF
THE SECOND A-F STAGE

Tone control in the second a-f stage. There
are many tone-control circuits. The diagram
of Fig. 12-12 shows how the tone control
circuit is included 1n the output stage. Ca-
pacitor C-112 and vanable resistor R-112
are in parallel with capacitor C-12. Like ca-
pacitor C-12, capacitor C-112 bypasses high
audio frequencies out of the speaker cireuit.
Capacitor C-112 has a comparatively high
capacitance, 0.05 mfd being usual. By 1tself,
it would remove most of the high audio
frequencies from the signal and make the
low notes seem more prevalent by compan-
san, Variable resistor R-112, which by s
setting allows more or less of the bypassing

should short, however, the path
for the high B+ voltage to ground would be
through the tone-control variable resistor
R-112. This would give a vamable shunt
path depending on the t trol setting
At the maximum bass position, there would
be a very low resistance from plate to ground
through the shorted capacitor, the B voltage
would be low, and the receiver would not
operate At the minimum bass position there
would stmply be a 50,000-chm shant path
for the B supply, and the recerver would
operate. The erratic action of the tone con-
trol would, of course, focus the technician’s
attention to this aircust, and the defect would
be found by chmmeter check. When a shorted
tone capacitor 1s replaced, the heavy cur-
rent through R-112 may have damaged the
tone control It would therefore be wise
to replace the tone contro! also Replace-
ment notes on volume controls given in
Chap. 13 may be applied 1o the tone contro}
A trend n the use of tone controls is to
replace the vanable resistor R-1 ha,
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switch, thereby making a 2-point tone con-
trol. An example of this is shown in Fig.
12-13. Note the tone capacitor C-23 and .
its associated switch in the plate circuit
of the 5016 tube. When the switch is open,
there is no shunting action, and this is the
treble position. In the bass position, where
the switch is closed, C-23, which is 0.04
mfd, shunts some of the high audio frequen-
cies out of the speaker.

Figure 12-14 shows a similar 2-point tone
control. In this case, the shunting action
of C-21 and its associated switch is in the
input circuit of the second a-f tube.

Inverse feedback in the second a-f stage.
Inverse feedback is a form of desirable de-
generation often used in the audio ampli-
fiers of radio receivers. There are many
types of inverse feedback circuits in common
use. In all of them, part of the output sig-
nal is fed back in an out-of-phase relationship
(hence the name “degeneration”) to some
point in the input signal circuit, to pro-
vide improved over-all audio fidelity. Inverse
feedback is always accompanied by a loss
in gain, but the amplifier is designed for
higher than normal gain to compensate for
this loss.

In Fig. 12-13, the cathode bypass capacitor
has been omitted to provide degeneration
through self-bias resistor R-3, which is

T-6

FIG. 12-12. Tone-con-
trol circuit in the sec- -
ond a-f stage.

4

B+ MAX

common to both the input and output cir-
cuits of the 50L6 tube. Since the input and
putput circuits of a tube are 180 deg out of
phase, degeneration is automatic. Capaci-
tor C-18, the high-frequency bypass capacitor,
is returned directly to cathode rather than
to ground, so that the degenerative effect is
greater at the higher frequencies (especially
the high harmonic frequencies), thereby
making for more uniform response for the
stage,

In Fig. 12-14 the inverse feedback circuit
is shown by the heavy lines. The feedback
voltage is taken from the plate of the 6V6-G
output tube and fed through resistor R-14
back to the plate of the first a-f section of the
6SQ7 tube. .

As a general rule, inverse feedback circuits
do not cause many complications to the tech-
nician. All tests and service notes pertain-
ing to the standard amplifier circuit may be
applied. Resistor R-14 in the feedback cir-
cuit, represented in Fig. 12-14, will rarely
cause any service diffienlty.

A servicing problem pertaining to inverse
feedback circuits occurs when the feedback
voltage is taken from the output-transformer
secondary, as shown in Fig. 12-15. In this
case, the feedback voltage is reintroduced
into the cathode circuit of the first a-f tube,
which has no bypass capacitor. Another
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variation of this same circuit introduces
the feedback voltage into a tap in the grid
load of the first a-f tube. In either case, if
the autput transformer leads should become
reversed, as may easily happen when the out-
put transformer is replaced, the feedback volt-
are will be in phase with the signal voltage
rather than out of phase. This will produce re-
generation rather than degeneration, and the
audio amplifier becomes an audio oscillator.
The oscillation appears in the speaker, usually
as a high-pitched squeal, and will, of course,
be unaffected by tuning the receiver. The
technician must be aware of this possibility
when replacing the output transformer, since
the usual service procedure for oscillation will
not disclose it. Reversing the primary or sec-
ondary leads, whichever is simpler, will clear
up the difficulty.

Voltage distribution in smaller receivers.
The power supply and audio section of an
Airline a-m/f-m receiver is shown in Fig.
12-16, as a typical example of valtage dis-
tribution in a smaller receiver. Note that the
circuit is verv similar to our basic standard
cireuit. A smaller power transformer is used,
and so the rectifier output or B4 max is 245
volts, rather than over 300 volts as indicated
for the standard circuit. The power supply
filter circuit consists of a two-section R-C
filter made up of resistors R-8 and R-9 and
capacitors C-8, C-9, and C-10. All the latter
have a capacitance of 40 mfd.

The plate circuit of the 6V6 power output
tube is fed directly from input filter capacitor
C-10, making for a normal potential of 230
volts at the plate of the tube, as indicated in
the diagram. The filtering at this point is in-
sufficient for the screen of the output tube,
so this is fed from the output of the first R-C
filter section, making a potential of 180 volts
normal for the screen. Even more filtering is
required for the rest of the receiver, which
is therefore fed from the output of the sec-
ond R-C filter section. The potential at the
B+ point for most of this receiver is only 90
volts.

In the second audio-amplifier stage, note
that self-bias resistor R-7 is 270 obms—
very close to the 330 ohms of the standard
circuit. But the lowered plate and screen
voltage causes the tube to operate at lower
plate and screen currents. As a result, the
voltage across the bias resistor is given

. as 9.4 volts rather than the 13 volts of the

standard circuit, The tube will therefore
handle input signals up to 9.4 volts, produc-
ing a speaker output of something less than 4
watts. Note the tone control circuit consist-
ing of capacitor C-6 and resistor R-6 in the
input cireuit of the 6V6 tube.

When servicing a set of this type, its nor-
mal voltage distribution must be kept in mind.
In all other respects, the signal tests and
service notes pertaining to the standard ampli-
fier circuit are equally applicable.

FiG. 12-15, inverse feed- '
back circuit where the
feedback is taken from
the secondary of the out-

put transformer.
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Mo signal from the speaker

Paor tone quality

Squeal or oscillation

ELEMENTS OF RADIO SERVICING

SERVICE DATA CHART FOR THE SECOND A-F STAGE

Symptom

Ahnormal reading

Platle voltage =0Q. Screen
voltage = 0

Plate voltage =0. Screen

voltage low

Plate voltage=0. Screen
voltage normal or high.
(Screen of a glass second
a-f tube glows)

Plate and screen voltages
normal or high. Cathode
voltage low

Plate and screen voliages
normal or high. Cathode
voltage high

Plate voltage (ow. Screen
voltage normal

Voltages normal

Voltages normal

See Chaps. 8, 9, 10

pass capacitor C-12

13)

Look for
Trouble in the power supply.

Short-circuited high a-f by-

* Open primary winding of

output transformer 7-6

- [P PRPP

Weak or dead second a-f
tube

Open  self-bias  resistor
R-13

B

Defective second af tube.
Short-circuited cathode by-
pass capacitor C-13. Open
grid-load  resistor R-12.
Shorted or leaky coupling
capacitor C-32 (see Chap.

Open cathode bypass capac-
itor C-13. Mismatched re-
placement output trans-
former :

Th et e m e iy me s e

Open output filter capacitor
C-16. Open high a-f bypass
capacitor C-12. Degenerative
feedback connection from
replacement output trans-
former incorrectly phased



SECOND, OR POWER, AUDIG-AMPLIFIER STAGF 121

Motorboating

Symptom Abnormal reading

Look for

Open output filter capacitor
C-16 Open grid-load resis-

tor R-12

SUMMARY

Test for normal operation of the second a-f stage.
The tip of a plugged-in soldering tool applied to the grid of the
tube causes a growl to be heard in the speaker.

Diagram of a typical second a-f stage.
The accompanying figure shows the typical second a-f stage.

= = Be225V Be3iSV

Normal voltage data.
Voltage 1s measured from the chassis or common negative lead.
Voltage data are given 1n the accompany:ng table,

- 8!
! . 2516 and A-c receiver, | A-c/fd-c receiver, 522:
) Tube terminal | qye ¢ pin No. |+ valts volts pin o
Plate 3 200-235 110-120 7
Screen 4 175-215 90-100 6
Grid 1 0 0 25
Cathode 8 10-13 57 . 1 .
| et T -
Normal second a-f stage resistance data,
Chasss to cathode 330 ohms
Chassis to control gnd 470,000 ohms
. — AN 2N Ahes e
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The 330 ohms of resistance from chassis to cathode is the ohm{c
value of self-bias resistor R-13. When a tube other than the 6V6-G is
used a different value will be found. Refer to the diagram of the re-
ceiver being tested or to the table on page 105. : .

The plate to B+ reading measures the resistance of L-12, the pri-
mary of the output transformer.

1.

o

A receiver is brought in for repairs, the
complaint being “no veception.” Visual
inspection shows a red-hot screen grid in
the type 6F6-G power tube. What is likely
to be wrong? Indicate the tests that should
be made to confirm your assumption.

In o dead receiver, the power supply is
found to be operating normally. A voltage
check of the second a-f stage shows the
following:

Plate
Screen

300 volts
300 volts

What are the likely causes of the trouble?
Indicate the tests that should be made to
confinn the actual cause of the trouble.
An a-c receiver, using a 6V6-G tube in
the second a-f stage, gives a high-pitched
squeal regardless of the setting of the
volume control or tuning dial. What are
the possible causes of the trouble? How
would you check for each?

. The receiver of Fig. 13-25 has an open

output transformer, I an original replace-
ment is not obtainable, use the universal
output-transformer  chart of Fig, 12.11
for reference and choose (1) the type of
transformer that should be used, and (2)
the secondary taps that should be used.

. The receiver of Fig. 12-14 has low volume

and counds tinuy. A voltage check shows
normal voltage readings. Substitution of
the bench test speaker canses no improve-
ment. What should the next check bhe?

6.

N

The receiver of Fig. 12-14 motorboats.
Bridging the output filter capacitor C-26
with a 20-mfd/450-volt capacitor causes no
improvement. What should the next check
be?

The receiver of Fig, 12-13 begins to dis-
tort after it has been playing for 15 min.
What would you suspect is wrong? How
would you confirm your suspicion?

. A distorting receiver gives the following

voltage check for the 6V6-G tube in the
second a-f stage: ’

Plate 180 volts
Screen 200 volts
Grid 0 volts
Cathode 2 volts

What is likely to be the cause of the dis-

tortion? How would you confirm your as-
sumption?

. The receiver of Fig.. 12-13 is brought in

as dead and gives the following voltage
readings for the second a-f stage:

Plate 110 volts
Screen 110 volts
Cathode 30 volts

What is likely to be the cause of the

trouble? How would you confirm your
assumption?

10. What precautions should be observed in

replacing a shorted high-a-f bypass ca-
pacitor?



Quick check. If a wet finger or a plugged-in
soldening iron is applied to the input of the
first a-f stage and a very strong growl comes
out of the speaker, the stage is probably func-
tioning properly, and the technician moves
on to the next stage.

Function of first a-f stage. The control grid
arrcuit is the stage input and 1s coupled to
the detector output circuit. The plate eir-
cuit is the stage output, which is 1n tum
coupled to the grid or mput circuit of the
second a-f stage The detector has an output
of roughly 1 volt of a-f signal The second
a-f stage, if it 2 6V6-G b p!
amplifier, requires an input signal qf 13 volts
to drive the speaker to full volume Itis there-
fore the Function of the first a-f stage to build
up the detector output signal voltage (1 volt)
to the level necessary to dnve the second
a-f stage (13 volts).

Theory of operation, functions, and values
of component parts. From the function of the
stage, to amphify 1 volt of signal to 13 valts,
it would seem that a voltage amplification of
13 for the stage would be sufficient. However,
the detector putput may be less than 1 volt,
in which case there would be insufficient
volume. The first a-f stage, therefore, 1s usually
designed for high voltage gain, 50 or higher,
so that low tnput signals can be amphfied to
the required level to operate the second a-f
stage. Then, should the input be excessive,

the detector signal level feeding the first a-f
stage is reduced through a potentiometer,
which is the manually operated volume con-
trol of the receiver.

The first a-f stage is called a “voltage ampli-
fier,” while the second a-f stage 1s called a
“power amplifier.”” The reason for these de-
seriptions lies in their functions The second
a-f stage dnves the speaker and must furnish
power to vibrate the speaker cone and the
surrounding air, Electrie power 1s measured
i watts, which incorporates both voltage
and amperage. The second a-ftube, the output
transformer, and the speaker are all rated in
watts. The second a-f stage, therefore, is a
power amplifier developing enough power to
dnive the speaker. The first a-f stage, on the
other hand, furnishes the grid excitation for
the second a-f tube The gnd of the second
a-f tube is always kept at a negative potential
by the bias voltage supply, and the signal volt-
age daes not normally exceed the bias voltage.
As a result, the grid cireut does not draw
current from the previous stage, and the signal
gnd excitation therefore requires voltage
but not current, For this reason, the frst a-f
stage, which fumishes the grid excitation for
the second a-f stage, 1s called a “voltage amphi-
fier.” If the signal voltage at the second
a-f gnd should exceed the bias voltage and
grid curent result, the first a-f stage ~~ 1
also be furnishing power Likewise,
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first a-f stage were used to drive a pair of
headphones, it would be operating as a power
amplifier.

The tube used as the first audio amplifier is
usually a high-mu triode. Most often, it is the
triode section of a dual-purpose diode and
high-mu triode, like the 65Q7, which will be
used in our standard circuit. The diode sec-
tion is used as the detector and will be de-
scribed in Chap. 14. :

Standard circuit. Potentiometer R-27 is
the manual volume control for the receiver.
Its usual value is 500,000 ohms. The detector
signal output is connected across R-27, and the
position of the potentiometer arm determines
how much of the detector signal output voltage
is fed to the audio amplifier. For example,
if the arm is near the grounded end, little of
the detector output voltage developed across
R-27 gets amplified, and this is the low-volume
position. If the arm is ncarer the ungrounded
end, more of the available signal voltage gets
amplified, and this is the high-volume posi-
tion.

Capacitor C-31 is the coupling capacitor. It
feeds the audio signal voltage from the volume
control to the grid or input circuit of the tube
and is usually 0.005 mfd. It may vary in dif-

ferent receivers from 0.001 to 0.02 mfd.

Resistor R-31 is the grid load. It retums the
grid directly to the cathode in a circuit known
as “contact bias.” As will be explained, the
grid-load resistor in a contact bias circnit
usually is high: 2 to 15 megohms. The average
size for the standard circuit is 10 megohms.

. R L T Ry

V-4

FROM
¢ TECIOR
STAGL

3

-~

R-32
220,000

Opecration of contact bias. When the sche-
matic diagram is studied, it would seem at
first glance that there is no grid-bias voltage
on the triode rection of V-4, since the grid
goes to ground through R-31 and the cathode
is also at ground potential. To understand how
a bias voltuge is developed between grid
and cathode, first assume a condition of no
signal inputl. In the tube, the cathode is emit-
ting elecirons which are attracted by the posi-
tive plate, as shown in Fig. 13-2. Some of
these electrons impinge on the grid located
between cathode and plate, as shown in Fig.
13-3. Thesc will flow through the grid load
R-31 back to cathode. Since R-31 usually has
a high resistance, it will not require very much
grid current flow to develop a voltage across
it, By applying Ohm’s law, E =1 X R, a cur-
rent of only 0.1 microampere (0.0000001 amp)
will develop 1 volt across 10 megohms, the
usual size of R-31. Note the arrow showing
direction of electron flow through R-31 in
Fig. 13-3. Since electrons flow from negative
lo positive, the grid end of R-31 is negative,
with respect to the ground or cathode end,
by this voltage drop. Therefore, a small nega-
tive bizs is estublished on the grid. This nega-
tive bias remains constant for a particular
circuit because, as fast as electrons leak off
the grid across R-31, new electrons impinge
on it, and thercfore a condition of equilibrium
Is set up whereby a slight negative bias is
maintained on the grid. Capacitor C-31 pre-

vents electrons from leaking across R-27 to
ground.

e R e

. G332 . E ‘;
05 1o w0
b—» ZAF
STAGE § FIG. 13-1, Typical first

a-f ampfifier stage.
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T R-32

__E B- B+

FIG. 13-2. Electrons being attracted from the
cathode to the positive plate,

In amplifiers used 1n radio receivers, grids
are maintained at all tumes at a negative poten-
tial. When the signal voltage is placed on the
grid, it drives the grid more negative or less
negative with each alternation If the signal
voltage should be larger than the steady nega-
tive grid-bias voltage, the gnd will be dniven
positive on the positive half of the signal cycle,
resulting 1 serious distortion For this reason,
the signal voltage must always be lower than
the grid-bias potential. In the ease of contact
bias, the gnd-bras potential 1s low, and as a
result the signal handling capacity ts Jow
Contact bias, therefore, 15 used only in the first
audio stage where the input stgnal 1s at a low
level of potential

Tubes used in the first a-f stage. Vacuum
tube V-4 1s the voltage amphifier tube The one
most often used 1n the first a-f stage 1s the high-
mu triode section of the type 6Q7 or 65Q7
tabe. Receivers with mimature tubes use the
similar GAV6 tube. When lower gain for the
stage 1s desired or the stage is to be followed
by transformer coupling, the type 6R7 tube 15
employed. Where a separate diode 15 used
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for the detector stage, the tube employed for
the first a-f stage 1s a 6F5 or 68F5, these have
the same charactenstics as the triode section
of the 65Q7. Even in the latter case, the 6807
is often used with the diode plates grounded.
Receivers of the a-c/d-c type we the 12507
octal base or the 12AV6 minutture-hase tubes
in a simlar arcuit.

Coupling circuit to the second a-f stage.
Resistor R-32 15 the plate load of the first
a-f tube. It may go as high as 0.5 megohm and
as low as 01 megohm. Higher values would
give samewhat greater gain; lower values
would result in reduced gain, The aversge
size chosen for the standard circuit is 220,000
ohms. When the first a-f tube is a low.mu
triode like the 6SR7, resistor R-32 is lower iun
value, 47,000 to 100,000 ohms heing usual.
In all eases, wattage dxsslpahon ns rcl.mvely
unimportant. The i Ny in use
are the Yz-watt size.

Capacitor C-32 is the audio coupling ca-
pacitor. This capacitor, plate-load resistor
R-32, and gnd-load resistor R-12 of the fol-
lowing stage make up a resistance coupling
cireust between the two stages, as shown in
Fig 13+4. Its function is twofold: It canducts
the a-f signal from the plate ciremt of the
first a-f tube to the grid of the second a-f tube;

FiG 13-3. Electrons impinging on the grid of a
tube in developmg contact bas.
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IA-F

at the same time, it keeps the positive plate
potential of the first a-f tube from affecting
the grid of the second a-f tube.

The capacitance of coupling capacitor C-32
varies considerably with different receivers,
Capacitances ranging from 0.01 to 0.1 mfd are
common. The standard receiver uses 0.05

, mfd. The larger capacitances give better bass
frequency response. Some receivers purposely
use a small-capacitance capacitor at C-32
and are generally designed to give a poor
response to low audio frequencies so as to
minimize the hum frequency (120 cvcles
for a full-wave and 60 cyeles for a half-wave
rectifier),

The insulation of capacitor C-32 must be
goud, since any leakage would put a positive
bias on the second af grid from the first a-f
plate. Paper tubular capacitors are usually

used with a voltage rating of 400 or 600 volts
DC.

NORMAL TEST DATA FOR THE
FIRST A-F STAGE

Signal check. In the signal-substitution
method of service procedure, only the final
audio stage is measured ag a single
Thereafter, as ench stage is added, the
overall. In the case of the first

uit,
test is
af stage,

ZA-F

FiG. 13-4. Resistance
coupling between 'the
first and second a-f
stages. '

B+

the test signal is applied to the first a-f stage
input circuit while-the output indication’ is
taken from the speake,.

Most signal generators provide a pair of
terminals, where a 400-cycle current is
available for the testing of a-f circuits. When
this test signal is applied to the input of an
a-f amplifier, a 400-cycle note is heard in the
speaker. . ‘

When the audio output from a signal gener-
ator is not readily available, a good substitute
is found on every service bench. The tip of
the soldering tool, either iron or gun, which is
energized by 60-cycle current, is usable ag
a source of signal input voltage for a-f ampli-
fiers. The test frequency is low, 60 cycles,
which accounts for the note heard in the
speaker being described as a ‘growl. Also, -
the human body seems to pick up some 60-
cyvele voltage, and many practical technicians
US€ a moist finger as their signal source.
Tlu§ last procedure g not recommended for
beginners, who might accidentally touch a

plate lead at 300 volts instead of a grid Jead
at zero volts, ’

Quick check for the §
ﬁngcfr or a plugged-in soldering iron tip is
applied to the ungrounded (called the "‘hot”)
.end of the volume contrp] with the control
in the full on Position, a very strong growl

rst a-f stage. If a wet



should be heard in the speaker. If it is not
heard or if it is not considerably stronger
than the growl heard when the second af
stage was checked, the trouble is in the first
a-f stage.

The quick signal check can also be used for
further narrowing down the location of the
trouble. Assume normal response from the
second a-f grid (a fow growl) and no response
from the ungrounded (hot) ¢nd of the volume
control, as in Fig. 13-5

Then, if the test signal is applied to the
plate of the first a-f tube, normal response
(a low growl mn the speaker) indicates that
coupling capacitor C-32 1s functioning and the
trouble is before the first a-f plate. No response
at this point incicates an open coupling ca-
pacitor, or a first a-f plate-to-ground short.

If there is normal response from the first
a-f plate, the test signal is shifted to the first
a-f grid Normal response (a strong growl)
from this point indicates trouble 1n the volume
control or coupling capacitor C-31 No re-
sponse means that the trouble 1s between the
first a-f grid and the plate. The hkely causes
are:

—

. An inoperative first a-f tube Confirm
by substituting a good tube

. A grounded gnd lead. Confirm with an
ohmmeter. (The ground 1s prabably
caused by defective shielding )

10
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Use of output meter. The car, judging
differences in sound intensity, can make only
« rough estimate. Except at very low sound
levels, the judgment of the car is not very
reliable. A more quantitative check for all
receiver testing is to measure the actual signal
power that is put into the speaker.

Radiomen usually work to a definite level
of output from any receiver and then make
comparisons of put signal necessary to
attain that output. This reference level is
called “standard output™ and is defined as
50 mw (0.05 watt) of signal power into the
speaker. Note that the 50 mw is well below
the output capabilities ‘of any radio receiver
and, therefore, the test signal level at any
point in the receiver, necessary to attain
standard output, will not overload any tube

The output power may be determined by
measuring the signal voltage across the
speaker voice coil with an a-c voltmeter. For
example, if we have a 5-ohm voice coil, 05
volt will correspond to standard output.

W_E__°5’<5_°5__£5__005wan
A reading of 05 volt may be.read on a meter
which has a low a-¢ voltage range of 0-5 volts
or less A diagram showing how such a meter
may be used to measure standard output is
shown in Fig 13-64

Some multimeters, however, are not
equipped with so low a range. In this case, a

3. .?in o;l;en p:me']?dddresm:’;ﬂ“fzi]i‘;{:‘ more eastly read output indication 1s obtain-
m by voltage and resistane * able at the primary of the output transformer
P - - - . - -
: TEST SIGNAL APPLIED
: TEST SIGNAL APPLIED HEEEGIVES IORMAL

HERE GIVES NO .
RESPONSE IAE

e
3l

FIG. 13-5 Trouble
shooting an inopera-
tive first a-f stage by
signal check.
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QITEUT
METER

0o

where, owing to the turns ratio of the trans-
former, stindard output will correspond to
approximately 16 volts. The primary of the
output trnmsformer, however, is in a circuit
where direet current, the plate current of the
second af tube, is flowing, The signal itself
is a pulsation of this current. To keep the di-
recl current of the plate cireuit from affect-
ing the a-c meler, a capacitor must be inserted
in series, so that the meter will read only the
a-¢ signal component. This is shown in Fig
13-68, which indicates the connections for an
autput meter. A convenient size for this senes

FI1G. 13-7. Test leads for the output meter.

FIG. 13-6. Connection -
of an.a-c voltmeter
as an output meter.

capaciter is 0.1 mfd/600 volts. Some multi-
meters have the output capacitor built in, in
which case there will be test jacks on the in-
sttmment labeled OUTPUT METER, and the 0.1-
mfd capacity need not be connected exter-
nallv. The meter should be used on a suitable
a-c1ange where 16 volts will give a good indi-
cation. {About half seale is best.) It might be
advisable for the technician to work to a read-
g of 13 or 20 volts as his reference level,
to take advantage of a convenient marker on
the meter scale. Then as far as his test bench
s concerned, 15 or 20 volts, as the case may

CLIENETER CLIPTO
AMED TEST POINT _
o o GO0V 5&0 LEAD , ‘( (
'W R FLENBLE
LEAD
BLACK LEAD ﬂg: T%?gn"
CLIP CONNECTIONS FROM A C\DLTMETER
VENMETER WITH BUILT-M VNECTED 1Pt CONVEN
QUTRIT CARLITTR pe i R O TS e -

SERIES CAPACITOR



be, is standard output, and he will work at this
level except where service notes issued by
the manufacturer of the receiver concerned
specify differently. The voltage chosen to
represent standard output will not vary teo
much from 50 mw and 1s sufficiently accurate
for any service work.

The technician would do well to provide
himself with some special test leads for con-
venience in checking the output voltage. If
the multimeter has a builtan output ca
pacitor, a pair of test leads terminating in
alligator chips will be all that is needed. If
the output capacitor ts not butlt i, a 0.1 mfd/
600v capacitor, mounted on a tie-point strip,
as shown 1n Fig. 13-7, 15 a conventent method
of making a sertes connection The same setup
may be used as a dummy antenna in connect-

FIG. 13-8 Audto stage-gain measurements

SIGNAL GENERATOR

4

SIGNAL GENERATOR SETTING
APPROXIMATELY 04 VOLT INFUT SIGNAL
AT TEST POINT(3) TO GIVE STANDARD
OUTPUT, AND TO SHOW GAIN VALUES
INDICATED

X §0 e XI0 —|

RECEIVER SETTING
YOLUME CONTROL-MAXIMUM
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ing a signal generator, and as a test capacitor,
for bndmng suspected open capacitors of
approximately the same capacitance.
Stage-gain measurements. Now, having cs-
tablished standard output, fet us make some
gan checks on a receiver known to be perfect
to determine how this information may be
used in later servicing Figure 13-8 shows
the audio amplifier of the standard receiver.
The output meter and the a-f output of the
signal generator are connected to make gan
checks. The capacitor 1n the hot lead of the
signal generator (which may he connected
intermnally) serves to keep d-c plate potentials
out of the signal generator circuit when the
hot lead is connected to a plate terminal in
the radio The receiver volume control is
set for maximum output (full ox) and the tone

OuTPUT
METER

IMFD AC
600V| o |voLTs
ey

Bt B+

OUTPUT INDICATION



130 ELEMENTS OF RADIO SERVICING
control, if any, is set for the minimum bass
position.

The gain per stage is approximately 30 for
the first a-f stage and 10 for the second af
stage, as is indicated in Fig. 13-8. Now let
us assume our test bench works to a reference
fevel of 20 volts at the second af plate as
standard output indication. Then when the
hot lead of the signal generator is connected
to point @, the second a-f grid, a 2-volt signal
will be needed to give standard output from
this point, since 2 volts input times 10, the
amplification of the stage, equals 20 volts
ontput. It is not necessary to measure the input
signal voltage. Accurale stage-gain mceasure-
ments would call for expensive test equipment
and, although this would be of advantage in
design engineering, service work to find a
poorly operating stage does not require any-
thing more than comparative data, For an idea
of 2 volts input, simply note the position of
the attenuator on the a-f signal generator to
obtain standard eutput on this perfect receiver.

When the test signal is connected to point @,

. the first a-f plate, the signal-generator atten-

fuator will have to be advanced slightly to
maintain 20 volts an the output meter, to
compensate for the loss caused by coupling
capacitor C-32.
When the test signal is connected to point
@, which is the grid of the first a-f tube, only
0.04 volt will be needed to give standard
output, since

Input volits x gain of first a-f stage x gain of second a-f stage

004 x 50 X
The signal-generator attenuator position is
again noted for the 0.04-valt position.

Moving the test signal to point ®, the hot
end of the volume control, will again require
a slight increase in signal input voltage to
compensate for the loss caused by coupling
capacitor C-31.

Ihawving established comparative reference
points on his signal genertor and output
meter, by trying the above procedure on
number of perfect receivers, the technieian
is in a position to determine the normal gain

to be expected from any audio stage of a re-
ceiver brought in for servicing. '
Normal first a-f voltage data. Voltages are
measured from chassis or common negative
to tube terminal indicated. In some a-c/d-c
receivers where the circuit insulates B~ from
the chassis, the negative terminal of the volt-
meter is comected to the common negative.
This is most easily found at the line switch.
Normal data are given in the accompanying

table.

12807 : Acide | v

te::zti]rawi and 6547 | 7°C r‘t’e;f;vers, receivers, ;;A::

“ 1 pin No. « volts T

Plate 6 100-170 | 40-60 7
Grid 2 -1 -1 1
Cathode 3 0 0 . 2

e -~ -y

Voltages vary with different receivers and
also with the ohms-per-volt rating of the mul-
timeter. Since the plate-load resistor R-32 has .
an average value of 220,000 ohms, the plate
circuit is a high-resistance circuit, and the
plate voltage as read by a meter will depend
on the extent to which the meter loads the
circuit,

Normal first a-f resistance data. These data’
are given in the following table:

Chassis to cathade

Chassis to- grid

B+ {o plate

0 ohms
10 megohms
220,000 chms

output volts

i

10 = 20
COMMON TROUBLES IN THE FIRST
A-F STAGE

,Troubles common to the volume control.
\‘olume controls sometimes open. Since a
sxgnal check may give normal response even
with an open volume control, this difficulty
may not be found until the detector stage is
‘chccked, the volume control being also an
mportant component of the detector‘smge.
Mort.: often, volume controls are noisy in
operation, usually because of dirt between
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FIG 13:9. Typical volume control and its position
in the first a-f circut.

the sliding arm and its contact ning Although
atemporary repair ss often posstble by a clean-
ing, such procedure is questionable, since a
noisy control is also a possible cause of inter-
mittent operation or fading Debit the control
ta normal wear and tear of a moving part and
replace it with a new one.

In replacing the volume control for electne
and mechanical defects, it 1s best to obtain
an exact replacement. When this is not pos-
sible, a replacement contro} as similar to the
onginal as possible must be selected. When
choosing the replacement control, the tech-
nician must keep several factors in mmd

S
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2. Shape of shaft. The shaft of the re-
placement control may be longer but
not shorter than the original The ex-
cess can be cut off. If the original has
an unusually long shaft, an evtension
shaft (see Fig. 13-10) may be vsed.

. Flat side of shaft. The volume-vontrol
knob should be examined. If it fastens
with a setscrew, any shape of shaft
may be used. If it 1s a spring push-on
type of knob, the knob must fit the
shaft snugly with spring tension. Too
small a shaft will not do, since the
knob will be loose.

. Resistance and taper. The total re-

sistance and faper of the replacement
control should be the same as the orig-
inal. The wrong taper will cause the
control to bunch all its action in a small
segment of the control rotation, while
the rest of the tumn has very little effect.
The technician need not concern him-
self too much about the taper, however,
since the replacemenl-mntml manu-
facturers have gone inte the matter
thoroughly and specify the proper taper
to use in accordance with the arcuit
arrangement of the contral.
Switch Volume (or tone) controls are
usually combined with the line ov-oFF
switch i one unit. When this is the
case, if the volume control is defective,
the switch 15 replaced at the same time.
Similarly, of the switch is defective,
the volume control s replaced at the
same time

[X)

o

1. Space requis The rep
must not be physically larger than the
onginal unless there 1s room for it.

FIG. 13-10. A volume-cantral extension shaft.

0

How to replace a volume control

—

. Choose a proper replacement contro)
as descnbed above,
Do not remove the winng from the old
contro!  Loosen the mounting nut,
slip the shaft through the hole, and Tet
the old control dangle fromits I .
1

o
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F1G. 13-11. Measuring the replacement volume
contro! for length.

placement control, proceed as follows:

a, Measure it against the oviginal as
shown in Fig. 13-11 and mark the
proper length,

. Clamp eacess portion in vise with
mark showing and cut to the mark
with a hack saw, as shown in Fig,
13-12,

e, Remove saw burr with o file.

4. 1 shaft is 1o be fled Tor a push-on type
of knob, proceed as follows:

a. Measure against the orvigingl, as
shown in Fig. 13-13, and indicale
with o mark the amonnt of shalt to
be removed.

FIG. 13-13. Marking the volume-control shaft for
a push-on knob.
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FIG. 13-12. Cutting the volume-control shaft to
size.

b. Clamp in vise with mark showing,
Cut vertically at A with a hack saw,
as shown in Fig. 13-14. Stop cutting
before reaching thé horizontal line.
File the material away, almost down
to the line with the file held hori-
zontadly.

¢. Try the push-on knob. If too tight,
one or two file strokes will bring
the shaft down to the line where the
knob spring should fit just right.

Slip the replacement control through

the chassis hole, using a lock washer

or loeating pin, as shown in Fig. 13-15.

If there is no hole {or the locating pin,

bend it down if it is metal or snap it

oft if it is bakelite. If this is not done,:
the locating pin will force the control
at an angle when the nut is tight-
ened up, either damaging it or giving
the control erratic action. Tighten the
mounting nut with an open-end

:\’\'c_nch. An open-end wrench marked

/2 in. on onc end and Y16 in. on the

other will handle most volume-control

mounting nuts. A hollow-shaft socket

o



wrench of the proper size will he a
more comvenient tool for the purpose.
Remove the wires from the old control,
one at a time. Each wire is to be sol-
dered to the corresponding terminal
lug on the replacement control.

&

If the wiring has been disturbed before
the new control is in place, 1t will be necessary
to trace the leads before soldenng them mnto
place. First the switch leads are traced, one
to the line cord and the other to the power-
transformer primary. Next the wire to the first
a-f control grid through capacitor C-31 is found
and soldered to the center terminal of the
potentiometer. The last two leads go to ground
and the detector circuit, and the technician
must be careful not to reverse them or the con-
trol will work backward. The easiest way to
be sure is to turn the control to the full ov
position and 1magine the position of the arm
inside the control At the full Ox position the
arm is stopped at the detector circmt end of
the control, and the detector lead 1s soldered
to the lug that stopped the arm The final
soldering Iug connects to the chassis These
connections are tllustrated in Fig 13-16

To check the volume-control action, tune
the recener to a strong local stabon. Turn the

re— CHASSIS

" WOLE FOR
i LocknyG ‘/LO(‘ATING

HOLLOW-SHAFT
SOCKET WRENCH
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SAW CUT ATA

FIG 13-14. Cutting the volume-control shaft for
a push-on knob.

volume control to the position just before the
switch shuts off power. The sound from the
speaker should be just a whisper or completely
off As the volume control is rotated in a clock-
wise direction, the volume should gradually
ncrease At the halfway pomt, the volume
should be just about nght to fill the average

FIG. 13-15. Mounting
the volume control.

OPEN END
WRENCH
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FROM
OLTECTOR

2! ’ruu ONTPOSITION
“SppoM DETECTOR

T0 GRID - COUPLING
CAPACITOR. C-31

T
GROUND

FRONT VIEW
OF CONTROL

home living room. As the rotation is continued,
the volume should increase. Beyond the three-
quirter point there will probably be distor-
tion, rattling of the speaker, and microphonices.

To check the volume control for noisy
action, the r-f section of the receiver is made
inaperative by removing the if tube. Then
rotate the volume control while listemng for
noise. In case of an a-c/d-c receiver, where a
tube cannot be removed without stopping all
operation, the r-f section of the receiver may
be made inoperative by grounding the i-f grid
or oscillator capacitor stator. Grounding the
oscillator capacitor stator is a standard service-
ing procedure. A description of how the oseil-
Litor seetion of the gang tuning capacitor may
be easily recognized is found in Chap. 14 in
the discussion of the signal check for the de-
tectar and age stage.

FROM
DETELTOR
GUTPUT e
R27 O3
VoL ot

FULL ON
position
3t ‘ :
frrme FiIG. 13-16. Volume-
cpntro! connections.

B+

Troubles common to the input coupling
capacitor. Coupling capacitor C-31 rarely
causes any service difficulties. It may open,
in which case the condition would be found
by « signal check: normal response from the
rid of the first a-f tube and no response from
the arm of the volume control.

When replacing the capacitor, be sure to
use one with the same capacitance as the
original. Place the capacitor in the same
position as the original and dress the leads in
the same manner. The positioning of the
capacitor and leads is stressed because any
hum picked up at this point is amplified by
the entire audio amplifier that follows. Also
follow the original for the placement of the
outside foil lead, although this procedure may

be unimportant, since either end of the capaci-
tor is equally “hot.”

stace § FIG. 13-17. The input

coupling capacitor and
its position in the input
circuit of the f(rst af
stage.




Troubles common to the grid-load resistor.
Crid-load resistor H-31 may open, resulting
in motorboating as described for R-12, the
_griddoad resistor of the second a-f staze,
in Chap. 12. This would be found by the
standard check for motorboanng, shich is
to check the filter capacitors in the power
supply and then to look for an open grid air-
cuit.

When replacing R-31, be sure to use the
same ohmic value as 15 called for 1n the re-
ceiver diagram. A wrong value here would
change the contact bias (see operation of
contact bias in Chap. 13) and result 1n poor
tone.

Troubles common to the first a-f amplifier
tube. The first a-f amplifier tube V-t 1s the
most likely source of trouble in the staze
Hum, no reception, weak reception, noisy
feception, and intermittent reception might
all be due to the tube. The best check 1s
to substitute a similar tube known tn be good.
When the signal check shows normal response
from the first a-f plate and weak or no re-
sponse from the first a-f grid, the tube 1s a
likely suspect,
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FIG. 13-18, The first
af gudlzad resistor
259 its pesiticn inthe
et

Troubles common to the output coupling
capacitor, Coupling capacitor C-32 is sub-
ject to many ills that impair perdformance of
the receiver. It opens, shorts, becomes
lealy, and opens intermittently.

An open capacitor would result in 2 dead
receiver and is found by a siznal check
There would be a nommal response from the
second a-f grid and no response from the
first a-f plate. Such a response could also be
caused by a plateto-ground short, which
should be checked. This last possibulity
would be eliminated by a normal plate-volt-
age readinz. The open capacitor wauld then
be confirmed by substituting a test capacitor.

1f C-32 15 shorted or has low leakaze resis-
tance, the tone quality would be badly
affected. Pusitne voltage from the first a-f
plate would leak over the defective couphing
capacitor to the second a-f gnd. disturbing
the bias voltuge on the second a-f tube, sath
distortion as a result. The condition would
be found in a voltage check of the second
a-f staze Insufficient or positne bras on the
second a-f tube gnd would cause heavier
than normal plate current and result in an

b Iy large [ ] across the output-

Troubles common to the plate-Joad
Plate-Joad resistor R-32 sometsmes opens
The signal check would show normal response
from the frst a-f plate and no response from
the first a-f grid. A voltaze check would then
show no voltage at the Brst a-f plate.

transformer pnmary and an unusually large
potential difference between plate and B+
softages. This check 15 mose rehable than a
positive indication on the second a-f gnd.
which may be small and therefore missed in
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the eane of e eakase vedistanee Tn the
Tatter vnse, oven though a0 anall positing
voltage Teabs actons e conphng capucttng,
it will still deerease the apphied bras voltgne
with comequent mereased plate eanent and
yeduced wenal handhing cgubilities Sinee
A feakare restanee of several megohins
woanld be hard to measure on the aerape
oltmmeter but would ol cine distortion,
a rood confitmation check would be the
followving: Open the conpling capacitor trom
e enid canteetion, and check fov soltinee o
watad, as shown in Pig 13220 Wit o vond
capacitor, the voltmeter needle will awing
ap ax the capaeitor chavpes and retuen to the

FIG. 13-20. Haw to check an qudio coupling capact-
Yor tor teahage.
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sote posthion, when the capacitor is fully
chatged  Leahage vesistance in the capacitor
will canve the voltmeter needle to remain at
sorie postion higher than zere, Owing to the
ek achvating voltage at the first a-f plate,
a teakate esistanee of several megohms will
case aeadable deflection on the voltmeter,

It the coupling capacitor is intermittenty
open, fadmg will vosulty the roceiver will
not cperate when it is apen and will resume
operation when it iy elosed. This condition
e due o 4 pom cantact helween one of the
capacitor teads and the tin foil of the capacitor
phites. Usually the condition can be confirmed
Iy vanking gently on the eapacitor {eads,
thereby  starting, and  stopping  veception,
Parenthetivally, it may be added that, when
Areceiver iy serviced for fading, all coupling
eapacitors should be veplaced as @ matter of
course,

When coupling capacitor €-32 is replaced,
4 goad-quality capacitor should be wsed. The
capacitor should have a vating of 600 volts.
Although a 400-valt capacitor is suflicient {or
the voltages normally found in this eivenit,
the thicker diclectric of the GO0-volt size
m:\koﬁ for less likelihood of leakage. The
capacitance wsed should be the wne called
for in the receiver dingram, I a different
:::\:“‘,:“)‘t‘t ‘thi:t :l;HE] ‘ﬂ.\v technician should
a betier ln\\'-!"m; g K‘l capacitanee will give

Ieney auddio vesponse,
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FIG. 13-21. A couplate
and some of its con-
nections in a recejver
with printed wiring.

CIRCUIT VARIATIONS IN
THE FIRST A-F STAGE

Printed coupling circuits. In many re-
ceivers, particularly those using printed
wiring, the audio coupling capacitors and re-
sistors are incorporated 1n a single umit called
a couplate. A unit of this type, together with

FIG. 13-22. Schemattc diagram of an RCA receiver using a couplate

some of its wiring, is illustrated in Fig. 13-21,
The schematic diagram of an’ RCA a-c/d-c
receiver is given in Fig. 13-22 as a typical
cxample of a receiver using this type of
construction.

In this diagram, note the dotted line labeled
PC 1 wlich encloses all of the coupling in the
audio stages Observe the circled numbers,
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1 through 7, which are placed near each wire
entering the dotted enclosure. These are
the leads, likewise labeled 1 through 7,
which appear on the drawing of the couplate
directly beneath the dotted enclosure. The
couplate contains all the resistors and capaci-
tors indicated. Note further that the circuit
is the same as our standard circuit, with the
addition of bypass capacitor C-7 connected
from the first a-f plate to the common negative
or ground.

In servicing a receiver of this type, all
of the test procedures given previously may
he applied. For example, assume that the re-
ceiver does not work and an audio signal
applicd to the second a-f grid gives a nor-
mal response. When the test signal is shifted
to the first a-f plate, there is no response. As
explained previously, this condition may be
caused by an open in coupling capacitor C-8.
or by a plate-to-ground short in the first a-f
tube. A voltmeter establishes a normal 50-
volt reading at the first af plate, eliminating
the possibility of the short. A test capacitor
connected from the first a-f plate to the second
a-f grid restores reception, thereby confirm-
ing the open capacitor.

Having proved one unit defective, the dif-
ference in servicing procedure is that the
entire couplate must be replaced with an ex-
act duplicate. Fortunately, two or three types
serve as replacements for a large variety of

eyl
DETICION
QUTPUT

’ 27

receivers that use couplates. When replac-
ing the couplate, use the technique previously
described for replacing components on a
printed board. First make a note as to the
correct orientation of the leads. Hold the
soldering iron to each connection in turn while
wiggling the couplate from the other side of
the board. When it is completely free, remove
any excess bits of solder and clear all the
holes. Then thread the leads of the replace-
ment unit, correctly oriented, through the
holes. Clip off the excess length and solder
each connection carefully.

Bass compensation circuit. It is character-
istic of the human ear to be less sensitive to
low audio frequencies than to high ones at
reduced volume levels: To compensate for
this deficiency, the circuit of Fig. 13-23 is
found in many receivers. i

Potentiometer R-27 is a tapped volume con-
trol with the tap located in the low-voluine
area. When the arm is in the high-volume
position near the ungrounded end of the
volume control, C-127 has little effect. As
the volume is reduced and the arm approaches
the tap, C-127 bypasses some of the high
a-f signal from the amplifier, thereby making
the low audio frequencies seem stronger.
The effect is greatest at the tap which will
be at the low-volume position for the par-
ticular receiver. Resistor R-127, which may
be omitted from some circuits, is to keep the

FIG. 13-23. Bass com-
pensation at the first .
a-f stage.




bypassing effect from being tos pronounced
at the tap and to broaden the region around
the tap where the bass compensation circuit
is effective.

Some receivers carry out the tone compensa-
tion at two points on the volume contral, as
shown in Fig. 13-24. The volume control 15
tapped at two points, Again, at the high-
volume position the high-frequency bypass
circuits have httle effect. As the volume is
reduced, a slight amount of bass compensation
is attained through C-127 and R-127. As the
volume is reduced further, more hass compen-
sation is attained through capacitor C-131.
Al checks and operations are the same as for
the standard circust,

Capacitors C-127, C-131, and resistor R-127
rarely if ever give any service difficulty Vol-
ume control R-27, however, ss subject to all
the 1lls of volume Is. In repl: R-27,

FIRST AUDIO-AMPUFIER STAGE
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FIG. 13-24. Bass compensaticn at two points in
the volume range.

example of the use of bass compensation. The
volume control is the l-meg potentiometer
R-9, which is tapped at 300,000 ahms for bass
I i The re: der of the vom-

ion crreuit of resistor B-8 and

the technician must find an exact replacement
for praper operation of the bass compensation
cirenit.

The schematic diagram of a Motarola a-c/d-
receiver is given an Fig. 13-23, as a typical

capacitor C-6 Note that the mounting bracket
which will make contact with the metal shell
and shaft of the volvme contro) is floated
from common negative by capacitor C-7.
Othies metal parts with which the consemer

FIG. 13-25. Motorola receiver showing bass compensation cirguit.

138 |
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may come in contact, like the back of the amplifier stage, self-bias resistor R-13 is unby-
cabinet, are also connected here for similar  passed, and the . high audio-frequency re.
protection against the shorting and shock  sponse is limited by, capacitor C-10 in the grid
hazards of the a-c/d-¢ circuit, where common  circuit, as well as by capacxtor C-ll in the
negative is one side of the power line. Note  plate circuit.”

also that potentiometer R-9 is labeled LoOUD- In the power supply, note the use of therm-
NESS, a term which may supplant the older  istor R-16 to limit the current surge to the
name of volume control. tube heaters. Also note the use of the symbols

The rest of the first a-f stage follows the  which serve to identify the printed wiring on
standard circuit. In the second a-f or power  the plated chassis board.

prrrrrszs SUMMARY S

Quick check for normal operation of the first a-f stage.

A wet finger or a plugged-in soldering-iron tip apphed to the un-
grounded end of the volume control causes a very strong growl to be
heard in the speaker.

Standard first a-f diagram.
The accompanying figure shows the standard first a-f diagram.

3"‘: 32 .
05
e} pepn 2 AF
. STAGE .
R-32 . ‘
220,000

Normal first a-f voltage data,

Voltage is measured from chassis or the common negative in an
a-c/d-c receiver. Data given in the accompanying table.

Tuhe termmal - 12507 and | "Ac receivers, | AG/d'c recewers, "12AV6 "

SSQ7 pm No. volts - volts pm No.,
Plate 6 100-170 40-60 7
Grid 2 -1 -1 1
Mg:a_tho'dg o 3 0 0 : 2

7 T et Rt e e st s D g eyt

ol e tmae i a aimaer et ol e
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Normal first a-f resistance data.
Chassis or common negative to cathode
Chassis or common negative to gnd

Plate to B+

0 ohms
10 megohms
220,000 ohms

SERVICE DATA CHART FOR AN INOPERATIVE
FIRST A-F STAGE

Assume an inoperative first a-f stage as shown by normal response when an a-f test signal is apphed to the
second a- grid, and no response when the test signal is applied 1o the ungrounded end of the volume con-
trol. The following service procedure is recommended.

v ey

fS!ep Signal check Response Trouble
koo-- JEUSEEPUUU Ut S O PURPRTOR U PR QDU ROt
1 Apply a-f test signal to first a-f None or weak Look for open couphng capacitor €-32
plate or first af plate shortctreuting to
chassis
-y
. pe POV U
Normal Proceed to step 2
£ NRDARARARORNEVDUANULARANIRIDS DUREONDSSUIURY AN O A
2 Apply a test signal to first a-f None or weak Look for plate voltage on first a-f plate
gnd (open R-32) Substitute a good first a-t
tube Look for a shorted grd lead
{stuelding}
Normal Proceed to step 3
| sometiong DS URIAMSMGEISY JRRAIVERINEPIRY DU AR
3 Apply af test signal to volume None or weak Look for apen caupling capacitor C-31.

contral arm

Look for grounded volume-contro! arm
(shielding)

Normal

R

RSN NS RSB SRRATRS tuts |

Open volume control. Grounded “hot™
volume control
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may come in contact, like the back of the
cabinet, are also connected here for simibyr
protection against the shorting and shock
hazards of the a-c¢/d-¢ cireuit, where commen
negative is one side of the power line “\ofe
also that potentiometer R-9 is labeled tovp-
NESS, a lerm which may supplant the oides
name of volume control.

The rest of the first a-f stage follous the
standard circuit. In the second a-f or power

e i r et st ani g

amplifier stage, self-bias resistor R-13 is unby-
passed, and the high audio-frequency re-
sponse is limited by capacitor C-10 in the grid
cireuil, as well as by capacitor C-11 in the
plate circuit

In the powar supply, note the use of therm-
istor R-18 tu limit the current surge to the
tube heaters Also note the use of the symbols
which serve to identify the printed wiring on
the pluted chassis board,

s SUMRAARY T T T

Quick check for normal operation of the first a-f stage.
A wet finger or a pluggedan solderimgron tip applied to the un-
grounded end of the volume contint canises a very strong growl to be

heard in the speaker,

Standard first a-f diagram.

The accompanying figure Giows the standard first a-f diagram,

Normal first a-f voltage data.

Voltage is measured fraom ch
a-c/d-c receiver. Data giv

Tube termina}

- 12507 and | A receivers,

n chassis or the common negative in an
en in the accompanying table.

Aecld-g receivers,” | 12AVE"

6507 pin Mo, volis volts pin No

Plate 6 100-17 o .
Hat : ! 0 40-60 7
- Cgtho?e; 3 B :

[¢] . ]
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Normal first a-f resistance data.

Chassis or common negative to cathode
Chassis or common negative to grid

Plate to B+

0 ohms
10 megohms
220,000 chms

SERVICE DATA CHART FOR AN INOPERATIVE
FIRST A-F STAGE

Assume an inoperative first a- stage as shown by normal response when an a-f test signalis 2pplied to the
second a-f gnd, and ro response when the test signa! is applied to the ungrounded end of the volume con-
trol The following service procedure is recommended

,’Slep Signal check Response Trouble
AR [ JEGUR O UG
1 Apply a-f test signal to first a-f None or weak Look for open coupling capacttor C-32
plate or first af plate shortcircuiting to
chassis
mrr— ~
Normal Proceed to step 2
— - ’
2 Apply a- test signal to first a-f None or weak Look for plate voltage on first af plate
gnd (open R-32) Substitute a good first a-f
tube Look for a shorted grid lead
(shietding)
I T\ T T T T T I T T T T
Normat Proceed to step 3
T\ T T T T T T T
3 Apply a-f test signal to volume None or weak Look for open coupling capacitor C-31
control arm Look for grounded volume-contro! 2rm
{shielding)
SO TS Lo o -2
Normal Qpen volume contral Grounded “hot”
end of volume control A__.
A
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SERVICE DATA CHART FOR OTHER SYMPTOMS

o Symptb‘r}-{"

Poor tone quality

P e e merese e n Cmee

otorboating

Hum

Intermittent reception (fad-

‘Abnormal reading
First a-f plate voltage low

Voltages normat

Voitages normal

TR QUESTIONS o

1. A rcceiver is being serviced for weak
reception. A signal check shows no gain 4
for the first a-f stage. Outline a test proce-
dure for determining the cause of the

trouble.

assumption?

3. A receiver like the one in Fig. 1395
motorboats. How would you check to
find the cause in the power supply? In

2, The receiver of Fig. 13-25 has poor tone
quality. A voltage check shows 20 volts on 5
the first a-f plate. What is likely to be
wrong and how would -vou confirm vour

Open grid load R-31

Lok for .

Short-circuited or leaking
coupling capacitor C-32

Short-circuited or leaking
coupling capacitor C-31. In-
correct value of grid load
R31 '

Defective first af tube. In-
correctly dressed grid leads.
Positioning of coupling ca-
pacitor

Coupling capacitors C-31
and C-32 may open inter-
mittently. Defective first a-f
tube. Defective volume
control

By

the second a-f stage? In the first a-f stage?

.« An a-¢ receiver hums excessively, When

the first a-f tube is removed from its socket,

the hum level drops to normal. How
would you check the various possibilities
for hum in the first a-f stage?

What are the possible causes of inter-

mittent reception in the first af stage?

How would you check for cach?

. A receiver gives normal response when an
a-f test signal is applied to the first a-f
grid and «a very w
test signal is shifted to the hot end of the

eak response when the



volume control. A\What are the pnsslb\c
causes of the defect and how would You
check for each?
A receiver gives aormal sesponse whenan
af test signal is :\mﬂmd to the secon a-
grid and no 1esponse when the test signa
is shifted 10 the first af gride \What are the
sible causes of the trouble and how

would you check for each?
What 15 2@ & A test for high eakane 1€
sistance W a coupling capacitor Hetween
st af plate 27 secon 2f grid?
v 12-14 bhas been com”

FiesT Av:mo-nlruﬂu\ STACE 143

had been mp‘;u:cd with 2 J-megohm 1€
sistor in € The custome? fater COm"
plains that his rach does not spund 40
clear f firel

1210 does ot Y
al upp\lm\ pe e
i nlnn\‘\\ pobe 0
son the! el atyriid 1o
L praponee

is heard in the apenbrn voltute e
<f‘hlvun\m\\-0x'\\‘ﬂ“\\l'lmll\'v
ot the phate pin.

It NETIL o the nonble,

voulit yont ek ot wach?
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Poor tone quality

[
4

7

Hum

g o e e e PR L SR

[

Intermlttent receptnon (fad

~rming)

Motorboatmg

ELEMENTS OF RADIO SERVICING

SERVICE DATA CHART FOR OTHER SYMPTOMS

“symptom

PR s me s s memn

Voltages normal

Voltages normal

) Abr;o;rﬁél— r:é"édhivng

First a-f plate voltage low

ook tor

Short-circuited or leaking
coupling capacitor C-32

Short-circuited or leaking
coupling capacitor C-31. In-
correct value of grid load
R-31

JROT carem L tme sd a s eeraey

Open gnd load R 31

Defective ﬁrst a-f tube. In-
correctly dressed grid leads.
Positioning of coupling ca-
pacutor

Coupling capacitors C-31
and C-32 may open inter-
mittently. Defective first a-f
tube, Defective- volume
control

N B R I T e PN |

1.

A receiver is being serviced for weak

reception. A signal check shows no gain
for the first a-f stage. Outline a test proce-
dure for determining the cause of the
trouble.

. The receiver of Fig. 13-25 has poor tone

quality. A voltage check shows 20 volts on
the first a-f plate. What is likely to be

wrong and how would -vou confirm your .

assumption?

. A receiver like the one in Fig. 13-25

motorboats. How would you check to
find the cause in the power supply? In

gn

. An a-c receiver hums excessively.

the second a-f stage? In the first a-f stage?
When
the first a-f tube is removed from its socket,
the hum level drops to normal. How
would you check the various possibilities
for hum in the first a-f stage?

What are the possible causes of inter-
mittent reception in the first a-f stage?
How would you check for each?

- A receiver gives normal response when an

a-f test signal is applied to the frst a-f
grid and a very weak response when the
test signal is shifted to the hot end of the



bl

volume control. What are the possible
causes of the defect and how would you
check for cach?

A receiver gives normal response when an
a-f test signal is applied to the second a-f
grid and no response when the test signal
is shifted to the first a-f grid. What are the
possible causes of the trouble and how
would you check for each?

What is a good test for high leakage re-
sistance in a coupling capacitor between
a first a-f plate and a second a-f gnd?
The receiver of Fig. 12-14 has been com-
pletely overhauled and reconditioned As
part of the servicing procedure the first
a-f grid-load resistor R-11 had been found
to be open and replaced, However, it

FIRST AUDIO-AMPLIFIER STAGE 143

had been replaced with a 1-megohm re-
sistor in error. The customer later com-
plains that lis radio does not sound so
clear as before. Could the incorrect first
a-f grid-load resistor be the cause of this
condition? Explain your answer to this
question.

. The receiver of Fig, 12-16 does not play.

A 400-cycle test signal applied to the
second a-f grid produces a normal note in
the loudspeaker When the test signal is
shifted to the first a-f grid, no response
is heard in the speaker. A voltage check
of the first a-f stage shows 0.5 volt negative
at the grid pin, and zero at the plate pin.
What are the hikely causes of the trouble,
and how would you check for each?
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Quick check for operation of the detector
stage. The signal generator is adjusted for
modulated output at the receiver intermediate
frequency and its putput is applied to the
grid of the i-f tube. The frequency control
of the gencrator is then wobbled back and
forth through the intermediate frequency.
When the stage is functioning properly, the
modulation note will be lieard in the speaker,
at or near the intermediate frequency of the
receiver, and the technician moves forward to
the next stage.

Since the age (automatic gain contral)
action is dependent on the operation of the
rf converter and i-f stages, there is no quick
check for the automatic gain function at this
time.

Function of the detector and age stage.
In the standard superheterodyne receiver,
detection and automatic gain control are
accomplished in one cireuit and, althaugh they
are two separate functions, must be treated
fogether,

The input signal, normally fed ta the detee-
tor sfage, is an altermating voltage at the
intermediate frequeney of the receiver and
mudulated by the audia companent of the
original signal picked up by the antenri.
The signal that appears across the output of
the detector stage is the audia component
only. One function of the detector and
stage, therefore, is to demodulate the sig-
nal; that is, to remove the audia component
and pass it on to the audio amplifier,

age

144
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The detector stage or tube is sometimes
called the “demodulator,” the reason for
which is obvious from its function. It is also
sometimes called the “second detector” to
distinguish it from the mixer tube, an old
name for which was “first detector.”

Agc action can be described as follows: A
strong local station delivers a strong signal to
a veceiver. A station at some distance away
will deliver a much weaker signal to it. Yet it
is desirable for each of these stations to pro-
duce approximately the same volume from the
speaker. This effect could be performed
manually by means of a volume control, but
it is far superior if this effect is performed
automatically. That is the function of the age
system. It is also sometimes called automatic
volume control (ave), In this book, we shall use
the more descriptive term, automatic gain
control {age),

The upper limit of sensitivity of a receiver
is set by the design characteristics of the re-
ceiver itself. However, the age circuit reduces
the sensitivity of the receiver more or less
below the upper limit~more for a strong
signal and less for a weaker signal. This effect
Iy produced by the use of remote-cutoff
{variable-mu) tubes in the rf and if stages

of the receiver. The gain of these tubes
changes  with different control grid-bias
\'()Itagcs: \

: at greater negative bias, the gain
is lower; at lower negative
s greater, In an age
nal itself develops n

grid bias, the gain
cireuit, the station sig-
cgative bias voltage for



the control grids of the remote-cutoff tubes.
A strong signal develops a Jarge negative bias
voltage which reduces the gain of the con-
trolled tubes. A weal signal develops a smaller
negative bias voltage which does not reduce
the gain of the controlled tubes so much. Asa
result, a fairly constant volume is obtained
from the speaker, regardless of the original
strength of the receiver signal within the him-
its of the sensitivity of the receiver.

Theory of operation. The detector and age
stage in modem receivers performs its func-
tions in a circuit arrangement very similar
to that of a power supply; that is, it also em-
ploys a diede rectifier and flter circuit. Since
power-supply circuits are generally under-
stood, a parallel will be drawn to explain
the operation of the detector and age stage.

Ci der the half-wave ifier circuit
shown in Fig. 14-1, common in ac/d-c re-
ceivers The input is 110 volts a-c Only when
the positive phase of the input voltage 15 1m-
pressed on the plate will current flow through
the tube. The circwit is completed through
load resistor DL. Capacitors C, and C, and
choke L make up the smoothing filter The
wave forms of Fig. 14-1 show the complete
action of the circuit. Note the polarity of the
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sareas

- R s o,
. PRMOLIC T ICH mMranL

FIG. 14-1. Haif-wave 8 power supply.

voltage across load resistor DL and the hum
npple that is present. If it is desired to elim-
inate the hum ripple, a second section L-C
filter would be added, as in Fig. 14.2,

In the detector stage, to draw a parallel,
the input voltage is across the tuned secondary
of the i-f transformer T-5, as shown in Fig.
14-3. The graph below T-5 represents the
nput voltage at the intermediate frequency
and modulated by its audio component. Simi-
lar to the action in the power supply, the

Wi RECTIFIER (1312 nUER
€0~ 18T SECTON 200 30
4 T g e e
A _L oL FIG. 14-2. Eliminating
$ c 4
) =L-:(X Y L armss | hum npple by means
o of & second section
L L = | titer,
— T
‘ Avﬂv WANANE
‘ FIER ACTION  IST SECTON FATER 23 SCTOw FLTER
Peis PO i D EETE
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FIG. 14-3. Diode detector operation-—-developing
the audio output signal from the modulated i-f
input signal.

rectifier chops off the negative half of the
input voltage, as represented in the graph
under the rectifier tube V-4A. Now let us
examine the filter circuit. A filtering re-
sistor R-26 has been substituted for the
choke. 1t serves a similar function. In the
S power supply, the filter capacitors are vsually
20 mid ecach. In the detector filter cireuit,
C-26 and C-27 are usually 0.0001 mfd apicce.

BT RELTIFIER
WODULATED AL DHODE SELTION I FILTER
435KC 65Q7-V-4A 455KC

This filter circuit will not give unvarying di-
rect current at its output but will make an
effective filter at the intermediate frequency
(455 ke). The output at this point will be the
audio compounent of the signal which is im-
pressed across the resistor DL, since the
audio signal cannot be bypassed across the
fow-capacity capacitors C-26 and C-27. Re-
sistor DL is called the “diode load™ and is
usually the manual volume control of the
receiver. With the audio signal across the
volume control, the position of its arm deter-
mines the strength of the signal fed to the
audio amplifier. '

The audio signal; owing to its strong pulsa-
tions, is not suitable for use as an automatic
bias voltage, since any bias voltage should
be pure dircct cuwrrent. Therefore a second
section filter, R-28 and C-28, is added after
the andio circuit to smooth it to direct cur-
rent, as shown in Fig. 14-4. The capacitance
of C-28 is 0.05 mfd to make it effective at
audio frequency.

Now note again the polarity of the voltage
across the diode load. If the diode cathode
is grounded, the voltage at R-28 will be
negative with respect to ground, and therefore
suitable for use as bias voltage. The amount

B DRI TP

AGC TILTER : S

FIG. 14-4. Developing
audio signal and agc
voltage from the mod-
ulated i-f signal, *
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FIG. 14-5 Typical detector and agc circuit.

of voltage available at R-28 will depend on
the voltage of the signal i d across

the audio component of the signal voltage is

the seccondary of the i-f transformer T-5,
since it is the rectnfied and filtered output
of the signal voltage. For strong signals, the
signal voltage across T-5 ts high, the age bras
valtage is high, and the amphfication of the
contralled r-f and 1f tubes 1s reduced. For
weak signals, the signal voltage across T-5
is low, the agc bias voltage 1s low, and the
amplification of the controlled tubes 1s greater

Figure 14-5 shows the detector and age sys-
tem, including the control-grid circuits of
the controlled tubes, and the coupling to the
first a-f stage. The wire that feeds the age
voltage to the controlled tubes s known as
the “age bus.”

Resistor R-30 and 1ts associated capacitor
€-30 1n the rf grid retumn lead 1solate the
r-f stage from the other stages. This 1s called
a “decouphng” filter, which will be de-
scribed in a later section. Resistor R-29 and
capacitor C-29 serve a similar function for
the converter stage

Functions and values of component parts.
Potentiometer R-27 is the manually operated
volume control for the receiver. In the detector
stage, 1t acts as the diode load resistor, and

developed across it. A portion of this voltage
is taken off at the volume-control arm and s
amplified as was described in Chap. 13.
The ohmic value of R-27 is usually 500,000
ohms, although higher values are sometines
found 1n circuits where, at the increased
load resistance, a lngher value of audio output
voltage is possible.

Capacitors C-26 and C-27 and resistor R-26
make up the i-f filter ctreuit. In this circuit,
the 1-f pulsations are removed, leaving the
aundio envelope Resistor R-26 is usually
47,000 obims, and capacitors C-26 and C-27
are usually 00001 mfd for an intcrmediate
frequency of 450 to 480 ke. Sometimes these
capaeitances are a hittle higher, not so much
for more effient filtering as for attenuation
of high audio frequenaes with resultant
mprovement of the apparent low a-frespanse.

Resistor R-28 and capacitor C-25 forin the
additional flter for the age voltage In this
aramt, audio pulsations are removed Siee
the controlled gnid ciremts do not require
current, R-28 can hmve a high value of re-
sistance for efficient filtenng of the a-f pulsa
tions, and C-28 bipasses the remainder to
ground. In receners contaming an r-f stage
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and decoupling filters, R-28 is usually 2.2
megohms. In receivers that do not employ
an r-f stage, R-28 is usually higher, 3.3 meg-
ohms being the average size. C-28 is almost
always 0.05 mfd.

The diode employed in the detector and
age stage is the duo-diode section of the
6SQ7 tube, The other diode plate is generally
grounded. The triode section functions as
the frst a-f amplifier tube. Receivers that
use the loctal type of tubes employ the 7C6,
and receivers with miniature tubes use the
BAVS6 or 12AV6, When a separate tube is used
for the detector, it is the 6116 or 6ALS twin
diode. Oceasionally, a receiver is found that
uses a germanium diode like the IN60 for
the detector and age function.

Transformer assembly T-5 couples the out-
put of the i-f stage to the detector. The trans-
former assembly includes capacitors C-10
and C-11, so that both primary and secondary
windings are in resonance at the intermediate
frequency of the receiver. For alignment
purposes, resonance adjustments are provided
so that the inductance of the windings may be
changed by altering the position of powdered-

iron slugs in the coils. In older receivers,

- the inductances of the windings are fixed; and

capacitors C-10 and C-11 are -small variable
capacitors called trimmers, whose capaci-
tances may be varied by a screwdriver adjust-
ment. Typical slug-tuned and trimmer-tuned
transformer assemblies are illustrated in Figs.
14-8 and 14-G.

NORMAL TEST DATA FOR THE DETECTOR AND
AGC STAGE

Signal check, The input of the detector stage
is the i-f transformer T-5. However, when the
stage is checked, the signal generator is con-,
nected to the grid of the i-f tube, as shown

in Fig. 14-6. There are several reasons for
this connection;

1. Since the detector input is the last
step in the r-f chain, the signal voltage
at this point is high, higher than the
r-f output of most signal generators,
and the amplification of the i-f tube
may be needed to make the signal more
easily heard in the speaker.

FIG. 14-6. Signal check connections for the detector and age stage.
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2. 1€ the added capacitance of the signale
generator leads were connected to the
i-f plate, the nonnal snput of the de-
tector stage, it would scriously detupe
the primary circut of 7-3, making the
response hroad and possibly at an off-
frequency setting.

The 0.1-mfd capacitor in the hot lead of
the signal generator acts to isolate \he signal
from d-¢ i Is in case
the signal input is cnnnecled to a plate lead.
1t 15 also the standard dummy antenna capaci-
tanee (coupling device) between the signal
and the for i-f
ments. The output indication 1s the signal-gen-
erator modulation note in the speaker. This
can be measured by connceting the output
meter (35- to 60-volt a-c range of the multi-
meter with a 0.1-mfd/600-volt capacitor in se-
ries) from the second a-f plate to ground, as

MEILLUIVIE SIALY —ALL 180
pacitance of the body will cause the station
to disappear. A short picee of flexible wire
with a dip at cach end will serve ay the shont,
One end is clipped to either stator terminal
Tug, the other is clipped to the capacitor frame.
To check operation and alignment, the
signal gencrator dial is rotated slowly back and
forth about 50 ke each side of the vpecified
intermediate frequency. This rotation proce-
dure is ealled wobbhing The mudul.\nm\ note
ator near the intermediate i
that the stage is operating, F'\l‘\ll’t‘ to \\L.\r
the note indicates an inoperative stage or §-f
tube. The lattee s cheched by tube substitu.
tion and valtage analysis, as deseribed in
Chap. 15 The presence of two peaks, broad
tuning, too low an output, or the peal at a
considerable distance from the speeified fre-
quency —all mdicate misalggament.
Sensitivity for the
stage. When making sensitivity and stage-gain

desenibed for stag nts for the
first o stage.

When the signal check ts made, it is also
wise to check the intermediate frequency of
the receiver, whidh is always histed in the
manufacturer’s service notes. In modem re-
ceivers 1t is usually 455 ke. Some astomolnle
radios use an intermediate frequency near
260 he. In very old recewers intermediate
frequenaies of 260, 175, and 130 ke have been
used. In cheching the ali t and op
of the stage, the previous stages of the receiver
should be made inoperative This 13 done by
shorting the oscillator section of the tuning
capacitor, To detesmine which of the sectinns
of the gang tuning capacitor 1s the osaillator,
the technician should trace the circut, or it
is sometimes possible to locate the oscillator
section by faster methods. In some receners,
the axaillator rotor plates are smaller than the
other rotor plates in the gang capacitor An-
other method that can be used when the re-
ceiver is operating on a station 15 totouch only
the stator plates of the various sections When
the rf and converter sections are touched,
there will be hittle difference observed. When

- the oscillator section is touched, the added ca-

ation

. since it is unlikely that the
test oscillatar has o calibrated autput, the
technician should run cheeks on several re-
cewvers in perfect condition, as was done for
the audio amplifier {(see Chap. 13), until he
has a banis of comparative data for narmal
gatn to be expected from the stage.

The signal gencrator, receiver, and output
meter ate hooked up, as shown in Fig. 146,
The recenver 1s adjusted for maximum outpat
as follows. The valume cantrol is set at maxi-
mum, the tone control 1s set at the mmimum
bass position, the fidelity control f present)
15 set for maximum selectivity The of portion
of the recesver 1y made inoperative by shorting
the oscillator section of the pang vanable
capacitor

The sinal generator 1s adjusted to grve a
modulated signal ot the intermediate fre-
queney of the recever The signal-peneratar
dial is rotated back and forth through the
intermediate frequency while the output me-
ter 1s being watched, and 1s carefully adyusted
for peak deflecyion. If the output meter deflec-
tion goes off scale, the signal input &5 n'du“‘d
by adjusting the sigaal att
After the peak deflection has been

)
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FIG. 14-7. Typical detector and agc stage.

the  signal-generator  attenuator  is further
adjusted to give the standard output of 50 mw
in the speaker. Standard output corresponds
to an output meter reading of 16 volts (see
the discussion of the use of the output meter
in testing the fivst a-f stage, Chap. 13).

% The average signal fnput at the i-f grid
necessary to give standard ontput is 3,500
microvolts. The altenuator setling just ob-
tained,  therefore,  corresponds  to 3,500
microvolts, After several perfeet receivers
have been checked by the above procedure,
w aeference point carresponding to 3,500
microvolts has been duly established. It
would be more important for the techniciun
to vemember this average attenuator setting

Primary (L-10} of output i-f {ransformer (7-5)

Sccondary {L-11) of output if transformer (7-5)

Chassis to diode plate
Across entire volume control
Chassis 10 age bus

for his signal generator rather than the cor-
responding 3,500 microvolts. For example,
if his average attenuator setling turns out to
be 50 x 100, or 5,000, he knows that a setting
of approximately 5,000 on the attenuator of
his signal generator should produce standard
output when connected to the i-f grid of any
receiver.  Any  substantial  variation  from
his average or normal attenuator setting indi-
cates trouble in the stage.

Novmal voltage data for the detector stage.
The voltages normally present in the detee-
tor and age stage are the signal voltage and the
developed age voltage. Normal-voltage data
are usually given as an aid in determining
the cause of defective operation.  Since
measurenments ol these voltages would re-
quire expensive equipment and are therefore
not easily  obtained, normal voltages will
nol he given, and defeets for this stage will
be localized hy memns of resistance mensure-
moents,

Standard circnit for the detector and age
stage, A typical detector and age stage is illus-
trated in Fig, 14-7,

Normal resistance data. Sce the table at the
bottom of this page.

COMMON TROUBLES IN THE
DETECTOR AND AGC STAGE

Troubles common to the output i-f trans-
former assembly, 1-f transformers are en-
closed in a shicld can which also contains
the associated capacitors, Two commonly

lron core 5-15 ohms
Air core 30-50 ohms
Iron core 5-15 ohms
Air core 30-50 ohms

547,000 ohms
500,000 ohms
2 700 OOO ohms




used slug or permeability-tuned types are
ilustrated in Fig. 14-8. A trimmer-tuned
i-f transformer, together with its symbol in
the detector stage is shown in Fig. 14-9.
The trimmer capacitors rarely cause any ser-
vice difficulty, except in relation to alignment.
The fixed capacitors in the slug-tuned type
likewise cause little difficulty.

In operation, i-f transformers of both types
apen and cause noisy reception. Should either
winding of the transformer open, the receiver
would become inoperative. A signal check
would locate the stage; a resistance check
would show the epen winding. Nowsy recep-
tion, when it is caused by the transformer,
is due to corrosion of the fine wire in the
wind A resi check discl this
condition also, since the resistance of a cor-
roded winding is several hundred ohms
instead of the 5 to 50 ohms that the winding
should read.

There is a rather wide disergence in the
design of indwvidual f transformers, and
the technician should make every effort to
secure an original replacement. Where this

FIG. 14-8. Permeability or slug-tuned if trans-
former.
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5. Type of transformer (input, interstage,
output).

d. Adaptability for use on printed-board
receivers,

Sometimes the i-f filter circuit composed of
R-26, C-26, and C-27, or part of it, is mounted
with the transformer and trimmer assembly
inside the shield can. When this is the case
and an exact replacement is unobtainable,
provision should be made to reinsert the
filter cireuit which was discarded with the
defective transformer.,

Replacement i-f output transformers are
usually color-coded in accordance with the
I2.LA. specifications as follows:

Blue Plate lead

Red B+ lead

Green Diode plate lead
Black Diode return

Before removing an i-f output transformer
for replacement, the technician should study
the wire dress of the leads, since oscillation
can result from incorrectly dressed wiring,
If the leads have already been disturbed, the
following general notes should be observed.
The leads are usually well separated as they
come out of the shield can. In the case of a
square shield can, the leads come out of the
four corners. Before the replacement trans-
former is mounted, it should be so turned that
the blue plate lead points toward the i-f tube
socket and the green diode plate lead points
toward the detector-tube socket. These are
the “hot” leads. They should not cross, and
they should be diessed close to the chassis
and routed direetly to their connection ter-
minals. Replacing an i transformer on a
printed-board receiver involves choaosing
transformer with correet Jead placement.

When the trnsformer has heen replaced,
the trimmers should be aligned in accordance
with the receiver manufacturer's service notes
ar the general alignment instructions given
in Chap. 18.

o

Troubles common to the i-f filter circuit.
The voltages and currents encountered in
this circuit are o small that there is no danger
of burned-out resistors and capacitors. The
capacitors  sometimes develop leakage re-
sistance. Check for this condition with an
ohmmeter, >

R-26 . .
T . Y ¢ -
T TRANS e i i _LIRCUITS
C-26 C-27
]*.0 0! I.ooos

l

FIG. 14-10. The i-f filter circuit,

Troubles common to the volume control.
The volume control sometimes opens. When'
this occwrs, the receiver becomes inoperative.
A signal check will show that the audio am-
plifier is working but the detector stage is
not. A resistance check of the components in
the detector stage will confirm the open
contro).

The volume control is also part of the audio
amplifier. Replacement notes on the volume
control are found in Chap. 13.

Troubles common to the detector tube. The
tube is the most likely source of trouble in
the stage. A defective tube may cause hum, no
signal, weak signal, or distortion, When check-
ing for these symptoms, substitute a similar
tube known to be good. In the case of a multi-
unit tube like the 65Q7, which combines
both the detector and the first a-f functions,
there is g possibility that the a-f portion op-
erates normally but that the detector does
not. The technician should not assume that
the tube iy good because it shows normal
operation as an audio amplifier,

Troubles common to the age filter and de-
Cfmp)ers. Figure 14-11 illustrates the agc‘
cireuit and shows it connected to the r-f, con-
verter, and i-f stagoes. Resistor R-28 and capaci-
tor (?-28 make up the age filter described
previously,

Strictly speaking, the purpose of the age
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FIG 14-11. The agc circuit,

circuit is to develop a hasing voltage, and it
would seem best to test it by means of a volt.
age test. However, such a measurement would
require a vacuum-tube voltmeter, smce the
instrument would be across a low-voltage
high-impedance circuit. It would also re-
quire an accurately cahbrated attenuator on
the signal generator, and too often 1t 1s not
accurate. Therefore, analysis of troubles in
the age circuit will be made from the symp-
toms encounteresd

Resistor R-28, being one of lugh resistance,
may have a tendency to open If 1t does so,
the receiver will become moperative and
may develop hum because the gnd returns
to ground of the assocated tubes will be open
Replace the resistor with one of similar value

The age filter capacitor C-28 may open or
become Jeaky. If it opens, the signal will be-
come weak and oscillation may result This
condition would be found 1n a signal chech of
the i-f stage. The gain of this stage would be
abnormally low. Also, the 1-f tuning would
be very broad and possiily off true frequency,
with adjustments of tnmmer capaator C-9
ineffective.

If capacttor C-28 becomes leaky, the age
voltage would drop to an extent dependent
on the resistance of the leak This would
result in msufficient bas to handle a strong
al. As a result, the receiver would overs

Volume
Control & 535600

load and distort on strong local stations,
Reducing the setting of the manual volume
control would have Inttle effect on this dis-
tortion. Whether the capacitor is open or
leaky, confirmation of the condition would be
obtaned by substituting a similar capacitor
that is known to be good. If the trouble
disappears, the capacitor was defective. In
replacing C-28, the technician should be
careful to use the same capacitance value as
the onginal capacitor. Even though the
voltage across it Is quite low, it is advisable
to use a capacttor of high voltage rabting so
that the leakage resistance will be quite
large

Associated with the age circmt are the de-
couplers, C-29 and R-29 for the converter
and C-30 and R-30 for the rf stage. As a
rule, the resistors cause little trouble and
are theref of httle 1 ¢ to the
service technician However, capacitors C-29
and C-30 can cause trouble. If either one
opens, reception would be very weak. This
condition would be confirmed with a signat
cheeh when ther respective tnmmer capaci-
tors would not produce a peak Capacitor C-30
15 a particularly odd one When 1t opens, the
tuning circmit in the r-f stage becomes inoper-
ative, with a resulting drop 1n signal output.
At the same time the loss of signal in the ©f
stage causes the age voltage to drop, ht-
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ing in high sensitivity so that the noise level
gaes up. The receiver sounds exceptionally
lively even though strong local stations come
in as weak ones do when the receiver is nor-
mal,

Capacitors C-28 and C-30 may become
leaky. When this is the condition, the de-
veloped age voltage will be low and the re-
ceiver will overload and distort. If the ex-
ternal antenna (when used) is disconnected
and the sound of the receiver improves, the
technician should hunt for leaky capacitors.

VARIATIONS IN DETECTOR
AND AGC STAGE

Use of electron-ray tuning indicator. Un-
less the superheterodyne receiver is tuned
exactly to a station, serious distortion due to
side-band cutting may result, Many receivers
use some form of tuning indicator as an aid
in tuning correctly, so as to avoid this dis-
tortion. The tuning indicator in most general
usc in modern receivers is an electron-ray
(often called a “magic eye”) tube like the
6US/6GS. This is a cathode-ray tube which
shows a wide deflection when a low voltage
is applied to its grid. The deflection narrows
as the applied grid voltage is increased. The
magic-cye grid is connected to the age bus as
shown in Fig. 14-12. At no signal, the age
voltage is zero and the deflection is wide; as
a signal is tuned in, the age voltage increases
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FIG. 14-12. Electron-ray tube connected to thé
age bus as a tuning indicator,

and the deflection narrows. When the signal

is tuned accurately, the age voltage is at a

maximum and the deflection is at its narrow-
est. To tune any station accurately, simply
tune the receiver for the narrowest deflection
of the magic-eye tube.

Since this tube must be located on the front
panel of the receiver, its socket is not on the
chassis. The tube is usually supported in
position by a clamp, with a cable of connect-
ing leads running down to the chassis.

Resistor B-198 is a l-megohm/Yi-watt re-
sistor. In an a-c/d-c receiver, it is a Yz-meg-
ohm/¥s-watt resistor. In either case, it is usu-
ally located inside of the tube socket.

From a service point of view, the magic-
eye tube adds few complications. All checks
and tests are the same as for the standard
receiver, If the tube does not glow, a new
tube is needed; if the tube: glows but the
deflection does not change as' stations are
tuned in, and if the receiver operation is
normal in all other respects, R-128 is prob-
ably open. To change R-128, the tube socket
must be opened.

A 1cceiver equipped with an electron-ray
tube has a virtual vacuum-tube voltmeter
already connected to the output of the r-f
and i-f stages. It can be used as an indica-
tion of the age voltage and as an output meter
for alignment purposes.

