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PREFACE

That the nonscience student of todny 1s mterested 1n the physie
cal world about him, and reahizes the wmportance of seientific
knawledge, need not be questioned The many orentation and
survey coutzes offered 1n our colleges and umversities bear witness
to this fact Tt 1s doubtful, however, if the problem of ntroducing
senous but nonprofescional <cience students to the field of physies
has yet been adequately solved The author of the present text
hag come to feel that the answer does not he <o much n elimmat-
g mo=t of the technieal parts of the subject as 1t does in divore
ing the subject matter of phy<ics a3 much ns pocuble from
anthmetic, for 1t 1s the nwmencal part of physies at which the
nanseience student shudders with the usal comment that he
never could  eee” wathematies Furthermore, there 13 & gur-
prising amount of material 1n a callege phy <ies couree which need
nat be treated numerieally Expersence has ehown the author thata
one semester “nonanthmetieal ’ course, without the omission of
otherwise techmieal vocabulary, 33 not only posaible but prae-
tieable for the<e students who will probably not, go on 1n physies
It has been found that a real apprecrstion of the <ubject, not to
be canfu<ed with o false <en<e of comprehension can be devcloped
1 this manner

To be sure, the anthmetic may not be completely eliminated
but 1t ean be d almost to the hang pont Of rourse
thee rewults n & corresponding sacnfice 1 the terseness and the
ngor which properly characterize the peneral college physiee
caurse, but this need not be averdone Although the language of
physies 15, to a certamn extent, the language of mathematics
becsuse the phymerst appreciates thiz abbreviated and indie-
peneable ymbohe form of expresaon 1t does not foliow that the
student who lacks n mathemstical bent eannot appreaate a large
part of thet fundamenta) science which plays such an ymportant
part in the world in which he ivee Moreover, the phy meist should
feel an obhigabion 1o belp hus nonccentific eolleague obtas
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vi TREFACE

clearer picture of the world of physics and should be withng to
forego the niceties of mathematical language when neecesary
Such a feeling has motiated the preparation of this book

In this text the order of development of the topies 1s a logeal
one designed to emphasize the umty of the subject matter The
relationchips between each topic and the ones preceding it are
cnrclu]l} idieated <o that the entire subject 13 deseloped from

d al con«aderations Tecl 1 vocabulary, however, 19

not avorded It 1s emphauzed, to encourage correct usage of
technical terms Every technical term s stalicized and defined
when 1t 1s firt uced Only the anthmetic 19 mimmized It 1s the
writer's opmton, based upon experience, that such a presentation
can be made to mterest the serious nonscience student without
resort to the superlatives and the <pectacular phases of pseudo
sctence

It 1s defimitely expected that a course based on this text will
be a lecture course and that conuderable attention will be grien
to lecture demonstrations Phywes, unhike many subjects, lenda
steelf to the lecture type of presentation because of the almost
unlimited amount of demonstration equipment and vicual-aid
material which 1s available The lecturer will find innumerable
opportumties to expand upon the material included m this text
aceordmg to lis available equipment These pages are not m-.
tended to replace the <pohen word, but rather to serve as & guide
for reading assignments and as an outhne of subject matter

To faalitate the admmistration of such a course of one semester
1n length, the matenal 15 subdivided 1nto chapters each of which
may be considered roughly as a weekly assignment Questions
are listed after each chapter and general review questions are
mserted at places appropriate for hour quizzes The latter are
of the “multiple choice” type, they can all be answered on the
basis of this text, but they have intentionally been made difficuls
enough to require a genume understanding of the points covered

The student 1s cautioned sgawnst rapid and careless reading of
this text In the absence of amthmetie, words have to carry an
extra burden, and they must be read carefully, even slowly, for
their full meanmg Time must be allowed for reflection

CEB

Orono Maine



CONTENTS

CHAPTER

1

11

jios

it

VII

=1

I~

InTrODUCTION Scientific Method Fundamental Con-
cepts, Measurements, and Basic Umits

Histortear. Consiperations Ancient and Medieval
Physics, The New Awakening 1n Physics, Classteal
Physics, Modern Physics

Mecnanican Covsierations Forces and Motion,
Vector Nature of Force, Equilibnum, Laws of Mo~
tion

Mecnaxicat CoxsieraTions (Confinued) Work,
Energy, and Friction

Erastic Consmerations Clastierty Vibrations, and
Fluds

Waves avp Sovnp

Maternan Covsmerations Constitution of Matter,
Properties of Gases, Surface Effects

Tuervan ConsipeErations The Nature of Heat,
Thermometry, Expansion, Calonmetry, Change of
State

TrervaL ConstoEraTions (Continued) The Nature

of Heat Transfer, Quantum Theory, and Certam
Other Philocophical Con<iderations

Liecrrican  Consmorrations  Statie  Electniaty,
Chargee, Potential Capaests
Macnvemsnt
Frrerriest Consmerarions (Confinued) Current
Flectrieaty . .

w

PAGE

12

26

93

107

1s
130



A11Y CONTENTS

CHAPTER PAGH
AUI Ecectronic ConsIDERATIONS AND ATovic PHENOM
EsA  Intreduction to “Modern Phyees, Electrical
Discharges 1in Gases, Electronies, X Rays, Radio-
activity MNuclear Physies 148
AIV Ormicar. Consiperations Photometry, Lawns of
Geometric Optics, Optieal Instruments 160
XV Orricar  Consmerstions (Confinued)  Physieal
Opties Dispersion Speetroccopy Interference, Dif
fraction Polarization 178
Arrespix  Supplementary Review Questions 191

IxpEX 107



CHAPTER I
INTRODUCTION

SCIENTIFIC METEGD FUNDAMENTAL CONCIPTS,
MEASURLMENTS AND BASIC UNITS

To many, the stience of phy«ies 13 a profound, haghly math
matical, and exceedingly difficult subject to be undertaken 1
those pfted with speeral mathematical abilities and to be avords
by ail others Althaugh 1t 18 true that phyees 13 probably 11
most lghly orgamzed branch of science today and does requt
profound mathematical analy=is for ita complete comprehensie
1 13 alea true that it 1s 60 closcly related to almost every activit
of everyday bfe that some famibanty with 1ts laws and concep
should be had by every per<on wha lays clam to bemg edueate
Moreover, contrary to popular hehef, a real meight mnto the natu
of the phyieal world can be obtamed without the use of high!
mathemntieal labguage Naturally the professional phyaiost
unwilling f not unable, to dispense with such & useful tool «
coneise analytical expression s 1s afforded exclusnvely by mathe
matics, but the lay render possessing 4 reatonsble depree ¢
stientific cunonity should not be decenved mnte thinking that ¢
wonders of this fundamentsl <cience are forever demsed im 1
with an ability to reason Jogeatly, he 1s but wilhing to undertal
the cultnnation of a techmeal voeabulary Of cource, this 1s not
tnvisl undertahing sad will require concentration

Scope of Physics A bnef consideration of such matters ¢
foree, work, motion, energy, fimd phenomena, wates, sound, hea
electnnty, mapnetiom, tadto, electrons, lemses, prisms, optic:
instruments, color, and polanized hpht 1, m general, the seope ¢
this study Theee topies are to be conudered, however, not as
eenies of unrelated things, but rather as a part of a «ingle subje:
~plivars, the study of the phiyeical world 15 whieh we lne A
theee topies are charncterszed by techmeal terms, and one of t+
purpozce of this =tudy 13 to develop a proper appreeistion of ¥
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terms by learning their correct definttions as well as to acquire
a familianty with certain fundamental relationehips which ex-
perience has shown to exist between them In this way only ean
an appreciation of physics be obtaned, when account 1s taben of
the hugh degree of organtzation that the science has achieved
Definstion of Terms Most of the terms used 1n physics are
defined terms that 13 to ey, they take on their precise technical
meaning merely becauce of common agreement, It will therefore
be nccessary at the very outset to recognize that the defining of
new terms 13 ot just a prel v but 12 an wdisp ble con~
dition for the success of our nhole program It 1s perhaps not an
exagperation to say that an mtroduction to phyeics 1s largely a
study of one foncept sfter another, each of winch 1s carefully
defined 1 terms of concepts more fundamental than at<elf Thus
a structure of related conccpu 15 dc\clopcd ba=ed upon certain
ones which arg d; tal and ble of defini-
tion 1n terms of anything more basic The full sigmificance of this
statement 15 naot eastly realized, but when the student finds that
gll the concepts of mechanies mnvelve only three fundamental
concepts—Ilength, mass, and time—and that ail the rest can be
derived from these, he begins to appreciate the unity of physies
A consideration of these three fundamental concepts 1s to be the
first detuled study in this text, but before this 13 undertaken,
several broad aspects of the situation will be considered
Inductive vs Deductive R The fi refer-
ences to the logical development of this subject from funda-~
mental considerations to more complex concepts may possibly
convet the wup: that phy«es 1 purely deductnve
rewsonng On the other hand, the very evpression ‘ecientific
methed ’ 1mplies ¢ mnductive reasonmg ” It should be pointed out,
however, that imnductive reasommng charactenzes the research
phaces of a seience After 2 body of wformation has been dis
covered and properls organized, it 1s often passed on most effec-
tively to future generations of students by deductnve processes
Deductive reaconing was developed to a high degree by the Greeh
philosophers, but deductive reasoning alone was unable to ad-
vance the study of physics beyond certain hmits Falwe premises
lead to wrong conclusions mn spite of correct reasoning Thus
Anctotle} the famous Greeh philosopher, reasoned that heavy
8ec chapter II for lustorcal suramary of developments 1 physies
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bodies fall {aster than Light ones, and this conclusion was actually
accepted as true for hundreds of years sumply because of the
authonty behind 1t It was not until the time of Gahleo (1564-
1642) that the matter was tested by expertment and found to be
fal ¢ Galileo 1s often called the father of experimental physics
because he was one of the first to advocate the basmg of conclu-
stons upon experimental fact rather than upon deductive reason
g alone