Use of a crystal as a detector. Some re-
ceivers use a  semiconductor germanium
crystal as the detector, instead of a diode
tube. As we have previously seen in the study
nf power supplies, the semiconductor crystal
diode operates as a rectifier in much the same
manmer as a vacuum-tube diode, No further
theory need be given on this point since the
de(e?‘tnr circuit, whether tube diode or crys-
tal diade, uses a rectifier for demodulation and
for ‘(he establishment of the age voltage.
q-;f:i;t{l!ctcf:;)(}ss arel ffound most often as the
mtic di 0;1—:;1 -m receivers. The sche-
of n Sily ;mne qjc /z;m tuner‘ and .detgctor
n Fig, 1415 'l-tr'n‘s?n rf:cewer is given

as a typical example of the use
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of a crystal diode as a detector. Rectifier
S-1 is the detector diode. Note that the
detector-age circuit is exactly like our stand-
ard circuit with the diode crystal substituted
for the diode section of the 65Q7 tube.
Also note the dotted line around the i
filter. This indicates that the 470,000-ohm
resistor and the two 100-mmf capacitors are
contained in one combination unit or coup-
late.

The signal chieck and the servicing pro-
cedure is exactly the same as for a tube diode.
I it becomes necessary Lo try operation with
a new diode, the substitution procedure to
be followed is shown in Fig. 14-14. A re-
placement crystal INGO or ING4 is equipped
with clips, one connection to the original
is opened, and the veplacement is clipped
in, being careful to observe correct polarity,
All erystal diodes indicate the lead which is
the equivalent of the cathode of a tube diode
¢ the letter K, or by notehes or a dot, or by
the symbol for a crystal diode, as shown in
Fig. I4-14, in which the lead nearest to the

TEST CRYSTAL

FIG. 14-14, Testing and replacing germanium diodes,

line of the svmbal is the cathode. Incorrect
polarity will put a positive, instead of a
negative, bias on the age bus, thereby over-
loading a controlled rf or i-f tube,

If a replacement crystal is-needed, an exact
replacement is preferred but is not necessary.,
A G.E. type ING4 or 1N541 or a Sylvania type
INGO will work satisfactorily in most re-
ceivers. .

Germnaninm crystals require considerable
care in handling, The leads may be easily
pulled out of the body of the crystal, and
the crystal will deteriorate if subjected to
excessive heat, To, avoid failure due to these
causes, always leave some slack in the con-
neeting leads. This relieves the tension which
might cause the lead to pull out.of the crys-
tal. When soldering, grasp the lead with long-
nose pliers as shown in Fig. 14-14, between
the crystal and the end of the lead to be
soldered; then solder. The metal mass of the
tool absorbs the heat of soldering so that the
portion of the lead going into the crvstal is
relatively caol,



DETFCIOR STAGL-AGC 157

SUMMARY

Quich check for narmal operation of the detector and age stage.

The signal generator 1s adjusted for modulated output at the re-
ceiver intermediate frequency and its output is applied to the gnd of
the i+ tube, The frequency control of the genertor is then wobbled
hach and forth througth the intenmediate frequency. When the stage is
functioning properly, the modulation note will be heard in the
speaker, at or near the inte;mediate frequency of the receiver.

Diagram of standard detector and age stage,
A dhagram of standard detector and age stages is given in the accom-
panying figure

e —

Resistance data.
‘These data are given m the accompanying table

1

Iron core 6-15 ohms
Primary of output +f transformer A core 30-50 ohms

Iron core 5-15 ohms
Secondary of output f transformer A core 30-50 ohms
Chassts to diode plates 547,000 ohms
Across entire volume control 500,000 ohms
Chassts to age bus 2,700,000 ohms

 moissguesUHA, e
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SERVICE DATA CHART

Assume an inoperative detector stage, as shown by normal response when an a-f test signal is applied
to the ungrounded end of the volume controf, and no response when a modulated test signal at the inter-
mediate frequency is applied to the i-f grid.

Step Check
1 Advance the signal-gener-
ator attenuator and rotate
the dial through the inter-
mediate frequency
2 Apply the i-f test signal to the

Hum

" Symptom

i-f plate. Rotate the signal-
generator dial and advance
the attenuator to full output

Response

The modulation note is
heard at an off-frequency
setting

The modulation note is not

heard

The modulation note is
heard in the speaker

The modulation note is
not heard

Trouble .

The i-f transformer is out of
alignment

Proceed to step 2

The trouble is in the i-f tube
or its supply voltages. See
Chap. 15 on the if stage

Defective tube. Substitute a
detector tube known to be
good. The trouble may be
an open if transformer
winding, a shorted trimmer
capacitor, etc. Make a resis-
tance check of all compo-
nents in the stage

“ e oy e

SERVICE DATA CHART FOR OTHER SYMPTOMS

Weak receplion and oscilla.

Abnormat reading

circuits.

tion

It equipped with an electron-
ray tuning-indicator tube,
the eye will not close fully

Look for
Defective detector tube.
Substitute a good one.

Poorly dressed leads in the
diode plate and plate return

Incorrect alignment. Open
agc bypass capacitors C-28,

C-29, and C-30



B

Distortion on strong signals
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Abnormal reading

Look fer

Leaky agc bypass capac-
28, C-29,

QUESTIONS

1. A dead a-c recciver gives a normal re-
sponse when checking the a-f stages but
gives no response when a test signal at
the proper intermediate frequency is
applied to the i-f gnd. Outline a service
procedure to be followed in finding the
cause of the trouble.

. List the Iikely sources of trouble that will
cause a receiver to give no response when
an i-f test signal is applied to the i-f plate
and normal response when an a-f test
signal is applied to the “hot” end of the
volume control.

3. A radio-pl has a

distorted output when it is tuned to local

stations. The tone quality is normal when
it plays phonograph recordings. Would
you check the audio stages for the trouble?

Why? What is likely to be wrong? How

would you prove it?

When a receiver with weak reception is

checked, it is noted that the tnmmer across

the input i-f secondary has no effect on
the output. What crrcumstances can cause

&1

I3

&~

=

o

=

. A radio is

this condition? [{ow would you check for
each?

Which components i the detector stage
may cause hum? How would you check
each?

What precautions in regard to fead dress
should be taken when replacing an out-
put I-f transformer? What conditions might
result from improper lead dress?

A receiver equipped with an electron-ray
tuning-indi tube ally,
but the magiceye tube deflection does
not change as stations are tuned in. What
can be wrong and how can it be checled?
t ht in with a lai
that reception 1s weak. The technician
also notices that the noise level is high.
What is likely to be wrong? How can this
condition be checked?

You suspect an open crystal detector in
the receiver of Fig I4-13. How would
you confirm the suspicion? List the pre-
cautions to be observed when replacing
the crystal.
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FIG. 15-2. Self-bias in an i-f amplifier without agc.

minimum-bias voltage and less possible am-
plification for the stage. It is usually unby-
passed, to provide a little degeneration which
reduces the gain at zero age voltage, thus
adding to the stability of the circuit. In those
receivers where a bypass capacitor is used,
the size chosen is generally 0.1 mfd, rather
than the 25 mfd found in the similar audio
self-bias circuit. Since this amplifier is operat-
ing at 455 ke, a 0.1-mfd capacitor provides
sufficient bypass action. In some receivers,
cathode resistor R-23 is omitted, with the
cathode going directly to ground,

Output i-f transformer T-5. Output i-f trans-
former T-5 couples the output of the i stage
to the detector stage. Replacement notes for
T-5 are found in Chap. 4, which describes
the detector and age stage.,

Decoupling filters. Whenever two or more
stages are operated from the same voltage
supply, there is a possibility of coupling he-
tween the stages through the common power
supply. This is illustrated in Fig. 15-4,

I we consider the signal voltage in the
plate circuit as being from plate to cathode,
the signal valtage of tube V. is across L4,
C-16 in the power supply, and R-1. The signal
voltage of V-2 is across 1,8 and C-16 in the

r
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FIG. 15-3. The grid bias applied o the i-f tube is
the sum of the self-bias and age voltages.

power supply. The signal voltage of V-3 is
across L-10, C-16 in the power supply, and
R-23.

Let us consider the plate circuit of tube V-1,
The greater part of the signal voltage will be
where it is wanted—across the high imped-
ance aof L4, where it will be transferred to
L-5 and the grid circuit of the following tube.
There will also be some signal voltage drop
across the low impedance of G-16 in the power
supply and R-1 in the cathode circuit.

Now let us consider the plate circuit of
V-2. Again, the signal voltage will be mainly
across L-8, but there wil] be some across C-16.
Note that the signal voltages of tubes V-1 and
V-2 have 3 common circuit in C-16 in the
power supply.

When we consider the plate circuit of V.3,
again, most of the signal is across L-10, but
a small part will be across C-16, which is com-
mon to all three plate circuits,

If the signals from any of the tubes are in
phase, oscillation may result owing to regen-
crative feedback through the common cou-
pling, C-16.

The coupling through the common power
SUD.D])' Is usually avoided by the addition of a
reststor and capacitor known as g “decoupling



filter” or isolation circuit, ay shown in Fip.
15-5.

The decoupling filter consists of B-25 and
C-25. Capacitor C-25 offers a fow opposition
path to ground for the signal, and R-25 offers
a high opposition path to the signal. The net
result is to Leep the signal voltage of V-3 out
of the power supply, so that it cannot mix with
the signal from any other tube, An r-f chole is
sometimes used nstead of R-25. This also
offers high opposition to the signal

The decoupling filter may be applied m the
plate circuit of tube V-1 instead of tube V-3
The resalt wauld be the same, stnce i this
case the signal voltage of V-1 would be kept

VF AMPLIFIER STAGE 163

out of the power supply and therefore wounld
not react with the signal from any other tube,
In different receivers, there is considerable
variation as ta the placement of the decoupling
filter. Somctimes it is in the plate circuit of
V-1, sometimes in the plate circuit of V.3,
sometimes 1 hoth. Also, the plate circuit of
V-2 may be tied to either that of 121 or V-3, 0r
have its own filter. Since there is no stand-
ardization in the placement of the decoupling
filters, a decision as to the placement in the
standard receiver cireunit (Fig. -1}, which
attempts to show the most commonly used
practices, has ta be reached. In the standard
iver circuit, a decoupling filter is placed

FIG. 15-4. Coupling in
the plate circuit due
to a2 common B power
supply companent.

F1G. 15-5. Decoupling
filter in the plate cir-
cuit of tube V-3

f
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in the plate and sereen circuit of each tube, as
shown in Fig. 15-6, and servicing procedures
are dealt with so as to include the filter. From
the above discussion, it is to be hoped that
the technician will expect an individual re-
ceiver to differ somewhat from the standard
in that one or more decoupling filters may
be omitted.

By a similar line of reasoning, there could be
undesirable regenerative coupling, if the
cathodes of three stages were connected to-
gether and fed from a common cathode to
gronnd resistor for equal self-bias voltages.
The same thing could happen with the screen-
voltage supply, or the grid returns through
the age bus. Where we have three stages op-
erating at similar frequencies through a com-
mon coupling, decoupling filters will be found
in at least one of these circuits.

In the standard circuit, the cathodes of the

V2
onv

r-f, and i-f tubes have individual self-bias
resistors to avoid coupling. The screen of
each tube is tied to its plate supply, as shown
in Fig. 15-6. The plate circuit decoupling
filters therefore also decouple the screens.

Decoupling filters in the grid returns of
the r-f and converter tubes are rarely omitted.
In this case, the standard circuit is indeed
standard. In Fig. 15-7, resistor R-30 and ca-
pacitor C-30 make up such a decoupling filter
for tube V-1, while R-29 and C-29 make up a
similar filter for tube V.2,

A greal many receivers do not use an r-f
stage. Tn this case, since there are fewer
stages with a common coupling component,
the probability of regenerative feedback is
lessened, and there is little necessity for
decoupling filters.

To get back to the i-f stage, the plate de-
coupling filter consists of R-25 and C-25, as

FIG. 15-6, Decoupling
filters in the plate and
. Screen circuits of the
r-f, converter, and i-f
tubes in the standard
circuit. )

FIG. 15-7. Decoupling
fitters in the grid-re-
turn circuit to avoid -
coupling in the com- °
mon agc voltage sup-.

ply.

— £5C BUS , ’ :
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FIG. 15-8. Piate-cireuit decouphng filter \n the f
amphfier stage.

shown in Fig. 158 Rewstor R-25 vanes from
400 to 1,000 ohms 1n different recersers, and
C-25 varies from 0.05 to 025 mfd. These
values are not cntical
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HORMAL TEST DATA FOR THE I-F STAGE

Signal check. The test point for the siznad
chedk of the i-f staze is the comerer signal
grid, as shown in Fig. 13-9 As was the cace
in the signal check for the detector staze, the
input siznal is applied to a presious tuhe, to
avord the detuning effect of the capaaitance
in the signal generator. The comerter-gnd
test point is readily avalable at the stator-
plates terminal of the conyverter tuning capaa-
tor, C-5. The output indication is the modu-
fation note of the signal generator v the
speaker, or itv amplitude, as shown by the
output meter.

The output meter should be adjusted for a
high- oftage range at the start of the signal
cheel,, since, from this test point, the amplifi-
cation of the receiver is considerable. Untl
the signal generator’s attenuator is adjusted,
the output signal may be high enouch to hann
the meter, if it is at ats usual 253- to 60-volt
range for output measurements. The r-f por-
tion of the receiver is made inoperative by
shorting the osaillator section of the gang tun-
i capacitor, as explained in Chap. 14 in the
discussion of the signal check for the detector
and age stage.

F1G. 15-9. Connections for the signal check of the i-f stage.
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The signal check consists in rotating the
frequency control of the signal generator
{(wobbling) through the receiver’s intermedi-
ate frequency, while listening for its modu-
lation note in the speaker or cbserving the
.ontput meter reading. Unless the response is
considerably stronger than that heard from
the i-f grid (quick check for the detector stage),
the i-f stage bears investigation for trouble.
This is the guick check for the i-f stage.

At the same Hme, the signal check may be
used to check alignment, operation at the
proper intermediate frequency, and the pres-
ence of oscillation. The presence of two peaks
close together is not necessarily an indication
of misalignment. This may be the normal
yesponse from an overcoupled i-f transformer.
This is explained in the variations scction
dealing with broad-band i-f amplifiers.

Tube A-c receivers,
elements volts
Plate 90~135
Screen 80-135
Cathode 1

Normal resistance data. These data are
presented helow,

‘Résist‘ance, ohms

Air core |Iron core
Across L-8, primary of 7-4 30-50 5-15
Across -9, secondary of T-4 | 30-50 5-15
Across L-10, primary of 7-5 30~-50 5-15
Across L-11, secondary of T-5| 30-50 5-15
Cathode to chassis 0~-100
Controf grid to chassis 2.7 meg.

A wide divergence is given for i
\ g the coils
1-8, L9, 1-10, and L-11, to allow for differ-

ences between receivers, In any ane receiver
- ¥

When the modulated i-f signal is applied
to the converter grid and there is no response
or abnormally low response, the trouble may
be in the converter tube or its operating poten-
tials. This can be checked by shifting the
signal generator test lead to the converter
plate. In this case, normal response is a some-
what stronger signal from the converter plate
than was obtained from the i-f grid {quick
check of the detector stage). Trouble in the
converter tube or its operating potentials is
handled in Chap. 16, which deals with the
converter. If there-is no signal response from
the converter plate, the trouble is definitely
in the i-f stage.

Normal voltage data. Readings are taken
from the chassis or common negative ter-
minal to lube elements. The data are given in
the accompanying table.

.’ ] t
- ar A-cld-c receivers, GBAG or
volts 1.2BA8 .
to. 4 pm'No. .
30 5
90 6
0-1 7

however, owing to the common use of
matched transformers, these coils should all
check very close to the same value within the
limits given.

Sensitivity check of the i-f stage. As was
done for the previous stages, the technician
should run some checks on receivers knoivn
to be good, so as to have a basis of comparative
data as to the operation of his test equipment
and the normal gain to be expected from the
i-f stage.

The receiver test oscillator and output meter
are connected, as shown in Fig. 15-9. The re-
ceivers r-f section is made inoperative by
sho.rtmg the oscillator section of the gan;,r
tuning capacitor. The receiver is set tg the full



volume and minimum bass posttions. A selec-
tinity control, if any, Is set for the waximum
selectivity position. The test oscillator is
adjusted for modulated eutput on the 1-f band
The output meter is set at a high a-c voltage
range for safety’s sake, although the range
will be reduced for the final check of the
standard output voltage.

The signal generator is connected to the
converter grid, and the frequency-control
dial is rotated carefully through the receiver’s
mtermediate frequency for peak deflection on
the output meter. At peak, the attenuator of
the signal generator is adjusted to give the
standard output of 530 mw in the speaker.
Standard output corresponds to an output
meter reading of 16 volts (see the discussion
of the use of the output meter in testing the
first a-f stage, Chap. 13).

The average i-f signal input at the comerter
grid, necessary to give standard output, is
50 microvolts for a medern high-gain receiver.
The attenuator setting just obtained, therefore,
corresponds to 50 microvolts. After several
good receivers have been checked by the
above procedure and the results have been
compared, a reference point, corresponding to
50 microvolts, has thus been established on
the signal-generator attenuator dal.

COMMON TROUBLES {N THE
1-F STAGE .

Troubles common to the input i-f trans-
former. Repl t notes and ) 13
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check, since 4 comoded windimg will cheek
several hundred ohms instead of its normal
value of 15 to 50 ohms.

If un exact replacement transfoniner is not
available, the suggestions for replacing the
output i-f transfonner assembly gnen in
Chap. 14 should be helpful.

Input i-f transformer color code, The
E.LA. color code mven helow will help o
identify the leads.

Blue Plate lead
Red B+ lead
Green  Gridlead
Black Grid return

When a new transfonmner is installed, grid
and plate leads should be short and direct
and away from each other and all other wir-
ing.

Troubles common to the age bypass capaci.
tor. Replacement notes on the age bypass ca-
pacitor C-28 are found in the discussion of
the age filter and decoupler sn Chap. 14,

Troubles to the i
resistor. The soltages and currents en-
countered in the cathode circuit of the i-f
tube are such that there is no overload on
minimum-bias resistor R-23, and the resistor
rarely gives trouble. If it should open, the
stage will not operate and the condition would
be found in a voltage check. The cathode-to-
ground svoltage would check abnormally
high, since the test voltmeter, with its high
e, would bndge the open resistor in

the nput i-f transformer T-1 will be out-
lined briefly here. For a more detailed dis-
cussion, the replacement notes on the similar
output i-f transformer are equally applicable
(see Chap. 14).

The i-f transformers sometimes open When
this is the case, the receiver will not operate,
and a signal check will indicate the defective
stage. An ohmmeter chech then shows the
open transformer.

The i-f transformers also cause noise. This
condition 1s usually due to corrosion of the
windings. It will be found by an ohmmeter

the aircuit.

The original should be duplcated as to
ohmage and wattage. If the exact ohmage
value is not available, a considerable toler-
ance may be allowed, since the value it
critical and will cause hittle effect on the over-
all performance of the recener

Troubles common to the plate decoupling
filter. If present, the decouphng filter
be a source of trouble Capacitor C-25
short, with the result that there will b
plate voltage, the recener will be 1+
ative, and resistor R-25 wall probabh i
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V-3

-2 -
v AMPLIFIER

CONVERTER

INPUT 1-F
TRANSFORMER

T4

This eondition would be found very ey an
the  traublesshooting  procedure, sipee

B4 voltave will be very tow, To find the shoit,
however, aipht be more ditlicnlt, stnee thee
are several chrenits in parallel with the
capaciten, Refer to Fig, 15-11 An overtheating
R-25 wonld be one indication. Anather helplul
device is to puke asesdisance cheek from all
plites o wonnd. D capacitor 25 were
shonted, the i+ plate would chieek approni-
mately 40 olons to ground @he resistanee of

2 FIG. 15-10. The input

c-la n 'f 0 B transformer and its

‘ "r < position in the circuit.
ey

B
A
Yot

L
i
7\
v
¥
[
w

e

DA

110, whde all other plates would che
thew nommal plate load plus the vesistan
of then decouphing filter, if any, plus @
tesisfanee of 1225,

11~ ot unnsuad to find only abypass capa
tor conuected at B4 of an v-f or i-[ tube, ev
thowth wo other form of decoupling filter
msed This capacitor therefore is connect
from B+ (o chassis and is in paralle] with t
P crsupphy filter capacitor C-16. When Ul
iv the casey the ohmmeter check from oo
plate to gronnd wonld give no definite ch
anee, with no decoupling resistors, all pla
tosgroued readings would show their norn
plate Toad. Tt would be necessary then
open the B4 wiring, one eirenit at a time,
find the shart as deseribed in Chap. 8.

A decoupling ilter capacitor may also ap
T this case, Wl voltages wounld show norn
teadings, but the receiver would have
tendeney toward  oscillation,  Sinee it
common  practice, in trouble shooting
oscillation, to hridge all bypass capacit
with a good capacitor, the open decoupl
capacitor would be found in this wmanuer.,

‘ When veplacing capacitor G-25, voltage
g s importat, A G00-volt rating is v
ommended for all replacements. The eap:



tance is not eritical, so that a wide tolerance
may be allowed. If a shored €-25 is heing
replaced, the resistor B-25 m the deconphng
filter should alse be replaced, since it has
Leen damaged by feedmye heavy current to
the short. Unless C-25 hay been shorted, B-25
will, of itself, cause no service trouble.

Troubles common to the i-f amplifier tube.
The amplifier tube is the most common cause
of trouble in the stage The best check, of
course, is to compare operation with a similar
tube known to be good.

Broad-band i-f amplifiers. The if trans-
formers of recewvers, like that of the stand-
ard, are designed for great selectivity and
gain. Figure 15-12 shows the frequency-re-
sponse eurve for such transformers. However,
such a cirewst has a defect 1n that it is too
selective and attenuates the hugh-frequency
audio signals. This defect 1s known as “side-
band cutting.” In high-fidelity reproduction,
where the high-frequency audio notes are
desired, 1t 15 necessary to broaden the re-
sponse curve of the 1-f transformers to that
shown in Fig 15-13. This 1s commonly done
in f-m and a-m/f-m recevers.

FIG. 15-11. The 1-f amphfier plate-decouphing fiiter

[
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In high-fidelity receivers, where the re-
sponse eune of the §i-f amplifier is broadened,
the amphfication of the stage s reduced.
Usually, & second broadls taned stage is
therefore added to make up for this Juss,
The over-all gain of the two-stage i-f amphfier
is somewhat greater than the gain of a simle-
stage amplifier, and the over-all selecinity
is equally good owing to the et tuning
arcuits of the added stame  Fiugure 15-14
is a graphic representation of the response
cunve of each stage of a two-stage -f amplifier
and the over-all response of the amphfier.

Several methods are i common ise to ob-
tam the desired broad-hand response. One
method is known as “merconpled” trans-
formers. In any i-f transformer, the relitine
position of the primary and sccondany wind-
ings to cach other s called the “coupling.”
When the two windings are far apart, the
enenn transfer from pnmary to secondary 15
small, and the transformer wall give low gain
and good selectivity. As the two windings
are brought closer together, the gain of the
transformer ncreases and the selectivity be-
comes somewhat broader up to a entical

ANY OTHER
RERIF
STAGE.

8 1 sy
T egver surey
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FIG. 15-12. Frequency-response curve of the usual
i-f transformer.
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FIG. 15-13. Frequency-response curve of a high-
fidelity i-f transformer. ’
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FiG. 15-14. Frequency-response curve of a high-fidelity i-f amplifier.

point. after which the gain is reduced and the
selectivity hecomes considerably  broader,
owing to the appearance of twao peaks, one on
vach side of the resonunt frequency. When
the primary and secoudary windings are closer
than this critical point, the transformer s
said to be “overcoupled.” Figure 15-15
illustrtes the effects of thig overcoupling

on the gain and selectivity of a transformer.

The design of the usual single-stage trans-
former makes some compromise as to cou-
pling between the low and the critical points,
so as to give high gain with good selectivity.
Some receivers that {eature broadband i-f
amplifiers make use of overcoupled i-f trans-
formers. Sometimes the coupling is made



wariable by a mechameal arrangement that
ranses and lowers one winding by turning a
knob on the front panel of the receiver, The
position of minimum coupling is labeled
SELECTIVITY or SENSITIVITY, whereas the
position of maxdmum coupling is labeled
FIDELITY or TREBLE. Tlus control is called
a “fideluity” cantral.

Another method of broademng the response
of the i-f amplifier is to load the tuned err-
cutts with resistors, as shown in Fig. 15-16.
The resnstors may be pliced acrosy the
primary winding, the secondary, or both; or
they may be placed in senes with the trimmer
capacitor. In any case, the introduction of re-
sistance loads the tuned errent and results in
a deereased gan and a broader response
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cune. The amount of broadening iv deter-
mined by the amount of loading, that s, the
ohmic value of the resistor, The single-stage
cune of Fig 15-14 is typical for a resistanee-
loaded trunsformer.

From the technician’s point of view, a two-
stage i-f amplifier presents few conplications
The signal check is abaut the same as for o
singlesstage i-f amphifier, since the gain per
stage is comiderably Jower. It merely adds
another grid from which to cheek The pres-
ence of two peaks cddose together is ta be
expected, especially where overconphing s
employed. The if transformers are subject
to the same ills as with a single stage, They
open and become noisy because of corrosion,
the same chechs are applicable. However,

i
4o 2 I 4 :
2 g g1 |
Tz T 3/ 23/ |
! |
FREQUENCY — FREQUENCY — FREQUENCY ~

WINDINGS FAR APART

FIG. 15-15 Effect of on the f

WINDINGS AT CRITICAL COUPLING

OVERCOUPLED WINDINGS

curve of an f transformer.

IF
AUPLIFIER
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33
KIALIRER
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AL BUS

B SERIES LOADINC

istic of an «f

FIG 15-16 Resistance loading to broaden
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when an if transformer is replaced in a
two-stage  i-f amplifier, it becomes more
necessary to employ an exact replacement.

Because of an added stage, more decoupling
filters will be used. However, the treatment of
them will not vary from that given for our
standard cireunit.

The alignment of broad-band i-f amplifiers
can best be performed with an oscilloscope,
but satisfactory alignment can be obtained
with a standard signal geverator and output
meter. It is extremely important to follow the
manufacturer’s  service instruction. Where
such instructions are not obtainable, a gen-

CRETINE S T SRR ey

Quick check.

n SUMMARY eoo0s—en

eralized procedure may be followed. Set the
receiver for maximwm gain position (not high-»
fidelity); that is, minimum coupling where a
coupling control is used (shunt resistors
switched out where this is the method), and
align for maximum response, as usual. Then
rotate the signal generator about 10 ke on
each side of the intermediate frequency, not-
ing the oulput-meter deflection. If it remains
fairly constant for about § ke on each side
of the intermediate frequency, the alignment
may be considered good. If the output meter
fails to remain constant, alignment adjust-
ments should be repeated.

mcwszasas

Introduce a modulated signal to the signal arid of the converter
tube and wobble through the intermediate frequency. When the i-f
stage is funclioning properly, the modulation note will be heard in
the speaker at or near the intermediate frequeney. The response will
be much stronger than that heard when the detector stage is checked;
that is, when the signal is apphed to the i-f grid.

Diagram of typical i-f amplifier stage.
A diagram of the typical i-f amplifier stuge is given in the accom-

panying figure,

-F AMPLIFIER
B3K7

T-4
INPUT I-F
*
FROM L8
(ONVERTER - o
STAGE

p

Voltage cheek.
Readings are taken from ¢
Notmal voltage data are give

hassis . f
HISSIS of common negativ
1IN EIRer 3ot rrer e s Yy

¢ lerminal,
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!Tubet A-c receivers, slszx:K;r A-cid-c receivers, G,B:;;r
elements i .

volts pin No. volts pin No.
Plate 90-135 8 20 5
Screen 90-135 6 90 6
Cathode 1 5 0-1 7

173

Normal resistanee data.
Normal resistance data are given in the follow g table.

Resistance ohms

Arr core iron core
Across L-8. primary of T-4 30-50 5-15
Across L9, secondary of T4 30-50 515
Across L-10. primary of 7-5 30-50 515
Across L-11, secondary of T-5 30-50 5-15
Cathode to chassis 0-100
Control gnd to chassis 2,700,000

A wide divergence 1s given for the coits -8, L-9, £-10, and L-11, 10
allow for differences between receners Inam one secener, owing to
the common use of matched transformers, these conls should all check
very close to the same value within the hnuts gnen

test for an inoperative i-f omplifier,

The test osallator, recener, and output meter are connected as
shown i Fig 15-1% The signal generator iv adjusted for modulated
output on the 1-f band The recenver s adjusted for maximum solune,
mingmum bass respomse, and maamum selectivts (of there s such a
control), the r-f portion ts made anoperatine by shorting the osesl-
lator sectron of the gang tuning capactor Let us assume normad op-
eration of the audio amphifier, as proved by a normal response when
an audho test signal ss applied to pont & the mput of the w-f amphfier,
and ne response or weak response when a modulated signal at the in-
termediate frequency s apphed to point 7, the comerter signal grud

Step 1 The test Jead from the simal generator s moved to pomt %,
the converter plate

Sipnal
Lna

1 If a normal response results the tronble may be
a A shorted converter signal god aoaost bkels w short i the gang
e capacitor)
b & defecne comerter tube (sabstitute o good oned

¢ Openorshorted plate, sereen, or cathode arantim the comerter
e . . RS
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FIG. 15-17. Signal check for locating trouble in an i-f amplifier.
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2. If the signal does not come through or remains very weak, move on

to step 2.

Step 2. The test Iead from the signal generator is mosed to point @,
the i-f grid
1. Ifa normal response (3,500 micros olts input for standard output) re-

sults, the trouble inay be

a A defectise input i-f transfonner {detected by ochmmeter chiech).

b. An apen age bypass capacitor C-28. (Bridge it with a good one

and recheck from point @.)

c. Input i-f transformer T-4 badly misaligned (check alignment).
2 Ifthe signal does nnt come througl: or remains sery weak, mose on

to step 3.

Step 3. The test lead from the signal generator is moved to point @,
the 1-f plate The attenuator is advanced, and the frequency control is
wobbled through the intermediate frequency,

1. If the signal comes through, the trouble may be
¢ A shorted of grid (Detected by ohmmeter check. The short
would most Iikely be between the grid wire or timmer and the
i-f shicld can.)
b. A defective 1-f tube {substtute a good one).
c. Open or short 1 the plate, sereen, or cathode cireuits of the i-f
tube (detected by voltmeter check)
2, If the signal does not come through, check the detector stage (sce
Chap 14).
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SERVICE DATA CHART

Symptom

) reception

Abnarmal reading

Plate voltage = 0

High cathode voltage

All voltage checks are nor-
mal

Look for

Open f output transformer.
Shorted plate bypass capaci
tor C-25 Open plate ciscuit
decoupting resistor R-25
Plate-to-ground short 1n
can

Open mimmum bias resistor
R-23

Dead +f tube V3 Shorted
trimmers «n the 1 f cans
Open +f transformer sec-
ondaries Open agc bypass
capacitor C-28
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Weak signal

Noise

Squeal or oscillation

e

1.
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Symplom

mal

A receiver does not plav, Signal check
shows normal operation when a test signal
is applicd to the i-f plate; no response when
the test signal is shifted to the it grid.
List the likely sources of trouble, and ex-
plain how vou would check for cach.

. A receiver does not play. Signal check

shows normal eperation when the proper
test signal is applied to the i-f grid: no re-
spanse when the test signal is shifted to
the converter plate, List the likeh sources
of trouble, and explain how vou would
check for cach.

. The am tuner of Fig, 14-13 is inoperative,

A signal check shows that the trouble is in
the i-f stage. A voltage check gives normal
readings for the stage. List the likely causes
of the trouble, and explain how vou would
cheek for each.

- A receeiver gives the following voltage

seadings for the i-f stage:

Plate 130 volts

Abnarmal reading

All voltage checks are nor-

All checks are normal

All checks are norma!

=1 QUESTIONS £z

‘Look far

Weak i tube V-3. Open agc
bypass capacitor (28
Open cathode bypass ca-
pacitor C-23. Open plate
circuit bypass capacitor
C-25. Misalignment .

Noisy if tube V-3. Corro-
sion in the i-f transformer
windings

Open bypass capacitor
C-25. Open ground connec-
tion to shielding. Open agc
bypass capacitor C-28. In-
correct wire dress

Screen 130 volts

Cathode 50 volts
What is the probable trouble, and how
would vou check for it? .
A receiver gives the following voltage
readings for the i-f stage:

Plate 0 volt
Screen 95 volts
Cathode 1 volt

What is the probable trouble? What should
the next check be?

An a-¢ superheterodyne receiver oscillates
badly. The oscillation continues when
the converter tube is removed but stops
when the i-f tube is removed. This indicates
that the cause of the trouble is probably
in the i-f stage. What checks and adjust-

ments should be made to track down the
trouble?

r . .
- What factors in the i-f stage can cause

noisy reception? How would vou check
for each?



After the i-f chieck, the next area for investi-
gation is the comerter This consists of two
chstinet stages: the mixer and the oseillator.
Their functions are so closely interrelated
that they are best handled as one umt—the
com erter. In most recen ers, the two stages are
combined m one pentagnd converter tube,
athough same recevers use separate miver
and osallator tubes  Senvice anabysis 1y
sumilar for both by pes of recervers

The modulated r-f ignal from the stage be-
fore the comerter is fed to the mixer gnd
of the converter tube, where 1t 1s mixed with
the unmodulated of signal from the local
oscillator stage, The sygnal on the mner
grid, regardless of frequency, s changed by
the converter to a signal with the same fre-
queney, the ntermediate frequenesy of the
receiver. The signal at the antermedite
frequency retams the same andio modulation
that 1y present i the r-f signal fed to the
et g The o synd b thea fed w the
input of the 1-f amphfier.

Many superheterodyne receners do not
incorporate an r-f stage  In receners of
this type, the antenna is coupled to the
comverter mer gnd  In the signal-subst-
tutwon method of senvicing, where the trouble
shooter works from the speaker back to the
antenna, the comerter will be the Tast area
of investigation for receners of this type

Quick check for the operation of the os-
cillator stage. Tune the recener to 600 ke

Connect the signal-generator output to the
comverter signal grid through a 01 mfd
capacitor, and rotate the signal-generator
dial through 600 ke, I the signal-genestor
modulation note is heard in the speaker
at or near 600 ke, the osallator is function-
ing.

Quich check for the operation of the miver
stage. Tune the receiver to 1400 ke, Connect
the signal-generator output to the r-f grd
(antenna af there 1 no r-f stage) through &
000023-mfd capacitor, and rotate the sitnal-
generator dhal through 1,400 he. If the signal
generator modulation note is heard m the
speaker at or near 1,400 ke, the miver stage is
functioning

Function of the comverter. The function of
the comverter 1s fourfold

It tunes and amplifies the recened
signal

It generates an vmnodulated r-f signal
of sty own at a frequeney different
from the recened agnal

it nuxes the locally generated stenad
with the secened signal to produce
a new signal at the mtermediate
frequency

It mantuns a comtant frequency
difference  (the  antenmediate fre-
quency} between the locally generated
suenal and ans sigual to wlieh the
recener i tuped

w

2.
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FIG. 16-1. Basic pentagrid converter circuit

Standard circuit of a converter. Thiv i
cuit is shown in Fig. 16-1.

Theory of operation of the converter, The
theory of operation of the converter can i
explained by elabomting the four functions
listed above,

1. It tunes and amplifies the recewed sivnal.
The input of the stage is r-f tansiormer
7-2, which couples the precedmy v-f stage or
antenna to the converter tube. Tunmg s
accomplished by the cireuit composed of
I-53 and C-5. Capacitor C-3 is one section of
the wnged tuning capacitor. The desired
stition signal is fed to grid G-3 which s the
mixer grid or signal grid of the pentagnd
converter. Grid G-4 is the miver sereen and
grid G-5 is the mixer suppressor. Thus, grids
-3, G4, and G-5 act as the three grids of an
r-f pentode, The desired signal is therefore
tuned and amplified and appears in the plate
circuit of the tube. This idea is ilustrated
in Fig 16-2A.

2. It generates an unmodulated rf signal of
its own at a frequency different from the re-

ceived signal. The cathode and grids G-1
and (-2 act as a triode oscillator. This can
he nwore easily seen by redrawing the os-
Gl stage of the converter, as shown in
Fie 16-2B. Grid G-1 acts as the oscillator
grid ahile aid G-2 acts as the oscillator
piate or anode Coil L-6 and its associated
capacitoy C-6 are located in the oscillator
grid dircuit and make up the tuning section
for the oscillator. Capacitor C-6 is the os-
cillator section of the gang tuning capacitor.
Feedback is obtained by coupling between
L-6 and L-7, the latter coil being in the
ascillator cathode circuit. The feedback is
in proper phase and of sufficient strength to
maintan oscillation, the frequency of which
is controlled by L-6, C-6, and C-7. The func-
tion of capacitor C-7 will be explained in
more detail in the section on tracking.

3. The converter mixes the locally generated
signal with the received signal. The electron
stream coming from the cathode is caused to
pulse by the oscillator action of grids G-1
and G-2, at a rate determined by the values



of L-6, C-6, and C-7. Since the osallator
» anade is not a solid plate but a pair of rods,
most of the pulsing electron stream wall go
right through the oscillator anode G-2 to the
rest of the comverter tube. The received
signal is applied at G-3, where it contrbates
its own effect on the pulsing electron stream,
thereby mixing the signal and oscillator out-
put in the converter tube. Grid G-3 in the
canverter tube is sametimes caled the “con-
verter signal” grid, and sometimes called the
“mixer” grid. The plate output circuit of the
comverter tube, therefore, will contain a sig-
nal with components at the received signal
frequency, the osallator frequency, the sum
of these two frequencies and the differe of
these frequencies. This type of mixing of two
signals is known as “electron™ miang
4. The locally generated signal must main-
tain a constant frequency difference (the tnter-
mediate frequency) with any signal to which
the receiter may be tuned Of all the signals
present i the converter plate errant, the i-f
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amplificr accepts only the one o wlich it as
taned. This s the signal that is at the dif.
ferenee frequeney between the recened g
nal and the locally generated signal The
oscillator frequency is usually hagher than the
frequency of the received agnall A few ex-
amples may elear thic up The most commonly
used intenmediate frequency is 455 ke This
will hie used in the examples Let us asvume
that the wanted statton sigral o L0600 ke,
approsimately m the center of the bro wdense
band. Then the signal toming cisent (0253,
C-5) will be at 1,000 ke, The frequency of
the oscillator section, controlled by 16,
C-6, and C-7, will be 455 ke higher, or 1,453
ke,

The comverter plate circuit will contan
various frequency components

1,000 ke Recen ed signal
1455 ke Oscllator signal
2,455 ke Sum of the above
455 ke Difference between the fint two

FIG. 16-2. {A) The r-f amplifier in the pentagnd converter (B) The oscillator section the pentagnd cen

verter.
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The sharply tuned i-f amplifier will accept the
signal at 455 ke, amplify it, and pass it on to
the detector.

If the desired signal is near the low-fre-
quency end of the broadeast band at 600
ke, the signal input circuit (L-5, C-5) will
be tuned to 600 ke, and the oscillator tuning
circuit composed of L-6, C-6, and C-7 will be
tuned to 1,055 ke, making the difference
frequency 455 ke.

At the high-frequency end of the broadcast
band, the oscillator must be adjusted to
1,955 ke to receive a signal at 1,500 ke. The
two signals are mixed in the converter tube,
giving, among others, the same difference fre-
quency of 4355 ke.

From the above examples, it can be seen
that the prime function of the converter is
to change anv received signal to a signal at
455 ke, the intermediate frequency. It follows
as a corollary that the oscillator frequency
must be greater by 455 ke, the intermediate
frequency, than the desired station signal fre-
quency. An oscillator frequency 455 ke lower
#™than the desired signal frequency counld also

“+ used. This is sometimes done in reception

1 the short-wave bands.

Tracking. In a receiver operating on the
yroadeast band, capacitor C-5 tunes coil L-5
from 550 to 1,600 ke in the received signal

~circuit (the mixer grid circuit). In the oscil-
lator tuning circuit, capacitor C-6 tunes coil

L-6 from 550 plus 455, or 1,005 ke to 1,600

plus 435, or 2,055 ke, where the i-f amplifier

is tuned to 455 ke. Since capacitors C-5 and

C-6 are parts of the same tuning gang, there is

considerable design work needed to make

these two tuning civeuits always 455 ke (or
the intermediate frequency) apart. The ability
of a receiver to perform equally well on all
parts of the tuning range is dependent on this
factor, which is known as “tracking.” Align-
ment instructions often include tracking ad-
justments on both ends of the tuning range
and a tracking check in the center. The usual
check points on the broadeast band are 600

ke for the low-frequency end, 1,000 ke for the
middle, and 1,400 or 1,500 ke for the high-fre- -
quency end.

Oscillator tuning circuit. The rf tuning
circuits have a tuning range for the broadcast
band of 550 to 1,600 ke. The oscillator tuning
circuit for the same band must have a tuning
range of 1,005 to 2,055 ke. The two tuning
circuits must, therefore, be considerably
different. .

The oscillator tuning circuit can perhaps
be better understood if it is redrawn, as in
Fig. 16-3. It can now be recognized as an
L-C circuit, the L being the oscillator .coil.

mwczmc& QPACEYANCE
05C. SECTION TRIMMER
OSCILLATOR OF CAPICATOR ‘7Jé ‘74 C-6A
GRID COL GANG C6
L6 .
“600 PADDER"‘L{' .
k)

F1G. 16-3. Oscillator tuning circuit.

The C of the L-C circuit is composed of the
main tuning capacitor C-6 with its shunt
trimmer C-6A, both of which are in series
with capacitor C-7. The latter is an adjustable
capacitor of comparatively high capacitance.
Trimmer C-6A is a low-capacitance unit.
Now we need only remember that the capaci-
tance of capacitors in series is lower than the
individual capacitors, whereas the capacitance
of capacitors in parallel is additive.

When tuning capacitor C-6 is in a low-
capacitance position, the lumped C in the
tuning circuit is small (series capacitors).

< Trimmer capacitor C-6A is an important cog

at this position since its small capacitance



ts added to the small capacitance of the tun-

* ing capaaitor. The setting of trimmer capacitor.
C-6.7, therefore, controls the Tow-capatitance
(high-frequency ) end of the tuning raue. This
tnmmer is often called the “high-frequency
osctllator aligner,”

When tuning capacitor C-6 15 m a high-
capacitance position, the Jumped € in the
tuning circuit is high sinee it is composed of
two comparatively large capacitors m senes.
Trimmer capacitor C-64 has Iittle effect in
this posthion siee its small capacstance 15
added to the large capaatance of the tuning
capacitor. At this time, the setting of adjust-
able capaeitor C-7 becomes of greater -
portance since 1its capacitance, now of about
the same order as that of the tumung capacitor,
will have a greater effect on the Inmped Can
the circuit The setting of adpstable capacitor
C-7, therefore, controls the lagh-capacitance
(low-frequeney) end of the tumng range
Since this adpistment 1w usually performed at
600 ke, capacitor C-7 1s often called the “600
padder.”

Cut-plate oscillator tuning capacitors  In

CAPACITOR GANG
WITH SMLAR ROTOR
PLATED

CUT PLATES

WITH QT
THE CSCILLATOR
SECnon

CAPACITOR GANG
i}
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same receners, osatlator tuming capacitor C-6
has been desygned to maintun the 435-he
difference sathont 3 Jow-frequency pulder
adpstiment. In this case. the rotor plates of
capacttor C-6 are smaller and  differentls
shaped than the rmotor plates of the other
capacttors in the titmng gang, as shown in
Fig. 16-4 When the osallator rotor plates
are shaped §n this manner, the gang capaator
is known as one having a “cut-plate osarllator™
section. The shape of the cut plates is <o
designed that trachig is automatic, in that
the capacitance in the oscillator cireust maun-
tains ats frequency at a value 133 ke higher
than the frequency of the received signal

Functions and salues of parts in the con-
verter. From the above discusion, it can
be seen that the values of the component
parts in the tuning section of the recener
are an important part of the design of any re-
cener The technician rarely, if ever, changes
the values of any of these parts, since any
such changes wall seriously affect the opera-
tion of the recenver an selectivity, senst-
tinty, and dial calibration, Defectine com-

FiG. 16-4. Comparnison
between capacitor
gangs with similar
roter plates and with
cut-plate oscillator
section

PLATES (1
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ponents in the tuning circuit usually require
the technician to obtain the original manu-
facturer’s replacement parts. As a result,
values of parts need not be given, and it
merely remains to state the functions of parts
not vet mcentioned,

The oscillator grid leak and  capacitor,
R-19 and C-19, develop the oseillator grid-bias
voltage. When a tube is in an oscillating
condition, there is considerable grid current.
This flows through R-19 and causes a voltage
drop across it. The grid end of the resistor
is negative, giving the bias vollage for the
ostillator section of the tube.

The voltage developed across B-19 is also
important from a service point of view, since
it makes a good check as to whether the
oscillator is operating,

Oscillator grid-leak resistor R-19 is usualls
a 22.000-ohm/Ve-watt resistor. Oscillator grid
capacitor C-19 is usually « 0.0003-mid mica or
ceramic  capacitor,  Occasionally, a  paper
tubular capacitor is used for C-19.

The age decoupling filter (R-29 and C-29

™. has heen deseribed in the detector and agc

tatage, Typical values are 100,000 ohms
Veewatt for R-24, and 0.05 mifd, 400 volts o
29, When there is no rf stage, R-29 and
<28 ave usually omitted, and the signal grid
return of coil L-5 is comnected o the age bus.

The tube used is the 6SA7 pentagrid cous
verter. Anather tube very commonly em-
ployed is the miniature 6BEG  pentagrid
canverter. In this case the eireuit is slightly
different. A civeuit using the 6BE6 will be
deseribed later. A-cfd-¢ receivers use the
I2SAT or 12BES peutagrid converters.

The conventerplate-vircuit decoupling fil-
ter consists of R-22 and C-22. Resistor B-22
is uaally 470 1o LO0O ohmns. while capacitor
=22 15 003 to 0.1 mfd. Capacitor C-22 alwo
auts as the sereen bypass for the pentade
seetion of the converter tube. In receivers
where decoupling filters e omitted, the
sereen bypiss function is taken over by the
filter capacitor actoss the B+ line. )

The input to the mixer stage of the converter;

is the r-f transformer 7-2. The primary L4 * .

is in the plate circuit of the rf tube, or an-
tenna circuit where no r-f stage is used. The
secondary L-3, which is'tuned by C-5 of the
ganged vasisble capacitor, feeds the signal
to the sigoal grid of the pentagrid converter
tube. In ~ang- receiver circuits, r-f transformer
T-2 is 1enieeed by an untuned resistance-
conpled staue

In receners that do not use an rf stage, r-f
transforiner -2 couples the antenna to the
sicnal and of the pentagrid converter tube.
In this case. L4 the primary of the trans-
former i~ vonnected to the antenna and
growul  In Ioop-operated receivers that do
not ase an f stage, r-f transformer T-2 is
replaced by the loop antenna. Coil L-5 is
thee main part of the Joop, which is still tuned
by capacitor C-5 in the usual way. Primary
cotl L4 consists of two or three turns on the
foon. which may be connected to an external
antenna and ground when it is desired to ob-
taun greater signal pickup for this type of re-
CUNer,

NORMAL TEST DATA FOR
THE CONVERTER

Signal check for nermal operation of the
oscillator. When the operation of the os-
cillator is checked, the test signal is applied
to the converter mixer grid (sometimes called
the “signal” grid). This is the same point
that was used in checking the i-f amplifier.
Before the oscillator check is made, any short
that had been placed on the oscillator tuning
capacitor for previous tests is removed. The
receiver is tuned to 600 ke, The signal-
generator dial had been set at 455 ke for check-
ing the i-famplifier, At this pesition, the modu-
lation note will still be heard in the speaker.
The signal-generator dial is then rotated to-
ward 600 ke, As the dial leaves 455 ke, the
modulation note should die out, and it should
be heard again, at about the same volume as



before, when the signal-generator dial pointer

+ passes 600 he. This is the signal check for
normal operation of the oscillator portion of
the converter.

If the modulation note is not heard, the
oscillator section is inoperative. If the note
is considerably weaker than the note at 455
ke, the converter tube is probably weak. If
the note is heard when the signal-generator
frequency control is at a considerable dis-
tance from 600 ke, the osaillator cirenit is
probably out of ahgnment.

This check could be performed at any posi-
tion in the tuning range. However, it is
recommended that the check be performed at
600 L, since osallator action is normally
wedher at the low-frequency end of the tuning
range.

Signal check for normal operation of the
mixer, When normal operation of the oscillator
section has been found, the next step 1s to
check for normal operation of the mier por-
tion of the comveerter The test stgnal is apphed
through a 0 00025-mfd capacttor to the contral
grid of the r-f tube, which 15 most eastly
available at the stator connection of the rf
section of the gang tuming capacitor Where

SIGNAL GENERATOR
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there is no rf tube, the test sgnal woagplied
to the antenna lead of the rccener The
antenna lead 18, of course, readih oy ul thle
Where the receiver has no r-f stige and whone
there is no antenna terminal on the »oener
mixer coil L5 is m the form of a I or a
ferrite coil, cither one of which o uctirg ae
the antenna for the recewver. Tn thes case, the
output of the signal generator 1s fedinto a oap
made up of a few turms of wire. Thiv loop
known as an “injection loap,” is then pliced
near the antenna of the recencr, as shown
Fig. 16:5.

The receiver dial is set to 1400 ke Hoan
output meter is connected to the recener, at
should be switched to a Iugh-voltwe ranze.
This is important since the amplification from
the r-f grid is very high and even a moder-
ate test-signal inpnt may furnish sufficient
output voltage to bend the output meter
pomter

The signal generator frequency control 1y
rotated a few points each side of 1400 Lo
When the recerver 1s functiomng normally,
the signal generator modulation note should
be heard 1 the speaker as ats dud pointer
passes 1,400 ke It shonld be considerably
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FIG. 16-6. Sensitnoty measurements from the msxer gnd.

The average G600-ke signal strength veces-
sary to give standard output from the con-
verter signal gnd is 50 microvolts In making
sensitivity chechs for the 1-f amplifier (see
Chap. 13), 1t was seen that the average 1-f
signal strength necessary to give standard
output from the converter signal gnd was
alsa 50 microvalts From the above it may be
seen that the gan of the recener from the
converter mgml gnd should he approu-
mately the same for a signal at the inter-
mediate frequency as for the rf wignal to
whiclt the recewver 55 tuned, Any great dif
ference wm signal input (attenuator setting)
for standard output would mdicate a defectine
canverter tube,

Sensitivity checks for the converter, includ-
ing the tuned signal grid input. Since the
capacitance of the signal generator will detune
the converter sigunal grd creunt, measures
ments to include the tuned circmt must be
made, as was done in all other chedks, from
a previous pomnt in the receiver Figure 16.7
shows the conuections for a recewver wath an
wof b Nater thoat the capacitor ia the “hot™

lead of the vignal generator is 0.00025 mfd.
When the reeciver has no of stage, measure-
ments are made from the antenna terminal,
as shown i Figg 16-8 When a loop-operated
recerver has no antenna termunal, eoupling
the wignal to 1t through an myection foop,
winle satnfactory for signal checks, is unre-
Labte for sensitivaty measurements In either
cwse, the seceiver 1 adpusted for mannmmn
gam, that 15, the yolume control 1s set ta the
full 0N position, tone control to the minmum
bass, and the selechvaty-fidebty control to
the posstion of maamum seleconty The re-
cenver dial s tuned to 1,500 ke (15 2 station
1y recerved at this frequency . it wall mterfere
sath the cheek When this is the case, the re-
cener s tuned o a guet part of the dia}
between L0 and 1,600 ke ) The output
meter is set for a high-voltage a-¢ range The
signadl generator o adpnted for a modulated
output on the hroadeast band

The frequency-control dud on the signal
generator v then arcfoily votated through
1,100 to 1,600 ke for peak sespome from the
recenner. When the peak posttion s Tonnd. e
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altesmator v adpusted to give the stand o
autput of 30 ww e the speaker. Whern 1o
standard ontput has been obtained, the cu b
vencttt frequency control is azan wdo
for peak response on the output meter iy
attemntor readjosted i a response vreator thae
50 imw was obtaned, This repetition i o
essary because dhigh-level signal mpot et
bring ave action into play with @ comvequeent
hroadening of the peak.

The average siunal strength at o0 4,
needed Lo give the standard outpat of 50 10w
from the antem of o recener that does uo
e an e stage is 20 microvolts, Whew e
ceiver nses an 1= tubie, the average juput o,
wal fat 1300 ke applicd to the of wind w3
mictovolts for stadard output from the ce-
ceiver. The added gain iy due to the amplifica-
tion of the 1-f tube.

Sensitivity checks ot signal levels of 5
20 microy olts wre unreliable because of leak.

o BIOLIFIER

'FIG. 16-8. Signal-
generator connec-
tions for measure-
ments of convert-
er gain when the
receiver does not
include an rf
stage. ‘

v an the attenuator  circuits, - insufficient
wed bz and noise pulses. Just ook for a
o dnced attenuator setting from the previous
0w oot setting obtained at the con-
cotev end The reduced setting indicates the
Sty

Havime established comparative gain data
witl several good receivers, the techuician
~ b posthion to judge the gain character-
s o anmy converter stage. He should
renember, however, that these c¢hecks are
approvimate and that there will be consider-

able variation shown when different receivers
are Checked.

COMMON TROUBLES
IN THE CONVERTER

‘ froubles common to the rf input trans-
former, The prf input transformer, 7-2, is
lhely to be an interstage r-f transformer



coupling the r-f stage to the comerter, an
antenna coil coupling the antenna to the con-
verter, or a coil loop acting as the antenna for
the receiver, depending on the type of re-
ceiver. The three types of coupling umts all
have one common trouble —that is, the wind-
insis open—but they present different service
problems and will be handled separately.

Senice notes for an interstage r-f trans-
former. An open secandary winding of an
interstaze r-f transformer will be found on
signal check. At such time, when a test sig-
nal, either at r-f or i-f, is fed into the con-
verter signal grid, the signal will come through
to the speaker, but the gain will probably be
low. In addition, the modulation note of the
signal generator will have a rough tone due
to the open grid circuit. When the test signal
is applied to the r-f grid, the response will
be very low. The condition 1s then confinned
with an ochmmeter check.

When the primary of the interstaze r-f
transformer is open, the receiver will operate
normally when the test signal 1s applied to
the converter signal grid but wall not oper-
ate at all when the test signal is shifted to
the r-f grid. A voltage check will then show
no voltage at the r-f plate, and a continuity
check will confirm the trouble.

Before a defectin e interstaze r-f transformer
is replaced, it would be wise to examine the
coil, since the break is often at or near a
terminal lug and is easily repaired. Even re-
moving a tum to effect a repair 1s perms-
sible.

An exact replacement of the r-f interstage
transformer is necessany, since tuning ar-
cuits will not bear wide tolerances Howesver,
at times, the coil is beyond repair. an ongmal
replacement cannnt be ot d,and a general
replacement transformer is the only alter-
native. In this case, the technician should
choose the repl. nt i fully,
so that it matches the orimnal as closely as
possible 1n physical charactenstics. The
important points to keep in mind are the size
of the shield, length and diameter of the conl
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form, and size and location of the windings.

When the replacement transformer has
coded leads, the color coding is the same as
for an i-f transformer.

Blue wire Plate

Red wire B+

Green wire Grid

Black wire Grid return

The placing of the green grid lead can easily
be altered to conform to the placing in the
original transformer. For example, the re-
placement transformer has all leads coming
out of the bottom and is to be used in an old
seceiver with a topeap 6A8 tube. Remove the

Coe/RTER

FI1G. 16-9 A typrcal interstage -f transformer and
1ts positon in the Gireuit
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coil from the can, drill a hole in the top of
the can, and reroute the green lead when re-
placing the coil.

When the  replacement-transformer  coil
leads are brought to unmarked soldering
terminals, the terminals can be identified as
deseribed in the next section.

How to identify r-f transformer coil leads.
For the identification of r-f transformer coil
learls, see Fig, 16-10 and the following notes.

Plate lead. Look for the gimmick loop.
Trave it to the coil terminal lug. This is the
plate lead, which connects to the rf plate.

B+ lead. Look for the leads on the primary
eoil. One goes to the plate lead. Trace the
other lead to its terminal lug. This is the B+
leid.

Crid lead. Look for the secondary coil leads.
Trace the top end of the secondary winding
{near the gimmick loop) to its terminal fug,
This is the grid lead, which connects to the

uning capacitor stator and converter signal
sridl.

Grid return lead. Check to see that the re-
maining terminal lug goes to the bottom ewd
of the sccondary winding, This is the grid
return Jead, which connects to the age on-
cul.

Service notes for an antenna r-f transforimes,
An upen secondary of an antenna r-f tians-
former will be found by a signal cheek. The
radio will operate at reduced gain and possible
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hum. when a test signal, either r-f or i-f, is
applied to the converter signal grid, and at
greatly reduced gain when the test signal is -
applied to the antenna terminal. An ohmmeter
check then confirms the condition.

An epen primary winding may or may not
cause anv appreciable difference in opera-
tion. The capacitance of the gimmick loop
may tronster  sufficient  energy  from  the
antenna o the secondary winding, so that
opeiation v apparently  normal for local
reception, and the trouble would not be
found wuless sensitivity measurements or
routine ohmmeter checks are made. In re-
ceners where the open primary winding
cases o jage difference in reception, even a
rough signal check will show a loss in gain
between the antenna and the converter signal
1l

Al the service notes pertaining to the r-f
transfoner can be applied to the antenna
transformer, by making allowance for the fact
that the primary connectls to antenna and
wround, instead of »~f plate and B+

Antenna transformer color code. The E.LA.

eolor code for the antenna transformer fol-
l()\\‘\,

Blue lead Antenna
Red lead Ground
Green lead Grid

Black lead Grid return

COMVERTER

(imm(;v\

FIG. 16-10. Interstage
r-f transformer leads.

TGAID RETURN .
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FI. 16-11. A typical antenna coil and a circuit
showing antenna input to the converter tube.

How to identify fe leads.
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FIG. 16-12. Antennz conl Jeads.

il 1

t of the receiver. If the

For the identification of antenna transformer
leads, see Fig. 16-12 and the following notes.
Antenna lead. Look for the gimmick loop.
Trace it to the cuil terminal Tug. This 1s the
antenna lead, which to the

wiring has been disturbed, the following
general rules should be obsened. The blue
(plate or antenna) and the green (srid) Jeads
are the “hot” wires. The transfonner should

terminal of the receiver.

Ground lead. Look for the leads on the pri-
mary cotl. One goes to the antenna terminal
Trace the other lead to ats termnal Tug. Thas
is the ground lead.

Crid lead. Look for the secondany coil leads.
Trace the top end of the secondan winding
(near the gimmick loop) to ats terminal lug
This is the grid lead, which connects to the
tuning capacitor stator and comerter signal
grid.

Grid return lead. Check to see that the re-
maining terminal lug goes to the bottom end
of the secondars winding Tlus is the gnd
return lead, which connects to the aze ar-
cuit,

Heplacement notes for antenna and rf
transformers. When replacing an antenna or
r-f transformer, the techmaan should be
careful of the plicement of the leads, Im-
proper lead dress may cause osaillation, The
leads should be routed as they were in the

be so 1 that the green lead or grid
termunal points to its connection paint on
the tuning capacitor stator or signal grid
terminal of the converter tube. At the same
time the blue lead (r-f plate or antenna
terminal) pomnts to its connection point, the
plate terminal of the r-f tube socket or the
antenna terminal The leads are dressed close
to the chassis and away from each otherand all
other winng. The dress of the other two leads
1s not quite so important, but they should also
be routed close to the chasas and directly to
their connection points.

When an antenna transformer ts being re-
placed 1n an a</d-¢ type of recener, the
transformer antenna termmal connedts to the
hank of wire that acts as the antenna or
leadin of the recenver through a capacitor.
The purpnse of this capacitor ts to insulate
the recener from acadental grounds through
the antenna wire The capacitor 1s usually
a paper twbular type that almost never gives
any senice difbeulties. Howeve ning
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coil from the can, dnrll a hole in the top of
the can, and reroute the green lead when re-
placing the coil.

When the replacement-transformer  coil
leads are brought to unmarked soldering
terminals. the terminals can be identified as
described in the next section.

How to identify rf transformer coil leads.
For the identification of r-f transformer coil
leads, see Fig. 16-10 and the following notes.

Plate lead. Look for the gimmick loop.
Trace it to the coil terminal lug. This is the
plate lead, which connects to the rf plate.

B+ lead. Look for the leads on the primary
coil. One goes to the plate lead. Trace the
other lead to its termmal Tug. This is the B+
lead.

Grid lead, Look for the secondary coil leads.
Trace the top end of the secondary winding
{near the gimmick loop) to its terminal Tug,
This is the arid lead, which connects to the
tuning capacitor stator and consverter signal
gridh

Grid return lead Check to see that the re-
maining termunal fue coes to the bhottom end
of the secondarny winding, This iy the and
retin dead, which connects to the age cie-
cuyd

Service notes for an antenna r-f transformer.,
An open secondany of an antenna r-f trans-
former will be found by a signal cheek The
radio will operate at reduced gain ad possible

T e
ATLHNDARY —

ERD
TAMARY werrtegl

hum. when a test signal, either r-f or i-f, is
applied to the converter signal grid, and at
greatly reduced gain when the test signal is
applied to the antenna terminal. An chmmeter
check then confirms the condition.

An open primary winding may or may not
cause any appreciable difference in opera-
tion. The capacitance of the gimmick loop
may  transfer  sufficient energy from the
antenna to the secordary winding, so that
operation 15 apparently normal for local
reception, and the trouble would not be
found unless sensitivity measurements or
routine ohmmeter checks are made. In re-
ceivers where the open primary winding
causes a large difference in reception, even a
rough signal check will show a loss in gain
hetween the antenna and the converter signal
vrid.

All the service notes pertaining to the rf
transformer can be applied to the antenna
transformer, by making allowance for the fact
that the primary connects to antenna and
ground, instead of r-f plate and B+.

Antenna transformer color code. The E.LA.

color code for the antenna transformer fol-
Jows:

Blue lead Antenna
Red lead Ground
Green lead Grid

Black lead Grid return

CONVERTER

,G‘IM‘MCK %
VE_LM l FIG. 16-10. Interstage

r-f transformer [eads.
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FIG. 16-11. A typica! antenna coil and a circut
shoning antenna input to the converter tube.

How to identify antenna transformer leads.
For the identification of antenna transformer
teads, see Fig. 16-12 and the following notes.

Antenna lead, Look for the mimmick loop.
Trace it to the coil terminal Iug Tlus is the
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FIG. 16-12. Antenna coif Jeads

onginal transformer of the receiver. If the
wiring has been disturhed, the following
general sules should be obsenved. The blue
{plate or antenna) and the green {grid) Jeads
are the “hot” wires. The transformer should

antenna lead, which s to the ant

be so d that the green lead or grid

terminal of the recener.

CGround lead. Look for the leads on the pri-
mary coil. One goes to the antenna terminal.
Trace the other lead to its terminal Tug. This
is the ground lead.

Crid lead. Look for the secondany coil leads.
Trace the top end of the secondan winding
(near the gimmick Joop) to its termnal lug
This is the grid lead, which connects to the
tuning capacitor stator and comerter signal
grid

Crid return lead. Checl to see that the re-
maining terminal lug goes to the bottom end
of the secondary winding This 15 the gnd
return lead, which connects {o the agc ar-
cuit.

Replacement notes for antenna and r.f
transformers. When replacing an antenna or
rf transformer, the techmcian should be
careful of the placement of the leads Im-
proper lead dress may cause osallation. The
leads should be routed as they were in the

terminal points to its connection point on
the tuning capacitor stator or signal grid
terminal of the comerter tube. At the same
time the blue lead (r-f plate or antenna
termnal) paints to ts connection point, the
plate terminal of the r-f tube socket or the
antenna terminal. The leads are dressed close
to the chassis and away from each other and all
other wiring The dress of the other two leads
15 not quite so 1mportant, but they should also
be routed close to the chassis and directh to
therr connection pomnts

When an antenna transformer 1s being re-
placed 1In an a-¢/d¢ tvpe of recener, the
transformer antenna terminal connedts to the
hank of wire that ads as the antenna or
leadin of the recener through a capacitor
The purpose of this capaetor 1s to insulate
the recener from scadental grounds through
the antenna wire The capaator s usually
a paper tubular type that alimost never gnves
any serace difficulties However., the moving
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of Jeads, coincidental with the replacement of
the antenna transformer, may have caused
one of the capacitor terminal leads to break
away from the tin foil of the plates, causing
an intermittent or fading condition. It is a
good ideq, therefore, when replacing an an-
tenna transformer in an a-c/d-c receiver to ex-
amine carefully the associated capacitor ter-
minal leads. If they appear to move under the
wax, or if a gentle pull causes the receiver to
fade, the capacitor should be replaced. The
capacitance of the capacitor is unimportant.
Any capacitance over 0.002 mfd will be satis-
factory.

When the antenna or rf transformer is
replaced, the circuit will have to be re-
aligned as must be done when any component
in any tuned circuit is changed. It is usual
practice to realign the entire receiver.

When universal adjustable replacement an-
tenna and r-f transformers are employed,
it is necessary to alter the standard align-
ment procedure somewhat, so that the replace-
ment transformer may be adjusted to work
properly in the circuit in which it is being
placed. The adjustable feature of these coils
is permeability tuning with a screw adjust-
ment similar to that used in i-f transformers,
su that the inductance of the coil may be varied
to suit the receiver. An adjustable replacement
coil of this type is shown in Fig. 16-13.

The alignment procedure specified for the
reeeiver being serviced, or the standard align-
ment procedure given in Chap. 18, is followed
down to the adjustment of the osciliator trim-
mer and padder capacitors. At this point, the
receiver dial is correctly calibrated. The hot
lead of the sipnal generator is connected
throngh a 0.00025-m{d capacitor to the an-
tenna terminal of the receiver, the signal
generator and receiver dials are both turned
ta 600 ke, and the permeability adjustment
serew of the replacement tunsformer is tuned
fn‘nf mavdimum response on the output meter,
The receiver and signal-generator dinls are
then turmed o L400 ke, and the «f or

. antenng
trimmers on the wany capacitor are

aligned

FIG. 16-13. Universal adjustable replacement r-f
or antenna coil.

for muximum output in the usual way. The
permeability adjustment-screw setting is
then checked at 600 ke and, if readjustment
is required, the procedure at 1,400 ke is re-
peated.

Service notes for built-in antennas. Self-
contained antennas are of many types. The
two types most frequently found are the pan-
cake loop and the ferrite loop or loopstick,
bf)th of which are illustrated in Fig, 16-14.
The pancake loop is generally mounted on the
back panel of the receiver cabinet, With
printed wiring construction, the loopstick is
generally mounted toward the rear of the
printed board.  Sometimes  this placement
leads to undesirable feedback effects, and the
loopstick is mounted clear of the receiver
on top of the gang tuning capacitor. The loop
uffen includes a separate one- or two-turn
winding for connecting an additional external
antenna, The coils are usually wound with
he'zn'_v wire and, as a result, are 'rarelv troubled
with corrosion, which is the main cause of



troubile in all other cnils in the receiver. How.
eser, the position of the Joop in the back or
top of the receiver makes it vulnenble to
troubles of a mechanical nature. The leads
connecting the coil to the receiver chassis
become frayed and broken, various types of
plug-in connectors lose contact, and some.
times the cnil becnmes partly unwound.

An open coil will be found on signal chedd,
The radio will operate at reduced gain and
possible hum when a test siznal, either at
modulated radio frequency or at modulated
intermediate frequency, is applied to the
comerter signal grid. When the test signal
is shifted to the antenna by means of an in-
jection loap, the radio may operate at greatly
reduced gain or pot at all. An ohmmeter
check then confirms the condition.

It is rarels necessary to replace the coil,
The broken lead or loose contact 1s found by
inspection and repared. A partly unwound
onil is rewound, and the wire 1s held in place
with coif dnpe.

In the case of the loop. 1f several leads have

FLPZTE MTDOR WX,
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brolen away, there is hiely to be some con-
fusion as to where they should be replaced.
The mamufactuser’s senice notes are helpful
in this regard, since they often indude a wire
ing diazram of the antenna conpections. When
this informatson is not available, the senicing
technician should examine the lonp antenna
to determine whether the priman antenna
windinz {one or two tumns} is on the outside
or the inside of the Joop windimg Afier that,
the conventional connections for bath types
are shown in Fig. 16-15. The outside and -
side leads are always easily Tocated. The two
inner leads may not be so readily distin-
guished by visual inspection. A continuity
check with the ohmmeter, however, will
positively identify the inner leads. In the
case of the a</d< type of receiver, the tech-
nician should remember to dieck the insulat-
inz capacitor, which should be in the antenna
or ground lead.
Troubles to the tuning. 5

gang assembly. Tuning capacitors usually
develop troubles of a2 mechanical nature

T0 FIG 16-14. Buildin

antennas.
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FIG. 16-15. tdentifying loop antenna leads.

which may be repuired. Replacement of o
tuning gang with anything but the original
part would be extremely difficult, sinee the
replacement would have to mateh the capace
tor drive mechanism, and the dial and pointer.
Also the plates woudd have to be so shaped
that the dial calibrutione wonld be reason-
ably aceurate, in addition there are the usual
considerations of size, capacitancee, cte. For
this reson, naintenance nofes on tuning-

, capaciton gangs will be in comsiderable de-

tail.

A vers common trouble is slipping o
failiie of the capacitor and diad drive mech-
anisut Smece there are such adarge number of
ditferent types of drive assembilies in conuman
wve, the information under this heading will
be genealized.

Sametinmes the drive mechanism aperates
the diad pointer but the capacitor rotor plates
do not tum, resulting in po stations o1 oue
statinn all ever the dial seade, depeuding on
the position of the rotor plates. This is usually
due to loose setserews between the capacitor
drive and the rotor shaft. The curee is obvious -
tightening the setserew. Before doing so,
hawever, the teehnician should refer to the re-
ceiver service notes to see il there are definite
nstinctinns about the positioning of the dial
pointer. This infonuation is uwsually given as
patt of the alicnment instinctions, If no ref-

i
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crence can be found, the usual procedure is
W odate the gang tuning capacitor until the
pletes aree fulh engaged, set the dial pointer
o the last calibration mark on the low-fre-
aueney end of the dial seale, and tighten the
setserew 1 this position (see Fig, 16-16).

PLATES FULLY ENGAGED
N
UL; ) ’.J
=1 =]
SET SCREW
P
DRIVE
~POINTER

i b
550 600 650 £
DIAL SCALE/

FIG. 1~6-16. Position of capacitor drive, seiscrew.
and dial pointer.



The trewd in modern reecivers s to use wilk
fish cord for the dwl drive mechanism,
Fortunately, receiver manufacturens are now
issuing Instructions for sestnnging the digd
dnve cords, as part of their senvice hiterature,
Where this is not avalable, the techmcian
must work out the mechanical details for him-
sell. After some experience, a man with
aerage mechanical mgenoity will have little
difficulty with any of the multiplicity of dial
drnves in comman use.

Senvicing capacitor contact springs, Another
common trouble with tuning capacitor gangs
develaps in the contact springs, often called
“wipers.” Fignre 16-17 shows the location
of this item. The wiper makes contactbetween
the rotor plates and the capacitor shields that
are grounded. Sometimes a ground wire is
soldered to the contact spnng, and sometimes
no wire is connected In either case, when
dirt gets between the contact sprnng and the
rotor, there will be resistance between the
rotor plates and the ground This may cause
noisy reception, and even no reception over
parts of the tuning sange. In some receners,
poor contact at this point 1s a cause of os-
cillation. The cure is to remove the wipers,
clean them, readjust the sprng tension, and
return them to their posittans. When the wip-
ers are riveted in place, the spring can be pried
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back at the paint of contact with a screwdnver
that has been dipped in carbon tetrachlonde
The screwdriver 1s then removed, and the
drop of cleaning solution 1 worked back and
forth by rotating the capacitor gang quickly.
When this procedure is repeated a couple of
times for each wiper, the contact hetween the
rotor plates and ground is reestablished.

At this time, it might be well to add a word
about the general use of cleaning solutions,
lubricants, and abrasives in nadio service
work. Wood alcohol makes @ good general-
purpose cleaning solution, since it dissolves
grease, lonsens ditt, dnes quichly, and is
not harmful to radio parts. Carbon tetrachlo-
ride is also used. A hght machine oil should be
used for Jubncating bearings, pulless, shafts,
ete. Tuning-capaeitor bearings should not be
lubricated, since they are self-lubricating, and
any oil at this pomt may work its way into the
capacitor contact springs and insulate the motor
from the ground. Where an abrasive is needed,
sandpaper should be used. Steel wool and
emery clath should not be used on or pear a
recener Although steel woal will do a good
cleaning job on a capacitor contact spring,
particles of 1t geting into the tuning gang or
into the speaker will cause considerable trou-
ble The abrasive material i emery cloth is
also a conductor and wsll cause similar trou-
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FIG. 16-17. Location of contact spnngs {(wipers) for the rotor plate

on a variable ca d
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Ples. Special-purpose cleaning agents ave pres
pared by some manufacturers and warketed
wnder trade names, “Contactene™ is used for
switch contacts and capacitor wipers. “Lubri-
plate™ is nsed where a grease-type lubricant
is desired.

Shunt resistance and shorts in varviable gang
capacitors. Capacitors, especially when not
covered by shielding, colleet a considerable
amount of dust and divt. When a bakelite
stator-plate support ov o trimmer capacilor
is dusty, the dust will act as a shunt resistor
hetween the sttor and the ground. The shunt
yesistance may cause very little effect on the
operation of the antenna and - stages, but at
can serioushy impaiv the operation of the os-
cillitor, Dusting with a soft hrush usually takes
aire of the trimmer eapacitor, and a wash wath
carbon tetrachloride cleans the stator insala-
tor,

A short between the stator and the rotor
plates of any capacitor in the tuning gang
will canse noisy reception and dead spots in
the tuning range. The short may be due to g
number of causes: one or more bent plates
{usmally in the roton), shifted stator plate, dbin
and dust between the plates, and, in the cane
of plated capacitar pltes, slivers of plating
sometimes peel, causing shorts as the Capacr
tor is rotated. A detailed procedure for lo-
cating and removing these shorts i given as
part ol the general overhaul procedure that
follows.

General reconditioning procedure for vari-
able gamg capacitor,

I Clean, Blow out the dust by apphyane o
gentle air pressure as from a bievele pamp,
to all pats of the variable gang capacitor. Go
over the trinnmer capacitors and stator supports
with a soft brinh, Wash the stator supports
with carbon tetvachloride. Clean the capacitor
contact spring as deseribed previoushy . Clean
and lubricate the dial drive mechanism,

2 Locete and temove any sherts, The elean.
ingt of the trimmer capacitons and stator inag.
Litors removed some of the possibilities for

shorts and shunt resistance in the variable
gang capacitor. There are still dust between
plates, hent rotor plates, and slivers of plting
to be considered. To find these, remove the
wiring from the capacitor stator soldering lugs,
and then apply high voltage hetween the stator
conncetion and the chassis while turning the
rotor. The high voltage will show an are at
any shorting position. The are will probably
bum up am dust or sliver of plating that
caused the short {(thereby automatically ve-
moving 1) and will show the position of a
bent plate The high voltage is most easily
obtamed from the rectifier plate terminal.
Use a test Tead with an alligator clip on one
end nd an insulated test prod on the other
Chp the alligator to one of the plate leads of
the full-wave rectifier {socket terminal 4 or
6 tor a 5Y3-G rectifier) and keep the test prod
where 1 ean reach the capacitor stator termi-
nals. Switeh the set on, tonch the test prod to
vne of the stator lugs momentarily while
watching for an are either in the capacitor or
at the stator terminal, Turn the rotor plates
in and out of mesh while the prod is con-
nected. I @ bent plate is discovered, turn the
enrrent off, straighten the plate, and then re-
sume the procedure until all signs of shorts
have disappeared. The procedure is then re-
peated for the other capacitors in the tuning
Tang.

In this procedure, it must be emphasized
that the technician is working with a live
lead at 300 or mare volts, which is quite
dangerous. He should have the current on only
when needed, the test lead should be well
insulated, and he should exercise care and
alertness in his movements. He should also
Yomvmhm that shorting the high-voltage wind-
g may ruin the transformer, That is why the
test prod is touched to the capacitor stator
momentarily for checking the location of a
short. Tt should not be left on a shorted
capacitor for any leugth of time.

When an a-cfd-c receiver is serviced, the
transformer  high-voltage winding is not
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available right on the same chassis. In this
case, a separate transformer may be used, con-
necting one high-voltage lead to the chassis,
and the other to the test lead The same pro-
cedure is then followed.

When all shorts have been removed, the
stator Jeads are then resoldered

3. Check the dial drice The dial drive
mechanism is then checked. Ifat is the cord or
belt type and shows signs of wear, replace
it. If it is the type that uses a fnction nm
drive, it will usually respond to a thorough
cleaning. Finally check the position of the
pointer, as described previously.

Troubles common to the oscillator coil. As
with all other coils in the recener, the man
difficulty encountered with oscillator coils 1s
open windings. If either winding opens, the
oscillator will not function and the recewver
will nat pick up any stations. Signal check will
isolate the oscillator stage as the field of
trouble, since when a modulated test signal

1G. 16-18 A typica! oscillator coil, L-6/L-7, and its position in the pentagrid converter circuit.

1s apphied to the converter signal grid at the
intermediate frequency, there will be normal
response from the receiver, whereas when the
signal generator test frequency is shifted to
radio frequency, there will be no response,
An open feedback winding will be indicated
m a voltage check, when high voltage appears
at the oscillator cathode An ohmmeter is used
for the final check. The ohmmeter chech will
also show up an open gnd winding on the os-
atllator coll.

If the oscillator coil proves defective, 1t 1s
usually necessary to obtain an exact replace-
ment of the origmal, since the osallator
cirewit controls the calibration of the dial
scale When an exact replacement 15 used, it
1s necessary only to connect the winng to the
new coil without disturbing the lead dress and
to realign. It 15, of course, necessary to con-
nect the leads carrectly, since a reversal of
the connections to either winding will reverse
the phase of the feedback coil, and the circuit
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wil? nat oceillate. A good way to make sure that
the rewiring is correctly done is to follow the
procednre sugeested  for replacing volume
controls. The old eoil is Ioosened with the wir
ing intact, the new coil is mounted, and the
wiring is shifted one wire at a time to its
corresponding soldering lug.

When an exact replacement oscillator coil
is not obtainable, it is possible to use 2 uni-
versal adjustable replacement coil, wheve the
inductance of the coil may be varied by means
of @ permeability adjustment serew. When this
is done, it is necessary to follow the instruc-
tion sheet with reference to identifving the
coil terminals, since oseillator eoils are rarely
ceolor-coded. Ttis also dificult to detenmine the
ends of the windings, since the windings are
usually wax-impregnated and closely coupled.

The replacement cail is mounted in such «
way that the oscitlator grid and cathade teads
are short. The replacement coil is then wited
and the receiver is realigned, Howevers, i s
necessany to alter the alignment procedure,
sa that the umversal replacement oscitlaton
coil may be adjusted to work properhy i the
recerver in which it s placed.

Aligning a universal replacement oseillator
conil. When the receiver is of the tyvpe 1nat
wses cut plates in the oserllator section of the
varlnhle wang capacitor and there is no 600
pudder, the alignment procedure is as follows.
First, the i transformers are aligned in the
wanal way. Then the "hot™ lead of the signal
zenerator 18 connected through o 0.00025-
mid capacitor to the antenna, and the gener-
ator i adiusted to give @ modulated signal
at 600 ke, The receiver dial is turned to 600
ke and the permeabilits adjustment screw on
the replacement oseillator conl s aligned to
give nmaninmn response. The signal generator
and the receiver dinls are shifled o 1.500

ke, and the high-fiegnency trimmer on the as-
cillator section of the gang capacitor is ad-
justed for manimum response. The procedure
is repeasted at 600 and 1300 ke for aplimum
results. The r-f and antenna trimmers are then

aligned in accordance with the standard align-
ment procedure.

When a universal adjustable replacement
oscillatior coil is placed in a receiver that
uses a 800 pa-ider, the alignment procedure is
Sﬂ‘ni?\\'hdt 1I6re in\’()l\’ed.

Passiblv. it would be best to review the
function of cioh of the adjustments in the os-
cillator tuning circuit, in the hope that the
provedure muy become more understandable
and usable, This is done in Fig. 16-19. Ca-
paciter C-6 1, the main tuning capacitor, which
is the oseillator section of the gang, The ca-
pecitor T iy the high-frequency trimmer. The
eupacitey fabeled P is the series 600 padder.
The whustment screw on the universal re-
plicement  oseillator  coil  controls  its  in-
ductance and is labeled L. It.will be remem-
beted thet the high-frequeney trimmer T
cantrols the frequency of the oscillator tuning
citenit & the high-frequency end of the dial,
ard the series padder controls the low-fre-
queney setting of the oscillator tuning circuit.
The actions of these controls are not entirely
mdependent, since each will have some effect
on the opposite end of the tuning range. This
explams why alignment procedures always
recomnend repeating the setting of these ad-
mstments until they are at their correct
prisittons, as proved by no furthefr need for re-
adjustment.

When the inductance of the oscillator coil
is also variable, as is the case when a uni-
versal replacement is used, its adjustment will
countral the frequency of the oscillator circuit
4l over the tuning range, since this depends
on the inductance as well as the lumped
capacitance of the circuit. As a corollary,
any adjustment of the inductance by means
of its permeability screw L will necessitate
readjustment of the series padder and shunt
trimmer. With all three controls variable and
dependent upon each other, proper align-
ment wifl be extremely difficult, unless a
planned procedure is followed closely.

If the 600 padder has been undisturbed,
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one of these variables will be eliminated,
since the padder will be close to its correct
sctting. In this case, the 600 padder is ne-
glected entirely, and the receiver realigned
by the procedure just given for a circuit that
uses cut plates in the oscillator section of
the gang capaestor, and no 600 padding adjust-
ment.

1f the technician 1s not sure of the setting
of the 600 padder, two alignment procedures
may be used In the first, the settings of the
three adjustments are first made roughly and,
then by repeated readjustments, are brought
to their final positons This procedure,
although simple, 1» not always operative,
oming to varying cireuit constants and hinited
trimmer ranges in many recen ers. The second
procedure s more difficult, but 1t 18 always
successful. In at, the alignment of the re-
ceiver is carned out at several prefived
positions of the 600 padder, cach one
cheched, and finally the position of best
tracking 1s chosen

Ali s e no. 1 for an oscill
circuit with varishle trimmer, padder, and
inductance

1. Check i-f alignment

2. Connect the “hot” lead of the signal gen-
erator to the antenna terminal of the receiver
through a 0 00025-mfd capacitor Adjust the
signal generator for a modulated output on
the broadcast band.

3. Set the trimmer and padder to center-

capacitance range. The average trimmer and
padder capacitors require three full turns
of the adjustment screw from full to low
capacitance. For approximate center-capaci-
tance setting, tighten the screws fully, then
Ioosen ane complete turn,

-
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FIG 16-20 Oscillator tuntng-circuit adjustments

4 Adpust L at 1000 ke Tune the signal
generator and recerver to 1,000 ke, and
adjust the permeabibity serew L on the os-
ofllater cont for maximum output *

* If the signal cannot be tuned in, the adjustment
range 1s not large enough or the first rongh sething
for center capacitance 1s too far from the comect
sctting Ty the second alignment procedure
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generator through 1,000 ke, while watching
the output meter for maximum deflection,
At peak respo adjust the atten for
standard output, Note the attenuator setting.
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not be defective and may operate perfectly in
another receiver. This matter is treated in
greater detail in the next section.

This gives the sensitvity of the vecciver at
1,000 ke,

7. Adjust for maximum sensittoity at 1,000
ke. Tighten the padder another eighth tam.
Adjust L for maximum response nt 600 ke.
Adwst T for maximum response at 1,500 ke
Measure sensitivity at 1,000 Le. Note the read-
ingt The receiver should show an improve-
ment in the reading over the reading taken in
step 6.

Repeat with another eighth turn on P.
Readjust L at 600 ke and T at 1,500 ke, and
measure senstivity at 1,000 ke, Continue
until the sensitivity decreases. The previous
adjustment of the 600 padder was the correct
ane. Loasen P an eighth turn and complete
the alignment.

Troubles common to the pentagrid con-
verter tube. The converter tube 1s a common
cause of trouble 1n the stage Tube checkers
are not very rehable i indicating an inoper-
ative tube, since the tube may show adequate
emission but still not oscdlate 1f the sigmal
check shows normal response when a test
signal at the intermediate frequency is apphed
1o the converter signal grid, but no respanse
or weak response when the test signal s
shifted to 600 ke, there 15 a sure mdication
that the oserltator is not functiomng. The most
probable reason is the tube. The best checl is
te substitute anather simular tube that is
inown to be good.

Another trouble often experienced with
pentagrid converters is modulation  hum,
caused hy cathode-to-heater leakage Agan
the best check 15 substituting a sirmiar tube
inown to be good.

Sametimes a receiver is encountered where

or i i 1§ are
critical, and the osalator circwst will not
operate over the entire tumng range. Sub-
stitting another pentagnd converter tube
usually clears this up. The orginal tube may

g
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f
= PN

FIG 16-23 Adjustment L at 600 ke,
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Critical oscillator conditions. Superhetero-
dyne receivers sometimes develop a peculiar
trouble. Reception is normal on the high-
frequency end of the tuning range, erratic
at the middle frequencies, and dead on the
low-frequency end. Such a condition could be
caused by shorts in the gang tuning capacitor;
more often it.is due to failure of the oscillator
at the low-frequency end of the tuning range.
Which of the two possibilities is responsible
can be quickly determined by the following
procedure: Start at the Jow-frequency end of
the tuning range, and tune toward the high-
frequency end, noting the frequency of the
first station received. Let us assume that it is
at 1,100 kc. Then starting at the high 1,600-
ke end, tune toward the 540-ke end, noting
the stations as they are passed. If the 1,100-
ke station comes in, followed by stations at
1,000 and 900 ke, and no stations after that, the
trouble is sure to be in the oscillator circuit.
The stations at 1,000 and 900 kc cannot be
tuned in unless the radio is being tuned from
high to low frequencies.

It is normal for oscillator operation to be
more cfficient at high frequencies than at low.
Then if we assume, for example, an oscillator
tube with weak electron emission, it may os-
cillate at the high-frequency end of the tun-
ing range, but not at the low. Also, when the
circuit is in an oscillating condition, the
oscillation may continue as the operating
frequencey is reduced beyond the point of a
normally nonoscillating position. Such opera-
tion might be called “eritical oscillating
condition.”

A condition of critical oscillator operation
may be caused by other factors than a weak
tube. The tube, however, is the most easily
checked, since we can substitute another that
is known to be good. If the new tube does not
entirely clear up the trouble but causes the
oscillation to stop at a lower frequency than
before, it may be advisable to try still an-
ather tube, with the hope of finding one that

will continue to oscillate all over the tuning
range.

-

At this point, it might be well to add that a
condition of oscillation is easily determined
by a check of thé voltage between the oscil-
lator grid and the chassis. When the circuit
is oscillating, the oscillator grid voltage
will be negative with respect to chassis. When
oscillation stops, the oscillator grid will
check zero or slightly positive.

When replacement of the tube fails to clear
up the trouble, all components of the os-
cillator circuit should be carefully checked.
This includes cleaning the oscillator section
of the gang tuning capacitor, since a dusty
shunt across the oscillator tank may be the
cause of the condition.

If all components seem to be in good condi-
tion, refer to the receiver manufacturer’s
service notes, to see if later changes in-
corporated in the receiver include any change
in the oscillator circuit. Often the condi-
tion is widespread for a particular receiver,
and later changes include remedial measures.
The change may be a different value for the
oscillator grid resistor; or, the oscillator coil
may have been changed, as indicated by a new
part number. If any such alterations can be
found, incorporating this same change in the
receiver being serviced will clear up the dif-
ficulty.

Miscellaneous oscillator troubles. Whe-
the signal check indicates trouble in ;
oscillator section, any of the component p.
might be at fault. The tube, oscillator ¢
and tuning capacitors, which are the n
common offenders, have been covered in
vious sections. The resistors and capa:
in the oscillator grid and anode cirers’
main as possible sources of faulty o

In the oscillator grid circuit, res;,
and capacitor C-19 rarely give an'®
trouble. Occasionally, a paper ° oo
ceramic grid capacitor may caus T
trouble because of leakage. Wh ‘
capacitor C-19, use a mica car C
proper size. In the oscillator )
the decoupling filter made up
and capacitor C-22 is more of
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FIG. 16-25 Basic pentagnd converter circuit.

troubles. However, filter difficulties would
have been found much earhier in the servicing
procedure. A short in capacitor C-22 would
cause a heavy overload on the B+ line and
would be discovered after a routme voltage
check of the power supply If the capacitor
were to open, the result would be a squeal
from the recenver The faulty capacitor would
be found when the squeal stops when a test
capacitor is connected across it, a standard
servieing procedure for squeals An open
m resistor R-22 would make the converter
section inoperative. The condition would be
found when checking the 1-f stage An 1-f test
stgnal applied ta the mixer gnd would give
1o response The two most hlely causes are
a dead comverter tube and failure of the volt-
age supply to the tube. Then voltage analysis
would show no voltage at the conserter plate
or screen, and a resistance check would con-
firm the open 1n resistar R-22.

CONVERTER VARIATIONS

There are many sariations in the converter

erned wetd dferere

section. These are oo
tubes, diffcrent ocallat
ferent components Hirteves, the f e -vay ‘
the stages remaim the same 5o Bas ol
checks muv be applied wath Lol vz ro s 1o
tation The vanitions to be descntedace st .
commonly found or those requn-z a spwc o

i

senicing techgque. .

Conyerter using 2 1ZBEG tube in 2n < :k
printed-winng receiver. The ;c.‘ns“.x'.r'é,;r
gram of a comerter cremt usirz 2 12EE=
tube s shown an Frg 1627 The cimez twasy
taken frum i RCA a-d-¢ recesver, as :’h?‘—
cal example  The complete dazram of £
recener 1s given in Fre 16270

The 12BE6 tube 13 the mimau~ o5 v
lent of the 695A7 tube of the tao :.:'.xr:F
Suppressur gnd G-3 of the raner p'.', ﬂ"
the I2BE6 1s wnternally nmrt(‘_rd :[_r
cathode This makes it shahtly n.b'.'—r_r.. o 1“
the 65AT where suppresser gnd G5 0 ;:
ternally connected to the chass };r‘:‘ -
senicng pomnt of view, dm" n”'" r‘!
causes no complications and ‘a .‘i 5 (:.r\ >,
voltage checks grven for the garmaams @res
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FiG. 16-26. Converter circuit using a 12BEG6 tube.

mayv be applied. This is especially true when
a 6BE6 tube is used in a transformer-type
a-¢ receiver on a metal chassis.

This RCA receiver was selected also to
point up the differences when working with
a-c/d-c printed-board receivers. Like most
1-c/d-c receivers, the circuit is a five-tube
wuperheterodyne set with no r-f stage. De-
:oupling filters are at a minimum. Note that
he B+ line goes directly to all plate and
sereen circuits, so that output filter capacitor

C-10A is the only filter on the B+ line. The
receiver shows one decoupler, R-13/C-13,
in the age feed line to the i-f stage. Most sets
of this type omit even this decoupler. )

The ground symbol in the schematic dia- -
gram does not indicate a chassis connec-
tion. This is because there is no metal chassis
in this printed-board receiver. The ground
symbol shown indicates the common negative
wiring, which in the a-c/d-c circuit is one
side of the power line. Because of the insu-
lated-board mounting, the rotors of the tunin:
capacitors are not automatically grounded
the chassis. Therefore, the tuning capacitor
may be connected directly across the coils -
the tuning circuits without the need { :
intervening capacitors. The frame of the tv- -~
ing capacitor is therefore connected to the :
bus. The age bus is also wired to the mount-
bracket for the volume control, so that botl’
ceiver control shafts are floated from the pi, .
line by age bypass capacitor C-3.

When signal checks are made on recc
of this type, r-f and i-f signals are fed { "~
converter signal grid by means of an inji
loop placed near the ferrite-coil antenn

FIG. 16-27. Schematic diagram of an RCA a-c/d-c receiver using a 12BE6 converter tube.
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This method is also satisfactory for align-
ment purposes. When it is desired to make
sensitivity checks or to feed signals to other
parts of the seceiver, the preferred method is
to connect a 0.1-mfd capacitor in series with
the grounded lead of the signal generator,
and to connect it to common negative. Manu-
facturers” service notes recommend that the
grounded lead of the signal generator should
not be connected to the age bus at either
control shaft,

If the common negative connection creates
a hum in the receiver, try reversing the re-
ceiver line plug. If the hum persists, an
isolation transformer is necessary, The
hot lead of the signal generator is then con-
neeted through ats usual dummy antenna to
the destred test point.

Converter circuits using a tapped oscillator
coil. A common vaniatton of the converter
circuit uses a tapped coil in the asaillator
circuit. Refer to Fig. 16-28. Oscillator coil
L6 is a tapped winding rather than the two-
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FIG. 16-28. Converter using a tapped oscillator coi!
in a Hartley oscillator crrcuit,

winding coil used in the standard circuit,
The lower portion of the coil is the feedback
winding between cathode and B~ or ground.
The entire coil is in the oscillator grid cir-
cuit. This type of circuit is called a Hartley
oscillator. The schematic diagram of an Admi-
ral clock radio is given in Fig. 16-29 as a typi-
ca! example of this type of circuit.

FIG 16-29. Schematic chagram of an Admiral receiver using a tapped oscillator coil,
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From the servicing point of view, the re-
ceiver responds to signal checks in the same
way as the standard circuit. Voltage checks
are also the same, Resistance checks will dif-
fer because of the oscillator coil. The coil is
not tapped at the center. The feedback wind-
ing generally measures 1 to 2 ohms, and the
upper winding 4 or 5 ohms.

If the coil should become defective and re-
quire replacement, an exact replacement
must be used. If this is impossible, general
replacement tapped oscillator coils for use in
Hartley circuits are listed in parts catalogues
of supply companies, and may be used suc-
cessfully.

Oscillator coils with a capacitive winding.
Many receivers use a capacitive winding
in the oscillator coil to replace the oscil-
lator grid capacitor. A converter circuit with
a winding of this type is shown in Fig. 16-30.
The oscillator coil shown would normally have
four leads for the two windings. The capaci-
tive winding or gimmick places a fifth lead on
the’ coil as indicated in the diagram. Capaci-
tive windings are also used with the tapped
coils of the Hartley oscillator circuit,

A capacitive winding, when used, adds no
service problems. All signal, voltage, and
resistance checks may be used without
change. And, the capacitive winding itself is
rarely the cause of trouble in the receiver. It
becomes a problem when the oscillator coil
becomes defective and requires replacement.
If an exact replacement cannot be obtained,
it is difficult to obtain a general replacement
part that contains the capacitive winding.
It now becomes necessary to use a tapped
winding or two-winding general replacement
oscillator coil, whichever the circuit calls
for, and to replace the capacitive winding with
au external mica or ceramic -capacitor of 50
micromicrofarads (mmfd) as is done in the
standard cireuit.

Converters with separate mixer and os-
cillator tubes. Some receivers, particularly
those meant to operate at high frequencies
(f-my, TV, and short-wave receivers), use sep-

arate tubes for the mixer and oscillator func-
tions of the converter. A basic circuit is
shown in Fig. 16-31.

The mixer uses an rf pentode like the
6AU6 in a conventional r-f amplifier circuit.
Signal energy is fed to the mixer grid through
the L-5/C-5 tuning circuit. The oscillator
uses a triode like the 6C4. The Hartley os-
cillator shown in the diagram is often found
in high-frequency applications. Energy from
the oscillator is fed to the mixer grid through
capacitor C-7. This is a small silver-mica
capacitor of about 5 mmid.

Note that, except for the use of two tubes
and the addition of capaciter C-7, the circuit
is almost the same as a standard pentagrid
converter. The signal checks will be the same.
With regard to the voltage check, the oscil-
lator plate will be at the same B+ potential
as the mixer screen and plate. The oscillator
grid will be —10 volts, the same as oscillator
grid G-1 in the pentagrid converter. All com-
ponents have the same functions as in the
standard circuit and are subject to the same
troubles. The additional component, capaci-
tor C-7, rarely gives any service difficulty.

Converter using a pentode tube. The penta-
grid converter combines the twin functions
of mixer and oscillator in one tube with
five grids. In some receivers, the same result
is obtained using an r-f pentode with three
grids. Such a circuit is shown in Fig. 16-32.

The tube that is used is a 6AU6 or a 12AUS
r-f pentode. Oscillator coil assembly T-3 has
three windings. Coil L-7 is in the cathode .
circuit. Coil L-17, in series with the plate
circuit before the B+ bus, provides feedback.
Coi‘l L-6 and tuning capacitor C-6 form the
()§cxl1§ter tank which tunes the oscillator
circuit to the proper frequency. Energy from
the oscillator circuit is brought to the con-
trol gnd by capacitor C-19, and resistor R-19
functlor{s as the oscillator grid leak. Signal
energy is also fed to the control grid through
capacitor C-5A. This circuit is used in small

a-cld-c receivers and as the a-m converter in
some a-ni/f-m receivere
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FIG. 16-30. Osciftator
corl with a capacitive
winding and its con-
nectionsinaconverter
cireuit.

FIG. 16-31. Converter
with separate mixer
and oscillator tubes.

FIG. 16-32. R-f pen-
tode 2s a converter.
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In servicing a converter of this type, signal
checks may be applied in the usual way.
Normal voltage readings will be somewhat
different. Plate and screen voltages should
read the B+ value for the receiver. The con-
trol grid should have a negative reading of
4 to 6 volts. I the signal check indicates
oscillator malfunction, the absence of this
negative reading confirms that the trouble is
is in the oscillator. Resistance data for the
oscillator coil assembly are as follows: 1 to
2 ohms for windings L-7 and L-17, and ap-
proximately 6 ohms for winding L-6. If the
oscillator coil assembly should become de-
fective, an exact replacement will be re-
quired.

Multiband receivers. In multiband re-
ceivers, the inductances in the tunable cir-
cuits are switched, so that the receiver may
operate over more than one band of frequen-
cies. A simplified circuit indicating how this
may be accomplished is shown in Fig. 16-33.

The gang tuning capacitors C-5 and C-6 are
permanently connected across the signal grid
and oscillator grid circuits. Switch 8-2 is the

wave-band switch. In the broadcast (BC)
position shown, coil L-5 with its trimmer
C-5A is connected in the signal grid circuit.
In the oscillator grid circuit, for broadcast,
the B section of the switch throws coil L-6
with its low-frequency padder C-7 and its
high-frequency trimmer C-6A across the main
oscillator tuning capacitor C-6.

When the switch is thrown to the short-wave
(SW) position, coil L-105 with its associated
trimmer C-1054 is connected in the signal grid
circuit, while coil L-106 with its associated
low-frequency padder C-107A and high-fre- -
quency trimmer C-106A is connected across
the oscillator tuning capacitor C-6. An ar-
rangement such as the above makes it possible
to align each wave-band position individually.

By using more positions on the wave-band
switch, each one throwing in a different set
of coils with their associated trimmers, it
is possible to have an all-wave or communica-
tions receiver. The common bhands used for
radio receivers are as given in the accompany-
ing table.

The B or police band has either of the two

FIG. 16-33. Simplified
switching circuits fora
multiband receiver.
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Apypreximats fro- Type of program
% e AL SO e .’r tnt
XorLF 150-400 k¢ Mantime and
arrcraft
Acr BC 540-1,600 ke | Standard broad-
cast
-4
B or police {l'g_sg 2@} Police, amatc‘ur
CorSW 58-18mc U5 and foreign
short wave
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broadeast band (leop), and short-wave band.
In the position shown, broadcast band {an-
tenna), range switch sections A-1 and A2
connect the antenna to the center tap of an-
tenna coil L-3; antenna tuning capacitor C-4
is connected across L-3 with its trimmer
C-1; and the tuning circnit, composed of
L-3 and C+4, is connected in the grid circuit
of the rf amphfier tube, which is a 65K7
type. Oscillator tuning capacitor C-5 is con-

| SA— SRR SN |

frequency ranges shown, depending on
whether it is desired to include state police
at 1,600 to 1,800 ke or the United States and
foreign broadcast stations at 6 to 6.2 mega-
eycles. When the latter range is chosen, the
broadcast band is usually extended to 1,750 ke
to include the state police broadcasts.

Multiband receivers usually include two
or three of the frequency ranges hsted above.
Communications recervers include all bands,
and sometimes add a &fth which extends the
high-frequency range to approximately 40
megacycles.

The circuit of Fig. 16-33 is simphfied in that
it makes no provision for shorting the unused
coils (a usual procedure), and does not show
the primary of the coil 1n the signal gnd
circuit or the feedback winding of the os-
cillator coils, either or both of which may
also require switching

Practical multiband receivers use a vanety
of switching and coil arrangements In adds-
tion to changing coils, the switch may include
extra sections “which accommodate auxiliary
functions. For example, pilot lights may be
switched on and off so that the proper fre-
quency range on the dial scale is tlluminated.
Another istoi sensi-
tivity and to alter the tone response, when the
receiver is switched to short-wave reception

Figure 16-34 is atwo-hand superheterodyne
recenver. The range switch has four decks or
wafers, labeled A-1 to A4 The switch has

nected th h switch ions A-3 and A to
broadcast escillator coil L-6 and the oscillator
grid circuit of the 6SAT tube. The cathode of
the 6SAT7 tube connects through the tap on
short-wave oscillater coil L-7 to the tap on
broadcast oscillator coil L-6 Terminals 6 and
7 on switch deck A-3 throw a short across
capacitor C-284 in the grid circuit of the
lower 6V6-GT tube through the wires labeled
.Y, This is a tone-compensation circtit which
will be open on short-wave reception.

When the range switch is moved one posi-
tion to broadcast (loop), switch section A-2
opens the antenna circuit, and A-1 shorts out
the minimum-bias resistor in the cathode
cireuit of the r-f 6SK7 tube. The other con-
nections remain the same in the broadcast
(antenna) section.

\When the range switch is moved to the
short-wave position, the following changes
take place. The antenna is connected to the
center tap of short-wave antenna corl L~
through terminals 9 and 10 on range-switch
section A-2. Terminals 1 and 2 on the same
section connect short-wave antenna coil L~
to the 6SK7 grid circwit. Termanals 7, 6, and
5 on the A-1 section of the range switch short
the lower halves of the loop and broadcast
antenna coil Termunals 2 and 3 on the same
section connect antenna tumng capactor C-4
through C-6 to the gnd circuit of the 65K7
tube Capacitor C-6 1s for band-spread pur-
poses In the oscillator section, terminals
8, 9, and 10 of section A-§ keep the r-f tube
1 the senstive pasition by sharting out the

"

three g broad band ( nna),

and by ling the bottom
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tead of the shortwave oscillator coil L-7
as well as the bottom half of the broadeast
oscillator coil L6 Oscdlator tumug capaci-
tor C-5 is connected through band-spread
capacitor C-11 to the top lead of short-wave
oscillator coil 1.7 and the osaillator grid
circuit of the 6SA7 tube. Swatch terminals
6 and T of section A-3 connect the capacitor
in the grid circuit of the 6V6-GT tube for
tone compensation.

Note also the following points of general
fntesest jn this diagram. Coupling between
the r-f and converer tubes is untuned. The
L-8/C-3 tuning device tn the converter signal
gnd ciremt is a wave trap adusted to 455
ke and is meant to keep incoming signals at
or near the intermediate frequency from caus-
ing interference Tnmmers C-1, C-2, C-13,
and C-14 adjust the high-frequency end of

CONYVERTER. MIXER AND OSCILIATOR STAGES 209
Short-wave coils are usnally wound as a
single-Jayer inductance using heavy wire.
This type of winding marely gives any ser-
vice trouble. The technician, how ever, should
be able to checkh the windings with an ohim-
meter. This may not be so easy as it sounds,
since it is sometimes difficult to determine
which lead is which on a multiunit coit
mbly. Also, the technician may not be
sure as to whether the winding is being
shorted by the range switeh, The suggested
method is to work with the schematic dia-
gram and check the coils and switch at the
same time. Because of the diversity of ringe
switches, no standardized procedure can be
arranged for checking coils and switches.
When an open cail is found, the technician
should first make sure that the defect is not
due to a broken lead wire, If the coil must

bility nts
on the associated coils adjust the low-fre-
quency end of each band to ensure acenrate
dial readings and tracking. Gun data are
included above the check pomts for each
stage.

Senicing multiband receivers. Although
multiband receivers look more complicated
than a single-band unit and mav take a httle
longer to service, they are no more dif-
ficult. As a matter of fact, the range swatch
opens a possibility of faster diagnosis an
some ways. When a recerver s dead on the
broadeast band but operates normally on
ather bands, the defective condition 1s more
quickls narrowed down to defective cotls in
the rf or oserllator portions of the recener

Servicing procedures for the multiband re-
ceiver are the same as for any other, until the
r-f portion of the recerver s reached At this
point the technicran need only nake sure that
the range switch 15 i the brosdeast position
in order to continue 1 the usual was

There are, of course, some senvice problems
connected saith multiband receners that will
not be present in single-band radios These
uiclude the short-wave cols, the range switch,
and alignment

each band, and the dji

be 1, 1t is necessany to obtain an exact
Juy from the m er of the re-
ceiver. Even if it is necessary to replace an
entire coil assembly for one open winding,
this must be done since the chances of find-
ng a usable section are very slim.

The lead dress between the range switch
and the short-wave coils is very important.
In high-frequency arreuits, stray cap.
tance of the wiring represents a consider-
able portion of the tatal capacitance of the
crcutt Very often, the waring in these eir-
cuits makes use of heavy bus bar, so that
the ng will be intained. Any re-
placement of switch or cols should be ac-
comphished wath a mmmum of bending or re-
ammanging of the winmng, so as to avord un-
desmable couphng or changes in the stray
capacitance

Range switches become covered with a
liyer of dust and dirt, resulung in poor
contact and sometimes leakage between ter-
mimah Dusting with a soft brush and then
cleaming with carhon tetrachloride comprise
the usual semice procedure A good way ta
clean the contacts ts to wet them and the
contact arms with carbon tetrachloride and
then ratate the swatch raprdly.
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If a switch contact or wafer becomes
broken, it is necessary to replace the entire
switch. Again, an exact duplicate must be ob-
tained from the manufacturer.

Aligning multiband receivers. In realigning
a multiband receiver, the manufacturer’s
instructions should be followed to the last
detail. This advice is given whenever the
word “alignment” is mentioned. However,
in the case of multiband receivers, it is of
more than usual importance for two reasons.
One is that the alignment on one wave band
may affect the alignment on the other ranges,

_and the proper alignment sequence should be
followed. The other is the fact that some re-
ceivers are so designed that the oscillator
frequency should be 455 ke lower than the
signal frequency on the short-wave band,
while the conventional 455 kc higher signal

on the other bands is maintained. Often both -

frequencies are within the scope of the trim-
mer adjustment, and it is important to use the
peak at the lower or higher capacitance set-
ting, as instructed, in order to maintain
proper tracking. If alignment instructions are
not obtainable, the following suggestions may

., be of value.

I-f alignment. First turn the range switch to
the broadcast position, short the oscillator
section of the gang tuning capacitor, and
align the i-f trimmers in accordance with the
general alignment instructions given in
Chap. 18. Then remove the short from the os-
cillator section of the tuning capacitor and
check the position of the dial pointer, by
turning the gang tuning capacitor to full
capacitance (full mesh). The dial pointer
should be in line with the last calibration
mark on the low-frequency end of the dial
scale.

As for the sequence of range alignment,
when trimmer settings of one band affect
another, it is suggested that the broadcast
band be aligned last, because the cumula-
tive effect will be most noticeable on the
lowest frequency band. In addition, the owner

of a receiver is usually most concerned about
the operation of the broadcast band. For these
reasons, when more exact instructions are
not available, it is advisable to align the broad-
cast band last.

Short-wave alignment, Connect the signal
generator through a dummy antenna of 400
ohms to the antenna and ground of the re-
ceiver. Turn the range switch to the highest
frequency band on the receiver, and set the
dial at a convenient mark near the high-fre-
quency end of the scale. Adjust the signal
generator to a, modulated output at the same
frequericy as shown on the receiver dial.
Adjust the short-wave oscillator coil trim-
mer for maximum response. If only one peak
is obtained, the oscillator is adjusted to
the proper frequency. If two peaks are ob-
tained, choose the peak at minimum capaci-
tance. This sets the oscillator to a higher fre-
quency than the signal.

If the receiver has an r-f stage, the inter-
stage coil trimmer is next to be aligned. If
there is no r-f stage, the antenna-coil trim-
mer follows the oscillator adjustment. In
either case, the trimmer is adjusted for maxi-
mum response. If .two peaks are obtained, the
one that maintains the oscillator at the higher
frequency is the peak that is nearer the maxi-
mum capacitance setting of the trimmer. If
the peak is unobtainable or if the receiver
does not track at the low-frequency end of
the dial, the aligament should be tried with
the oscillator set for a lower frequency than
the signal. This is done by choosing the maxi-
murm capacitance peak for the oscillator trim-
mer and the minimum capacitance peak for
the antenna trimmer.

If the receiver has more than one short-wave
bandz the next lower frequency range should
be aligned. The same procedure is followed as
for _the highest frequency band except that the
o§plllator circuit should be adjusted for a
l_ngher frequency than the signal. However, it
is doubtful if two peaks are obtainable on any
but the highest frequency band. This band



may or may not indude a low-frequency
adjustment.

Broadeast alignment. Set the range switch
at the broadcast positton and adjust the tun-
ing capacitor until the dial reads 600 ke
Connect the signal generator to the antenna
and ground, using a 0.00025-mfd capacitor
as the dummy antenna. Adjust the signal gen-
erator for a modulated signal at 600 ke. Ad-
just the oscillator 600 padder for maximum
response. Then set the receiver dial to 1,500
ke and adjust first the oscillator-cail high-
frequency trimmer, then the r-f coil trimmer (if
present), and finally the antenna-coil trimmer
for maximum response. Return both dial and
signal generator to 600 ke and reset the os-
cillator 600 ke adyster, if necessary. Then
align the r-f low-frequency adjuster, if present.
Finally return to 1,500 ke and check align-
ment. If readjustment 1s necessary, repeat
the alignment at 600 ke and check at 1,500
ke until further readjustment is unnecessary.

Permeability tuning systems. In the con-
ventional receiver, tuning is accomplished
by changing the capacitance of a vanable
capacitor connected across a coil, thereby

the resonant freq y of the com-
bination. The same cffect can be brought ahout
by allowing the capacitor capacitance to
remain fixed and changing the inductance
of the coil This is the basts of permeability
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Coils with adjustable cores are used as i-f
transformers, and for the fxed-tuned antenna
and oscillator enils of the circuit-switching
type of push-button tuners. In these cases,
the inductances of the coils are adjusted dur-
ing the alignment procedure nr when setting
up the push buttons, and remain undisturbed
thereafter. In some receivers, instead of using
a variable capaci the and oscil-
lator core plugs are ganged, and their adjust-
ment is brought out to the front control panel
as a continuously variable adjustment of the
tuning range of the receiver. Such a tuning
system is known as a “permeability” tuner.
Figure 16-35 shows a tuner of this type, where
the paositions of the core plugs are varied by
means of a drive cord.

The coils, drive pulley, and idler pulley
are fz 1 to 2 sub bly. The cail
mounts are so arranged that ejther coil may he
shifted slightly to the right or left for track-
ing purposes. Ordinary dial-drive cord is
used to vary the position of the core plugs.
Note that when the drive shaft is rotated in
the direction shown, both core plugs are
pulled into their respective coils.

From the servicing point of view, any trou-
ble 1n the permeability tuner would be found
1n the same way that a similar trouble would
be found i a conventional tuner, since the
circuits are altke. The alignment procedure

hat d. .,

tuning systems, where the ind of the

coil is changed by varying the position of an
iron-core plug i the coil.

18 hat diffe , and the f:
service notes should be followed closely in
this regard Another difference lies in the

F1G. 16-35. Drive-cord
type of permeability
tuner. :
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fact that restringing the drive cord calls
for realignment, since the restringing proc-
ess will slightly alter the relative positions
of the tuning slugs.

If specific restringing and alignment notes
are not available from the receiver manu-
facturer, the following generalized procedure
should be of help. The skeleton schematic
diagram of Fig. 16-36 is included as an aid
in locating and identifving the trimmers.

Restringing and alignment procedure for
drive-cord permeability tuners

1. Restring the tuning slugs, using the
fraved or torn pieces of the old drive
cord as a guide, so that the relative
positions of the tuning slugs are as
close as possible to their original
settings.

. Set the antenna coil in the center of its
positioning range, so that it may be
shifted either to the right or left.

3. Rotate the drive so that the antenna
core plug is completely out of the
winding.

4. Set the oscillator coil so that its core
plug is in the same relative position as
the antenna coil and its core plug: Set
the dial pointer to the highest fre-
quency division on the dial scale.

. Rotate the drive to make sure that the

A)

(91

sy A
@ 2 1T00ke

o

L L

XL

FIG. 16-36. Skeleton diagram of drive-cord type 0%
permeability tuner.

dial pointer and tuning slugs move to-
gether and cover the entire tuning
range. , -

6 Check the alignment of the i-f ampli-

fier and, if mecessary, align in the

usual manner.

Counect the signal generator to the re-

ceiver antenna, using a 0.00025-mfd

dummy antenna. Rotate the drive to
the high-frequency end of the dial’
scale, and adjust the signal generator
for a modulated output at the same
frequency. Adjust the oscillator
trimmer C-2 to a maximum response.

Then adjust the antenna trimmer C-1

to a maximum response.

8. Rotate the drive to 1,400 ke, and adjust
the signal generator frequency control .
to a peak. This should occur at 1,400
ke. If it is too far off, the starting posi-
tion of the oscillator core plug was in-
correctly adjusted. This should be cor-
rected and steps 7 and 8 repeated.

9. When the peak at 1,400 kc in step 8
has been obtained, the antenna coil is
shifted to the right or left for a maxi-
mum tracking peak.

10. Return the dial and signal generator to
the highest frequency reading on the
dial scale, and check the adjustment of
the antenna trimmer C-1. If no appre-
ciable change is needed, the antenna
coil is in track. If a considerable

change has been made, repeat steps 9
and 10.

=1

Screw-drive permeability tuners. Another
type of permeability tuner uses a screw for
driving the ganged tuning. slugs. Figure
16-37 shows a tuner of this type. The pro-
portions have been altered to permit view-
ing the operation of the unit. .

The coils L-1, L2, and L-3 are mounted
on the back plate of the carriage. They are
generally in individual shield cans to prevent
feedback effects. The bakelite strip is threaded



to take screws attached to the core plugs.
Adjusting these screws permits adjustment of
the relative positions of the individual core
plugs with respect to their coils. Rotating the
drive shaft causes the bakelite strip to move
in and out, carrying the core plugs with it,
and thereby changing the inductance of the
coils. The drive shaft is the tuning control
for the radio. The gear ratio is usually chosen
to allow several turns of the drive shaft for
complete coverage of the tuning range,
thereby giving vernier tuning. A similar
ratic on a drive pulley (not shown in the
di; P a conventional dial pointer
from the same tuning shaft.

‘Tuners of this type, employing three coils,
may be used for a2 receiver with a tuned r-f
stage. It is widely used in automobile radios.
‘The diagram of Fig. 16-38 shows the r-f and
converter sections of a Motorola auto radio
as a typical example of a permeability tuner
of this type.

The ganged cores tune antenna coill L-1,
mixer coil L-3, and osallator coil L5 Trim-
mers across each coil provide the high-fre-
quency adjustment for each arcuit. The indi-
vidual core adjustments on the balelte

strip are used for sensitivity and tracking at
the low-frequency end of the tuning dial.

iy

£

;

i
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B —.

FIG. 16-37. A permeability tuner of the screw-drive
type.

Note some peculiarities common to this type
of receiver. The antenna and mixer coils are
not transformers. Impedance coupling is
most often employed. The suppressor of the
r-f amplifier is connected to the age (labeled
AVC) bus, rather than its usual connection
to cathode or ground. In the oscillator cir-
cuit, the feedback coil is in the oscillator
plate and screen circuit, rather than in the

BEHnu
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FIG. 16-38. R-f and
converter section of a
Motorola auto radio
using a three—coi! per-
meability tuning sys-
tem. :
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cathode circuit. The plate and screen volt-
ages measure only 12.8 volts, since the re-
ceiver is powered directly from the 12-volt
storage battery in the automobile. Note the
negative voltage at the oscillator grid and
how it varies, depending on the frequency
of the tuning dial.

From the servicing point of view, signal
checks may be applied to receivers of this
type just like any other. If the voltage and
circuit differences are kept in mind, the tuner
offers no new service problems, except for
alignment. A generalized alignment procedure
follows. .

Alignment procedure for three-coil per-
meability tuners

1. Check the intermediate frequency of
the receiver. Auto receivers are often
designed to work with an inter-
mediate frequency near 260 ke, rather
than 455 ke, Then align the i-f ampli-
fier in the usual way.

. Check the dial pointer setting and
positioning of the core plugs by the
following steps.

) a. Rotate the tuning shaft to the low-

frequency stop.
b. See that the core plugs are fully
engaged in their respective coils.
¢. Set the dial pointer at the lowest
frequency calibration mark on
the dial scale.

3. Connect the signal-generator output
lead to the antenna connection
through a 0.00025-mfd dwmmy an-
tenna.

4. Sct the signal generator to feed a mod-
ulated signal at 600 ke, rotate the tun-
ing shaft to read 600 ke on the receiver
dial, and align the oscillator-coil core
plug for maximum output.

5. Tune the receiver to a quiet point
near the high-frequency end of the
tuning range, adjust the signal gen-
crator to feed the same frequency

12

as that shown on the receiver dial
scale, and align the oscillator high-
frequency trimmer for maximum out-
put. This trimmer is labeled C-4D in
Figs. 16-37 and 16-38.

6. Check the 600-kc adjustment by
repeating step 4. If considerable
readjustment is necessary, realign
the high-frequency adjustment by
repeating step 5 and then recheck
at 600 ke.

7. Tune the receiver and signal gen-
erator to a peak near 600 ke, and adjust
the core plugs on the mixer and an-
tenna coils for a maximum response.

8. Tune the signal generator and re-
ceiver to a peak near 1,500 ke, and
align first mixer and then the antenna
trimmers for maximum output.

9. Check the 600-kc adjustment by re-
peating step 7. If considerable re-
adjustment is needed, realign the
high-frequency adjustment by re-
peating step 8.

10. If the receiver is an auto radio,
the high-frequency antenna trimmer
is finally readjusted in the car. The
receiver is connected to its own an-
tenna and tuned to any weak station
at the high-frequency end of the dial.
The antenna trimmer is then adjusted
for best reception from this station.

Receivers with push-button tuning. Many
receivers, particularly auto sets, use push
buttons for tuning favorite stations. There
are two general types of push-button arrange-
ments, mechanical and switching. In the
mechanical type, when the button is pushed,
the tuning dial is moved to predetermined
positions by means of an electric motor, a
solenoid system, or lever action. In the
switching method, when the button is pushed,
the dial-operated tuning circuit is switched
out, and a separate tuning circuit, preset to
the desired station, is switched in.



There is a large number of each type of ar-
rangement. For best servicing procedures, re-
fer to the manufacturer’s service notes. Some
typical examples will be described, together
with applicable notes.

Switched push-button tuning circuits,
Figure 16-39 shows the schematic diagram
of a Zemth receiver featuring broadeast,
short-wave, and push-button tuning The
latter is inaugurated by turning the range
switch to the automatic tuming position.
This disconnects the gang tunmg capacitor,
all three sections of which are labeled C-1,
throws a row of preset trimmers across the
antenna tuning circuit, eliminates the con-
verter signal-grid tuning circuit by con-
verting it into an untuned resistance-coupled
circuit, and throws any one of a row of per-
meability-tuned coils in the osaillator grid
circuit.

The predetermined station s then tuned in
by depressing the proper push button The
buttons are sprung so that they are normally
in the OFF position Then as any button 1s
depressed, a catch holds this button n place
while automatically releasing any button pre-
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viously depressed. Each button controls a
double-pole switch, one pole of which con-
nects one of the permeability-tuned coils
m the oscillator grid circuit, while the other
pole connects the proper associated trimmer
-in the r-f gnd circuit.

The trimmers and coils in the automatic
tuner have a limited range (approximately
400 ke), so that each button cannot tune many
desired stations in the broadcast band. How-
ever, the values of coils and eapacitors are
staggered, so that any station can be tuned in
on some one button. The tuning range of each
button is usually marked near the adjustment
screws.

Figure 16-40 shows a simphfied drawing
of the tuning circwit of the Zenith receiver
of Fig. 16-39, when the range switch is in
the automatic position One push button is
depressed, showing one preset trimmer con-
nected across the r-f tuming circuit and one
preadjusted permeability coil in the oscil~
Jator tuning circuit. The coupling between the
r-f and converter tubes is of the resistance-

i type. This ling also
the same for the short-wave position of the

FIG. 16-39. Schematic diagram of a Zenith receiver featunng broadcast, short wave, and push-button

reception

Po T r s e e e e
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range switch. The circuit is tuned only in
the manually operated broadcast position of
the range switch.
The system just described is typical for
push-button tuners of the switching type.
. These systems differ mainly in the number
of preset stations available. In some cases,
switching from manual to automatic tuning
is taken care of by an extra similar push
button, rather than a position on the range
switch. Often the radio-phonograph switch
is also an extra similar push button. In addi-
tion, some types provide two sets of trimmer
capacitors, instead of one set of trimmers and
one set of permeability-tuned coils. In these
types, the regular broadeast oscillator coil is
uscd, the oscillator tuning capacitor is
switched out of the circuit, and one of the
preset trimmer capacitors is substituted for it.
Servicing push-button tuners of the switch-
ing type. Push-button systems of the switched
tuning-circuit type give very little service
“difficulty. Occasionally, the switches do not
make good contact. When this happens, the
following cleaning procedure is effective:

PSITION 9.
CONVERTER

FiG. 16-40. Simplified
diagram of the tuning

¢2 . f circuit of the Zenith
-5 == 50005 cnrcu.lt o Zeni
47000 receiver shown in Fig.
16-39.
T 5
PRE-SET,

if -

PODERT .

Dust the entire switch assembly with a soft

- brush. Depress the first switch, and apply

carbon tetrachloride to its contacts and also
the arm and contacts of the next switch. Then
depress the two switches alternately: first
the second, then the first. Repeat the pro-
cedure for the first and second switches, this
time depressing the second button before
applying the carbon tetrachloride to it. Re-
peat on the next pair, making sure that each
switch has been washed in both the open and
the closed position.

Another service problem is resetting the
adjustment screws, which may change their
position with time. When doing this, the re-
ceiver should be allowed a warm-up period
of about 15 min, to allow all components to
reach normal operating temperature. The
oscillator control is adjusted first, followed
by the antenna adjustment. If the adjusting
screws are not marked, the technician can

~ identify them by checking the wiring diagram

or by the operation of the adjustments. The
oscillator adjustment is critical~a fraction of
a turn will bring the station in or out. The



antenna adjustment is bread in comparison.
If the receiver is equipped with a magic eye,
1t should be used to indicate exact resonance.
An output meter cannot be used for this pur-
pose, since the reading will vary with the
modulation of the program. A vacuum-tube
voltmeter, 1f available, connected to the age
bus, can also be used as the indica-
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be accompanied by a squeal, caused by the
beating action between the generator signal
and the signal from the desired station.
Disconnect the signal-generator “hot” lead
If the squeal does not stop because of leak-
age, detune the signal generator. Then re-
adjust the oscillator control for maximum

tor. If neither the magic eye nor a vacuum-
tube voltmeter is available, the adjustments
are set for best volume and tone by ear. A
good check for correct settings is to tune to
the same station with the switch set for manual
operation, and then switch from manual to
push button and note any difference. Opera-~
tion should be the same, except n the case
of a receiver hke that of Fig. 16-39, where the
manual switch throws 1n an extra tuning cir-
euit.

\When push buttons are set up or when the
adjustment screws are far from their correct
alignment positions, 1t would be timesaving
to use the signal generator for finding the de-
sired stations.

Figure 16-41 shows the method of connect-
ing the signal to the recewver.

T from the station. Finally, adjust the
antenna tnmmer. Repeat the procedure for
the other buttons.

Mechanically operated push-button tuners.
Figure 16-42 shows two views of a typical
mechanically operated push-button tuning
system. This type is known as a “rocker-
bar” mechanism. Each button depresses a
preset pawl, which turns the rocker bar as
far as the pawl setting will allow. A gear
connected to the rocker bar rotates the gang
tuning capacitor. The tuning knob and dial
pointer rotate with the capacitor gang. The
return spring maintains the push button in
its normal out position and, at the same
time, keeps the pawl away from the rocker
bar,

When a button is set up, the locking screw

Adjust the signal generator for a modulated
output at the frequency of the first desired
station Depress the first push button, and ad-
just the associated osallator control until
the signal-generator note 1s heard It will

is 1 i A screwdriver 1s kept pressed
against the loosened locking screw, thereby
depressing the push bar and pushing the pawl
aganst the rocker bar. The desired station
for each button 1s tuned in manually, thereby
pushing the pawl to its proper setting. The

FIG. 1641. Using a
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locking screw is then tightened, fixing the
pawl firmly between the shoe and push rod.
Subsequently, when the button is depressed,
the pawl pushes the rocker bar to its set
position, thereby bringing in the desired
station.

From the servicing point of view, loosened
adjustments are about the only difficulty ex-
perienced with mechanieal buttons of this
type. A complete adjustment procedure fol-
lows.

Adjustment of push buttons for rocker-bar
tuners. Rolate the range switch to the broad-
cast position, Select the stations desired for
antomatic tuning. Choose one of these stations

and any button to be adjusted for it. Follow the
procedure outlined:

FIG. 16-42. Mechan-
ically operated push-..
button tuner of the!
rocker-bar. type. T

[S)

. Grasp the button firmly and remove it

from its shaft by pulling straight out
(sce Fig, 16-43A).

. Insert a screw driver into the slot of the

locking screw. Press in and loosen the
screw 1 to 1¥2 turns (see Fig. 16-43B).

. With the screw driver seated in the

screw slot, press the screw in as far as
possible. Hold it in firmly with one
hand, and tune in the desired station
with the other hand by pressing in and
rotating the selector knob (see Fig. 16-
43C).

Release the selector knob and tighten
the screw firmly.

Check the adjustment by tuning



well past the station, using the selector
Lnob and then pushing in the button-
shaft. The station should come back in
again clearly and with maximum vol-
ume. After the adjustment is tested,
check to see that the locking screw is
tightened firmly. Replace the button

on its shaft.

@

Adjust the remainder of the buttons in
the same manner as outlined above.

Figure 16-13D shows a common method of

inserting station tabs.
Larioal

M i bility tuners.
A Motorola Tuner, illustrated in Fig. 16-44,
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is a push-button control of associated per-
meability tuners. It is similar to the rocker-
bar arrangement just described, except that
powdered-iron cores are inserted to different
extents in the antenna, r-f, and oscillator
coils by the depression of each of the but-

tons.

Like the rocker-bar system, about all the
trouble that develops is a falling out of adjust-
ment. The tuner is then reset as described

below:

1. Tumn on the receiver and allow it to

warrn up for a few minutes.

2. Pull out any station-selector push but-

ton to unlock the tuner.
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T T 3. Tune manually to the station you desire

‘ to set up. Be sure you tune for clearest

reception.

4. Push the button back on and depress
to lock the tuner. This push button is
now set for the station you just selected.

. Follow the same procedure for the re-
maining push buttons and other de-
sired stations. .

6. It is usual to set the push buttons for

higher-frequency stations as you move
from the left to the right.

ot

Mechanically operated push-button tuners
of the motor-driven type. Motor-driven -
push-button tuners are too varied in their
operation, adjustment, and service problems
for any generalized treatment in a book of
S R ... this nature. The technician is referred to the
FIG. 16-44. Mechanical automatic permeability ~manufacturer’s service notes when he ex-
tuner. periences difficulty with any of these devices.

N
i
i
}

H
}
i
H
t
*
'
!
i

T T R I SUMMARY o T T

Quick check for normal operation of the oscillator.

Tune the receiver to 600 ke, Connect the signal-generator output
to the converter signal grid (mixer grid) through a 0.1-mfd capacitor,
and rotate the signal-generator dial through 600 kc. If the signal-

generator modulation note is heard in the speaker at or near 600 ke,
the oscillator is functioning.

Quick check for normal operation of the mixer.

Tune the receiver to 1,400 ke. Connect the signal-generator output
to the r-f grid (antenna if there is no r-f stage) through a 0.00025-mfd
capacitor. Rotate the signal generator dial through 1,400 kc. If the
signal-generator modulation note is heard in the speaker, at or near
1,400 ke, the mixer stage of the converter is functioning,
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Standard diagram.
This eiremt is

shown in the accompanying figure.

COUNERTER WeuT %
85AT T4

Normal resistance data for the converter.

Across L-4, primary of the signal input transfor-

mer T-2 20-40 ohms
Across L-5, secondary of the signal input trans-

former 3-5 ohms
Across L-6, gnd coil of the osaillator transformer

T3 4-5 chms
Across L-7, feedback corl of the osciliator trans-

former 1-2 ohms
Signal gnd (G-3) to chassis 2,700,000 ohms
Oscillator grid (G-1) to chassis 22,000 chms

In recewvers where the signal input transformer T-2 1s a loop an-
tenna, the gnd coil of the loop will measure I to 3 ohms The antenna
winding, 1f present, will measure less than 1 ohm

Normal voltage data for the converter.

Readings taken from the indicated terminals to the chassis or com-
mon negative terminal of the receiver are given n the accompany-

ing table, -~
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Plate
Screen

Qscillator grid

6SAT or

125A7
pin No,

o W

A-¢ roceiver,
valls

90-135
90-135
-10

6BE6 or’
A-cld-c raceiver 12BEB
volts pin No,
30 5
a0 6
~10 1

SERVICE DATA CHART FOR AN INOPERATIVE OSCILLATOR STAGE

Assume an inoperative oscillator section in a dead receiver, as shown by normal response when an i-f
test signal is applied to the mixer grid, and no response when the test signal frequency is changed to
r-f, The following test procedure is recommended.

Procetiure

¢
s

Make a voltage check.

In the ohmmeter check look for the following conditions:

QOscillator grid reads zero or

positive

Reating

Open oseillator coil grid winding L-6.
Shorted oxcillator section of the gang tuning capacitor C-6.
Leakage across the oscillator tuming capaettor C-6 or its shunt trim-

moer,

Open padder eapacitor C-7.

Open oy leaking oseillator grid capacitor C-19,

cee e e v e

Trouble and
subsenuent check

4

Nonoscillating converter tube. Substi-
tute one that is known to be good, if the
trauble still persists, it is in the oscillator
grid circuit. Make chmmeter check

Open or wrong resistance value for oseillator grid leak R-19.

SERVICE DATA CHART FOR AN INOPERATIVE MIXER STAGE

Assume an inoperative mixer in a dead or weak receiver, as shown by normal response when an r-f test
Signal is ted to the mixer grid, and no or weak response when the rf test signal is fed to the r-f grid.

Procedure

Apply the test sipnal to the rf
plate,

Reading

Normal response

- Troubfe 'a-nd
subsequent check

Trouble is in the r-f tube or its as-
sociated circuil. Substitute an r-f
tube known to be good. Make a
voltage check and a resistance
check of the r-f stage to find the

_defective component



No or weak response

Reading

CONVERTER. MIXER AND OSCILLATOR STACES 223

Trouble and

Trouble js in the mixer gnd cir-
cuit. Check the muxer input
transformer 7-2 for opens. Check
the agc decoupling filter R-29
and C-29 for opens

Defective converter tube. (Cathod&toheater short ofr
feakage)

Weak converter tube. Check oscnllator cnrcunt fcr crmcal
oscillator conditions

V/eak reception
e o

Squeal

Open plate bypass C-22. Sheelding improperly grounded
Leads improperly dressed

[ et e m e s LTI

Squeals or birdies when tuning certain stations

Frmer o

Image frequency mtederence See Chap 17

e o

Norsy, intermittent operation

Defective converter tube Corroslon in tnput transformer
7-2 and oscillator transformer 7-3 Check gang tuming
capacttor for shorts and poor wiper contacts Check

yaring for bad connections and rosin joints

Ao e e e

One station all over the tuning range

Capacrtor gang not tuning. I-f ampllher tuned to the
wrong frequency 1

L
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e QUESTIONS Dot T e P

| o NN NS KT BN AN

1. Qutline a procedure for determining the nal. What are the probable causes of the
cause of a defective oscillator circuit in trouble? How would you check cach?
a dead receiver. 7. The receiver of Fig. 16-39 operates nor-
2, Outline a procedure for determining the mally on the manual and short-wave posi--
cause of a defective wixer circuit in a tions of the range switch, but gives no re«
dead receiver. ception ou any push button. What is the
3. A receiver operates on the high-frequency wost likely cause of the trouble? How
end of the broadeast band but not on the would you check for it? How would you
low-frequency end. List the probable remedy the condition?
causes and state how you would check {or 8. What are the important points to re-
each, member  when replacing an  oscillator
4. The recciver of Fig. 16-27 does not oper- coil?
ate, Signal check shows normal response 9. A rceeiver has a tunable hum. The line
when checking with an i-f signal at the filter is checked and found to be O.K
12BE6 mixer grid, and no response when What else is likely to cause this condition?
checking with an r-f test signal from the How would vou check for it?
same point. Voltage check shows novead- 100 A superheterodyne  receiver  squeals
ing at the oscillator grid and normal read- all over the tuning range. How would
ings for the 12BE6 plate and screen. you check the converter stage for this?

Where is the trouble likely to be? How 110 The receiver of Fig, 16-27 does not
would you check for it? How would you

: Jor apernte, When a test signal, either rf
remedy the condition?

or if, is applied to the converter sig-
5. The receiver of Fig. 16-34 operates nat- nad grid, the response is heard weakly
mally on the short-wave range but not on and with a rough note, What is likely to
the broadcast band. Qutline a procednre to be wrong? How would you check for it?
locate the cause of the trouble, I12. The reeeiver of Fig, 16-38 operates, but
The recciver of Fig. 16-34 gives no re- reception is weak, and the noise level is
ception, Signal check shows normal oper- high. Signal check shows normal opera-
ation when a test signal, either r-f or i-f, is tion from the converter signal grid, but re-
applied to the BSAT signal grid, and no re- duced gain when the rf test si’gnal is
ception when an r-f test signal is applied 1o shifted to the r-f grid. What factors are

the r-f grid. Voltage check on the v-f tube likely to be at fault, and how would you
shows a reading of zero at the plate termni- cheek for each one?

6

&
b



Many rccewvers incorporate a stage of r-f
amplification ahead of the converter. It is
called the “r-f' stage, or sometimes the
“antenna’ stage. It requires no quick check
for operation. Since it is last in a line of
stage checks, if all others check perfect for a
defective receiver, the rf stage must he
defective by a process of elimination.

Of course, the entire receiver may be nor-
mal and the trouble may lie in the antenna
system, which is the first Iink 1n the signal
chain. This possibility, however, should not
occur on a test bench setup. Only at the
customer’s home will such trouble anse, and
the alert technieran will recognize the con-
dition. Checking the antenna 15 usually a rou-
tine part of the home service call. Service
notes relating to antennas will be mcluded
later in this chapter.

Function of the r-f stage. The r-f stage re-
ceives energy from the antenna, tunes the de-
sired sigmal (station), amphifies the signal,
and passes it on to the converter Because
of these functions —tuning and amphfication —
it increases the selectivity and sensivity
of the receiver. The r-f stage provides other

i} ges One is the red; of the nose
level when a stronger signal 1s fed to the
converter. Another 1s the mmprovement of
the age action, since another controlled tube
1s added in the rf and 1-f cham A third 15
thc 1 of il mter-
to re-

g 1
h

up

1

ceivers.

17

y interfc Examine the
opemhnn of a superheterodyne receiver.
The antenna picks up station signals broadly
at all fi Where a receiver has no
r-f stage, the antenna energy is fed through
a tuned circuit to the signal grid of the con-
verter tube For example, suppose the tuning
circuit s set to receive a desired signal at
1,000 ke. The local oscillator of the receiver
will then have an output at 1,455 ke if the
1-f amplifier of the receiver is fix-tuned to
455 ke. The station and oscillator signals are
mixed in the converter tube and the output
from the latter is many frequencies. The i-f
amplifier, usually sharply tuned by four
resonant circuits, accepls only the signal that
1s the diffe in bet the
station and the oscilator slgnal—m this
case 455 ke, the intermechate frequency. This
+f signal 1s then amphfied and sent on to the
detector and a-f amplifier.

Any signal at 435 kc 1n the converter plate
cireuit will be accepted by the »f amplifier
and passed on We have just seen how one
455-ke signal is developed at the input of the
-f amplifier. 1s 1t possible for a second one to
be present at the same time?

Reexamine the converter signal gnd. It
15 tuned to 1,000 ke, by means of one tuned
circmt that 1s somewhat broad. As a result,
the gnnd may receive signals of widely dif-
ferent frequencies picked up by the antenna.
Normally, these signals mix with the local
oscillator  signal (1,4‘;5\1«:) and produ

1. f
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difference frequencies which are rejected by
the sharply tuned i-f amplifier. However,
there might be one station signal at 1,910
ke on the converter grid which, after mixing
with the local oscillator signal of 1,455 ke,
will produce a difference frequency at 435
ke. This 455-ke signal will be accepted by the
i-f amplifier and result in two stations at the
speaker output— 1,000 and 1,910 ke.

Similarly, if the receiver is tuned to a station
at 600 ke, the oscillator will be tuned to 600 +
455, or 1,055 k¢, and an intermediate fre-
quency of 455 ke will be produced at the i-f
amplifier grid. And a station signal at 1,510
ke at the converter signal grid will mix with
the oscillator signal and again produce a
difference, ar i-f frequency, of 455 ¢ which
will appear as an interfering station. Thus,
any desired station is likely to experience
interference from another station that happens
to have a frequency which is higher than that
of the desired station by twice the inter-
mediate frequency {as much above the oscil-
lator frequency as the desired station is below
the oscillator frequency). This defect of super-
heterodyne receivers is known as “image-
" frequency interference.”

Since the two stations are rarely exactly
twice the intermediate frequency apart, they
will beat with the oscillator signal to produce
intermediate frequencies very close to 455
ke and to each other. These two intermediate
frequencies will be accepted by the i-f ampli-
fier, where they will beat with each other to
form a difference frequency which will be
a-{ and result in a high-pitched squeal. Thus,
image-frequency interference appears in the
recceiver in a form called “birdies” or
“whistles,” which mar reception on certain
stations.

Eftrly superheterodyne receivers employed
an intermediate frequency of 175 ke, Here,
image-frequency interference would oceur
frm}m stations 350 ke from the desired ones
{twice the intermediate frequency, or 2 X 175
ke). If there were only one tuned cireuit be-

fore the converter, that tuned circuit wonld
not be sufficiently sharply tuned to eliminate
image frequencies 350 ke from the desired
signal, and interference would be trouble-
some. Modern practice employs an inter-
mediate frequency of 455 ke, thereby placing
the image frequency much farther away, 910
ke from the desired station. As a rule, with
such a wide spread between desired and
image frequency, even one r-f tuning circuit
is adequate to keep a station 910 kc away
from affecting the converter signal grid.

A preselector circuit is an added tuning
circuit between the antenna and the converter
signal grid, the purpose of which is o sharpen
the tuning to reduce image-frequency re-
sponse. Figure 17-1 shows a typical preselec-
tor circuit together with its over-all selectivity
curve.

Preselector circuits are rarely used in
modern receivers, since they reduce the
sensitivity, and the same reduction in image-
frequency response is possible by increasing
the intermediate frequency.

A tuned r-f stage, ahead of the converter,
combines the added selectivity of the pre-
selector in reducing image-frequency re-
sponse and, because of the amplification of
the tube, adds to the sensitivity of the receiver.

Standard circuit. The standard circuit is
shown in Fig. 17-2. )

Functions and values of component parts.
The antenna transformer T-1 couples the
energy picked up by the antenna to the grid
of the r-f tube. The secondary winding L-2
is tuned by C-2, the antenna section of the
gang tuning capacitor. As explained before
in connection with the components of the
converter stage tuning system, the values of

parts in any tuning system are important parts
of the design of the receiver and cannot be
changed without altering the calibration and
tracking,

When the receiver is of the loop-operated
type, antenna transformer T-1 is replaced
by the loop antenna. In this case, the main



R-F AMPLIFIER STACE 227

FIG. 17-1. A presefec-
tor circuit and its ef-
fect on selectivity be-
fore the converter 4
signal grid. .

portion of the loop winding acts as the antenna
for the receiver and 1s tuned by capacitor
C-2. Should 1t be desired to connect an ex-
ternal antenna for greater sensitivity, the
loop is equipped with a primary winding of
one or two turmns which is connected to the
antenna and ground.

Decoupling filters in the r-f stage. When
a receiver incorporates an r-f stage, there
is more likelihood of undesirable coupling.
As a result, there must be more decoupling
filters not only in the rf stage, but also
throughout the receiver.

The v-f cathode may be tied to the i-f cath-

ode. D ling is achieved by using
cathode resistors for each stage. Omitting a
bypass provides d i In

L3 1D COMVERTER *

FiG. 17-2. Schematic
diagram of a typical

R-4 r-f stage.
620

some receivers, a 0.1-mfd bypass capacitor is
used for added gain. Sometimes r-f cathode
resistor R-1 is made variable. This provides
a vanable minimum bias for the tube, giving a
contro] of its gain and acting as a sensitivity
control for the entire receiver. When used, a
sensitivity control of this type provides a
range of 100 to 25,000 chms, and 1t is generally
bypassed by a 0.1-mfd capacitor.

The plate supply also usually includes
decoupling filters for one or more of the r-f,
i-f, and converter plate circuits The decou-
pling resistor R4 for the r-f plate is usually
600 to 1,000 ohms. The plate bypass capacitor
C-4 15 usually 0.05 to 0.1 mfd/600 volts,

Tubes commonly used in the rf stage.
Tubes of the 6SK7 remote-cutoff pentode
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type are commonly used as r-f amplifier tubes.
The miniature equivalent is the BBAS. A-cld-c
receivers use the 12SK7 and 12BAG tubes. The
+f tube is often enclosed in a clasely fitted
metal shietd.

NORMAL TEST DATA FOR THE R-F STAGE

Normal signal check for the r-f stage. The
signal generator is connected to the antenna
and ground through a 0.00025-mfd capacitor,
and adjusted for a modulated output at 1;500
ke, with the attenuator set for a very low out-

- put. The receiver is adjusted for maximum
gain; that is, volume control full on, tone con-
trol at maximum high a-f response, and fidelity
control in the selective position. The receiver
dial is set for a quiet point between 1,400 und
1,500 ke. If an output meter is connected to
the receiver, it should be on a high-voltage
range. The signal geuerator dial is then ratated
through 1,400 to 1,500 ke.

When the receiver is operating normally,
the signal generator modulation note will be
heard in the speaker very strongly as the
signal-generator dial passes the point at which

A the receiver is tuned. The r-f stage is then

" known to he functioning. Usually, the output
in the spealier will be greater than the stand-
ard output of 50 mw, even with both attenua-
tion controls set at zero. In addition, with the
reeeiver gain coulrols set at maximum, random
noise pulses, picked up by the receiver, cause
considerable output meter deflections, so
that sensitivity measurements for the r-f stage
cannot be made to get the usual standard
output.

However, if the signal check does not show
some gain over a signal measurement from the
r-f grid, it may be assumed that there is trouble
between the antenna and the r-f grid.

Normal voltage data for the r-f stage. Read-
ings are taken from the indicated terminal to
the chassis or common negative. Normal
voltage data for the r-f stage are given in the
accompanying table. ‘

BSKT or A-c/d-c |{6BAG or
Tube | 12517 |A-c receiver, {receiver, | 1 _28A6
terminal | pin Ha. volls voits pin No.
Plate g 90-1358 90 5
Screen 6 90-1358 a0 6
Cathode 5 1\ ,1 1. 77

Normal resistance data for the r-f stage.
Normal resistance data are given in the
following table:

Antenna to ground, or.
across L-1 {primary)
Across L-2, secondary

of the antenna trans-
former T-1 \
Cathode to chassis 100 ohms
Plate to B+ 40 ohms plus the resistance
of a decoupling filter, if used
Control grid to chassis 92,700,000 ohms

In receivers where the antenna transformer
is replaced by a loop antenna, antenna to
ground will measure less than 1 ohm and the
grid coil of the loop will measure 1 to 3 ohms.

A ferrite loopstick, when used, measures
1 to 2 ohms.

30-50 ohms

5 ohms

COMMON TROUBLES IN THE R-F STAGE

Most of the parts used in the r-f stage‘hre
similar to those used in other stages in the
receiver. In this section, the common troubles
and how they are found will be covered, but
the reader will be referred to other parts of

the text to avoid repetition of replacement
notes.

Troubles common to the antenna trans-
former. Either winding of the antenna trans-
former T-1 is likely to open. An open sec-
ondary would cause weak, noisy reception,
possibly accompanied by hum. The trouble
would be localized on a signal check since
there would be no gain between the r-f grid



and the antenna. An ohmmeter check would
then confirm the difficulty,

An open primary winding might not be so
eastly found, owing to the fact that the capact-
tive gimmick winding may transfer sufficient
energy to the secondary for fair operation of
the receiver. The nature of the open in the
winding will affect the type of trouble ex-
perienced with the radio. Usually it will be
noisy, and a noisy receiver always calls for a
routine check of coils that will locate the
trouble.

Repl transformers

notes on
will be found i Chap. 16.
Trouhles common to the antenna lumng
The tuning
develops troubles in common with any sechon
of the gang tuning capacitor. The plates may
touch and cause a short and no operation or
very noisy operation over parts of the tumng
range. Also the plates and the associated
trimmer capacitor collect dust and cause noisy
operation and a parbal short. S, the
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FIG. 17-3. An antenna coil and its position in the
-1 circuit.

filters usually give no service troubles unless
the associated capacitor shorts. If C-4 should
short, there would be an overload of current
through B which might damage it. When

wipers make poor contact, again causing noisy
operation or weak reception over parts of the
tuning range.

A shorted tuning capacttor or tnmmer would
be found on signal check. When the comverter
stage is checked from the r-f gnd, the defectnv e
capacitor would short the signal-generator
output and cause no signal An ohmmeter
check would then disclose the short Since
this might be in the tnmmer or the plates of
the tuning the an must

this happens, the resistor is usually replaced.
Capaator C-30 in the age circuit rarely shorts
and, if it shoald, there is insufficient current
1 this eirennt to harm resistor R-30.

If capacitor C-4 shorts, the stage becomes
1noperabive owing to lack of plate voltage. The
condiion would be found much earlier in the
test procedure, however, since the short would
reduce the total B voltage and affect the opera-
tion of stages previously tested. The shorted
capacitor would be found by voltage and

determine which unit is defective An easy
way of doing this 15 to rotate the tuning capaci-
tor to the full open position and check again
If the short remains, 1t 1s probably due to
cracked mica in the tnmmer capacitor

When the tuning capacitor 1s causing notsy
reception over part of the range, a thorough
overhaul of the tuning-capacitor gang w:ll be
necessary. A procedure for doing this 1s given
in Chap 16.

Troubles common to the r-f stage decou-
pling filters. The resistors in decouplng

t cheching

If capacitor C-30 shorts, the age voltage
applied to the stage would be shorted out.
This would cause the stage to be operating at
maumum solume with consequent over-
loading of itself or succeeding stages. The
overload would cause poor tone on all but
weak signals, a symptom of defechve age
operation, which would focus attention on
this crrenit.

If any of these capacitors open, the trouble
would be found by checking for the symptom
that ensues, If plate capacitor C4 opens, the
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gain of the stage would be reduced with
possible oscillation . also resulting. Signal
check and sensitivity measurements would
show normal response from the converter
grid and insufficient gain from the rf grid.
This could be caused by a weak r-f tube, im-
proper operating potentials, a defective inter-
stage r-f transformer, or an open plate bypass
capacitor C4, all of which would have to be
investigated. The condition would be found
when a test capacitor, bridged across C-4,
restores normal operation.

If agc bypass capacitor C-30 opens, the
tuning circuit in the r-f stage becowes in-
effective. This causes a weakening of the
received signal, which in turn causes the age
to step up the gain of the controlled tubes.
The net result is that strong locals come in
like weak stations, that is, with a high noise
level, and weak ones do not come in at all. The
trouble would be found on signal check, since
operation would be normal from the r-f grid
and show no gain or a loss when checking
from the antenna. An open antenna coil pri-
mary may give the same results. The trouble
would be confirmed when a test capacitor
bridged across C-30 restores normal operation.
A second check that may be used for con-
firmation is that the trimmer capacitor across
the antenna section of the gang tuning capaci-
tor is ineffective.

- Code interference. Any superheterodyne

CONVERTER

receiver is especially sensitive to any signal
at its intermediate frequency. With an inter-
mediate frequency adjusted to 455 ke, a signal
at or near this frequency may get.to the con-
verter grid, be present in the converter plate -
circuit, and be accepted by the i-f amplifier.
This condition will cause interference with
the desired station. In areas near the seacoast,
many powerful shore-to-ship transmitters
operate at frequencies close to 455 ke. These
cause interference that may blanket the low-
frequency half of the broadeast band. Since
the shore-to-ship transmission is generally in
code, its interference is called code inter-
ference. ’

Code interference is a problem in some
seacoast areas, and is most pronounced in
receivers which do not use an r-f stage, since
the converter grid is that much closer to what-
ever is being used for antenna pickup. Some
receivers have built-in protection from such
interference in the form of a wave trap. This
trap is placed in the converter grid circuit and
is tuned to give minimum response at the
intermediate frequency. When intermittent
code interference is the complaint, the in-
stallation of such an i-f wave trap is about
the only remedy. °

If the receiver does not have an r-f stage
and uses a loop or ferrite loopstick for the
antenna, the trap L-3{C-3 is placed in the con-
verter grid circuit, as shown in Fig. 17-4A.

I ket - g e

RFAMPLIFIER

St g s vy g g e

FIG. 17-4. Installation -
of i-f wave trap for re- ..
duting code interfer-- .
ence. ' )




Small permeability-tuned 1-f wave traps are
available. The lead to the converter-mixer
grid should be as short as practicable.
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of station WHOM eperating at 1,480 ke (570
+ 910 = 1,480). Station WNBC may be trou-
bled with image-frequency whistles cansed by

Where a receiver uses a shielded
coil, the trap could still be located in the con-
vester grid eircuit, but it might be more feasi-
ble to wire itinto the antenna circuit, as shown
in Fag. 17-4B.

To adjust the trap, feed the signal gencerator

the p of a signal from \WWQXR operating
at 1,560 ke (660 +910=1,570). In addi-
tion, reception at many points in the tuning
range may on oceasion experience image-
frequency interference, if the recever should
be in the wcmity nfpnlxcc or amateur stations

* output to the of the iver and

erating on fi s sing from 1,700

wobble the frequency of the generator around
the intermediate frequency to get a peak
response from the receiver. Then adjust the
trap while feeding in the same test frequency
until there is minimum response from the
receiver.
fon of i freq y interference.
Interference c1used by the normal response
of superhetemdync reccivers to stations
operating at the image frequency causes
service difficulties in relatively few nstances.
Receivers that incorporate a tuned r-f stage
are not troubled. Loop-operated receivers
are hkewise httle affected, since the tunable
loop antenna is less responsive to a station 910
ke off resonance than are the ordinary antenna
and antenna coil which respond to a very large
band of fr The usual offenders, as
regards 1mage-frequency nterference, are
the types of receivers that employ an antenna
and no r-f stage, or an r-f stage followed by an
untuned converter stage Also, the trouble is
2 local one, since another requirement 1s the
presence of a strong image-frequency signal
at the high-frequency end of the broadcast
band (twice the intermediate frequency above
the frequency of the desired station).
Image-frequency interference can be re-
cognized as a whistle, or “birdie,” which
mars reception on one station at the low-fre-
quency end of the broadeast band while re-
ception 1s normal for all other stations. In
the metropohtan New York area, the stations
affected are eithes WMCA —570 ke, or WNBC
—B80 ke. In the case of statton WMCA, the
interference will be prevalent in the vieinity

to 2,400 ke.

When the scrvice job s to reduce fmage-
frequency interference, various methods can
be employed by the technician, A simple yet
sometimes effective method {s to reduce the
signal input to the recewver. Modern super-
heterodyne receivers are usually more sen-
sitive than needed for normal requirements
of local reception, and may perform satis-
factonly with very little antenna pickup. When
this is the case, a reduced antenna may recefve
so much less signal from the interfering station
that the whistle disappears. It is always worth
while, therefore, to try the effect of a short
indoor antenna on the interference. If jt §s
cffective, the technician should then check .
carefully to see that reception from all desired
stations s satisfactory with regard to hoth
signal strength and freedom from noise.

Another expedient is the installation of
wave trap tuned to the frequency of the inter-
fermy station. This frequency may be deter-
mmcd by adding twice the receiver inter-

| y to the freq sy of the
station  expenencing the interference The
wave trap chosen should have a range which
mcudes the frequency of the interfering
station

Sull another methaod of seducing image-
frequency interference 1s to change the inter-
medate frequency of the receiver The opera-
ton of a receiver is not greatly altered in
respect to sensitivity, selectivity, tracking,
ete, af the intermediate frequency is shifted
ahout 10 ke, provided the receiver is com-
pletely realigned. The change, however,
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may reduce image-frequency interference.
For example, assume a receiver with an if
amplifier tuned to 455 ke and experiencing an
image whistle when tuned to a station at 370
ke, The whistle is caused by a stalion op-
erating at 1,480 ke (1,480 — 910 = 570). Sup-
pose now that the i-f amplifier is retuned {o
465 ke, and the entire receiver is realigned to
operate at this intermediate frequency. The
station at 1,480 kc will still be present and
will cause image-frequency interference when
a station at 550 ke is tuned in (1.480 — 930 =
550). But there is no local station at 550 ke
and the image-frequency interference that
marred reception from the station at 570 ke
will be greatly reduced or entirely eliminated.

Variations in the r-f stage. Multiband re-
ceivers will, of course, cause changes in the
r-f stage. These will be in the tuning circuit,
switching arrangements, etc. The servicing of
these components has been deall with in
connection with multiband circuits in the con-
verter stage, and it is felt that the technician
will be able to apply the same technigues to
similar situations in the r-f stage.

Function of the antenna. The antenna is the
first link in the receiver signal channel. Radio
waves from all stations sweep across the an-
tenna. Radio waves are one of the variety
known as “electro-magnetic” waves, When
such waves sweep across a wire conductor
like an antenna, they generate a voltage in
the wire, which in turn drives a feeble current
through the antenna-ground system in the
receiver. The current produced has the same
frequency as that in the broadcasting-station
antenna and possesses the same modulation
that represents the desired intelligence.

Types of antennas used. The oldest type of
antenna was simply a length of copper wire,
abo.ut 75 feet in length and held horizontally
by insulators at each end. A lead-in wire was
therf braught from ane end of this antenna to
an input terminal on the receiver. The an-
tenna was mounted as high as possible to
give the greatest signal pickup.

A I_Z‘ltl::r variety was the pancake Joop antenna
consisting of a flat loop of wire that was at.

tached at the rear of the radio cabinet. It was

placed in the receiver as the inductor for the
input tuning circuit. Many pancake loop an--
tennas sre still being used. ,

The latest development is the ferrite loop-
stick antenni. Here, a small coil of wire is
wound o & powdered-iron core rod. It, tao, is
the induceor for the input tuning circuit.

The old clevated antenna wire type is still
found iu fringe areas where station signals
are wedk. But it is usually connected to a
separate winding on the pancake loop or
fenite loopstick, This winding has a small
length of wire extending from the rear of the
veceiver. The leadin is connected to this short
length of wire. When using an outdoor ele-
vated wire antenna, it is advisable to take
precautions against damage resulting from
lightning, A commercial lightning arrester
should be connected from the leadin wire to a
metal pipe driven into the ground where the
sotl is somewhat damp. Many communities
require such protection. .

There are special antenna types used for
f-m receivers. These will be described in
the chapter on f-m receivers. We are con-
cerned at this time only with a-m receivers
and their antennas that feed signal to the r-f
amplifier stage or to the converter.

Directional characteristics of antennas.
It is common knowledge that antennas have
directional characteristics. An elevated wire
antenna will have best signal pickup in a
divection along the length of the wire, and
particularly from the direction opposite to
the end at which the leadin is connected.

Pancake loop antennas have best pickup
when the receiver is turned so that the desired
station is coming from a direction along the
horizontal axis of the loop. The ferrite loop-
stick will also have best signal pickup from
one particular direction. Such reception be-
}.myior should not be looked upon as a defect
in the recejver. )

Trouble common to the built-in antenna.
A common difficulty in most receiver coils is

that windings open. This occurs in the ferrite-
rod or pancake loop antenna.



A receiver with an open antenna winding
may still play. But if it does, reception will
be weak, erratic, and noisy, and the receiver
may hum. On signal check, there will be a
normal response when the i-f amplifier is
tested. When the test signal is then shifted
to the converter grid, the modalation note 1n
the speaker will be at a reduced volume,
rather than the normal increased volume, and
1t probably will be accompanied by hum. The
open antenna winding is then found by a
resistance check of the converter, when the
reading across L-2/C-2 in Fig. 17-3 is open
rather than its normal reading of 1 ohm.

The break in antenna winding L-2, regard-
less of whether it is of the ferrite-rod or pan-
cake-type loop, may be in the winding itself,
in the connections at the soldering lugs, or in
the connecting leads to tuming capacitor C-2.
Often enough, the break is Jocated at the con-
nection points or in the leads, erther of which
is easily repaired Therefore 1t1s wise to check
for these possibilities before trying to find a
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s
very-hard-to-get exact replacement for an-
tenna coil L-2.

Carefully examine the coil or loop to see if
you can pick up a broken end near one of the
connection lugs. If you can, the repair is ac-
comphished by cleaning, tinning, and recon-
necting the broken end. The wire may be
enamel-covered, clean with fine sandpaper.

When checking a lead for the break, clip an
ohmmeter to each end, and yank on the wire.
Often enough, the break is inside the insula-
tion and cannot be seen. It may even be
making temporary contact at the time of the
ohmmeter check and hence the need for the
yank. If a defe=tive lead is found, replace it.
Use stranded hookup wire for the purpose,
especially on pancake loops, since these are
generally attached to the back of the cabinet
and are subject to strain every time the re-
ceiver is opened for checking tubes, etc. If
the break s in the winding itself and cannot
be repaired, it must be replaced with an exact
manufacturer’s replacement part.

SUMMARY

Quick check for normal operation of the r-f stage.

If all previous stages checked showed a normal response, the

trouble must be in the r-f stage.

Standard r-f stage diagram.
The acco
£ e e s e et = - v
REAMP
65K7

mpanyng figure shows the standard r-f stage.
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Normal voltage data for the r-f stage.

Readings are taken from the indicated terminal to the chassis or
common negative. Normal voltage data are given in the accompany-

ing table.

Teswrar | 7 eBEs o
“Tube terminal 12SK7 B-¢ receivers, | A-cf/d-c roceivers, 12BEG.
: pin Ho. voits volis pin No.
Plate 8 90-135 90 5
Screen 6 90-135 90 6
Cathode 5 1 1 7
Normal resistance data for the r stage.
Across L-1 30-50 ohms
Across secondary of the antenna transformer 5 ohms
Cathode to chassis 100 ohms
Across primary of interstage r-f transformer 30~50 ohms
Control grid to chassis 2,700,000 ohms
SERVICE DATA CHART
Symptom Abnormal reading “Look for .

No signal from the speaker

Plate voltage = Q. Other volt-
ages normal

Plate and screen voltages
=

Plate and screen voltages =
0. Other voltages Jow

Open primary of interstage
r-f transformer 7-2

Open plate decoupling re-
sistor R-4

Plate-chassis short circuit in
the rf circuit.  Short-cir-
cuited decoupling capacitor

4

B LT R I

“



: Symptam

YT o I

Weak signai

Qsctiation

RSO —
i -

Noisy operation

Abnormal reading

Cathode voltage high Other

voltages normal

Cathode voltage=0 Other

voltages normal

All voltages normal

All voltages normal
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Look for '

Open cathode resistor R-1

Dead r-f tube V-1

Short circutt in gang tuming
capacitor C-2

p—

N R

Weak r-f tube V-1, Open an-
tenna transformer 7-1. Open
plate bypass capacitor C-4
Open age bypass capacitor
€-30 Misalignment

All voltages normal

All valtages narmai

Open screen bypass capaci-
tor C-4 Shielding improperly
grounded. lncorrect lead
dress

i

Open or corroded antenna
transformer 7-1 Open agc
bypass capacitor €-30 Cor-
roston 1 the nterstage rf
transformer 72 Defective

rf tube V-1 Defective garng
tuning capacttor

Whistles on one or two sta-
tions

Short-circuited  age  bypass
capacitor C-30

M

Image-frequency interference
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T I LAY JEIRASAA, St RPN AP Y TRk S PG

1. Outline a procedure to find the source trou-
ble in areceiverthathas a defective r-f stage.

2. A weak a-c superheterodyne receiver gives
a normal response when the proper test
signal is applied to the r-f grid and a weaker
response when the same test signal is
applied to the antenna. What are the likely
sources of the trouble, and how would you
check for each?

3. A dead a-c superheterodyne receiver gives
a normal response when the proper r-f
test signal is applied to the converter signal
grid and no response when the same test
signal is shifted to the rf grid. Use the
standard circuit of Fig. 1-1 and list the
possible causes of the trouble. How would
vou check for each?

4. A superheterodyne receiver gets a station
operating at 570 ke all over the dial. What

=1 QUESTIONS [

is likely to be wrong? How can you check
for this cnndition?

A receiver operates normally on all local
stations except one at 660 kc. On this
station, there is a persistent whistle that
cannot be tuned out. What is the most
likely cause of the difficulty? Outline a
procedure to be followed in an attempt to
minimize the condition. '

. A receiver with an r-f stage like the standard

circuit of Fig. 1-1 picks up local stations
but the reception is below normal in
strength and is coupled with consider-
able noise. A signal check shows normal
response when the proper test signal
is applied to the r-f grid, and a loss when
the same test signal is applied to the an-
tenna, Name the parts that may cause this
condition. How would each one be tested?
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What is receiver alignment? The average
superheterodyne receiver has seven or more
tuned circuits, each of which has to be n
resonance at its proper frequency for best
operation of the recerver. When they are not
in resonance, the receiver responds with a
loss of sensttivity and selectivity to an extent
depending on the degree to which the tuned

tions were described. They will not be re-
peated in this chapter.

In most receivers, alignment adjustment
for tuned circuits 1s performed by varymng
small semvanable capacitors in parallel or
in series with the main tuning capacitors of
the tuned circuits These capacitors are known
as “trimmers” when in parallel, and as
“padders” when m series. They remove or

circuits are out of The il

for bninging these crrewts to at
their operating frequencies 1s called “align-
ment.”

Best alignment procedure for any particular
receiver 1s an indwvidual process In each
case, it 15 best to follow the exact method of
alignment recommended by the receiver
manufacturer in his service notes Neverthe-
less, all methods are suffictently smu]ar to
permit the on of a
procedure for use where spectfic service notes
are not available. The purpose of this chapter
is pnmanly to present such a generalized
procedure.

The al d d will
be that to be used for a standard superhetero-
dyne receiver operating m the broadcast
band. Where special recesver variations oceur,
such as multuband recetvers or broadband
high-fidelity receivers, alignment notes have
been given in the sections where such vana-

add to the main tuning capacitor
In some cases, as in wave traps or i-f trans-
formers, the tnmmers are across the coils, and
no other capacitor is present

In many modern receivers, the alignment
adjustment 1s performed by varying the posi-
tron of powdered-iron core plugs 1n the coils
of the tuned circmts This procedure varies
the 1inductance and therefore the resonant
frequency of the tuned circuit. These are
known as “permeability-tuned cotls ” Regard-
less of whether the adjustment screw varnes
the capacitance or the inductance of the tuned
circunt, the alignment procedure 1s the same.