The Scientific Method The scientific method, as mitiated
by Galileo 13 mductive and always involves the several following
distinet steps In the first place obserrations are made Then a
hypothesis 1s postulated 1n terms of which the obeerved facts are
consistent A successful hy pothesis becomes the basis of a theory
which not only “explains” but suggests further observation in the
form of exper Fmally a ful theory leads to the
establishment of a scentific low Thus the scientific method 1s
bazed upon observation and inductive reaconmg It was by such
a procedure that the laws of motion of the heavenly bodies were
¢ discovered  Attention 18 called particularly to the role played
by observation n the procees Reacomng nlone, no matter how
correctly 1t 1s done, 13 not sufficient to establich & screntific Tan
or pnneiple Observable facts are facts regardless of the methods
used to explam them Thus physics 15 essentially an experimental
science, yet the student need not follow the same path as the
pioncer 1n order to understand what the pioneer has accom-
phished In this text the student will not be required to  discover’
for hrmself

Nature of Expl A word ding the nature of ex~
planation 13 perhaps m order at this pomt An explanation of
any thing 1s always a relative matter It 18 the making of a thing
scem reasonable to a per<on in terms of his past experences Daf-
ferent, degrees of have to be d, and what
constitutes an explanation of <omething to an advanced student
of a subject 15 hikely to be quite unsatisfactory, 1f not umintel~
hgible, to a beginner Thus, as already pomtcd out, mathematies
18 ee<ential for the expl of phy«cal f for the
more advanced <tudent of the sctence, but to the ummtiated

n terms of math 108 often become uneatisfacs

lor} To the bemnner, ruch matters as vorabulary are more 1m~
portant than mathematical relationships, although some of
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coneepts are admittedly mathematieal by their very nature For-
tunately for this study, honever, there 1s ample matenal for
qualitative, or descriptive, considerations 1n elementary physics
to enable the beginner to get a fairly good 1dea of the nature of
the subject Although the explanations and definitions 1n this text
appear verbose if compared with the standards of the professional
physiast, thcy are nevertheless adequate for our present purpose

e Obse: M ement. Since the ecren-

tific method not only cnlls for an ability to rea<on but also for
careful observations, 1t 18 obvious that measurement plays an
important role 1 physies Obseryations must be quantitative as
well as qualitatine Thus the question “how much” must alwavs
be anewered before 1t 18 safe to base theoretical conclusions on
any observation This docs not mean that the present reader must
concern himeelf unduly with anthmetieal details, but it does
mean that the experimental phy sieist must give as much attention
to his tools, which are sll forms of measuning instruments, as the
theoretical phy<«icist gves to the laws and processes of mathe-
matical analy«<is and Jogic The distinction between experimental
and theoretical (or mathematical) physicist 1s often made, but
1t 18 1mportant to note that the theoretieal physicict 1s himited
to the matenal furnished by the experimentalist

Direct vs Indirect Measurements DMMeasurements of all
kinds have to be made, but a remarkable thing about physics 1s
the fact that not all measurements have to be made directly In
fact, many of the so-called measurements 1n phy<ics, such as the
determinatton of the size of an atom, or the measurement aof
the velocity of light, ete , are indirect measurements This agamn s
the result of the high degree of orgamzation of the subject The
laws of physies and their relationships require that certam thimgs
must be 50 1f certain other things are true Thus two simple meas-
urements of length y1eld a value of the ares of a rectangle Simi-
larly, a measurement of length and one of time suffice to determine
speed, to an accuracy comparable with that of the two measure-
ments Furthermore, a determmation of length, one of time, and
one of mass enable the physicist to measure the kinetic energy of
a body, or 1ts momentum, or any one of many quantities to be
defined later In bref, no more than thece three hinds of direct
measurement are required to determine any mechanical character-
1stic of a physieal bady This 18 merely another way of stating our
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earlier as<ertion, viz, that all the concepts of mechames are de-

rnived concepts espresable in terms of three fundamental ones

length, mass, and time Thus we see that the direct mea<urements

1n physics, at least m the field of mechanies, can be restncted to
ts of these three fund tal things

Nature of Measurements If we stop to consider, we realize
that a measurement, such as a measurement of length, for exam-
ple, 18 nothing but a comparcon with & standard, which 1tself 18
nothing but a umt determined by common agreement Thus a
table 15 sa1d to be three feet long merely because its length comn-
cides exactly with that of a standard yardstick held along it
Similarly, the length of a rug or & room, may be determmned with
respect to a yardstich, a foot rule, a mensuring tape, or for that
Tatier aoy convement unit of length Therefore length 13 some
thing which can be measured 1 terms of umte, but which other-
wice has no fi except as 1t a basic concept
for the development of other concepts In other words, a basic
concept such as length cannot be defined m terms of anything
simpler, but a measurement of 1t can be made in terms of a
standardized umt Simularly, mass and time are quantities which
are measured by comparison with standard umts of these quan-
tities It should therefore be quite clear that the first task n the
study of phy=cs 13 to understand the manner of =peeification of
the units 1n terms of which length, mas<, and time are measured,
for everything el<e <cems to depend upon these umts

Incrdentally , 1t should be noted that 1t 1s only by custom that
these three particular concepts are taken as basuc for the develop-
ment of the entire <ubject Theoretically any three concepts
could have been used, but the<e three give the most natural, and
probably the simplest, development

Viithout further delay we shall proceed to the speaification of
the gencrally accepted units of length, mass, and time, with the
understanding that all the concepts of physics are to be expres-
€ible in terms of umts, each of which will be related 1n <ome way
to the umts of these three quantities Compheatmg the situation
somewhat, we find that agreement 13 not uni ereal m the<e mat-
ters and that at least two independent systems of umts must be

contdered, the so-called metnc = stem and the Engh<h system
of units
The Engheh standard of length 15 the yard, N dis-
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tance betneen tno scratches on a certan bar carefully kept in
London This length 1s subdivisible into three fect or thirty-six
inches The worhing unit tn this sy <tem 15 taken as the foot The
metric standard of length 1s the international meter, defined as
the distance between two seratches on a certan platinum indium
bar precerved near Pans, France Although this unit was orgi-
nally intended to represent a certain fraction of the earth’s eir-
cumference contmnued measurements of the latter quantity have
disclosed errors in the original determination but this does not
m any way affect the agrecment by which this particular length
13 aceepted as the standard Secondary standards, which are rep-
licas of the oniginal, are kept m every country The one for thie
country 1s preserved at the National Bureau of Standards m
Washington, D C Incidentally the American standard of length
1s the Amerscan yard, which although approxmmately equal
length to the Enghsh yard, 1s legally defined as 3600/3937 of the
nternational meter One one hundredth part of the meter 1s the
centimeter, which has become the working standard of length n
scientific work Thus the metric and Englich unuts of length are
connected by the approtimate relationship that one mch equals
25% centimeters This 13 worth remembering It 15 alco worth
noting that international commicsions are constantly at work
mointnmng and improving the legal status of unts for purposes
of trade Indeed, a large portion of the program of the National
Bureau of Standards 1s devoted to just such matters

Units of Mass To understand next how the umt of mass 1s
defined, one must first be sure that the concept of mass 13 clear
Tt 18 not such a farmhar concept as length Afass 15 defined as a
‘measure of 1nertia, where wnertia 1s, by definitton simply a certam
property of matter, by virtue of which a body tends to resist any
change 1 1ts motion The state of rest 1s considered a special ease
of motion, namely zero motion It will be pointed out later that »
force 13 necessary to change the motion of a body, whence 1t fot
lows that inertia 15 a property mvolving foree and motion For
the purpose of this diccuseion, however, a force 15 to be thought
of simply as a push or a pull tending to change the motion of a
body

Weight Not the Same as Mass  One of the commonest forces
to act upon a body 1s the pull of gravity, that 1s to say, the attrac-
tion of the earth All bodies on the carth are under such an nflu
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ence at all times The pull of gravity on & body 13 techmeally
called 1ts werght See fig 11 Thus a man 1s said to weigh 150
pounds because the earth attracts him with
a force of 150 pounds This 1llustration also
calls attention to the fact that the common
and familiar untt of force 1s the pound In
the metric system the umt of force 18 the
dyne, roughly equivalent to the weight of a
thousandth part of a postage stamp The
pound 1s sometimes used as a unit of mass,
a concept quite different from weight, and
confusion arses from the use of the same
umt to express two different concepts Such
difficulty can be avorded only by pamstak- Fig 11 The weight
mg care 1n the use of techmeal language of a body can be de-
See pp 37-38 for 2 more complete diccusyon  termined by a spnog
balanee
of this matter
It 15 obvious that a body without mass would be weightless
(indeed 1t would not exist}, yet mass and weight are different
concepts Mass, hownever, 13 considered by the physicist to be the
more basic coneept of the tvo, and the umt of mass 1s arbitranly
defined A certain prece of platinum, having just this choracter-
wtiwc by definitton, 1s preserved tn London atong with the English
standard y ard, and 1ts mass 13 defined as a pound mass See fig 12
The United States pound 18 legally defined as a certain frae-
tion of the mass of the international kilogram (<ce below) The
standard pound of weight 13 now defined as the pull of grawnty
at a speaific place (sea level and
latitude 45°) on this one-pound
mass It 13 a fact that the pull
of gravity on a body (its weight)
varies shghtly from pownt to
pomt on the earth’s surface, be-
Fig 12 The standard pound 10g greater at the poles than at
‘c“o’j{’_‘r “; ‘l’:'t‘i““‘i under a glass  the equator because at the poles
neon 1t 13 nearest, to the center of the
earth But at sca level and m latitude 45° (as London) the
<tandstd 4né of mass and fhe standard umt of foree are thus
simultancously defined in terms of a speaific picce of platinum
In a sumilar manner, another particular prece of platioum pre.
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served near Paris 1s said to have a mass of one hilogram One one-
thousandth of this mass 1s called a gram, & umt which 1s gen-
erally accepted as the working unit of mass in the metric sy<tem,
although the kilogram 1s the fundamental standard

The metric sy stem 15 a decimal system and has been accepted
almost universally 1n seientific work because of its convenience
Engineers, however, both 1n Great Britnin and the United States
lean toward the Englsh or the so-called British Engineering sys-
tem of units, on the ground that 1t 1s more fambar to most people
This difference might well be uced to 1llustrate an moportant dis-
tinction petween science and engineening W hereas science deals
for the most part with truths systematically orgamized into a
body of knowledge, with logie carmed nght down to the matter
of units, engineering deals more with the applications of science
toward commercially practicable ends Compromices are fre-
quently made with accepted customs and usages by practical
people Of cour<e 1n the last analyss, there 1s much overlappng,
and no one <hould attempt to distingwch too sharply between
science and engineering

Unit of Time  The la<t 1n this diccusston of the fundamental
units 13 the umt of time Whereas time 18 often defined as a
measure of duration, duration can only be
defined as a measure of time Thus time 13
a baste concept, not to be defined but
rather to be measured 1n units It has be-
come almost universal practice to measure
time by the use of clochs which have been
calibrated to read in terms of the time re-
quired for the earth to rotate about its axis

1n 1ts orbit about the sun The mean solar
h::ga:f ;e“::;:l‘f l;’; day 13 the accepted umt, of which the
clocks mean solar <econd 1s & 1/86400 part The
length of the mean solar day 1s found by

averaging over the whole year This umt 15 used 1n both metric
and English systems, and thus does not share 1 the confusion
created by the other umts Sece fig 1.3

Syshems of Uniks  In brad, %em, e havie oedlinad, ke baen
umts 1 two systems The particular metric system m which
length 15 measured i centimeters, mas<s 1 grams, and time 1
seconds 15 called the CGS (centimeter, gram, <econd) system
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At the present time an attempt 1s being made to populanze the
use of a metric system called the MK S system m which the
meter 1s actually used, not just defined, as the fundamental umt
of length, and the kilogram 13 actually used imstead of the gram
as the fundamental umt of mass This system 1s a compromce
between scientists and engineers, and its ments le chefly in the
electrical umts which come later 1 this study Of couree, the
adoption of this system will be a gradual process In this text all
metric mea: s will be expr d in CGS umts Vhere
Enghsh unts are used, lengths will always be expressed in feet,
force (not mass) 1n pounds (see chapter II1 for further considera-
t1ons of mass and force), and time 1 <econds In terms of such
units the physieist records the direct measurements upon which
his conclusions are reached and tested

Measuring Instruments Tt 13 also seen that, in the last
analy=s, direct measurements boil down to scale readings of

[-—wl.l T "‘11 T Al[r]g{x[l‘llﬂ‘—[[l‘r]lsl

Fig 14 Tntenals of length sre ordinanly measured by
foot rules, yard.tichs meter stichs ete

length, clock readings of time, and pomnter readings of mass See
figs 14 and 15 Such pomnter readings of mass are obtained with
a balanee by the u ¢ of which the tendency of a body placed 1n
one pan, to be pulled downward by gravity, 1s balanced by =up-
plymng an equivalent amount of standardized mass m an ad-
j0ming nan connected to the former by a bar resting on a kmfe

t:)@@@c::

i

|
\

Fig 15 Mars 1 meavured by the beam balanee
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edge at 1ts center In the course of his work the physiciet has -
vented ingentous devices to facilitate these measurements, m
cluding the vermer and the micrometer calipers {=ce figs 16 and

Ny

' = [+ o, - l

0 ) A

%

%

Fig 18 The vernier caliper 1s uced to make accurate
measurements of relatively short lengths

7
]

o

17), the measuring microscope specialized forms of mass bal-
ances, and intncate clochwork mechanisms Fundamentally, how-
ever, scale readings of length, mass, and time constitute all the
direct quantitative ob<ervations

Fig 17 The micrometer caliper 1s used to make acturate
messurements of very short lengths

Relative Value of Quantitative Considerations Now, lest
the beginmng student <hould get the impression that this diseus-
sion of fundamental umts appears to emphasize the numeneal
aspect of the subject 1 spite of promices that this book would
minimize quantitative cons:derations, he should be reminded
that much of the beauty of the science of physies to the phyvaicist
lies 1 1ts hugh degree of orgamization and the discipline which
1ts strict defimtions provide In studying <uch a subject, even af
the quantitative or numerical aspects are not pursued to the
hmit 1t 1s well worth noting the mmportance of getting first
things first Only thus does one get the correct onentation prop-
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erly to appreciate the more complicated, and perhaps more fas-
cinating aspects of the story which 1s to be unfolded 1n the sub-
sequent chapters of this book

Summary In summarizing this chapter we see that physics 1s
to be considered as a logically orgamzed body of concepts to be
understood m terms which are umiquely defined By inductive
reasoning baced upon obeervation, conclusions are drawn rc-
garding these ts These 1 must be sul d to
tests of further experimentation and observation Although in-
ductive reaconing 1s paramount to the research phases of the
seience—as true todty as ever since the earhiest times—deductive
methods are used to adyantage 1n passing the results on from one
generation to another

In this chapter the mmportance of meacurement has also been
emphacized but only to serve as matensal upon which to build
‘The physicist uses measuring mstruments as well as ipstruments
of the mind 1n making his observations, and expresces his recults
m terms of smtable units, of which there are a few more basic
than the rest

Future chapters will deal with some of the recults of measure-
ment and although measurement naturally suggests anthmetie,
the latter will be minmized so a3 not to interfere with desenp
tions of physical concepts Before going on 1mmedsately to a de-
tailed diecuscion of phy<«ical concepte, however, attention will be
given in the next chapter to the place of phy sies in our eivihzation
by & brief treatment of the history of the seience of phy<ics Such
o historieal summary will constitute something of an over-all
look at the field before a detailed consideration of the vanous
parts 1s undertaken

QUESTIONS
TWhat 15 meant by the “Scientific Method '?
Distinuich between the meter, sard, foot, centuneter, mil-
limeter
For what purpose 15 the vermer caliper ueed?
What 15 the difference betneen “inductne” and ‘ deductive”
reasomng?

ey

- ed



CHAPTER II

HISTORICAL CONSIDLCRATIONS

ANCIENT AND MEDICVAL PHYSICS TAE NEW AWALRENING
IN PHYSICS CLASSICAL PHASICS MODERN PHYSICS

In 2 desenptrve survey of physics 1t 13 appropriate to conaider
before getiing absorbed 1n the detmled concepts of the subject
matters of a broad nature, such as historreal dev elopments By
such a procedure the student 1s provided an opportumty not only
to appreciate how the science has grown but also to evalunte its
mmportance m and to, moedern crvilization After all this 1s a
scientific age and 1t 1s indeed a matter of <ome concern to the
serious student to find out just what phy=ies has contributed to hic
world This point becomes all the more significant when 1t 1
noted that physics 1s one of the oldest and one of the most highiy
orgamzed of all the sciences