When does a receiver require realignment?
The technician 15 often confronted with the
question of whether or not to reahgn the
recerver He must be guided by the symptoms
of trouble, by his own purposes, and by a
few general rules,

A receiver with a complaint of lac ™ Nen-
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sitivity or selectivity, or oscillation, may be
in need of realignment. However, other factors
may cause the same complaint. These include
weak tubes, open bypass capacitors, etc,
which must first be investigated. Be sure that
the receiver is perfect in all other respects
before resorting to realignment, which should
not be performed unless it is necessary.
Alignment can be used as a service tool to
find the cause of trouble in a receiver. For
example, when the signal check shows a
broad, weak response at an off-frequency
setting, the circuit involved may be out of
alignment. Then, when the associated trimmer
is adjusted and fails to give a peak response,
the indication is trouble in that circuit, rather
than in alignment. Further investigation will
show an open bypass capacitor, an apen coil,
or something similar. If adjusting the trimmer
causes an improvement in response, the in-
dication is that the alignment is at fault, and
the receiver should be completely realigned.
As a general rule, when a coil or capacitor,
which is part of one of the many tuning cir-
cuits within the receiver, is replaced, realign-
ment should become a routine step. This rule
is important because the replacement will
rarely have the same value as the original unit.
Alignment of a superheterodyne receiver
involves the adjustment of the tuning circuits
of three main units within the receiver. These
are the §-f stages, the local oscillator, and the
r-f stages. The order presented is the order
in which the units should be realigned.
Equipment used for receiver alignment.
When a receiver is aligned properly, it gives
maximum output for any signal introduced at
any point within the receiver. The equipment
required, therefore, for alignment is that
necessary to introduce a signal into the re-
ceiver and that necessary to measure the out-
put for maximum,
‘ To ir‘xtroduce a signal, the signal generator
Is a prime requirement. It furnishes any fre-
quency needed at high or low magnitude. As
indicated in Chap. 7, where r-f signals are
delivered to the receiver, as at the antenna,

r-f amplifier, mixer, and oscillator stages, a
0.00025-mfd/600-volt capacitor should be con-
nected in series with the “hot” lead of the
signal generator. Where i-f signals are de-
livered to the receiver, a 0.1-mfd/600-volt
capacitor should be used. Since automobile
radio receivers have a special antenna-input
cirenit for matching purposes with the short
antenna used, a special coupling is needed
between the signal generator and receiver for
alignment of the r-f stage. The circuit is shown
in Fig. 18-1. When aligning the i-f section of
the auto receiver, the same 0.1-mfd/600-volt
capacitor may be used.

When the receiver being aligned uses a
loop or ferrite loopstick antenna, the signal
generator output is fed to the receiver as illus-
trated in Fig. 18-2. A two-turn loop, with a
diameter of about 6 inches, is constructed with
hookup wire, and the ends are connected to
the output terminals of the signal generator.
The two-turn coil, known as an injection laop,
is placed in close proximity to the antenna of
the receiver. The strength of the signal fed
to the receiver can be adjusted by varying
the distance between the two loops, or by
adjusting the signal-generator attenuator.

The second requirement is a resonance or
output indicator. The purpose of this device
is to give not a numerical output value, but
an indication of maximum output, regardless
of its numerical value at that point. When a
tuned circuit is at resonance, the output in-
dicator will read maximum.

The resonance adjustment for most tuned
circuits is screw-controlled. The head is
usually slotted for screwdriver adjustment.
Sometimes the head is hexagonal in shape,
with or without a slot. Therefore, all that is
required for adjustment is an aligning wrench
ora screwdriver. However, an ordinary screw-
drl'ver should not be used. All resonant cir-
cuits in a receiver are quite sensitive. The
capacitance introduced by the metal shank of
an ordinary screwdriver throws off the true
resonant point when the screwdriver is re-
moved. To overcome this difficulty, alignment



screwdrivers of polystyrene or bone fiber have
been made which eliminate the capacitance
effect. Socket wrenches for adjusting hex-
agonal screw heads or nuts are also available
m nonmetallic materials.

C ing an output indi Ifa
to be aligned is equipped with an electron-ray
tuning-indicator tube, the tube gives a satis-
factory indication of when a circuit is tuned
to resonance, and no other output meter is
needed. Maximum output is indicated when
the “eye” closes to the greatest extent. In
this case, the signal-generator output need
not be modulated.

Various other methods of obtaining an in-
dication as to when resonance 1s reached may
be used. Probably the most satisfactory
method 1s to feed a modulated r-f or modulated
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i-f signal to the receiver, and to measure the
output at the speaker with an a-c voll

If the service multimeter has a low a-¢ voltage
range of 2.5 or 3 volts which will give a good
indication at 0.5 volt, it may be connected as
shown in Fig. 18-3A. If the meter does not
give a good reading for such a low voltage, it
is connected as shown in Fig. 18-3B, where a
large signal voltage is obtainable. The purpose
of the capacitor marked “0.1-mfd/600-volts™
is to insulate the meter from the d plate
potential of the second a-f tube. The capacitor
offers low impedance to the audio signal volt-
age. The latter is the modulation note of the
signal generator—in most cases about 400
cycles per second. The relative output-signal
strength is then obtained from the reading
of the meter.

-

]
! 5owrn
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SIGHAL GENERATDR

lI SOMMFD ==

FIG. 18-1. Automobile
] radie coupling device.

3

FIG. 18-2. Coupling
the signal generator
to a receiver with a
ferrite loopstick an-
tenna.

FIG. 18-3. Connecting
an output indicator
for alignment,
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Strenpth ol sipnal inpul, When the ontpnt
indicator dosaibed above iy wsed, {08 ey
femely fmporiant tooatilize as e ontpd
fiomn the sipmal peneiator as v necessay ta
pive wending, The veason tm this ts the open
fion of the ae citenit, When e sty iy
inttaduced to the veeetver amd a tned viveudit
iv adinsted for wesomanee, ay the elienit is
detitned, the ane voltape that is devetoped
with dvop, Ar aesul the conttalled stages
will have mereasead pain in an effnt e heep
the stonal outpd of the recciver canstant,
aned no drop v ontpad at the outpat jndieator
will be seen, Whew a very sl siyaal inpuat
ixasedd, the ape cirenitwiil not heconme opevas
tve, and the conttolled thes will opeate 2
i wain, As aoesult, with detuning,
the outpat edivated o the tadieatar wifl
drop, and the weee virenit witl nat be fanetion-
e 1o aatse the outpat o the constant tevel,
The detuning will thevelme be evident,

The skdnd autput of H0 mw for receivers
will veguire asienal tupuad that is saadl enonely
to he below the teved st which ape action will
e fere with alinnment adjustinents. mad
should therelne be wsed fin this aperation,
In an averape receiver, HO witlivatls corpes

Tosponds b an st seter veading af 00 1 oly
i the etienit of Fig 18384 and aoreading ol

16 volts when the connections of Fi, 18 51
e \N‘\L

Reeeiver adinstments when alivnine, Whey
ateceiver i abimned, ity controly thaukd be
set insueh pasitions as o give maviunm PHITIN
Retow tx a tist of the positions for mavimum
Rain, OF conrse, when aveceiver does not hayve
ane v e of the Bisted cantvols, the teeh-
nictan will not make those settings,

Velume Contral, Tutned on full

Fane Contial. Set o the windnwm bass”

posttion,
Fidelity: Contrell Sit o tow Bidolity,
wnimm selectivite positiog, )
Semsiticity Control, St to muxinmun sen-
ativity,

The tunimt dind shanld be st up o the fie.

ur

quency requived and indicated in the aligo.
went procedure, ‘

Loeation of G0 tritiners inw veeeiver, Be-
fore attemohme alimaent, the technician
wonhld be wize to cheek service notes for dine
wras shon ey the Toeation of trivimers and
padders, Waseh dingeams ave not available,
the tollowing suggestions will he helplul,
The i+ frimmers are usually located in the i-f
cans, Figwre 18+4 shows a common arrange-
ment. Look fur the detector, -, and converter
tubes, and visuatize the bloek diagram of the
supethetevadine veeeiver, The second i
enuis between the detector and the i-f tubes,
The find 14 ean is hetween the i=fand the con-
verter e,

Manafacturer's insttnetions always advise
the adisunent of the tiunness of the second-
ariea of the - tangformers before those of
the prvies of the i anstormers, The
location: of which iy primary and which is
secondary 5 nat castly determtned, However,
U does not matter oo mneh which we wljust
st sinee the alignmoent of them is repeated,

Sometimes the 1= cans ook like those in
Fige 1850 Heve, ondy one adjustiuent serew
i visible from the top of eacl can, ‘This ar-
ranpement is common for permeability-tuned
i onsfonmews, The top adjustment serew
will he for either the privaary or secondary of
the f transformer, The adjustment serew for
the ather halt of the transformer extends from
the bottem end of the 3= can and is adjusted
l‘l“ﬁl\\ ﬂu‘ \Nll](‘l‘xill(\ nr [h(\ Qh{\\\‘.\‘i\\'.

Sometimes theve witl be a hexagonal hole
fustead of 2 serew slot under the hole in the
= cane Tn these transformers, both permea-
bility wdinstnents are wade from the top of
the can, Piware 1846 shows sueh a4 trans
former assembly with special aligning tool,

The primary and secondary enils are wound
o internally threaded for, The taning
shugs we threaded on the outside and Gt in
the coil forms, The adinsting slots are hea-
atonal and extend through the cores. The
alignment tool has heaagonal head mounted
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ccussible from the top, side, or rear of the
hassis.

Location of r-f, antenna, md wave-teap ad-
astments. Trace the antenna wire to the an-
enna coil. The wave trap will be close to the
ntenna coil. The antenna coil will also lead
o the antenna section of the capacitor tuning
ang. This locales the antenna trimmer. The
- trimmer is the only one to be located. It
nay be found by tracing the stator 1 sad to the
nixer coil.

When the receiver is of the multiband type,
he il timmers ave identified as before, The
- trimmers, however, are usually mounted
on the coil assemblies rather than on the gang
wpacitor, This makes the Jocation of the
trinnners somewhat more difficult, bot it can
he done,

Figure 18-7 shows the layout of a two-band
superheterodyne veceiver, All the coil cans,
v-{ and i-f, fook alike. However, the sccond
i-f can {s between the detector and the i-f
tabes, The fivst i-f can is between the i-f and
the converter tubes, The oscillator coil can
is in one line with the rvear mang-capacitor
section and  the converter inhe. The GOO
pucdder is between the gang eapacitor and the
oscillidor coil. The vf coil can lines up with
the center section of the 3-gang capacitar, and
the autenna coil lines up with the front section
of the gang capacitor and the v tube. Some-

what between the mtenna lead aud the v
coil can, the wave tvap will be found. In Fig.

I8-T, the wave-trap adjustinent s the trim-
mer newr the antenna post. 1 can he coun-

firmed by tracing the anteuna wiring, The only

thing left is to determine which trinnmer on
cn(ih coil is for the broadeast band and which

i for short wave. This is not too difficult. Start

the alignment procedure with the adjustment

(i( the L amplifier in the usual way, When the

first coil trimmer adjustment is reached, set

the receiver for broadeast reception and give
cither trimmer a half tarn. I it has no effeet,
teturn it to its original position. The other
lrin‘u‘n(‘r is the broadeast coil trimmer. To
verity, give it a half twm and wote the effect,

Adjusting 2 trimmer to a peak response.
When making a trimmer adjustment, turn the
teimmor serew back and forth stowly on each
side of the peak output position. Note the
peak position reading. The final adjustment is
always one of tightening the serew, stopping
at the peak response.

Sometimes, when the alignment tool is
removed from the adjusting screw, the re-
sponse falls below the peak obtained while
the tool was in position. This effect occurs
because the weight or capacitance of the tool
affects the trimmer capacitance. When this
happens, make the final tightening adjustment
to the peak position, and tighten the screw
an extra fraction of a turn. When this is done,
the output meter reading will fall below the
peak veading, but it should retwrn to peak
when the tool is removed.

In some receivers, peak response position
oceurs at the low-capacitance setting of the
trinuner capacitor {when it is wide open), as
shown in Fig. 18-9. A trimmer should not be
left with this type of adjustment since, in
this position, the spring tension of the top
plate is at its weakest. Any jar or vibration,
like that from the speaker, will cause the upper
plate of the timmer to vibrate, with accom-
panying uoise and microphonies. When peak
response position is at minimum capacitance,
renove the adjustment serew and bend the
top plate back, as shown in Fig. 18-10. Mi-
crophonics will thereby be eliminated.

Delermination of the intermediate fre-
quency of a reeceiver. Before attlempting to
align the if trimmers, the technician must
know the imtermediate frequency for the
particulav receiver to be aligned. This in-
Rn'm:‘\mm is always found in the manufac-
turer’'s service alignment notes, or on the
schenwdic diagram,

Where the usaal information is not avail-
:'\l)lc, the technician can assume that the
tntcmmdiu\c frequency is probably 455 ke,
if the receiver is of modern vintage. The i-f
amplifiers of the past few years have been
designed to peak at some value between 440



ion,

and 480 ke. If, b of lack of infc
a receiver designed to peak its i-f amplifier
at 463 ke is aligned at 455 ke instead, no great
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r

harm will have been done. The receiver will
operate normally and sabisfactorily, althougk

the tracking of the mmng dial may be slightly
off.

If the teck is entirely rtain of

lhe mtermed:ate frequency, he can determine

y by ting the “hot™

lead of the sxgna] generawr to the mixer grid

Then, by g fre-

o o

AL THP 2

quency control fmm 500 to 150 e, he can see
at what frequency a response is heard. Usu-
ally, a misaligned receiver is not too far from
its correct setting and a broad response, with
possibly two peaks, will be obtained” For
example, if a receiver shows a broad response
centering at approximately 270 kc, it may
safely be assumed that the receiver was
originally designed to operate at 260 ke, the
nearest ly used d fre-
quency. The most commonly used inter-
mediate frequencies are 175, 260, 455, and
465 ke.

When the procedure just deseribed is used,
it is important to make sure that the oscillator
of the receiver is made inoperative. If the
receiver oscillator is operating, there will be
many squeals and responses heard, depending
on the position of the receiver tuning control
The oscillator 1s made inoperative by placing
a short across the oscillator tuning capacitor.

Itis also important in the procedure to make

FIG. 18-9

becer s b e o n e

FIG. 18-7. Layout diagram of a six-tube two-band
receiver.

amts ey e et

FIG. 18-8 Adjusting a trimmer capacitor.

FIG 18-10

FIG. 189. A trimmer
capacitor at its fow-
capacity setting.

FIG. 18-10. Provision
to avoid microphonics

when the trimmer ca-

pacltor peaks at the
low-capacity setting.

e s
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sure that the receiver is not responding to a The alignment is then repeated for the four
harmonic of the signal-generator outpul. This  trimmers in turn, starting with either trimmer ‘
unwanted response can be avoided by starting  in the sccond i-f can. This time theloutput :
the search for the intermediate frequency at  meter setting is reduced to the 3-volt range if
the high-frequency end of the i-f spectrum.  the meter is wcross the speaker or to the 30-
that is, at 500 ke. Then, when a receiver shows  voit range if it is connected to the plate of the
a response at 460 ke, the technician should  output tube. The attenuator of the signal gen-
expect another weaker response at 230 ke,  erator is adjusted to give a low reading of
the second harmonic of which is 460 ke. Still  about 0.2 volt on the 3-volt range or 10 volts
another very weak response should occur at  if the meter is in the plate circuit. Then, each
153 ke, whose third harmonic is about 460 ke.  trimmer is adjusted for peak voltage reading .
Were the technician to make the check at  on the output meter. If the meter climbs to a
random frequencies, he might stop atrthe  high reading while any one trimmer is being
230-ke response, assume an intermediate  aligned, reduce the attenuator of the signal
frequency of 260 ke, and try to align the re-  generator once again and continue the adjust-
ceiver at that frequency, with very poor ment. Remember that the output signal is to
results. be kept below 50 milliwatts to prevent opera-
Aligning the i-f amplifier. The receiver, tion of the age circuit. Approximately 0.4 voit
signal generator, and output meter are hooked  at the speaker voice coil or 16 volts at the plate
up as shown in Fig. 18-11. An isolation trans-  of the output tube corresponds to 50 milli-
former should be used if the receiver is of the  watts of output power.
a-c/d-¢ type. The output meter is adjusted When all four trimmers have been read-
for a high-voltage a-c range. The signal gen-  justed to give peak response on the output
erator is adjusted for a modulated output at  meter, the i-f alignment is complete. '
the intermediate frequency of the receiver. Setting the receiver tuning-dial scale adjust-
The signal-generator output is connected ment. The next step in the alignment proce-
through a 0.1-mfd/600-volt capacitor to the dure is to adjust the receiver tuning-dial
mixer grid of the receiver. The stator terminal ~ pointer. The most common adjustment is to
of th(?, oscillator capacitor is shorted to the  rotate the gang capacitor to maximum capaci-
capacitor frame. The receiver controls are set  tance (plates fully engaged) position. Then
for maximum gain. Both the receiver and the  set the dial pointer to the last calibration mark
signal gfznemtor are allowed a warm-up period  on the low-frequency end of the dial scale,
0{"11‘15 min. as shown in Fig. 18-12.
the modulation note heard f‘li;ltlv b with - h'lml:llers have been adjusted, there remain
aintly in the  the oscillator and r-f or antenna adjustments.

:{:tniixtpﬁf ?i}ccrece.iv(ilr. Eitl:ler tri;nmer in  Normally, the oscillator will have two adjust-
s -k can is then adjusted for the ments: # igh- 7 tri °
loudest note from the speaker. The attenuator e, Toireaqueney trimmer and e

. , oo 600 padder. However, when a receiver uses
S > . ?
;w:i‘;n f(Tdu?I(:}d un}tll the lfot_(f can just be  cut plates in the oscillator section of the tuning
sc(‘;n:\dmf)‘:“:;ut ):]etni -tfle“ Oth‘ﬁﬂ h}n]m&r in the gang capacitor, and no 600 padder, the ad-
loudest note frlom the :‘uel'lics ﬂc}%l}lSted for the  justment of the oscillator circuit is relatively
is vepentod for the tw;)ptf er. The Dl’OCe'dure simple. The remainder of this section will
or first i-f shield can-—ﬁxr‘:tn;nirs ,}n the input  give the alignment procedure for such an
put to a faint note and then '\s( U(,: ng the out- oscillator circuit, and it will be followed by
mer for . maximum note adjusting the trim-  the r-f and antenna circuit adjustments. The
. section after that will present the alignment

~
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ATT.

FIG. 18-11. Connec-
tions to a receiver for
aligning the i-f ampli- |
fier. !

)
SIGNAL  GENERATOR CHASSIS RECEIVER

procedure for an oscillator stage with a 600
padder.

The short (used in the i-f alignment) is
removed from the osallator section of the
gang tuning itor, The signal

meter, and the mixer trimmer is adjusted for
peak response on the meter. If an antenna
trimmer is present, it is then adjusted for peak
response. Alignment of the receiver is now

Iete, except for the adjustment of 2 wave

output lead is shifted to the antenna post of
the receiver, and a 0 00025-mfd/600-volt mica
capacitor is added as the dummy antenna in
series with the gemerator output lead. The
output meter is switched to a high-voltage a-¢
range, The receiver is tuned to a quiet pont
on the tuning range, between 1,500 and 1,700
ke The receiver controls are kept at the maxi-
mum gain positions.

Now, the signal-generator frequency con-
trol is adjusted to deliver the same frequency
as that shown on the receiver tuning dhal, let
us say 1,500 ke. The oscillator tnmmer 1s
then loosened all the way and tightened care-
fully until the signal is heard This adjust-
ment is very cntical When 1t is reached, the
signal-generator output 1s reduced, and the
output meter is switched to the lower a-c
range, Then the trimmer adjustment is re-
peated for peak voltage output. If the reading
goes down after removing the aligning tool,
follow the procedure suggested in the section
on adjusting a trnmmer.

Adjusting the r-f and antenna trimmers.
There remain now only the r-f and antenna
trimmer ad; The
dial is turned to 1,400 kc. Then the receiver
is tuned for maximum or peak response at or

+ near 1,400 ke. The generator attenuator 1s
reduced to give a low reading on the output

trap, if present,

Adjusting the oscillator and r-f circuits when
a 600 padder is present. The alignment pro-
cedure is somewhat different when a 600
padder or permeability adjustment is present
for alignment at 600 kc. The signal-generator
output is fed to the antenna of the receiver
through a 0.00025-mfd mica capacitor, acting
as a dummy antenna, The generator is adjusted
for a2 modulated output at 600 ke. Then the
receiver is tuned to 600 ke, and the 600 padder
15 adjusted for peak response.

Next, the receiver 1s tuned to a quiet point
near the high-frequency end of the dial. The
signal-generator frequency control is adjusted
for the same frequency as that shown on the

'E

FIG. 18-12 Setting the dal pointer.
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the oseillator circuits. After the
i- i tr 'mmo ¢ have been adjusted, there remain
the oscillator and of or antenua adjustments.
Nommally, the oseillator will have two adjust-
ments: the highdrequency trimmer and the
600 Nddn’r However, when o receiver uses
cat plates in the oscillator section of the tuning
g vapacitor, and no 600 paddu‘ the ad-
Justiient of the vscillator cirenit is relatively
stple. The remainder of this section will
give the alignment procedure for such an
oseillator civeuit. and it will be followed by
the r-f and antenna circuit adjustments. The
section after that will present the alignment
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receiver tuning dial. The bhigh-frequency
trimmer on the oscillator section of the gang
capacitor is then carefully adjusted for peak
response. This last adjustment is critical. In
making it, the trimmer screw should frst be
loosened and then slowly tightened until the
note is heard. The attenuator is then reduced
for a low reading on the output meter, and the
adjustment repeated for peak voltage on the
output meter.

The next step comprises the r-f and antenna
trimmer adjustments. The oscillator is set to
1,400 ke, The receiver tuning knob is tuned
back and forth near 1,400 kc and left at the
position of greatest response. The rf and
antenna trimmers are now adjusted for peak
response, as described previously.

Alignment of the oscillator circuit is not
yet complete. The gang tuning capacitor must
be rocked at 600 ke on the tuning dial, and
the 600 padder adjusted for peak response.
This rocking procedure is described below.

Rocking the gang tuning capacitor at 600
ke. In the rocking procedure, performed step
by step, the receiver and signal generator are
both tuned to 600 ke, and the 600 padder is

-adjusted for peak response. The attenuator
1s then set to give an output meter reading of
50 milliwatts. The signal, of course, is being
fed to the antenna.

The receiver is then tuned slightly higher
than 600 ke, such as 605 ke, The signal gen-

erator, however, is left at 600 ke, and the 600
padder is rcadjusted for peak response. If
the output meter reading increases above the
previous reading, the maneuver is repeated
until a maximum voltage is obtained. If the
output meter reading does not increase, the
receiver tuning capacitor is rocked in the other
direction; that is, the receiver is tuned slightly-
lower than 600 ke, such as 595 ke, and the 600
padder is adjusted. The output is noted, If
there is an increase, the capacitor is rocked
still lower, the padder is adjusted again, and
the peak output is noted. The rocking and
padding adjustments are made and repeated
until maximum output is reached. _

The adjustment of the high-frequency
oscillator trimmer is then checked at 1,500
ke for peak response at the high-frequency
end of the broadeast band.

Adjusting the wave trap, The last step in
receiver alignment is adjustment of the wave
trap. The signal generator is connected to
the antenna and ground of the receiver, the
“hot” lead fed through a 0.1-mfd/600-volt
capacitor. The generator is then adjusted to
give a strong response at the intermediate
frequency of the receiver, say 455 ke. The
receiver is tuned to 1,000 ke, approximate’
the center of the * ‘range. Then the v. -
trap is adjusted tc g nimum respr ’
the output meter Aesiver is »
pletely aligned
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receiver tuning dial. The high-frequency
trimmer on the oscillator section of the gang
capacitor is then carefully adjusted for peak
response. This last adjustment is critical. In
making it, the trimmer screw should first be
loosened and then slowly tightened until the
note is heard. The attenuator is then reduced
for a low reading on the output meter, and the
adjustment repeated for peak voltage on the
output meter.

The next step comprises the r-f and antenna
trimmer adjustments. The oscillator is set to
1,400 ke, The receiver tuning knob is tuned
back and forth near 1,400 ke and left at the
position of greatest response. The r-f and
antenna trimmers are now adjusted for peak
response, as described previously.

Alignment of the oscillator circuit is not
yet complete. The gang tuning capacitor must
be rocked at 600 kc on the tuning dial, and
the 600 padder adjusted for peak response.
This rocking procedure is described below.

Rocking the gang tuning capacitor at 600
ke. In the rocking procedure, performed step
by step, the receiver and signal generator are
" both tuned to 600 kc, and the 600 padder is
} readjusted for peak response. The attenuator

is then set to give an output meter reading of

50 milliwatts. The signal, of course, is being
fed to the antenna.

The receiver is then tuned slightly higher
than 600 ke, such as 605 ke. The signal gen-

erator, however, is left at 600 kc, and the 600
padder is readjusted for peak response. If
the output meter reading increases above the
previous reading, the maneuver is repeated
until a maximum voltage is obtained. If the
output meler reading does not increase, the
receiver tuning capacitor is rocked in the other
direction; that is, the receiver is tuned slightly
lower than 600 ke, such as 595 ke, and the 600
padder is adjusted. The output is noted. If
there is an increase, the capacitor is rocked
still lower, the padder is adjusted again, and
the peak output is noted. The rocking and
padding adjustments are made and repeated
until maximum output is reached. .

The adjustment of the high-frequency
oscillator trimmer is then checked at 1,500
ke for peak response at the high-frequency
end of the broadcast band.

Adjusting the wave trap. The last step in
receiver alignment is adjustment of the wave
trap. The signal generator is connected to
the antenna and ground of the receiver, the
“hot” lead fed through a 0.1-mfd/600-volt
capacitor. The generator is then adjusted to
give a strong response at the intermediate
frequency of the receiver, say 455 ke. The
receiver is tuned to 1,000 ke, approximately
the center of the tuning range. Then the wave
trap is adjusted to give minimum response in
the output meter. The receiver is now com-
pletely aligned.

= SUMMARY OF ALIGNMENT PROCEDURE S

1. Set receiver controls for maximum gain.

Conne?t ground lead from signal generator to receiver chassis
(or B~ in the case of an a-c/d-c receiver).
. Connect output meter to plate pin of second a-f tube and chassis.

. Allow sig’nal.generator and receiver to operate for 15 min as a
warm-up period before aligning.
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Frequency Dummy | e e capaoitor

setting, k¢ ’"mt’"“,“' to receiver aotting, Adjustment B
: terminal w {0 - ) J
4550r14]101 Mixer gnd | Any 1{ trimmers 1,2
Maximum Tuning dial
capacitance pointer
600 000025 | Antenna 600 600 padder
1,500 000025 | Antenna 1,500 High-frequency
oscillator
trimmer

1,400 000025 | Antenna | Tune for maxi- | R-f and antenna
mum output | tnmmers

€00 | DOD025 | Antenna 600 600 padder 3
1,500 | 000025 | Antenna 1,500 High-trequency 4
oscillator
trimmer
455 01 Antenna 1,000 Wave trap 5
- -
Notes:

1. Short osaillator section of gang tuning capacitor.
2. Align 1-f trimmers 1n the following order
a. Detector input tnmmer (secondary of second i-f transformer).
b If plate tnmmer {(pnmary of second 1-f transformer).
¢. I-f gnd trimmer {secondary of first 1-f transformer).
d. Converter plate trimmer {primary of first i-f transformer)
e. Repeat the adjustment of the trimmers 1n the same order.

3. Rack the tuning durnng this ad t as follows. Turn
the rotor of the gang capacitor back and forth and adjust the 600
padder untl a peak 15 obtained.

4

. This step is a check to see whether the previous adjustment of the
600 padder has affected the setting at the hlgh»frequency end. If
the high-freq trimmer req ment,
the 600 padder must also be readjusted by repeating the previous”
step

5. Adyust for minimum output
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Phonographs and home audio systems are
simply expansions of the audio section of a
standard receiver. However, the wide in-
terest in good reproduction of music from
records, particularly in hi-fi systems, has led
to a complexity and refinement of audio sys-
tems that need special consideration. This
chapter is designed to promote the under-
standing of such systems and to teach the
procedures for servicing them.

We may classify phonograph players and
home audio systems in various ways. One
classification divides them into monophonic,
or monaural, and stereophonic systems. Dif-
ferent types of records are prepared for each
of the two systems. The monaural is the older
of the two systems. However, phonographs of
this type are still being manufactured because
of their relatively low cost, and they will prob-
ably continue to be made.

Another classification may be made with
respect to degree of fidelity of the reproduced
sound. Factors to be considered here are tonal
response and wattage. In the smaller phono-
graphs, the audio amplifiers are very similar
to those used in radio and TV receivers. Larger
phonographs, designed for a wider tonal re-
sponse, generally use more audio stages and
include bass and treble controls and push-
pull eircuits.

The monaural phonograph system. A mon-
aural phonograph consists basically of an

electric motor that drives a turntable, a pickup,
a single-channel audio amplifier, and a loud-
speaker. The arrangement is shown in block
form in Fig. 19-1.

The motor is generally designed for con-
stant speed within wide limits of applied
voltage and Joad. n some turntables, the
mator drives a spindle, which in tarn drives
a rubber-rimmed wheel. This wheel acts as a
friction drive applied to the inside rim of the
turntable. The spindle diameter is graduated
so that a manual adjustment may be used to
set the wheel at different diameters, thereby
causing the wheel to rotate at different speeds.
In this way. the turmntable may be made to
rotate at speeds of 33, 45, and 78 revolutions
per minute (rpm). Manufacturers often pro-
vide a fourth speed of 16 rpm. In other turn-
table svstems, speed change is accomplished
by engaging different idler driving pulleys.

The turntable systems in most common use,
even in inexpensive players, are fully auto-
matic. Several records are stacked for playing.
The final positioning of the pickup arm near
the end of the record activates a changing
mechanism. In the changing cycle, the pickup
is automatically lifted and moved to the edge
of the turntable, the next record is dropped
inte place on the tumtable, and the pickup
is gently placed on the starting grooves of
this record. After the last record is played,
the changer mechanism operates a switch

§ o et St 4 ot can D



FIG. 19-1. Block dtagram of a monaural phono-
graph.

which turns off the motor, The same switch
is often used to turn off the amplifier as well.
At the recording studso, records are made by
a cutting stylus that cuts grooves into the
record, beginning at the outer edge and slowly
spiraling in m the center. Sounds fed to the
studio mi d electric
that pass thmugh an a-famplifier to the cutting
; 1y
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ic dizgram of a one-tube phono-

FIG. 19-2.
graph.

signal output of about I volt. This is compar-
able to the audio output lesel of a detector
stage and is used in most radio-phonograph
combination receivers. There are special
high-output crystal cartridges which produce
up to 3 volts of audio output. These require
only one stage of audio amplification and are
used in inexpensive record players. The
. 1

sty lus, which is farced to vibrate h
at the varying audio frequencies. This ac‘tmn
produces a record groove wath shght variatiens
in wall shape, the vanations representing the
original sounds

In phonograph playback, the needle mn
the pxckup head ndes the groove and 1s forced
into hori vibrati
in the groove walls. The \1braung needle acts

ar variab) have
a wide frequency response and cxert avery
light pressure on records. This gives a full
tone and reduces needle scratch and record
wear. The audio output is very low, so three
or more stages o!' audm amphﬁwhOn are re-

quired. M. } Iy used

by the i larities  in audio systems dengned for high-fidelity
reproduction.

One-st h h. The 1 '

on a magnetic, crystal, or
which converts the vibrations,into a-f electnic
curmrents at the same frequencies as those
produced in the studio microphone. When
these a-f currents are amplified and fed to the
lIoudspeaker, the original sounds at the re-
cording studio are recreated. Of course, when
there is a pause or no sound at the studio, the
cutting stylus simply cuts smooth grooves,
these do not activate the phonograph car-
tridge, so no sound is produced from the
speaker.

The crystal and the ceramic pickup cartridge
of the phonograph produce an average audio

diagram of a one-tube manauml phonograph
with an automatic record changer is given in
Fiz. 19-2. The pickup cartridge is of the high-
level type, followed by a single stage of am-
plification powered by an a-c/d<c power
supply. The small number of parts and the
simplicity of the circuit make this type vers
popular in inexpensive phonographs.

Note the number of connector plusgts and
jacks ndi d betw the amplifier chassis,
the changer, the phonograph (phono) car-
tndge, and the speaker. These are for easy
disassembly of the units for service we-l-
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The wiring between the cartridge and the
amplifier is shiclded, as indicated by the
dotted lines around the angrounded (“hot™
phono lead. The shiclding is grounded to the
changer base plate and the chassis. Most a-¢/
d-¢ radio receivers ave enclosed in an in-
sulnted plastic cabinet, and precautions ave
taken so that the user does not have aecidental
contact with the "hot”" chassis. In a phono-
graph, the user unavoidably comes into con-
tact with metal parts on the changer base plate
or the pickup arm. To avoid shock hazard,
these components must be insulted from
commmon negative, which is one side of the
line in the a-cfd-c power-supply cirenit. The
changer base phate and the chassis are floated
fram the line by capacitor C-3. This capacitor
insulates these metal parts ot the power fre-
quencey, thereby preventing the shoek hazard,
The capacitor also provides a conductive path
to ground for the higher-frequency a<f siguals,
In some phonographs, the chassis-floating
circuit includes a vesistor of high ohmage
value that is bridged acvoss the isalation ca-
paeitor,

The tube used in the amplifier is a4 2555
type, which is rated to deliver 1.4 watts to the
speaker when a signal of 3 volts is applicd to

the grid. Since a high-level cartridge delivers
an average of 3 volts of audio signal, there is
ample volume. Trace the “hot” line lead
througth the switeh, phono motor, and the
heater of the 25EHS5 tube to common negative,
The mator is acting as the series resistor to
drap line voltage for the tube heater. The on-
off switch S-1 is part of the changer assembly.
It is turned on by the reject mechanism of the
changer and automatically turned off after the
last record is played. Note that the switch
wiring also controls the plate power supply.

The Iatter cirenit starts at surge resistor
R-5 and seleninm rectifier M-1. This is fol-
lowed by a two-section R-C filter. Practically
all phonographs use at least a two-section
filter for hetter hum elimination. The filter
capacitor unit, C-1, has a fourth section labeled
C-1D in the diagram, This capacitor bypasses
the cathode resistor of the output tube. This
bypassing increases the gain of the tube, an
important consideration in a one-stage am-
plifier.

Phonographs generally are equipped with
lone controls, even in inexpensive models.
In the cirenit of Fig, 19-2, the tone control
consists of potentiometer R-1 and capacitor
C-2 comnected across the input signal. Its



action cuts the response in the treble register.
Wlien the arm of the tone control R-1 is moved
toward the capacitor end, capacitor C-2 is
across the input circuit and bypasses lgh a-f
signals out of the amplifier, making the bass
notes seem louder by comparison This gives
the user a control of needle scratch, as well as
of tone. Needle scratch 15 in the high audio
frequencies, turning the control toward bass
reduces the high audio response and conse-
quently reduces scratch noise.

Two-stage pt The h. ic
diagram of a three-tube, two-stage phono-
graph s given in Fig 19-3. The pickup 1s the
standard erystal or ceramic type that produces
an average audio signal of approximately 1
volt. Two audio stages are therefore required.

The amplifier circuit is fairly standard and
is very similar to that used 1n radio receivers
Note the special phonograph details There
are plug-in ar for the
pickup, and speaker. The changer base and
the chassis are insulated from common nega-
tive by capacitor C-6 1 the power supply
The ON-OFF switch is located on the ch
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FIG. 19-4. Block dia-
gram of a rado-phono-
graph combination,

Further, note that volume control R-2 15
tapped for a bass compensation circuit, con-
sisting of resistor R-5 and capacitor C-3. Bass
compensation capacitor C-3 is shorted out
when treble-cut tone contrel R-6 is in the

maximum treble position.
Radionh 1

Many
are ipped with a hin

a radio-phonograph combination. The receiver
may also come equipped with a phonograph
switch and an input jack so that the phono-
graph turntable and pickup unit may be added
when desired. The phonograph will utilize
only an audio amplifier and therefore will
use only the audio stages and speaker of the
receiver. At such time, it would be undesir-
able to have the r-f portion of the receiver in
an operating condition Therefore, a switch
15 used to block the radio signals from entering
the audio stages Likewise, when radro signals
are being received, 1t 1s desirable that the
phonograph pickup be disconnected from
the audio stages The setup is shown 1n the
block diagram of Fig 194, together with a
hfied switching ar The switch

N

Hum ehimination is taken care of by a two-
section R-C filter There 15 a treble-cut tone
control consisting of capacitor C-2 and poten-
tiometer R-6 1n the plate circuit of the voltage-
amplifier stage.

is shown 1n the rRapIO (R) position used for
the reception of radio signals.

The switching 1s usually arranged in the
coupling between the detector and a-f stages
before the volume control so that the latter

YV
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is operative for either the radio or the phono-
graph. A typical radio-phonograph switch
hookup is shown in Fig. 19-5.

The switch is shown in the RADIO (R) posi-
tion, which is normal operation for the re-
ceiver. When the switch is changed to the
PHONOGRAPH (P) position, the pickup feeds
the audio amplifier through the volume con-
trol. Since some radio signals may leak
through the switch and spoil the phonograph
reception, provision is made to kill the radio
when the switch is in the phonograph posi-
tion. This is accomplished by opening the
cathode, screen, or plate circuits of one or
more of the tubes in the r-f section of the re-
ceiver. The lower half of the double-pole
switch in Fig. 19-5 opens the plate circuit of
the i-f tube when the switch is adjusted for
phonograph operation.

The complete schematic diagram of a Motor-
ola radio-phonograph combination is shown
in Fig. 19-6, as a typical example of this type
of unit. The radio is a standard 5-tube a-c/d-c
receiver. It is mounted on a printed-wiring
board. The usual precautions are taken to

_keep the user away from contact with common
“negative. The record-changer base is isolated

'om common negative by capacitor C-8,

ridged by resistor R-11. These are shown in
the diagram connected to the shielded lead
from the phono cartridge as it enters the radio.

Note some interesting features of radio-
phonograph operation used in this typical
combination. The ON-OFF switch for the entire
unit is ganged to the volume control, so this
must be turned on first, regardless of the mode
of operation. The switch on the record player
is activated in the usual way, and it will turn
off the phonograph motor but not the receiver.
Now examine the radio-phonograph switch
circuit. It is ganged to the tone control. The
extreme counterclockwise position places the
switch in the radio mode of operation, the
position shown in the diagram. Here the de-
tector output is fed to the volume control,
The extreme clockwise position of the tone
control throws the switch to the phono made

of operation. The upper portion of the switch
now opens the detector circuit and feeds the
output of the phono cartridge to the volume
control. The lower portion of the switch breaks
the cathode lead of the i-f amplifier tube,
thereby making the radio inoperative and
simultaneously throwing common negative
to the phonograph motor so that it can aperate.
Note that the phonograph motor will not turn
if the switch is in radio mode of operation.

Troubles common to phonographs and
radio-phonograph combinations. As we have
seen, the audio amplifier in a phonograph is
very similar to the audio amplifier in a radio,
with possibly a little more attention to tone
quality and tone controls., Servicing these
amplifiers therefore presents few new prob-
lems. The main problems to be considered
are troubles with the motor, the pickup, the
wiring, and the switches in radio-phono-
graph combinations.

The servicing of plionograph motors and
record changers is a field in itself. The radio
technician, however, should be able to check
a motor for proper operation and to make a
proper installation of a replacement unit, as
well as minor repairs. '

Phonograph-motor

maintenance  notes.

FIG. 19-5. Typical radio-phonograph switching
circuit, ‘
R
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When a phonograph motor fails to operate,
the line switch and winng should be cheched
before condemning the motor If the turn-
table speed 1s incorrect, the tone quality of
the recording will suffer. The speed can be
checked by means of a stroboscopic disk, such
as the one shown in Fig 19-7. The turntable
is operated under a single fluorescent or neon
lamp. One of the circles of dots will appear to
stand st:ll. Reference to the number above the
stationary circle of dots will give the number
of revolutions per mimute (rpm) of the turn-
table. If the turntable has a speed adjustment,
it can be properly set with the aid of the disk

1f the proper aircle of dots remains station-
ary for the most part but shows a penodic
jump for some of the dots, erratic action of
the motor or drive mechamsm is mdicated A
wom spot on a rubber-nm friction-drive wheel
could cause such an effect

When the phonograph motor is supplied
with o1l cups, they should be filled with light
machine o1l In lubricating a motor, the tech-
meian should be careful that oil 1s not smeared
on the motor spindle or the rubber-tired drive
wheel of a nm-drive motor (see Fig. 19-8).
These should be washed with alcohol to re-
move any o1l or grease The same applies to
the inner nm of the turntable.

The phonograph motor and turntable should
float freely on rubber or springs In some
cases the motor mounting 1s floating, 1n others,
1t 15 solid and the entire motor board 1s floated.
Figure 19-9 shows the mounting details for
a typical phonograph motor,

If the spring or rubber suspension 1s n-
adequate, rumble may ensue This 1s partic-
ularly mmportant 1n combinations where the
phonograph motor and speaker are housed in
the same cabinet. The rumble is caused hy a
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iort of mechanical feedback between the
;peaker and the pickup. Speaker vibrations
sause the turntable and the pickup to vibrate.
The vibration is in turn amplified and builds
1p the rumble.

Troubles common to the pickup unit, Pho-
nograph pickup units develop various trou-
bles: no output, weak output, and distorted
output. In a radio-phonograph combination,
the pickup is suspect when operation is nor-
mal in the radio mode.

In the case of a phonograph, it becomes
necessary to look for trouble in either the
pickup or the audio amplifier. If the defect
is distortion, check the loudspeaker, tubes,
and tube voltages in the usual way. If these

good. The test unit can be a replacement par
rated at the proper output level. A pair of cliy
test leads will serve for connections. The lead
are clipped to the cartridge and the volume
control. Then the cartridge is held lighth
on a turning record by hand, as shown in the
figure. Held in this manner, the cartridge wil
give almost normal operation as regards vol
ume and tone quality.

If the above checks prove that the origina
cartridge is defective, it must be replaced
The replacement unit should be the sam
type as the original one, or one listed as
proper replacement for it, If the original typ
or a listed replacement is not obtainable, th
replacement chosen must match the origina
one as nearly as possible in output level
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of this data in their literature as an aid in
choosing a proper replacement.

For no output or weak output from a phono-
graph, apply an audio test signal to the hot
end of the volume control. If the normal re-
sponse is heard in the speaker, the pickup
unit is at fault. Remember that the normal
response with a one-stage player will be low.
If the response is not heard, do not immedi-
ately conclude that the amplifier is defective.
Shorts in the pickup or in its leads are quite
Such a short will short ont the test

FIG. 19-8 Rim-dnive phonograph motor showing
focation of oil cups.

since a l-volt crystal will hardly be heard
through a single-stage amplifier. On the other
hand, a 3-volt crystal will overload the voltage
amplifier tube 1n a two-stage amplifier, causing
distortion at nearly all volume levels Manu-
facturers of phonograph cartridges list most

signal Unplug the pickup lead or open its
winng and check again. Also check across the
pickup leads for a short with an ohmmeter. 1f
there 1s no short in the leads and the test
signal 1s still not heard, the trouble is in the
amplifier, 1ts power supply, or the speaker.
These are checked by the same procedures
previously given for a radio receiver.

If the hot end of the volume control gives a

FIG. 199. Phono-
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graph-motor board
assembly showing rub-
ber suspensionmount-
1ng for the motor 2nd
spring mounting T
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normal test-signal response, the indication is
that the amplifier is operative and that the
trouble is in the pickup cartridge or the con-
nection leads. To check the leads, apply the
audio test signal to the hot end of the pickup
cartridge (ungrounded end). The test points
are illustrated in Fig. 19-10A. If the test signal
is not heard from this cartridge end, the lead
wire is open and must be replaced. If the test
signal is heard from the cartridge end, then
the cartridge is at fault, The final substitution
test of the cwrtridge previously described
should be made. If it is defective, it must be
replaced, keeping in mind the factors men-
tioned.

How to work with shielded wire. In the
previous section, a detailed procedure was
given to find shorts or opens in the leads be-
tween the pickup cartridge and the amplifier.
These leads are usually in the form of a flex-
ible shielded cable. When one of the leads
praves to be defective, it is best to replace
the entire cable. Provide vourself with a roll

INSU'I;:’\TIDN AHIELD
(—ﬁﬁ—(fﬁ‘&.«»«w‘( B T AT WO
Rpaead O VPSRN ,,.m,sg

of good-quality shielded phono cable and
make up a new cable in the following manner:

Cut off the proper length. Include
allowance for connections. ,

. Push back the shielding to loosen the
weave, as shown in Fig. 19-11A.

Bend loop in the lead (Fig. 19-11B).
Work the weave back and forth with a
pointed instrument, such as a scriber,
at the top of the loop unti] the hole
made is large enough to pull the wire
through, See Fig. 19-11C.

. Slide the scriber under the wire and
pull the end through the hole, as shown
m Fig. 19-11D. .
Pull out the empty piece
as shown in Fig. 19-11E.
Repeat steps 1 to 6 at the other end of
the shielded wire.

. Strip and tin the ends of the lead ready
for connecting (Fig. 19-11F).

1.

o

r&:n

8. of sleeving,

~1

v oA ey vy

TINNED LEAD

FIG. 19-11. How to
prepare shielded wire |
for use.
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When replacing shiclded cable, we the
prepared ends for conunections, 10 not attempt
to solder the shielding in the widdle of the
lead to the chassis. The heat of the soldering
tool will probably ruin the insulation inskle
the shield.

Troubles to  rudio-p! I
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subject to erratic action due to dirt hetweon
the contacts. This is almost always the case
when it is necessary to flip the switch two or
three times before positive contict takes pluce,
A cleaning with carbon tetrachloride wsually
takes care of this difficulty. The usunl proce-
dure 1s to wet the switch arms and contucts
with the carbon tetrachloride and then e
rotate the switch quickly. The procedure may
be repeated if necessary.

Sometimes a switch contact or the entire
assembly js broken with use. When this
happens, the switch must be replaced, Owling
to the large vanety in radio-phonograp!
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switches, it is essential that one similar to the
original switch be obtained. In replacing the
switch, considerable care must be exercived
to make sure that the winng is correct and
that the heat of the soldening iron diws gd
draw the temper from the spring contacts Yoy
correct wiring on an identical switch, it wonild
be best to remove the old wwatehs with ity oir-
inz intact, install the new one, and then
change the wires, one at a tirne,

In soldering the swatch terrainals 3¢ owild
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with low distortion, while using small tubes
and low B voltages. Another characteristic
of the circuit is the reduction of hum. To sum-
marize, the push-pull stage amplifies at audio
frequencies with a large power output and
with little distortion and hum.

Basic requirements of a push-pull amplifier.
The theory underlying the operation of the
push-pull amplifier can best be explained by
means of a step-by-step development. Figure
19-13 is a block diagram showing the require-
ments of a typical push-pull second a-f am-
plifier. The audio signal from the first a-f am-
plifier is broken up into two voltages of equal
magnitude but opposite phase, and they are
then fed to the two grids in the push-pull
stage. The output from the two tubes is cou-
pled to the speaker.

A simple method of obtaining the 180-deg
phase difference for the two grids, as well as
equal voltages, is by means of a center-tapped
transformer. Such a circuit is shown in Fig.
19-14A. At any one instant, the signal voltage
at one end of the secondary will be positive,
and at the other end negative in polarity. Since
the center tap is grounded, one end of the
. secondary will be as much above ground in
the positive direction as the other will be
below ground in the negative direction.

Each of the terminals of the transformer is
connected to the grids of the tubes as shown
in Fig. 19-14B. As a result, the grids are 180
deg out of phase. When one grid is being
driven positive with respect to ground by the
signal, the other grid is driven equally nega-
tive with respect to ground. In the first tube,
as a result, plate current will increase; in the
second tube, plate current will decrease to
the same extent.

A negative bias voltage is obtained in the
usual manner, as shown in Fig. 19-15, by con-
necting resistor R-7 in the directly heated
cathode circuit of both push-pull tubes. The
plate currents of both tubes flow through this
resistor and establish the bias voltage across
it. The grids of both tubes are connected to

i
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{FIG. 19-14. The center-tapped transformer for ob-.
£?tavm‘rfg, input voltages for a push-pull stage.
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the negnhve end of this bias resistor, thereby

} the same ignal bias voltage
on each tube. Capacitor C-7 bypasses the bias
voltage In some circuits, it may be omitted,
since 1its function is not so important in push-
pull operation as it is in a single-tube second
3-f stage.

The output from both tubes is fed mto a
push-pull output transformer with center tap
connected to B+, as shown in Fig 19-16. It
should be noted that the Aow of plate current
through the two halves of the primary is in
opposite directions. But coupled with this
condition is another factor. Because one grid
15 driven more negative while the other is
being driven less negative, we have a de-
creasing current through the first tube and an
increasing current through the second one.
The combined effect 15 to add the outputs
from the two tubes in the secondary of the
output transformer where a considerable

FIG 19-15. A method of obtaining bras for a push-
pull stage

I
ey

amplifier
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voltage is induced. The outputs from the two
tubes then drive the speaker.

A splendid ch istic of the push-pull
stage is that it reduces or eliminates even-
harmonic  (primarily second-harmonic) dis-
tortion, a characteristic of single-tube opera-
tion. For sine-wave input, by way of illustra-
tion, even harmonics have a tendency to
flatten one-half the cycle, as shown in Fig.
19-17A and B. In the second tube of the push-
pull amplifier, since the signal is 180 deg out
of phase, the distorted curve would look like
Fig 19-17C. These two distorted signals are
combined in the output transformer, with a
canceling out of the even harmonics, as shown
in Fig. 19-18.

Because even-harmonic distortion is re-
duced or elimmated in a push-pull stage, the
tubes, may be overloaded somewhat without
distortion. This accounts for the great power
output from such a stage. For example, maxi-

FIG, 19-16. The output circuit of a push-pull
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FIG. 19-17. The waveform of even-harmonic dis-
tortion developed in single-tube amplifiers.

mum undistorted output for a single 6V6 will
be 5.5 watts, while a pair of push-pull 6V6
tubes will deliver a maximum undistorted
output of 14 watts.

A push-pull amplifier will also reduce or
eliminate any hum due to hum ripple fed to
its plates. The reason is obvious. Hum ripple
from the power supply will be fed to the center
tap of the primary of the output transformer.
Here it will move in opposite directions
through the primary, but (in contrast with
signal plate currents through it) will be rising
or decreasing at the same time in the primary
halves. As a result, the hum ripple cancels
out.

An important point should also be con-
sidered. Since each tube requires the same
signal-driving voltage, practically, as if it were
operating alone, the total signal voltage de-
livered from the first a-f stage must be twice

_ as great as for a single tube.

Figure 19-19 now shows the complete trans-
former-coupled push-pull stage. Transformer
T-1 is the push-pull input transformer, which
couples the output from the first a-f amplifier
to the grids of the two tubes in the push-pull
second a-f stage. For high-fidelity reproduc-
tion, the push-pull stage is usually operated
in class A or AB,, where the grids are always
negative and the tubes always or nearly always

pass plate current. Resistor R-7 and capacitor
27 make 11 the cnommon colf hinn momba o £
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FIG. 19-18. Waveform showing cancellation of
even-harmenic distortion in the output circuit of
a push-pull amplifier.
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the push-pull tubes. Transformer T-2 is the
push-pull output transformer. It combines
the output from the two tubes and couples
them to the speaker.

Transformer-coupled push-pull amplifiers
are very common in older receivers and are
still used in transistorized receivers. However,
most modern tube amplifiers replace the input
push-pull transformer with a resistance-ca-
pacitive type of coupling in conjunction with
a phase-inverter tube.

Push-pull amplifier with phase inverter.
Transformers are costly, and it is desirable
to substitute for them where possible. Thus,
resistance-capacitance coupling between the
first a-f stage and the push-pull stage would
be cheaper and more desirable. But it intro-
duces a new problem. How can we get the
180-deg phase difference of signal voltage fed
to the push-pull grids? The practical solution
requires the use of another tube, known as a
“phase-inverter” tube. o

Figure 19-20 is a block diagram of a push-
pull stage with a phase inverter. The principle
of the phase inverter is that, for any tube, the
grid voltage variations are 180 deg out of phase
with the plate voltage variations. Hence, the
Dositive signal voltage going to one of the
second a-f grids is also directed to the inverter
grid. The out-of-phase negative plate voltage
gulse of the inverter is then fed to the grid of
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FIG. 19-19, Schematic
diagram of a trans-
former-coupled push-
pull stage.

Another job that must be performed by the
inverter is that of delhivening the same voltage
to the second second a-f grid as that which
the first second a-f gnd receives directly from
the first a-f stage. With transformer coupling,
a centér tap to ground neatly takes care of

FIG. 19-20. Block dia-
gram of a phase-in-
verter type of push-
pull amplifier.

positive voltage on the plate. This rise
positive voltage feeds a positive pulse through
capacitor C-2 to the control gnid of the second
a-f (A) tube. The first a-f tube has thus shifted
the signal phase by 180 deg. The grid-leak
resistor for the second a-f (A) tube is shown as

this requirement. When using a ph
verter tube, some provision must be made to
compensate for the normal amphfication of
the added tube.

Let us examine the development of such a
aircuit, Figure 19-21 shows one of the push-
pull tubes coupled by normal resistance-
capacitance coupling to the first a-f amphfier.
Note that a negative signal fed to the first a-f
grid produces a decrease 1n current through
B-2. This results in a lowered voltage drop
across the resistor and, as a result, a nse in

two , R-4 and R-6

To obtain an equal but opposite voltage on
the control grid of the other second a-f (B)
tube, a portion of the positive output voltage
pulse of the first a-f tube is tapped off from the
gnd leak of the second a-f (4) tube Then this
positive voltage 1s placed on the grid of a
phase-inverter tube. Figure 19-22 st4”  ™e
arcuit desenbed above. The selfh ¢
for the first a-f tube, made up of R-
15 common to the inverter tube

The poative wenil pulse on the L, -



262 ELEMENTS OF RADIO SERVICING

|
ﬁ AR
SHES Wit
EM < "Q.».“‘L"'
5+ 84
30V , 25V
74T %;
JWLIFER
fr]

Ee
0¥

FIG. 19-21. Obtaining a positive signal on one
push-pull tube grid from a negative signal on the
first a-f amplifier grid.

grid causes a rise of plate current through
the plate load resistor R-3. The voltage drop
across R-3 becomes greater and, as a result,
the plate voltage of the inverter drops and
produces a negative pulse. This latter pulse
is fed by resistance-capacitive coupling to the
second a-f (B) control grid, as shown in Fig.
19-23. Capacitor C-7 and resistor R-7 make up
the common self-bias system for both push-
pull tubes,

Note that the overall effect is to place op-
posite voltages on the control grids of the two
output tubes, a condition that is desired. There
still remains the problem of making these two
voltages equal in magnitude. The output from
the first a-f tube is fed to the second a-f (4)
control grid. If this same output were fed to
the inverter grid, the inverter gain would
furnish a much larger voltage to the second
a-f (B) control grid. This is not desirable.
Hence, if the gain of the inverter is 20, a tap
on the grid leak (R-4 and R-6) is taken so that
only Y20 of the voltage across it is fed to the
inverter grid, Then, the voltages fed to the
grids of the two push-pull tubes will be equal.
For example, if R-4 is 10,000 ohms and R-6
is 190,000 ohms, the total resistance in the

o e b b o
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FIG. 19-22. Applying a portion of the positive out-
put signal of the first a-f amplifier to the phase-
inverter grid.

grid cirenit of the second a-f (A) tube is 200,000
ohms. Then, since the voltage drop divides in
direct proportion to the resistance,

10000 _ 1
200,000 20

and Y20 of the voltage fed to the second a-f
(A) tube is fed to the inverter grid. Here the
voltage gain of 20 gives the same input voltage
for both push-pull grids.

There are many methods for obtaining the
necessary phase inversion, but the use of a
phase inverter tube is the most common.
Considerable variation exists in the tube used,
in the gain of the stage, and in the circuit
values. The schematic diagram of a typical
a-c monaural radic-phonograph combination
using a push-pull amplifier is given in Fig.
19-24. Since the power transformer isolates,
common negative from the line, there is no
need for an elaborate isolating circuit. The’
chassis and changer base plate do not present
a shock hazard and may be connected to an
ea’rtl_m ground for most stable operation and
minimum hum. The ON-OFF switch is ganged -

W}th ‘the tone control and, as in most com-
b!natlons, breake the lne crmels ta $he
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FIG 19-23. Obtaining a negative signal on the other
push-pull tube grid from the output of the phase-
inverter tube.

changer. Note that the 1-f amplifier, diode de-
tector, and age circuit are combined in a single
6SF7 tube. The twin triode 6SC7 combines
the functions of first a-f amplifier and phase
inverter. The signal from the detector is
tapped from the volume control (R-13) and
fed to the gnd of the first a-f section of the
6SC7 tube. The output from this dniver is fed
by resistive-capacitive couphng to the control
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grid of the lower 6V6-GT output tube. The
grid leak for this latter tube is made up of
resistors R-19 and R-20. The combined re-
sistance of these two is 480,000 ohms. The tap
between the two fumishes 10,000/480,000 or
Yss of the voltage to the gnd of the inverter
section of the 65C7 tube, the gain of which is
48 under these operating conditions. The out-
put of the inverter is then resistive-capaci-
tive coupled to the control grid of the upper
6V6-GT output tube. In this way, equal but

signal voltages are obt: d for the
control grids of the two output tubes. Note
capacitor C-31 across the primary of the out-
put transformer (L-14). Its function is to re-
duce the tendency of the push-pull stage to
fall into oscillation.

Signal check for normal push-pull stage
operation. The signal check for the stage is
shown in Fig. 19-25. The signal generator is
adjusted to give an a-f signal, and the attenu-
ator is set for maxsmum output. The signal-
generator ground lead 1s connected to the re-
ceiver chassis and the “hot” lead is con-
nected through a 0.1-mfd/600-volt capacitor
in turn to the plate terminals of each second
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FIG 1924, Schematic diagram of a Stromberg-Carlson recerver
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-f tube. If the signal generator has sufficient
utput, the audio note will be heard faintly
rach time in the speaker. The “hot” lead of the:
tenerator is then shifted to the control grid
erminal of each tube. The signal-generator
1ote should be heard in the speaker at a much
rreater volume, owing to the gain of each of
he tubes.

Any audio input signal, like that obtained
yom the tip of a plugged-in soldering tool,
nay he used for quick checks.

To determine if the inverter is functioning,
the “hot” lead of the signal generator 1s shifted
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amplifier, .
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to the imerter grid, and the attenuator is ad-
justed for less output. The signal-generator
note should be heard clear and loud in the
spedker.

Standard circuit. We shall consider the cir-
cnit shown in Fig. 19-26 as the standard cir-
cuit for a push-pull amplifier. The interstage
coupling values given are for a high-gain volt-
age umplifier and phase inverter tube, Except
for signal voltage divider resistor R-6, these
values are fairly representative for any phase
tnverter circuit. Normal voltage and resistor
data will refer to this circuit.

v

L, Lo
g — FIG. 13-26, Schematic .
~E 20 diagram of a typical . . |
a8 g push-pull amplifier. :




Normal voltage data.
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Either push-pull control grid to ground Ovolts O volis
Either push-puli plate to ground 200-300 valts 120 volts
Either push-pull screen to ground 135-200 volts | 80~100 volts
Either push-pull cathode to ground 15-19 wvolts | 57 volts
Inverter plate to ground 100-170 volts | 50-70 volts
Inverter grid to ground 0 volts O volts
tnverter cathode to ground 2 volts 1 volt

| B ot T oo

Normal resistance data. The normal re-
sistance data in the following table refer to
Fig. 10-26.

Second a-f (A) plate to sec-

ond a-f (B) plate 300-500 ohms
Push-pull eathodes to
ground 60-200 ohms

Esther push-pull control

grid to chassis 220,000 ohms

Inverter plate to B+ 220,000 ohms
Inverter grid to chassis 7,000 ohms
Inverter cathode to chassis 1,000 ohms

Troubles common to the push-pull am-
plifier. The troubles common to the push-
pull amphfier are stomlar 1n many ways to
those of the single-ended second a-f stage
described in Chap. 12 Only these troubles
that apply to the push-pull amphfier wall be
discussed here.

Troubles common to the output transformer
The output-transformer pnmary may open As
4 result, one plate 1s open and no plate cur-
tent flows from that second a-f tube The volt-
age drop across the common self-bias resistor
becomes less, and the bias for the other sec-
ond af tube becomes too small As a result,
the operative second af tube distorts the
signal badly. The distorted signal will also be

“eak because only one tube 1s funchoning A
voltage check will show no plate voltage on
o%e second a-f tube. Finally, an ohmmeter
check will confirm the condition.

An open output-transformer secondary is
not usual. When it does occur, the output
signal will produce na sound from the speaker.
For a defective transformer, an exact replace-
ment is recommended. Where such a replace-
ment is not possible, a universal push-pull
output transformer may be used. Care must be
taken to obtain proper impedance match be-
tween the second a-f tubes and the voice coil
of the speaker. The transformer should be
about the same size as the original in order
to assure proper wattage dissipation. And the
feedback connection, if present, must be
properly connected. The reader is referred
to the replacement notes on output trans-
formers in Chap 12 for a more detailed ex-
planation.

Troubles common to the tubes. The second
a-f tubes may b weak or i ve.
The result would be very similar to that of
an open output-transformer primary. The
operative second a-f tube will be improperly
brased. The sound from the loudspeaker
would be weak and distorted. Replacement
with a good second a-f tube clears up the
condition.

Troubles common to the coupling capaci-
tors The coupling capacitors C-2 and C-3
may become leaky. As a result, a positive volt-
age will be placed on the control gnd of the
second a-f tube to which it is coupled -~ ing
bad distortton Replacement with -
of simular capacitance will remedy
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Make sure that the voltage rating is as great
as or greater than the original,

The inverter, The operation of the inverler
is almost always foolproof. Only when its
coupling capacitor C-3 becomes leaky does
trouble arise. This has been deseribed in the
preceding section.

Troubles in the inverter tube or its asso-
cinted circuit will also alfect the first a-f tube
and be found in a chieck of the first o€ stage.
When the inverter is a separate tube, it oper-
ates in a manner very similar to the first a-f
tube. A complete analysis of the first a-f stage
is given in Chap. 13,

igh-fidelity loudspeakers. To obtain {ull
advantage of the elimination of distortion ina
receiver with push-pull output, many manu-
facturers wse high-fidelity loudspeakers, This
setup usually consists of two loudspeakers
with different response characteristics. One
responds especially to the high frequencies
and is known as a “tweeter.” The other re-
sponds especially well to the low frequencies
and is known as a “woofer.” To obtain the
desired low-frequency  characteristic,  the
woofer uses a large-diameter paper cone with
soft suspensions. It is also ruggedly built
because low notes are associaled with high
power. The tweeter uses a small-diameter
stifl cone. In some cases, horn speakers, which
have a very good high-frequency response,
are used for tweeters.

A typical circuit using this speaker system
is shown in Fig, 19-27. The lower frequencies
of audio signal are fed to the woofer voice
coil and are blocked by the reactance of ca-
pacitor C-8 from getting into the tweeter voice
coil. On the other hand, higher audio fre-
quencies meet little opposition from the cg-
pacitor and feed through the tweeter voice
coil. Capacitor C-8 has an approximate value
of 4 mfd. It is either a paper capacitor or g
nonpolarized electrolytic unit, Since this is a
low-voltage cirveuit, capacitor C-8 rarely gives
any service difficulties.

‘ A thrce'-unit high-fidelity speaker system
is also quite common. In some cases, the third

speaker s a second tweeler conneeted in
parallel with the fisst tweeter. This is done
hecause  high-frequency  sounds are very
directional and may not be heard unless the
listener is standing direetly in front of the
pweeter. The two tweeters are angled in the
speaker compartment so as to give a wider
distribution of the high-pitched sounds. In
ather cases, the third speaker is a mid-range
unit, It is comparvable to an ordinary radie
loudspeaker, which gives good mid-range re-
production but does not respond very well to
either the very fow or the very high audio fre-
quencies. All three speakers are conmected
in parallel; but a capacitor like C-8 in Fig.
19-27 is placed in series with the mid-range
speaker, as well as with the tweeler to keep
the high-power, low-{requency audio currents
from affecting these other units.

Four-unit speaker systems are also found.
These generally consist of a woofer, a mid-
range speaker, and two (weeters,

Servieing  high-fidelity speaker systems
adds only the precaution to see that sound is
coming out of cach speaker. Repairs can be
made on any individual speaker in accordance
with the speaker service notes given in Chap.
11. However, if one of the speakers is to be
replaced, it is important to obtain an exact
replacement in order to ensure proper tonal
balance.

The replacement speaker must also be con-
nected properly, In a single-speaker set, the
polarity of the speaker is unimportant. How-
ever, when two or more speakers are causing
adjoining air spaces to vibrate, it is important
that all paper cones push the air in unison and
pull the air in unison. If the speakers are im-
praperly polarized, one will push forward,
compressing the air in front of it, while the
others will pull back, rarefying the air in front
of them. The undesirable effect will be a
partial cancellation of sound in the area be-
tween the speakers.

Connecting a multispeaker system cor-
rectly is known as “phasing.” Speakers meant
to work in unison often have an identifying
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1G. 19-27. A hugh-frdelity loudspeaker system.

phasing dot at one termunal. One output-trans-
former lead is connected to each of the marked
terminals of each speaker If the speakers have
no identifying mark, or if there 1s any doubt
about the proper connection, proper speaker
phastag may be checked with a flashhght cell,
as shown in Fig 19-28. It 1s not necessary to
disconnect the output-transformer lead. Con-
nect the cell across any pan of speaker ter-
minals, as shown, and break onc cell lead
while watching the paper cones IF the speak-
ers are properly phased, all cones will move 1n
the same direction, exther all m or all out, as
the connection 15 broken If one moves
while the others move out, 1t 1s out of phase
Reverse the counecting leads to this speaker
and check agam to make sure that all speakers

are now propesty phased
Tone controls. Almost all lugh-fidelty am-
plifiers provide manual controls for the high-
fiequency or treble response and for the Jow-
frequency or bass response. There are many
veasons for these controls For example, if the
?‘d‘“p or speaker operates more efficiently
in the bass register, cutting bass response with
‘,““} control will restore the tonal balance But
i is not always desirable to have such flat
:’!‘e%“"” response, If the histener’s heanng is
. ‘ue}:ﬂ in the treble area, or if his preference
© hear bnlhant tones from the hgh-fre-
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L FIG 1928 How to check a speaker system for
proper phasing.

quency mstruments, he will probably prefer a
tonal setting which gives mavimum gain for
the highs and reduced response for the lows.

Tane controls are generally placed between
a pair of stages in the amplifier Some common
tone control circuits are shown in Fig. 19-29,
In all three circuits, point X 1s the output of
the Frst audio stage. Tt carries signals at all
audro fr as they are uced by the
pickup and amplified by the first audio tube
In most a-m radio recervers, point X is directly
ennnected to the grid of the second audio
stage. Here, all signals are further amplified
and reproduced as sound from the Joud-
speaher. There 15 no control of tone In the
three arcuits of Fig 1929, diseriminating
resistor-capacitor  combinations  are  placed
between pomnt X and the following amplifier
gnd to give a control of the tonal response of
the entire andiv system

Treble control. Those rachos that employ
tone controls and most nexpensive phono-
graph players use the treble tone control cir-
cot of Fig. 19-20A When the arm of tone
control R-2 1s toward the top, 1 the position
marhed CUT, capaator C-2 bypasses signals
out of grid-load resistor R-4 Since the re-
actance of a capautor decreases with fre-
quency, lugh-frequency audio signals -are
bypnssed and reduced more thap Tndr™
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quency signals, resulting in a loss of treble
notes. This is the position called “mellow,”
where the bass notes boom through unuf-
fected. Needle scratch, which is in the high-
frequency register, is also reduced. As the
control is rotated toward the bottom position,
the bypass action of capacitor C-2 is gradually
sreduced, and more and more of the treble re-
" ‘ponse is restored.

Capacitor C-2 generally has a capacitance
of 0.0005 mfd or 0.001 mfd. The larger ca-
pacitance cuts the treble response more dras-
tically and extends the effect further into the
middle-frequency range. Tone contral R-2
has a value of 0.5 or 1.0 megohms.

Bass control. The circuit of Fig. 19-29B
shows a method of controlling the bass re-
sponse. Coupling capacitor C-1 has a capaci-
tance of 0.02 to 0.1 mfd, calculated to pass
signals at all audio frequencies. Capacitor
C-3, with a much smaller capacitance, is
placed in series with the coupling capacitor
C-2 and the next amplifier grid. Again, the
reactance of the capacitor decreases with in-
creasing frequencies, so that high a-f signals
are passed unimpaired. The reactance to
lower a-f signals is greater with the result
that bass note signals are not readily passed

on to the next amplifier grid. When the arm of
the tene control R-3 is toward the position
marked ¢UT, it has little effect on the action
of capacitor C-3, and the bass response of the
amplifier is reduced. As the control arm is
rotated toward the other end, capacitor C-3
is gradually shorted out of the circuit and the
bass 1esponse is restored.

Capacitor C-3 generally has a capacitance
of 0.00025 to 0.0005 mfd. The smaller capaci-
tance cuts the bass response to a greater ex-
tent and extends the effect further into the
middle-frequency range. Bass tone control
R-3 generally has a value of 2 or 3 megohms.

Combined treble and bass tone control. The
circuit of Fig. 19-29C shows a combined treble
and bass tone control circuit, taken from a
high-fidelity Admiral receiver. High-fre-
quency a-f signals go through capacitor C-3
to the next audio grid, regardless of the posi-
tion of R-3. Low-frequency a-f signals are
blocked from the next audio grid until the
effect of capacitor C-3 is shorted out_by the
bass control R-3. Treble control R-2 permits
more or less bypass action by capacitor C-2.

.Servicing tone controls. There are few ser-
V{cixlg problems in the tone control circuits.
Since they operate in a low-voltage signal



circust, there is httle danger of burned out
capacitors or resistors If one of the controls
should become noisy or ermatic in operation,
the cause of the trouble is self-evident. 1f
the faulty control does not respond to a clean-
ing, the replacement should match the origi-
nal. Similarly, if a capacitor shounld open, its
associated control would have no effect,
thereby focusing attention on the tone contral
circuit. Again, a replacement capacitor should
have the same values as the one replaced
In some bass-treble control circuits, al-
though the basic action of Fig. 19-29C is fol-
lowed, more resistors and capacitors are
added, generally to give a more gradual con-
trol. Often, the more complex resistor-capaci-
tor network 1s combined in a single couplate
component. When trouble is localized to the
p! an exact rep!. is required.
Tone controls in a feedback circuit. In some
amplifiers, the tone controls are placed in a
degenerative feedback line. The complete
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schematic diagram of an Airline phonograph
player 1s given in Fig. 19-30 as a typical ex-
ample of this type of control. It will also serve
to review some of the features of high-quality
audio amplification,

First, observe the switch on the changer
and the plugin tions which are
to most phonograph players. Next note the
floating chassis armangement needed for an
a-c/d-c type of power supply.

The amplifier uses a dual-triode 12AX7 tube
and a pair of 50C5 output tubes in a push-pul}
circuit. The first triode section of the 12AX7
tube is a voltage amplifier, feeding the upper
50CS5 tube and the phase inverter. The phase
inverter 15 the second triade section of the
12AX7 tube. In tumn, the phase inverter plate”
feeds its out-of-phase signal to the lower 50C5
output tube, completing the input to the push-
pull circuit. Grid resistors R-8 and R-9 make
up the voltage divider, feeding reduced signal
to the phase inverter grid.
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FIG. 19-30. Schematic
diagram of a phono-
graph featuring push-
pull amplification, a
dual speaker system,
and bass and treble
tone controlsina feed-
back line.
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The dual speaker system includes a 10-inch
woofer for low- and mid-frequency audio
signals and a ay,.inch tweeter for the higher
frequencies. Note the 9-mfd capacitor in series
with the tweeter to block low audio-frequency
signals.

A basic audio degenerative or negative feed-
back circuit is shown in Fig. 19-31A. Some of
the output voltage is fed back to the input of
the amplifier through resistor R-13 in an out-
of-phase relationship to the incoming signal,
The feedback is to the unbypassed cathode of
the input tube. Sometimes, the feedback is to
the grid of the input tube. The effect of the
degeneration is to cancel distortion ereated by
the amplifier. At the same time, it causes loss
of gain; therefore the amplifier is designed for
higher gain to compensate for this loss. It
follows, therefore, that if the degeneration
were removed, the volume of the amplifier
would increase. Frequency discrimination in
the feedback line would therefore cause in-
creased gain for the frequencies that were

FEED BACK UINE
£

discriminated against. This is the rcason why
there is a resistance-capacitance petwork for
control of tonal balance in the feedback line.
The feedback circuit of the amplifier of
Fig. 19-30 is redrawn in Fig. 19-31B to show
how tone control is obtained. Series capacitor
C-10 in the feedback chain, like all series ca-
pacitors, offers high impedance to low-fre-
quency signals and low impedance to the
highs. By itself, it would keep low a-f signals
out of the feedback chain, thereby giving full
amplification and high gain for the bass notes.
Variable resistor R-20 is across capacitor C-10.
When the arm is turned toward the open end
of the resistor, it has little effect on the action
of the capacitor and we have maximum bass
response. When the control arm is rotated
toward the other end, capacitor C-10 is shorted
out, low notes are fed back in the degenerative
chain, and we have reduced amplification for
these low notes. Variable resistor R-20 there-
fore gives a manual control of the bass re-
sponse. High a-f signals come through the
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feedback chain at all settings of the bass con-
trol R-20; and so this control has little effect
on the treble response.

Treble control R-14 and its associated ca-
pacitor C-5 control the treble response as
follows. At the left or open end of the control,
capacitor C-5 is 7,500 ohms away from the
cathode, and so has Iittle effect on the signals
fed to it through the feedback line. As the
control ts advanced, capacitor C-5 bypasses
high-frequency signals out of the cathode,

thereby reducing the degenerative effect,

permutting more gain, and increasing the
treble response. Capacitor C-5 will have little
effect on the bass response, since its capaci-
tance is too small to give any bypass action
at low audio frequencies.

The only new servicing problem connected
with the amplifier of Fig. 19-30 would be
encountered if the fault were to be a burned
out output transformer. The replacement
should be an exact duplicate, so as to get the
proper feedback signal voltage Also, the trans-
former must be wired 1n with due regard to
the correct polarity. Reversal of the polanty
would make the feedback signal in phase
with the mput signal This 15 regeneration
or positive feedback and results in osaillation.
If the amphfier oscillates after changing the
output transformer, reverse the two plate
leads or the feedl g, wh 13
more convenient. This will restore correct
polanty to the feedback line

Stercophonic phonograph systems. Thus
far, we have been concerned with monaural
phonograph systems. Let us now turn to the
mare recent stereophonic system. A stereo-
phonic (usually abbreviated to stereo) record-
ing and playback system is illustrated in Fig.
19-32. When the recording is made, two mtero-
phones are spaced several feet apart Each
is dtoa hifier The am-
plifier outputs are fed to the stereo recording
head, shown in Fig. 19-324, where they op-
erate at nght angles to each other on the single
cutting stylus The latter is sct at an angle of
45 deg to the record blank. Since both am-
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FIG. 19- 32 The stereophonic phcnograph system

plifiers are operating simultaneously, the
cutting stylus will simultaneously cut both
walls of the groove 1n a complex pattern. Gen-
crally the left microphone 1s used for the
vocalist, while his accompaniment is placed
near the other microphone

In the playback, illustrated in Fig. 19-328,
we start with a special stereo pickup, where
a single needle set at 45 deg rides the stereo
record groove and activates two cartnndge units
set at night angles to each other tn the pickup
head Each crystal picks up one of the original
sound components This 1s the reverse action
of the recording process. Each output ’gnal
1s fed to a separate phono amplifier.
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The dual speaker system includes a 10-inch
woofer for low- and mid-frequency audio
signals and a 3Yz-inch tweeter for the higher
frequencies. Note the 2-mfd capacitor in series
with the tweeter to block low audio-frequency
signals,

A basic audio degenerative or negative feed-
back circuit is shown in Fig. 19-31A. Some of
the output voltage is fed back to the input of
the amplifier through resistor R-13 in an out-
of-phase relationship to the incoming signal.
The feedback is to the unbypassed cathade of
the input tube. Sometimes, the feedback is to
the grid of the input tube. The effect of the
degeneration is to cancel distortion created by
the amplifier. At the same time, it causes loss
of gain; therefore the amplifier is designed for
higher gain to compensate for this loss. It
follows, therefore, that if the degeneration
were removed, the volume of the amplifier
would increase. Frequency discrimination in
the feedback line would therefore cause in-
creased gain for the frequencies that were
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discriminated against. This is the reason why
there is a resistance-capacitance network for
control of tonal balance in the feedback line.
The feedback circuit of the amplifier of
Fig. 19-30 is redrawn in Fig. 19-31B to show
how tone control is obtained. Series capacitor
C-10 in the feedback chain, like all series ca-
pacitors, offers high impedance to low-fre-
quency signals and low impedance to the
highs. By itself, it would keep low a-f signals
out of the feedback chain, thereby giving full
amplification and high gain for the bass notes.
Variable resistor R-20 is across capacitor C-10.
When the arm is turned toward the open end
of the resistor, it has little effect on the action
of the capacitor and we have maximum bass
response. When the control arm is rotated
toward the other end, capacitor C-10 is shorted
out, low notes are fed back in the degenerative
chain, and we have reduced amplification for
these low notes. Variable resistor R-20 there-
fore gives a manual control of the bass re-
sponse. High a-f signals come through the
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feedback chain at all settings of the bass con-
trol R-20; and so this control has hittle effect
on the treble response.

Treble control R-14 and its associated ca-
pacitor C-3 control the treble response as
follows. At the left or open end of the control,
capacitor C-3 is 7,500 ohms away from the
cathode, and so has little effect on the signals
fed to it through the feedback line. As the
control is advanced, capacitor C-5 bypasses
high-frequency signals out of the cathode,
thereby reducing the degenerative effect,
permitting more gain, and increasing the
treble response. Capacitor C-5 will have little
effect on the bass response, since its capaci-
tance is foo small to give any bypass action
at low audio frequencies.

The only new servicing problem connected
with the amplifier of Fig. 19-30 would be
encountered if the fault were to be a burned
out output transformer. The replacement
should be an exact duplicate, so as to get the
proper feedback signal voltage. Also, the trans-
former must be wired in with due regard to
the comrect polarity. Reversal of the polarity
would make the feedback signal in phase
with the input signal. This is regeneration
or positive feedback and results in oscillation.

If the amplifier oscillates after changing the

output transformer, reverse the two plate

Teads or the feedback winding, whichever is

more convenient. This will restore correct

polarity to the feedback line.

Stereophonic phonegraph systems. Thus
far, we have been concerned with monaural
phonograph systems. Let us now turn to the
more recent stereophonic system. A stereo-
phonic (usually abbreviated to stereo) record-
ing and playback system is illustrated 1n Fig
19-32. When the recording is made, two micro-
phones are spaced several feet apart. Each
is connected to a separate amplifier. The am-
plifier outputs are fed to the stereo recordmng
head, shown in Fig 19-324, where they op-
erate at right angles to each other on the single
cutting stylus. The latter 15 set at an angle of
45 deg to the record blank Since both am
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plifiers are generally called lelt channel and
vight channel or channel 1 and channel 2,
each channel feeding a scparale sponker.
When the two speakers are spaced far enonyh
apart to approximate the conditions at the
recording studio, a listener placed between
the speakers seems to hear an added space
factor in that the music from diflerent instru-
ments in a recorded selection seems to be
coming from different parts of the room. In
the case of a vocalist and his accompaniment,
the vocalist seems to be coming from the et
speaker and the accompaniment from the
right. This is the stereophonic effect, adding
another dimension to sound veproduction,
The stercophonic effect seems to add a depth
and richness to the reproduced sound even in
inexpensive plavers. :

Simple stereo phonograph. The schematic
diagram of a small stereo phonograph is shown
in Fig. 19-33. Note the symbol M-2 fo the
stereo carlridge, where the two erystal umits
are shown at 90 degrees to each other, and
the output of each is fed to a separate phono
plug. Sometimes a single three-connection

pluy is used (two hot leads and one common),
bt the separate plug arrangement is more
conunor tor convenienee in reversing chan-
nels, In dinerams of stereo systems, the left
channel vrchannel 1 is generally placed above
the similar riecht chanuel, with the power
supply below as shown,

Nofe that the tone controls are ganged,
but sepurate volume controls are provided for
cach chane . This is a common arrangement
in that the tone control is usually left at the
posttion wiving the desired mellowness and
ficedon from needle serateli The same setting
will Jdofor both channels, The separate vol-
wne o {omdness controls allow the user to
cqualice the volume from each speaker or
adust e differently if preferred. The con-
tiols we sometimes one unit with concentric
shatts and a dual tapered pair of knobs. By
this wranzewent, volume is casily adjusted
for both channels at once while allowing
freed s to reset either if desired.