Certamly the contribution of physics to the cultural and eco
nomic welfare of mankind has been vers great indeed m time
of both peace and war throughout the ages 1t 1s the purpose of
the present chapter to outhne some of the important deselop
ments 1 the science and to assoerate them with percons Too
often the student of science or technology overlooks the fact that
phyeies 1s Just as much concerned with people as 1t 1s with things
Darccovenes of natural Iaws are made by per<ons whose own lives
as well as those of others are affected by them It 1s therefore
appropriate that this historieal outline be developed around the
names and dates of famous physicists The student should try
to associate the dates with world events with which he may be
famliar outaide the realm of science Possibly <ome connections
between events of great social import and discoveries in <cience
will be noted that have not previously attracted his attention

Four Periods of Physics Tt ceems natural to consider this
historieal survey tn four mam subdivisions which we <hall refer
to as periods of physics, as follows Ancient and Medieval Physics

12



ANCIENT AND MEDIEVAL PERIOD 13

(roughly 3000 B¢ to 1500 AD) The New Auakemng in Physics
(1500 to 1700), Classical Physies (1700 to approximately 1890),
Vodern Physics (1890 to the present time) These dates can be
con=idered only as very approximate The first and last of the ¢
periods might be subdivided further A distinction ecould well be
made between the ancient and the medieval periods but the con-
tributions made 1m the latter pertod, which might be said to ex-
tend from 500 Ap to 1500 o b, were to few as to make such a
distinction hardly worth while Moreover, the adsyances made i
the <o called modern period have been <o numerous that a break
around 1925 might ceem justifiable Perhaps the advent of the
atomic borb 1n 1945 will make historians of the future conader
this year the beginning of a new era However the present 1s not
the tune to evaluate the progress of contemporary phyveies and
€0 1t has scemed best 1n this survey to group all tl e accompheh
wments <ince 1890 into a single so called modern peniod

First Pertod Ancient and Medieval Physies (3000 ne-
1500 An) Records indicate that the ancient Babylomans and
Fgyvptians as early as 3000 B¢ were famibar with <ome of the
fundamental! prineiples of phyeies, especalhy tho ¢ dealing with
the measurement of lané There 15 alco evilence that the begin
mngs of astronomy were <omewhat underctood by these early
people But nothing very defimte m a seientific eense, seems o
bave come from thi= Of course we recommze the eng neering
aehievement represented by the pyramids of Egvpt, but tie
astronomy was more the sort of thing now known as astroloay
It alco ecoms certain that the Chinese were familiar with tie
magnetic compass earlier than 1000 B ¢, but here agam the recor is
are very scanty

TnEe Gerek Parr oF THE Tiest Prriop From approumntels
700 B¢ to 150 A very definite advances 1n physies were made
by the Greehs Thales (6407-546 Bc), a rather shadow fizure,
appears to have recogmzed certain aspeets of what today 12 hnown
&s static electnieats  Hictorieal ecrentists al o credst fim ania
groun aseociated with him hnown as the Toman School with the
ervstaihization of the view that Fire Water, and Earfd were
fundamental substances This certunhy represented a recogniz-
able beginning of scientific thought

Other early names cncountered in th e records are Pythagoras
(580-500 B c )} and Derocntus {460-370 nc) The former 1e
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membered as the founder of the Pythagorean echool of philo<o-
phers, his most 1mportant contnbution was probably the Pythag-
orean theorem of geometry, which states that the hypotenuse
of & nght trangle equals the =quare root of the sum of the
squares of the sides Democnitus 1s credited with postulating an
atomistic view of matter Although an atomustic View is held to-
day, Demoentus 1s not considered 1ts father since there appears
to have been hitle if any scientific basis for lus postulate It 1s
more appropriately referred to as idle speculation than as a scien.
tific postulate
Next ne come to Plato (4277-317 Bc) and his pupil Arnstotle
{384-322 nc) Plato was undoubtedly one of the greatest of the
Greek philosophers, 3et hts contributions to phy<ics were rela-
tively meager His famous pupil Anstotle, howeser, was the great
organizer of scientific knowledge of his time He 18 credited with
having written the first textbooh 1n phy<ies He alco contributed
so much to the science of phy<ies that for many centunies his -
fluence was paramount In smte of his greatness, howeser, we
eriticize Anstotle today on the ground that s famous theortes
were not based primanly upon experimental evidence Although
he frequently refers to the value of observed facts 1n the deselop-
ment of a theory, he <eems not to have follosed his own advice
very conceientrously Much of lus work 1s baced upon abstract
argument not substantiated by observation It 13 often stated
that Anstotle was more concerned with explaming “why” things
were than “how ' nature behaved Modern science, of couree, 13
baced on the latter pomnt of view with considerable emphasis upon
quantitative measurements made as nearly exact as possible By
present-day standards Anstotle was certainly the ‘armchair’
type of philocopher whose conclusions were more deductive than
inductive Although observation was not entirely miesing, 1t was
more of the pasarve cunosity type not accompansed by purpose-
ful experimentation Nevertheless Arnctotles name was unques
tionably one of the greatest, if not the greatest, i the Greel
period of science
Another Greek of mportance was Euchd (450?-374 Bc) Al-
though he made contributions to geometri¢ optics, s fame 19
much greater n the field of mathematics than 1n physies
Finally, 1o the Greek pertod, we encounter Archimedes (2877-
212 5c) of the Alexandran school On the practical side Archi-



ANCIENT AND MEDIEVAL PERIOD 15

medes 1s perhaps the best known of all the Greek physicists To-
day he would be called an engineer or an engineering physieret
by virtue of his many applications of physical principles to war-
time as well as peacetime pursuit: Yet there are alse those who
would call him the founder of mathematical physies beeause of
hus apt and accurate applications of mathematics His work 1n
hydrostaties alone would make hm one of the most famous of
the ancients, but he made notable contributions to optics, me-
chanies hydraulics, and other fields of physics as well Unlike
Anctotle, however, he mterested himeelf 1n practical matters, or,
as would be pointed out today, he kept his feet on the ground

In summanzng the Greek period as 3 whole 1t seems farr to
state that the entire period was characterized by deductive rather
than inductive reaconming, that observation was for the most part
superficial rather than emtical, that there was more passne
curiosity than active e ation and more )} <pecu
Iation than fact finding Today one cannot help wonderng why
this was all <o Yet 1t must be remembered that experimentation
1n physies 13 2 manual pracedure and that the <ocial status of
the free born Greeh eitizen above the slave forbade manual
Iabor Whercas the impact of science on socrety s ordmnanh
acknowledged, we note here a defimte impact of <ocrety on
gcience, for 1t 13 undoubtedly true that had manual actiity not
been frowned upon m this period, more adyvancement would have
been made by the Greehs Instead, the =cience of phy<ies pro
ceeded just o far and no farther 1n a period of several hundred
years compared with the enormous advances made 1n just a few
years m our time

Tue LaTTER Parr oF Tue FirsT Periop  Although the firet
period continued until about 1500 A b, practieally no advance 1n
physics was made between 50 B¢ and 1550 A p This perod covers
the e and fall of the Roman Empire, eomecrding with the
deeline of Greek culture generally, and the overrunnmg of the
snetent western world by the barbanans The tomans praduall
abeorbed Greeh eulture, but by 600 ap all Furope had been
deprived of the apportumits to avail steelf of it The Romape we
not serentifically anclined Practiealls all Greek manuseripts wer
to Arabta In n way, Greel science was thus preeemed fom =
terity by the Arabe who themeclves added very little ¢oat 7~
did, howerer, mtroduce to science the zo-called Arabye eve
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numbers Alhozen (9657-71039) produced a work on opties to
be sure, but generally speaking Greeh science was not improved
upon to amy appreciable extent by its tranclation into Arabic
It was still based upon the authonty of Anstotle

Between 700 and 1100 ap a beginming was made toward a
revival of learning 1n Europe Large universities deyeloped under
the shelter of the church Trade spread, and both Greeh and
Arsbian manuscripts gradually fourd their nay back to Europe
The crusades aleo nesisted 1n this process Since the church had
survived the Roman state and become all powerful, 1t was natural
that the revival of learming, and of scence m particular, <hould
take place under its influence Many of the scientific manuscripts
were translated from the onigmal Greek into Latn by the monhs
m the monasteries These scholars, like the Greehs, also scorned
manual labor and so the <cience which they passed on to the
world was the onginal Ar han 1erion dulterated by anv
experimentation of their own Thus the authornty of Arnstotle
was carefully preserved In this period the <cholars <tuek to the
Greek and Roman numbers, leaving the Arabic numbers to trade
and <o even the Arabian mfluence was minumized This 1s another
reason why 1t becomes possible to state that for approimately
1500 3 ears there were practically ro ady 1nces over Greek <cience
It was certaunly a period of seientific stagnation By the jear
1500 or <o <cience had just about returned to the status which tt
had occupied 1500 jears earlier Neverthelees the church had
re established <cience m the various large unnerties, directly
under 1ts control It 1s easy to sce, howeser, that church domina-
tion flavored 1t to suit itself The doctrines of Arnstotle came to
have the power of law behind them Truth was not discoserable,
by that time, 1t was dictated by the church, and 1t became a
crime of the first order even to question the church sponsored
views of Aristotle, to say nothing of suggesting that experimen-
tation might be a better way to establish the truth Naturally
science degenerated under this <ystem, 1 which 1t became <o
nternoven with ecclesiastical doctrine that scientific facts could
not be separated from religrous drctates The time was not quite
ripe for The new tra Wit wirs 1o duwn wvvek YR

Second Period The New Awakening in Physics (1500-
1700)  As time clapsed and trade developed wealth mcreased
This led to the development by wealthy merchants of univer-
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sities for etudy and reccarch outaide the church This movement
nurtured a growng dassatisfaction with authonty in science By
1550 doub of Arstotle af d with & 1 proof of
their views That 15 to sas, doubters began o express themselves
apenly As 3 matter of fact there had probably slways been
doubters but they had been guccessfully suppressed Two cen
turies earhier Roger Bocon (12147-1294) had tsught that belef
should be baced on oleersation and ecperimentation rather than
on authonty, but such expressions resulted mn his spending prac-
treally the last thied of hus hife 1 pricon Truly he was a man who
Ined at Jeast two centunes ahead of hus tume

Aleo, 1o Ytaly, there was Leonardo da Vinee {1452-1519) But
sn spite of the great accomplichments of this man i practicalhy
every field of the arts and serences, he was hardly known in lus
time and his mBuence was practieally nif He left his works
manusenpt form and they have come to be sppreciated enly 1n
recent times Now 1t 1 reahzed that he actually was one of the
great scientiets of sl tume

The pertod of new awahening really commences nith Copers
racus (1473-1343), Galdeo (15641642}, Tycho Brahe {1516~
1601}, Aepler (1571-1630), and Gulbert (1540-1603), who all
paved the way for the great Jsoac Newton (1642-1727) Coper
nieus developed the heliocentne theory of the unsverse Galilpo,
“Trcho Brahe, and Kepler established the fundamental 1deas of
modern celestial mechamwes, based upon observation first and
theorizing  afterward, thus revolutiomzmg saentific thought
Galiko 1 partseular stressed the wden of controlled expenmen.
tation ta such & degree that todas he 15 recopuzed as the father
of the modern saicntific method based upon mduetne rather than
deductive learming Howeser, be, as well as some of the athers,
paid the price of prop z reval y sdeas by spending
perieds of his life s pricon

Gohleo carried obsers ation to the quantitatste stage by mahing

He truly emph dthe how ' (eventhe

“ how much”) as contrasted with the shy” of \netotic By his
quentitative obeervations on falling bodics and other mechane
1eal motione, aeisted by inetruments of his own savention to
mmprove the accuracr of his meseurements, he laid the founda-
tson for the dicoverses of Newton, who was born the year he
died His work was zot limted ta the field of mechanmes, Fowe
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ever His contributions to other fields, including optics, were
numerous

Sir Isase Newton 15 usually d the greatest
gemus the world has produced He erystallized the <crentific
thought of lis time 1nto a few fundamental statements now ac
cepted 2s laws of nature These include three famous laws of
motion and the law of gravitation in the field of mechanies alone
In addition, he 1nvented the calculus and contributed greatly to
the field of optics His role was primanily that of a co ordmator
of mformation or a systematizer of kuonledge He formulated
the over-all pattern by which scientsfic knowledge was to be
organized 1n the great classical period that was to follow his time
and which has not y et become outmoded, even today, except per-
haps 1n the restrieted field of atomic physte« By 1690 much of
mechanies was known and fitted mto the Newtonian pattern

Newtons contemporanies nclude Huygens (1629-1695), who
proposed the wave theory of hght in oppo<ition to Newton, and
other famous physiersts including Boyle (1627-1691), well known
1n connection with gas lans and Hooke (1635-1703), whose work
1 elasticity 18 famous Pascal (1623-1662) 1s remembered for s
Jaw of flurd pressure

Thus the second great pertod tn phy<ics ends around 1700 or
g0, when the 1deas of Galileo, Bacon, and others, who were 1rked
by the doctrines of Arstotle forced upon them by the church,
finally took hold and opened up & vast new era It was certamnly
& period of New Awakening and 1t paved the way for the phy «ies
of the eightecnth and nineteenth centunies, during which time
new discoveries, although made i rapid succession, <eemed to
do hardly more than confirm the broad structure of the science
laid down by Newton

Third Period Eighteenth and Nineteenth Century Clas-
steal or Newtonian Period (1700-1890) It will not be feasible
in this historical survey to all the ach ts of
the eighteenth and mineteenth centuries The science of physies
was reslly gathering momentum by this time and becommng very
comphicated The «cience was getting large enough for the various
subdivisions to be sigmficant Advances were made 1n the fields
of mechanies, heat, hight, and electricity, as 1f each branch were
more or lees 1ndependent, but the work of Newton provided the

4 ’
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means of mtegrating all this knowledge In a way the pertod
can well be described as one 1 which the fundamental views of
Newton gradually came to be appreciated and established A
wealth of quantifative material was gathered, but 1t all seemed
to fit together 1n a most remarkable way into the Newtonian pat-
tern Indeed, the success of Newtonian phy+ics was <o great that
by the end of thas period 1% almost seemed that the end of phy«ies
was 1 sight Almost eserything seemed settled, hence the dewig-
nation  classical period’

Rather than attempting to develop this period 1n a chrono-
logical order as in the case of the two preceding periods, we shall
consider the various branches of the science separately and do
hardly more than list the outstanding names, dates, and events
1 this period Commeneing with mechanies, we note the work of
Bernoull: (1700-1782) 1n hydrodynamics and gas theorv, D Alem
bert (17172-1783), Euler (1707-1783), Lagrange (1736-1813),
and Laploce (1749-1827) 1n theoretical mechames

TIn the field of heat, the period 1600 to 1800 saw the develop
ment of thermometers and texperature seales by Gahleo, Fahren
ket (1686-1736), and others It also eaw the mtroduction of the
concepts of latent and speeific heats by Blackh (1728-1799) and
the deselopment, of the steam engine by Wa*t {(1736-1818) The
nineteenth century <aw the concepts of heat fitted into the New-
toman picture by the work of Rumford (1753-1814) Joule (1818-
1889), and Rowland (1848-1901) These men estabhched the
view that heat was merely a form of energy  Camnot (1796-1832),
Mayer (1814-1878), Helmholtz (1821~189%) Kelrin (1523
1907), Clausius (1822-1888), and others establiched the funda-
mental laws of thermodynamics, 1 which the baaic concept of
energy served to umfy the concepts of heat with those of me-
chanies Finally we pote the work of Gibbs (1839-1903) n
chemical thermodynamtes and Inter 1 statistical mechan es
closely related to the subject of heat

Aleo 1n the field of light, many advances were made in thewe
two centunies, and agun the umfving mfuence of the Newtonin
methods was vers apparent in the Intter one Gahleo had at-
tempied to measure the veloaity of light but had found 1t too
great for accurate determination Roemer (1644-1710) and Brad-
fey {1693-1762) made more suecessful determmations, arnving
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at values not too far different from that accepted today —around
186000 mmles per sccond Foucault (1819-1868) and Fifzeau
(1819-1896) refined the mea-urements around 1850, but the
final result waited for Machelson (1852-1931)

Huygen s wave postulates were revived by the work of Young
{1773-1829) and I'resnel (1788-1827) Malus (1775-1812) dis-
covered the phenomenon of polanzation of hght by reflection
This worh was extended by Breuster (1781-1868) Fraunhofer
(1787-1826), Awchhof (1821-1887), and Bunsen (1811-1899)
laid the foundation for modern speetroscopy

The crowning chmax of ths period 1n the field of hight was the
strol ¢ of finality given to the age-old question of the nature
of hght, whether corpuscular or wavelihe, by the great Mazuell
(1831-1879), whose clectromagnetic wave theory of light <atis
fied all partics to the controversy As a matter of fact, Mlawwell
15 considered by many to be the greatest theoretieal phy «icist of
the nineteenth century as a result of his estraordinary accom-
plichments 1n the fields of light and electricity

The last field to be considered i this tiird perod of phyeics
15 that of clectnierty, or electricity and magpetism, for 1t was
found 1n this period that these tno fields were really one Prob-
ably more attention was gven to electnieity than to any other
branch of physics during the eighteenth century Gray (1670~
1736), Du Fay (1698-1739), Franklhn (1706-1790), Cavendish
{1731-1810), and Coulomb (1736-1806) did significant work m
clectrostatics Galvan: (1737-1798) and Volta (1745-1827) were
pioncers 1n current electrieity In the latter part of the period
the outstanding contnbutors were Faraday (1791-1867), Henry
(1797-1878), and Mazuell (1831-~1879), although they had many
contemporaries, meluding Ampere (1775-1836), Wheatstone
(1802-1875), Lenz (1804-1865), helvwn (1824-1907), Kirchhoff
(1824-1887), and Hertz (1857-1894) Faraday was the ontstand-
1ng experimentalist of his time, and Maxwell, as stated earler,
was probably the most outstanding theoretical physicist of the
period In this field, as 1n all the others, the period ended with
a great feeling of <atisfaction by physicists that the science of
Py e wee Seelly amemsad and say vall adaanated Bamork -
able hization had been lished by the theoretical
plysieists espectally Maxwell, utthzing the general methods of
Newton and the highly successful concept of energy It was