The cathodes of the two power output tubes
are tied together. Resistor R-9 together with
bypass capacitor C-1D provide bias for both

FIG. 19-33. Schematic
diapram of a typical
stereo phonograph us-.
ing a single stage in
Bas each channel.




of the tubes. Since the plate and scrven vt
ages are provided by one pow et unit, our twe
amphfiers share a common power supply, but
therr signal circuils are separate, We have a
separate input source and speaker output fn
each channel. Note the continued use of plug.
in arrangements, two-section Blter, and Hoats
ing-chassis construction, common for most
phonographs. The channel 1 «peaker is often
contaned in the cabinet with the phono tne
table and amplifier. A sepante speaker ene
closure and extension cord iy provided fu
the channel 2 speaker, so that it can be placed
a distance away. A popular arrangement Iy to
hinge the two speakers to the madn phiono.
graph cabinet, thereby making the entire unil
portable. The hinges are sepamble so that
etther speaker can be lifted off aud placed
further away for a better stercophonie efflvet,
A distance of 6 to 10 feet between spenkery
is recornmended as being correct for an aver-
age room,

No special provistons are made for playing
monaural records on @ stereo phonograph. A
monaural groove will vibrate u stereo necdle
and activate both crystals equally so that hoth
channels will be in operation. Of cousse, there
will not be any sterco cffect. Approxhmately
the same signal will be coming from each
speaker, and the net resnlt will be that the
music seems to be coming from sore poing
betseen them. Incidentally, the reverse is
not true, Stereo records should not be played
on a monaural sytewa, esca though there will
be almost mponmal monantal  reproducion
initially, because a rannausal head will quickly
i seren records by gomzginyg out the ades
of the: groos et

Servicing thie steten wnt will bring pe e
problems. We sitply bave one gerver snzply
twer amplifiers, and twe speakere 1o cheek 1
anpthing, Becase of the dosf arnplifers
service work an the eteves uzul 1t even by
thar a menaaral phonegrazh If the et g0
dead, the trouble 11 alzent snre to be i e
eammian pawer sapply, Gines 1403 vers nn

THONOCGRATHY A BOME Wi v 233
Bkelv that Both tahen we both apeaken wil)
o dewd al wiee,

Suppeose e complasit v weak st w
Autmtion, The pravedite vomple Pod i
monanal aveonl, A well lalameed st
piekhup head shondd pich i abond vgual st
in cach ennatal, Turn the el 1 volue
contad to the ol posttisn, wak g Dinl vliag
nel dead, Disten b oveprodieUon tnongpds the
other ehanme! on yrether & Now 1evene thy
cumtioly; thal i twos e ehimmiel 1 volunge
conttol ap mnd e chieed ¥ e sboven, w
ity onk e ey Lo e vepiosda o B
channel 1 oand apraka 10 Dot el
shosy the woakones o sttt the Tnlle
T I w cannnmy unty soch s wenl e ithe
or Teakmte di filter eapw Bor G2, Ghedk by
thesee dn b ol wav, 1t gl s i)
ahiown Dt et elismed I gebv g i} vpein
o and e ondole §s condined it ot
cheek anly thit aonel tor Binow et by, b
an ollsconter wpeabet, o whinleved ja oannlop
e complibute Do et 3l) b eheed Bt e
chisain fs sl flosting Qiom the Yo dpdosne
your compledn yonr Juls,

Steren halanee  comtrol, e hmitle
diaggranmn of o Phileo stenea phgmnagily fs
given b Vg 10580 ws g typbend cepmpde ol w
Larger anit, L trmssbenss o An thae g
sugysty dsedatecs thiee e barsads sord Commmns v 14
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wmin at 1 volume Tevel determined by the
gangred Tondness control in the geid civeuits
of the two vollage ampliliers. As the promded

Larm of the halanee potentiometer is shifted

toward either grid, et us say the top one, the
gain of the Jeft chinned is eut down and the
wain of the right channel 38 inereased, As o
vesult, there i less volume from the left
speaker system and more from the wipht, Y,
there will not be oo preat o change in the
overall volume tevel, This method of bajaue-
g outputs is considered superior to separate
volume controls wheve balanece procedures
affeet the overall fondness,

The efrendt of Wi 19234 also illusteates o
type o bass tone control not previousty men.
toned, "The fregqueney vosponse of o crystal
plekup i greatly alfected by the load acrosy
it The bass vesponse inereases with high ve-
sistance loads, This elfeet is used to wive o
control of the hass, Bass tone controls VRIA
and VRIB are connected acvoss the crystaly
to vary the Toad on each, Resistors R and Rey

povide minimum londs. Withowt them, the
crystals could be shorted out at the minimum
positions of the variable bass tone controls,
The treble control is conventional,

Hoan amplifier of this type shondd go dead
or develop a hum, the fault would most likely
be in the common power supply, This is
checked like any transformer-type power sup-
ply, as deseribed in Chap. 8.

When working in the aplifier channels,
the same procedure mentioned  hefore of
deactivating first one and then the other chan-
nel will prove helpful in locating the eanse
of the trouble, "This can be done by means of
the balance control, When the arm is in either
extreme position, the assoeinted channel s
shovted out,

1 balanee control VR4 should hecome de-
fective and vequire replacement, it is neces
Sy o choose a veplacement control care-
fally. 1 0 control with a nonlinear taper is
“":“d' the baknee wrea will not he at the conter
of rolation, bt rather toward one end, 1f



1 btained

an exact rey t cannot he e
a linear control of approximately the correct
resistance value. In the circuit of Fig. 19-34,
2 0.5-megohm lincar control could be used if
a ]-megohm replacement is not available.
When servicing stereo systems with a bal-
ance control, there is one type of complamt
which may be baffling. This 15 that the bal-
ance control must be reset for every position
of the loudness control, especially at low
volume levels. This complaint is almost al-
ways due to unequal tapers in the loudness
controls. To confirm the defect, unplug the
line cord and check with an chmmeter from
ground to arm contact of each of the ganged
loudness controls at several low-volume posi-
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Stereo center channel. The schematic dia-
gram of an Arvin stereo phonograph is given
in Fig. 19-35 to illustrate the use of a center
speaker in stereo systems. The center speakers
is housed in the phonograph cabinet. The
left and right channel speakers are hinged to
the cabinet. Separable hinges and pateh cords
are provided so that these latter speakers may
be e Jed. Note the rep in the
diagram for the hinge connections and patch
cords.

The best position for listening to stereov
phonic recordings and programs is between
the two separated speakers and across the
room from them. When the listener is closer
to the cqunpmcnt UIL sound from the speakers

tions If therc 1s an app diffe

the loudness control must be replaced. Check
the new control 1n the same way to make sure
that the tapers run uniformly

may 1 d 1, leaving an imprus~
sion which is called a “hole in the middle.”

‘The purpose of the speaker in the center is to
fill this “hole.” Note how the center speaker

FIG. 19-35. Schematic diagram of an Arvin stereo phonograph, with a system having a bafance control

and a center speaker
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is connected through a tapped transformer to
receive signals {rom both channels.

The center speaker is made to serve another
function. Lower-frequency sounds are not di-
rectional and do not require separation to
obtain the stercophonic effect. The center
speaker, mounted in the cabinet, is therefore
used for the low-frequency sounds, while the
high-frequency sounds come from the hinged
speakers which may be extended by their
patch cords to enhance the stereo effect.

Separation of the audio signals into highs
and lows is accomplished by means of the
0.22-mfd capacitors across cach half of the
primary winding of center transformer 7-2.
In the left channel, signals at high audio fre-
gquencies build up across the primary winding
of transformer T-1 and are bypassed out of
the primary of T-2. This forces the high audio
frequencies to activate the left hinged speaker,
The primary winding of trans{former 7-2 has a
high impedance to low-frequency a<f signals,
and so these activale the center speaker. In
the right channel, the same scparation is
taking place to force high-frequency a-{ sig-
nals into the right hinged 4-inch speaker and
Tows into the center 6-inch speaker. Phasing
of the transformers and speakers is necessary
to get the proper effects. Note the phasing
dots indicated for each and
speaker.

Another method for obtaining center chan-
nel sterco operation is illustrated in Fig.
19-36. The diagram shows the output stages
and speaker arrangement of a Westinghouse
a-mff-m receiver with sterco amplifier and
automatic record changer. The large console
cabinet houses five speakers: two 4-inch
tweeters, two 6-inch mid-range units, and one
12-inch woofer. The tweeters and mid-range
speakers are placed to the left and right in
the console with the woofer in the center.

The upper part of the diagram showing the
left amplifier channel feeds mid-range speaker
SqP-.‘Z and tweeter SP-1 through capacitor C-41,
The capacitor has a value of 70 mfd, which
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FIG. 19-36. Speaker system in a Westinghouse
stereo raeceiver.

will pass all but the very lowest a-f signals.
Nole the symmbal for the nonpolarized capaci-
tor. Capacitor C-43 with a capacitance of 4
mid passes only the very high af signals to
the tweeter. A similar arrangement feeds
speukers SP-4 and SP-5 from the right channel
amplifier. Both channels feed the center
woofer, The reactance of coil L-12 scrves to
keep high-frequency audio signals out of the
wouofer.

When doing service work on a sterco am-
plifier with a center speaker, it is not so casy
to determine which channel is at fault, since
the center speaker receives signals from both
channels. If there is any doubt, it becomes
necessary 1o disable the center speaker. This
an best be done by opening one of its leads.
The channels are then working separately
through their small speakers. After the de-
fective channel is found, there is then only
one audio amplifier to check.

Small radio-stereo-phono  combinations.
The diagram of a typical small a-m radio-
stereo-phono  combination is shown in Fig.
18-37. First note that we have a standard a-m
superheterodyne ‘receiver, an a-cfd-c power
supply, and a second audio channel, Observe



the floating chassis and the plug-in connection
ar. ts for the the pickup
and the st Note the Joud treble,
and bass controls. The loudness control uses
tapered concentric knobs for single or separate
control of the volume in each channel.

Changeover to the different modes of opera-
tion 1s made by switch M-4, called the selector
switch in the diagram. It is a 12-point wafer
switch, using only contacts 3, 4, 5, 6, 7, 8, 10,
and 11, Points 3 through 8 are shown at the
middle left side of the diagram. Points 10 and
11 are shown separately at the lower nght,
to simplify the drawing

The selector switch has three positions.
RADIO, HIFI, and STEREO The direction of
turn of the switch is shown by the indication
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at its center. In the diagram, the switch is
shown in the RADIO position for radio opera-
tion. In this position, the detector output
from the radio is connected to pin 6 on the
switch. Pin 6 makes contact in the switch
with pins 4 and 5. These latter pins feed the
hot ends of the two loudness controls R-14 and
R-1B. Thus, the detector is feeding both audio
channels simultaneously, and the radio will
play through both speakers.

The ON-OFF switch is shown near the line
cord, It is ganged to the selector switch. In
the RADIO position, comman negative is con-
nected to one side of the power line so that
it is in the ON position. Note the other part of
switch M-4 at the right. The B+ line goes to
pin 11, through the switch to pin 10, and from
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The servicing of transistor radio 1eceivers
presents no more difficulty than the servicing
of tube radios. We have the same superhetern-
dyne circuit in both types of receivers, with
transistors replacing tubes. However, becanse
circuit operation is somewhat different, we
shall first study the transistor as a single unit,
and then follow through with a study of stages
where the transistor functions as a converier,
an intermediate-frequency amplifier, and as
an audio-frequency amplifier. This stage
analysis will be made from a typical bansistor
receiver. Then we shall discover how to serv-
ice a typical transistor receiver. The final
study will be that of variations from our typi-
cal set. Be sure to note how the information
you learned when studying the tube receiver
is used with minor variations with transistor
receivers.

The transistor, A transistor, as we find it in a
receiver, is essentially a composite solid, made
up of specially prepared semiconductor mate-
rials. Semiconductors are a group of elements
whose electrical conductivity lies between
those of good conductors and good insulators,
Examples of such solid elements are germa.
nium and silicon.

The type of transisto
known as the junctio
existence in 1949. E
three distinct speci
ductor solids place

r commonly used today,
n transistor, came into

ally prepared semicon-
d side to side, thereby

ssentially, it consists of

e o

prodacing two contact areas known as june-
tious. Each of the three solid sections is con-
necied to an external lead.

In many ways, these three leads correspond
to the tube pins connected to the cathode,
grid, and plate of a triode tube, as shown in
Fig. 20-1. In contrast to the action in a tube,
hawever, all the electronic action in a tran-
sistor occurs within a solid substance., The
transistor, like the tube, is capable of achiev-
ing all the functions of oscillation, detection,
mixing, and amplification. As with tubes, as-
signed voitages are applied to each of the three
leads of the transistor. However, where a tube
requires a heater for emitting electrons, a tran-
sistor uses no heater; it functions as soon as
voltages are applied,

How the transistor works.
the operation of a transistor,
a small piece of pure germa
Is applied across this mate
minute current will flow
manium is a relatively po
ever, when this pure
by adding smal] but
tain other elements,
in the electric condy
Its conductivity iner

I properties. Let u

When controlleqd
45 arsenic or antm
manium, a great p

To understand
let us begin with
nium, If a voltage
rial, an extremely
because pure ger-
or conductor. How-
germanium is “doped”
definite amounts of cer-
great changes take place
ctivity of the germanium.
eases, with resulting use-
s see how this occurs.

amounts of such elements
ony are added to the ger-
umber of electrons are in-



troduced. These electrons are capable of easy
movement through the treated germanium.
The doped germanium is now known as the
N-type, because of its ready ability to conduct
negative charges. If we place a voltage across
such N-type germanium, a relatively large
current fows.

When controlled amounts of certain other
elements, such as indium, gallium, or alumi-
num, are added to the pure germanium, a dif-
ferent effect occurs. Now we create a cond:-
tion among the atoms where, mstead of elec-
trons free to move about, there are electron
deficiencies. Where electrons normally would
be found 1n the germanium atomic structure,
there now occur a scattenng of spaces known
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FIG. 20-1. The transis-
tor resembles a triode
tube; equivalent elec- !
trodes are labeled sim- |
ilarty. |

as holes. Such holes may be considered to be
positive in nature because electrons from
other germanium atoms tend to jump into
these holes. But when an electron does so,
it Jeaves a new hole at the position which it
Just left. The jumping of electrons in one
ion in such ger creates holes
which appear to be drifting in the opposite
direction. Germanium doped in this manner
is known as the P-type because of the great
abundance of these “positive” holes. The
flow or drift of holes may be considered as
much a current flow as the dnft or flow of
electrons. The conductivities of pure, N-type,
and P-type germanium are shown in Fig. 20-2.
Now let us take a slab of N-type germanium

et o oo e r e
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FIG 20-2. Current flow through pure and doped germanium >
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and place it adjacent to a slab of P-type ger-
manium, producing a solid with a single junc-
tion. Connect a hattery across this combina-
tion as shown in Fig. 20-3A. Practically no
current flows in the circuit because the holes
and electrons in the P-type and N-type, re-
spectively, tend to move away from the junc-
tion,—the holes toward the negative lead
and the electrons toward the positive lead.
The junction presents a barrier to the passage
of current carriers, electrons or holes, across
it. This P-N junction diode is said to be reverse
biased.

Now reverse the battery as shown in Fig.
20-3B. The battery draws electrons across
the junction toward the positive lead and
draws holes across the junction toward its
negative lead. The junction barrier is thus
reduced, and the meter shows a relatively
large current flowing in the circuil. The P-N
junction diode is said to be forward biased.
It should be noted that the movement of holes
as current carriers takes place only within the
doped germanium. Once theyv arrive at the
negative lead from the batterv going (o the
junction diode, they pick up electrons de-
livered by the battery. Ouly electrons flow
in the external conducting wires.

Now let us substitute an a-¢ generator for

o= HOLES
o= ELECTRONS

« REMERSE BAS
A

FORWARD BIAS
- B- :

FiG. 20-3. Reverse and forward biésing in a junc-
tion diode.

T

o i

the battery and place a load resistor in th
circuit, as shown in Fig. 20-4. The generato
alternately gives forward and reverse biasin;
to the diode. The output is pulsating direc
current. This diode could be used as a dec
tector or rectifier.

These understandings may be expanded t
the understanding of the transistor. A -tran
sistor is essentially two such germanium unit
placed back to back, with a common centra
slab. This relationship is shown in Fig, 20-5A
The first P-type slab is known as the emitter
the other P-type slab is known as the collector
The N-tvpe slab, common to both diode units
is extremely thin and is known as the base
In all practical circuits, the emitter-and-base
diode is biased in the forward direction anc
the base-and-collector diode is biased in the
reverse dircetion. This may not at first be
obvious with respect to the latter diode. Bu
note that the collector is highly negative witl
respect to the emitter. However, the base i
only slightly negative with respect to the
emitter. Hence, the collector is quite negative
with respect to the base and is reverse biased
as it should be.

Thus, there is low junction resistance be
tween base and emitter and high junctior
resistance between base and collector. A

JANAN.

OuTPUT

LOAD

N

INPUT

FIG. 20-4. How the junction diode rectifies an al
ternating current.
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first, holes readily drift through P, to the P,N
junction (emitter junction). Under the in-
fluence of the batteries, the holes diffuse
through the thin base region (generally less
than 0.001 inch wide) and then across the NP,
junction (collector junction). At the collector
terminal, the holes draw electrons from the
battery. Thus, a flow of electrons takes place
from the battery to the P,-germanium
Sometimes, the three doped germanium
slabs are united in a different manner: two
N-types are made to sandwich a thin P-type,
as in Fig. 20-5B. The first transistor desenbed
is known as a2 PNP junction transistor, this
latter type is known as an NPN junction tran-
sistor. The circuit difference between the two
types is primanly in the polanty of the bat-
teries. Also note the different directions of
electron flow in the external aircut.
Examine the di of the NPN
The N,P diode is forward biased, with the
base slightly more positive than the emitter.
The collector is much more positive than the
emitter. Therefore, the collector is more posi-
tie than the base and the collector yunction
is reverse biased, as it should be Under the
influence of the small battery, electrons drift
trouzh the N, section across the emitter
junction and into the P slab. Then under the
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C | FIG. 20-5. A transistor
is two junction diodes,
back to back,

o E
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influence of the large battery, the electrons
almost entirely diffuse through the thin P
slab, across the N, slab to the collector lead.

In both types of junction transistors, current
carriers (holes for the PNP type and electrons
for the NPX fype) pass through the three ger-
manium sections from emitter to collector.
Remember, however, that for both types only
electrons flow in the external circuts.

Figure 20-5C shows the symbals for a PNP
and an NPN ji i i d; i
of the arrow on the emitter lead identifies
the type of transistor. A simple rule enables
us to remember proper battery polarity. If we
take the first letter of PNXP or NPN, it tells us
the polarity of the emitter voltage with respect
to the base. If we take the second letter, it
tells us the polarity of the collector voltage
with respect to the base. The N stands for
negative and the P for positive.

The common emitter cireuit. The circuits
ust presented are common emitter circuits. In
these circuits when the input signal is to the
base cireunt, the output is in the collector cir-
cunt, and the emitter circuit is common to the
input and output circuits. Most transistor re-
cetvers use transistors in a common emitter
arcust because 1t has high voltage camn and
very high power gain.
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The common emitter circuit most nearly
resembles the triode tube circuit. The emitter
may be considered equivalent to the cathode,
the base may be considered equivalent to
the signal grid, and the collector may be con-
sidered equivalent to the plate. This relation-
ship is shown in Fig. 20-6.

Note that the circuits are similar, except for
their different voltage and polarity require-
ments. Even the 180-degree phase shift be-
tween input and output signals is similar. Sig-
nal is fed to the base, varying the voltage
between base and emitter, just as signal varies
voltage between signal grid and cathode in a
triode tube.

Transistor amplifiers. The transistor am-

COMMON EMITTER CIRCUIT
: A

> QUTPUT

plifier has three main circuits corresponding.
to the three doped germanium - slabs: the
emitter circuit, the base circuit, and the col-
lector circuit. Examine the basic PNP tran-
sistor amplifier in Fig. 20-TA. The currents
flowing in the three external circuits are
shown: I, is the emitter circuit current, I, is
the collector circuit current, and 1, is the base
circuit current. Note that almost all, 95 percent,
of the emitter current flows through the col-
lector circuit. The remaining 5 percent of the
emitter current flows in the base circuit.

The input signal is applied to the base. A
small negative voltage, applied to the base,
increases the forward biasing of the emitter
junction. As a result, there is an increase of

s e paie e v memmaes et AEAIETETy s da SAE w7 e e e

- 4
]t
TRIODE TUBE CIRCUIT
- B -

FIG. 20-6. The commion emitter circuit resembles a triode tube circuit
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FIG. 20-8. Using a single battery for biasing a tran-
sistor.

away rise of collector current. Severe dis-
tortion would occur, or the transistor could
become inoperative, or even destroy itself.
The primary cause is that a temperature rise
reduces the emitter junction resistance. The
forward-biased emitter-base diode is said to
have a negative coeficient of resistance. To
get stable bias, external compensating cir-
cuits must be employed.

One simple way to give a little more sta-
. .. bility is to supply base bias via a voltage di-
“i{ider, as shown in Fig. 20-9. Note that re-

istors R-1 and R-2, the voltage divider, are
in series across the battery, Base bias is taken
from the tap between the two resistors. This
device alone will not give sufficient stability.

PNP

- INPUT =g

R-1

IV

= 47K

100K =

FiG. 20-9. Base bias by means of a voltage divider.

A more effective stabilizing device is that of
d-c current feedback. This is achieved by
placing a resistor in the emitter lead as shown
in Fig. 20-10. This resistor R-3 is in many
ways similar to the cathode resistor in a tube.
When the circuit becomes unstable and col-
lector current starts to increase, the additional
current across B-3 produces an additional
voltage drop across the resistor in the direc-
tion shown. The polarity of this voltage is such
that it reduces the forward bias of the emitter
Junction and tends to restore the stable operat-
ing point. A capacitor is often placed across
the emitter resistor, as with a tube, to prevent
signal degeneration. '

Let us explore the cireuits of Fig. 20-10 a

NPN

FIG. 20-10. Stabilizing operation by means of an emitter resist;)r for currenti feeﬁbac.}(



Little further. Note that in the PNP amplifier,
the negative end of the 6-+volt battery is ap-
plied ta the collector throush the load resistac.
The positise end of the battery is applied to
the emitter through resistor R-3. As a result,
the bias voltage on the emitter is 5.7 volts
pasitive. Battery current through the voltage
divider fumishes the base with a positive
bias of 55 volts. The effect is to make the
emilter 0.2 volt positive with respect to the
base. Thus the emitter junction is forward
biased, while the collector junction is reverse
biased. The amount of forward biasing of the
emitter junction usually ranges from 0.1 to
0.3 volt.

With the NPN amplifier, the positive end
of the battery is connected to the collector
through the load resistor. The emitter is con-
nected to the negative end of the battery
through resistor B-3 As a result, the bias volt-
age on the emitter is slightly above ground
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FIG. 20-11.

base, and reduces the forward biasing of the
emitter junction. This effect reduces the col-
lector cumrent and stabilizes the amplifier.
When the collector load resistor is large, as
in R-C coupled stages, cunent and voltage

level (—6v) at 0.3 volt p . Current th h
the voltage divider fumishes the base with a
positive bias of 0.5 volt positive. Thus the base
is 0.2 volt positive with respect to the emitter
and is again forward biased. The collector, ata
high positive bias, is positive with respect to
the base. The collector junction is thus reverse
biased, since it is more positive than the low
positive hase.

Return now to the stabilizing asrcusts. An-
other device to give aperating stability is to
use d-c voltage feedback. As seen 1in Fig.
20-11, the feedback is obtained from a voltage
in the output. Resistors R-2 and R-3 give the
base and emitter their proper positive biasing
for forward bias. Collector load resistor allows
the negative end of the battery to make the
collector negative for reverse biasing of the
collector junction. Stabilization occurs in the
following manner. If the collector current
starts to rise because of thermal effects, the
collector becomes less negative (more posi-
tive) because of the larger voltage drop across

feedback are equally effective. When the foad
resistor is Jow, as in transformer-coupled
stages, current feedback is more effective.

The previous stabilization circuits invohed
the use of standard resistors as circuit ele-
ments. Operation may also be stabilized by
employing temperature-dependent resistors
or PN junction diodes. Some of these circuits
will now be described.

One such circuit, shown in Fig. 20-12, em-
ploys a thermistor. The resistance of a therm-
istor decreases with a rise in temperature; that
15, it has a negative temperature coefficient of
resistance. There are two voltage dividers
across the battery. One is made up of resis-
tors R-1 and R-4. The voltage across R-1 fur-
mishes the base bias. The other voltage di-
vider is made up of resistor R-2 and thenmistor
R-3. The voltage developed across R-2 fur-
nishes the emitter bias. With the rise of tem-
perature, the collector current tends to run
away However, the temperature rise also
causes the of the thermi to

the load resistor. As a result, a p pulse
is fed through feedback resistor Ry to the

d with a of cur-
rent through resistor R-2. This increase of



288 ELEMENTS OF RADIO SERVICING

current feeds a negative pulse to the emitter,
thereby decreasing the forward bias of the
emitter junction. As 2 result the collector
current is decreased to normal operation.

The previous circuit employed a thermistor
to control emitter voltage. The circuit shown
in Fig. 20-13 uses a thermistor to control
base voltage. Resistor R-1 and thermistor
R-2 make up a voltage divider across the bat-
tery. Base bias is taken from the junction of the
two. With the rise of temperature, collector
current tends to rise. The rise of temperature
makes the resistance of the thermistor de-
crease, increasing the current through the
voltage divider. As a result, less battery volt-
age is dropped across the thermistor and the

FIG. 20-12. A thermistor-stabilized transistor cir-
cuit.

e e o gt e ST

v oo

FIG. 20-13. A thermistor control of base vo\tége.

emitter junction forward biasing is decreased.
This brings the collector current back to nor-’
mal operation. It is always advisable to pro-
vide for good thermal contact between the
transistor and the stabilizing thermal-sensi-
tive component, to keep the temperature of
the two similar. Although thermistors do tend
to stabilize a transistor amplifier, they do not
do so perfectly because thermistor resistance
change does not track with the thermal effect
change in the transistor.

A more effective thermal-sensitive device
for stabilizing a resistor amplifier is a PN
junction diode. Like a thermistor, a junction
diode has a negative temperature coefficient
of resistance regardless of whether it is for-
ward or reverse biased. The main advantage
of the junction diode is that it can be made of
the same material as the transistor. As a re-
sult, thermal resistor changes of the diode tend
to track better with the thermal effect changes
in the transistor.

A circuit employing a forward biased PN
diode as a stabilizing component is shown in
Fig. 20-14. The circuit is very similar to
that with the thermistor described in Fig.
20-13. It works in the same manner. It is
well stabilized, except at higher tempera-
tures. To get better stabilization at higher
temperatures, use is made of two PN junction
diodes, as shown in Fig. 20-15. Resistor R-1
and forward biased junction diode CR-1
serve the same purpose as in the previous cir-
cuit; namely, to compensate for the change in
emitter junction resistance, particularly at
temperatures below 50 deg C. Resistor R-2 and
junction diode (reversed bias) serve to stabil-
ize the circuit at higher temperatures. As with
the previous circuit, capacitor C-1 bypasses
the a-c signal around the junction diodes.

.Sorr}e anllpliﬁers employ a single reverse
tSn\i:h J‘;nitil:)cn'tdi?del to stsziliz'e operation.
o oved it th‘: t15 shown in Fig. _20-.16. It
coupled to thes age }s reswtance-capa(.:ltance
o Emittsrrevxo}xs stage. Here is how

. resistor R-1 prevents the
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FIG. 20-14. Stab;hzalmn by a forward-biased junc-
tion diode,

build-up of a large emitter current at the lower

FIG. 2015
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n-2 Rt
CA-l FORWARD BiAS '
CR-2 REVERSE BIAS !

frer with two ji

diodes.

xs that of using currents and voltages of one

temperatures. At the higher
the base region tends to ovemccumulare
current carriers, holes in the P-type and
electrons in the N-type. Such an accumula-
tion tends to increase the emitter current and
in turn the collector current. The small re-
verse hias current that flows through the
junction diode CR-1 dramns the current car-
riers from the base, preventing the accumula-
tion and stabilizing the errcuit.

Another system for stabilizing amphifiers

ure-stabilized transistor to tempera-
ture-stabilize another transistor. A circuit
showing this system is shown in Fig. 20-17.
Note that the base of the NPN transistor is
connected to the emitter of the PNP tran-
sistor and that the emitter of the first is con-
nected to the base of the second. This gives
proper forward biasing to the emitter junc-
tions of both transistors, The NPN transis-
tor 1s stabilized by having an emitter re-
sistor R-1 and by having vintually no resis-
tance in the base lead. As the temperature
mcreases, the emitter junction resistance
d the base and emitter sec-

FIG. 20- 16 Stabilized amplmer using one reverse-
biased junction diode

tions form a Jundlon diode with a negative

i of resi How-
e\er since the NPN Iransistor is stabilized,
the current across the emitter junction re-
mains constant. With constant current and re-
duced resistance, the voltage across the emit-
ter junction drops Since this emitter junc-
tion voltage furmishes the forward bias
voltage for the PNP trapsistor, the latter is
given reduced forward bias and its runaway
collector current 1s brought back to normal.
Capacstor C-1 bypasses the a-c signal around
resistor R-1 and the emitter battery. This

p—
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FIG. 20-17. Tempera- |
ture stabilization of @ .. -
transistor by another
transsstor
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circuit relies on the common emitter-base
voltage for the two transistors.

Figure 20-18 shows a stabilization cir-
cuit in the same system, employing a common
emitter~collector current for the two tran-
sistors. The first transistor is stabilized by
placing a resistor in the emitter lead and by
keeping resistor R-1 at a low ohmage. The
stabilized collector current of the first tran-
sistor is made to flow through the emitter-
collector of the second transistor by connect-
ing the collector of the first directly to the
emitter of the second. This type of stabiliza-
tion eliminates the need for a stabilizing
resistor in the emitter lead of the second

transistor, an important consideration in
power amplifiers that draw heavy emitter
currents. Note that the first transistor amplifier
is not that of a common emitter circuit, but
rather that of 2 common collector circuit where
the output signal is from the emitter. Capaci-
tor C-2 places the first collector and the
second emitter at ground potential for the
a-¢ signal.

The circuits just described that stabilize
the currents also tend to stabilize transistor
voltages. Figure 20-19 shows a circuit for fur-
ther stabilizing the collector supply voltage.
Junction diode CR-1 is a reverse biased diode.
At a certain reverse bias voltage, the current

FIG, 20-18. Common
emitter-coliector cur-
rentstahxhzatxon

]
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a voltage divider across the battery. to develop
forward bias for the emitter junction,

In both cases, the voltages shown on the
transistor leads have been measured from the
lead to ground, as manufacturers do on their
schematic drawings. Examine Fig. 20-21A
with the grounded battery positive. The
collector is highly negative with respect to
ground and also with respect to the base
which is at a low negative potential, 0.7
volt, with respect to ground. Thus, for the
collector junction there is the necessary re-
verse hias. The emitter is even less negative
than the base with.a potential of minus 0.5
volt with respect to ground. Hence the emitter
is 0.2 volt more positive than the base and the
emitter junction is properly forward biased.
Thus the biasing for this PNP transistor is
correct,

Now examine the circuit in Fig. 20-21B
with the grounded battery minus. The collec-
tor is at maximum negative potential which
is ground potential. Therefore, there is no
voltage between it and ground. The base
potential is highly positive with respect
~: to ground; namely +5.3 volts. The collector
"\; is therefore 5.3 volts more negative than the

base and the collector junction is properly
reverse biased. The emitter is at +5.5 volis
positive potential above ground. It is there-
fore 0.2 volt more positive than the base,
and the emitter junction is properly forward
biased. Again, biasing for this PNP transis-
tor is correct.

So it is immaterial which battery terminal is
grounded. A positive ground produces nega-
tive voltages on the transistor leads. A nega-
tive ground produces positive voltages on the
base and emitter leads and zero voltage on
the collector lead. A parallel development
could also be made for an NPN transistor.

Signal feedback. In the previous section,
several circuits were presented that main-
tained d-c stability. One method was to yti-
lize current or voltage feedback. This section
refers to a-c signal feedback for a different
purpose. Degenerative or negative signal

feedback is used for the following purposes:
to fix the amplifier gain, to increase the
bandwidth, to reduce distortion, to change
the amplifier input and output impedances,
and to unilaterize (neutralize) transistor
feedback from output back to input.

As with d-c feedback circuits, we may have -
either signal current feedback or signal volt-
age feedback. An example of the former is
shown in Fig. 20-22. This circuit is like the
one employed for d-c stabilization. When only
stabilization was desired, the emitter resis-
tor was bypassed by a capacitor. When nega-
tive feedback is required, the capacitor is
omitted. Such negative feedback has the
effect of increasing the input resistance
greatly, and is used as the input stage of a
voltage amplifier.

An example of signal voltage feedback is
shown in Fig. 20-23. Once again, the place-
ment of a resistor between collector and base
resembles the circuit described for d-¢ sta-
bilization. If only the latter were desired, the
resistor would be replaced with two equal
ohimage resistors each half the value of the
single resistor, joined in series, and a capaci-
tor would be connected from their junction
to ground. The feedback circuit has the effect
of reducing the input resistance of the am-
plifier and may be used as the input stage of a
current amplifier.

In both feedback circuits, the feedback -
resistor is designated as Rp. In the first cir-
cuit, the amount of signal returned to the in-
put is proportional to the current flowing in
the output. In the second circuit, the signal
fed back to the input is proportional to the
output voltage. In both circuits, feedback
fm“.‘ output to input is possible in order to
achieve negative feedback because in the
common emitter circuit, as in a tube, input
and output signals are 180 degrees out of
phase. '
pl;\;igdatize feedback i§ al§o sometimes em-

brevent oscillation of a transistor

a{xxpl{ﬁer. A transistor is not a unilateral de-
viCe 1N Which eneroy mmve foose o 3 o1 s



FI1G. 20-22. Current feedback circuit.

one direction. As in a triode tube, energy
tends to be fed back from output to input,
across the capacitance existing between the
collector and the base, producing regenera-
tion. If this positive feedback 1s strong enough,
the transistor amplifier will tend to oscillate.
The higher the frequency of the signal, the
greater the feedback and the greater the tend-
ency to osallate, particularly if there is tuned
coupling Fortunately, modern transistors
are designed with small collector-base ca-
pacitance, so that amplifiers wall not oscillate
at broadcast frequencies But they might do
so at higher frequencies, With a tniode tube,
an external neutralizing circuit was used to
prevent the osaillation. With a transistor, an

external unil 1 cireuit is loyed
ploy

;
FIG 20-24, A untlateratizing dr:..:vt

e ez My an
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R-2

FIG. 20-23. Voltage feedback circuit.

Such a unilateralizing circuit is shown in Fig,
20-24
When a negatve mput pubse is fed to the

base, forward bas v mereased and collector
current I, also increases A portion of tius
collector current 1s coupled back through the
collector-base capacitance ta the input, pro-
ducing positive feedback, To offset this, a
portion of the sim il current is directed
through reststor Ry and the panallel Ry/C,.
This feedback umlsterhzing current I, devel-
ops a voltage across By wath the polarity in-
dicated  The voltage developed across this
resistor 15 degeneratne and made to equal
the poutne regeneraine collector-base feed
back Aca result the latter 15 canceled o2
and esallation o presented,

In the ot shown, resistor R, fow
brues the haveemutter crrcuit. Capasiter &7
orting of the hase o

prevesh e

4 couples 2 parmw

<t cumrent to the £
l=ter<taze conpling. Tremst ‘_‘
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FIG. 20-25. An R-C

coupled stage and
a transformer-coupled
stage.
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ciency of such an amplifier is low because of
the dissipation of d-c power in the collector
load resistor R-7. Coupling capacitor C-1
blocks the d-c collector voltage of the first
stage from appearing on the base of the second
stage. To prevent a large signal voltage drop
across this capacitor, its reactance must be
small compared to the input resistance of the
following stage (usually about 800 ohms).
Hence its capacitance must be high.

Resistor R-4 is usually 7 to 15 times the
input resistance of the second stage in order
to feed maximum signal to the base. It cannot
be too high becanse it would then adversely
affect d-c temperature stabilization of the
stage.

A transformer-coupled stage is shown in
Fig. 20-25B. The primary winding of the trans-
former is the collector load of the first stage.
The secondary winding intraduces very little

resistance in the base circuit of the second
stage, a fact that produces better temperature
stabilization. Little d-c power is dissipated
in the primary winding; therefore, the power
efficiency of this amplifier is high. For this
latter reason, transformer coupling is almost
universally used in small receivers, even
though its frequency response is not as good
as that of an RC coupled stage. ‘

Identifying leads in transistors. It is im-
portant that transistors be connected with
proper battery polarity connected to correct
terminals. The base drawings shown in Fig.
2026 will help in proper identification, E
standing for emitter, B for base, and C for
collector.

Basic transistor receiver. The signal in a
transistor radio is handled basically in the
same superheterodyne circuit as in a tube
receiver. A block diagram of such a transistor
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FIG 20-27. Block dia-
gram for a transistor |
superheterodyne re-
ceiver. '

receiver is shown 1n Fig 20-27 In such are-
cewver, one transistor usually serves as a con-
verter. Sometimes, two transistors, a mixer and
a local oscillator, perform the function of the
converter. There then follow two 1-f amplifier
stages to give sufficient signal amphfication
A junction diode serves as the detector Some-
times, a transistor performs this function The
detector feeds into an audio amphfier, known
as the audio dniver, which in turn duves the
power output stage. All transistors are pow-
ered by a battery

A typical transistor receiver 1s shown m
schematic form in Fig 20-28. An analysis
will be made, stage by stage. In the dis-
cussion that follows, it will be helpful to
Leep 1n mund the simlar tube crreuits with

i
i

which you are already familiar The terms
emitter and cathode, collector and plate, and
base and signal gnd are closely allied and
will help mn understandmng the various cir-
cuits

Converter The vonverter 1s shown in Fig
20-29 Note that ground 1s battery positive,
making the battery muinus the hot lead Com-
ponent L-1 15 a femte antenna feeding the
signal to the base of the transistor. Resis-
tors R-1 and R-2 compnse a voltage divider
across the battery, for emrtter-base bias Re-
sistor R-3 1n the emutter lead 15 a d-c stabil-
1zer. It 1s unbypassed to provide negative
feedback for the signal The osallator coil
1s L-2 and 1t feeds 1ts local oscillation to the
emitter through capacitor C-3. The tuning
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FIG. 20-29. Typical transistor converter circuit,

and oscillator capacitors are ganged, as in a

tube receiver Station signal to the base, and

local oscillator signal to the emitter, mix to

produce the modulated i-f signal at the collec-
£
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volt' pasitive with respect to the base, even
though both are at a negative potential with
respect to ground. The collector is 7.2 volts
negative with respect to the base, even though
both are st 2 negative potential with respect
to ground,

1-f amplifier. Since a transistor amplifier
has less gain than a similar tube amphfier,
two stages of i-f transistor amplifiers are used,
as shown in Fig. 20-30. The signal from the
converter is fed to the i-f input transformer
T-1. Transformers T-1, 7-2, and T3 are i-f
transformers with slug adjustment

Note the various transistor element hias
voltages for the PNP transistors. Emitter com-
ponents R-6 and R-9 are the d-c stabihzers
and are bypassed by capacitors C-5 and C-9,
respectively, to avoid negative feedback. To

tor, which feeds it to the 1-f

give unife volume output, age voltage

Capacitor C-2 is an 1-f decoupling capacitor
to prevent i-f signals from bemng fed back to
the base.

Note that the local oscillator signal 1s taken
from a tap on the oscillator tuming coil. This
is done to provide a better impedance match
for feeding the oscillator signal to the emtter
Similarly, the collector 1s connected to a tap
on the primary winding of the 1-f former

{automatic gain control) is fed to the base of
the first »-f transistor. The uswal practice is
to feed age voltage to only the first of the 1-f
transistors.

Resistors R4, R-5, R-7, and R-8 are voltage
dividers to provide emitter-base bias. Ca-
pacitors C-4 and C-6 are decoupling capaci-
tors. Because the tnput and output of hoth

s are fixed-tuned to the same inter-

for better smpedance match. Also note that
this is a PNP transistor with the emitter 0 05

[

mediate frequency and gain is high, the i-f
lhifier has a tendency to llate To pre-

FIG. 20-30. The if
amplifier in a typical
transistor receiver.
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venl this effect, neutralizing eapacitors e
somelimes used, A neutralizing capacitor is
a small capacitor which couples signal from
the output of a stage back to its inpul. Note
that capacitor C-7 is so coupled for transis-
tor V-2 and capacitor C-8 serves the same

fupction for transistor V-3, To gel proper

phase of neutralizing voltage, signals are
drawn from the secondaries of the i-{ trans-
formers,

Petector. The detector civenit is shown in
Fig. 20-31, In most cases, the detector is a
junction diode, with a behavior similar to that
of @ tube diode detector, 3t also develops age
voltage for the fivst i-f amplifier. The diode

detector receives its signal from the last i-f

stage. The diode load is made ap of resistor
R-10 and volume control =11 The tap

between the diode and B-10 is the source of

the ape voltage., Capacitor C-10 filters ont
ay - signal in the detector outpule Audio
components in the age line are fillered out
by H-5 and C-1,

Audio driver. The remaining stages of the
receiver are audio amplifiers, Sinee the de-
tector outpul is insuflicient to drive the

Y andio power outpul stage, an audio ampli-

ficr called the driver is placed between the

€4
STaw

FIG. 20-31. Detector and

. ' age circuit in a typical
transistor receiver.

two stages. Figure 20-32 shows the driver
stage, corresponding to the first aff tube
amplifier, -

Audio signad from the detector is fed to
the base of the driver via conpling capacitor
C-11. Note that the latter component is an
clectrolytic capacitor, made necessary by its
reqguired  high  capacitance. Resistors R-12
and R-13 make up the voltage divider for
basc-cmitter bing, Resgistor H-14 is the d-¢
stabilizing resistor, bypussed by, capacitor
C-13 o prevent sipnal degeneration. Note
that it, too, is of the cleetrolytic type. Ca-
pacitor C-14 is an r-f filter which bypasses
any r-f signal that is present. Transformer
T-4 is an audio transformer that couples the
signal to the power outpul stage. Capacitor
C-12, an clectrolylic one, is shunted across
the battery supply and decouples signals from
all stages, .

A-f power output stage.” The a-f power
outpul stage in our typical receiver is a pushe
pull cirenit. OF course, it is also possible to
have single-ended ontput, The power output
stage and the power supply of our sct are
shown in Fig. 20-33.

"l’lu,- power sapply for the receiver consists
of the 9-volt hattery, the on-off switch, and

T4
YO A-r
QUTPUT
STAGE
R-2S pai3S JE3
SRS ATKS Thonen !
- I Rel3 :
= = e 220
HOT & LING

<L.c-z
- s0kFo

F1G. 20-32. Audio driver in

; a typical i -
ceiver. yp transistor re
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the decoupling circuit nfade up of R-15 and
C-12. Observe that the full battery potential
of 9 volts is applied to the a-f output tran-
sistors, while the potential on the hot B lead
for the others drops to 85 volts Note this
similarity to the B++ and B+leads in the tube-
type receiver.

Now examine the power output stage The
audio signal is fed to the bases of the output
tranststors from the dniver stage through audio
transformer T-4. Note that collector voltages
are at —9 volts. The range of voltage shown
for the emitters is the swing from no signal
to that of maximum signal.

As a signal appears across the center-
tapped secondary of transformer T-4, one tran-
sistor base 1s dniven negative and the other
posttive. The negative hase increases forward
bias and produces a surge of collector cur-
rent. The positive base reduces forward bias,
causing collector current to decrease or cut
off. The sttuation 1s reversed when the signal
reverses across the secondary winding of
transformer T-4.

Resistor R-19 is the d-c bias stabilizing re-
sistor. It is unbypassed in order to furnish

T4 .

3 recy _é FIG. 20-33 Push-pull b

} ORIVER E! power ampltfier output '
El (]“ stage in a typical tran- |
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negative signal -feedback. Resistors R-17
and R-16 make up a voltage divider to fur-
nish proper emitter-base bias. Thermistor
R-18 helps to stabilize the d-c operating
point with thermal changes. Resistor. R-15
serves with capacitor C-12 as a decouphng
filter. Capacitor C-15 is a bypass capacitor
across the primary of output-transformer
T-5. It tends to bypass the higher audio
frequencies and to favor the bass audio
frequencies. The output transformer feeds
the signal to loudspeaker E-3. Earphone jack
E-2 enables the hstener to open the loud-
speaker voice coil circuit and to hsten on an
earphone, Finally, battery power 1s turned
on and off by switch SW

General servicing procedure. The general
procedure for servicing transistor radio re-
cewvers is similar to that for 4 tube receiver.
In fact, the defective section of the recerver
ts found by exacthy the same procedo
Since no recewver will worl without pron-
operating voltages the £t step in all <3~
1s to check the power sopply. Here i -
battery, and detaled :zstmctione- ~ ">~
ing the power cupzis »ill follor ~—
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PHaving determined that the powey supply
is pood, we next want to isohte the trouble
to the audio amplifier, the i1 amplifier, or
the converter, The procedure for transistor
mned tube receivers s esaely the same, Feed
an audio signal W the hot end of the volaome
control, The amplified note out ol the loud-
speaker shows that the audio seetion is work-
ing, Next, place an injection Toop fed by a
modulated signal at 455 ke near the ferite
atenn of the veceiver, The respouse oy
linek of vesponse from the toudspenker places
the tronble in the converter or the 3= see-
tions,

Onee we kuow o seetion that is at faaly,
fucther  sigund checks localize the trouble
to the individual stape. Then it is necessmy
to find the defective eomponent, Tead,
connection in that stage, No possible eanse
must be overluoked, The valtmeter aud ol
meter are extrentely useful in this kst local-
iving procedure,
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We shall fivst deseribe all these servicing
pracedures. Then, we will find out how to
nutke replacoments and repaivs, Beeause of
the nature of the components in s tapsistor
veceiver and the miniatarization of parts,
speeial precantions are necessioy,

Chiecking the power supply. Tn o transistor
radin, it ix snportint that the battery voltage
he sullicienty high for proper operation, When
batteries are weak, the resull may be weak or
no reception, distortion, or motorboating. Do
not be misled by the enstomer’s statement that
he did not use the veceiver very mueh, Bat--
teries have wWoway of deteriorating simply by
standing vnnsed,

The hatteries may he tested as shown in Fig,
20-3-LA, with o waltimeter, With the radio
switeh apen, mensnre the voltagre across the
battery, Convenjent test points we growmyd
and battery end of the switeh, Unless the
battery is almost dead, it will measure very
close ta the full wted voltage, Then tarn the
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FIG. 20-34. Checking
supply voltage and re-

ceiver current drain, ‘
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set on for a few while g the
voltmeter. If the voltage drops by 15% or
more, replace the battery. If the drop is less
than 15%, consider the battery good About
four out of five defective sets need only new
batteries. Of course, you may check battenes
by substitution with good ones if they are
available.

It is important that new Dbatteries be re-
placed with proper regard for the correct
polanty. If zinc-catbon type cells are used,
the center button is positive and the zinc can1s
negative. In mercury cells, the center button
is negative. Where a battery pack is used, 1t is
wise to follow the indicated polanty on the
pack. Some battery packs are designed for use
with snap-on plugs. The male plus 15 vsually
for the negative battery terminal and is con-
nected with a black wire; the female plug is
usually for the positive terminal and is con-
nected with a red wire If batteries show any
signs of cliemical leakage, replace them at
once,

When checking the power supply, 1t is
necessary to check that the battery plug makes
clean contact with the battery terminals The
same precaution on cleanliness and good
contact 15 essential in the ON-oFF switch If
the switch 1s defective, replace it and 1ts as-
sociated volume control

Sometimes the battery decoupling capacitor
{C-12 of Fig 20-33) opens When 1t does,
motorboating or oscillabion occurs If C-12
shorts, there will be no reception n the re-
ceiver. To check this, open one lead and shunt
the capacitor with a similar one to see if the
defeet is removed.

To free the power supply of suspicion def-
imtely and to point up possible trouble
sources, test the overall current drain of the
recerver This measurement 15 made with a
d-c milllamameter 1n esther of the ways shown
in Fig, 20-34 In Fig 20-34B, the milham-
meter, switched to its highest range, 15 placed
across the switch terminals with the switch
in the OFF position, If the switch is not readily

ble, place a piece of cardboard between

the battery and the battery chp that is con-
nected to the switch Connect the milliam-
meter, with due regard to polanty, between
the chp and the battery terminal, as in Fig.
20-34C. Using the highest range on the mil-
Juummeter is a precaution to guard against
instrument damage if there 1s a shorted con-
dition in the set. When the meter barely reads,
reduce the current range to get the proper
reading If the cardboard is used, the switch
must be turned on. Take the reading with the
receiver in a no-station position and the vol-
ume control at its minimum position

Normal current drain for any receiver 1s
given by the manufacturer 1n service notes.
However, where such notes are not available,
remember that smaller sets may draw from 4 to
20 ma. Larger sets will draw up to about 30 ma.
Where the current drain is excessively high,
there may be a shorted transistor, a short of
battery decoupling capacitar, or a short in any
other component across the battery. Where
current dram 1s extremely low, there may be a
defective transistor, weak batteries, poor
contacts at the battery or switeh, or poor or
open components and connections.

Localizing defective stage by signal suh.
stitution. Having determined that the defect
1s not 1n the power supply, you had best not
waste ime with a random check. By means of
a signal substitution procedure sinular to
that for the conventional tube receiver, local-
1ze the defective stage The base of a transistor
15 a test point similar to the control grid of a
tube. Similarly, the collector 1s a test pomt
similar to the plate of a tube. A summary table
of signal generator mput and test pomnts 1s
presented 1n Table 1 Note the simlanty of
the test point 1n this table to a tube-type super-
heterodyne receiver For each step, the signal
15 fed to the test pownt through a 0 L-mfd 1sa-
lation capacitor.

In these stage isolation ‘55“—1120 dummy
antenna 1s a capacitor in the 1 ‘ad ™&the
signal generator. This cap. D

'
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TABLE 1. ISOLATING DEFECTIVE TRANSISTOR RADIO STAGE
BY SIGNAL SUBSTITUTION co

_ i:j,eg:ti,d _ Test point Normal resuit At?élYSiS
1. A Ungrounded Signal from | If OK, audio stages are OK. Go
terminal of vol | speaker to step 3. If weak or no signal
control is heard, go to step 2
2. At Driver Signal from | if OK, defect lies in volume
cotlector speaker control, coupling capacitor, or
driver stage. 1f no signal or
weak signaf, defect lies in
Vo audio transformer, power out-
put stage, output transformer,
or speaker
3. Mod it | Second i base | Modulation }if OK, go to step 4. If weak or
signal from {no signal, check second if
speaker amplifier, last i-f transtarmer,
and detector stage i
4, Mod i-f | First if base Modufation |1f OK, go to step 5. \f weak or
signal from |no signal, check first i-f am-
speaker plifier and second i-f trans-
former
5. Modif | Converter base | Modulation {if OK, trouble is in osciilatof
signal from  Jor antenna. Go to step 6. 1 no
speaker signal, check converter tran-
sistor and first if transformer -
6. Mod Converter base. Modu)ation if OK, trouble is in antenna
1,600 ke | Tune set to signal from  {and its input circuit. If not
1,600 ke speaker heard, trouble is in osci o
, Trouble is in oscillator
stage

block d-¢ currents from the test points from
shorting through the signal generator. The
other lead of the signal generator is clipped to
ground. The signal from the signal generator
should be at the lowest possible level to make
these tests. Naturally, all tests are made with
the receiver turned on and in no-station
settings; turn the volume control up high.

Voltage analysis. After having localized the
defect at one stage, voltage analysis becomes
a powerful means for finding the specific
defect.. Most defects, except open capacitors
and misaligned circuits, will upset the normal
voltages to be found in the recejver. We thus

have an effectiv
‘e tneans for quickl ing ¢
the heart of trouble. - d y getting at



Most manufacturers show the normal solt-
ages at Wransistor electrodes. These are meas-
ured from electrode to ground. Where these
voltages are not found, trouble is indieated

Let us examine how we may pinpoint areas
of defect in a transistor circuit hy means of
abnormal voltage readings. Take, for example,
the circuit in Fig, 20-358 which is the second
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1-f amphifier stage of the basic receiver, show-
ing normal voltage ta ground. The circuit de-
fects and their effetts in upsetting nonnal
voltages are shown in Table 2. As a rule, mis-
aligned circuits and many capacitor defects
have little or no effect on stage voltages. Here
other types of test procedures must be used
to locate the defect.

TABLE 2. HOW CIRCUIT DEFECTS AFFECT TRANSISTOR STAGE VOLTAGES

Defect

Ettect on voi!age

Open base circuit. Base voltage falls to zero Enutter voltage falls to
Open resistor R-8, open | zero Cotlector valtage remans normal. No voit-
transformer 7-2, ot break | age across-R-9

w base lead

Open emitter circut, No voltage across R-G. Base voitage normal at
Open resistor R- or ~086 volt. Ermtler at same voltage as base,
open in emitter tead -086 volt

Open coflector circut Coltector voltage drops to same voitage as

Open transformer T-3 or{ emitter, ~0 72 volt

break n collector lfead

Open n transistor Base voltage normal at ~0B6 voit. Collector
Open section of transis-§ voltage normal at —BS5 volts Emitter voltage
tor zero High emitter-base vattage

¥ det R tter-base bias

Leaky transistor

Defective battery decou- AN voltages lowered Large battery current drai

pler
C-12 short or feaky

Bypass capacitor defect: Abnormat base, erutter, or coliector voltage,
Bypass capacitar depending on circult bypassed

shorted
PR
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" If we analyze the data in Table 2, we dis-
cover several general hints which are applic-
able to any transistor stage. When there is an
open in the collector circuit, the voltage on
the collector becomes approximately that of
the emitter. If there is an open in the emit-
ter circuit, the emitter voltage becomes ap-
proximately that of the base. When there is an
open in the base circuit, base and emitter
voltages fall to zero. A transistor that develops
internal leakage will reverse the forward
emitter-base bias and should be replaced.
There is another voltage effect not obvious
from the circuit just described. This is the
case of a shorted coupling capacitor. When
there is a shorted or leaky coupling capaci-
tor, the base bias of the following stage
will he off and little or no voltage will appear
across the capacitor. There is still another
voltage effect. When the agc filter capacitor
becomes leaky or shorts it would throw off
the bias voltages of the controlled tube.
Bridging techniques. Capacitors may open
and have no effect on the test voltages. Elec-
trolytic capacitors, particularly, tend to dry
up and lose capacitance or open. If it is a

™. coupling capacitor, it will fail to pass the

‘Y signal to the following stage. If it is an emit-

RS g T A o e st 2 Syt o maropiers 4
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FiG. 20- 35 Voltage dlstnbutson on trans:stors and an j- f stage

ter resistor bypass capacitor, it will cause
signal degeneration. If it is an agc filter capaci-
tor, it will cause oscillation or distortion.

Although the overall effect in the receiver
may be disastrous, the check for the cause is
simple. Bridge the suspected component
with a capacitor of the same capacitance.
With electrolytic capacitors, be sure to ob-
serve proper polarity.

Replacement hints. Most transistor re-
ceivers are composed of miniaturized compo-
nents, compactly linked by printed-circuit
boards. In making componént replacements,
considevation must be given to space require-
ments and to the possibility of damage to
parts through excessive heat from a solder—
ing tool.

Generally, it is advisable to replace defec-
tive compenents with exact replacement parts.
Where such replacement is not possible, due
consideration must be given to the fact that
all characteristics, including size, must be
the same for the new and the defective com-
ponent. .

The small components in a transistor re-
ceiver are especially subject to damage when
overheated. For this reason, you should use
a pencil soldering iron with a rating of 25 to

e
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35 watts and with a %he-inch diameter tip. To
prevent overheating because of lengthy ap-
plication of the iron, keep the tip clean and
hot. Use a solder with 60 percent tin and 40
percent lead because it has 8 low melting
pont Tin the leads of new components be-
fare connecting them into the citeuit.

To prevent bumning of the printed board. a
good procedure when possible is to clip the
defective component leads so that a small
portion of the lead remains soldered to the
printed wiring through the board hole, as
shown in Fig. 20-36A. Then solder the
tinned leads of the new component to the wire
stubs. Where the complete leads of the de-
fective component must be removed, apply
the soldering 1ron to the lug of the printed
board where the leads are connected. With
a stiff glue brush, brush away the melted
solder. It may be necessary to straighten
the lead with a long-nose phers at the same
time as the 1ron 1s applied, as shown in Fig.
920-36B. Then remove the component Be
sure the hole through the board 15 clean .\nd

SCRVICING TRANSISTOR RADIOS

the new component lead with a long-nose
pliers between the component and the point
of application of the soldering iron, as shown
in Fig. 20-36C.

Qccasionally, you will find a break in the
printed winng on the board. Improvised re-
pairs and attempts to place a blob of solder
across the break can be more damaging than
effective. The best procedure is to locate the
Iugs at the ends of the printed lead where the
break occurs and then to solder a wire be-
tween these lugs. This procedure is shown in
Fig. 20-36D.

Although normally rugged in use. the tran-
sistor itself is eamly damaged by misuse.
When making voltage checls, it is most im-
portant that you avoid even momentarily short-
ing of transistor leads. This precaution is
particularly important with respect to the
power amplifier transisters. Never remove
or replace transistors with the receiver turned
on. When making continmty checks m a re-
ceiver stage, you must not use the low Rx 1
range of the of ter, Where oh s

open, Insert the leads of the new

and solder ta the lugs. Never apply the wron
too long.
To dissipate heat, tt 15 advisable to hold

are p d by high p 1, there 1s danger
of ruining transistors with the high voitage of
the test instrument.

Testing transistors and diodes. Junction
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transistors tend to short more frequently than
open. The result of a short is to cause wn ex-
coss current drain. This would show up in
the power-supply check where overall re-
coiver current drain s measured. When a
transistor is believed to be defective, the
hest serviee procedure is to replace it with an
identical one that is good. 1t is most im-
portant that the components of a defective
stage be carefully examined before installing
a new transistor.

When owl of the recciver, transistors may
be checked simply by means of au ohmmeter.
Recall that a transistor is simply a set of
diodes placed back to back. A diode has a
lower resistance in the forward divection than
in the reverse direction, unless it is open or
shorted.

With power transistors, the ohmmeter
should be set to the R x 1 range, as in Fig.
20-37. First connect the meter leads to the
emitter and the base, and then reverse the
leads. In one connection, the forward position,
the resistance will be about 2 ohms, In the
reverse position, the resistance will be close
to infinity. Then conneet the ohmmeter
from the emitter to the collector; take a read-
ing, and again reverse the leads. In each case,
Sthe resistance should read well over 100 ohms.
Any marked deviation from the values given
above indicate a short or an open in the power
transistor,

With low-power transistors, the ohmmeter

POWER TRANSISTORS
DHWUETCR RX Y

=}

€ B Yy oE
c P _A¥

FORWARD READING - ABOUT pg3
REVERSE READING - NEAR INFiNITY

~A~

FORMARD READING
REVERSE READING-WELLOVER 1000

must be set ondy to the R x 100 range as in
Fig. 20-38. The meter leads once again are
conneeted between the emitter and the base,
and then are reversed. In one position, the
forward position, the reading will be less
than 1,500 ohms. The other reading will be
near infinity. Siinilar readings will be obtained
when making the measurement between the
emitter and the base. Any marked deviation
from these readings indicates a short or an
open in the transistor,

To check for leakage in a low-power tran- -
sistor between the emitter and the collector,
comnect the ohmmeter between those two
pins. using the R x 100 range; then reverse
the leads. For r-f and i-f transistors, both
readings should be above 5000 ohms, For
a-{ driver trausistors, both readings should
be above 500 ohms. Lower readings indicate
leakage or a partial short in the transistor.

Diodes may also be checked in a similar
manuner. Measure the reverse and {orward
resistance with an ohmmeter. With a good
diode. reverse resistance should be 500,000
ohms or mare; forward resistance should be
40 to 100 ohms.

We have presented the transistor and diode
test as though they were out of the set. In
some cases where they are readily removed,
this is the case. But often, they may not be
casily removed without damage. Where this
is the case, it is often more convenient to make
a cut across the printed wiring that leads to

CHMMETER RX1

=i

-~

FIG. 20-37. Checking "
power transistors with
an chmmaeter,

S-WELL OVER 1000
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the transistor or diode terminals. Be sure no
other components are connected to these ter-
minals. Now check as though the transistor
or diode were out of the set. If they are bad,
replace with new ones, Then solder in wire
jumpers just as you would with broken printed

winng.
. . "

Wh an
i-f transformer, antenna codl, oserllator cail,
or even transistors have been replaced, it
may become necessary to realign the

as possible so as to avoid bringing on age
action, This is most easily achieved by keep-
ing the reading in the output meter below 1
volt. Now follow the steps shown in Table 3.
You now have enough information to ser-
vice any transistor receiver that you are given,
As you can see, these sets present problems
very sumilar to those of tube receivers. There
remains only the need to study a few cirenit
variations
T

Alignment of a transistor radio 1s no dif-
ferent in procedure than that for an ordmary
tube radio. H L in t
there is more likely to be interaction behveen
the r-f and 1f circuits; so a hittle more care
must be used 1n setting adyustments

1t is generally advisable to follow the manu-
facturer’s alignment procedure notes Where
these are not available, the procedure listed
below will serve as a basic guide. Begn by
placing an output meter across the speaker
voice coil. Turn on the recewver, and set its
volume control to maximum, Connect the
signal generator output across a radation
loon made up of five turns of about 5-inch dia-
meter Place this {oop at least 1 foot from
the receiver antenna, Turn on the signal gen-
erator, and then attenuate its signal as low

cireunit
of a few receiver schematics \v1ll familianze
you with some of the variations to be found.
Those that we do not cover will be unusual,
but you should be able to reason them out for
yourself The schematic for a Sylvanua receiver
1s shown in Fig 20-39.

This cirenit presents some interesting
points. Note that this recerver uses NPN tran-
sistors 1n the audio stages. In these NPN tran-
sistors, uote that the emitters are negative
with respect to thewr base In the converter
and single 1-f stages. emitters and base are
at the same potential Forward bias 1s fur-
nished by the positive portion of the signal
amving at the base mnput These latter two
transistors are shielded, and the shield s
grounded for signal voltage through capaci-
tors C-13A and C-13B
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TABLE 3. ALIGNMENT PROCEDURE FOR TRANSISTOR RADIOS

Signal generator

Connection to
receiver

1. Radiation loop

2. Radiation loop

3. Radiation loop

4. Radiation loop

5. Repeat steps 2, 3, and 4 unti! maximum out

with step 4

Dial
setting

I
455 ke

600 ke

1,620 ke

1,400 ke

Dial
setting

Tuning gang fully
open (highest fre-
quency)

600 ke

Tuning gang fully

open

1,400 ke

Recolver

Adjustment

Adjust 3rd if, 2nd i-f and
1st if transformer for
maximum output (in
that order) on output
meater

Adjust  oscillator coil
core for maximum out-
put on output meter

e e e e

Adjust oscillator trim-
mer for maximum out-
put on output meter

BN

Adjust  antenna trim-
mer for maximum out-
put on output meter

put 1s obtained. Always end
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The detector is a PNP transistor, But note
that its collector is dircetly comnected to the
Base. 1n effeet then this is a erystal diode with
emitter as one section and collector-base as
the other. Note also that the audio output
stage is not push-pull, hut single-ended. Fi-
nally, note that battery plus is the hot lead and
hattery minus is ground.

In Fig, 20-40, we see the schematic diagram
of the Admiral Model 8TIA transistor receiver.
"This set has a clock, operating from a 1¥2-volt
cell, with auntomatic switching. Note that
there is an extra stage of r-f amplification be-
fore frequency conversion. The converler is
composed of separate mixer and  oscillator
transistors. All transistors are of the PNP type
with emitter biased positive with respect to
bhase, and collectors biased negative with
respeet 1o base. Note that in this cirenit, bat-
tery plus is gronnd and battery minus is the
hot lead. So long as proper forward and reverse
hiasing is present, it does not matter which
battery pole is ground. Note that age voltage
is fed o the r~f amplifier, the mixer, and the
fivst i-f amplifier.

An interesting variaion is shown in Fig

20-41, the schematic dingram {for an Arvin
transistor receiver, This set uses three NPN
transistors  as  converter, i anmplifier, and
veflex i-f amplifier, A erystal diode is used as a
detector, and a4 PNP transistor is used as a
single-ended power output stage. Note that
battery minus is ground and battery plus is
the hat side, For the three NPN transistors,
collectors are connected to battery plus: for
the PNP traunsistor, collector yeturn is 1o
ground (battery minus). In all cases, emilters
are forward-biased —negative with respect o
base for the NPN transistors, and positive
with respeet to base for the PNP trausistor,
Capacitor C-10 s a block eleetrolytic capaci-
tor, the two outer sections serving as bypass
apacitors for emilter resistors; the center
one is the battery line decoupling filter, When
one of these becomes defective, the entire
block is usually replaced.

The reflex second i-f amplifier is an interest-
ing variation. A reflex amplifier is one that
amplifics two signals of widely differing fre-
guencies, in this case the intermediate fre-
quency and the audio {requencies. Special

“networks prevent interaction of the two sig-

nals. Note that the output of transistor TR-3
feeds into the tuned primary of the i trans-
former. This sigmal is then fed to the crystal-
diode detector, part of whose load is the vol-
ume control R-11, Note that the movable arm
of the control does not feed the audio signal
to the base of the power amplifier tube, but
back to the base of TR-3 for amplification.
This anplificd audio signal is now {ed through
the primary winding of the output transformer,
which offers little impedance to signals at
andio ficgnencies, o the base of the power
amplifier tbansistor TR-4. Although a unique
design, this receiver is serviced in the same
manner as the standard one and presents no
special problems, i
Figure 20-42 shows a Motorola transistor
receiver. The set is designed for two-way
operation —either from the 120-volt a-¢ line
o from batteries, the mode of operation con-
trolled by switeh 81, The line mode employs
a step-down transformer and full-wave recti-
fication furnished by a dual selenium diode
rectifier. These are followed by the filter cir-
cuit, composed of capacitors C-20A and C-20B
and vesistor R-26, Servicing of this power
supply is similar to that of the standard tube
power supply. Resistor B-27 is a 'bleeder
which gives better voltage output regulation.
Diode E-1 is known as an overload or clamp-
ing diode and serves an interesting function.
At the Tow functioning voltages of transistors,
@ strong signal could develop enough age
control voltage to block the controlled first
l-(.almpliﬂcr V2. The diode tends to overcome
this situation, When the set is functioning
properly on o moderate or weak signal, col-
lector current through resistor R-7 will de-
ve lop a voltagee drop across the resistor, The
direction of current will be such as to make



-y

Sl-'.R\‘G\C Tﬂ\\SISTOB RADIOS

Sjon U

LS O AT 00

puo fouanbojmol 18 JEH]

jep pue .E:E_:_E e

igaponea usoh guysn eudls oY s paansERw! 04T UNOUS o310 "1ONR0! J0)8t5UE

o

jonud 3wn

3y [Py or-02 O



- 13A19234 J0)SISURIY UIALY TH-02 "Oid

-
v

RVICING

9
Y

LEMENTS OF RADIO SE

E

312

.% ©8/08/08
S3IN311vE 01-3 -
T ARONHSYI
=376 Dt UH .J ‘
] + + + NOILYIOY 3SIMXI0ID WlAIXYH
< { 1V I0HLNGD TWICA CHY 035070 BOLIDVEvD
LA : { e oot EANAL HLLA'SROILIGNDD TTNIIS -ON H3INA
) \v/ H \L:lll/) JUY CROOHD HNDD O SONGY3Y 3971704
Ao / M
faeg 3
r&ﬂ AR I W M
AY <,
N i M P 9%
5 vy N <
At
/ 132 AN v <0
- k o2
PN = = 72
S Tideo b3 7
/ oy —
— N ooLe
A . _ ACS
00 SE2td
- = gL { arv) ] T
= == {r0s {3
] 2072 26/20
0005 f\ W { L .
Lo 3E- E
hE + = ( 2 Cb—
) THL 2uL
oz JSrihe, BrYNZ
O £2EN2 ¥
AZ0 T v [sooms
10 g ] N
[ SR




the top end of the resistor, and thereby the
cathode of the dinde positive with respect to
ground. The anode of the diode will be nega-
tive with respect to the cathode. The diode is
thus revérse-biased and does not conduct,
thereby having no effect on the gain of the
stage.

Now alang comes a strong signal. The age
control voltage rises and cuts off the first i-f
transistor. Xo collector current flows, there is
no voltage drop across R-7, and the top of
the resistor and the dinde cathode are at bat-
tery minus potentsal. The incoming signal on
the diode anode now makes it conductive,
thereby shunting a large portion of the signal
out of the +-{ amplifier. As a result age conteol
voltage drops and the stage starts funchioning

" again. The dynamic relation between the stage
functioning and the diode conduction gives
proper reception

Thermistor R-19 gives
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Ovetload diode CR-¢ is a erystal diode that,
through age action, gives signal strength con-
trol. If st shorts, then no voltage drop would
occur across resistor R-4, and the collector
current would rise to a point where it could
destroy the transistor.

Note the ocutput circenit of the two push-
pull output transistors. There is po output
transformer. Output from transistor collectors
feeds the two high-impedance speakers con-
nected in parallel. Each speaker is center-
tapped to present a push-pull circuit. I a
speaker should become defectiv e, it is impera-
tive that you obtain an exact duplicate replace-
ment.

You will ind other vanations from seceiver
to receiver. But you have enough of the basic
information to fizure the other ones out for
yourself Just keep in mind the superhetero-
dyne cireuit, whether working with a tube or
mdio. The similarities have been

point stabilizattan Al transistors are of the
PNP type. The receiver operates with posi-
tive ground., Therefore, battery minus is hot
and all transistor elements have a negative
voltage with respect to ground, But \

pointed out to you.

When replacing transistors, it is advisable
to get a similar replacerment. If a similar tran-
sistor is not 1n your stock, you may use a dif-
ferent with simmlar characteristics.

that nesvertheless the emutters must be posi-
tive with respect to the base and the collector
must be negative with respect to the base. In
the circuit diagram, the somaller voltages
shown are taken with the battery mode of
aperation; the larger valtages shown are taken
with the line mode of operation

A final vanation 1s shown i Fig 2043, the
schematic diagram for an RCA transistor te-
ceiver. All transistors are of the PNP type
Note that battery minus 1s ground and battesy
plus s hot. Emtters are positive with respect
to base, as shown. Collectors are highly nega-
tive with respect to base, as indicated by the
fow voltage with respect to ground (batters
minus).

Note that earphone output 1s obtamed
the callector errcust of the audio driver tran-
sistor Q-4 To match collector ¢ircuit imped-
ance, the earphones must have high imped-
ance, approximately 2,000 ohims

There are many interchangeability charts.
One manufacturer, Sylvania, puts out a list
of nine transistors that may be used to replace
300 frequently used types. \\nle to S)lvama
and other £ s for i

T

hlect

radio chart. A
troubleshooting chart for transistor radios,
arranged by symptoms, 1s given 1n Table 4.
Generally speaking, weak reception at
enther end of the mmng dial, whistles when
tuming, recephion of one station over the en-
tire timng range, aud cutout of stations at the
gh-frequency end of the dial can be traced
to the antenna aircuit and the converter. Be-
cause of the greater gamn of the +-f stages, we
can loak there for weak reception, distortion
on strong signals, nose, and osoillation
squeals Defects like motorboating and dis-
tortion on all stations usually are traced to the

audio section Weak battenes cant be the cause - ™

of almost any defect.
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TABLE 4. TRANSISTOR RADIO YROUBLESHOOTING CHART

Symptom

Dead receiver

B I TP D]

Weak signal

(e e ey g8 e i TV Sy s S 2y

Weak signal at low-fre-
quency end of the dial

[ e e

Weak signal at high-fre-
quency end of the dial

£ e s oy
i

Extremely short battery
life

o

Passilile cause’

Batteries dead or weak, reversed balteries, poor
battery contacts, broken printed wiring, defec-
tive on-off switch, shorted battery decoupling
capacitor, sherted detectordriver  coupling
capacitor, inoperative oscillator, shorted bypass
capacitors, open antenra coil primary, open i-f
transformer windings, open primary of output
transformer, defective speaker, defective ear-
phone jack, defective volume control, defective
transistors or diode detector )

Weak batlleries, open bypass capacitors, open
detector-driver coupling capacitor, cracked an-
tenna coil core, misalignment, leaky age over-
load diode, defective transistar or diode detector

it s sty

Weak batteries, poor osciltator adjustment,
defective converter iransistor

s e ey

me R e S W o v ——

o d

Poor antenna adjustment, defective converter
transistor

N e oE s gt p A et i e

Detective on-off switch, shorted or |
decoupling capacitor

eaky battery.

. R P,
e - itk dts end



% -
K Symptam

Motarboating and squeals

| A

Distortion

o oo A e e

Fading

| S

Intermittent operation

SERVICING TRANSISTOR RADIOS

Passible cause

Weak batteries, open agec fitter capacitor, de-
fective battery decouphing capacitor, open neu-
-tralizing capacitors, cracked antenna cail core,
open bypass capacitor in I stage, poor battery
contacts, musahgnment

Weak batteries, leaky detector-dnver coupling
capacster, sharted bypass capacitacs, shoet ot
leaky age filter bypass capacitor, defective ias
resistors, defective speaker, short in output
transformer, defective transistors or chode de-
tector, apen averload diade

Weak baltenes

Cracked printed winng, defective volume con-
trol, dirty on-off switch, poor battery contacts,
paar lead contacts, dirty tuning capacitor, leaky
-t or a-f bypass capacitors, foose «f transformer
stug, defective earphone jack, intermittent apen
colls

| S S

Natsy reception

e et 4 s vma it s e e eod

Weak batteries, leaky capacitors, dirty an-off
switch, worn velume control, dirty turing capact-
tor, 1in transformer o , defective
transistors

| PSR

Qnly one station received

Defective osciilator

| SRS AV S AR

3
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. Explain how N-type germanium differs

from P-type germanium.

. Draw a diagram showing the biasing of an
" NPN transistor and of a PNP transistor.

Explain how a common emitter circunit
transistor resembles a triode tube.

. Explain several ways by which a transistor

circuit may be stabilized against runaway
collector current,

Explain the biasing voltages of a PNP tran-
sistor, first when it is positively grounded
and then when it is negatively grounded.

QUESTIONS W

6. How would you test the power supply of a

7

8.

transistor receiver?

Describe how you would localize a defec-
tive stage in a receiver by signal check.
The circuit of Fig. 20-42 does not work. A
voltage check of the driver stage shows
zero voltage at the base and at the emitter,
and normal voltage at the collector. De-
scribe how you would locate the defect.

. What are the basic voltage conditions in an

open in: the collector circuit; the emitter
circuit; the base circuit?



The design of auto radios has undergone con-
siderable change in recent years. Neverthe-
less, the service technician should have no
difficulty in servicing any of them, since they
are all superheterodyne circuits. All are pow-
ered by the car battery, previously a 6-volt
hattery hut now almost universally a 12-valt
one. Signal checking and alignment will fol-
Tow basically the same procedure that was
followed with the standard receiver. This
chapter will emphasize the few differences
in arcuit design to increase effictency.

Types of auto radios. There are three types
of auto radios that are stll being used. The
oldest variety is an all-tube recetver, operating
with hugh plate voltages To achieve these
voltages, a vibrator-type power supply is used
A later development was the hybnd receiver,
employing tubes 1n the front end that operate
with . 12-valt glate sugaly. The detectar &
usually a diode crystal, and the audio section
employs transistors Thus, the set can be
operated directly from the battery. The latest
deve]npmen!, becoming more umversal, 15
the all iver, also ing di-
rectly from the battery.

We shall use the all-transistor receiver as our
starting point and describe the hybnd and
older all-tube sets as variations. In the de-
scnption that follows, keep certain concepts in
mind How is the auto radio like the standard
receiver? In what way are transistors similar to

g

20

tubes? How can the circutts of transistor
stages, learned in the previous ebapter, hely
in the understanding of similar transistor cir
cuits in the auto radio?

All-transistor auto radio. The all-transistor
auto radio is a superheterodyne cirewt, pow*
ered by the car battery. The block diagram
for such a receiver is shown in Fig. 21-1. All
use an r-f stage for the greater selectivity
needed under the conditions of use. With
the greater overall gain, only one stage of i-f
amplification ts employed The age control
voltage is usnally drawn at the detector out-
put and 15 coupled back to one or mare pre”
vious stages.

The power supply of the receiver is in-
dicated as 14 volts Most car batteries today
are 6-cell storage battenes Since each cell i5
rated at about 2 volts, they mal.e up a 1"-\/01t
hattery & W
with the generator attached, the supply volt
age 15 stepped up to the 14 volts indicated

Figure 21-2 1s the schematic diagram of #
Motorola car radio that comresponds to the
block diagram of Eig 28-1 An analysis of
this set will help 1n the understanding and
servicing of any stmilar type of recerver

Like all American automobile radios, this
ts a grounded negative receiver, and battery
plus 1s hot As a result, all voltages shown
are posstive with respect to gromad Not¢
that, at the bottom, the intermedis”  “wency
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is indicated as 2625 ke, This is a common
auto radio intermediate frequeney, The set s
permeability-tuned, where  the control  of
iron shugs in the taning coils varies induct-
ance. wther than capacitor-tuned. Note that
the shigs of the antenna civeuit, = amplifier,
and the converler oscillator are ganged for
tuning, This is shown by the detied lines,
The converter signal grid is untuned,

1ol us examine some of the cireaits in more
detail, Bemenber, however, that despite the
special adaption, the design is that of a super-
heterodyne receiver and is checked for opera-
tion in the usual manner,

Several things should be noted about this
schematie dingram, Note the convenient in-
dications of the voltages across the emitter
vesistors. They indicate to the serviee tech-
nicin whether o not proper cavrents are
flowing in the stages. Also note the code using
the squares and ells. These code markings ave
printed alongside similar leads on the printed
wiring board., They give convenient points
for loeating various leads: {or example, the
13.8volt lead, the 12.2-volt Tead, the age lead,
and the i age Tead, Voltage measurements
way be made from these poiats.

Power supply, The 12-volt stovave battery
is the souvee of voltage lor the veceiver, The
complete power supply is shown in the dia-

o

Ao ONTR
W«w

geam of Fig 21-3, Reeall that all American
cars nse negalive ground. In bench testing,
be sure to keep this fact in mind lest you
danmigre 1eceiver components,

It wounld seem that the power supply is
complex to get the U volts that are already
furnished by the battery and generator. But
it shoukd bhe remembered that high-frequency
noises from the generator and from the battery
conuected as well to the car ignition system
might enter the receiver signal chain, To
{filter out such noise belore it reaches the set,
choke L-5 and capacitor C-21 are employed.
Capacitor C-21 is known as a spark plate. It
wsually consists of two motal plates sepavated
by a thin diclectrie, Often, one plate is the
metal chassis ilvell

The hattery-plus Tead is connected to the
battery  in all cases through o fuse. Many
diagrams do not show this component because
it s part of the ecar installation, rather than
a component in the receiver, But it must not
be overlooked as a cause of trouble.

Note the filter civenit composed of capacitors
C208 and C-20C and resistor R-24, This
filter serves to decouple the battery and ‘so
preveat feedback of signals through the com-
mon component, the battery.

Pow er-supply troubles. There are few things
that can 2o wrong in the power supply beeause

FIG. 21-1. Block dia- -
gram of an auto radio, -,

~.~_.

POWERDUALY

o

+ lav . . . ‘
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it handles low voltages and currents. Yet
this circuit is the one to be checked first.
Begin with the fuse. Check that it is not
burned out and that it sits firmly in its fuse
case. If it is blown, check the stage circuits

for the cause before replacing with a new one, -

since a defect in the receiver could be the
cause for the overload. Note that no fuse is
shown in Fig. 21-2 in the schematic diagram.
All cars have an external fuse from the bat-
tery to the power input to the receiver, as
shown in Fig. 21-3.

Paor contact in the switch or fuse case could
produce lowered voltages, giving weak or
no reception, noise, intermittent operation,
distortion, fading, or oscillation squeals.
These are similar to defects in the transistor
portable receiver.

Antenna circuit. Several problems are en-
countered when considering the design of
the antenna input circuit to a car radio.
First, there is an extremely short antenna for
signal pickup. Second, the capacitive loss
along the antenna cable can be great for the
weak signal coming in. Third, this loss varies
with different antenna installations. And last,
the input to the r-f amplifier transistor must
be low impedance for good impedance match.

The antenna input circuit of the basic re-
ceiver has been redrawn in Fig. 2144 to
show how the problems are met. Note that
the antenna wire feeds through its mount-
ing; the latter is grounded to the car body.
The antenna cable capacitance is shown as

' ¢l
L

FUSE

FIG. 21-3. Power sup-
2 T BATTERY 4

ply for the basic auto,
radio. -

—L—D' TOBATTERY ~

C,. It shunts capacitor C-1 and is therefore
in the tuning circuit. Thus, antenna losses
are minimized. To compensate for different
antenna installations with different antenna
capacitances, capacitor C-1 is a variable
trimmer. It is usually adjusted with a screw-
driver through a hole in the radio cabinet,
usually located near the antenna receptacle.
In a few sets, it is reached through a hole
behind the tuning knob.

Coil L-1 is a tunable inductor to tune for
the desired station. It is ganged to the other
tunable inductor L-2. Inductor L-2, together "
with capacitor C-3, makes up a series resonant
circuit at the same station frequency as that
for which L-1 is tuned. The series resonant
circuit feeds high current to the input of the
rf amplifier transistor, and also provides
proper impedance match,

Coil L-3 and capacitor C-2 make up a low-
impedance wave trap. The trap is tuned to
the intermediate frequency of the set. Were
the trap not there, any station at or near the
intermediate frequency of the set would inter-
fere with other stations being received. The
trap offers an easy path to ground for the inter-
fering station. Wave traps rarely present any
service difficulties. .

Antenna input variations. There are many
antenna input circuit variations to achieve
the same effects as the basic circuit. A com-
mon variation is the circuit shown in Fig.
21-4B. Co'il L-1 loads the short antenna.
Tunable inductor L-2 and capacitor C-1
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make up a resonant circuit for tuning to the
desired station. Capacitor C-1 is also a trimmer
1.4F,

L '
R iid FIG. 214" The basic '
antenna Input circuit
3 and a variation, i
/-1 ‘

vz AGC
«F i
T !
!
B~ ‘

tomer normally has it. Then adjust the an-
tenna capacxtor. C-1in the b:mc receiver, for

for ing for Coil

noise

L-3 is the secondary winding of the input
transformer. It has few windings to match the
low input of the r-f amphfier transistor.

Antenna input circuit woubles. The Brst
possibility of trouble is an antenna that be-
comes grounded to the car body through its
mounting. If the grounding is permanent, the
set will be dead. If intermittently grounded,
reception will be noisy The defect is most
easily discovered when a replacement antenna
is connected to the receiver Sometimes, re-
setting the antenna mounting 1s all that 1s re-
quired. Otherwise, the entire antenna assem-
bly must be replaced

Often, partrcularly after an antenna replace-
ment, the radiec will be weak because the
antenna does not match the mput to the set
A quick check of the condition 1s to tune m
a station and then to touch the antenna whip
If the sound level increases, there is a mis-
match. If the level decreases, the antenna is
probably properly matched. To remedy a nus-
match, tune in a weak station around the ligh-
frequency end of the tunmng dil. Adjust the
antenna whip to a height at which the cus-

through the hole in the cabmet described pre-
viously.

Occastonally, the antenna mounting fails to
make good grounding connectian to the car
budy, thereby mh’uducmg nmse in station
simple ti of
the mnunhng nut will cure the defect. If this
does not improve the condition, it becomes
necessary to remove the antenna mounting
and to scrape the car body directly below it.
Then reassemble the mounting.

The r-f amplifier stage. The r-f stage of the
basic recerver is shown 1n Fig. 21-5. Note that
the signal 1s fed from the antenna input to the
base of the transistor, which 1n turn is tied to
the agc voltage line. Capacitor C-5 and resistor
R-2 make up the age decoupling circuit. Ca-
pacitor C-6 furnishes degenerative signal feed-
back to prevent oscillation, Capacitors C-20B
and C-20C, together with resistor R-24, make
up the battery filter. The stage 1s coupled to
tyl“i converter through untuned transformer

Note that the case of the transistor 1s
grounded to shield the component~Such

es
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F1G. 21-5. The basic r-f amplifier stage.

shiclding is not always necessary. It should
be generally noted that resistances are smallet
and capacitances are larger in transistor cir-
cuits than in analogous tube circuits. This is so
because of the relatively low input and output
impedances of transistors as compgred with
those of tubes.

The manufacturer of the basic receiver has
indicated the voltage drop across emitter re-
sistor R-3. This is a convenient measurement
for determining that the stage is functioning
properly. It eliminates the need for opening
circuits to measure emitter and collector cur-
rent,

Variation of the r-f amplifier stage. The
front end of the receiver of Fig. 21-2 uses
three tuned circuits: two before the r-f wm-
plifier and one for the oscillator. The coupling
between the r-f stage and the converter is
untuned. Variations in auto radio receivers
often provide tuning for the converter signal
grid. Such a circuit is shown in Fig. 21-6.

Coil L-3 and capacitor C-3 form the tuned
circuit. The slug in L-3 is operated from the
gang tuner. Capacitor C-3 is adjustable for
alignment purposes. Coil L4 is a stepdown
winding to provide proper impedance matel
to the couverter transistor base.

In some cases, the tuning slug of coil L-3is a
fourth §Iug on the gang tuner. In other cases,

.
|
12y

-
~ -

FIC. 21 6. Vanation of the r-f amplifier stage.

it 1 a third slug because only one tuned cir-
et v wsed belore the v-f amplifier stage.
These variations in circuitry are primarily a
matter of desiun. From the servicing point of
view. tests are made in the same way, and the
ctrenit variations cause no complications.
Tionbles common to the r-f amplifier. Fad-
img 1 usiadly @ characteristic defect of the
antenna inpui cireait or the r-f amplifier stage.
tipen or corroded coils can cause noise and
weak reepton, A leaky transistor can cause
noise, weak reeeption or a dead receiver,
Checks may be made for locating the defective
vompunent as deseribed in previous chapters.
The converter, The circuit for the converter
of the basic receiver is shown in Fig. 21-7. The
input to the couverter is through untuned
transtormer T-1. Coil L-3 is the oscillator coil,
feeding back collector current to the emitter
for heteredyning. Base bias is obtained from
the tap between resistors R-3 and R-7. Ca-
pacitor C-8 is a decoupling capacitor.
Variation of the converter. Some auto radios
use a Colpitts oscillator in the converter cir-
cuit. The schematic drawing for such a re-
ceiver circuit is shown in Fig. 21-8, Feedback
of ()sgillator signal is from the tap between
capacitors C-10 and C-11 to the emitter.
Note that base and emitter voltages are
equal; namely, 10 volts. This condition is not



FIG 21-7. The basic converter,

! in ers Some cir-
cuits have forward base-emitter bias; some
have zero bias, as in our circuit, and some may
even have reverse bias. The functioning oscil-
Iator and signal voltage will, however, furnish
the necessary base-emutter forward bias

Troubles in the converter. Many of the
troubles in the converter are similar to those
of a tube receiver. The oscillator may not be
workng, producing a dead receiver To check
for this condition, connect your voltmeter
from emitter to base Watch the reading as you
touch the hot end of the oscillator coil with a
serewdnver. Or, swing the tuming dial through
its complete range. If the voltage vanes when
you do so, the oscillator 1s working An open
oscillator coil or capacitor can stop osaillation

Sometimes, the signal will fade 1n and out
This is the result of an oscillator that dnfts
off frequency. Such an effect may be caused
by leaky capacitors or leakage across dirt on
the tnmmerss Checking for the condition and
repl t are handled as previously de-
senbed.

The i-f amplifier stage. The 1-f amplifier
stage 1s shown o Fig 21-9 Input 1s from 1-f
transformer T-2 and output is to1-f transformer
T.3. Resistor R-24 reduces loading on the
secondary tuned circuit, Again, note the con-
venient voltage measurement across emmtter

SFRVICING AUTO RADIOS 325

FiG. 21-8. Another converter circuit

resistor R-15. Base bias is obtamed from the
tap between resistors R-11 and R-12. The
stage 1s controlled by age voltage fed to the
base Resistor R-13 and capacitors C-11 and
C-12 make up a decoupling filter for r-f signals
and the age voltage line,

The intermediate frequency of the receiver
is 2625 ke. This is the usual frequency m
almost all auto radios, because 1t allows for
design that gives greater selectivity, However,
this frequency makes the receiver more sus-
ceptible to image-frequency interference. A
tuned r-f stage tends to minimize such inter-
ference However, the basic recciver uses an
image trap, coil L4 and capacitor C-2, to by-

22z
OET

FIG 21 9 The basic |-f amphf;er stag‘

/
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pass such interference signals to ground at
the antenna input.

Troubles in the i-f amplifier stage. Many of
the troubles are similar to those in an anal-
ogous tube stage and need not be repeated
here in detail. Sometimes the stage will oscil-
late because of a defective transistor, an open
age bypass capacitor, or an open (though rare)
battery decoupling capacitor. A voltage check
would disclose the condition.

The i-f transformers also give troubles simi-
lar to those described in previous chapters. If
trying to peak them results in failure, it is al-
most certain that the transformer or its asso-
ciated parts are defective. A leaky or shorted
i-f transformer will upset the transistor bias
and increase emitter current. Normally, emit-
ter current should range between about 0.5
and 3 ma for an i-f stage. Multiply the range of
current by the resistance of the emitter re-
sistor and you will get the. normal range of
voltage across this resistor. Then measure it
and see if the i-f transformer assembly shows

leakage or a short. The defect will produce
scratchy noise in the receiver. Of course, an
open i-f transformer will produce a dead set,

but bias voltage measurements will quickly
show the condition. ]

Detector stage and agc circuit. The detector
stage and age circuit employ two separate
diode crystals, as shown in Fig. 21-10. Crystal
D2 is the detector and crystal D1 supplies the
age voltage. Unlike a tube detector which
furnishes both the detected signal as well as
the age voltage, the two separate diodes in the
transistor set are necessary. Most car radios
use PNP transistors and negative ground. The
agc voltage fed to the base of a controlled tran-
sistor must be a positive signal to reduce its
base-emitter bias voltage. The detector diode
will furnish an incorrect negative age voltage,
So a separate age diode becomes necessary.

The detector signal is taken from the i-f
transformer and fed to the volume control.
Capacitor C-15 serves to bypass to ground any
i-f signal at the output of the detector.

The age voltage is obtained from the col-
lector of the i-f stage. Capacitor C-14 blocks’
the positive voltage from the collector which
is at zero potential. Trace the current path
from +12.2 volts, through resistor R-17,
through diode D1, and in turn through re-

D-2 o
; : VOL. CONT. I
| S B-20K R
: | 9% _ 1waF :
| C-15 X DRIVER . .
: O '
: R-10 2 F1G. 21-10. The basic :
A6C D . l;GO detector stage and |,
CONTROLLED A7 fé—zos | age circuit,
TRANSISTORS . L
TONE  C-1p ) S
:-:g . .09 . { !




sistors R-16, R-13, and R-1! to ground. Nor-
mally, with no signal, the base bias of the i-f
amplifier is +10.3 volts. With applied signal,
the diade is biased even mare so that it con-
ducets more current and sends a positive volt-
age to the base of the s-f amplifier. As a result,
the forward bias of the base-emitter junction
of the i-f transistor is reduced as is the gain of
the stage. The stronger the signal, the greater
the reduction of the forward bias of the tran-
sistor. Nate that the age control voltage is also
fed to the r-f amplifier base.

Variation in the detector-age circuit. The
circuit shown 1 Fig. 2I-11 is from a Delco
auto radio. Two age crystal diodes are nsed as
age rectifiers m a voltage doubling circuit.
Otherwise, the age supply 1s fairly standard.

Note that n this errcuit the detector output
is direetly coupled to the audio driver stage
This is achieved by returning the detector D3
to the -+11-volt line, rather than to ground
Without affeching detector operation, it pro-
vides for the +9.3 volts bias required by the
audio driver transistor base The 1-f flter 1s
composed of resistor B-5 and capacstors C-3
and C4

Troubles in the detector-age circuit, Once
again, we may be guided to a great extent by
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analogous tube sadio troubles. Dipdes oc-

lly open, leak ty, or shom.
These defects for the detector crystal will give
little or no audio output. The techmeian can
check the crystal diodes in circuit with an
olmmeter. Normally, the reverse reading
should be ten or more times greater than the
forward reading. Any variation from this ratie
points up a defective crystal diode.

An open age dinde will produce distortion,
particularly on strong stations Where the base
return of a controlled transistor 15 throngh the
age line, the defect will be discovered when
checking the bias voltages of that transistor.

The andio-driver stage, The driver stage is
similar to the first a-f stage in the tube re.
ceiver. The driver ciremt used in the basic
receiver is shown in Fig 21-12. The input is
fed from the detector o the base of the driver
transistor through coupling capacitor C-17,
Degenerative fecdback is furnished from
collector to base through resistor B-28. Base
bias is obtained from the tap hetween resis-
toms B-21 and R-22,

A bass compensation circuit is tied to the
tap on the volume contro} R-20A. Its purpose
15 to bypass some of the treble notes and
thereby give a better bass response, particu.

\
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larly at low volume level. Potentiomeler
R-20B is the continuous tone control that
bypasses more treble notes to ground at the
top position and fewer treble notes at the
bottom position.

Troubles in the driver stage. Distorlicn
may occur in the receiver from the driver
stage as a result of a leaky coupling capicitor
C-17, a defective transistor, or delective
biasing resistors. Each of these defects would
affect the bias voltages on the transistor and
may be checked by such measurements. In
other respects, troubles are similar to anal-
ogous tube circuits.

The output stage. The output stage of the
basic receiver is a single-ended one, showu
in Fig. 21-13. Input from the driver stage is

“through audio transformer T-4 to the base.

Output is through the auvtotransformer T-3
to the speaker. The transistor is a power tran-
sistor whose base wiring is shown at the
bottom of Fig. 21-2. Note thai biasing voit-
ages are higher than those for the aother
transistors, since the emitter and base re-
turns are to the +13.8-volt side of resistor
R-24 in the power line. Base and c:mirer
bias is obtained from taps on the voltage di-
vider string made up of resistors R-27. B-29,
and R-25. To prevent runaway collector
current, use is made of a fusible resistor
R-27 in the emitter circuit. Should runaway
occur, the resistor opens and stops the stage
from functioning. There is another control.
Resistor R-25 is one with a positive tem-
perature coeflicient (PTC). When it heats up

_ with runaway current, its resistance increases.

As a result, the voltage drop across this re-
sistor increases, making base bias more posi-
tive and reducing forward base-emitter bias,
This effect reduces the collector current.
Variations of the output stage. Another
single-ended output stage is shown in Fig.
21-14. Here, base-emitter bias is obtained
from the voltage drop along the voltage
divider string made up of resistors R-23
and R-24 in parallel, both in series with

FIG. 21-13. The basic output stage o
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FIG, #1112

. The basic audio-driver stage.’

theosat 2-22. Resistor R-24 is a thermistor
with u uegative temperature coefficient (NTC).
With unavway collector current, it heats up
and it aesistunce decreases. As a resulf,
the el resistance of the parallel pair R-23
and #-24 decreases, with a resulting smaller
voltuge drop acrnss them. This effect drives
.ﬂ!f,‘ base wmwre positive, reducing forward
tuas and redacing collector current. Resistor
i 253 is « fusible resistor in the emitter cir-
Culs.

Note theestat R-22, Being in the base-
emitter hias string, its adjustment deter-
mines the niagnitude of collector current.
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1G. 21-14 Variahon of the output stage

ol e

Too little current will reduce output and may
cause distortion; too much current might
destroy the transistor. Each manufacturer
indicates to what value of collector current
to set it. For this circuit, the adjustment
recommended 1s for 400 ma of collector cur-
rent. In some schematics, where the power
output collector voltage is given but the
collector current is not, connect a vacuum-
tube voltmeter between collector and ground;
then adjust the bias rheostat until you get
the specified collector voltage.

Note the two capacitors, C-25 and C-26,
from each end of the voice coil to ground
They are spark plates to bypass any r-f noise
picked up by the external speaker leads
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Some power output stages do not use an
output transformer in a single-ended output,
Such a circuit is shown n the diagram of
Fig 21-15. Tmpedance match between the
transistor and the output is made by a paraliel
circuit of a choke and a 10-0hm voice coil.
It is important that a speaker with a similar
impedance be used when replacing a defec-
tive one.

Note the range of voltages given for the
emitter and base biases. The lower limits
are for use when the car battery 1s the sole
source of voltage. The upper limits are for
use when the car is running and the gen-
eratar with its somewhat higher voltage is
the voltage source.

Frequently, the power output stage is a
push-pull stage rather than single-ended. Such
an output stage is shown in Fig. 21-16 The
mput is to the bases of the output transistors
through a push-pull input transformer. Rheo-
stat R-18 15 the control adjustment for the
collector currents. Base-emitter bias is ob-
tained from the voltage divider made up of
resistors R-14, R-17, and R-18.

Note the controls for runaway collector
current. Resistor R-14 has a negative tem-
perature coefficient and resistor R-17 has a
positive temperature coefficient. Together,
they serve to reduce emitter-base forward
bias when they heat up as a result of run-
away collector current, thereby reducing
that current

FiG. 21-15. Output
stage without an out‘~
put transformer. .
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Because of the relatively low output im-
pedance of the transistors, there is no out-
put transformer. Instead, the transistors
feed into a 20-ohm center-tapped voice coil.
If it should become necessary to replace the
speaker, it is important to use a similar
one for proper impedance match, and push-
pull operation.

Rheostat R-18 is used to set the level of
collector current as follows. Connect the
ammeter in the center-tap lead, as shown in
Fig. 21-17A. Turn on the radio for about 15
minutes. The current that you should read
is that recommended by the receiver manu-
facturer, and is here between 150 ma and 340
ma with a 14-volt input to the radio.

After the reading is tuken, base return re-
sistor R-18 must be changed to give the de-
sired collector current. This value is given for
actual operation in the automobile with the
charger across the battery, giving about 14
volts. The manufacturer also specifics a
collector current range of 120 ma to 260 ma
with a 12.6-volt input, which is from a stor-
age battery on your shop bench.

Where you find difficulty in connecting the

" ammeter into the circuit with the speaker,

you may substitute a dummy load, as shown
in Fig, 21-17B. The ammeter connection s
then made from the junction of the two re-
sistors to ground and the reading is taken
as usual,

With some receivers, collector voltage is
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FI1G. 21-16. Push-pull output stage.

giveu on the schematice diagrams. Where such
is the case, vou can adjust eollector current
by connecting a d-¢ vacuum-tube voltmeter
from cach collector to ground and adjusting
the buse bias resistor until you read the speci-
ficd collector voltage on the instrument, as
shown in Fig, 21-17C. "Be sure to use the
proper speaker and supply voltage when
using this techpique.

Troubles in the output stage. When a re-
ceiver is dead and the trouble is traced to the
output stage, a likely cause is an open fusible
resistor, This must be replaced with a resis-
tor of the sume type and resistance. But it
would be wise to see if there is another de-

e
]
L FIG. 21-17. Collector
@BE@ current  adjustment
> for push-pult output.

e




fechve condition that caused the resistor to
open, before replacing the open resistor and
checking for the restoration of normal opera-
tion.

Resistance checks on all in the
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6. Repeat steps 4 and 5 for each other
desired station.

Preliminary service p di Before you

output stage is the first step. If these are

normal, a dynamic check comes next. This

should be done at a lowered power supply

voltage to avoid buming out the new fusible

resistor. An input of 10 to 12 volts should

be safe and, at the same time, provide read-
1

a radio from the automobile, a pre-
liminary service check should be made. In-
spect the fuse in the hot battery line. If
the fuse is good, turn on the receiver. Then
make a careful inspection of the antenna.
Wiggle it to be sure it is not groundmg if
it P i try a T

able emitter, base, and collect

a little below normal. Any marked devxahon
from these lowered norms will give a good
indication as to the location of the defect.
When the defective condition is cleared and
the voltage readings are close to the lowered
norms, it is safe to fry operation of the set
under standard conditions. If an adjustment
for output collector current is provided in the
receiver, it should be checked as the last
step in the repair procedure.

Push-button tuning. Our typical receiver,
in addition to normal manual tuning, has
push-button tumng for 1mmediate selechon
of several desired stations. It employs a me-
chanical system for moving the powdered iron
cores or slugs of the antenna, r-f, and oscil-
lator tuning coils to the exact position re-
quired for the station.

This push-button mechanmism rarely gives
any difficulty. However, you may be called
upon to reset the buttons for other stations.
The simple procedure for doing this 15 hsted
n the steps below.

When all seems well but the set is still de-
fective, you will have to remove it from the
automobile for systematic servicing. On the
bench, you should use a 6-cell storage bat-
tery as your power source. Do not use a bat-
tery eliminator unless it is well ltered and
has good voltage regulation. Be sure that
you use the comect polanty for your hot
power lead, and be sure that the other pole
of the battery is clipped to the receiver chas-
sis. If connected incorrectly, the set will
not work and damage to components may re-
sult.

After the chassis is out on the bench, check
that the speaker is connected to the receiver
and turn on the set. You are now ready for a
systematic procedure to locate the defective

stage.

1 Yizine def il

stage. The
radio receiver 1s a superheterodyne circuit
and may be analyzed in the usual manner by
signal subshtution to locate a defective
stage, Again, the ground lead of the signal

. Keep antenna 1n its lowest posthon,

. Turn on the receiver, and let 1t operate
for 15 minutes

Unlock the push buttons by pulling
them forward about Y2 inch beyond
the normal position with your fingers
. Accurately, tune the receiver manually
to the desired station

Lock one of the push buttons to this
station by pushing it in very firmly.

W P

S

©u

i1s chipped to the chassis Connect
4 0.1-mfd capacitor 1n senes with the hot
lead. The signal from the generator should
be at the lowest possible level to produce
a tone 1 the speaker Tune the receiver to
a non-station position and turn 1t on Set
the volume control up high, A summary of
the signal myection test is given in Table I,
based on the typieal arcuit of Fig 21-2.
Note the similanty to previous signal-check
procedures.
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TABLE 1. ISOLATING DEFECTIVE STAGE OF AUTO RADIO
BY SIGNAL INJECTION

. Signal
© injected

1. A-f (400 cps)

2. Af {400 cps)

3. A (400 cps)

4. Modulated i-f

5. Modulated i-f

e~y
1

To test psint

Arm of volume
control

Base of out-
put transistor

Base of a-f
driver

Base of «f
amphfier

Base of con-
verter

e et

EIERTY

3ol

400-cycle nole
from speaker

400-cycie not -
b om speaker

400-cycie note
from speaker

Modulated
note

Modulated
note

I

Analysis

i heard, audio stages
are. OK. Go to step 5.
if not heard, goto step 2

" heard, go to step 3.
it not heard, defect is in
transistor, bias resistors
of  oulput stage, or
speaker

It heard, go to step 4.
if rot heard, defect is in
dreer stage or af cou-
ohing {ransformer

" heard, go to step 5.
¥ not heard, defect lies
i -f amplifier, output i
transformer,  detector,

volume control, or tone
control

L

if heard, go to step 6.
If not heard, defect'is in
mixer stage of converter
or in input if trans-
former '
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e T

Signal Normal "
§ injected To test point result Analysis |
8 Modulated Base of con- Modulated if heard, go to step 7.
1,600 ke verter note it not heard, defect is 1n
(receiver oscillator stage of con-
tuned to verter. In this test, wob-
1,600 ke} ble signal generator
around 1,600 ke to get
response
| /AR RSN B
7. Modulated Base of r-f Modulated ¥ heard, defect is in an-
1,600 ke amphfier note tenna  circuit. If not
{recewer tieard, defect is in pre-
tunied to amp cireuit or r-f ampli-
1,600 ke) her stage

For checking a weak recewver, sensitivity
measurements are given with Fig. 21-2
from vanous stage points indicated by caps-
tal letters These measurements help to locate
the weak stage. Although the service techni-
cian may not be able to so accurately adjust
his signal generator, he can calibrate s
instrument at the various similar test points
of several good receivers Then he can use
his settings as a guide for checking other
sets.

Component analysis. After you have lo-
cated a defective stage, voltage checking

.

battery line is either open or has developed
a resistive connection. Check for a defective
ON-OFF switch, an open filter resistor or choke,
2 70s1n Joint, or 2 poor connection.

1€ the set 15 weak and d\skoned check the
age vol with a vol
A defechive age filter capacitor may be the
cause Check the audio stages. For the tran-
sistors, check base, emitter, and collector
voltages to ground with the recewver turned
on Check that base-emitter voltage is properly
forward biased. If voltages are incorrect,
shut off the set and make your ohmmeter

wi!h a 20,000-ohms-y olt or

Be sure to look for poor

tub: 1

and
checkmg with an chmmeter will enable you
to Jocate the defective component. Remember
that all voltages are measured to ground
The defects m an all-transistor auto radio
are similar to those described for the tube
radio and the portable transistor receiver,
Most of the component defects have been
described in the previous stage analysis,
When all voltages are low or at zero, the hat

1ons and high 1on
n the defective stage Transistors are cheched
in the manner descnbed in the previous
chapter

Repl: notes. Rep! t of the
power output transistors requires special
treatment  The collector current should be
adyusted after replacement to ensure proper
level. Connect a 0-1 or 0-2 ampere d-c am-
meter with a low internal resist . 003
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ohm or less in the collector circuit. Turn
the receiver an for about 15 minutes. The
current that is read should be thal recom-
mended by the receiver manufacturer. If
the reading is incorrect, proper adjustment
can be made with the rheostat in the hase
circuit. Remember that if collector current
is not given, you can adjust the rheostat
control to correct collector voltage. By care-
ful design, some manufacturers avoid the use
of this rheostat control. This is the case in
the basie receiver of Fig. 212,

A further word must be said about the power
output transistor, Only the base and emitter
feads come out of the component. The col-
lector is the shell of the transistor itself
To avoid grounding of the collector to the
chassis, an insulating washer is placed he-
tween the shell and the chassis. To utilize the
full heat-dissipating capability of the chassis
as a heat sink, the tusulating washer is coated
on both sides with a speciul heat-dissipating
but current-insulating grease, tike the Motor-
ola DC grease, when replacing a power out-
put transistor.

Auto radio alignment. The alipnment of o
transistor auto radio is essentially the swmne

R-F 05¢C
COFSE CORE ANT/ENNI\ CORE

A OXQE&/@\\

1::::(:3[:3::31

= FRONT OF RADIO

INPUT LF
TRAN?FDRMER ?T%dﬁ A

o8 F
5 5

COUTPUT -F 05C y
TRANSFORMER  TRIM 'I%IFP:J
" BACK OF RADIO

TO ANTENNA

as for any other type of superheterodyne
receiver 1L iy generally advisable to follow
the alignment notes of the manufacturer. How-
ever, the procedure given in Table 2 will
serve as a basic guide, referring to Fig. 21-2,

When performing the alignment procedure,
some preliminary steps are necessary. Sct
the volume control to maximum and the tone
coutrol to ticble. Place an outputl meter across
the speaker voice coil and turn on the receiver.
The signal {rom the test generator should be
attenuated to heep the output meter reading
below .53 volt at all times to minimize age
interference with the alighment pracedure.

The woneral procedure s {o begin with the
1-§ chreait dignment and to work back to the
antenna When performing the vf alignment,
a dunmimy unteona is substituted for the actual
one. The manufacturer usually suggests how
to mihe one up. The dummy antenna for the
basic receiver is shown in Fig, 21-18.

A pretorial diagram of the front and rear
view of the basie receiver is also shown in the
same fige, The location of all the adjustment
controls to which reference is made will be
found there, Ninolar alignment adjustments
will be fuuad in other auto radios.

RECEPT.

FIG. 21-18. Location

. of alighment controls.
L ] i
A Dummy antenna is at
;L] the right.
G.
GENB%ATOR
DUNMY ANTENNA




TABLE 2. AUTO RADID ALIGNMENT PROCEDURE

vt o o et s e o ey A :

Signal generator | Input Receiver dial

connection signal sotting Adjustment

i
[ O PR [PV RS e

1-F ALIGNMENT

1. | Tocollectorof | 2625 ke| Highfrequency Jin  sequence, adjust

-t amplifier mod at | end transtormer core  of
through 0.1.mfd | 400~ secondary of output
capacitor f transformer; then

the primary for maxi.
mum on the output
meter, Then peak the
secondary and the pri-
mary of the input »f
transformer, in  the
same manner

R-F ALIGNMENT

2. {Toantennare- {1610 ke | Highfrequency {in sequence, adyust

ceptacle mod at | end osciliator trirnmer
through dummy 400~ C-38, rf tnmmer C-1
antenna for maximum on the

output meter

Do not perform steps 3 and 4 unless tuner has been tampered with o as,-z
sociated components have been replaced. Before performing steps 3 and 4,j
back the tuning cores as far as possible out of the coils ta elminate their,
effect on tnmmer adjustments. Repeat step 2

}

;
b b e s o i

3. { To antenna 1,200 ke| 1,200 ke in sequence, adjust
receptable mod. at oscilator core i L-3,
through dummy | 400~ rf core in L-2, and an-
antenna tenna core wn -1 for

maxumum on the out-
put meter

SERVICING AUTO RADIOS
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P Signal generator

input

fieceiver dial

P

: Adjustment
. Step} sonnection signal "setting JUSTIEIR
4. | To antenna 1,610 ke { High-frequency Repea§ _adjustments
receptacle mod. at { end made in step 2
through dummy {400~
antenna

C e -

Repeat steps 3 and 4 until no further increase, mat\a

:ment. Cement core screws in place

e

B L SRR E e o . e e

Eliminating noise in auto radio. The auto
radio is particularly vulnerable to clectrical
noise pickup because of its location near
clectric sparking devices. An otherwise fine
receiver may annoy its owner no end because
of the static-like noise accompanying all re-
ception. Proper installation can reduce this
naise to a tolerable level.

There are currently two main ways by which
the original installation, aside from devices
used within the receiver, provides for noise
pickup reduction. Many manufacturers use a
special ignition wire known as resistance
ignition wiring, It is identified by having
RADIO WIRE printed on the outside insulation,
If an auto mechanic has replaced this with
regular ignition wire, advise your customer to
get a replacement with resistance ignition
wire,

ANTENNA

Weak station
around 1,400
ke, radio in car

.slep 4 the last adjust-

With antenna set in
usual height, adjust
antenna trimmer C-1
for maximum loud-
ness

The other noise-suppression device is the
use of special spark plugs with internal spark-
suppressor resistors. An auto mechanic may
in time replace the plugs with corresponding
ones without the internal resistors. Advise
vour customer to have his mechanic replace
spark plugs with exact duplicates.

When noise stubbornly persists, there are
several things that you can do to help re-
move it. Several devices are illustrated in
Fig. 21-19. Here we have special filters, ob-
tainable from auto or radio parts dealers,
which are placed across the generator, ignition
coil, and the voltage regulator. The use of all
three filters may not be necessary. When con-
necting these filters, be sure that all con-
nections are clean and firm. Make certain that
there is no paint, dirt, or grease at the mount-
ing points. Be sure to tighten all connections
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securely. Cars that use alternators, rather than S i it b y to bond

generators, do not require a filter across the
alternator.

Installation of ground straps to ensure good
electrical bonding between various metal
parts of the car reduces noise pickup The
best points for bonding such ground straps are
the engine block to the firewall, from the block
to the automobile frame at one of the points
where the engine is shock-mounted, from the
grounded terminal of the battery to the auto-
mobile body, and from the grounded terminal
of the battery to one of the voltage regulator
mounting screws. In some cars, a support
for the dash 1s bolted to the firewall. Con-
necting a bond.strap from the engine block
to the firewall at such a point 1s very effec-
tive,

other points. When the hood is well grounded,
a shield 15 interposed between the motor
compartment and the antenna. But if the hood
hinges and its holding clamp fails to make
good contact to the automobile frame, this
shielding effect is lost. A hood bond is then
mounted as shown in Fig. 21-20A. The bond
is a piece of brass, one surface of which has
been serrated like the teeth of a rasp.

Another source of noise is wheel static
The wheels generate static electricity when
they turn. This static electricity sparks across
to the axle, thereby producing noise signals.
The front wheels are greater offenders because
of their weighting

Wheel-stahc interference usually starts
when the automobile 1s traveling at a fair

e
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FIG. 21-20. Method of !

graunding hood and .
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FIG. 21-21. Installa-

FRONT tion of a two-speaker.
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speed above 20 miles per hour on a smooth,
dry road, and sounds like atmospheric static.
To identify it, drive the automobile until the
interference starts; then turn off the ignition
key with the set still on and coast. If you still
hear noise and it gradually disappears as the
automobile slows down, the cause is wheel
static, Wheel-statie interference is reduced by
installing collector springs (spring contacts
that ground the wheel to the axle), as shown
in Fig. 21-208,

Two-speaker arrangement. Many antomo-
biles with factory installation of the radio have

% a second speaker mounted in the rear of the

car. When a car is not so equipped, a service
technician is often asked to install a second
speaker in the rear.

Rear-seat kits are available which include
the speaker, grill, control unit, and wiring. If
the front speaker is not in the radio cabinet,
but mounted separately and conneeted by a
cable, the installation is casy. A typical cir-
“cuit is shown in Fig. 2]1-21.

The control is of the fader type and plugs
into the speaker jacks on the radio. It is gen-
crally mounted on the bottom lip of the in-
strament pane) on the car. Both speakers plug
into the control. When the control is at mid-
position, as shown, both speakers are waorkingz,
If the control arm is moved toward the position
marked R, the rear speaker gradually beeomes
louder, and the front speaker weaker, Reverse
rotation strengthens the front speaker at the
expense of the rear. If the original front

"‘“1;_._._'_.._.__,\

SPEAKERS

setup.
REAY .

speaker is an 8-ohin one, an 8-ohm speaker is
chosen for the rear, With a fader resistance of
15 to 20 ohms, the impedance mateh is not
disturbed. Also, since the speaker leads in
the radio are equipped with spark plates, any
noise picked up by the additional wiring is
filtered out,

If the radio and speaker are in one cabinet,
the job beeomes more eomplicated. The same
cireuit and components may be used, but it
will be necessary to remove the receiver, in-
stall speaker jacks with spark plates, and to
extend the speaker Jeads to reach the control
unit. As the speaker leads leave the radio
cabinet, spark plite capacitors should be at-
tached to filter oul any stray r-f pickup by the
wiring,

The hybrid auto radio. The hybrid auto
radio, like all other car radios, is a super-
heterodyne cireuit. The schematic diagram of
Fig. 21-22 is that of a Deleo hybrid auto radio.
In many ways, it combines features of all-tube
and all-transistor sets. Examine some of the
diflerences. The front end through the first
audio amplifier is made up of tube stages. The
rear end is made up of an audio driver tran-
sistor stage and a transistor output stage. The
tubes are of the low-voltage variety which
require plate and sereen voltages of 12 volts.
Therefore both the tubes and the transistors
may be powered directly by the car battery.

Notice the power supply of the recciver in
Figg. 21-23. The heaters of the tubes require
12 volts. So they are connected in parallel
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across the battery. As a result, it 1s possible
for one of the heaters to burn out while the
other tubes hight. Keep this fact in mind when
making a first inspection of a set brought in
for servicing

The detector 1s one diode of the 12AE6A
tube The other diode 1s the age rectifier. The
age control voltage 1s fed to the gnds of the
r-f and -f amplifiers to control therr gan

Notice items 11 and 14A They are combina-
tion trimmers and fixed capacitors, using a
common plate Item 2215 a spark plate capaci-
tor to bypass noise signals along the battery
hine.

The letters 1n the squares identify adjust-
ment ¢ used in abgning the re-
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ceiver. The numbers in the circles identify
the heavy lines which are the printed wiring.

Observe the transistor scection. Item 53 is
the collector current adj‘uslment. Item 51B
and item 20 make up 2 tone conirol. Ttem 55
is a safety switch that closes when the speaker
is removed. Ttem 46 is a fusible resistor in
the emitter cireuit of the output stage.

Servicing the hybrid auto radio. Service
analysis of a hybrid receiver is not very dif-
ferent from service notes given for the tube
receiver for the front end and for the tran-
sistor receiver for the andio end. To isolate
a defective stage, reference should be made to
Table 3. Note its similarity to Table 1 for the
transistor radio.

TABLE 3. ISOLATING DEFECTIVE STAGE GF HV3WDR AUTA RADIO
BY SIGNAL INJEGT!GU

-Signél _‘ .
injected

A

1. A-f (400 cps)

rm»,»-..‘..._\_,.,a,w.z.-

2. Af (400 cps)

e s Ak e s A 0 amop

To test point

Arm of volume
control

Base of output
transistor

o
3. A (400 cps)

e e

4. A {400 cps)

r e s F Ay S

Base of a-f
driver

Signail grid of
a-f amplifier

e A e s e n

N vy I

400-cycle note
{rom speaker

400-cycle note
from speaker

400-cycle note
from speaker

400-cycle note
from speaker

I heard, audio stages
are QK. Go to step 5.
1f not heard, go to step
2

&<

B e DL e T T TR

i

if heard, go to step 3.
If not heard, defect is
in transistor, bias re-
sistors  of output
stage, or speaker

-y o e ot Ay ety

S i

i heard, go to step 4.
If not heard, defect is
in driver stage ‘or a-f
coupling transformer

Sh e e e e 4 ey ey,

¥
s

If heard, go to step 5.
if not heard, defect is
in a-f amplifier stage

or decoupling circuit

e o L R,
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" Signal "] T Noreal - ;
Liﬂif“t_ Jouwstpoint | v | e
5 Modulated i-f | Signal grid of 1-f | Modulated note |If heard, go to step 6.
amplitier If not heard, defect

hes in if amplfier,

output i-f transformer,

detector, volume con-
trol, or tone control

-

| SUPORPERUIRIINS MRS TRRHERIIIEN NPEUASMMTIING DRI

6 Modulated i-f | Converter signal | Modulated note | If heard, go to step 7.
grid ~| If not heard, defect 1s
in mixer stage of con-
verter or in input i-f
transformer

eaeea ek

7 Modulated Converter signal | Modulated note | If heard, go to step 8

1,600 ke gnd If not heard, defect is
{receiver in oscitater stage of
tuned to converter (see note
1,600 ke) below) In this test,

wobble signal gen-
erator around 1,600
ke to get response

3

| I B T

8 Modulated Signal grid of r-f] Modulated note | If heard, defect is i

1,600 ke amplifier antenna crrcut. If not
(receiver heard, defect 15 In
tuned to preamp circuit or rf
1,600 ke) amplifier stage

D e e T T

Note- To determine whether oscillator 1S working, check for regative voltage
at oscillator gnd If customer's complaint 1s that he raceves stations at one
end of dial but not at other, check oscillator gnd ve 222 2s you swing tuning
diat across band If grid voltage drops to zero or goss ' 2ty positive some
where along dsal, you have a critical oscillator Usu= 'y, 2 new converier tuse
remedies the situation It is perfectly normal ta re2z 2 + gher negative £
voltage at high-frequency end of band than 2 kwiagency end.
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The general procedure, after isolating a de-
fective -stage, is to check the bias voltages.
If these are absolved of blame, then check
the signal paths which often do not affect
the voltages. Keep in mind the fact that open
bypass capacilors in transistor circuits cause
greater loss of signal than similar capacitors
in tube circuits becanse of the lower im-
pedances involved in the former case.

The alignment procedure for a hybrid re-
ceiver is basically the same as for the tran-
sistor receiver, Refer to Table 2 for the steps
to be followed.

“Tube-and-vibrator auto rvadio. The last
variation is the oldtimer, using higher-voltage
tubes and vibrator power supply. An auto re-
ceiver of this tvpe is shown in Fig. 21-24.
These receivers were desigued to operate
{from the 3-cell, G-volt storage battery of the
cav of its day. They are superheterodyne re-
ceivers incorporating an r-f stage, a converter,
an i-f amplifier, a detector, two a-f amplifier
stages, and a power supply. This ¢hain makes
this type of receiver very similar to the stand-
ard receiver we studied in the early chapters
of this book. The same servicing procedures

. which locate defective stages and components
in the latter set will locate similar faults in
this type of recciver, The primary diflerence
lies in the vibrator power supply and the
special problem it preseuts.

Note the high voltages on the plates of the
signal chain tubes. The function of the power
supply is to take the 6 volts direct current
of the battery and to step it up to the high
voltage required by the tubes. This job is
essentially performed by a vibrator, step-up
transformer, rectifier, and filter system. Let
us examine this in more detail,

How a vibrator works. To understand vi-
brator ~operation, consider the circuit of
Fig. 21-25A. The baltery sets up a steady un-
varying magnetic ficld in the core of the trans-
former as a result of the steady direct current
driven thvough the primary winding. No
voltage is induced in the secondary winding

because the magnetic field is unvarying. The
magnetic ficld can be made to vary by using a
single-pole double-throw switch, as shown in
Fig. 21-25B. When the switeh is thrown to
comtact A, the magnetic field builds up as
direct current flows down the top half of the
transformer  primary  winding. When the
switch is opened, the magnetic field collapses.
When the switeh is thrown to position B;
the magnetic ficld builds up again as direct
current flows up the bottom half of the trans-
former. When the switch is opencd again, the
magnetic field collapses again, and doces so re-
peatedly. The constantly changing magnetic
field induces an alternating current voltage in
the secondary winding. When the transformer
is a step-up transformer, the peak voltages
across the secondary winding are higher than
the battery voltage across the primary wind-
ing.

Vibrator civeuit. When the hand-operated
switch is replaced by an antomatically oper-
ated switeh, such as a magnetic vibrating
reed between two contacts, we have the basic
circuit of the vibrator-lype. power supply.
Such a vibrator is shown in Fig. 21-26. At
the starting position, current flows through
the top half of the transformer primary wind-
ing and the vibrator coil, which are in series.
The latter becomes an electromagnet which
attracts  the steel reed upward, touching
contact A. This shorts out the vibrator coil
and a heavy current flows through the top
hall of the primary winding. The flexible
reed, now freed from the vibrator coil, springs
back and touches contact B. This sends a
heavy current through the bottom half of the
transformer primary winding, The vibrator
coil is now no longer shorted out and is
energized again, attracting the reed upward.
Thus the cycle repeats itself. The cffect is
;110 .ane as with the manual switch in Fig.
21-25B, and an alternating voltage with a
frequency of about 115 eycles per second
results, :

Spark plates and hash filters. It would seem
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that all we need do now is to rectify and
flter. However, the make and break of current
at the vibrator contacts is accompanied by
sparking which causes r-f interference, known
as “‘hash.” Practical circuits include pro-
vision for spark suppression and hash filters.
Let us examine this circuitry further. In Fig.
21-27, we have the power supply of the re-
ceiver of Fig. 21-24, through the transformer.

The 6-volt supply comes from the car bat-
tery. A 9-ampere fuse, M-2, is in the hot
feed line to protect the battery from shorts
in the radio. The next component, M-5, is
a spark-plate capacitor to bypass to ground any
engine noise signals picked up by the hot
lead. Next in line is the ON-OFF switch. Com-
ponent L-8 is known as the vibrator choke.
Together with capacitor C-14, it acts to keep
vibrator r-f hash from being fed to the tube
heater leads. Further hash filtering is per-
formed by -choke L-7 and spark plate M-7.
The hot battery lead now feeds on to the
center tap of the primary winding of trans-
former T-1.

Buffer capacitor. Capacitor G-13, known as
a buffer capacitor, surge capacitor, or timing
% capacitor, is an important component. It
takes up the high-voltage surges that would
otherwise result from the rapid make and
break of the vibrator reed. 1t is also effec-
tive in reducing sparking at the contacts.
Its capacitance is important in design and
its value should not be changed in service
work. Common values are from 0.005 to 0.03

!
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FIG. 21-25, Transformer fed with pure direct cur-
rent (A} and interrupted direct current (B).

F1G. 21-26. Basic vibrator circuit.
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mid. They are of the oil-filled type rated at
1,600 volts. ’
Resistors R-18 and- R-19 are connected
across the vibrator contact points and are
also effective in reducing sparking and hash.
They form a discharge path for back electro-
motive force (emf) in the primary winding
which would otherwise cause a . heavier
spark at the contact break. These resistors
rarely cause any service difficulty. Sometimes,
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FIG. 21-28, Two types of rectifier tubes used with
wibrator power supply.

capacitors are used in a similar function in
place of these resistors.

Rectifying the vibrator output. Component
M-1 is the vibrator unit itself. Note the vi-
brator coil, the reed, and the two contact
points. Now all that is left to do is to rectify
and filter the high altemating voltage. The
circuit for this is drawn in Fig. 21-284
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The transformer secondary winding feeds
the 6X4 twin-dinde tube in a full-wave reati-
fier circuit. Each plate, in tumn, draws cumrent
through the tube as its end of the transformer
becomes positive with the alternating voltage
across the transformer. Sometimes a 6X5-GT
heater-cathode type of tube is used, or some-
times an 0Z4 gas rectifier tobe, in a similyr
circuit, shown in Fig. 21-28B. The final
components make up the filter circuit com-
posed of electrolytic capacitors C-14 and
C-18 and resistor R-17.

To prevent hash from being fed to the re-
ceiver, the vibrator unit is shielded by being
enclased in a metal cam. The catie poves
supply is often shielded by being enclosed
in a metal compartment of the receiver nssei-
bly, as shown in Fig. 21-29.

Vibrator checking. We can quickly check
whether the vibrator power supply is working
normally. Turn on the set Ifthere 1s o muffled
buzz, hash and hum fevel are normal, alf tubes
in the receiser light, and B+ voltage mensures
from 150 to 250 volts, the power sapply i
all night Absence of vibratos sz Jeads you
to suspect the vibrator i, the $use, or the
ON-OFF switch Too hugh T ot hishy o)
indicates trouble 1 the filteron hashesuppres.
sion wreuts The cunent dvim of the ot is

oscmaner | FIG 21-29. Oider car
radio. showing shield-
ng of vibrater power
supply.
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also a check for normal operation. A d-c
ammeter across the ON-OFF switch, in its open
position, normally reads 5 to 8 amperes.
Shorts in the B circuits or in the buffer ca-
pacitor or stuck vibrator points would give
higher current drain and probably blow the
fuse.

Normal resistor data for such a power supply
is given below:

150300 ohms
300-600 ohms
Capacitor aclion

Chassis to rectifier plate
Rectifier plate to plate
Chassis to B+
Transformer primary

winding Less than 1 ohm

. Vibrator troubleshooting. The troubles that
commonly develop in the vibrator power
supply are in the vibrator, rectifier tube,
buffer capacitor, filter capacitors, and the
switch. Other components rarely break down.
In addition, vibration in a car sometimes
loosens a grounding lug or screw. When hash
is too loud, check for loose shielding and
loose grounding screws.

The vibrator sometimes fails to operate.
Because of loss of reed tension or pitted
contacts, the reed sticks to one contact.
Occasionally, a sharp thump starts it up for
a while. Continued blowing of {uses is a good
indication of the condition. If the vibrator
fails to work on a 4-volt input, then it is
definitely defective. When such is the case,
replace it with an exact duplicate of the
original or one specified by the manufacturer
as being correct.

The buffer capacitor sometimes shorts.
When it does so, there will be no B+ voltage
and no a-c plate voltage fed to the rectifier
plates. Receiver current drain will be larger
than normal and the fuse will burn out. This
apacitor should then be replaced with an
oil-filled capacitor of the same capacitance
as fhe original and the same or higher voltage
raling.

The rectifier tube has the usual jlls of any
rectifier tube~weak or no electron emission

and cathode-heater leakage. Checking the
tube in a tube checker will point up the
former condition, and in some cases cathode-
heater leakage as well. The latter defect is
definitely indicated when there is no B volt-
age, the vibrator is working, there is a heavy
receiver current drain, but there is some a-c
voltage at the rectifier plates. Before a poor
tbe is replaced, the B+ circuit of the set
should be checked for a short, since such a
condition may harm the new tube.

The filter capacitors are the main offenders
in the filler circuil. When the input filter
capacitor opens, the receiver hums, Hum in
an auto radio is higher-pitched than hum in
the a-c/d-¢ receiver because the input fre-
guency in anto radios is about 115 cyeles per
second. The condition can be checked by
bridging the capacitor with a similar one and
observing the improvement.

When the output filter capacitor opens, the
receiver will hum and oscillate. Again,
bridge with a similar test capacitor. If cither
of these capacitors become shorted, there
would be no B voltage, the fuse would blow
and the set would be dead. An ohmmeter
check would disclose the condition.

ON-OFF switches in vibrator-type power
supplies give more trouble than in hybrid
sets because they must break 5 to 8 amperes
of current, as compared with the smaller cur-
rents of the lalter type. In the vibrator type
of receiver, a poor contact will cause con-
siderable loss of power, great heating, and
eventual burning up of the switch. A similar
condition would oceur with a poor fuse con-
tact. If the switch (turned on) or the fuse
shows about 1 volt across its terminal points,
undesirable contact resistance is indicated and
s_hould be remedied. When replacing a defec-
tive switch in this type of car radio, use a
switch that has been designed for heavy-duty
use. Tt is a high-current, low-valtage type,
marked “10A-12v.” -

This  description completes the special
problems with respect {o the -vibrator-lype



power supply. For the rest of the car receiver,
servicing and alipnment procedures are simi-
lar to those for the standard tube receiver.

Search tuners. Some higher-priced auto
radios have a unique system of tuning. To
avoid the dangerous practice of tuning wiile
drtving or the searching for stations in un-
familiar areas, the user pushes in a special
button or steps on a similar button. When he
does so, a search tuner s activated, scans the
tuning range, and comes to a halt whenever
it locates a station If the user wants another
station, he presses the special button and the
search tuner starts up again In some search
tuners, the tuner slowly scans from one end of
the dial to the other, and then quickly springs
back to start the search n the original direc-
tion In others, the tuner scans first in one
direchion, then reverses and scans back in
the other direction

Superficially, 1t would seem to be an easy
matter of design. However, there are several
requirements for a search tuner. First, the
tuner must stop nght on the carrier of a
received station and not off on a sideband
Second, 1t must be able to stop on weak
stations as well as on strong stations Thard,
the search tuner must not be activated by
noise signals

Yet, the principle by which the device works

CARRIER
t FREQUENCY
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is relatively simple Basically, there is a
motor which causes the tuner to sw €€ across
jts tuning range. The search can only be
stopped when a voltage pulse of a definite
magnitude from the trigger circuit cuts out the
motor. The trigger circuit responds to a
received station n the following manner.
The trigger tube is biased to near cutoff, so
that it acts like a detector. When a station
15 tuned in on the dul, the developed nega-
tive age voltage fed to the trigger tube grid
makes it even more negative. At the same
time, a strong positive voltage pulse from the
1-f transformer is fed to the same grid It
overrides the negative age voltage and the
negative bias voltage, causing a pulse of
plate current This pulse stops the motor
and the tuner 1s now on station

The manner in which the search tuner
responds to both strong and weak stations
1s indicated 1n Fig 21-30. The strength of
the 1-f signal, for both a strong and a weak
station, is shown by the amplitude of the i-f
resonance curves 1n the diagram. The magni-
tudes of the canceling negative age voltages
also vary with strong and weak stations, as
shown Note that in both cases, even though
the negative age voltage and positive 1-f
voltage are greater for a strong station than
for a weak station, the magnitude of the posi-

A= NEGATIVE AGC VOLTAGE i
&= POSITIVE [-F VOLTAGE )
€ = PDSITIVE TRIGGER VOLTAGE. {
i
i

FIG 21-30. Search
tuner characteristics i

T K
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STRONG STATION
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FIG. 21-31. Schematic diagram of a search tuner.

tive pulse to the trigger tnbe grid is about
equal,

Now examine a typieal cireuit, shown in
5 Fig, 2131, used in a hybrid awto yeceiver.
The set is tumed on and all switches in the
diagram are in the normal position so that the
user may tune manually or by means of push
bhuttons; the search tuner is not functioning,
There are two buttons used to start the search
mechanism. One is the Locan button for local
arcas with strong station signals; the other is
the DISTANT button for distant arcas with
wenk station signals, Assume that the LocaL
button is pushed in. The piveted grounded
bar tilts up at the loeal end and remains that
way with no effect. At the same time, switeh
F is closed. Current now runs from the 419-
volt point, through the relay start coil to
ground, thereby energizing the velay, The re-
Iay armature swings switches A, B, and C to
their opposite positions.

Switeh A opens the voltage supply to the
emitter of the andio output bansistor and

wmutes the output sipnal during the search.
It also feeds voltage to the magnetic clateh.
Switeh B opens the valtage supply to the pri-
mary winding of transformer 7-2 and connects
the relay hold coil from plate to +12 volts,
as the plate load. It is the plate current through
this hold coil that energizes the relay even
after the scarch button is released. Switch
C applies voltage lo the motor and to the
plate of the triode trigger tube. The motor
is" ganged to the clhuteh which in turn drives
the tuner. When the tuner reaches one end of
the dial, it flips the motor reversing switch
and the search continnes over the dial in re-
verse,

Note the connections to the tetrode tube.
The first @rid nest to the ecathode has a posi-
tive potential and acts as an accelerator {or
clectron current in the tube. The second grid
receives the signal from the triode trigger
tube. The latter is binsed to near cutoff by
its cathode resistors, so that it acts like a de-
tector and will only pass plate current when



a strong positive pulse of a certain magnitude
is applied to its grid

As the tuner approaches the carrier fre-
quency of a station, an i-f voltage builds up
and develops a negative age voltage through
the age diode and feeds this negative voltage
to the grid of the tngger triode. At the same
time, the greater i-f signal from the secondary
winding of i-f transformer 7-1 feeds positive
voltage on its positive phase to the same grid.
When the difference between the negative
age voltage and the greater positive i-f volt-
age reaches trigger pulse magnitude, the
triode tngger tube passes plate current.
This plate cument increases the voltage drop
across jts plate resistor, sending a negative
voltage pulse through the coupling capacitor
to the second gnd of the tetrode tube, This
negative gnd pulse reduces the tetrode plate
citrrent and the relay is deenergized. Switches
A, B, and C flip back to their original posi-
tions. The deenergized magnetic clutch cuts
off further tuming as it disengages from the
motor which coasts to a stop. The receiver
15 now receiving a station. To start the search
again, the search button must be pushed in
agan,

The rheostat in the cathode circurt of the
r-f amphfier is a manual sensitivnaty control
to set the desired magnitude of the trigger
pulse. It is used to compensate for vanations
in output of the various tubes of the receiver.
Now look at the DISTANT search button
When pushed in, it does everything that the
LOCAL button did. But in addition, 1t closes
switch D which remains closed because the
pivoted grounded bar tilts up and remains
that way even after the button 1s released
Switch D, when closed, grounds out the

QUESTIONS
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cathode of the r-f tube, thereby increasing
its sensitivity. This is desirable for weal
distant stations. Switch D will open only
when the LocaL button is pushed in and the
pivoted bar tilts 1n the other direction.

Troubles in the search tuner. {f the tuner
fails to search when a search button is pushed
n, but the set works when aperated manually,
check switches E and F. Depress them by
hand and see whether searching action be-
gins. If this bnngs no response, the relay may
be open. Flip the contacts to the search posi-
tion and see af the search begins now. Cheek
for good connections to the relay contacts.
Check the motor and its associated clutch.

If the tuner searches but fails to bring in
any station, set the recciver works in the
manual position, the defect probably lies
in the tngger circuit Check the triode trig-
ger tube for cofrect voltages given by the
manufacturer. Check the associated compo-
nents,

If the tuner has poor stopping action, pass-
ing over some stations without stopping, check
the trigger circuit. Also check the antenna for
good signal pickup. Check the i-f transformer,
since a defect here could decrease its posi-
tive pulse. The defect, however, would prob- |
ably show up in manua! operation.

If the search tuner stops but no station is
heard, check the relay holding conl for a de-
fect. Also check switch A to see that it restores
the muted a-f power transistor. If the search
tuner runs to the end of the dial and stops,
check the motor reversing switch. If the
search tuner fails to stop on station frequency
but stops off on a sideband, check the age
crcutt Also try to improve action by adjust-
ing the sensitivity control

1. What are the first steps n checking a
transistor car radio that does not work?

2. Explan how to check for a defective car
antenna and hst the niecessary adjust-

ments after installaion of a new one.
3. The recenver of Fig 21-2 has a fading
signal What 1s the probable came and
how would you check for the defc"}'q
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How would you check that the oscil-
lator is working in the receiver of Fig.
21-2?

The receiver of Fig. 21-2 oscillates. What
are the possible causes and how would
you check for each possibility?

The receiver of Fig. 21-2 distorls. What
are the possible causes?

When a transistor car radio is dead and

the trouble is traced to the output stage,

explain your first check.
Explain how you would install a second
car radio speaker.

9.

10.

11.

12.

13.

The vibrator in an inoperative auto radio
fails to start. List the possible causes and.
explain how you would check for each.
A vibrator-type auto radio blows fuses
repeatedly. What are the possible causes
and how would you check each one?

List the possible causes for excessive
hum in a vibrator-type car radio and indi-
cate how you would check for each.
Outline a procedure for removing ex-
cessive hash in a vibrator-type car radio.
What troubles can occur in a search tuner?
Tell how to check for each.



The popularity of frequency-modulation re-
ceivers, as well as the use of f modu-

29

Third, the a-m carmrier must also carry the
loud of the original modulating signals,

lation in the sound system of television re-
ceivers, makes the understanding of the fn
signal necessary for any book on radio ser-
vicing. In this chapter, you will find that an
f-m receiver is a superheterodyne set, in many
ways similar to a standard a-m receiver. At
the start, you will have a stage analysis of
an £m set. This will be followed by a servic-
ing procedure that will enable you to repair
such a receiver.

The a-m signal. We begin with a comparison
of the a-m and f-m signals as received at the

'

Loudness in an a-m signal is indheated by the
extent to which the amplitude of the carrier
is varied from the unmodulated carrier. The
two waveforms in Fig. 22- lB make thrs point
clear. The greatest i is
that 1n which the amplitude is reduced to
zero (100 percent modulation). To go be-
yond this point would result in a distorted
signal. Hence, the modnlating percentage is
carefully controlled at the broadeast station.

The fourth consideration with respect to

the a-m signal is that known as sldeb:mds
\Modyl £

g how the
i

achieve their purposes. What 1s m
an a-m signal? First, every station is assigned
a specific carrier frequency. Thus, 1n New
York City, station WABC has a carrier fre-
quency of 770 ke, and station WNBC has a
carrier frequency of 660 ke.

Second, the a-m carrier 1s made to carry
intelligence (speech or music) by varymg the
carrier amplitude The rate at which the amph-
tude is made to vary is the pitch of the modu-
lating note. For example, examine the a-m
signal shown in Fig. 22-1A. The mich of the
modulating note is 400 cycles per second.
The carrier is 1,000 ke. The a-m signal 1s
shown at the right of the diagram, where the
amplitude of the original carrier varies up
and down 400 times a second.

of a carner ') y

a mxt of £ the
mixing of the camrier and modulatmg fre-
quencies The spread of this mixture is
d dent on the fi of the audio
modulating signal. The spread on each side
of the carrier 1s known as the upper and
the lower sideband Thus, 1f the carrier fre-
quency were at 710 ke and the modulation
note were at 1,000 cycles per second, the
lower sideband frequency would be 710
minus 1, or 709 ke, and the upper sideband
frequency would be at 710 plus 1, or 711 ke.
Thus relatonship of upper and lower sideband
frequency 1s shown in Fig 22-1C.

With a few exceptions, a-m broadcast sta-
tions are restricted to a bandwidth of .
that 15, 5 ke on either side of the ca ~
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How would you check that the oscil-
lator is working in the receiver of Fig.
21-2°¢

. The receiver of Fig. 21-2 oscillates. What

are the possible causes and how would
you check for each possibility?

The receiver of Fig. 21-2 distorts. What
are the possible causes?

. When a transistor car radio is dead and
the trouble is traced to the output stage,

explain your first check.

. Explain how you would install a second

car radio speaker.

9. The vibrator in an inoperative auto radio .

10.

11.

12

»

13.

fails to start, List the possible causes and
explain how you would check for cach.
A vibrator-type auto radio blows fuses
repeatedly. What are the possible causes
and how would vou check each one?

List the possible causes for excessive
hum in a vibrator-type car radio and indi-
cate how you would check for each.
Outline a procedure for removing ex-
cessive hash in a vibrator-type car radio.
What troubles can oceur in a search tuner?
Tell how to check for each.:



The popularity of frequency-modulation re-
cewvers, as well as the use of frequency modu-
lation 1n the sound system of television re-
cevers, makes the understanding of the f-m
signal necessary for any book on radio ser-
vicing. In this chapter, you will find that an
f-m receiver is a superheterodyne set, in many
ways similar to a standard a-m receiver. At
the start, you will have a stage analysis of
an f-m set. This will be followed by a servic-
ing procedure that will enable you to repair
such a recerver.

The a-m signal, We begin with a companson
of the a-m and f-m signals as received at the
antenna, disregarding how the transmitters
achieve their purposes. What is implied in
an a-m signal® First, every station is assigned
a speafic camrier frequency. Thus, i New
York City, station WABC has a carrier fre-
quency of 770 ke, and station WNBC has a
carrier frequency of 660 ke.

Second, the a-m carner 1s made to carry
intelligence (speech or music) by varying the
carrier amplitude. The rate at which the ampli-
tude is made to vary is the pitch of the modu-
lating note. For example, examine the a-m
signal shown in Fig. 22-1A. The pitch of the
modulating note is 400 cycles per second.
The carrier is 1,000 ke. The a-m signal 1s
shown at the nght of the diagram, where the
amplitude of the original carrier varies up
and down 400 times a second.

351

Third, the a-m carrier must also ¢arry the
loudness of the original madulating signals,
Loudness 1n an a-m signal is indicated by the
extent to which the amplitude of the carrier
is vaned from the unmodulated casrier. The
two waveforms in Fag. 22-18 make this point
clear. The greatest permissible loudness is
that in which the amplitude is reduced to
zero (100 percent modulation). To go be-
yond this pomnt would result in a distorted
signal. Hence, the modulating percentage is
carefully controlled at the broadeast station.

The fourth consideration with respect to
the a-m signal is that known as sidebands,
Modulation of a carner frequency produces
a mixture of frequencies, representing the
mixing of the carmer and modulating fre-
qUencies. The spread of this mixture s

dent on the freqs y of the audio
moduhtmg signal. The spread on each side
of the carrier is known as the upper and
the lower sideband. Thus, if the carmner fre-
quency were at 710 ke and the modulation
note were at 1,000 cycles per second, the
lower sideband frequency would be 710
minus 1, or 709 ke, and the upper sideband
frequency would be at 710 plus 1, or 711 ke
This relationship of upper and lower sideband
frequency 1s shown in Fig. 22-1C

With a few exceptions, a-m broadcast sta-
tions are restricted to a bandwidth of 10 ke,
that 1s, 5 ke on esther side of the carmer This
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means that tor the most part no audio note can
go above 5 kc. The station, therefore, sup-
presses any note above that frequency at the
transmitter, thereby failing to give true
fidelity. Fortunately, the quality of radio re-
ception is generally satisfactory even though
some of the higher notes are missing.

The f-m signal. Now compare the f-m signal
with the a-m signal described above. The
same considerations enter the picture, but
in a different manner. Again, every fm
station is assigned a carrier frequency. In
New York City, WCBS-FM operates at 101.1
me, and WABC-FM operates at 95.5 me. The
complete fm band is from 88 to 108 mc.

The second consideration is that of how the
carrier is modulated to carry voice or music,
In the f-m system, the mixing of the audio
modulation note and the carrier results pri-
marily in a frequency variation above and be-
low the carrier frequency at a rate equal to
the frequency of the modulating note. In-
spection of Fig. 22-2A will make this point
clearer.

N S

MODULATED 1000~KC |
CARRIER, MODULATED  R-F CARRIER MODULATCO
AT 800 CPS AT 400 CPS |
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L
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Recall that in the a-m system, the highest
permissible audio note was 5 ke because of
sideband limitations. In the f-m system, audio
modulation does not affect the sideband con-
siderations. Hence, higher-frequency audio
signals are permitted and greater fidelity re-
sults,

The third consideration is the loudness of
the modulating sound. In the f-m signal, the
louder the modulating sound, the greater the
extent to which the frequency of the carrier
swings above or below the carrier center
frequency. Inspection of Fig, 22-2B will make
this point clearer. Note that the rate at which
the frequencey swings around the center carrier
frequency is the same for both a loud or a
soft sound. However, the amount of swing
or deviation is different for the two signals.

Smee the amount of deviation of carrier
frequency is of little concern in the fm
svstem, the FCC has given 75 ke on each side
of carrier frequency to each station. This
permits the receiver to give truer response
with respect to the loudness of the modulat-
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FIG. 22-2. Soft and .
loud f-m signals.
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ing sounds. To prev ent overlappinz of statinns,
the FCC further allots 23 ko at each end be-
vond the 73-ke devistion range. The two ex-
treme protective bands are known as cuard-
bands.

Advantages of the f-m receiver. There are
o main advantages that the fim receiver
has over the a-m recener. The first is the
matter of noise rejection. The fm listener
will report that he can hsten to music or
speech without annoying crackling sounds
ar whistles or hnm, even during hchtmine
storms. This he cannot do when listeninz 1o
an a-m mdio. This characterishic is the priv
mary advantage of f-m reception. It has been
estimated that a nowse swmal Y10 or more
times the intensity of the desired station s1mnal
will mar good receptzon with an a-m receher.
With f-m reception, a nowe signal even one-
half as mtense as the desired station <1znal
will not interfere with proper reception

The second adsantage exsts because of the
tegal allocations of the f-m band. mther than
in f-m design. From the previous de<enption.
we saw that the fm system can handle hezher
frequency  sounds better. the loudness of
sounds also 15 handled better Of course.

¥ r___‘
or . : =
A [
IS
¢ i
PO
" i

FIG. 22.3. Compansen of 3 2°€ 7 w02
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the audio amplifier of the f-m receirer is
poorly desizned, these advantazes will be
Inst to some demree.

Block diazrams of 2-m and f-m receivers. In
many respects, the fm receiser is sirnlar to
the stardard a-m superheterodhne receivet.
The pnran difference hes in the sevond
detector state before the andis a~phifier
input. Inthe fm recyiv er, this second detector
state s most Bequently of the discriminator
or ratio detertor type. Examine Fig 223 for
block diazrams of 2n 2-m und an fa receirern
Note the similanty of stazes nsed In the cuce
of the fom recebver witdh its diceriminator,
hmiter stare is used. Itis aspecidized i-fstaze
wh e function will be dewnibed in detal
Later.

Let us now analyze the varinus <tazes ¢fan
fo receiver 2s compared with the famhar
a-r2 superhetemdime recerver stazes. In moct
casex, the function Is similer, 2lthnuch devizn
will difer considennbly.,

The current wesd, prrtoslerh with lees
expenshie equiprment is to combine 2n 20
228 f-m recener 1249 ore unit However, for
better undervtanding, the fim receiver will be
teed 2y 2 sepanate vt The combinatine, of
the twa will be len vp Liter 1n the dupter,

F-m recelver znfennzs. Mot {ro receivers
make provien - £ oan extermal zmtenmm ine
wllen gatech mes manmmm semnad
Tizs evterm.d amtenca s simulas 49 @ TV e
sevne rmatallan o exoept R the Peroes 1

i the ither B

~omew e Lecer

weten T ATl

~

P PN



354 ELEMENTg OF RiADJIO SERVICING

SFT

|

PLAIN

YRANSMISSION
LINE
OiPoLE

ANT

ANTENNS
TERL”HAL

THIRO wire P
r: SFT .

~D~ »




be 5,904 ~ 98, or about 60 inchey from tip to
tip.

For best efficiency, a dipole must be
matched to the input of the receiver. The
impedance of a plain dipole 1s about 73 ohms.
It must be matched with a ¢ ion line
with an impedance of 73 ohms, This trans-
uussion Jine in turn is connected to the re-
ceiver with an input impedance of 73 ochms.

Most f-m recervers have an input impedance
of 300 ohms To meet this condition, use is
made of the folded dipole shown in Fig. 2244,
which is a variation of the simple dipole. It
consists of an aluminum tube, folded like a
trombone slide into two parallel sections. Its
averall length is the same as the phain dipole.
The two parallel sections are separated by a
few inches and the transnussion line 1s con-
nected to the two ends, located at the center.
Such an antenna has an impedance of about
300 ohms. The transmission line 15 usvally a
twin-lead Iine with a 300-ohm impedance.
This 1s sustable for connection to a receiver
with a 300-ohm nput impedance

All dipole antennas receive most efficiently
when the broad side faces toward the trans-
mutting station. It is usual practice to rotate
the antenna so as to get best results from most
f-m stations. At best, this will be a compromuse
condition that serves no one station best For
better results, the antenna 1s sometimes
mounted on a motor-driven rotator to give
best efficiency for each station.

Smaller f-m recevers that will probably not
have an external antenna, even though pro-
vision in the set may be made for one, provide
for an alternate antenna pickup system. The
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cabinet. One wire in the twin-dine is cut at
the center of the total length, and the cut ends
are then connected to the antenna input ter-
minal. This antenna simulates a folded dipole.

Another type of antenna 15 the line cord,
shown in Fig. 281D, Here, a third uncon-
nected wire is included in the power line cord.
One end of this wire is connected to the an-’
tenna input post. This wire is about 5 feet in
length. The capacttance between this wire and
the power hne makes this type of antenna
sinular to the one in Fig 22-48.

Frequently, a compromise antenna between
the outdoar installation and the ndoor in-
stallation is used. In one case, 2 5-foot Iength
of 300-ohm twin lead is spliced at both ends.
Then one of the leads is cut at the center and
sphiced to another Iength of similar twin lead.
The ends of this latter twin lead are then con-
nected to the antenna terminals of the re-
ceiver. This ) a lard
folded dipole, and is shown in Fig. 224E.
The dipole end may then be placed on the
floor or under a rug in such position as to give
the best directional pickup for most f-m sta-
tions

Another compromise antenna takes advan-
tage of an existing outdoor TV antenna. As
shown 1n Fig. 224F, 2 length of 300-chm twin
lead is connected at one end to the antenna
terminals of the f-m receiver. The other end
15 taped without making any electrical contact
for a distance of about one foot to the lead-in
wire to the TV set The pickup between the
two twin leads 1s capacitive.

In a-c/d-c f-m receivers, safety precautions
are tahen so that the user of the equipment 1s

lated from negative Built-in an-

antenna installation of Fig 22-4B1s tly
used. It consists simply of a 50-mmfd capacttor
connected from the power line cord to the
antenna input post, The power lines serve as
the antenna.

The type of antenna shown in Fig. 22-4C1s
also frequently used in larger console-type
recervers, A length of twin-line used in TV 1s
shorted at both ends and tacked around the

tennas require no precautions However,
when a par of antenna termimals are pro-
vided for connection to an external dipole

1solating T t must be taken.
The arewt generally used is shown n Fig.
20.5 Capacstors C-1 and C-2 are virtually
open circuit for the 60-cy cle line frequency,
and eacellent conducting paths for ch_.l-
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be 5,904 — 98, or about 60 inches from tip to
tp.

For best efficiency, a dipole must be
matched to the input of the recewer. The
impedance of a plain dipole is about 73 ohms,
It must be hed with a t line
with an impedance of 73 ohms. This trans-
mission Iine in turn is connected to the re-
ceiver with an input impedance of 73 ohms.

Most f-m receivers have an input impedance
of 300 ohms. To meet this condition, use is
made of the folded dipole shown in Fig 2244,
which is a variation of the simple dipole. It
consists of an aluminum tube, folded like a
trombone slide into two parallel sections. Its
overall length is the same as the plain dipole.
The two parallel sections are separated by a
few inches and the transmission line is con-
nected to the two ends, located at the center.
Such an antenna has an impedance of about
300 ohms. The transmussion line is usually a
twin-lead line with a 300-ohm impedance.
This is suitable for connection to a receiver
with a 300-ohm input impedance.

All dipole antennas receive most efficiently
when the broad side faces toward the trans-
mitting station. It is usual practice to rotate
the antenna so as to get best results from most
f-m stations. At best, this will be a compromise
condition that serves no one station best. For
better results, the antenna is sometmes
mounted on a motor-driven rotater to give
best efficiency for each station.

Smaller f-m receivers that will probably not
have an external antenna, even though pro-
vision in the set may be made for one, provide
for an alternate antenna pickup system The
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cabinet. One wire in the twin-line 1s cut at
the center of the total fength, and the cut ends
are then connected to the antenna input ter-
minal. This antenna simulates a folded dipole.

Another type of antenna is the line cord,
shown 1 Fig. 22-4D. Here, a third uncon-
nected wire is included in the power finc cord.
One end of this wire is connected to the an-
tenna input post. This wire is about 5 feet in
length. The capacitance between this wire and
the power line makes this type of antenna
simular to the one in Fig. 22-48.

Frequently, a T i between
the outdoor installation and the indoor in-
stallation is used. In one case, a 5-foot length
of 300-ohm twin lead is sphiced at both ends.
Then one of the leads is cut at the center and
spliced to another length of similar twin lead.
The ends of this latter twin lead are then con-
nected to the antenna terminals of the re-
ceiver. This antenna simulates a standard
folded dipole, and is shown in Fig. 22-4E.
The dipole end may then be placed on the
floor or under a rugn such position as to give
the best directional pickup for most f-m sta-
tions

Another compromise antenna takes advan-
tage of an existing outdoor TV antenna. As
shown in Fig. 22-4F, a length of 300-chm twin
lead is connected at one end to the antenna
terminals of the f-m recewer. The other end
is taped without making any electrical contact
for a distance of about one foot to the lead-in
wire to the TV set. The pickup between the
two twin leads is capacitive.

In a-cfd-c f-m receivers, safety precautions
are taken so that the user of the equipment 1+

lated from negative Builtan an-

antenna installation of Fig 22-4B is frequently
used. It consists simply of a 50-mmfd capacitor
connected from the power line cord to the
antenna input post. The power hines serve as
the antenna

The type of antenna shown in Fig. 22-4C is

tennas require no precautions Howerer
when a pair of antenna termmals are pn»
vided for connection to an external dipole
antenna, {solating precautions must be tahen
The circuit generally used 15 shown 11 ¥
22-5. C: C-1 and C-2 am v1hea

also frequently used in larger console-type
receivers, A length of twin-line used in TV is
shorted at both ends and tacked around the

open airctt for the 60-cscle e freguema
and excellent conducting pathe for P .
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megacycle f-m signal, Resistors R-1 and R-2
prevent any charge from building up across
the capacitors. These resistors and capacitors
rarely present any servicing difficulty. This
protection is unnecessary and is not used in
receivers operated by a transformer-type a-c
power supply.

F-m r-f subchassis. The r-f amplifier and
converter in an f-m receiver serve the same
functions as the similar stages in an a-m re-
ceiver. The stages are different because of
the problems encountered at the high fre-
quencies of the f-m band. Feedback effects
from stray wiring are of major importance.

Most of the problems are solved by mount-
ing and wiring the r-f amplifier and converter
separate from the rest of the receiver, on a
small subchassis. This subchassis is then
mounted in a cutout section of the main
chassis. Manufacturers generally make one
such front end subchassis which is then used
for all their £m receivers, including the a-m/
f-m models.

The schematic diagram of the r-f and con-
verter stages of a typical subassembly of this
type is shown in Fig. 22-6. The tube used is a
twin triode 6AQ8. One triode is the r-f am-
plifier, the other is the converter. In a-¢/d-¢
receivers, a twin triode 12DT8 is used in the
same circuit with isolation capacitors added
in the dipole leads.

The dotted line surrounding the unit indi-
cates that it is a subchassis assembly, in addi-
tion to its usual significance as shielding. The
subchassis is grounded to the main chassis,
as indicated by the ground lead connected to
the bottom dotted line. The power feed lines
are also brought in through the bottom dotted
line.

Note capacitors F-1, F-2, and F-3 also lo-
cated in the bottom dotted line around the
power feed lines. These are known as feed-
through capacitors. They are mounted on the
subchassis, and filter the power leads as they
enter, very much like the spark-plate capaci-
tors used in auto radios. Note the additional
capacitor C-11 on the heater lead. This one is
located right at the tube socket.

The input lead from the dipole antenna and
the output lead to the i-f grid go right through
the shielding without feed-through capacitors
because they carry high-frequency signals
which would be bypassed to ground by capa-
citors.

The antenna feeds signal through trans-
former T-1 to the cathode, not the grid of the
r-f tube. The circuit is known as a grounded-
grid amplifier. The grid is grounded and acts
like a shield between the tube cathode and
plate. The grid is at zero potential, and the
cathode potential changes with the input
signal, therebv chancing nlate eurrent and
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FIG 22-6. Schematic diagram of an {-m r-f subchassis

providing amplificabion. The grounded grid
between the cathode and plate prevents feed-
back from the output to the input circuit, and
so makes for a stable amphfer. Input trans-
former T-1 is untuned and, with its fernte
core, is designed to feed broadband coverage
of 88 to 108 me signals to the r-f tube cathode.
The grounded-gnd triode 15 generally pre-
ferred for the high-frequency r-f amplifier
because of the low nowse characteristics of
triode tubes.

The r-f plate ciremt is tuned m station fre-

circuit, completing the feedback chain Coil
L-3 and capaaitor C-3 form the oscillator tank.
The slug in L-3 is gang-driven from the tuning
dial to keep the oscillator ciremt 10 7 me ahead
of the station frequency. Capacitor €-3 is a
trimmer and acts as the high-frequency osail-
lator aligner Tuning coils L-2 and L-3 gen-
erally consist of 3 or 4 turns of heavy wire
wound on opposite ends of a coil form. The
tuning slugs are then pulled through the coils
by a simple mechamical arrangement
Automatic frequency control. Another lgh-

i
freq

quency by the L-2/C-2 bina . Capa

C-2 s the alignment trimmer and coil L-2 1s
slug-tuned from the tunmg dial Coupling
capacitor C~4 feeds the amplified station signal
to the miver grid.

The converter circuit is known as a self
osallating mixer. Plate signal is fed through
capacitor C-6 to coil L-4. The signal is then
inductively coupled to coil L-3 in the gnd

vy problem is the tendency for the
osallator frequency to dnft, prnmanly because
of temperature changes in the oscillator tank
circuit. The dnft in osallator frequency
causes loss of part of the signal sideband, with
distortion as a result In some cases, the dnft
is large enough to lose the signal entirely
This effect can be corrected by manually
retuming the receiver In our basic fm re-
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ceiver, the retuning is done automatically by
a circuit known as automatic frequency con-
trol, abbreviated afc.

The L-3/C-3 oscillator tank curcuit is re-
peated in Fig. 22-7, together with the addi-
tional components needed for the afc circuit,
Note that capacitor C-5 and afc crystal diode
E-1 are also across the oscillator tank. A volt-
age applied to the crystal causes it to change
the capacitance between its two sections.
Since this capacitance is across the oscillator
tank, the voltage can be used as a control of
the oscillator frequency.

The automatic control voltage is obtained
from the f-m detector or discriminator, very
much in the same way as automatic gain
control voltage is obtained from an a-m de-
tector. In the f-m receiver, when the oscil-
lator is tuned to the correct frequency, average
voltage from ground at point A is zero, point
A being the output of the discriminator.
Normal frequency deviations caused by sig-
nal modulation produce alternating voltages
at point A. This is the audio output; but the
average voltage is still zero. Resistor R-13
and capacitor C-13 form the detector r-f by-
pass circuit. Resistor R-12 and capacitor C-12

i CONVERTER

filter the audio signal so that the voltage on
the afc line is zero.

If the oscillator should go slightly off the
correct frequency, the signal voltages fed to
the two halves of the discriminator transformer
would become unbalanced. The a-f output
at point A would still be present, but its aver-
age value would go positive or negative, de-
pending on whether the frequency drift was
an increase or a decrease. This condition
places a positive or negative voltage on the
afc line which, when applied to crystal E-1,
changes its capacitance in the proper direction
to correct the original frequency drift.

The afc circuit includes an ON-OFF switch.
In the ON position, the control voltage is
present and tends to hold the oscillator on
station. If the receiver is then tuned to another
station, the control voltage would still try to -
hold the oscillator on the first station. As a
result, tuning would be very broad and adja-
cent stations might be missed. Correct operat-
ing procedure for tuning is to first turn the
afc switch off. This shorts out the control
voltage and allows for sharp manual tuning.
When the desired station is found, the afec
switch is returned to the ON .position, and

. 126400 1
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the station is held against oscillator dnft.

Variations in the front end r-f section. In
some f-m tuners, the station signal is fed to
signal grid of the r-f amplifier tube, 1nstead
of the use of a grounded-grid triode. Although
the tube now used is a high-frequency pen-
tode, 1t may also be a high-frequency tnode
tube. Figure 22-8 shows such a circuit wsing
the pentode half of a 6AQ8 tube. To prevent
the possibility of oscillation, a neutralizing
circuit 1s used.

Signal from the plate circuit is brought back
to the grid through neutralizing capacitor
C-3 in such phase as to oppose the normal
oscillatory feedback through the grid-plate
capacitance of the tube. When capacitor C-3
15 adjusted to the correct capacitance, its feed-
back will exactly balance out the osaillation-
producing feedback effect and so prevent
oscillation of the r-f amplifier. In practice,
the adjustment of capacitor C-3 is not critical,
and alignment notes for receivers using this
circuit do not mention the adjustment.

If the adjustment has been tampered with
and the receiver oscillates as a result, the
following readjustment procedure may be
followed. Turn the adjustment for the capaci-
tor back and forth through its full range, leav-

1
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ing it at approximately mid-position. Then
tune the receiver from the low-frequency end
of the band toward the high-frequency end,
stopping at the first station that causes oscil-
lation. Readjust the neutrahizing capacitor.
A small tum in one direction or the other
should stop the oscillation. Continue to tune
the receiver toward the high-frequency end
of the band, readjusting the neutralizing ca-
pacitor if necessary.

Note that in tlis circmt the antenna input
arcuit is also untuned. The slug in trans-
former T-1 is not controlled by the gang tuner.
It 1s a permeability adjustment on transformer
T-1 and is meant to give optimum performance
at the low-frequency end of the tuning band

Another variation that is often found is the
use of separate triodes for the mixer and for the
oscillator in the converter. Such a circuit is
shown in Fig. 22-9. Coupling between the os-
cillator stage and the mixer grid is through ca-
pacitor C-4. The use of a separate oscillator
and mixer gives greater stabihty than the use
of a single ter. A sep bel is
not used.

Note that the circuit is permeability tuned
with the slugs being ganged Sometimes, the
coils are fixed and there are ganged tuning ca-

FIG. 22-8 R-f stage
using 8 neutralizing
capacitor.

| SOV
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FIG. 22-9. An f-m fre-
quency converter with :

meitors instead. When this is the case, the
uning capacitors are much smaller than corre-
ponding tuning capacitors found in a-m tun-
s, Sometimes, special ganged tuning capaci-
ors are used. They consist of 2 metal sleeve on
¢ glass tubing. A metal cylinder is drawn
hrough the inside of the glass tubing to give
various desired capacitances.

1-f amplifier. Again, the i-f amplifiers of f-m
wmd a-m receivers serve similar functions. A
few differences should be noted. Many f-m
sets use two or three stages of i-f amplifiers,
the last of them known as the limiter, having a
special function to be described later,

in Fig. 22-10, we have the schematic dia-
gram of a typical i-f amplifier. In many ways,
it resembles the i-f amplifier of an a-m re-
ceiver. Capacitor C-1 and resistor R-2 make up
a plate and sereen decoupling filter to prevent
coupling of signal among the various stages.
These should be carefully noted, since they
frequently present service problems,

Note also the omission of the cathode bypass
capacitor across cathode resistor R-1. This
omission introduces degeneration into the i-f
amplifier and tends to prevent the tube from
oscillating, The high gain of an i-f amplifier

separate oscillator and -
mixer tubes,

more than compensates for this degenerative
loss.

The trend is to use permeability tuning for
the i-f transformers. In this way, it is possible
to use a higher inductance and thereby to
cover a wider tuning range than that of a small
variable capacitor. Use of a larger inductance
also gives greater gain than use of a larger ca-
pacitor,

The common intermediate frequency for
all f-m receivers is standardized at 10.7 me.
The use of this {requency tends to eliminate
image-frequency interference. Image-fre-
quency interference is introduced by a station
operating at twice the intermediate frequency

B e |
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FIG. 22-10. A typical f-m - amplifier.



of the receiver away from that of a desired sta-
tion that has been tuned in Thus, if you take
twice the intermediate frequency (214 mc)
and add it to the lowest possible f-m frequency
{88 mc), you get 109.4 mc, which is outside the
f-m band where no station is found.

Limiter. Here is the first point at which we
seem to depart from the standard a-m super-
heterodyne receiver in function. But this is
not so. The limiter stage is simply a special-
ized 1-f amplifier. Its action is indicated in Fig,
22-11A.

Why is the limiter necessary? The f-m sig-
nal, as it travels through the receiver signal
chain, is given amplitude modulations of van-
ous sorts because of air static, nearby spark
discharges, tube noise, etc. To eliminate these
uadesired effects from the laudspmker. the
amplitude variations must be el d be-
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A strong input signal is required at the 1op
of the limiter stage. If the signal v weal, the
amphtude variations ride throuch and peodizee
noise, as shown in Frg 22-118 Tor thie ge o
san, it is desirable to have a good ante nn -
stallation, an r-f stage, and two i-f stages abe . d
of the limuter to get sufficient gam of the en!
and elimmate the noisr.

The himiter is used to develop sntamatic
gain control voltage (age) in addition to it -
iing action Here, use 1s made of the et that
grid current flowss, and the gnd dromt acts as o
diode rectifier. A ty preal cirent for thes hinuter
function is shown in Fiz 22-12 The low plate
and screen potentials are obtamed by wsing
large dropping resistor 1 the supph arcot
This also acts as the decouphing flter for the
stage. The amount of age voltize that 1s fed
back depends on the strength of the viznal fed

fore they get to the discriminator-detector, The
limiter stage performs this job

The limiter tube is a sharp-cutoff tube with
grid-leak bias, operating with reduced plate
and screen voltages so that it is readily driven
to saturation, It is this saturation point which
removes the amplitude modulatiens that pro-
duce noise in the receiver.

to the limiter gnid. A filter will be placed in the
age line to ehminate audio vanations and to
feed unvarying d-c 1oltage to the controlled
tubes

Demodulation. It is at the demadulator or
second detector that we encaunter the hint
major difference between a-m and f-m sets, In
a-m receisers, amplitude variations result in

LIMITER

F-M INPUT WITH
ANPL 3

MODULATIONS A

Fu O’JTPUY WITHOUT
L

et e i e

AMPLIFICATION

TTUDE

|
17 Fiq. 22 11, Actn of 8 |
MOBILATIONS !