MODERN PERIOD 21

deed the classical penied 1n phyees So complete was the picture
and so <atisfied were the physicists i thewr sccomphshments that
by 1820 n general feching became widespread, although it ss diffi
cult to detersmine s preewse ongin that physics was sbout done,
that probably no starthing new discoveries would ever be made,
and that probably future generations of physieasts would have to
content themsehes with merely evtending the nceuracy of known
mformation, perhaps to the next decumal place That this was not
the case 1s the story of modern phy=ies which period <tarted gust
about 1590 whes phy=icists were jolted rather abruptly out of
therr Iethargy by several notenorthy discovenes wcluding the
electron, the % ray, and radsoactsvity
The Fourth Period Modern Physics (1890 to the Present)
Tie great genershzations and carrelations m theoretical physies
and tle of e { phyaes dur-
mg the nineteenth tentury, especially the latter part cextamly
placed the science m a strategic posstion with respect to the tech
nological and industnial activity just commenmng The economie
world was surels destimed to ferl the smpact of # Indecd not
cven today has mdustry come anvwhers near to exhausting the
applientions of classicaf phy<tes to its needs, even though the
fruits of a stell more recent pertad the modern period have come
to oceupy front place on the technological svene Of course we
refer to electrontes televicon atome energy, ete, afl of which
were unhenrd of much before 1890 But st 1s stsll elacsieal or New-
taruan phy eies which properly constitutes the major part of =
college program n phy«ies todas, espeerstly for thoee students
antiespating a carcer In engineenng In fact this fext alw
will be largely clasciesl in ita scope The eo ealled newer physies
which 18 the matenal covered m the fourth pertod cannet prop
erly be understood and evaluated without a substantial haek
ground m clesieal phyeies
Although the achievements of the mneteenth contury were out

standing €14 impretaion must not be pnven that perlection Bsw
been attmned Thore were gaps here and these, and there we
certain ineonsistenties For example the clectromametie w5™
theory of hight sas wonderful but 1 required the poete®s™ ™
a mediunn the Tumamiferous ether, for the waves to wave =
one could find nny tanmble evidence for the exstence of <
wedium Ao the rtudy of heat radiation wae not qu #
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Furthermore, recent discoveries 1n electrieity, such as the photo-
electric effect by which the action of Iight produces an electnc
current, were mnconsistent nith Maxwell's theory of light Yet all
such difficulties were considered to be of very minor importance
compared with the over-al] success of the general New tontan pat-
tern It was felt that sooner or later they would all be straight-
ened out, like a pigsaw puzzle complete except for the last few
pteces The fact 15, however, that mstead of this happenmg the
difficulties became enormously magnified as physicists concen-
trated their attention on them It finally took a whole new pomt
of view, such as 1s utihzed 1n the quantum theory and in rela-
tivity, to strughten things out But this did not happen until a
series of brand-pew discoveries were made, meluding the 1<ola-
tion of the electron, radwactrty, X\ rays, and the concept of
the electrical structure of matter, all of nhich were Likewice ex-
plammed by the new viewpornt

Crookes (1832-1919) had discovered cathode rays mn 1878,
but J J Thomson (1856-1940) explained their nature as nega-
twvely charged electrical particles, called electrons This was
between 1890 and 1897 and 18 usually referred to as the begin-
ning of the electronic era, although Stoney (1826-1911) had sug-
gested the name “electron” as early as 1874 Lorentz (1853-
1928) formulated an electron theory of matter 1 1895 1n which
vibrating electrons d for the elect 1c raciations
predicted earlier by Maxwell and diccovered in 1888 by Hertz
(1857-1894)

Also 1 1895 Roentgen (1845-1923) discovered X rays, and
1n 1896 Becquerel (1852-1908) discovered radioactivity Thesa
were followed in close succession about 1898 by the 1<olation
of polonmum and radum by the Curtes, P Curie (1859-1906)
and M. Cure (1867-1934%)

The year 1900 1s marked by the introduction of the quantum
theory by Planch {(1858-1947) 'This, folloned by the theory of
relativity in 1905 by Ewnstewn (1879~ ), sct the stage for many
advances because of the new way these two theories provided for
viewing natural phenomena These theorios struck at the funda~
anardel mhalaaspbyr of by svs end provaded dhe Loy do she salo-
i1on of several problems left over from the preceding pertod The
fuantum theory evplamned heat radiation and the photoelectne
effect almost ymmediately The theory of relativity went farther
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than Newtonian mechanies to explamn certam phenomens asco.
ciated with matter moving with extraordinanly large veloaity,
such as electrons, atoms, and molecules It al<o provided an ex-
planation for the faiture of the Michelcon Morely experrment
(1887) to determne the drift «peed of the earth through the lumi-
niferous ether Although these theories were very reluctantly re-
cewved, they have nevertheless gradually become established 1n
phy<ics, m spite of the fact that they have so altered <cientific
thinkmg that many of the older phy=cists of today have eon-
fesced their inabibity to reconcile some of the postulates with
clasecal physies or even with common sense Indeed, much of
the newer theoretical physics 1s abstract mathematies, but, most
of the younger physicists have come to accept the results of these
two theones as reasonable

From about 1911 much interest has been focused upon the
general field of phy<ics known as atomic phys<ies Rutherford
(1871-1937), with the help of many asuistants over a perod
of vears, finally established the concept of the nuclear atom Bohr
(1880— ) devised a model of the atom mn 1913 which was
patterned after the solar system ard 1ts planets This <o called
planctary atom, consicting of a poitively charged nucleus en-
arrcled bv negatively charged electrons, has been very widely
publicized Although today this picture has been more or less
replaced by abstract mathematical reprecentation i the mind
of the theoretical physicist, many of the Bohr features are still
uscful, especially n elementary evplanations of atomuc phe-
nomena

To the ummtiated this last <tatement may ceem strange, rats
mg as 1t probably does the quection of how a prcture can be
aceepted 1f 1t 18 not correct. This 13 an example, howeser, of
the modern point of view 1n phy<ics, and 1is relation to common
gense Quantum and relativistic phy<ies have prepared the scien-
Ufic mind to appreciate how complex nature realls 15, and how
far the world of atoms and electrons 15 remot ed from that of com-
mmon sen<e anywas It reminds us that explanations are only rela-
tine to the students background To an elementary student
something can be a perfectly saticfactors explanation which
would not be appropnate for the advanced <tudent. In other
words, there ean be any number of ways of explamng anvthing
It 15 not a question of which 15 the correct one, it 1s rather
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question of which 13 the better one for the purpose Thus per-
haps 1t 15 clear how the newer physies has <cemed <o confusing
to the older generation

Many names might be mentioncd 1 connection with atomie
physies, but 1n this brief summary only & few seem appropriate
W H Bragg (1862-1942), Aston (1877~ 5, C T R Wuson
(1869- ), and Multhan (1868~ } are all names which
attamed prominence before 1920 Of course no distinction ean be
made here between atomic and electronic physics, and further-
more these hsts are very far from complete

During the 1920 3 further advances were made 1 electronies,
spectroscopy, and nuclear phy «ies, although research i all fields
ncreaved greatly after the First World War 4 H Compton
(1892~ ) practically removed the last traces of doubt of the
quantum theory in 1923 by lis experiments with X raye
De Broghe (1892- ) introduced the concepts of wave me-~
chanies 1n 1924 Hewenberg (1901- ), Dirac (1902~ ),
and Schrodinger (1887- ) did much to develop this field
between 1921 and 1926 Dawsson (1881- ) 1 this country
and G P Thomson (1892- ) m Epgland produced expert
mental evidence for the wave nature of the electron 1n 1927 and
1928

In 1932, Chaduwch (1891- ) drscovered the neutron, a fun-
damental particle which carries no electrical charge, and Ander-
son {1905~ ) discovered the positive electron sometimes
called the positron Lawrence (1901- ) 1nvented the cyclo-
tron 1mn this same year Johwot (1900- ) and his wafe Irene
Cure-Johot (1897~ ) discovered artificial radiosctivity 1n
1934 Fermy (1901~ ) and others produced artifieral radio-
activity by neutron capture Hahn (1879- ) m 1938 dis-
covered uramum fission, which 1s the basis of the atom bomb of
1945

Thus we have touched upon some of the high points of physics
right up to the present time As stated before, the hist of names
and dates 1s far from complete, nor 1s 1t 1ntended that the ele-
mentary student should understand all of the above, but enough
has been mcluded to mamtam the contintity Recearch today,
however, 1s not a meatter for individual physiaists This s the
age of group research, and i many of the projects noted above
only the leader or leaders have been mentioned Hundreds of
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others have contributed who may never receive full recogmtion
for therr work

1t has been the aim of this chapter to outhine the advances in
physics from almost prehistone times up to the pre-ent It should
be obvious that these advances have been made at an accelerated
rate except for the dark period between 50 B¢ and 1500 Ap
Today, physics 18 progressing at such a rapid rate that we can
only guess what will be discovered and what the concequences
%111 be in the future Certainly the atorme bomb has indieated
how clacely the affairs of this world are related to the develop-
ments 1n the physics Iaboratory, and 1t can only be hoped that
man can learn to get along with his Lind as fast as he can dis-
cover the secrets of nature, lest things get out of control and he
anmbilate himself

In a way thus chapter has been something of a summary of
the whole field of physics but one developed chronologieally
rather than logically Folloming chapters will deal with much
of this material 1n amphified form

QUESTIONS

How can the Greek period in physies be bnefly characterized?
Why were Anstotle’s views so widely accepted as late as the
fifteenth century ?