Lmter stage
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voltage variations fed to the grid of the first a-f
amplifier. In f-m sets, there are no amplitude
variations after the limiter. It becomes neces-
sary to change the rate of frequency variations
into voltage variations fed to the first a-f grid.
That function is performed by the fm demod-
ulator.

There are two main types of demodulators
used in f~m receivers. They are the discrimina-
tor type and the ratio detector type. The latter
circuit is normally used without a preceding
limiter stage.

A typical discriminator is shown in Fig. 22-
13. There are other variations of this circuit in
use, but they operate in basically the same
manner. The plates of two diodes are con-
nected to the secondary winding of the dis-
criminator transformer T-1 and receive the fre-

DISCRIM
| BALS

-LIMITER

B

4

!

FIG. 22-12. Typical
f-m limiter circuit.” -

quency-varying i-f signal inductively through
transformer action between the primary and
secondary windings of T-1. The diodes also re-
ceive the same i-f signal capacitively from the
limiter stage via capacitor C-2, which is con-
nected to the center tap of the secondary wind-
ing of the discriminator transformer. The
phase relationships of these two inputs com-
bine to produce the usual a-f voltage varia-
tions at the a-f output. Thus, frequency varia-
tions are changed to voltage variations.

Note resistors R and capacitors C in the dis-
criminator output circuit. They make up what
is known as a deemphasis network. At the
transmitter, the high-frequency notes are am-
plified more in order to get a better signal-to-
noise ratio for those frequencies. To restore
the natural relationship of all frequencies, the

o el

FIG.- 22-13. Typical.
f-m discriminator cir-
cuit. I

=C
330
MMED




high-frequency notes are reduced or deem-
pt d at the by the d hasi
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As explained previously, the age voltage was

network.

Ratio detector. A type of detector also in
common use 15 the fm ratio detector. Figure
92.14 shows the circwt of a typical ratio de-
tector Its function 15 the same as that of the
discriminator — to change the rate of frequency

vanations mto voltage variations fed to the a-f

section Note, however, that the detector is fed
direct!s by an i-f amplifier nat 2 humater ftisa
charactenistic of the ratis detetor that 3t does
its own himting Such @ sebip saves the manu-
facturer one stage

Note alvo the age valtae tap ta the detector

btamned from the limiter when the discrimi-
nator was employ ed. Sinee there is no limiter
here, the age voltage must be found in the de-
tector itself.

And finally, note the deemphnsis networ,
made up of resistor R-6 and capacitor C-5. Jt
serves the same function as that described in
the section on the discriminator.

Sometimes, even in tube f-m receivers, the
ratio detector is a circuit built around two cry s-
tal diodes. Such a cirevit is shown in Fig. 22-
15. Its operation is similar to the circuit pre-
viously deseribed.

Tuning guide in fm receiver. The fm re-

FIG. 22-14. Typical
{-m ratio detector cir-

e oA A e o
e

cuit, °

et < e n e et o2

FIG 22-15. Ratio de-
tector using diode
crystals.
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ceiver gives best response when the incoming
signal is exactly tuned in on the center of the
carrier frequeney. To aid the car in this sharp
tuning, many sets incorporate a visual tuning
indicator. A common device is the 6ES clee-
tron-ray indicator tube. This is a type of cath-
ode-ray tube that shows a wide-angle shadow
when a low voltage is applied to its grid, as
shown in Fig. 22-16A. The deflection narrows
as the applied grid vollage is increased, as
shown in Fig. 22-168B,

The grid of the indicator tube is connected
o a point in the fm set where the signal, at
varying strenglhs, may be tapped off. This is
usually the grid of last limiter tube or at the
frm detector—the same point from which age
voltage is tapped. When the set is tuned in
sharply, signal voltage is at a maximum, maxi-
mum high voltage is fed to the grid of the indi-
cator tube, and the shadow is narrowest.

’

& @
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LOW -VOLTAGE HIGH VOLTAGE
. . rd
~3-
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R-11
470K

In Fig. 22-16C, we sce the indicator tube
connected in the grid circuit of a limiter tube.
The negative voltage across the 350K resistor
is proportional to the sirength of the station
signal. Resistors R-4 and R-5 and capacitor C-2
filter the audio components before feeding
the voltage to the indicator tube grid.

In Fig. 22-16D, a GE5 indicator tube is con-
nected across the output of a ratio detector.
Potentiometer R-12 is adjusted until the eye
just closes when the receiver is in a no-station
setting. Deluning of any desired station causes
overfap of the bright area or increasing of the
angle of the shadow. Sharp tuning just closes
the eye or makes the shadow as small as pos-
sible. Again, R-7 and C-5 filter the input to the
grid of the indicator tube.

There are other types of tuning indicators,
using other types of tubes and shadows. How-
ever, the principles are the same. In some

[ C PP |

RPN

ot b e

FiG. 22-16.  Tuning
-guides in an f-m tuner.
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cases, direct-reading meters replace the tube
for sharp tuning indication.

A section. The autho system of an f-m re-
ceiver is the same as that of an a-m set. In some
cases, it is designed more carefully to handle
the f-m system. Especially in high-fidelity f-m
sets is this true, with push-pull output feeding
treble and bass loudspeakers. Tone controls
for treble and bass controf are present also.

Combined a-mff-m receiver. Higher-priced
equipment utilizes separate a-m and f-m tun-
ers,a audio hfier, and a

d

SERVICING ¥ RADIOS 365

FIG. 22-17. Biock tha-
gram of a typical a m!
f-m receiver. The four
switch sections are
ganged together.

The black diagram of such a setup is shown
in Fig, 22-17. There are many other vanations,
Sometimes a a-m ¢ e is
used and the f-m section uses separate osail-
lator and mixer tubes. Sometimes separate
i-f tubes are used for the a-m and f-m functions.,
In other sets, one tube serves as an a-m con-
verter and an f-m oscillator with a separate
f-m mixer tube. The block diagram has been
chosen because it shows some intercsting

points
Note that separate antennas are used. The
f-m is either a dipole or hine-cord

power supply The umts are
and switching chooses the vanous modes of
operation: a-m, f-m, f-m with afc, and phono
Smaller equipment combines amand fmina
single unit. In order to heep down cost, some
stages are made to serve more than one func-
tion. Here, too, switching controls the mode of
operation.

T

°
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FIG. éz.la An a-m‘lbrn 1§ transformer assembly.

antenna, while the a-m antenna 1s usually the
standard fermte loop. The functions are selec-
ted by a ganged set of function switches which
select the antenna input, the required osoil-
lator, and the a-m or f-m demodulator. Note
also that the first 1-f stage 1s common to both

a-m and f-m op This pownt requires a
fittle further investigation
The f f for both functions are

often connected 1n senes and placed within
one shield can, as shown in Fig. 22-18. Be-
cause the a-m cails operate at 455 ke and the
fom corls at 107 me, the fonmer coils have
many more turns and higher inductance than
the latter As a result, when operating on the
a-m function, the a-in signal at 455 ke meets
very httle impedance from the small f-m coil.
The signal behaves as though the f-m coil 1s
shorted ont. When operating on the fm fune
tion, capacitor C-) across the a-m codls offers
almost_po impedance to f™&m signal at f-m
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frequencies, and serves to short out the a-m
coils. Thus, the i-f transformers do not affect
each other and may be connected as a single
unit.

Figure 22-19 is the schematic diagram of an
a-m/f-m receiver. Many of the circuits pre-
viously described are illustrated in the dia-
gram. Note the grounded-grid f-m r-famplifier.
The f-m converter is an autodyne circuit. Note
that tube V-3 and its circuitry double as the
a-m i-f stage and as the second f-m i-f stage.
Because of such double function, the second-
ary windings of i-f transformers 7-3 and T-5
are tied together. The f-m demodulator uses
a twin diode 12AL35 tube. Note the grounded
screen which shields the two diodes from
each other. Resistor B-13 in the heater line is
a thermistor that helps to maintain a constant
voltage across the heaters. As the filaments
heat up and increase their resistance, the
thermistor heats up and reduces its resistance,
thereby keeping the overall resistance of the
heater string constant. Finally, note the code
symbols that identify the various wires: the
various levels of B+ voltage, age, afe, and
heater leads. )

"The same a-m/f-m combination can be
. achieved with transistors. The schematic
drawing of such a circuit is shown in Fig.
22-20. There are several things to be observed
in this receiver. Note that the f~m r-f and the
f-m converter transistors are operated in the
common base configuration. They simulate a
" triode tube with a grounded grid. Also notice
how some of the transistors function in both
the a-m and f-m mode of operation: a-m con-
verter and first f-m i-f amplifier, first a-m i-f
amplifier and second f-m i-f amplifier, and sec-
ond a-m i-f amplifier and third f-m i-f amplifier.
Of course, the audio section is common to both
modes.

Switch S-1 selects the a-m or f-m mode of
operation. It switches in the circuits required
for either mode of operation.

Note the diode crystal E-1 that taps the out-
put of the second f-m i-f amplifier and devel-

ops f-m agc voltage to control the r-f amplifier. -
The a-m agce voltage is developed in the usual
manner and is fed to the base of the first a-m
i-f amplifier to control its gain,

Component E-2 is a crystal diode used as an
overload control in the a~-m signal chain. The
diode is connected to the resonant load of the
a-m converter and acts like a variable r-f load
on that resonant circuit. Normally, it is reverse
biased so that it will not conduct when a weak
signal is received; the Joading on the resonant
circuit is negligible. When a very strong signal
comes in, age voltage to the controlled first
a-m i-f staze increases, reducing its gain and
collector current. Collector voltage rises and
furward biases the crystal diode. Tt begins to
conduct and load down the converter resonant
ioad, lowering the gain of that circuit.

Finally, note the power supply. There are
two methods of operation. There is a line
power supply with a full-wave rectifier. The
set may also be operated from a 9-volt battery. .
Switch §-2 selects the power supply that is to
be used. Note that battery plus is grounded,
making all transistor voltages negative.

Power supply. The power supply for an
a-m/f-m receiver has been fully described in
Chap. 10 and need not be repeated here. The
basic principles of operation and the common
defects are fairly similar for all receivers. In
transistorized sets, like the one shown in Fig.
22-20, the battery and its associated decou-
pling circuits are similar to those of transis-
torized receivers previously described. If a
line power supply is used, a special voltage
dropping transformer is used to develop the
required transistor bias voltages. Otherwise,
the circuit is fairly standard. ‘

Servicing a-m/f-m receivers. The servicing
of a combined a-m/f-m receiver brings in more
complications than that of a simple f-m re-
ceiver. This is why the combined receiver
will be taken up first. Then, this servicing
procedure may be readily amplified and

adapted to fit the receiver made only for fan
or for an f-m tuner.
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frequencies, and serves to short out the a-m
coils. Thus, the i-f transformers do not affect
each other and may be connected as a single
unit,

Figure 22-19 is the schematic diagram of an
a-m/f-m receiver. Many of the circuits pre-
viously described are illustrated in the dia-
gram. Note the grounded-grid f-m r-f amplifier.
The f-m converter is an autodyne circuit. Note
that tube V-3 and its circuitry double as the
a-m i-f stage and as the second f-m i-f stage.
Because of such double function, the second-
ary windings of i-f transformers T-3 and T-5
are tied together. The f-m demodulator uses
a twin diode 12AL5 tube. Note the grounded
screen which shields the two diodes fom
each other. Resistor B-13 in the heater line is
a thermistor that helps to maintain a constant
voltage across the heaters. As the filaments
heat up and increase their resistance, the
thermistor heats up and reduces its resistance,
thereby keeping the overall resistance of the
heater string constant. Finally, note the code
symbols that identify the various wires: the
various levels of B+ voltage, age, afe, and
heater leads. .

The same a-m{f-m combination can be

:“«2 achieved with transistors. The schematic
drawing of such a circuit is shown in Fig.
22-20. There are several things to be observed
in this receiver. Note that the f-m r-f and the
f-m converter transistors are operated in the
common base configuration. They simulate a
triode tube with a grounded grid. Also notice
how some of the transistors function in both
the a-m and f-m mode of operation: a-m con-
verter and first f-m i-f amplifier, first a-m i-f
amplifier and second f-m i-famplifier, and sec-
ond a-m i-f amplifier and third f-m i-fFamplifier.
Of course, the audio section is common to both
modes.

Switch §-1 selects the a-m or f-m mode of
operation. It switches in the circuits required
for either mode of operation.

Note the diode crystal E-1 that taps the out-
put of the second f-m i-f amplifier and devel-

ops f-m agc voltage to control the r-f amplifier.
The a-m agc voltage is developed in the usual
manner and is fed to the base of the first a-m
i-f amplifier to control its gain. )

Component E-2 is a crystal diode used as an
overload control in the a-m signal chain. The.
diode is connected to the resonant load of the
a-m converter and acts like a variable r-f load
on that resonant circuit. Normally, it is reverse
biased so that it will not conduct when a weak
signal is received; the loading on the resonant
circuit is negligible. When a very strong signal
comes in, age voltage to the controlled first
a-m i-f stage increases, reducing its gain and
collector current. Collector voltage rises and
furward biases the crystal diode. It begins to.
conduct aud load down the converter resonant
load, lowering the gain of that circuit.

Finally, note the power supply. There are
two methods of operation. There is a line
power supply with a full-wave rectifier. The
set may also be operated from a 9-volt battery.
Switch §-2 selects the power supply that is to
be used. Note that battery plus is grounded,
making all transistor voltages negative.

Power supply. The power supply for an
a#-m/f-m receiver has been fully described in
Chap. 10 and need not be repeated here. The
basic principles of operation and the common
defects are fairly similar for all receivers. In
transistorized sets, like the one shown in Fig.
22-20, the battery and its associated decou-
pling circuits are similar to those of transis-
torized receivers previously described. If 2
line power supply is used,a special voltage
dropping transformer is used to develop the
required transistor bias voltages. Otherwise,
the circuit is fairly standard.

Servicing a-m/f-m receivers. The servicing
of a combined a-m/f-m receiver brings in more
complications than that of a simple fm re-
ceiver. This is why the combined receiver
will be taken up first, Then, this servicing
procedure may be readily amplified and

adapted to fit the receiver made only for fm
or for an f-m tuner.
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The block diagram of Fig. 22-17 has been
chosen as being representative of mast a-m/
f-m receivers, Keep this diagram in mindaswe
present servicing procedures. Although many
other possible circuit armngements may be
found, this one 1s basic cnough to give an
understanding of the others.,

The servicing of a-m/f-m receivers need not
be a frightening task. It 15 in many respects
so similar to the servicing of the familiar a-m
set that an over-all approach will well serve
the purpaose.

The mode of operation of an a-mif-m re~
ceiver can be most useful in localizing where a
defect may exist. Assume that we have a set
designed with an f-m tuner, an a-m tuner, and
a phono input. All feed into an audic amplifier.
Switch to the phono mode of operation. If the
output is normal, we may conclude that the
audio amplifier and the power supply are
good.

Now switch to the a-m mode of operation.
If we do not have normal reception, we can

-y
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assuwme that the defect Tres in the <3 guper
section I reception is notmal, then the |
tuner is god Now switeh o dhe bt mmogty o
operation 17 reception 1s nat nonz b e ey
assume that the defect e inthe f o teor 1t
reception on none of the wodes of Lie ity oy
are normal, then we wanst Lok fo- the o
in those cireunt that 2re common te 2l :
These are the andio eenlifier, e o
supply, and the n de st b

We have previousiy tidon op the aop
of the a-m tunes, the b owvar sny
graph operation, and vordhie. T
shall now turn to the rervicing of i fan ver-
tion of the receiver.

Quick f-m stage chech, If the aomoscotnn
found to be good, then the fro secting should
be checked. The block dhagrams for tie two
basic f-m sections are shownin Tig 2221 The
one in Fig. 22214 utilizes the diserann dor,
The one in Fig. 22-218 utihizes the ruo dee
tector. The same check wark< far both tpes
The overall procedure for chedhing the Em

FIG 222]. Quik
check for an fmtuner.
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section is performed with a standard a-m sig-
nal generator whose frequency range goes up
to about 15 mec. Set the receiver for {-m opera-
tion.

Feed a modulated signal at 10.7 me (the
intermediate frequency for fm) to the last
i-f grid. Remember that the limiter is con-
sidered to be the last i-f stage. Adjust for full
output, and wobble the frequency control to
each side of 10.7 me. If the demodulators (dis-
criminator or ratio detector) are operating
properly, the modulation note will be heard in
a specific way. A little off frequency, the modu-
lation note will be fairly loud. As you come
onto frequency, the modulation note dips
sharply in loudness. As you move off fre-
quency on the other side, the modulation
note rises back to its previous loudness. The
wobble procedure should be performed
slowly to hear the sharp dip in loudness. The
procedure is illustrated in Fig. 22-21C. This
is the quick check for normal operation of the
f-m demodulator.

Now feed the same signal to the preceding

=, i-f tube grid. If that i-f stage is not functioning,

“the note will not be heard. If the note is heard,
ed the same signal to the first i-f tube grid.
ailure to hear the note indicates that the sec-
ond i-f stage is not functioning. To simplify
this quick check from the second i-f tube grid
on, the hot clip lead from the signal generator
may be latched onto an insulated section of
the grid wire or to the insulated body of the
grid resistor. This loose coupling may be even
more desirable than direct contact if the sig-
nal-generator test signal is strong. It is also
advisable to reduce the test signal by means
of the attenuator to as low a level as possible.
If the note from the first i-f grid is heard, feed
the same signal to the mixer grid. Failure to
hear the note indicates a defect in the first i-f
stage or in the mixer. If the note is heard, those
two stages are working.

The next check is that of the converter and
r-f stages. Use is made of an a-m signal gen-
erator like the Precision E-200-C, described

in Chap. 6. Tune the generator so that it de-
livers a modulated output at 100 mc. Feed this -
signal to the mixer grid. The modulation note
will be heard if the oscillator is good, when
the receiver is tuned to 100 me. Next, feed the
same signal to the antenna terminal, and again
tune the receiver to 100 me. Failure to hear
the modulation note indicates trouble in the
antenna input or r-f stage.

If your signal generator is an older unit, it
may not be able to deliver a signal as high as
100 mc. But it is certain to be able to deliver
a signal of 9 mc. This signal may be used to
perform the same tests as have just been de-
scribed, if we take advantage of the harmonic
output of the generator. The tenth and twelfth
harmonics of the 9-me signal will be at 30 me
and at 108 me. Then, by tuning the receiver to
those two high frequencies, we should be able
to hear the harmonics of the 9-mec test signal.

F-m servicing procedure. The guick checks
just given located the defective stage in the
f-m section. The next job is to localize the
defective part. This technique is essentially
the same as for an a-m radio. Check tubes first,
then make voltage and resistance checks.

The basic a-mff-m tuner circuit shown in
Fig. 22-22 will be used to illustrate the test
procedure for locating the defective part. This
tuner is the heart of the a-m/f-m receiver. The
tuner has a phonograph input and is designed
to be used with a conventional hi-fi two-chan-
nel audio amplifier.

Let us examine this basic circuit in detail
for servicing procedures. The power supply
has already been covered and will not be re-
peated here. For the remainder, emphasis
will be on the f-m section. The a-m tuner will
not be covered, since previous chapters de-
scribed the checking of those stages. Where
the a-m tuner ties in with the f-m tuner, both
will be analyzed.

A-m/f-m receiver audio section. The audio
section of the a-mff-m receiver presents no
new servicing problems. The procedures you
learned previously also apply here.
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372 ELEMENTS OF RADIO SERVICING

As with phonographs, there may be many
different designs in the audio section. The
a-m{f-m tuner of Fig. 22-22 is designed to feed
into a two-channel audio amplifier with a right
and left channel. Input jacks J-1 and J-2 are
for stereo record input. The output to the audio

amplifier channels is through jacks J-3 and j-4.

The type of output fed to the audio section
is controlled by selector switches SW-1 and
SW-2. In the F-M position, the gnd of the afc
tube is grounded outf, making it inoperative.
In the F-M/AFC position, the afc tube is func-
tioning with the f-m oscillator.

F-m demodulator. The detector of our basic
set is of the discriminator type. It is redrawn
in Fig. 22-23A. The tube used is a 6ALS twin
diode. Note that it is permeability-tuned.
Capacitor C which couples signal from the
limiter stage to the discriminator tube is usu-
ally part of the discriminator-transformer

assembly, shown enclosed by dotted lines.
Resistors R-24 and R-25 make up the diode
loads across which the audio output voltage
appears. Capacitors C-46 and C-30 and re-
sistors R-26 and R-27 make up the deemphasis
cireuit. Troubles in the discriminator are due
to defective tubes and misalignment. Tubes
are checked in the usual manner by substitu-
tion of new ones for those suspected as poor.
Misalignment causes poor tone quality
and a weak signal, Alignment may be checked
by the following procedure. Connect a d-c
voltieter probe to the junction of the diode
load resistois (point B in Fig. 22-23A). Connect
the common voltmeter lead to ground; then
feed an unmodulated signal at 10.7 me to any .
conventent i-f tube grid. Wobble the signal
generator around 10.7 mc for a peak indication
on the meter; then shift the voltmeter prod to
point F. The reading should be zero. Any volt-
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age at this point—plus or minus—indicates
isalj A compl ali| proce-
dure is given later in the chapter,

The circuit of a ratio detector is shown 1n
Fig. 22-23B. The tube used is a 6AL5 twin
diode with a grounded internal shield to pre-
vent coupling between the two halves. Note
that the stage is permeability-tuned Also note
that in the discriminator, the secondary of the
discriminator transformer is connected to the
plates of the twin diode, 1n the ratio detector
it is connected to the plate of one diode and
the cathode of the other diode.

Capacitor C-1 and resistor R-1 make up the
d h network, Resistors R-2 and R-3
make up the ratio detector load. Capacitor
C-2 is known as the stabilizing capacitor and
serves to eliminate amplitude vanations from
the output.

An overall check of the ratio detector may
be made with an a-m signal generator and a

tube vol or a 20,000-ohms-per-
volt voltmeter. The check points are shown in
Fig, 22-23B. The meter 1s connected from the
audio input (point A) to the chassis Now feed
an unmodulated r-f signal at 10.7 mc into the
second i-f tube signal gnd The meter should
read zero unless alignment 1s bad or a defect
exists in the detector crreuit Later in the
chapter, we shall see how to align the set
Now connect the meter from the plate end of
resistor R-2 (point B) to the chassis The volt-
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cuit Toses the alafins to zeno.o anplitud »
vartations from the sl andthe ot begor o
naisy ke iy aenn set A \bort i ¢ 1 stay
C-2 would wdie the ot complitely .
tive. This ¢ s it s enrelo ] an the qopol
manner; one end showd b duconneet
when cheching, t sep 0 1 fran the syt
resistive load

Multiplex operon Hefirbock tourl o
cireuit shown i Trq 2227 Mot the oueat
Jack J-5 marked vuntvLin, connected o the
discriminator. This jack 1 for aaperid o prer
used in some commumtics, Je don ) pment
arose from the desite of many hdeners for
high-fidelity masic hsterang

An early solution was tn have buo st s,
one on amphitude moduliton and the other
on frequency modulation, browdeast the wamne
music program sunultameously. A histenes
with an a-m recewver and an fm recejver at
different parts of the room would ret w stereo
effect, In other communities, o sndependent
f-m stations would atree to transmit simul
taneously the same music program The bs
tener with two f-m sets would now also get a
stereo effect. The currently approved multi-
plex system enables a listener with a two-
channel audio system and a special multiplex
adapter 1 Ins f-m receiver to get the stereo
effect from the transmirssion of a sindle fan
station.

At present, such multiplex programs are

1 by anly a relatnely few T sta-

age at this potnt depends an the h of
the input signal The size of this voltage 1s
unimportant for the signal check, but its ab-
sence indicates trouble in the stage

The tubes are the most Iikely source of
trouble in the ratio-detector cireut Loss of
emission will cause a weak signal and distor-
tion. The condtion 15 cleared when the tube
is replaced with a new one. H replacing tubes

tions To avoid obsolescence of F-m recenvers,
many manufacturers include the multiplex
Jack for use with an external adapter Some
manufacturers are including the adapters in
the f-m recerver tself The multiplex f-m sig-
nal, however, 1s such that the hstentr wafl
hear a monanral standard f-am signal wathout

the multiplex umt
F-m multiplex signals A quich look at how

does not help the situation, then a ressst:

check of individual components is necessary
In this regard, remember that capacitor C-2
is an electrolytic capacitor and may tn time
lose capacitance. When that happens, the cir-

the multiplex system works would be helpfol
Exanune Fig 22.24 which shows the block
diagram of the transmutting f-m station. Two
microphones, L and R, are placed for sturea
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As with phonographs, there may be many
different designs in the audio section. The
a-m/f-m tuner of Fig. 22-22 is designed to feed
into a two-channel audio amplifier with a right

and left channel. Input jacks J-1 and J-2 ave .

for stereo record input. The output to the audio

amplifier channels is through jacks J-3 and J-4.

The type of output fed to the audio section
is .controlled by selector switches SW-1 and
SW-2. In the F-M position, the grid of the afc
tube is grounded out, making it inoperative.
In the F-MJ/AFC position, the afc tube is func-
tioning with the f-m oscillator.

‘F-m demodulator. The detectar of our basic
set is of the discriminator type. It is redrawn
in Fig. 22-23A. The tube used is a 6ALS5 twin
diode. Note that it is permeability-tuned.
Capacitor C which couples signal from the
limiter stage to the discriminator tube is usu-
ally part of the discriminator-transformer

assembly, shown enclosed by dotted lines.
Resistors B-24 and R-25 make up the diode
loads across which the audio output voltage
appears. Capacitors C-46 and C-30 and, re-
sistors R-26 and R-27 make up the deemphasis
circuit. Troubles in the discriminator are due
to defective tubes and misalignment. Tubes
are checked in the usual manner by substitu-
tion of new ones for those suspected as poor.

Misalignment causes poor tone guality
and a weak signal. Alignment may be checked
by the following procedure. Connect a d-c
voltmeter probe to the junction of the diode
load resistors (point B in Fig. 22-23A). Connect
the common voltmeter lead to ground; then
feed an unmodulated signal at 10.7 mc to any
convenient i-f tube grid. Wobble the signal
generator around 10.7 mc for a peak indication
on the meter; then shift the voltmeter prod to
point F. The reading should be zero. Any volt-
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age at this point—plus or minus—indicutes
misalignment. A complete alignment proce-
dure is given later in the chapter,

The circuit of a ratio detector 1s shown in
Fig. 22-23B. The tube used is 2 6ALS fvin
diode with a grounded internal shield to pe-
vent coupling between the tuo halves. Note
that the stage is permeability-tuned. Alsn nots
that in the discriminator, the secondary of tc
discriminator transformer is connected to (he
plates of the twin diode, in the ratio detecter
it is connected to the plate of one diode and
the cathode of the other diode.

Capaaitor C-1 and resistor B-1 make up the
deemphasis network, Resistors B-2 and R-3
make up the ratio detector load. Capacitor
C-2 15 known as the stabilizing capacitor and
serves to elummate amplitude variations from
the output.

An overall check of the ratio detector may
be made with an a-m signal generator and a
vacuum-tube voltmeter or a 20,000-ohms-per-
volt voltmeter The check points are shown 1n
Fig. 22-23B. The meter is connected from the
audio input (point A) to the chassis Now feed
an unmodulated r-f signal at 10 7 mc imnto the
second 1-f tube signal gnd The meter should
read zero unless alignment 1s bad or a defect
exists in the detector circmit Later mn the
chapter, we shall see how to ahgn the set
Now connect the meter from the plate end of
resistor R-2 (point B) to the chassis The volt-
age at this pomnt depends on the strength of
the input signal. The size of this voltage is
unimportant for the signal check, but its ab-
sence indicates trouble 1n the stage

The tubes are the most likely source of
trouble 1n the ratio-detector circuit Loss of
emission will cause a weak signal and distor-
tion. The condition 1s cleared when the tube
is replaced with a new one. If replacing tubes
does not help the situation, then a resistance
check of individual components ts necessan
In this regard, remember that capacitor C-2
is an electrolytic capacitor and may in time
lose capacitance. When that happens, the eir-
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effect from the transmission of a singie f-m
station
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transmitted by onlv a relatively few f-m sta-
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pickup. Their outputs are fed into a special
matrix mixing circuit from which there are
two outputs, One is a blending of the two
audio signals, producing an L + R oniputl.
This signal is fed directly to the fom trans-
mitter. The other matrix outpwt, obtained by
means of phase shifting, is the difference be-
tween the two microphone outputs and is
called the L ~ R signal. Beyond the matrix
sirenit is a 19-ke oscillator. This oscillator
feeds its signal, known as the 19-ke pilot sig-
nal, to the £ transmitter. The oscillator also
feeds its signal to a frequency-doubling cir-
enit to produce an output at 38 ke, known as
the subcarrier. This 38-ke subcawrier then
receives the L — R signal and is amplitude-
modulated by it, producing sidebands above
md below the 38-ke subearrier. The subearrier
is then filtered out and the remaining L — R
sidebands are fed to the [-m transmitter. The
f=m carrier is thus frequency-modulated by the
L 4 R signal, the L — R sidebands, and the
19-ke pilot signal,

Let us see then how the 75 ke of frequency
allotted to an fam station is utilized. The fre-
queney spectrum of Fig, 22-25 will iHustrate
the information just given. The L4 R side-
bands oceupy 15 ke of the channel, at the lower
end. The upper and lower L — R sidebands
oceupy 30 ke of the channel, centered on the
suppressed 38-ke subearrier. This leaves the
19-ke pilot signal neatly placed away from the
L+ R and L~ R information to avoid inter-

i

il sann multiplex transmitter,

ference. The upper portion of the frequency
rangre 1s often used for private f-m storecasting
{SCA) prograums. This latter program js also
placed so as to avoid interference with the
L - R information; it is centered on 67 ke.

Althoueh there are several ways by which
L and R signals are mixed at the transmitler,
the fmal signal is the one just described. It
should be remembered that this signal makes
it possible (o receive a station on a standard
wonaural {~in sel or stereophonically with a
multiplexing anit,

How the multiplex decoder works. The
multiplex decoder in an f-m receiver is con-
nected to the f-m tuner at the output of the
demadulator, before the deemphasis circuit.”
Its function is to restore the left and right
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andio signals produced at the transmitting
station. 1t must give good balance between
the levels of the left and right audio signals;
it must provide good separation between the
two signals; and it must do the two previous
jobs without distorting the signals.
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This filter permuts cudio <eunals ona sty u
1015 ke (35 - 15 = 23 and 55+ 15 53) ta ver
Meanwhile, the 19-he sizmnal, which bas aba
been present, is fed to o fre Aueney dusblop
which produces a 3%%e owrpur Thus Lvver
output is mined with the L ~ & stdeband our.

‘There are many v: of the muitiplex
decoder circuits in use today. However, they
boil down to three basic methods of perform-
g the job: the matrix type, the switching
or time-division type, and the envelope de-
tection type. Sometimes, there is 2 combina-
tion of types. In all types of multiplex de-
coders, the 19-ke pilot signal must regenerate
the 38-ke subcarrier in correct phase with the
subcarrier that was suppressed at the trans-
mitting station. The 19-kc pilot signal syn-
chronizes the restored carrier. The further
handling of the composite stereo signal 1s
then handled differently in the different types
of decoders.

In Fig. 22-26, we have the block diagram of
a matrix type decoder the earliest type The
f-m signal passes through the f-m tuner to the
detector output. After passing through an
amplifier, the signal 1s passed through a Jlow-
pass Blter with a cutoff between 15 and 19 ke
As a result, its output 1s only the L + R signal

The remaining L — R sideband signal 1s
passed through a 23- to 53-kc bandpass filter

put, on L= R.aovphtwde-modulated
subcarrier of 3% ke T} i then fed to
two detectors, from which emene 3 poatine
L~ R signal and a neratrve L= R apnal The
three signals (L + fi, positive L— R, and nega-
tive L — R signal) are then fed ta a marrix
mixing circuit. The vatput from the matricis
the onginal L signal ard the original R sig-
nal, available for fecding eparately to the
two channels of the sudio amphifier,

If the f-m recenver has o decoder, the 19-he
pilot signal and the L — R sidehunds in the
transmitted f-m signal are Rltered ot by the
regular f-m circuits because they are way bes
low the lowest f-m station frequency, leaving
only the L + R signal for normal momural
reproduction,

An actual matm decoder is shown in Fig
22.97B Tube V-1A amplifies the composite
stereo signal; tube V-1B is an impedance
matching cathode follower. Tube V-2.3 amph-
fes the 19-ke prlot signal; tube V-28 is the syn-
chromized oscillator with a 38-he output.
Tubes V-3A4 and V-3B are cathode followers

FIG 22-26 One sys-
tern of multiplex $-m
reception.
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pickup. Their outputs are fed into a special
matrix mixing circuit from which there are
two outputs. One is a blending of the two
audio signals, producing an L + R output.
This signal is fed directly to the f-m trans-
mitter. The other matrix output, obtained by
means of phase shifting, is the difference be-
tween the two microphone outputs and is
called the L — R signal. Beyond the matrix
circuit is a 19-kc oscillator. This oscillator
feeds its signal, known as the 19-ke pilot sig-
nal, to the f-m transmitter. The oscillator also
feeds its signal to a frequency-doubling cir-
cuit to produce an output at 38 ke, known as
the subcarrier. This 38-kc subcarrier then
receives the L — R signal and is amplitude-
modulated by it, producing sidebands above
and below the 38-kc subcarrier. The subcarrier
is then filtered out and the remaining L. — R
sidebands are fed to the f-m transmitter. The
f-m carrier is thus frequency-modulated by the
L + R signal, the L — R sidebands, and the
19-ke pilot signal.

Let-us see then how the 75 ke of frequency
allotted to an f-m station is utilized. The fre-
quency spectrum of Fig. 22-25 will illustrate
the information just given. The L+ R sidé-
bands occupy 15 ke of the channel, at the lower
end. The upper and lower L~ R sidebands
accupy 30 ke of the channel, centered on the
suppressed 38-kc subcarrier. This leaves the
19-ke pilot signal neatly placed away from the
L+R and L—R information to avoid inter-
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ference. The upper portion of the frequency
range is often used for private f-m storecasting
(SCA) programs. This latter program is also
placed so as to avoid interference with the
L—R information; it is centered on 67 ke.

Although there are several ways by which
L and R signals are mixed at the transmitter,
the final signal is the one just deseribed. It
should be remembered that this signal makes
it possible to receive a station on a standard
monaural fm set or stereophonically with a
multiplexing unit. ,

How the multiplex decoder works. The
multiplex decoder in an f-m receiver is con-
nected to the f-m tuner at the output of the
demodulator, before the deemphasis circuit.
Its function is to restore the left and right
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audio signals produced at the transmutting
station. It must give good halance bhetween
the levels of the left and right audio signals;
it must provide good separation between the
two signals; and it must do the two previous
jobs without distorting the signals

There are many variations of the multiplex
decoder circuits in use today. However, they
boil down to three basic methods of perform-
ing the job: the matrix type, the switching
or time-division type, and the envelope de-
tection type. Si imes, there is a bina-
tion of types In all types of multiplex de-
coders, the 19-ke pilot signal must regenerate
the 38-ke subcarrier in correct phase with the
subcarrier that was suppressed at the trans-
mitting station. The 19-kc pilot signal syn-
chromzes the restored carrier. The further
bandling of the composite stereo signal 1s
then handled differently in the different types
of decoders.

In Fig. 22-26, we have the block diagram of
a matrix type decoder. the earliest type. The
f-m signal passes through the f-m tuner to the
detector output. After passing through an
amplifier, the signal is passed through a low-
pass filter with a cutoff between 15 and 19 ke.
As a result, its output is only the L+ R signal.

The remaining L— R sideband signal is
passed through a 23- to 53-kc bandpass filter.
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This flter porots cudio <onsls gmo.; 2ty up
t0154e {35~ 15=2%0135 - 15 =33 tnp e,
Meanwhile, the 19-4¢ szl which has aba
been present, is fed to o frequercy dobler
which produces a 3%he cutput This jater
output is mied vith the L~ 8 adebind vute
put, producing e L~ R amphitede-modutated
subcarrier of 3% k¢ Thece are then fod to
two detectors, fromn which energe a positine
L - R signal and a nevative L — R <ignal. The
three signals (L + B, positive L~ R, and nega-
tive L — R siznals) are then fed to a matrix
mixing circmt. The output from the matnx is
the onginal L signal and the original R -
nal, asvalable for feeding separately to the
two channels of the audio amphifier.

If the f-mn recerver has no decoder, the 19-ke
pilot signal and the L — R sidebands in the
transmitted - signal are fltered out by the
regular f-m circuits because they are way be-
low the lowest f-m station frequency, leaving
only the L + R signal for normal monaural
reproduction

An actual matrix decoder is shown in Fig.
29.97B. Tube V-1A amplifies the composite
stereo signal, tube V-IB is an impedance
matching cathode follower. Tube 1-24 ampli-
fes the 19-ke pilot signal, tube V-2B is the syn-
chronized oscillator with a 38kc outpul
Tubes V-34 and V-3B are cathode followers

FIG. 22-26. Onec sy
tem of multiplex fm
reception
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L—R sidebands is the same
as it was at the transmitter This condition is

o get back the original L and R sig
nals with proper separation it the stereo at io

he md’widua\ output

ut to synchronize or switch

e a positive voltage on the L diode
when the L portion of the composite signal
is fed o the two diodes, causing it 1© detect

only L and
stereo audio amplifier
sary.

multiplex decoder is shown in Fig. 227 ]
Tube V-1A is the wideband amplifier for t

composite stere? signal. Its output feeds ir
a 67-ke SCA trap o remove 1

B is an amplifier for the 19-}(0 P
signal. Tube v-1Cisa locked oscillator wi
tuned 38-ke output. Low-pass flters 11

output of each diode remove any high

quency signals that are present

There are several variations of the sWitc

m.ultip\ex decoder. Figure 99-29A show
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signal gnd. The 38-ke switching voltage 1s
applied to the two deflection plates. The
polarity of these latter two plates drives the
R signal to one of the tube anodes and the L
signal to the other anode.

Another variation is shown in Fig, 22.2001,
Here, four diodes are shiown in a bridge cire
cuit for switching. The composite signud §s fod
to the tap between the two 33K-ohms resistors,
while the 38-ke switching voltuge is fed to the
taps between the pairs of Y0K-ohmy resistors,

The third type of multiplex decoder wn.
ploys envelope detection. When the 4.4
subcarrier is properly added to the carponiie
stereo signal, it alters the Jatter algnal an that
the upper edge of the envelope of B o

posite signal {s the L wavelorm and the lower
edge s the U wavefoun Then the op and
hottom ol the envelope are detected sepas
rately, nslng no filtms,

There are mnny vindntions mrd combinations
of the decodens juvt deseriied, 10 wounld he
fruitless (o aunlyze alt of them, The bhave
priveiples hive beew prosented so that snde-
stinding of mast of the elrentis iv poasible
Thee following secton w1 present common
froubdes i § i mmeo seeelve Later o gen
et denctption Jor wligmment ol the decadm
wil) Yoo dlosae piliavl

Conmman tnthlen i e nbtipley docoder,
Ui pralilom of dovelopting o o odinn oy
adtplen dicenbars 18w ooomphen e Fial,
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that provide a low output impedance to pre-
vent signal loss and hum pickup in the cables
that connect to the stereo amplifiers. Note the
separation control. Its purpose is to control
the L + R signal so that the ratio of its ampli-
=, tude to that of the L — R sidebands is the same
jas it was at the transmitter. This condition is
necessary to get back the original L and R sig-
. nals with proper separation in the stereo audio
amplifier. Also note the individual output
level controls for the R and L output.

The block diagram of a switching multiplex
decoder is shown in Fig. 22-28A. As with the
matrix type, the composite stereo signal is
first amplified. Also, a 19-kc amplifier, oscil-
lator and 38-kc doubler are used. But the 38-
ke signal is used, not to reinsert the sup-
pressed carrier, but to synchronize or switch
the detectors so that they pass signal at the
right instant. The bandpass filter which is
difficult to design is not used.

It is observed that the switching diodes are
fed both the composite stereo signal and the
synchronized 38-ke signal. The latter signal
will place a positive voltage on the L diode
when the L portion of the composite signal
is fed to the two diodes, causing it to detect

. R .o . v

[
01 L .
ST p-it TRy T FRR ‘:}S‘

S

Fitz. 22:27. A stereo .
matrix decoder, ' -
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the L signal. The 38-ke signal will also place
a negative voltage on the next alternation on
the R diode when the R portion of the com-
posite signal is fed to the diodes. This will
cause the R diode to detect the R signal. Thus
each diode in turn will conduct only for an
L or an R signal. The reject filter removes any
38-kc signal present in the output, leaving
only L and B signals which are then fed to the
stereo audio amplifier. No matrixing fs neces-
sary.

The actual schematic diagram of a switching
multiplex decoder is shown in Fig. 22-28B.
Tube V-1A is the wideband amplifier for the
composite stereo signal. Its output feeds into
a 67-ke SCA trap to remove its interference.
Tube V-1B is an amplifier for the 19-ke pilot
signal. Tube V-1C is a locked oscillator with a
tuned 38-ke output. Low-pass filters in the
output of each diode remove any high-fre-
quency signals that are present.

There are several variations of the switching
multiplex decoder. Figure 22-29A shows the
diagram of one variation that uses a beam
deflection tube, like the 6ARS8, which does
the switching instead of a pair of diodes.
The composite stereo signal is applied to the
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sexcT # ourut] switching type sterso
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signal gnd The 38-kc switching voltage 1s
apphed to the two deflection plates The
polanty of these latter two plates drnives the
R signal to one of the tube anodes and the L
signal to the other anode

Another variation is shown in Fig. 22-29B
Here, four diodes are shown in a bndge ar-
cut for swatching. The composite signal 1s fed
to the tap between the two 33K-ohms resistors,
while the 38-ke switching voltage is fed to the
taps between the pairs of 10K-ohms resistors

The third type of multiplex decoder em-
ploys envelope detection. When the 38-ke

posite signal is the L waveform and the lower
edge 1s the R waveform. Then the top and
bottom of the envelope are detected sepa-
rately, using no filters

There are many vanations and combinations
of the decoders just desenbed It would be
fruitless to analyze all of them. The basic
pr les have been t d so that under-
standing of most of the circusts 1s possible
The following section will present common
troubles 1n f-m stereo recetvers. Later a gen-
eral descniption for ahignment of the decoder
will be descnbed

C

subcarner is properly added to the ¢
stereo signal, it alters the latter signal so that
the upper edge of the envelope of the com-

troubles in the multiplex decod.
The problem of developing a procedure for
Itiplex decoders 15 a one Furst,

S
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there are a tremendous variety using different
systoms, and second, there are relatively few
stations that bhroadeast fan stereo programs,
The number of ealls that a service technieian
would have would not warrant the arge ox-
penditure of money for specialized test equip-
ment at this time. Therefore, a generalivzed
analysis will e given as an approach to cur-
vend sevvicing,

Probably the grentest complaint is that of
improper separation of R and L signals in the
recviver, The serviee tochnician shoutd st
check this condition by verifving that the
customer has full knowledsie of how to use
his cquipment, Be sure that aft controls have
been properly set and that the fan tuner has
been sharply tuned. This defeet is veadily
carrected. Sometimes, however, the condition
is eaused by fusnflicient signal pickup, Often
this is accompanied by distorted output, The
rowedy may be the installation of a good ont-
door anteuna, It should be remembered that
the offective fringe area of fan steveo is closer
to the transwitting station than {or fan mon-
aural reception, A sinaple method to cheek the
need for an outdoor antenun installation is to
cannect A TV vabbit-oars antenna to the fm
veceiver and o vary its divection. 1 veeeption
WMPrOVes i some positions, an owtdoor an-
tonma is indieated.

A related defect may exist even with a wood
outdoor  amtennn installation. Reflections
frorn tall buildings ov hills ereate multipath
stgmals which cause vegular switchovers of R
and L sipnals from their andieo channels.
Orienting the divection of the antenna, or
Detter, installing 2 votatable antenna will
hmprove the reception.

The tnstallation of & good antenna will also
tmprave another detect. The stgnal-to-noise
ratio for sterco veception is higher than that
for monaural vecoption. The outdoor antenna
will thetefore give less naise when recciving
stered,

Within the veceiver, with a matrix type de-
cader, fack of proper separation may be vaused
by tnsutlicient or wo L+ R or L — R signal., or
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FIG. 22-29. Variations of switching-type stereo de-
coders.

by a defeet in the matvix eireuit, The respee-
tive signal paths for these signaly should be
examined  with an ohnmmeter for defective
components. The matrix circuit should be
similarly checked for defective compouents.

In less expensive reccivers, separation of
R and L signals becomes poor after a short
time of operation, This is due to oscillator
drift in the decoder. This condition is re-
medied by retaning slightly when separation
becomes poor,

Sometinmes o motorhoating sound is pro-
duced in the receiver, This is caused by the
local oscillator of the decoder failing to lock
with the 19-ke pilot signal. The extreme of a
distorted wavering sound would indicate the
absence of the 19-ke pilot signal. With these
conditions. the signal chain for the pilot signal
should be fnspected for defective components.

Distorted output in a matrix type decoder
may be due to loss of the 38-ke subearrier.



Check the oscillator and its components. In
the switching type decader, this defective
condition would give only monaural recep-
tion. Distortion in both types of decoders
could be caused by a defective demudulamr
too. Check the components carefully.

If the receiver gives monaural reception
and no stereo reception, check the diode de-
modulators. One may be defectiv

Sometimes a whistling or swishing sound
accompanies reccption. This is caused by
SCA interference. In this situation, try read-
Justing the 67-ke rejection trap,

In any type of defect, it 1s advisable to check
the filter circuits for shorts or opens. Such
conditions can result in loss of any transmis-
sion or the feeding of signals that should have
been filtered out.

Generally, check components after you have
decided where the defect probably exists as
you did m other servicing jobs. Check the
tubes first. Look for overheated components,
bad connections, defective diodes, open coils,
etc. Many of the defects will show a remark-
able improvement by simple realignment of
the decoder and the f-m tuner. More will be
stated about realignment later in the chapter

F-m limiter. The hmiter of our basic tuner1s
shown in Fig 22-30. The hmter 1s simply the
Tast i-f stage, utilizing a sharp-cutoff tube and
operating at lowered plate and screen volt-
ages. Buas for the tube 1s obtained by means of
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resistor R-21 in the grid-return lead. Since
this voltage 1 developed by signal strength
and vanies wath ssgnal strength, it is tapped
off from point D in the diagram to be used in
some eases for age voltage where desired. In
our hasic cirenit, ate voltage is tapped from
the previous i-f stage. The voltage at point D
is of value in senace work for showing the
presence and amount of signal.

The lowered plate and screen voltages for
the limiter are obtained from the voltage
divider, consisting of R-23 and R-22. Capaci-
tor C-29 is the bypass to ground.

Troubles in the limiter are due to defective
tubes, shorts or leakage in bypass capacitor
C-29, and misalignment. Voltage analysis
would disclose a defect in €29, The other
defects would produce results similar to those
described  for the discriminator and  are
checked in the same manner.

F-m i-f amplifier. The f-m i-f amplifier, con-
sisting of the first and second amplifier stages
of the basic receiver, is shown in Fig, 22-31
Note the absence of the self-bias resistor in
the first 1-f amplifier stage. Gnid bias for this
stage 1s obtained from the age voltage line.
The second i-f stage develops grid Jeak bias.
Resistors R-15 and R-20, acting with capacitors
C-23 and C-25, make up the plate decoupling
et Decouphing capacitors are usually of
the ceramic disk or button variety On oc-
casion, they grow leaky or short When this

T
oiscrM

FIG. 22-30. Checking
an {-m limiter stage.

R-22
BK
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happens, a large current flows through the
decoupling resistor and tends to burn it up.
When this is the case, B+ voltages on the
plates of the i-f tubes drop very low. An ohm-
meter check from plate to chassis would show
a short.

When such a condition is found, be sure to
check the decoupling capacitor before replac-
ing the resistor, since a shorted capacitor will
only burn out the replacement resistor. Be
sure to replace the capacitor with a similar
ceramic one, not with a higher-voltage paper
capacitor. The long leads of the latter may in-
troduce unwanted coupling and produce os-

. cillation. Try to put the replacement compo-

nent in the exact position of the old one.

A-M/F-N
) IsT I-F

FIG. 22-31. Checking
an f-m i-f amplifier.

Note the lLigher plate and screen voitages
on the first and second i-f amplifiers, as against
those for the limiter. For the former, they run
about 100 volts; for the lmutel we have about
44 volts.

A-m/f-m i-f amplifier. Our basic tuner em-
ploys separate i-f tubes and i-f coils. With
small, low-cost a-m/{~m receivers, manufac-
turers sometimes make one tube serve as
both an a-m i-f amplifier and an f-m i-f am-
plifier.

Although tuned to 455 ke and 10.7 me,
respectively, the i-f transformers are often
housed in ane shield can. Such a circuit is
shown in Fig. 22-32. Note the series con-
nections of the a-m and f-m intermediate-fre-

R L L UL SR )

70
240 I-F
GRID
— -
107N v

FIG. 22-32, An a-m/f- m :

455K i-f amplifier.




quency coils L-1, L-2, I.-3, L4, L5, L-6, L-7,
and L-8. The operation of this circust was
previously explamed.

Resistors R-1 and R-2 and capacitoss C-1
and C-2 make up plate decoupling circuts
They present the same difficulties as similar
circuits desenbed for the hmiter and should
be handled in the same manner. The other
components present problems simalar to those
deseribed for a-m radio and are handled in
the same way.

F-m fequency-conversion system.  Fre-
quency conversion for f-m receivers s
achieved in many ways. In Fig 22-33, we see
the system msed in our basic a-m/fom tuner.
The f-in signal stnng employs a separate mixer
and oscillator tube, the latter kept from dnft-
ing by afc. The a-m signal string employs a
separate standard converter The tuning con-
trols of each string are separately ganged The
function switch selects the functioming string
In many a-m/f-m sets, there 1s only one tuning
contral for hoth a-m and f-m, wath a different
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dial scale for cach Here, all tuners are ganged
together,

In Fig. 22-34, we see another frequency
convenion system, using an fm miver and
fm oscillator/a-m converter tuhe. Conls L-14
and L-153 make up the a-m osallator emd,
functioning when the function swatch s in
the a-m position, Coif £-16, the f-m osatlator
cotl, is conmected to the oscillator grid when
the function swateh s i the fm postion, Omt-
put from the f-m oscillator is coupled through
C-29 to the fm micer grid, The wixer feeds
the i-f signal to the prinary winding of the
f-m i-f transformer L-10 The 6BE6 tube, when
acting as an a-m converter, feeds the a-m i-f
signal to L-11, the primary winding of the if
transformer.

The f-m frequency-comvension system pre-
sents, for the most part, the usual servicing
difficulties found in a-m receivers. A signal
check will detenmine if the stages are Tune-
tioning Voltage and ressstance checks will
help to loeate the defeetive components,

" é

FoMare
12 AT

FiG. 22-33. Converter
for a basic f-m tuner.
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FIG. 22-34. Converter for an a-m/f-m tuner.

Defective conditions are often disclosed by
means of the function switch. If the set works
in the a-m position, but not in the f-m position,
we can almost immediately turn to the f-m
mixer and oscillator for locating a defective
component. However, the function switch
itself must first be carefully inspected. There
may be a dirty or broken contact. A cleaning
or replacement job may be indicated for the
function switch.

¥F-m r-f amplifier. The f-m signal string of an
a-m/f-m receiver or tuner usually employs an
r-f amplifier stage. The r-f stage of our basic
tuner is shown in Fig. 22-35. It employs a
high-frequency pentode tube in a conven-
tional circuit. When replacing any coil, an
exact replacement should be used.

Common troubles in the r-f amplifier are
the usual ones—tubes go bad or decoupling
capacitors short. These are found by the stand-
ard procedure. Remember that when the set
employs a grounded-grid triode, you must
feed test signals to the cathode, rather than to
the grid.

. TO MIXER

ANT

AGE -

2 R-16
270K 2.2MEC

FIG. 22-35. R-f amplifier in the basic f-m tuner.

Servicing a front-end subchassis. When
signal checks place the trouble in the-r-f am--
plifier or converter section of a front-end sub-
chassis type receiver, servicing calls for the
same procedures already described for the
analogous sections of a-m receivers. Tubes
are substituted; visual examination is made
for charred or broken components; and voltage
and resistance measurements are made. This
procedure may call for the lifting of the entire
subchassis because the underside is generally
inaccessible. If this becomes necessary, look
for and remove the mounting screws. Then
carefully lift the end opposite to the i- -f trans-
former. The antenna dipole leads generally
move with the subchassis. If necessary, the
power feed leads may be removed from the
feed-through capacitors. This exposes the
underside for inspection and resistance
checks. If voltage checking is considered
necessary, the power feed leads may be
lengthened and reconnected.

In service work, precautions must be taken
because of the problems mvo]ved with high-



frequency circuits. For example, if a2 com-
ponent must be moved slightly to insert a
test prod, the technician should be careful to
return the component to its original positien
after the check has been made, Also, when the
defective component has been isolated, it
should be replaced with one as close o an
exact duplicate as is possible. This is espe-
cially true for capacitors which often have
specifications as to temperature coefficients, as
well as to capacitance and tolerance. Before
replacing the components, note their physical
location and soldering points. Then replace
the new components in the same it
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stage. After that, voltage cheching in the de-
fective stage becomes a powerful weapon in
focating the speafic defecive components.,
The value of this technique is indicated in
the skeleton plate-supply circuit shown in
Fig. 22.36. The sifnal circuits have heen
deliberately omatted to simphfy observations.
Note that the a-m and f-m detectors have been
omitted becanse they are not in the plate cir-
cuit. It is good practice to make or visualize
similar skeleton diagrams for other sets ta be
serviced.

Normal voltages at various test points are

luded in the d Zero volage for any

with the same lead length and lead onent'|~
tion, and solder them to the original con-
nection points.

The precautions given fnr replacemcm of

plate or screen, with nermal voltages for the
other tubes, indicates an open in the plate or
screen supply for that tbe. Zero voltage for
any tube, with Iow voltages for the other ubes,

ts in the front is apply
equally for receivers that do not have sub-
chassis construction. They should be followed
when servicing any f-m receiver.

F-m antenna. For the fm tuner function,
a-m/f-m sets commonly use a line-cord an-
tenna or bLuilt-in dipole antenna for indoor
installations. The outdoor dipole is found
less often.

The plaint of weak of a set
may sometimes be made for an indoor installa-
tion. If a signal check indicates that the re-
ceiver is good, try improvising a simple out-
door dipole antenna with several fengths of
wire. If imp t1s evident, p d with
the installation of the more permanent out-
door dipole.

Advantage may be taken of an exssting tele-
vision antenna installation, if present. Just

the television aly
to the F-m tuner, to see 1f reception improves.
Sometimes both the f-m tuner and the tele-
vision set can be connected permanently to
the same television antenna. Check to see
that f-m operation does not affect television
reception.

Checking voltages in an a.mff-m sct. Tl\e

dicates a short in the plate-supply line tn
that tube.

For example, assume that decoupling ca-
pacitor C-23 in the f-m i-f amplifier stage
shorts. We can readhly see that plate current
would flow through the shorted capacitor
rather than through the tube. Voltage at the
tube plate would be zero. Resistor R-15, carry-
ing more than its normal current load, wounld
probably overheat. The set would be dead,
and plate voltages at the other tubes would be
tow because of the overload, The overheated
resistor R-15 would be a clue to the situation.

Do not neglect to check the function switch
when hunting trouble 1n the plate voltage
line Note that no plate voltage is supphed
to the a-m stages when the switch is in the
£-M position, and vice versa. In the PHONO
posttion, no plate voltage is fed to any of the
tuner tubes. A defect in the switch can block
plate voltage to any of the tubes.

The skel duag Just d dis a
useful device for service analysis. It is apphe-
able to any ciremt, an a-m only set, an f-m
only recesver, or an a-m/f-m set.

Tracing unwanted oscillations in an fom set.
In the a-m mode of operation of m:"\-m!fm

1

signal check is effective in 1 ad

set, 1 may be checked
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FI1G. 22-37. Checking for oscillation in 2n f-m re-
ceiver.

However, m the f-m modr: of
a diff iane is d
The pracedure depends on the fact thal, w hen
no sizaal is riding through the receiver, na
signal voltaze should appear at the r.:tm de~
tectar or at the limiter grid in the di

pmccdum
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that s study of one in a recetser would be o
Iittle aid in understanding that of anuther.

Trouble in the plate-cirtuit section of the
switch would show up durinz a veltaze check
Troubles in the signal<irenit <ectians wnalc
appedr during a <signal checl.

The usual trouble in the switch consists o
dirty cantacts ar cantact wipers. The applica
tion of a deaning agent, followed by snappin
the switeh through its pasitions, takes case o
disty  contacts, Sprung wipers are found by
visual inspection. Pressure applied wath Jong
nose pliers is usvally effective in reestablish.
ing pood vontact,

Repiacement precautions. Becance of the
hizh frequendies imolved in fom sets and be-
cause of the greater possibihties of unwanted
coupling of ¢ircuits, special precantions mus
be taken when replacing parts. Lead dress
is ly important. Route wires 1n the

type of detector, If it does, then one of the
amplifier stages is oscillating

Set the receiver tuning dial at a non-sta-
tion pnsition. Now place a voltmeter across
the stabilizer capacitor of the ratio detector
or across the limiter-gnd resistor, as shown
in Fig. 22-37. Any voltage sndication is due to
oscitlation. Try replacing the r-f and i-f tubes
If this fatls to stop oscillation, try placing a
test capacitor across all bypass capaators. 1f
oscillation still continues, you must realign
the set, as explained later.

Switch troubles. Funchon switches are
usually wafer types. There 1s such great vana-
tion in the use and winng of these switches

same positions they had originally. To do this,
try to use exact replacement parts. Do nof
make ground connections where most con-
venient, but connect parts to their onmnal
srounding points. Failute to do so may pro-
duce undesirable coupling and unwanted
oscillations.

Common troubles in f-m sets. A service
chart of common troubles in f-m receivers and
tuners 35 gnven in Table 1.

There are other defects in f-m receisers and
tuners, but these are resolved 1 a manner
simlar to that for an a-m set Such defects ose
hum. siznal over only a portion of the tuning
dial, hum anly when station 1s recened, ¢tc.

TABLE 1. F-M RECEIVER TROUBLESHOOTIRG CHARY

Puss(ble cause

Set s dead Bad tube

Set fuse burned out
Defect in power supply

T:st mcedur!

Check power-supply voltage
and tuse, if present
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Defect

Weak sound
on all stations

Distortion

Noise

¥

Motorboating

intermittent
operation

P i

Signal drifts

foomm v wme ey

- P

Possible cause

Detect in power supply
Weak audio tubes
Defective volume control
Defective speaker
Defect in if stage

Dirty function switch

Defective tubes

Low B voltage

Open filter capacitor
Misaligned f-m detector
Leaky stage coupling

capacitor

Misalignment

Loose connections
Defective tubes

Leaky bypass capacitors
Dirty tuning capacitor

Dirty function switch

Open filter capacitor
Open bypass capacitor
Open grid resistor

Poor ground connections
Poor lead dress

Defective tube

Loose connections

Dirt in tuning capacitor
Dirt in function switch
Poorly soldered connec-
tions

Intermittent open capaci-
tors

mtermuttent open Coils

Defective afc circuit
Defective oscillator circuit
Open or shorted compo-
nents in the afc fine

Test procedure

Check power-supply voltage
Check volume control

Check function switch

Check speaker

Check voltages on if tubes
Check tubes

Check power-supply voltage

Check tubes
Check detector alignment
Check coupling capacitors

Check tubes

Check tuning capacitor
Check function switch
Check bypass capacitors
Check alignment

Check power supply
Check lead dress
Check other possible
coOmponents

Check components indicated

B U

3

Check osciltator and afc stages

ETEN TS e b e



General service nofes. The service informa-
tion just given was centered around tnbe
receivers. But most of it is equaliy applicable
to transistarized sets, The input to transistor-
1zed stages should be considered to be anal.
ogous to the mput to tube stages for signal
check. When checking stages, normal tean-
sistor voltages should be substituted for nor

SERVICING FM RADIDS 387
tion, that procedure is shawn to be necessary,

What symptams indicate the need for se-
alignment? The signal eheek can point up sev-
eral conditions, 1fthe reeelver gives aweak re-
sponse ta & 107 we signal and rrmporary
changing of the aligmment adustiments gives
<ome improvement, realignment is indicated.
it !he mmlul‘\ted test siunal sonnds distorted,
t is again indicated.

mal tnbe vol Similar g0
defective in both cases. Draw upon serviee
knowledge given in the chapters on the port-
able transistor and transistor car r«\d\os fnr

Whenever & component of 4 timed cirenit is
replaced, it is usnally routine procedurse for
lhc technician to realten the set. Such s

nt assures performance

defects and relate them to the i
given for the f-m tube mdio,
AUGNMENT OF F-M RECEIVERS

The aligning of a-m/f-m receivers takes on
the nature of a twofold Job because thcre is

Fanally, the set may he redigned to remorve
undestred ascillation. However, before pso-
ceeding, be sure to substitule new tubes,
check for apen bypass capacitors, and chedh
lead dress carefully for unwanted coupling
of circuits.

Location of ali diust

. Befare

an a~m fuuction and an f-m functi

i i nt, the technician must

of the different freqs ved, there
is no interaction between the two modes of
operation. As a result, the a-m section and fom
section may be aligned separately

The procedure for aligning the a-m section
is the same as that already gmven for am sets
Aligning of the f-m section s pedormed with
the function switch 1n the f-m mode of opera-
tion. Although it is advisable to follow the
manufacturer’s specific alignment notes. the
generalized procedure given will serve when
such notes are not avmlable

Curenits involved in alignment are the diss

criminator transfonner, 1-f transfarmers, osval-
lator coil, and r-f conl The discrimnator and
i-f coils are usnally permeability-tuned, this
means that tuning-shug adjustment s involved
The oscillator and r-f coils are usually capaci-
tor-tuned and are adjusted by means of tnm-
wmer capacitors.

When to realign. The techmaan, when
deciding whether or not to realign the fm
section of the receiver, 1s gurded by the symp-
toms of trouble and by his own purposes. The
receiver should not be realigned uniess, by a
process of eltmmation of canses for poor opera-

be abfc (0 focate the adustment serews amd
must know which circuits are being adgusted
In tlus regard, the wmanufacturer’s senijce
notes serve best. However, the followms
hints will be helpful where such nates are
nat available

The adjustment screws involved in align-
ment are those for the disenminator trane-
former, the f transformers, the oscillator
cof, and the r-f tuner. The diseriminatar trans-
former 1 the one that feeds the second de-
tector, whether of the Foster-Seeley or ratir
detector type

The discnmimator and i+ transfonners are
normally located wn metal cans on the top
wde of the chassis Moot frequently, therr
shug adjustment serews are Incated at the top
and bottom of the can This amangcment
necessitates setting, the recesser an B side
position o as to make both adptaents e
cesaible

The question arises
ot bottom, aligns the prman
winding of the transfonmers
preat importance eeept for ﬂ?

as to whch screw, top
or sevandin
Tas sc of ne

fmitator
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Defect
Weak sound
on all stations

v

Distortion

Noise

v

Motorboating

Intermittent
operation

T

Signal drifts

Possible cause
Defect in power supply
Weak audio tubes
Defective volume control
Defective speaker

Defect in i-f stage
Dirty function switch

Defective tubes

Low B voltage

Open filter capacitor
Misaligned f-m detector
Leaky stage coupling

capacitor

Misalignment

Loose connections
Defective tubes

Leaky bypass capacitors
Dirty tuning capacitor
Dirty function switch

Open filter capacitor
Open bypass capacitor
Open grid resistor
Poor ground connections
Poor lead dress

Befective tube

Loose connections

Dirt in tuning capacitor
Dirt in function switch
Poorly soldered connec-
fions

Intermittent open capaci-
tors

Intermittent open coils

Defective afc circuit
Defective oscillator circuit

Open or shorted compo-
nents in the afc tine

- v gt aa v

Test procedure
Check power-supply voltage
Check volume control
Check function switch
Check speaker c

Check voitages on i-f tubes
Check tubes

Check power-supply voltage
Check tubes

Check dstector alignment
Check coupling capacitors

Check tubes

Check tuning capacitor
Check function switch
Check bypass capacitors
Check alignment

Check power supply
Check iead dress
Check other possible
components

s e — -

Check components indicated

Check oscillator and afc stageé



General service notes. The serice informa-
tion just given was centered around tube
receivers. But most of it is equally applicable
to transistorized sets. The mput to transistor-
ized stages should be considered to be anal-
ogous to the input to tube stages for signal
check. When checking stages, normal tran-
sistor voltages should be substituted for nor-
mal tube voltages. Similar components o
defective in both cases. Draw upon service
knowledge given in the chapters on the port-
able transistor and transistor car radios for
defects and relate them to the information
given for the f-m tube radio.

ALIGNMENT OF F-M RECEIVERS

The aligning of a-m/f-m receivers takes on
the nature of a twofold job, because there 1s
an a-m function and an f-m function. Because
of the different frequencies nvolved, there
is no interaction between the two modes of
operation. As a result, the a-m section and f-m
section may be aligned separately.

The procedure for aligning the a-m section
is the same as that already given for a-m sets.
Aligning of the f-m section is performed with
the function switch in the f-m mode of opera-
tion. Although 1t is advisable to follow the

f: g fic ali; t notes, the
generahzed procedure given will serve when
such notes are not available.

Circuits involved in ahgnment are the dis-
cnminator transformer, i-f transformers, oscil-
lator coil, aud r-f coil. The discrimmator and
1f cols are usually permeability-tuned, this
means that tuning-slug adjustment is involved.
The oscillator and r-f coils are usually capaci-
tor-tuned and are adjusted by means of trim-
mer capacitors.

When to realign. The technician, when
deciding whether or not to realign the fm
section of the receiver, is guided by the symp-
toms of trouble and by his own purposes. The
receiver should not be realigned unless, by a
process of elimination of causes for poor opera-

SERVIONG F ey i SET

tion, that pocedure is shreaz 0 be pacma g
What syraprarme 10
aliznment® The siznal ¢F och cun posrtrm ven-

e

eral conditions. If the recener Sives 2o
sponse 1oz 107 e signal o2 temprmim
changing of ¢ arts Tavs
Some 1mprovers-eet, realimor < pndhear
H the modulated test uznal soand doge el
realignment is uz i indiested

Whenever a compinent of a terned e
replaced, it 1< usually ror
the technician to realizn
ahmument assures optimum perommaece.

Finally, the set may be reaizmed 1
undesired osaillation. However, el we yoo=
ceeding, be sure to subti rew =t
check for open bypass capeciters, and chech
lead dress carefully for unwanted coupiirz
of circuits.

Location of alignment adjustments. Before
attemr 1i the technician must
be able to locate the adjustment screws and
must know which circuits are being adpusted.
In this regard. the manufacturer’s service
notes sene best. However, the following
hints will be helpful where such notes are
not available.

The admustment screws imvolied jn align-
ment are those for the discrimmator trans-
former, the if transformers, the oscillator
conl, and the r-f tuner. The diseriminator trans-
former is the one that feeds the second de-
tector, whether of the Foster-Seeles or rati-
detector type

The discimimator and 1-f transformens ane
normally located i metal cams on the top
side of the chassis Most frequenthy, their
slug adjustment screws are Jocated at the top
and bottom of the can This arrangement
necessitates, setting the recerver on ats stde
posihon so as to make both adjustments ac-
cesaible

The questton anses as to which screw, top
or bottom, aligns the primary or secondary
winding of the transformers This s of no
great importance except for the discominator

toe alizemene
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transformer. Usually the primary coil adjust-
ment will be found at the top of the can. In
other cases, the primary adjustment screw
will be found by trial and error during the
alignment procedure.

If manufacturer's service notes are not
available, it would seem that confusion might
arise in determining which are the fm i-f
cans and which are the a-m i-{ cans. In some
cases, the cans have identifying labels. But
where such markings are not found, a simple
experiment will disclose which are which. As
part of the alignment procedure, feed a 10.7-
me test signal to the stage, and adjust the
aligning screw involved. If no effect appears
on the output indicator, then the i-f can be-
longs to the a-m section. The discriminator
transformer can is usually a little larger than
the other i-f cans .and nearest to the second
detector.

The rf and oscillator trimmer adjustment
screws are usually located on the ganged
tuning capacitor, in their appropriate sections
of the gang. Sometimes, the f-m oscillator

trimmer capacitor is found on the underside
of the chassis.

The top view of the chassis of our basic
a-m/f-m tuner is shown in Fig. 22-38. Learning
tube types and their functions aids in the job
of identification. Note the discriminator trans--
former nearest to the BGAL5 discriminator
tube. Note the third f-m i-f transformer to the
right of the 6AU6 second fom i-f amplifier

‘tube. The second f-m i-{ transformer is to the

right of the 6BAG first f~m i-f amplifier tube.
The frst f-m i-f transformer is closest to the
6US f-m mixer tube. The fm oscillator trim-
mer and f-m r-f trimmer aré located near the
tuning capacitors. The antenna transformer
is found near the 6U8 f-m r-f amplifier tube.

Alignment methods, There are two basic
techniques for aligning the f-m section of an
a-m/f~m receiver. Generally, manufacturers
list both methods in their serviee notes. One
procedure utilizes an a-m signal generator
and an output voltmeter. It is known as the
meter method and is somewhat like the stand-
ard a-m alignment procedure. The other

SHAFT ~TUNING St
214 & F-M ) s_Le‘;g/‘x
FLYWHEEL~ AL LIGHT “47 CIAL LIGHT 47 g -
VARIABLE i soriae
v e s
e
PULLEY 5' &%L J
DAL e
CQRD L
.i——m_.‘ -7?
m Atk ﬁ\ N .
FoM RF AuP/ "' N 919 .
T4 Wixen b::acnou i SW-1D F{G. 22-38. Location
S-W R-f TRIMANER ~SW-10 . .
T -of alignment adjust-
v“ . ments in the basic
.‘ a-mff-m tuner
A U 6 .
ANY GHAG A-N 1-F aup e US

2

o S
= B S
Nt o

19T F-M {-FAMD - 2MD F-u

i-F aup

OISC' \
mus SALS

b E D\scmumncy/‘éd S

3 Y
kN 92

[

-8
A ANTERfA

ANTEN‘JA




method, known as a visual shgnment pro-
cedure, utilizes a special type of signal gen-
erator, known as a sweep-signal generator,
with a cathode-ray oscilloscope as an output
indicator.

Both methods will d6 the job, However, the
visual alignment method 1s generally con-
sidered to be a more refined technique. The
procedure that is followed by the technician
will depend on the instruments available to
him. Both will be described in this chapter.

Egui ded for meter method. The
first requirement in the meter method 1s an
a-m signal generator with a frequency range
up to about 15 mc. Such a test instrument
takes care of the intermediate frequency of
107 me. Its harmomic content takes care of
any other frequency m the 88- to 108-mc
range. The usual test oscillator for servicing
a-m receivers may be used, although more
elaborate instruments like the Precision E-
200-C generator give better results.

The second requirement 1 the meter
method is a, vacuum-tube voltmeter or a
20,000-ohms-per-volt voltmeter. The meter
leads should terminate at one end with alli-
gator clips for ease in connecting to the various
test points.

Another alignment instrument recom-
mended for both methods of alignment is 2
recessed-nib serewdriver, such as the one
shown in Fig. 22-39A. The hollow screw-
drver fits over the adjustment screw which

Foaa .
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is then enmigr d by thsceean Jh s shoes
This tool 35 evtremeis aneful when alicr
permeabilits dened 0 f naaf e Pasts
suppliers Iist moue oher anmla henme
tools

Setting up for wicter ahcraent. When pre
pering to abwn the fon cccnon, place the z-
cerver on iy side properdy supparted. Thas
position enable < you to work from the top ard
bottom of the rcener without movd
For a-¢ recen ey, vonncct a preee of bardoug
between the sien il cenerstor and the receives
chassis, then run a conunection from the bond-
g to a gowd ground, hike a grounded water
pipe. This <ctup 15 shown in Fiz 22-3%5.

When pesforming the alicnment procedare,
it is most desirable that you connect the <et
to the power hine through an isolation trans-
former, particularly with an a-c’d- receiver.
However, if this test equipment is not avail-
able, you will have to connect the pround clip
of the signal generator to the chassis of the
a-c/d-c set through a 0.1-mfd, 400-volt paper
capacitor.

When using a 20,000-chms-per-volt meteras
the output indicator, an isolating resistor of
about 50,000 ohms should be connected in
series with the hot lead. This resistor prevents
the meter leads from affecting the circuit
under test. An 1solating-resistor chip lead like
the one shown in Fig. 22-39C 15 com enient.

The resistor clip lead 1s unnecessary when
using & vacuum-tube voltmeter, since these

FIG. 22-39. Meter
setup for {-m align-
ment.

300 ncssron
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A-M SIGNAL

: GENERATOR DISCRIM

FiG. 22-40. OQutput
meter connections for -
f-m discriminator align-
ment, : '

1]
1]

B A~

20,000 CHMS PER VOLT

WORKING 2E%D

. ‘ e
vours | I %»S’N‘MM’L%{, }

e e PN VY

DISCRIM

instruments are already equipped with an

isolating resistor located in the test prod of
the hot lead. Connections for both types of
instruments are shown in Fig, 22-40.

The hot lead of the signal generator must
always be connected in series with a dummy
antenna to the receiver. For i-f alignment
(i-f transformers and discriminator trans-
former), such an antenna is a 0.001-mfd, 600-
volt capacitor. For r-f alignment, the dummy
antenna is a 270-ohm, 1-watt resistor.

Aligning the basic tuner. The following
generalized f-m alignment procedure for our
basic a-m/f-m tuner may be adapted for use
with any other similar unit. Of course, where
a manufacturer’s specific notes are available,

w\““‘”‘\'\-f‘\g

2ERO ADIGST
) SCREVW

-G

follow those directions. Where both a-m and
f-m alignment are required, align the a-m
section first, as described earlier in the book.

Allow the set and the signal generator about
15 minutes to warm up with the selector
switch in the r-M position; do not use the
F-M/AFC position,

Limiter-discriminator receiver: i-f align-
ment. To align the i-f stages of an f-m receiver
with a limiter and discriminator, ‘align the
discriminator transformer first, then the lim-
iter, and then each Successive i-f stage working
back. Finally, repeat the complete procedure.
This will now be taken up, stage by stage.

Turn the tuning control of the tuner or re-
ceiver to a non-station position at the upper



end of the dial. Before proceeding, cansider
the circuit diagram of the limiter and dis-
enminator in Fig, 23-10. Resistors B-1 and -2
are the diode load resistors across which valt-
2ges are developed. Note the polarities of the
voltage drops across these resistors. This con-
diion exists because currents through them
from their junction point are in opposite di-
rections. When the primary coil of the dis-
criminator is properly aligred, the voltige
across either R-1 or R-2 1s as large as possible
when an unmodulated 10.7-me signal s fed
to the limiter grid,

When the secondary winding of the dis-
ctiminator fransformer is properly aligned,
the voltage drop across the two load resistors
is equal and opposite for the same signal as
above, Thus, if a voltmeter were connected
from point B to the ground, with the unmodu-
lated 10.7-me sigeal fed to the limuter gnd,
the reading would be zero. This measurement
and the one given just previously serve as the
basis for the alignment proceduse for the
discriminator transformer.

Feed 4 10,7-mc unmodulated wignal from
the gencrator to the hmiter gnd, as shown
in Fig. 2240A. The diagram shows the ac-
uum-tube voltmeter connected across Joad
resistor R-2 for alignment of primary winding
L-1. The cammon lead of the meter, as usual,
is connected to ground The hot lead goes to
negative point A, and the voltmeter function
switch is set to munus volts. Figure 22-408
shows the same setup when using a 20,000
ohms-per-volt voltmeter. Here, the negative
lead goes to point A and positive lead goes to
the ground. The resistor clip 1s 1 the negative
ead.

Now proceed to adsust the tuning-shug scres
of pnmary winding L-1 of the discnminator
transformer so as to get a peak readmg on the
voltmeter. Assume that the top adjustment
screw of the disenminator can 1s the pnimary
1 a normal peal cannot be obtamed. try the
other adjustment screw on the bottom of the
wan. 1t is good practice to Tock the control

SEFVIUING F o Fation A28

serew thiouch the pealincer smidiorsuing
anti! the true pe . 1< achiered,

Neat, aliza the duceuningor tronslormn ¢
secondary windine Shilt the Lot toltpeter
Tead from print.d o po’at B Adiue the tuntng
shug screve of <econdeny wapding L2 until
the voltmeter yeads 7000 To be sure that
this is the trme 2ora, roek the shug seren o
erther side of the zero Qn one side, the voll-
meter swings sharply up the scale with & negas
tive voltage. On the other side, the voltmeter
needle swings sharply down the scale with a
posttive voltare. Havinz established the two
meter swings, adjust the slug serew for zern
between the twn swing ponts,

In this step, it 1y desimble to have a solt-
meter with @ zero i the center of the scale.
1f such an mstrument 1s not avalable, a hitle
tricky manemver will suffice. Simply throw
the pointer of the unconnected voltmeter to a
convenient scale dnision hine by means of
the manual zero adjustment screw, This new
scale line may now be used as your working
zero Adjust the secondary winding aliznment
serew so as to bring the meter pointes to the
working zero. This indication is shown in
Fig 2-40C.

The thued step is alignment of the limiter
stage. The setup 1s shown in Fig, 22-414, The
10 7-me test signal s fed to the gnd of the i
amphifier tube before the himater, The hotvolt-
weter lead is connected to point C, the nega-
tive end of the himater gnd resistor Remember
to couple the signal generator lovsels to the
and and to turn down the attennator Then, by
means of the adiustment rocking proce dure,
ahgn -F transformer cotls £-3 and L04 by ad-
qusting each for a peab reading on the solt
meter. [t (v usual procedure to align the sec-
ondary co1l betore aligning the primany cnld
However, ue great harm results of the orders
reversed whenidentthcation 1s drdhenht

The remainder of the procedure s the ahgn-
ment of the 1-f <tages as shownn Fig 22-318
Throughout ahgnment of the 1-f stages  the
voltmeter s Jeft across the homter gnd re sistor
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Repedt the e

final touchnp a\ignment.

jous step:

the preY
vor audi

as was done 1N the previous step P\emem\)er
to couple he si nal generator loosely © the for
setand b turn the attenuator down. check to s€€ that the discrimin®
Feed th AF.me v odu\ated gignal to put is zexe-
the first 1 rid. Adjust the alignment slug L'\miter-discrim'mator—type recelver:
crews of i-f transformer and L6 10 the  1atof and r-f alignment. 1e f-m oscl
asual manner to get peak readings o9 the volt- aligned in 2 manner similar to that of t
meter gain, N0 great harm is e if the radio. Set the tuning control of the 1€¢
primary coil 18 ligned pefore the secondary Jbout 1086 me Leave the output Ve
coi%z e, b 6 the X o lead across the limiter grid resistor, as in
inally, siht \e signd generator hot 1edd vious step- eed ¢
‘1o the f-m mixe grid an peak i-f transforme? me o t\?e zmign:?au:::)?J?uiteg\?\g;
coils L7 a0 1-8 for maximum seading on the 09.-42. Note the dummy ar:telma resis
n the same manner as was done 0% 970 ohms in the hot lead of the s%
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FIG 22-42. Oscillator and r-f alignment

rator. Keep the generator output ata very low
cvel. Adjust the oscillator trimmer to give
eak output on the output voltmeter.
| If your signal generator does not go up to
08 mc, you can make the same adjustment by
elying on the harmomc output of the gen-
Tator. Adjust the tuning control of the tuner
0 104 mc, then adjust the signal generator for
n 8-me output, whose thirteenth harmonic is
04 me. Now adjust the oscillator timmer as
efore for peak output on the voltmeter.
There remain now the alignment of the r-f
immer and the f-m antenna transformer.
Vith the signal generator and the tuner set to
04 mc and the output meter in the same posi-
ons as before, adjust the r-f tnmmer (C-9 in
irt. 22-38) for maximum output meter reading
fake this adjustment while slowly rocking
'e receiver tuning control,

Finally, set the tuner to 96 me. Tune the

maumum output meter reading. Remember
that 1f your siznal gencrator does not run up
to 96 me, you can use the twelfth harmonic of
an 8-me signal. The tuner or receiver is now
completely realigned. A second quick align-
ment will make for greater accuracy.

Ratio-detector-type receiver: i-f alignment.
The procedure for realigning a mtio-detector
type of f-m receiver is essentially the same as
the hasic one just presented However, be-
cause of cireuit samations, the output volt-
meter must be connected at a diffesent point
for readings .

In the rahio detector, the diodes are con-
nected in senes through the load resistors
R-1 and R-2, as 1n Fig 2243 Current flans
m the same direction through these resistors.
As a result, the voltage drops across them do
not buck each other, but are additine

The voltage across these resistors 1s at a
when the 1-f amplifier and the pn-

gnal generator for an Julated output
 the same frequency, Now adjust the fm
itenna transformer (T-1 an Fig. 22-38) for

mary winding of the discominator  trans-
former are tuned to 107 mc Therefore, the
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vollage at point A, the ungrounded end of
the Joad resistors, may be used as the fest
point for alignment of the i-f trimmers and
the discriminator primary coil.

In the rain detector, the discriminator
sccondary coil is properly balanced when
the voltages in the two diode circuits arc
cgual for an unmodualated signal. This con-
dition may be measured by zero voltage be-
tween the tap for the audio output of the
detector and the shidpoint of the stabilizer
capacitor terminals. In Fig, 22-43, the audio
output tap is labeled point B, and the mid-
point or balance reference point is labeled
C. These points A, B, and C are important

alignment points in the ratio-detector type

of receiver.
There are several variations of the ratio

detector, especially where some manufac-

turers use point A as the source of negative
age voltage. These are shown in Fig. 22-44,
with points A, B, and C indicated on each.