What 1s meant by the statement that the Arabians Jeft Greek
science i cold storage' ?

Why 13 Galileo considered the father of modemn science?

T hy 15 the claseical persod often referred to as the Newtonian
penod 1n phystes?

6 Ythat broad fields characterize modem physies?

e R
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question of which 18 the better one for the purpese Thus per-
haps 1t 1s clear how the newer physies has seemed so confusing
to the older generation

Many names might be mentioned 1n connection with atomic
phystee, but 1n this brief summary only a few seem appropnate
W H Bragg (18062-1942), Aston (1877- ),C T R Wuson
(1869~ ), and Mibhan (1868~ ) are all names which
attained prominence before 1920 Of course no distinetion ean be
made here between atomic and electrone physics, and further-
more these lists are very far from complete

Dunng the 1920’s further advances were made 1n electronies,
spectroscopy, and nuclear phy«ics, although research 1n all ficlds
ncreased greatly after the First World War A4 H Compton
(1892~ ) practically removed the last traces of doubt of the
quantum theory in 1923 by his experiments with X raye
De Broghe (1892- )} itroduced the concepts of wave me-
chamies m 1924 Hewsenberg (1901- ), Dirac (1902- ),
and Schrédinger (1887- ) did much to develop this field
between 1921 and 1926 Dawisson (1881- ) 1 this country
snd G P Thomson (1892- ) 1 England produced expen
mental evidence for the wave nature of the electron 1 1927 and
1928

In 1932, Chaduch (1891~ ) discovered the neutron, a fun-
damental particle which carres no electrical charge, and Ander-
son  (1905- ) discovered the positive electron, sometimes
called the positron Lawrence (1901- )} mvented the cyclo
tron m this same year Johot (1900- ) and his wife Ircre
Curie-Johot (1897— ) diccovered artificial radioactivity n
1934 Ferma (1901- ) and others produced artificial radio-
setivity by neutron capture Hahn (1879- ) m 1938 dis-
covered uramum fisston, which 1s the basis of the atom bomb of
1945

Thus we have touched upon some of the high points of physics
night up to the present time As stated before, the list of names
and dates 1s far from complete, nor 1s 1t itended that the ele-
mentary student ¢hould understand 2ll of the above, but enough
has been ncluded to mamtan the continuity Research today,
however, 1s not s matter for individual physiaists This 15 the
age of group research, and m many of the projects noted above
only the leader or leaders have been mentioned Hundreds of



COMPOSITION OF FORCES 27
tant pomnt that when two forces of equal magmtude are added

together, 1€, act upon the same body, the result 15 not neces-
sanily a force with twice the magmtude of one, but one which
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Fig 31 No effect 1 Fig 32 Mo
easterly direction net effect

may even be zero, depending upon the directions tnvolved The
result 1s a doubled force only when the two forees pomnt in the
same direction See fig 33 Vhen the directions of two forces of
equal magmtude happen to make an angle ”

of 120° (an angle of 120° 13 one third of & Fyg 33 Effect doubled
whole circle) 1t can be shown, both by cal-

culation and by expermment, that the resultant force—that 1s the
force which by 1tself would produce the same effect as the other
two combmed—has exactly the same magnitude as each of
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F R R
202, 0%,
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Fig 34 R has sme Fig 35 Magmtude
magmitude as Fy and Fs of R 13 approumately

14 that of F, or F;

them (no more, nor less) although of course the resultant direc-
tion 13 quite different from either See fix 34 Another special
case 18 the one m which two such forces make an angle of 90°—
1e anght angle—with each other Here 15 a force of about 5055
greater magmtude than each, which pomnts 1 a direction lymng
halfway between the two See fiz 28

Composition and Resolution of Forces The student &t **
be 1nterested m knoyrre ba ataas —otin o ad T

At




28 MECHANICS

a matter of experience, of course, that they are true, but the fact
that they can be determined without resort to experiment, except
to check the answer, 1s very mmportant The simplest way to de-
termine a recultant force 1s to repreeent each force graphically by
an arrow drawn to scale, o that its length
2 ndicates 1n & relattie way the magmtude
of the force, and <o that 1t pomnts in the
presenibed direction If, now a drawing 1s
made w1th the tail end of one arrown jomed
to the head end of the other, each pointing
Fig 36 Vectoraddipon 10 S proper direetion, the straight lime
drasm from the tail end of the latter to

the head of the former will indieate by ats length and direction
(using the <ame <cale) the magmtude and direction of the re-
sultant See fig 36 This 1s obviously the diagonal of a paral-
lelogram made by the pairs of the two arrows as sides Such
arrows are called vectors and force 13 a vector quantity That 13
tosay 1t1s a quanmy which requires the spcclﬁcatmn of direc-

tion as well as o* de for 1ts pl ation
Vector quantities o1 which there are many n phystes, can be
added ( ded) by such a hical method as just de

scribed and of course, the procedure 33 not himtted to Just tno
vectors There are al<o rules of mathematical physics by which
vectors may be subtracted multiphed divided, ete, but 1t 1s not
necessary for us to consider the<e here

Thus we <ee that forces may be compounded to produce re-
cultant forces A question then naturally arnces May not any
force be considered to be such a result- N
ant of perhaps ¢y eral subsidary forces
—1e may not a force have certamn v
components into which 1t may be ¥ " 7 E
broken down for convemence The an-
<wer 18 obstous, and for practical con- o
siderations, very 1mportant A certam s
force pointing in a northeasterly direc- :‘;lihileiﬁ‘a:}?z ;{‘:’:ﬁtﬁf
tion for example may be considered to
e the resultant of o foree 1n o northesly direction combined with
a force of the proper magnitude, according to the graphieal pro
cedure just outhmed pointing 1n an easterly direction, even though
these two forces may not be apparent Sce fig 37 The latter two

F.
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forces are <ard to be components of the orgnal one A force may
thus be broken down into any number of components The pro-
jected component of a force 1n the same direction as the force 13
the entire foree ateelf, while the projected component of a force
at a night angle to itself 15 zero See fig 3.8

H N N
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F has components 1 ‘The component of F The compenent of F
northerly and easterly m the easterly diree 1 the northerly direc-
durections tion 15 F atself tion 1s zero

Fig 38

Tt should be clearly borne mn mund that 1t 1s frequently meon
ventent to exert a force 1n the night direction to get its full benefit
For example, 1t 13 probably more convement to tow a barge
through a canal by pulling a rope obliquely from the shore than
to tow 1t directly behind another boat See fiz 39 Agam, 1t 13
probably much more convenent for a tall person to pull a eled
by a rope which males an appreciable angle with the ground,
although the full benefit of the pull would be realized only if the
pull were made horizontally In these cases one 1s <atisfied with

Fig 39 Towing a boat by pulling at an nngle to the
rection of motion of the bo:

only one component of the force exerted On the other hand, m
the ea<e of a sailboat, 1t becomes posaible to sail almost directly
10to the wind only because the <ail can be set at such an angle
that the force of the wind perpendicular to 1t has a I

az $he direction of the desired motion of e Soa¢ The romrsnder
of the wind's foree 1s dissipated indirectly by means of the keel
of the boat See fig 310
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TIn these simple cases we have developed the view that not all

of a force need be utihized Lest this
\v‘n,\d /Nal on
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Component in D rect on

. of Moton
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the wind blowns obhquely upon a sail the
sml appreciates only the component per-
pendicular to itself, 3e the wind can
puch on a sul only perpendicularly

create the false mmpression
that the components of a
force are always small as
compared with the result-
ant, other ca<es <hould be
convidered When the an.
gle between two forces of
cqual magnitude, acting at
a point, exceeds 120° the
magnitude of the resultant
force 18 less than that of
either force alone See
fig 311 As greater and
greater angles are consid-
ered the corresponding re-
sultants decrease more and

more 1 magnitude In the

Limt, when two such forces act i oppo<te directions (180° apart),
as I the example considered early in the chapter, the resultant 1s

zero Also, when the angle
between two forces 13 almost
180°, a small force acting as
the resultant has components
along the prescribed direc-
tions of much greater mag-
mitude than the force itself

r
T ——
f F2
Fig 311 Case of R whose magm-

tude 18 much smaller than that of com-
ponents F, ar F,

This 1s easily tested by experiment If a heavy package 1n the

shape of a cube 1s hifted by 2
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cord wrapped about the package,
120°
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¥, and F, each equal
to balf the weight of
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to the whole weight of
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F, snd F, each greater
than the wesght of the
box