In some cireuits, like that in Fig. 22-44B,
the load resistors across the stabilizer ca-
pacitor are not fwo resistors with equal re-
sistance. Instead, a single resistor is used.
In that case, to get the balance reference point,
temporarily solder two resistors of about
100,000 ohms each across stabilizer capacitor
C-1, and use the middle junetion. The resis-

P UV

[RPOW

FIG. 22-43. Oatput.

meter connections for
a-ratio detectar.

FIG. 22-44. -Output ~ |
meter connections for
variations' of the ratio -
detector circuit. =~




tor connections are indicated by the dotted
lines in the diagram. Remove the resistors
after the discriminator alignment.

Begin by connecting the voltmeter witl) the
hot lead to point A and the other to the ground.
Observe proper polanty for that point. Such
a connpection is shown in the diagram of Fig
22-43. Turn the receiver tuning capacitor to
the fully OPEN position and turn the afc switch,
if present, to the orF position. Loosely couple
the signal generator to the second f-n i-f tube
gnd, and feed in an unmodulated signal at 10,7
me, Adjust the tuning slug ahgnment serew of
discriminator transformer primary coil L-3
so as to get a peak reading on the voltmeter.

Now shift the voltmeter, so that one lead
goes to the balance reference point C and
the other to a-f output point B. Such a con-
nection is shown in Fig, 22-44B. Adjust the
tuning slug alignment screw of secondary
winding L-2 50 as to get a zero reading on
the voltmeter. The diseriminator translormer
is now properly aligned

The remainder of the procedure is align-
ment of the i-f stages. Throughont the align-
ment of these stages, the voltmeter is left
connected from point A to the ground Refer
to Fig, 2245, Feed a 10.7-me¢ unmodulated
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test signal to the first ae/fery Jnte i dy oy -
frequency amplifier tube pod, Taose ly cutpded
with the attenuator down Adpst thee teranz
slug abignment sorews of i-f tandfosmer voud.
gy Lot and L5 s0 a8 to e goeab teadinss
on the voltmater,

Nea, feed the signal to the o mive r gngel,
with lomse couphng and with the atte pnater
dowa  Adpst the tuning Jag whoee st
screws of if trasformer windsngs LA el
L7 5o as o give peak reading< on the valte
meter, Repeat the entire procedare for fin
touchup aligmnent.

Ratio-detector-type reeeiver: oscillator and
r-f alignment. The alignment of the ovall dor
and rf stages soidentical with thst of the
limiter-disenminator type of recriver The
only difference is that the voltmeter 15 kept
conuected from point A to the grannd, The os-
cillator trimmer and mixer tnmmes sre peaked
as usual, with the unmodulated test siznad fed
to the antenna input. The seceiver is now come
pletely realigned,

Equi far visual t. In svisual
alignment, the sweep generator replaces the
a-m signal generatos as the source of test
signal and the oscilloscope replaces the solt
meter as the autput indicator. Essenbally,

FIG. 22-45. Alignmery
¢f the i-f amphfierina
receiver using a relo
detector.
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the same test points are used for alignment
in both methods,

Most manufacturers, in their service notes,
confine the visual-alignment procedure to
that for the discriminator and i-f stages,
For the oscillator and r-f stages, the standard

meter method is followed. That will be the.

plan in this book, even though the oscillo-
scope method could be used for the Iatter
stages. Now, let us familiarize ourselves
with the visual-alignment test instruments.

Sweep-frequency signal generator. This
instrument is often called an fom signal
generator, There are many varieties of sweep
generator to serve many purposes. It is ad-
visable to read the manufacturer’s service
notes to learn how to use a particular instru-
ment.

To explain f-m alignment, we shall assume
that the sweep generator has the controls
shown in Fig. 29-46. At the upper right
is the r-f control which selects the center
frequency of the fm output., This frequency-

i
5y |
5

L2

modulated r-f output is obtained at the leads
of the shield cable connected to the R-F
OUTPUT jack. The lead connected to the shield
is the ground lead. The magnitude of output
voltage is controlled by the R-F GAIN control —
our familiar attenuator.

The modulation, when the MOD switch is in
the ON position, is an internal 60-cycle
voltage. It causes the fm carrier (shown at
10.7 mc) to deviate above and below the
center frequency 60 times a second. This
modulating voltage is tapped at the a-r
60 cps jack by means of a shielded cable
for connection ta the oscilloscope. Again,
the shield lead is the ground lead. The
frequency deviation of the f-m carrier is de-
termined by the amplitude of the 60-cycle
modulating voltage. This amplitude is con-
trolled by the swegp control, which is cali-
brated in frequency deviation. For fm
alignment, a frequency sweep or deviation
will be 225 ke on each side of the carrier.

The PHASING contro] is a built-in phase-



shifting network to aveid double images on
the oscilloscope. By adjusting this control,
double images tend to be superimposed upon
cach other to produce a single image.

The MARKER contro] (upper left) is used to
locate the frequency af the center of a trace
on the ovcilloscope. It is a separate rof os-
cillator whose frequency is selected by the
control knob. Its output is through the ¥-a
R-F OUTPUT cable. Below the MARKER control
is the MARKER GAIN control, In its OFF posi-
tion, it removes matker voltage from the
output. As the knob s turned clockwise, the
voltage of the marker signal is increased.

To summarize, the sweep generator, as used
for f-m abgnment, produces an r-f camrier
voltage at 10.7 me, deviating 225 ke on each
side of 107 me. This deviation swing is re-
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FIG. 22-47 Typlcal contro|s on a cathode-ray
oscilloscope.
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peated GO times a second. The 60-cycJe mod-
ulation voltage is brought out through a sep-
arate cable for conneetion to an oscilloscope.

Cathode-ray oscilloscope. The oscilloscope,
like the sweep genentor, evists 1n a variety
of forms, For any specific instrument, the
manufacturer’s service notes should be read
carefully. An oscilloscape will have the con-
trols shown in Fig. 2247 in one form or
another.

The heart of the oseiloscope is the cathode-
rav tube. In this tube, a stream of electrons
from a cathode is made to focus to a fine dot
on the face of the tube. The face is coated
on the inner side with a fluorescent phosphor
which glows when hit by the electron stream.

The eleetron stream, on its way to the face,
passes through two sets of plates known as
deflection plates, A front view of these plates
is shown in Fig. 22-48A. The pair above and
below the stream are known as the vertical
deflecting plates. The pair on cach side of
the stream are known as the horizontal de-
flecting plates. By applying a voltage to the
vertical deflection plates, the efectron stream
is deflected up or down. As a result, the dot s
similarly deflected on the screen. If rapid
pulses of voltage arc applied to the vertical
plates, the dot will move up or down rapidly.
When this movement is rapid enough, per-
sistence of vision will make the dot appear
to be a continuous vertical line, as shown in
Fig. 22-488B

Similarly, applymng a voltage to the hori-
zontal plates moves the dot to the nght or
left on the screen If veny rapid pulses of
voltage are apphed to lIIcSL plates, the dot

tobea ! line.

If voltages are applied to the honzoutal
plates at the same time as voltages are applied
to the vertical plates, the dot takes positions
up and down and to the night and left If the
pulse voltages apphied to the plates are rapid
and repeat themselves, a figure appears on the
screen That 1s what happens 1n ahgnment
work
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The face or screen of the cathode-ray tube
is on the front panel of the oscilloscope.
The face is often covered with a cross-section
sereen, as an aid in judging the trace image.

At the top right corner of the oscilloscope is
the horizontal centering control, used to move
the image to the right or left of the sereen.
Opposite it is the vertical conteving control,
used to move the image up or down on the
sereen.

The INTENSITY control makes the image
brighter or fainter. Usually, it is toned down
to increase the life of the cathode-ray tube.

The FOCUS control is used to make the image
sharper, if it is blurred.

At the bottom on the left are two input
terminals, marked VERT INPUT. Signal volt
ages are fed through these terminals to the
vertical deflection plates of the cathode-ray
tube. One of these terminals is a ground
terminal. Since signal voltages fed to them are
usually not strong enough to give enough ver-
tical deflection, an internal vertical amplifier
is included in the instument. The kuoh
marked VERT aMP controls the gain of this
amplifier.

-, Similarly, signal voltages are fed to the
Yrizontal deflection plates through the Horiz
JPUT terminals. Again, an internal horizontal

amplifier is included to give greater hori-

zontal deflection. Its gain is controlled by
means of the HORIZ AMP knob.

There is an internal synchronizing vscillator
u the oscilloscope which feeds pulse voltage
o the horizontal plates to produce a regular
nd vepeated horizontal deflection or sweep
f the fluorescent dot. When the SYNC SELEC-
‘OB switch is in its EXT position, it becomes
ossible to use an external pulse voltage to
ive the repeated horizontal sweep. Thus, we
an use the 60-cycle modulating voltage from a
weep generator to give the synchronizing
veep to the oscilloscope. The external pulse
oltage is fed to the horizontal plates of the
istrument,

Setting up for visual alignment, With the

brief description of the test instruments just
given, we arc now prepured to set up the
equipment for visual alignment of the i-f sec-
tion of the f-m receiver. Refer to Fig. 22-49.
Place the receiver on its side, properly
supported, so that the top and bottom of the
chassis are readily accessible for connection
and adjustment. Then, ground both test in-
struments by running a bond jumper from a
metal screw on the test instrument chassis to
a ground, like a cold-water pipe. Turn on the |
yeceiver, sweep generator, and oscilloscope
for a 15-minute warmup hefore beginning the
alignment procedure. If an afc control is pres-
ent, turn it off, ’
Comnect the 60-cycle modulation output

P B e e et e e e
3
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H

FIG. 22-48, How the beam is deflectéa ;'n a. cath-
ode-ray tube.



from the sweep generator to the horizontal
input terminals of the oscilloscope by means
of the generator cable. Be sure to connect
the ground terminal of the cable to the ground
terminal of the oscilloscope. Sct the frequency
control of the generator to 10 7 me, set the
modulation switch to its ON position, and turmn
the sweep control to a frequency deviation of
450 ke. Adjust the marker dial to 10.7 mc and
turn its gain control down to zero.

On the oscilloscope, set the SYNC SELEC-
TOR switch to sts EXT posiion A honzontal
trace line now appears on the screen. If the
line is displaced from center, adjust it by
means of the centenng controls. Adjust the
FOCUS cantrol so as to get a sharp unblurred
line. Turn the INTENSITY control down so as
to get a trace that 1s bright enough to see but
not so bright as to damage the screen. And
finally, if the horizontal hine is too narrow,
spread it horizontally by adjusting the HORrIZ
AMP control We are now ready for the align-
ment.

Limiter-discriminator type receiver: i-f
alignment. Connect the ground leads of the
sweep and the oscilloscope to the
receiver chassis. Feed the 10.7-mc signal to

SERVICING F M Raymins 399
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SKEED CEMIFAT.

FIG 2242 Setup fer
visu’ zlignmont

the second i-f grid through 2 0 001-infd ca-
pacitor serving as a dummy antenna Connect
the vertical hot lead of the osailloscope to
the hot end of the limster grid resistor through
a 22,000-chm resistor. The setup 1s iflustrated
in Fig. 22-504.

If the i-f transformers are considerably out
of alignment, there may be no indication
other than that of the horizontal trace line.
Turn up the R-F GAIN control of the generator
and the VERT a\P control of the oscilloscope
until some sort of small pip appears on the
screen. To determine tf this pip is at 10.7
mec, set the marker frequency control of the
generator at 10.7, and tum up the MARKER
GAIN control. A hash marker response will
appear on the screen at the 10.7-mc position.
If alignment 1s very poor, the marher ha.sh
and the response cunve peak will not coin-
c1de, as shown in Fig. 22-50B.

Adjust the r-f frequency control of the gen-
erator to bring the marker hash to the center
of the screen. Now adjust the alignment stug
-f transformer coils L3 an'd L4
to increase the peaking of the responsc imaze
and to more nearly center it on the 10.7-mc
marker hash, as shown 1~ Fie 22-50C.

screws for s
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The face or screen of the cathode-ray tube
iv on the front pancl of the oscilloscope.
The face is often covered with a cross-section
sereen, as an aid in judging the trace image.

At the top right corner of the oscilloscope is
the horizontal centering control, used to move
the image to the right or left of the screen.
Opposite it is the vertical centering control,
used to move the image up or down on the
screen,

The INTENSITY control makes the image
brighter or fainter. Usually, it is toned down
to increase the life of the cathode-ray tube.
The FOCUS control is used to make the image
sharper, if it is blurred.

At the bottom on the left ave two input
terminals, marked VERT iNpUT. Signal volt-
ages are fed through these terminals to the
vertical deflection plates of the cathode-ray
{ube. One of these terminals is a ground
terminal. Since signal voltages fed to them are
usually not strong enough to give enough ver-
tical deflection, an internal vertical amplifier
is included in the instrument. The knob
marked VERT AMP controls the gain of this
amplifier.

Similarly, signal voltages are fed to the
horizontal deflection plates through the HorizZ
INPUT terminals, Again, an internal horizontal
amplifier is included to give greater hori-
zontal deflection. Its gain is controlled by
means of the HORIZ AMP knob.

There is an internal synchronizing oscillator
in the oscilloscope which feeds pulse voltage
to the horizontal plates to produce a regular
and repeated horizontal deflection or sweep
of the fluorescent dot. When the SYNC SELEC-
TOR switch is in its EXT position, it becomes
possible to use an external pulse voltage to
give the repeated horizontal sweep, Thus, we
can use the 60-cyele modulating voltage from a
sweep generator to give the svnchronizing
sweep to the oscilloscope. The external pulse
voltage is fed to the horizontal plates of the
instrument,

Setting up for visual alignment. With the

FIG. 22-48. How the beam is deflected in aH(:»a‘th-

brief description of the test instruments just
given, we are now prepared to set up the
equipment for visual alignment of the i-f sec-
tion of the f-m receiver, Refer to Fig, 22-49,

Place the receiver on its side, properly
supported, so that the top and bottom of the
chassis are readily accessible for connection
and adjustment. Then, ground both test in-
struments by running a bond jumper from a
metal screw on the test instrument chassis to
a ground, like a cold-water pipe. Turn on the
receiver, sweep generalor, and oscilloscope
for a 15-minute warmup before beginning the
alignment procedure. If an afc control is pres-
ent, turn it ofl,

Connect the 60-cycle modulation output

HIEEIE

ode-ray tube,



BOND TO COLD
WATER PIPE
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from the sweep generator to the honzontal
input termmals of the oscilloscope by means
of the generator cable Be sure to connect
the ground terminal of the cable to the ground
terminal of the oscilloscope Set the frequency
control of the generator to 10.7 mc, set the
modulation switch to 1ts ON position, and turn
the sweep control to a frequency deviation of
450 ke Ad)just the marker dial to 10 7 mc and
turn its gam control down to zero.

On the oscilloscope, set the SYNC SELEC-
TOR switch to 1ts EXT position A honzontal
trace line now appears on the screen If the
line 1s displaced from center, adjust 1t by
means of the centering controls Adjust the
FOCUS control so as to get a sharp unblurred
line. Turn the INTENSITY control down so as
to get a trace that 1s bnight enough to see but
not so bnght as to damage the screen And
finally, if the honzontal hine 1s too narrow,
spread it horizontally by adjusting the HoRriZ
AMP control. We are now ready for the align-
ment

Limiter-discriminator type receiver: i.f
alignment. Connect the ground leads of the
sweep generator and the oscilloscope to the
recerver chassis. Feed the 10.7-mc signal to

RCEMVER -
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SWEED GEXIRATOR

FIG 22-49. Setup fer
visual alignment.

the second i-f gnid through a 0 001-mfd ca-
pacttor serving as a dummy antenna Connect
the vertical hot lead of the escilloscope o
the hot end of the limiter grid resistor throngh
a 22,000-ohm resistor. The setup is Mustrated
mn Fig. 22-504

If the i-f transformers are considerably out
of alignment, there may be no indication
other than that of the honzontal trace line.
Turn up the R-F GALN control of the generator
and the VERT AMP control of the oscilloscope
until some sort of small pip appears on the
screen To determine if this pip is at 107
me, set the marher frequency control of the
generator at 107, and turn up the MARKER
CAIN control A hash marker response will
appear on the screen at the 10.7-me position.
If alignment 1s very poor, the marker hzfsh
and the response curve peak will not cain-
cide, as shown n Fig 22-508.

Adjust the r-f frequency control of the gen-
erator to bring the marker hash to the eentes
of the screen Now adyust the alignment shig
screws for 1-f transformer coils L3 ﬂn'd b—i
to inerease the peaking of the response imMage
and to more nearly center it on the 10.7-mc
marker hash, as shown in Fig 22-50C.
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MARKER HASH

_If a double response curve appears on the
* gcreen, adjust the PHASING control of the sig-
nal generator to get a single image.

The lopsided curve of Fig. 22-50C indicates
arough alignment where the alignment screws
are close to their correct settings at 10.7 me.
Turmn down the marker gain, and slightly re-
touch each screw so as to get the symmetrical
curve of Fig. 22-50D. To make sure that the
response curve centers at 10.7 me, turn up
the generator MARKER GAIN control, and see
if the hash is at the center of the response
curve, as shown in Fig. 22-50E,

Now move the hot lead of the signal gen-
erator to the grid of the first i-f tube, as shown
in Fig. 22-51A. If coils L-5 and L-6 are way out
of alignment, the trace might be shorter and
broader than when last viewed, and the sym-
metry could be poor, as seen in Fig. 22-51B.
Adjust the tuning slug screws for i-f trans-

FIG. 22-50. Visual
atignment of the fim-
iter stage.

former coils L-5 and L-6 for peak height and
symmetry, as shown in Fig. 22-51C. When
the trace gets too large, reduce the R-F GAIN
control of the generator to keep it on the
screen, The final trace should not be as broad
as the peak trace (Fig. 22-50D) for the second
i-f stage. Finally, check centering by turning
up the MARKER GAIN control. The marker
hash should appear as shown in Fig. 22-51D.

Next, shift the hot lead of the signal gen-
erator to the grid of the fm mixer tube, as
shown in Fig. 22-52. The vertical input lead
of the oscilloscope is still at the limiter grid
resistor. Adjust the alignment screws of input
i-f transformer coils L-7 and L-8, by the same
procedure, for maximum height and sym-
metry. The final response curve will be even
less broad than that of Fig. 22-51C.

The discriminator stage is now ready for
alignment. Shift the hot probe of the vertical
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nput of the oscilloscope to audio output pornt
B of the discnminator, as shown m Fig 22-
534 Adpst the alignment tuning slug screw
for the secondary of discniminator transformer
L2 until vou get a trace like that shown i
Fig 22-33B, then adpst the prinany screw
of coil L-1 for peak amphtude Retouch both
adpastment screws <o as to get ssmimetry of
the curnve ay shown n Fie 22-338 The center
slant trace should be straght, and the upper
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FiG, 2251, Visual
algnment of the sec-
ond §-f stage
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and lower peaks should be equal in height.
Finally, check that 107 me is in the center
of the trace, by turming up the MARKER GAIN
coutrol  The marher hash should appear as
shown in Fig 22-53C

The f section of the f-m receiver 15 now
campletels alimed As previously stated, the
r-f ahgnment 1s preferably performed by the
output meter methad

Ratio-detector type receiver: i-f alignment,

0 LR
WSSTR YFIG 2252, Visual
ahgnment of the first
i-f stage.
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If a double response curve appears on the

. screen, adjust the PHASING control of the sxg—

nal generator to get a single image.

The lopsided curve of Fig. 22-50C indicates
arough alignment where the alignment screws
are close to their correct settings at 10.7 mec.
Turn down the marker gain, and slightly re-
touch each screw so as to get the symmetrical
curve of Fig. 22-50D. To make sure that the
response curve centers at 10.7 me, turn up
the generator MARKER GAIN control, and see
if the hash is at the center of the response
curve, as shown in Fig. 29-30E.

Now move the hot lead of the signal gen-
erator to the grid of the first i-f tube, as shown
in Fig. 22-51A. If coils L-5 and L-6 are way out
of alignment, the trace might be shorter and
broader than when last viewed, and the sym-
metry could be poor, as seen in Fig. 22-51B.
Adjust the tuning slug screws for i-f trans-

FIG. 22-50. Visual ,
alignment of the lim- = - ¢
iter stage.

former coils L-5 and L-6 for peak height and
symmetry, as shown in Fig. 22-51C. When
the trace gets too large, reduce the R-F GAIN
control of the generator to keep it on the
screen. The final trace should not be as broad
as the peak trace (Fig. 22-50D) for the second
i-f stage. Finally, check centering by turning
up the MARKER GAIN control. The marker
hash should appear as shown in Fig. 22-51D.

Next, shift the hot lead of the signal gen-
erator to the grid of the f-m mixer tube, as
shown in Fig. 22-52. The vertical input lead
of the oscilloscope is still at the limiter grid
resistor. Adjust the alignment screws of input
i-{ transformer coils L-7 and L-8, by the same
procedure, for maximum height and sym-
metry. The final response curve will be even
less broad than that of Fig. 22-51C.

The discriminator stage is now ready for
alignment. Shift the hot probe of the vertical
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input of the oscilloscope to audio output point
B of the discriminator, as shown in Fig 23-
53A. Adjust the alignment tuning slug screw
for the secondary of discnminator transformer
L-2 until you get a trace like that shown in
Fig 22-53B; then adjust the primary screw’
of coil L-1 for peak amplitude. Betouch both
adjustment screws so as to get symmetry of
the curve as shown in Fig. 22-53B. The center
slant trace should be straight, and the npper
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FIG  22.51  Visual
algnment of the sec.
end i-f stage
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and lower peaks should be equal in height.
Finally, chech that 107 me is in the center
of the trace, by turming up the MARKER CAIN
control. The marker hash should appear as
shown in Fig 22-53C.

The 1f section of the f-m receiver is now
completely aligned As previously stated, the
r-f alignment is preferably performed by the
output meter method.

Ratio-detector type receiver: i-f alignment.

FIG. 2282 Wisual
{ahgnment of the first
f stage
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tabe geid through a 0.001-mfd capacitor-type
dummy antenna. Tum vp the marker gaun un-
til the matker trace is visible, Adjnst the aliza-
ment serew of primary winding L-2 of the dis-.
criminator transformer to center the response
curve on the marker hash; then turn off the
marker signal and retouch the primary adjust-
ment for height and symmetry. The trace
should appear as in Fig 22-50D.

shift the hot lead of the gencrator to the
gnd of the a-m/fm if tube and adjust the
alignment screws of the i-f transformer be-
tween that tube and the second f-m i-f tube to
get a peak response like that of Fig, 22-51C,
Again check center frequency by means of
the marker signal.

Now shift the generator hot lead to the f-m
mixer grid. Adjvst the ahgnment screws of
the first +f transformer (between the mixer
and the a-m/E-m -f tube), ta get a peaked and
symmetrical trace. Check again with the
marker signal.

R t stabil itor C-1. Connect

the hot lead of the vertical input of the oscil-
lascope to point B, the audio output point
Feed the 10 7-mc signal to the mixer gnd.
Adjust the alignment screw of secondary wind-
ing £-1 of the discnminator transformer sa as
to get the § curve of Fig. 22-53B. By means
of the marker, check to sce that the center of
this trace 15 at 10,7 me Shut off the marker
signal and shightly retouch the aligning serew
of pnmary winding L-2 1o get a peak trace
with a straight cemer-stant hne. The align-
ment of the i-f section 15 now complete:

Aligning the multiplex decoder. The lack
of standardization of design of multiplex de-
cadess makes it cafficult to present a sindle
alignment procedure. At this stage of IJL'VCX()]"r
ment, 1t 1s best to refer to the manufacturers
notes on the step-by-step alignment of a stereo
set. However, there are some general pro-
cedures in any multiplex decoder alignment.
First, in every case, the maximum strength
of the 19-ke pilot signal 15 desirable. Second.
the maximum output of the 38-ke subearrier

SERVICING P anuny 403
for reiusertian Iy desleed, Died, wes want yosend
separtition of Loand R signas, Apd Lt we
st no anterference from SCA sialy, ‘

Alhough these tests wonld best b e
with 2 stereo sfgnal georrator th it cauldd
duplicate @ comygrnite stereo dgnal, caerent
cost of that test instrument wonld not warrmt
its purchase for o Bmied serviee tntrked,
Therclore, a sunpler procedure will he priee
sented, Reference will be made to Qe ttsic
type decoder shown in Iy, 2255,

Tusn on the set far about 15 sunutes for
warm-up time, Then conneet & vacmn tnhe
voltmeter to either the L ar R output teaningd
aud ground, With an audio oseillatos, fred 4
0-ke signal ta the Inpat of the decoder (point
A) of such magnitude a4 o give o D30kt
reading an the voltmeter. Adpst the core of
coil T-3, the 19-ke tuned inpat of the 10Ae
osallatar untfl a stight ficker appears on the
voltmeter, therehy Intheating that synchin.
nization with the 38-ke output i« correct. Then
adpust the core of 7-5, the coi) of the tuned
I8-ke output, for maximum reading on the
voltmeter.

We now trn to adjustment of the L-H dy-
cuit and the 67-ke SCA reject Hlter, Place
a gumper from the grid end of cott 723 (point
B} to ground to disable the owillator, -
adyust the ando oscillator to a frequency of
27 ke and peak coil T4, the bandpass filter,
for maximum reading on the voltneter. Then
readgust the audin osellator far a frequency
of 67 ke and adpst cosd T2 of the ATbe 1o
ject filter for a minimam volttneter reading,
Remove the jumper from the oscillator,

Now tune in for @ stereo station beoadeat.
1t 15 advisable, if the station does not an-
pounce that the broadeast is a sterco one, to
call the station to verify that it is. 3 a et
mote is heard steadily, it is an indication that
the osellator ix still oot Jocked in with the
yransmitted 19-ke pilot signalFomch up thee
cose of cuil T-3 once azaln ur
disappears ’

The last steps are enmueom

/
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of L and R signals. Some stations
transmit test signals in which only L, and
then only R, signals are broadcast. When this
is 50, adjust low-pass iter coil T-1 and sep-
aration control R-B for desired maximum
separation. If the station does not transmit
the test signals, proper sepasation will have to
be judged by ear.
The alignment procedure descnibed above
may be adapted to any matnx decoder. With
the switching type decoder, the ali 15
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receiver and allow it to warm up for about
15 minutes; tune in to an fm sterco program
Then connect a vacuum-tube voltmeter {n
the output of the 19-ke amplifier. Adynst the
input and output coils of the amplifier for
mauimum output on the voltmeter. Now
mave the coltmeter to the L or R output
terminal and adjust the 3S-ke autput for
maxinum reading on the voltmeter. Connect
the voltmeter back to the ontput of the 19-¢

lifier and adjust the input to this am-

quite similar. Of course, in this latter type,
the composite stereo signal is handled as a
unity without separation of the L+ R and
L~ R components, Since the L+ R is unaf-
fected by the switching voltage, it is always
fully recovered. But any misalignment of any
19 or 38-ke tuned circwits reduces the amount
of d L— R. Therefc li can-~
sists in adjusting those tuned ewreuts.

The following procedure 1s one for align-
ing the swatching type decoder Turn on the

1. An a-m/f-m recewver operates on a-m, but
not on fm, Plate voltages are normal
What 1s the likely sousce of trouble?

2. Describe how you would tune 1n a station
on an fm recewver when you desire afe
operation

3. What precautions with regard to lead
dress should be taken when replacing a
component m an f-m recewver? What de-
fects mmght result from wmproper lead
dress?

4. Explain the action of a limiter stage.

QUESTIONS

plifier for maximum scparation of B and I
signals,

The station test signal is once agam use-
ful in this adjustment When this adjust-
ment is complete, the voltmeter should he
near peak reachng. I a beat note 15 heard,
touch up the tuning circuits of the 19-kc am-
phifier slightly. Finally, adjust the separa-
tion control for maximum separation. The 67-
ke SCA trap is adjusted as with the matrix de-
coder.

5. How would you quickly locate a defective
stage n an f-m receiver?

6. An f-m stereo receiver has poor channel

separation. How would you proceed to

remedy this defect?

State the general procedure for aligmng

a maltiplex decoder.

8. A recewer, wn the f-m position, squeals
when stations are tuned 1 A voltmeter
check discloses a voltage at the f-m him.
iter gnd with no signal nput. What causes
the defect? How would you remedy it?

=



The preceding chapters of this book have
analyzed each stage of the receiver and dis-
enssed troubles that might arise from defec-
tive components within each stage. The em-
phasis has been primarily on defects that
praduce no reception ov weak reception,

However, when a defective receiver is
brought in for servicing, the defective stage
is not usually self-evident. It is therefore
necessiry o present an overall servicing
procedure for tracking down tronbles. In
addition, other defeets, like hum, distortion,
motorboating, modulation hum, noise, and
intermittent  operation, which have been
treated incidentally, require an overall ap-
proach. It is the purpose of this chapter to
present such an inclusive procedure for all
the defeets listed.

SERVICING PROCEDURE FOR
NG RECEPTION

When the complaint i8 “no veception,”
the trouble may be caused by breakdown of
almost any component throughowt the re-
ceiver signal chain, For the beginner or
servicing  apprentice, a routine check of
tubes, followed by a routine voltage check,
is a good approach. Bul it is too time-con-
suming for the more experienced technician,
who will begin with a routine signal check,

ADR

The following steps represent the more ex-
perienced approach:

1. Check the power supply. The technician
will ask himself various questions with re-
speet o the inoperative receiver. Do all the
tubes in the receiver light or warm up? Is
there any sign of unusual overheating? Is
the hum excessive? Does B+ measure its
normal 200 to 300 volts for an a-c receiver,
or its normal 100 volts for an a-c¢/d-c receiver?
If the answers to these questions are those
applicable to a normal receiver, he proceeds
to the next stage. If not, there is trouble in
the power supply and it must be found.

The canses for lack of receiver reception
originating in the power supply are listed as
follows:

Open fusible resistor

Open line fuse

Defective line switeh

Defective line cord

Open power transformer primary
Dead rectifier

Open filter choke or filter resistor  «
Filter choke winding that shorts to
chassis

Shorted filter capacitors

Short in the B+ line

Open voltage divider resistor

Open heater in an a-c/d-c receiver




2. Check the speaker ¥ the power supply
checks perfect, the speaker comes up for
wspection. To check ats normal operation,
momentarily unseat the second a-f tube, If
a foud click is heard in the speaker, the lat-
ter is not the cause of inoperation, and the
technician goes on to the next check.

If the click is not heard, the speaker may be
defective in some respect. Possible causes for
inoperation onginating in the speaker or
associated circuits are:

Open speaker vaice cail

Open speaker voice-cail leads
QOpen output-transformer primary
Dead second a-f tube
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reception Is in the first af stage and ity aysoci-
ated parts. Such possible ciumses are,

Dead first a-f tulye

Open coupling capacitor in the grul ar
plate circuit

Open volume control

Volume-contral lug sharting ta chassis
Short in grid wiring (hielding)

Open cathade sell-buw resistar

5. Check the detector stage. The detector
stage s the next chedd when all prisious
check results are nonmal, A modudated sianal
at the intermediate frequency of the reeeives
is fed to the grid of the -f tube. §f the signal-

3. Check the second a-f stage. If the speaker
is working, the technician proceeds to check
the second a-f stage A plugged-in soldering
too) is applied to the signal grid pin of the
second a-f tube. IT a low growl is heard in
the speaker, the stage is all night, and the
next stage is checked.

If the growl is not heard, the trouble 15 1n
the second a-f stage, which 1s then subjected
to a voltage and resistance check to localize
the cause of the trouble Causes of lack of
recerver reception onginating m the second
a-f stage are as follows

Dead secnnd a-f tube

Qpen output-transformer pnimary
Shorted plate bypass capacitor
Open cathade self-bias resistar

4. Check the first a-f stage With all pre-
vious checks showing normal conditions, the
technician proceeds to check the fist af
stage. When a plugged-in soldering ool 1s
touched to the ungrounded end of the vol-
ume contral, a very steong growd should
naormally be heard ta the speaker. If 1t 1s heard,
the technician may go on to check the next
stazee in the signal chain,

If the growl is not heard, the cause of no

generat Tl note is heard ju the
speaker as the generator frequency contiol
is wobbled around the intenmediste fre-
quency, the detector is alt npht. The tech-
nician then goes on to cheeh the i-f amplifier
stagre, With due regard for the different in-
termediate frequency invohved, the same
signal check will work for f-m recelvers

If the modulation note is not heard, the
trouble 15 in the detector stage or the i-ftube
Possible causes of receiver toperation here
are.

Dead «f amplifier tube
Shorted gnd arewt in the i-f tube
Open or shorted plate, screen, or cath-
ode tn the 1-f tube crrenit
Defective output 1f transformer:

a Open windings

b Shosted tnmmers

¢ Leads shorting to the shield can
Defective detector tobe
Open volume contro
Misalignment of the of transformer

6 Check the 1-f stage When the modnfaed
stgnal-genetator output 1s fed v the contro}
gnd of the i-f}uh(- and st pote W] carz an
dicating nonm tur operst P
lead s shifte” r znd
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verter. 1f the note is now heard at greatly
increased volume, the mixer dnd i-f amplifier
are functioning. The technician then proceeds
to cheek the oscillntor of the converter.

If the signal-generator note is not heard
when the “hot” lead is applied to the mixer
grid, the following factors may be defective:

Dead mixer {(converter) tube
Shorted mixer grid circuit {(tuning ca-
pacitor)
Shorted or open plate, screen, or cath-
ade circuits in the mixer civeuit
Defective input i-f transformer:

a. Open windings

B. Shorted trimmers

¢. Leads shorting to the shield can
Misalignment

7. Check the oscillator circuit of the con-
verfer. Alter the signal-generator oulput is
fed at the intermediate frequency of the re-
ceiver to the mixer grid and its note is heard,
the receiver dial is set near the low-frequency
end of its tuning range. The signal-generator
frequency control is then wobbled hack and
forth around this frequency. If the note is now
heard at about the same volume as the former
modulated i-f signal, the oscillator circwit is
functioning, and the technician proceeds to
the next check.

If the modulation note from the gencrator
is not heard, the oscillator cireuit is inopera-
tive. Possible causes are:

Defective oscillator (converter) tube
Open oscillator coil

Short or resistance in the oscillator
section of the gang tuning capacitors
Defective oscillator padder capacitor
Defective oscillator grid capacitor
Defective oscillator grid resistor

8. Check the mixer circuit of the converier.
If the oscillator is functioning normally, the
‘hot™ lead of the signal generator is shifted

to the control grid of the r-f tube, or to the
antenna if there is no r-f stage. The receiver
dial is sct near the high-frequency end of its
tuning range, and the signal generator is
wobbled around this frequency. If the mod-
ulation note is heard at increased volume, the
mixer circuit is functioning,

1If the note is not heard, the trouble lies ina
component between the r-f grid (or antenna)
and the mixer grid, and these might be:

Dead r-f tube

Shorted r-f control grid circuit {tuning
capacitor) .
Open or shorted plate, screen, or cath-
ode cireuits in the r-f stage

9. Check the r-f input circuit. If the signal-
generator modulation note is heard when the
hot lead is connected to the r-f grid but there is
no reception from the antenna; the trouble
must be in the antenna coil or leads. Possible
causes in this regard are; ' .

Antenna lead shorting to chassis

Open connection between antenna and
antenna coil .

Open or burned antenna coil primary

A 2-point cheek of a superheterodyne re--
ceiver. As the technician gains in experience,
he develops shorter methods of procedure
which reduce the time consumed. Such a short
cut is the 2-point servicing procedure for
checking an inoperative superheteradyne
receiver,

If visual inspection does not disclose the
source of the trouble, the tip of a plugged-in
soldering tool is applied to the ungrounded
end of the volume control. This is the be-
gining of the a-f signal chain. Normally, a
strang grow! from the speaker should be heard.
If itis not heard, the trouble is in the audio am-
plifier (first a-f, second a-f, and speaker) or the
power supply, and they are checked stage by
stage for the specific defect. If the strong grow!



is heard, this one check clears the first a-f
stage, the second a-f stage, the speaker, and
the power supply of blame for the receiver
inoperation.

The technician then moves on to the sec-
ond check point. This is the mixer grid of
the comverter. A mndulated test sigpal at
the intenmediate frequency of the receiver
is fed to this mixer grid. The normal responsc
is the modulation note of the signal generator
in the speaker. If this note is not heard, the
trouble is in the i-f lifier or the d
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ception. However, the servicing procedure
that localizes the staze in which the defect
lies is the same signal chech Just outline d
for the complaint of vo reception. The mun
difference in the two checks is the recendr
Tesponse to the generator siznal.

For a dead receiver, all siznal checks -
sult 1 a normal spealer response until the
defective stage is reached. A? that pot, the
receiver will give no response. For 3 weik
receiver, all signal checks gise a ponmad

stage. The signal output is i ]
and the frequency control is ssobbled around
the intermediate frequency to see if the ye-
ceiver is misaligned. If the response is still
not heard, the test signal is fed to an i-f grid
to localize the defect further.

If the normal response is heard when the
modulated i-f test signal is fed to the mixer
grid, the i-f amplifier and detector stages may
be presumed to be functioning. The signal-
P2 freq control and dials
are set near the Jow-frequency end of the tun-
ing range in order to check the oscillator cir-
cuit of the converter.

The normal response tn this latter check
is the signal-generator modulation note from
the speaker. If it is not heard, the oscillator
circuit is not functiomng. A voltage check
of the converter stage 15 then made.

If the norma) response is heard, the defect
must be before the converter. A check of the
r-f amplifier stage and the antenna etrcuits
is now jn order.

By this short 2-pomnt check, the signal
channel may be quickly analyzed into three
blocks, which are checked over all before
resorting, if necessary, to stage-by-stage
checking.

SERVICING PROCEDURE FOR
WEAK SIGNALS

The defects that cause weak reception are
different from those which result in no re-

7 unt] the defective stage i reacked.
At that point, the receiver will gne a weak
response, as shown by « loss or no gain ever
the last normal cheek before this chieek.

Many factors within the receiver may result
in weak response. These are tabulated below -

Weak tube in any staze

Short in the power transformer winding
Shost in the filament wiring

Jammed soice coil in the speaker
Shorted turns in the output transformer
Open cathode bypass capacitor in the
second a-f, i-f, comerter, and r-f stages
Open age bypass capacitor

Receiver misalignment

Open plate bypass capacitor in the if,
comerter, and r-f stages

Open antenna coil

Resistance in the gang tuning capacitor
Poor wiper contact in the gang tuning
capacitor

SERVICING PROCEDURE FOR HUM

A common recener defect 1s a hum lesel
that is so high that it mars normal recener
teception. This sechion wiil descnibe the npe
of hum that appears all over the receiver dial.

Checking the power supply. When a re-
censer 1s bewng senviced for th complaint of an

abnormr ! .
defect ™ o vt W T
Anum nf th mmreahtnt X apsovan N
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This is usually due to the aging of these capac-
itors.

The frst step, therefore, in trouble shooting
for hum is to connect a substitute capacitor
across each of the power-supply filter capaci-
tors in turn. If the hum level is reduced as a
result, the defective filter capacitor is re-
placed. The flter choke of the power supply
must also be checked for a short that results
in inadequate filtering.

Tuhes as a source of hum. 1f the filter ca-
pacitors check perfect, a good second step is
to replace the tubes with new ones, one at a
time. Tubes often introduce hum, especially
the a-f tubes. Such hum results from heater-
cathode leakage through their insulation,
capacitive coupling between the heater and
other electrodes, and emission from the
heater to other electrodes or vice versa. Al-
though elimination of hum from these sources
is primarily a design problem, replacement
of tubes with new ones may reduce the hum
level.

Grid circuits as a source of hum. Another
possibility for hum is an open grid eircuit
in any stage of the receiver. This type of hum
results from a build-up and discharge of signal
at the open grid at a rate that may be close to
the power-supply hum, and is mistaken for it.

* The next check in hum elimination, there-

fore, is a continuity check made with an ohm-
meter of all grid circuits.

Previous service work as a source of hum. If
the cause of hum still proves elusive, the next
check is to see if previous service work may
not have introduced the trouble. For instance,
replacement of part of a speaker may have re-
sulted in the reversal of polarity of the hum-
bucking coil. Or the wiring may have been
disturbed with resulting poor lead dress,
particularly in the region of the detector and
first a-f tube. The diode-plate leads, volume-
control leads, and first a-f grid leads must all
be short. They shoula e dressed close to the
chassis and away from the filament or other
wiring that carries 60-cycle current.

Tracking down elusive hum. The sugges-
tions made above should locate most of the
common causes of hum. Occasionally, an elu-
sive cause will escape the normal procedure
that has been suggested. In such a case, the
receiver must be examined stage by stage.

To do this, remove all the receiver tubes,
except the.rectifier. Since it is dangerous to
operate a power supply without any load, a
heavy-duty 5,000- to 10,000-0hm/25- to 50-
watt resistor should be connetted as a load
from B+ to ground. Then turn the receiver on
and listen for hum. If hum is present, it is
due to some factor that was overlooked in the
power supply, and it must be carefully sought
for. ’

If the hum level is normal, insert the second
a-f tube and remove the power-supply resistor
load. If the hum now is heard, it is due to
some defect in the second a-f stage. If the hum
level is normal, insert the first a-f tube and lis-.
ten for hum. In this way, the tubes are re-
inserted, one stage at a time, until the offend-
ing stage is reached. Then the components of
only one stage need be carefully checked
to find the defect.

In the case of an a-c/d-c receiver, where
tube heaters are in series, tubes may not be
removed, as above. The stages must be made
inoperative in another manner. A short from
the second a-f grid to ground makes everything
before this point inoperative, so far as their
effect on the speaker is concerned. Any hum
present limits the defect to the power supply
or second a-f plate circuit. If the hum level
is normal, the short is shifted to the fist a-f
grid and ground. This adds the first a-f plate
circuit and the second a-f grid circuit to the
part of the receiver being checked. Thus, in
shifting the short to ground from grid to grid
of the various tubes, more and more parts
of the receiver that will affect the speaker
are brought in for check until the point of hum
is located.

Once' the tube-removal procedure or grid-
grounding pracedure has localized the stage



in which hum onginates, nothing m this staye
should be overlooked m the careful recheck,
On some infrequent oceasions, a new tube
that replaces a bad one may have a similar
defect that still results in bum, If all else m
the hum-producing stage has been found to be
good it may be necessary to replace the old
tube with several new ones before the hum
disappears.

Anather possibility in the careful recheck
of a stage is- the possibility of leakage be-
tween sections of a hypass capacitor block.
Fur example, a line hlter capacitor or a capaci-
tor connected to a heater lead will carry
alternating current. If they are part of a
block, leakage to other capacitors 1n the same
block may introduce hum,

Normally, capacitors are checked for opens,
shorts, leakage, and intermittent opens. None
of these checks requres the removal of the
capacitor from the circuit However, in making
a careful recheck of a stage, the capacitor
lead must be opened, and a substitute capaci-
tor connected in ats place. This procedure will
take care of leakage between sections of a
hlock

Summary of the causes of hum in receivers,
The tauses of bum 1n a recerver may now be
summanzed for quicker tuse
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Ing sounds that are extrancous to the desired
station signal Noise may nesull from one of
a great number of caves mcdnding nose
picked up by the antenna or the pov er hne.
ar by defective units satlan the rceivet
itself.

The first job of the techmenn is ta detes-
mine which of the above condiions 1y tie
cause. A good cleck is ot opetation with
anather receiver at the same location. Tradued-
in receivers have httle revale value. One of
these kept in repair 15 1deal for this hind of
work. If this radio shows the same none svinp-
toms, the trouble is in the power hine or the
locatian of the recenver in a noise arex Usually
moving the receiver o a different outhet in
anather part of the room will provide a loca-
tion where reception conditions are improved.
If the old trade-in recener provides gond re-
ception, the cause of the noise ts withun the
consumer’s set. Tracking it down to the
source may require constderable ume, so it
is best to remove the set for benth separs m
the service shop It might be a good idea to
leave the ald set at the customer’s home so
that he has its use until his own receiver is
repaired This makes for good customer rela-
tions

Causes of noise within a receiver. The com-

Open power-supply filter capacitors

0 ts m a receiver that wsually cause
nossy operation are as follows:

Defective tubes (cathode-heater leak-
age)

Open gnd carcuit

Reversed speaker hum-bucking co1l
Closeness of audio gnd leads to wiring
carrying 60-cycle carrent

Leakage between sections of a bypass
or filter eapacitor block

Shorted filter choke

SERVICING PROCEDURE FOR
* NOISY QPERATION
When the consumer complains of noisy re-
ceptian, he s speaking of hissing and crack-

. Nowsy tuhes (louse elements)
Corrosion in corl windings
a. R-f transformers
b I-f transformers
¢ Audio transformers
Speaker defects-
a Rubbing voice col
b. Tomn paper cone
¢ Loose nm
Poor connections
Noisy volume contral
Swingng shorts 10 1-f tramformers
Conductive dirt in wital spats (ke
sachets)

o —

w

P N
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8. Tuning capacitors (shorts and poor
wiper contacts)

Locating the source of noise in a receiver.
Several of the causes of noise within the re-
ceiver have already been presented in pre-
vious chapters. Chapter 11 gives the checks
for the speaker defects that cause noise, and
these checks may be used in noise analysis,
Probably, replacement with the bench test
speaker will disclose this souvce. In Chap.
16, the noisy tuning capacita is described,

In Chap. 13, defective volume controls are de-,

scribed. Both of them are common sources of
noise and are easily identified as the sources,
since the noise comes on when the controls
are adjusted. A procedure for cleaning tuning
capacitors is given in Chap. 18. A noisy vol-
ume control should be replaced as described
in Chap. 13.

A goad procedure to follow when hunting
for the source of noise is similar to that
used in checking for hum. Remove all the
tubes, except the second a-f tube and recti-
fier tube. In the case of the a-¢/d-¢ receiver,
connect a short between the second a-f grid
and ground. Tap the tube and other com-
ponents in the second a-f stage and listen
- for noise. If the noise is heard, all connections
‘and components in the second a-f stage and
power-supply stage are checked until a poor
joint or defective component is found. If the
noise is not heard, the second a-f and power-
supply stages are probably in good condition.
The first a-f tube is then added, or the ground
connection is maved to the first a-f grid. Then
components in this stage are checked as be-
fore. If they prove satisfactory, the procedure
is repeated for each stage in the receiver until
the troublesome stage is found. The search
within the defective stage must be thorough
and not overlack any odd and unusual con-
dition of a component.

As cach tube’is replaced or made operative,
it should be slightly jarred by tapping the
radio sharply. When this is done, a noisy tube
will become more noisy. Then replacement

with a new tube followed by the jarring test
will tell if the tube was at fault. In some
cases, simply replacing one tube at a time with
new ones and tapping the receiver sharply
will focate a noisy tube. '

The stage-by-stage analysis may show a
noisy stage. If the defect is due to corrosion
in coil windings, jarring the radio will not
affect the noise. In this case, the defective
winding can be found by an ohmmeter check.
Good windings in rf and i-f transformers
normally measure less than 100 ohms; a cor-
roded winding usually measures several
hundred ohms, The resistance measurement
of a f tranformers and chokes also increases
when they are corroded. In the case of f-m
receivets, good r-f and i-f transformer wind-
ings wmeasure less than 1 ohm, They rarely
corrade. ‘

Often, unsoldered or poorly soldered con-
nections, or bits of solder or other conduct-.
ing dirt, mayv be the cause of noise in a stage.
They may be difficult to locate because they
may be mn an out-of-the-way place. Such de-
fects may cause intermittent noise or inter-
mittent operation. Jarring the receiver usually
increases the noise when those defects are
the cause. An extremely careful search must
be made for them.

If the pracedure localizes the i-f amplifier
as the source of noise, remove the i-f trans-
formers from their shield cans for a careful
inspection, Even though an ohmmeter check
shows freedom from corrosion, the leads from
the coils to the trimmers, which lie along the
shield can, may vibrate into contact with the
can, producing noise. Inspect the leads and

route them so that they cannot possibly touch
the shield can.

SERVICING PROCEDURE FOR
INTERMITTENT OPERATION

Intermittent reception can be divided into
two main groups. In one, the radio suddenly
clicks off and remairis inoperative for a
while; then, just as mysteriouslv. it resumes
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F1G. 23-1. Procedure for reducing hum modulation.

for the signal to be too large. The common
difficulty is that the stage operation has de-
teriorated to a point where it cannot handle
a signal of normal strength.

The usual difficulty is trouble in the grid-
bias circuits, which is found by voltage analy-
sis. The speaker, of course, is another possible

cause of poor tone. This condition is checked -

by substituting the bench test speaker for the
recciver speaker., A more complete list of
possible causes of receiver distortion is given
below.

1. Rubbing speaker voice coil due to
a. Off-center voice coil
b. Warped speaker cone
¢. Off-center speaker field gap
. Shorted cathode bypass capacitor in
the second a-f stage
3. Changed value of second a-f bias re-
sistor
4. Open grid leak in the first or second
a-f stage
5. Open volume control
6. Defective tubes

[S4]

"

124

7 Shorted or leaking audio coupling

capacitors

8. Shorted or leaking agc bypass capaci-
tors

.9, Misalignment, especially in f-m re-
ceivers

Less frequent causes of poor tone quality
are those resulting from previous replacement
of defective parts. These include a mismatch
resulting from the replacement of a speaker
or output transformer; a replacement plate
circuit bypass capacitor in the second a-f stage
that is too high or low in capacity, resulting
in too high or low a response; rarely, side-
band cuiting resulting from the use of an i-f
replacement transformer with extreme 'selec-
tive characteristics. In the latter case, the side-
band cutting may be reduced by slightly mis-
tuning each i-f trimmer, broadening its re-
sponse characteristic. T

SERVICING PROCEDURE FOR
MOTORBOATING

Motorboating is a 'defect in a receiver that
results in a put-put noise similar to the ex-
haust of a motorboat. The most common cause
for motorboating is an open output filter ca-
pacitor in the power supply. The only other
common cause is an open grid cirenit in any
of the stages of the receiver.

Removing motorboating in a receiver. A
servicing procedure for this defect in a re-
ceiver is to bridge the output filter capacitor
in the power supply with a test capacitor of
similar capacitance and to see if the trouble
is eliminated. If this proves ineffective, the
technician proceeds to make an ohmmeter
check of all grid circuits, looking for an open.
In this regard, it should be remembered that
age decoupling filter resistors are part of their
grid circuits. They must not be overlooked,
even though they rarely open. The most com-
mon opens occur in the grid-load resistors of
the first and second a-f stages.



SERVICING PROCEDURE FOR
SQUEALS AND OSCILLATIONS

There are many types of squeals and how s
in a recewver, all of which are classified under
the general tenm of “oscillation.” Their canses
are many and varied and eall for different
sen icing procedures.

Chimps or birdies. First, there is the type of
squeal or birdie that appears to spoil reception
from only one or two stations, This is probably
image-frequency interference. A procedure
for handling these is given m Chap, 17.

Microphonic neise. There is another type
of hew} known as “inicrophonic” noise. It
nsually starts on a loud signal, or when the
radio is jarred, and bulds up to a strong how!
that drowns out all reception It can he caused
by loose elesnents 1 a tube or by wvibrating
tuning capacitor plates, The howl 1s started
by either the jarmng of the recewver or the
vibration resnlting from a loud signal from the
speaker, The lonse elements begim to vibrate
rapidly and introduce sustamed high-pitched
a-f notes into the tube

When a recewer with microphonic howl s
serviced, the receiver 1s operated at low val-
ume. Each tube in turn 1s gently tapped When

the offender is reached, 2 “bong” is started
which soon dies out, sinee the speaker volume
is tao low to sustain the vibration Any tube
i the recewver may be the cause of the micro-
phonic howl However, the detector first a-f
tube 15 the most common offender

If a check of the tubes discloses no defect,
the tuning capacitor shauld be wvestigated
Mucrophonics due to the tumng capacitor are
usually found tn small receivers, where the
speaker and tuning gang assembly are m close
proximity, or n large receivers designed for
and operated at high-volume levels In both
cases, orignal design tahes care of the con-
dition by mounting the tuning capacitors or
the chassis, or both, on 4 rubber suspension,
Sometimes, even the speaker 1s mounted on
rubber to dampen vibrations. It 15 only neces-
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sary thereafier o check the wogntne pro-
visions to see that the rubber s i bee.m,
old and cracked, or that the snvpendert moupts
are still floatng freely.

Squeals over the major part of the receiver
tuning dial. Another type of squedd 1% the one
that accurs over the entue tuning range of 1he
vecerver o a fante part of 1t 1 this squea) 1
affected somewhat by tumng, the defectne
component is usually in the r-f o5 +-f portings
of the recever, if the squeal is unaffected by
tuning but is affected by the opcrstion of the
tone control, the defective tomponen? i
probably in the ando end of the reconpr
Rowever, these considerations are not of tao
great consequence, since the senading pro-
cedure 15 the same for bath condutwons.

Squeals of either type are usuathy caused
by regenerative conphing, The latter 1s usually
cansed by poor contact between a shiekland
the chassis or by the opening of 2 bypasy
capacitor, The service procedure 15 suggested
by the cause. Shields are cheched for thew
contact to the chassis. Ohmmeter cheching
15 1adequate, since even a smalf sesistance
contact (too small to be read on the ochmmeter)
may shll cause madequate shielding. The
best procedure §s to clean and tighten all
shueld-grounded cantacts, Where a tube shield
has been madvertently discarded, it should
be replaced by the technician. This shielding
1s especially important 1n the case of a high-
gain tube like the i-f amplifier.

Open bypass capacitors are cheched by
bridging a test capacitor across each bypass
capacitor 1n the receiver 1115 important \\.hc“
making these checks to short the (crmln.\!s
of the test capacitor after each capacitor is
checked

A test capacitor of about 0.1 mfd can be used
for all low-frequency r-f bypass ‘—"‘P"“fm“'
even though the capacttor being tested differs
considerably from that capacitance The amdin
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the best procedure is temporarily to solder a
0.01-mfd test capacitor across the suspected
component. Use a ceramic disk type with
short leads. :

Sometimes. the broad squeal is due to an
error that crept in during previous service
work. Disaranged or poorly . dressed leads
may come about in the replacement of an i-f
or r-f trunsformer. Or, an inversc feedback
winding from the secondary of an output trans-
former may have been reversed during the
replacement of the transformer. In the former
case, the leads may couple with other parts of
the receiver and deliver regencrative feed-
back. In the latter case, a reversed inverse
feedback winding may deliver regenerative
feedback, rather than degenerative feedback.
As a result, an audio oscillation is set up.

Poorly dressed wiring may be checked by
moving the suspected wires with a bakelite
rod, while the receiver is oscillating. A change
in the squeal indicates that the wire is at
fault. Generally, the grid and plate leads are
the “hot” leads and should be routed close to
the chassis and direct to their connection
points without crossing each other or coming
close to other wiring.

The reversed inverse feedback winding
aay be checked for by reversing the primary
r secondary wires of the output transformer
and by observing if there is any improvement.

A summary listing of factors that might
cause broad squeals and oscillations follows:

i

1. Open power-supply output filter capac-
itor

- Open second a-f plate bypass capacitor

. Reversed feedback winding (after out-

put transformer has been replaced)

Open shielding

Incorrect lead dress

Open age bypass capacitor

Open screen bypass capacitor in the r-f,

i-f, or converter stage

¢ bO

NS Uk

AIR CHECK OF A REGEIVER

The final step in servicing a rteceiver is
first to check that the original complaint has
been removed, and then to check the receiver
in all respects for normal operation. This final
check is known as the “air check.” :

To make the air check, the receiver is con-
nected to an antenna and turned on. The tun-
ing dial is rotated to a non-station position,
and the hum level is noted for normal opera-
tion.

At the same dial position, the volume con-
trol is rotated from minimum to maximum,
in order to determine if it is noisy. The same
is then done for the tone control, if present.

Then the dial is rotated to the low-frequency
(550-ke) end, the volume control is set for a
moderate volume level, and the dial is ro-
tated toward the high-frequency (1,500-ke)
end. The stations are checked off as they
appear. This procedure checks the dial cali- |
bration and the sensitivity of the receiver.
All stations that the technician knows are
normally picked up in his locality should be
picked up by the receiver being checked.
Failure to receive any of them indicates a
weak receiver. Good judgment should be used
by the technician in this test. Obviously,
a sensitive superheterodyne receiver with an
r-f stage and two i-f stages should pick up
more stations than a receiver with no r-f stage
and only one i-f stage.

As the stations are picked up, the selec-
tivity of the receiver may be determined by
the dial space that each station covers, es-
pecially the strong local stations. If a strong
local station stretches over 30 ke of the dial,
the receiver selectivity is poor and should be
checked. Misalignment is indicated..

_Tone quality is most easily checked by
listening to speech rather than to music.
Clear, crisp, intelligible speech is a sign of.
good tone quality, especially for the high
audio frequencies. Then turn to some sym-

phonic music program, and listen for the re-
sponse to the low frequencies.



The next check is for the power handlig
of the receiver—from whispers to the limit
that the speaker will take without ratthng.
This will not be much for a small speaker,
But a large speaker system in @ high-fidelity
receiver ought to be capable of roanng with
good tone quality.

The course over the tuning dial will dis-
close whistles, birdies, and squeals The
technician must be on the alert for these ef-
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fects A sharp s1ip on the tecenes woll show
up any noisy conatiuns

The final step o the ek of the vacrating
of any otlier cantrals o the rerepar, W
fidelity edatrals, fuactor o0 9 1w, pu i bt
tons, short-wave aperatton and 1 op wehon

This suncy bis been wemed ponanl
with tube reorvers & qaneda aaner v
presented in tie coene chuepler on e
sistor reeeivers
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the best pracedure is temporarily to solder a
0.01-mfd test capacitor across the suspected
component. Use a ceramic disk type with
short leads. ,
Sometisnes, the broad squeal is due to an
error that crept in during previous service
work., Disairauged or poorly dressed leads
may come about in the replacement of an i-f
or r-{ teaasformer. Or, an inverse feedback
winding from the secondary of an vatput trans-
former may have been reversed during the
replacement of the transformer, In the {ormer
case, the leads may couple with other paxts of
the receiver and deliver regenerative feed-
back. In the latter case, a reversed inverse
feedback winding may deliver regenerative
feedback. 1ather than degenerative feedback.
As a result, an audio oscillation is set up.
Poorly dressed wiring may be checked by
moving the suspected wires with a bakelite
rod. while the receiver is oscillating. A change
in the squeal indicates that the wive is at
fault. Generally, the grid and plate leads are
the “hot” leads and should be routed close to
the chassis and direct to their connection
points without crossing cach other or cuming
close to other wiring,
The reversed verse feedback winding
~ may be checked for by reversing the primary
or secondary wues of the output transformer
and by observing if there is any improvement.
A summany listing of factors that might
canse broad squeals and oscillations follows:

1. Open power-supply output filter capac-
itor

. Open second a-f plate bypass capacitor

. Reversed feedback winding (after out-
put transformer has been replaced)

. Open shielding

. Incorrect lead dress

Open age bypass capacitor

. Open screen bypass capacitor in the rf,
i-f, or converter stage

[N [N IR\
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AR GHECK OF A REGEIVER

The final step in servicing a receiver is
first to check that the original complaint has
been removed, and then to check the receiver
in all respects for normal operation. This final
check is known as the “air check.”

To make the air check, the receiver is con-
nected to an antenna and turned on. The tun-
ing dial is rotated to a non-station position,
and the hum level is noted for normal opera-
tion.

At the same dial position, the volume con-
tro} is rotated from minimum to maximum,
in order to determine if it is noisy. The same
is then done for the tone control, if present.

Then the dial is rotated to the low-frequency
{550-kc) end, the volume control is set for a
moderate volume level, and the dial is ro-
tated toward the high-frequency (1,500-ke)
end. The stations are checked off as,they
appear. This procedure checks the dial cali-
bration and the sensitivity of the receiver.
All stations that the technician knows are
normally picked up in his locality should be
picked up by the receiver being checked.
Failure to receive any of them indicates a
weak receiver. Good judgment should be used
by the technician in this test. Obviously,
a sensitive superheterodyne receiver with an
r-f stage and two i-f stages should pick up
more stations than a receiver with no r-f stage
and only one i-f stage.

As the stations are picked up, the selec-
tivity of the receiver may be determined by
the dial space that each station covers, es-
pecially the strong local stations. If a strong
local station stretches over 30 ke of the dial,
the receiver selectivity is poor and should be
checked. Misalignment is indicated.

Tone quality is most easily checked by
listening to speech rather than to music.
Clear, crisp, intelligible speech is a sign of
good tone quality, especially for the high
audio frequencies. Then turn to some sym-
phonic music program, and listen for the re-
sponse to the low frequencies.
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An example will indicate the use of the new tvpe of resistor coding
Assume the following with colors are given, 4, 1ed; 1, ween, ¢,
orange; D, silver.

Decoding, we get

A8 ¢ o
2 5 1000 10%

The resistor has a value of 25 times 1,000, or 25,000 ohms, and a tol
erance of 10 percent.

E.LLA. COLOR COOE FOR FLEXIBLE RESISTORS

- ; ',' L I3 N
The same color code holds for flexible resistors as for carbon re-
sistors., For flexible resistors the first dimt §s the body color (A). The
second digit is the thick thread color (B). The multiplier is the thin
thread color (C)

Ohm's Law and Its Derivatives

Where E = volts, | = amperes, and R = ohms,

/=7§ E=IxR p=§
Where £ = volts, / = amperes, R = ohms, and W = watts,
W=1txR I=\/% R=)—’§
W=ixE l=¥ E=v7v
W=§f\‘: E= VWXR R=-E7’

Electronic Units

m = mih = 11,000 Cycles are now often cafied Hertz, abbreviated

p = muicro = 1/1,000,000 HzE motes
n = nano = 1/1,000,000.000 $5]
p = pico = 1/1,000,000,000,000 £0 cycles = 6QHz

770 kifocyctes =770 KHz

= = 000,000,000
§ = femto = 1/1,000,000,00 T wspasyeies o 26 e

Note pico i1s the newer name for micramicro
farads (up}

used with Hz are:
Examples’ Abbreviations

10 ma = 10 nulllamperes " 5::;:: iggooo -
2 pf = 2 microfarads ol 125"\"""! 00000 ‘
60 pf =60 preofarads gz O ™

= 60 micromicrofarads



YO GO R

030

(
t

COLOR

Silver

Gold
Black
Brown
Red
Orange
Yelfow
Green
Blue
Purple
Gray
White
No color

E.LA. COLOR CODE FOR RESISTORS (OHMS)

st
FIGURE (A}

WONOOG & WN -~

Basic Reference Chart .

2nd
FIGURE (i)

LN DA WN = O

TOLERANCE
RULTIPLIER (C) '
D) .
0.01 10%
0.1 5%
1.0 :
10 1%
100 2%
1000 3%
10000 4%
100000
© 1000000
10000000
100000000
1000000000
20%

For new type only, body color indi-
cates type of resistor as follows:v
black—composition, noninsulated;
any color other than black, tan
preferred—-composition, insulated;
dark brown—wire-wound, insulated.



=60 micromicrofarads T = tera = 1,000,000,000,000
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An example will indicate the use of the new ty pe of ressstor cading
Assume the following with colors are given. A, red, B, green, C,
orange; D, silver,
Decoding, we get
A B ¢ o’
2 5 1,000 10%
The resistor has a value of 25 times 1,000, or 25,000 ohms, and a tal-
erance of =10 percent.
E.LA. COLOR CODE FOR FLEXIBLE RESISTORS
:
v e . s (34
The same color cade holds for flextble resistors as for carhon re-
sistors. For flexible resistors the first digit 15 the body color (A). The
second digit is the thick thread color (B). The multiplier is the thin
thread color (C).
Dhm's Law and Its Denvatives
Where £ = volts, / = amperes, and R = chms,
_E - £
I—E E=IxR R= 7
Where E = volts, / = amperes, R = ohms, and W = wats,
w
W=1I2xR R=3
w
W=IxE E=7
& £~ VYR R=t
=% = W
Efectronic Units
m = milti = 1}1,000 Cycles are now often called Hertz, abbreviated
p = micro = 1/1,000,000 He
n = nang = 1/1,000,000,000 Examples
P = pici 1/1,000,000,000,000 60 cycles = 60Hz
= femto = 1/1,000,000,000,000,000 770 kiloeycles =770 KHz
Note. pico is the newer name for micromicso 24 megacycles = 24 MHz
farads {up).
Examples- Abbreviations used with Hz are
10 ma = 10 milltamperes K= kia = 1,000
2 puf = 2 microfarads M= mega = 1,000,000
60 pf = 60 picofarads G = giga = 1,000,000,000
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»  PREFERRED VALUES

The average values for resistors used in diag’ran}s -l‘l,;th]libc ::;Ol;\i]::,vs
been expressed in round numbers for the sake o. si p : .F ual

o s¢ have'been standardized at preferred vdl}les. or
e 1}“ u; ewe( speak of a 500k resistor, the actual resistor \f’l” be
Z;]()Ii}.elf;relreerare three common listings of preferred values, based an
tolerance ratings of 20, 10, and 5 percent.

20 PERCENT 10 PERCENT 5 PERCERT .
10 E 10
10 | -
12 12
13
15 15 15
16
18 18
20
22 22 22
24
27 27
30
36
39 39
43
47 47 a7
51
56 56
62
75
82 82
91

The listeq numbers are the basic numberg
values or values th

at are multipleg of 10 o
ample, ; i

Pereent tolerance rating.
e 10 percent column for



COLOR

Black
Brown
Red
Orange
Yellow
Green -~
Blue
V:ol}el
Gray
White
) ,dold
Silver

E.LA. COLOR CODE FOR CAPACITORS (MMF)

15T
FIGURE (&)

{I

«
CONO G BWNn—~O

Basic Reference Chart

J
20 h
vicure ) | MULTPLER @
.
0 /4 1
1 10
2 100
;T 1000
i 10000
J s
6
7
8
)
01
001

\ A B (0) (D)

TEMPERATURE
RATING

o 4B o gy
i @
o ©
TEMPERATURE. RATING

TUBULAR

Molded Mica Capacitors

APPENINY

TOLERANCE (D)

20%

1%

2%
2%:% or 3%

5%

10%

10%

First dot 15 always white This in-
dicates a molded muca capacitor
Direction for reading indicated by
arrow or equivatent marking

Ceramic Capacitors

1A) {BY (O (D)

TEMPERATURE
RATING

(B)

Tubular capacitors read from the
end color to the right End color
identifies inside lead Leads may be

axial or radial

Disk capacitors are read from left
to nght with leads held downward.

For replacement purposes 1n tuned circuits, use Leramic capacitors
with the same temperature markings as the ongnal

421
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v PREFERRED VALUES

The verane vlues for vesistors used in diagrams in this book have
heen canessed i vonnd numbers for the sake of simplicity. Actual
seneetets o e havesheen standardized at preferred values. For ex-
aewle whete we speak of a 500k resistor, the actual resistor will be
ATOL Thete are thiee common listings of preferred values, based on
taleranee tattues of 200 10, and 5 percent.

20 PERGERT 1 PERRENTY 5 PERCENT

10 1\ : 10
11

12 12

13

15 15 15

16
18
20
22
24

(v e]

-
.

IR

rs

) 27

. 30
e 33 33
36

3¢ 39

- 43
N V7 47
51

KR 56

62

&8 N 58
75

82 82

, a1

‘rll(‘ %i\"l\\:‘ ‘\‘n\\’\.\- Y
R el CEEREN .s » N -1y .
N « ‘: o sumbers, Resistors will have these
“\“\1 " A N IEYTURN !233’:\:;‘ ERS Oi I(‘ (\{ (I\(\\L\ \“\n‘bt‘n. I'UT X~
[N ey \ \\.‘ﬁ BNE Test Q{O-‘- mav Z\ N . \\ “~ ~
F18 Y be one of X y 3y .
WON vhas, oo oy 33 mocehn of 33, 330, 3300, 33k

\go\‘t wanul WHAren

vahies or vahes 8

.o .
Bl

D Use rosisty

s owihi g 10, vor
M sentiee work, e e neas } . ercent tolerance rating
TATONS m in ﬂxc 10 m*nwnt m!m‘.m for

‘(‘\\} NOAMONE O ST vate oo L L
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E.LA. COLOR COOE FoR CAPACITORS (MMF}

Baste Reference Chart

15T 2ND

CoLoR
FISURE (4) FIGURE (8)

Black
Brown
Red
Orange
Yellow

Green -
;

L

i

O
B WK~

{',

Blue ~
Violet
Gray
White
/Goid

Sl!ver

VOND OB WA -

[N

'
:

4 H
MULTIPLIR (¢, { HOAERANEE (0)
; i
4 3 20%
' 10 1%
! 100 | 2%
00 M or
16000
5%
10%
01

eot 10%

Malded Mica Capacitors

CLASS MY
(mkiaaau)X o ©

first dot 45 always white This in-
dicates a molded mica capacitor.
Direction for reading indicated by
arrow or equivalent marking

Ceramic Capatitors

(R) (BY (CH(D)
TEMPERATUFE

) B (EHD)
TEM?ERATURE

OIS Bl
(9}
a
Ei? %Q”’

TEMPERATURE RATING

For replacement purposes in tuned cncinbs, use coramie

Tubular capacitors read fram the
end color to the right End colof
identifies inside lead Leady may he
axtal or radial

Disk capacitors are read from feft
to nght with leads held downward

capae s

with the same temperature markings as the ozl

421



GRAPHIC SYMBOLS

TPICKUP or CUTTING HEAD

ABSTRACTED FROM AMERICAN STANDARDS
ASSOCIATIONS PUBLICATIONSZ32 10-1944
AND 752 5-1344. NOTE THAT ALL LINES

:)

S

PHONE ,
sx(éf‘:ua DOUBLE. . GENERAL  FLECTROMAGNETIC  CRYSTAL
CRYSTALS SHEDNG g —p |
= | ww _ZE L =2
DETECTOR  PIEZDELECTRIC C powiowyy R
RECTIFIER (DRI-DISK) | AC @: SHELOED WiREs P .
__ﬂ_—-—-
LINE SHELDED _{_
HALF-WAVE =y fchDucmR’L‘ OENELN A ANDB
TN COAXIAL - R-F Gh NEEN
FULL-WAVE VIBRATOR PLUG - '
THERMO- | THERMOELEMENT §% ¥ ¢ rL-:j I
COUPLE ppo e ORF 1 o
Y, oS S0, [ SRS iaoreraoNous
DIRECTLY DIRECTLY IRECAY _(OEENERGIZED) JACK :

LN

ULATED TUBE

ULATED TUBE

ARE THE SAME THICKNESS. LEADS CAN
COVE OUT OF STMBOLS ANY COWENIENT WAY. MAKE BREAK
TUBES
NCTY e —
GAS ———
FILA- INDIRECTLY COLD PHOTO-  Loop FILLED  ppgL GRID DEFLECTING
MENT HEATED CATHODE ELECTR!C COUPLING CATHODE I ELEC:TRODE
Y-RAY OYNODE IGNlTOR EXCITOR !NTERNAL SINGLE-
TARGET SHIELD CAVITY
ENVELOPE
%’,?LYE TRIODE ~ PENTODE  CATHODE-RAY  COLD-CATHODE PHOTOTUBE  CATHODE-
ENVELOPE. WDICMTOR TUBE  GAS DIODE  RAYTUBE
MAGNETRON  SPLIT  SINGLE-CAVITY DOUBLE-CAVITY MUITIPLIE
MAGNETRON VLLOC\TY -MOD- VELOCITY-MOD- pnommag ng%‘ %’é%&%%“g%‘{‘é*

ING ANODE




= 3

MAGNETIC

~ APPENDIN
GRAPHIC SYMBOLS -
RESISTOR colL
NN~ -
T T E E E%IIEHE
AR COPE um’:sr:c-ccar VARLABLE
—z\/}/\,- . , R COUPLING
TAPPED VARIABLE g g
VA :ABLE’ "’l"‘JABLE
VATH TERMINALS CORE: TAPPED (o]
CAPACITOR i
- / i
FIED  VARIABLE. \AR) '.
s DIFFERENTIAL
?E_;‘é "}d‘ﬂ_ ONSJEJKEDI“G AUTO- VARIABLE.
VECHATICAL SUT- TRANSFGRVER  TRAHNSFORNER
LUKAGE SIAOR __ 'WIRTNG A-C VOLTAGE SOURCE
ANTENNA SYSTEM —o
TR ST
MOTOR or GENERATOR
JSE QLY VITH
AN COUNTERPOISE,
TTERNA COMNECTONS ~ MOCOHNECTION HTIPY AT
LAMP
J_ SWITCH
BALLAST
Lage GROUMD | —o~"o— —cr/'o_ —\9?;
arorF vmxpnsmou
BATTERY METER ANACTER
- MLLIAMMER
FUSE HEATER ELEMENT W AMCPOMIVETER
= Sl e | ennn st
MULTICELL G-GALVANGHETER)
MICROPHONE
GENERAL. SlHGLE- DOUBLE CPACITOR  MOWING- VELOUTY  CRYSTAL
TT0N BUTTOH colL
LOUDSPEAKER

(| = =5

PM DYNAMIC ELECTRODYNAMIC
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TUBE PRONG MUMBERING SYSTEM

N There are two eight-prong bases, the

The four-prong tube has two large and AN octal and lock-in types. In both cases,
(D‘@ two small prongs. The large prongs {1 and Q numbering begins from the left of the
6o\ 4 are filament connections;, The six- Yo o key slot and continues in 2 clockwise
» + o prong tube has two large heatér prongs direction.

@/ (1 and 6). The seven-prong tube Has two
large prongs (1 and 7) for the heatercon-
o © ©\ nections. . £
© .
®‘® ) = ©@‘ @@ In the miniature seven-prong and nine-
o) All propgs in the five-prong tube are t_he {  prong tube bases, numbering begins at
© , @ Same size. Prong 3 has more separation ®®@@@‘ the left.of the. wide space and continues
ol@ tlhandtge others. The heater prongs are @@ £ “ina-clockwise diréction.
and 5. S

BASE DIAGRAMS FOR TRANSISTORS

TERMINALS ARE LARGER SPACE
EVENLY SPACED TERMINALS GROUPED BETWEEN B AND C
ARGUND CENTER I HALF OF TRANSISTOR

REDDOT - -
IDENTIFIES
COLLECTOR
B
{ U TERMINALS POWER TRA
TOCASE EVENLY SPACED CASE 1> COL}\LI,%.'(S'}I—%g
C
E B C >
2
INTERLEAD .
SHIELD AND
METAL CASE
Lo CAT!N G
PIN
SHIELD

MOUNTING
» STUNR )



A-c transformer power supply,
common troubles 1n, 40-50
components, 37-39
functian, 37
operation of, 37-39
quick check, 37
service data chart, 51-52
standard aircuit, 38
test data, 40

A-c/d-¢ transformerless power

supply, 54-71
function of, 54
general service notes, 68-69
normal test data for, 58-59
quick check for, 54
service data chart, 70, Y
standard arcuit, 57, S8~
troubles, 60-63 —

Air check, 416-41

Alignment of a-mjrecerver, 32,

237-247
of 1-f amplifier, 244
. of osaillatopCircunts, 244-245
yof rf and antenna cirewits,
245

Lf\v"we trap, 246

- “receiver adjustments, 240

Algnment of fm receners,

387-405
alignment adjustments, 387-

388
Amplifier, intermediate-fre-
quency, 4, 160-176, 325~
327, 360-361, 379-381
broad-band, 169-172
components, 160~165
function, 160
operation, 160
sensitivity chech, 166-167
service data chart, 175-176
signal checl, 165-166, 173-
175

standard arewt, 160, 161
test data, 165-167
transformer colar code, 167
troubles m, 167-169
Amplifier, -, 4, 225-235, 323~
324, 382-383
components, 226-228
function, 225-226
service data chart, 234-235
test data, 228
troubles 1n, 228-232
Amphfier, sterco, 271-278
Antennas, 190-191, 232-233,
353-356, 383

hadbata T A

Antennas, function df, 232
Audio amphher, firt, 4, 123
2, 365
check, 126-127
components, 123-125

couphng, 125-126 J

~

function, 123-121 y
service data chart, 111-142
standard arant, 124
test data, 126
troubles in, 130-136 "
varations, 137-140
Audio driver, 297, 327-328
Auto radios, 319-319
alignment-of-331-336
all kragsistor, 319-338
antenrla cireutt in, 322-323
*__cumponent analyas, 333
\’n'ﬂind. 338-312
replacement notes, 333-334
signal check, 331
tube and vibrator, 342-347
Aummilélc gan control, 144-

components, 147-149
function, 144-145
operation of, 145-147
troubles in, 152-154

Bass compensation, 138-140
Blinking tubes, 62-63

Capacitors, 39
buffer, 344-345
Cames wave, 4, 21
Chassss, floating, 57-58
Choke, 39, 46
Code mterference, 230-231
Common negative, 55, 57, 58
Contact bias, 121-125
Converter, 4, 177-223, 324-325
compunents, 181-182
function of, 177
operation of, 178-181
quick check, 177
sensitivity  cheek,
service data chart, 2
signal check, 182-184
test data, 182-186
troubles 1n, 186-201
vanations, 201-220
Couplate, 137
Critical oscillation, 199-200
Crystal diode, 154-156
Currents, 18-23
Cut-plate tuning  capacitors,
181

184-186
3

A

Dead recener, 406409
Decoupling filters, 147, 153,
N 162-163, 227

/Deemphasis network, 362-363
. Degeneration, 116

Detector, 4,
check, 144
tompoenents, 147-
function, 144, 147
aperation of, 145-117
sensitivaty check, 149-150
service data chart, 138-159
signal check, 145-149
standard carcut, 150
test data, 148-150
troubles in, 150-151
sariations of, 154-156

Discniminator, 362-363

Distortion, 93, 109, 110, 115,

135, 152, 153, 265, 413-
414

=159, 327

148

Electrome umts, 419
Electron-ray tuning mdicator,
154, 363-365

Fading, 136, 190, 413
Filters, 39, 46-50, 146~147, 152
Frequency dnft, 358
Frequency-modulation radios,
351-405
aligmment of, 387-405
automatic frequenty control,
357-359
combined with am radio,
65-36G6
¢ommon  troubles 1n, 385-
387
demodulation, 361-363
servicing, 366-373
signal check, 369-370
switch troubles, 385

Galvanometer, D'Arsonval, 9
Cnd emission, 115

Heater-cathode short, 63-64

Huam, 55 152, 191, 228, 409411

Image-frequency  wterference,
225-226, 231-232

Interlock, 57, 58, 60~61

Intermittents, 62, 412-413

lnerse feedhack, 116-118, 261~
271

Loudspeaker, 5, 93-103, 266-
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Loudspeaker check, 93, 94-95
color code for, 100
dual systems, 100
function, 93
interchanging, 99-100
part replacement, 97-98
replacement of, 100~101
service data chart, 103
troubles in, 95-99

Milliammeter, 9-17
Minimum bias, 161-162
Mixer stage, 4, 177
quick check, 177
service data chart, 222-223
signal check, 183-184
Modulation hum, 199, 413
- Motorboating, 108, 135, 414
Multiband receivers, 206-211
Multimeter, 9-17
Multiplex operation, 373-379
alignment, 403-404
= troubles in, 377-379

Negative feedback, 292-293
Noise, 130-131, 151, 167, 193,
298, 336-338, 411412

Ohmmeter, 12-16
Obhm’s Law, 9-11
Oscillation squeal, 118, 168,
: 193, 414-416
' Qscillator coil, 178
* capacitive winding in, 204
tapped, 203-204
troubles in, 195-196
universal, 196
alignment of, 196-199
Oscillator stage, 4, 177-182
quick check, 177
service data chart, 229
signal check, 182-183
tuning circuit, 180-181
repair of, 191-183
Oscilloscope, 397-398
Output meter, 127-129
Overcoupling, 170

Padder, 180, 196-198, 241
Permeability tuners, 211-214
Phase inverter, 260-263
Phono pickup, 218-249 254
stereo, 271-272
Phonographs, 248-279
monaural system, 248-249
one-stage, 249-251

(45(437)

Phonographs, receiver com-
bination, 251-252, 276~
278

service data chart, 279

« Sservicing, 252-254, 257

stereophonie, 271-278
troubles in, 252, 257
two-stage, 251
P-N junction diode, 282
Power a-f stage, 5, 104-122, 328
components of, 104-107
function of, 104-107
quick check, 104
service data chart, 120-121
test data, 107-108 B
troubles in, 108-115
variations of, 115-119

Power supply, 5, 320-322, %GG’ =

variations, 72-92
Power transformer, 37-39
check, 41-42
color code, 44
replacement, 42-44, 45
troubles in, 41
Printed wiring, 61-62, 66-68,
137-138, 202-203
Push-pull output stage, 257~
266, 298-299
function, 257~258
signal check, 263-265
standard circuit, 264
test data, 265
troubles in, 265-266
Ratio detector, 363
Receiver six-tube, 78-80
with compact 100 ma string,
77-78
with heater from plate sup-
ply. 85-87
with semiconductor rectifier,
83-85
with 8-volt cathode rectifier,
80-83
with voltage doublers, 87-90
Rectifier, 39, 56, 83-85, 145-
146
Reflected load, 111-113
Resistor color code, 418-119
Resistor, preferred values, 420
Rocking, 246

Search tuners, 347-349
Self-bias, 104-106
Semiconductors, 280-281
Servicing procedures, 1-3, 6-8
signal substitution, 7, 30-32
Short on supply line, 65-68

Sideband cutting, 169
Signal generator, 18-36
Stage-gain measurements, 33-
36, 129-130
Storecasting (SCA), 374
Stroboscope disk, 253, 254
Superheterodyne receiver, 2,
4-5
standard output, 33-34
test points in, 30-31, 58-59
Sweep generator, 396-397
Symbols, graphic, 422-423

Thermistor, 287

Tone controls, 115-116, 267-
271

Tracking, 180

- Transformer, antenna, 188-190

intermediate frequency, 148,
150-152
isolation, 69 k“
output, 106-107, 110-113,
114, 162, 258-259
1-f coupling, 186-190.
Transistors, 280-317
alignment of, 307 kS
amplifiers, 284-285
bias, 285
common emitter circuit, 283~
284
general service procedure,
299-~301
interstage coupling, 293-294
negative ground in, 291-292
positive ground in, 291-292
replacement hints, 304-305
signal check, 301-302 )
signal feedback, 292-294
stabilizing circuits, 285-291
testing, 305-307
troubleshooting chart, 316~
317
voltage analysis, 302-304
Trimmer capacitors, 148, 240-
241
Tube, remote cutoff, 144
Tube tester, 7-8
Tube-prong numbering, 424

Vibrator power supply, 342-347

Voltmeter, 9-19, 15-17

Volume control, 58, 130-136,
152 ‘

Wavetrap, 242, 246
Weak reception, 409
Wipers, 193
Wobbling, 149