Fig 312
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the cord 1s quite hikely to break when the cord 1s wrapped qute
tightly On the other hand, 1f the cord 1s so loose as to mahe only
a small angle at the pomnt where the cord 1s lifted, 1t 1s not broken
<o easily When the cord makes an angle of nearly 180° at the
point where 1t 1s Iifted, a3 1n the case of the tightly wrapped cord,

Fig 313 Tenuon in tenms net approaches infimity as the
slack 19 almost taken up

the force developed 1n the direction of the cord becomes mfinttely
great See fig 312 This 15 also why no force whatever 1s suffi-
ctently great to take absolately all the slack out of & tennis net
1f 1t 13 apphed along the direction of the net See fig 313
Equilibrium of Forces First Condition of Equlibrizm A
consideration of the case where the resultant force 1s zero when
a northward component 13 compounded with a southward com-
ponent of equal magmtude also clears up another dificulty com-
monly encountered by the beginming student It 1s sometimes
hard to understand, if we accept the definition of a force as a push
o1 pull tending to change the motion of a body, how a body can
be at rest on a table, 1¢e, be under the influence of no force, when
we know that the force of gravity 1s al-
ways acting The answer 1s, of course,
that the table al<o acts on the body, and
that the recultant of this force acting
upward, compounded with the werght of
the body acting downward, 1 zero, so
that the ne¢ tendency to move 1s zero ¥
See fig 314 If the table were not there
to support 1t the body would move down- w
ward Thus a body at rest on a table F{,gdﬂi ]1::25!0;‘:;11"5
Tepresents g condition called equalbruem 9% 290V B
It 18 characterized 1n part bzrmthe fact ﬁ?,‘,’",'j on body for equ
that the vector sum of all the compo-
nent forces 13 zero If, for pmchcal purposes, we should restriet
our 1on of ts panting upward,
downward, toward the nght, nnd toward the left, we may say

[
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that for equbibrium to exist all components upward must be
balanced by all components downward, and all components to-
ward the nght must be balanced by all components toward the
left Sce fig 3 15 This 1s what 13 meant
by the statement that the 1cetor sum

must be zero The reahization of this
makes 1t possible for the engmeer to
calculate 1n advance the forees which
w1l act upon the various members
of bridges and other structures The

Fig 315 First condition basic physical principle behind such

requires that 1 1s stmply tlus prineiple of
Bt balasce foress cquibbrura
down snd that forces to
Tight balance forees to left 118 Principle 1 also utihized m the

etermination of mass by the bean«

balance as previously indicated, but here a second condition of
equilibrium 15 al<o mvolved See fig 316

A Dhttle reflection shows that there are two general types of

motion mnto which a body may be set by the action of a force

These are translatory motion, defined as motion 1 which every

straight line 1n a body remams unchanged in direction through-

Tig 316 Beam balance

out the motion, and rotary motion, defined as a motion of & body
such that every pomnt of the body rotates mn g eircle about some
axis In the case of the latter, the effectiveness of the force 1s
found to be directly propertional to the distance between the
axis and the hne of action of the force—i e, 1t 15 doubled, trpled
or halved, etc as this distance 1s doubled, tripled, or halsed,
respectively This distance 1s known technreally as the lever arm
of the force See fig 317 If the line of action pas<es directlv
through the axis, no rotating tendeney 1s produced because the
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resulting lever arm 1s zero Thus the tendency to rotate depends
upon the two quantitics, force and lever arm, which mve rise to
a concept called torque It 1s defined as the product of a force
and 1ts lever arm, with respect to & @ven axis Torque 13 some

10 em 20 em

F2

F
50 g ams 2B gams
Tig 317 50 gram« at 10 em lever arm
balances 2o grams at 20 em lever arm Fy
tends to prod ce counterclockwsse motion
about the fulerum O F, tends to produce
clochwise motion about the fulerum O

times called moment of force Clochuise and counterclochinise
rotations are thus capable of bemng produced by the action of
clockwise and counterelochwise torques

Second Condition of Equilibrium.  The formal statement of
the =econd condition of equibbrium 1s that the sum of all torques
about any axis must be zero, 1€, all clochwice torques must be
balanced by counterclockwise torques In the use of the beam
balance the pull of gravity on a body placed 1 one pan acting
with a certamn lever arm with respect to the fulerum 13 balanced
by the pull of gravity (neight) on standard masses placed on
the other pan acting with its lever arm Note! 1f the lever arm
of one pan 1s doubled, only half the force 1s necessary to mam-
tun the constancy of the torque, 1¢, to produce a certamn tend-
ency toward rotation This 13 what 13 meant by the statement
that a foree 1s made more effective as regards rotational motion
by increasing 1ts lever arm with respect to some axis which serves
as a fulerum Thus machines such as Jevers and other mecham-
cal contrivances ean be deviced to facilitate certam tasks, but a
more complete discussion of these matters will be reserved
until such coneepts as work and energy have been developed

Need for Study of Motion In the discussion of forees up to
the present pomnt the vector aspect, i particular, has been con
sidered It 13 obvious, however, that a complete appreciation of
the force concept cannot be had until the vocabulary of motion
1» developed, for the tendency to change motion 1 an inher
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part, of its defimtion Motion, on the other hand, 15 & meaning-
less concept until the concept of position 1s established
Position and Displacement. Position 13 a relative matter
In the three-dimen=ional world s3n nhich we live, bodies are best
located with respect to certain landmarks by laying off epeeified
drstances in three mutually per-
pendicular dircctions from the
landmark taken as an ongin
Sece fig 318 Thus so many
paces to the north (or south),
then so many to the east (or
£ west), and <o many feet up {or
down) from a giien point will
suffice to locate any other point
1 space with respect to this
Down point A change 1n position 1n-
Fig 318 Three-dimensional fo- volves 8 displacement from the
cation of pomt P (north-south east~  firs to the <econd posation This
west up-down)
15 obviously « directional mat-
tcr See fiz 319 The concept of change of position m a eertam
13 called 1 t, and 1s a vector quantity Iihe
force This means that m technical considerations a dictinction
must be made between distance and displacement For example,

Co ord note Axes

o A B

Fig 319 Displacement from A to B with re-
spect 1o the ong O on a straght lme

a car left m a parking lot may later be found ten feet to the rght
of 1ts ortgmal Jocation It 1s therefore correct to say that the car
has undergone a displacement of ten feet to the night, although
m so domg 1t may have been driven a distance of several miles,
out of the parking grounds and all over the city, later bemng re-
turned to the lot and parked ten feet to the nght of the onginal
Jocation Displacement, then, 13 a technical concept and one
which 1s fundamental m the study of motion

Velocity. The next concept to be considered 1s that of
velocty, the time-rate of displacement, and agam the funda-
mental natures of length and time are brought out When a dis-
placement tahes place i a certamn length of time, the ratio of the
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displacement divided by the time 1s called the everage veloaty
of the body undergoing the displacement Thus a car traveling
twenty miles northerly 1n one hour 1s said to have an average
velocity of twenty mules per hour wortherly Velocity s therefore
also a vector quantity and 1s subject to the laws of vector com-
bination That the direction of & veloeity 1s important 1s brought
out by the example of the rowboat crossing a flowing stream
which the current 15 appreciable It 1s obvious that, to reach a
specified pomt on the opposite shore mn a gmiven length of tiume
the direction m which the rower pomts his boat 1s fully as m
portant as the <peed with which he rows Speed 1s defined as the
magnitude of velocity, 1¢, just the amount of 1t, not considering
direction

In this consideration the matter of constancy of veloeity has
not yet entered Although a car may make a displacement of
twenty miles m a gtven direction 1n one hour and thus mamntain
an average velouty of twenty miles per hour, 1t 15 common
Lnowledge that the actual rate may be a vanable quantity Thus
a distinction must be made between average velocity and an-
stantoneous velocuty The latter quantity implies a measurement
made over an infinitesxmally small mnterval of time In a millionth
of a second for example 1t 1s mconeervable that the veloaty of a
body can change very much Therefore the average veloaity over
such a small time 1nterval 1s accepted as approximately the actual
1stantaneous velocity If thisnterval 1s not sufficiently short for
a given purpose then 1t 13 agreed that an nterval of a ilhonth
of a second <hould be considered and <o on It 1s thus seen that
mstantaneous velocity 1s really an abstract concept m spite of
the fact that 1t has become a common everyday term i this auto
mobile age Strictly speaking the speedometer of an automobile
does not measure veloaity but only the magnitude of 1t or speed
and the device 15 therefore correctly named smnce 1t does not
ndicate direction

Acceleration A name 1s alco gven to the time rate of
change of veloaty It 1s acceleraton This 1s a vector concept
too because a change n one direction 1s not the same as a chanee
m any other direction Of course there are various ways in which
a veloeity may change Eather the magmitude or the direction
may change or they may both undergo a change simultaneously
Although the magmtude change—correctly speaking this 18
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change of speed: a 3 , we must not overlook
the fact that a change 1 direction, cven with a constant <peed,
constitutes a perfectly good acceleration Thus a car travelingina
circular path experiences an acceleration although the epeed may
not change The direction of this acceleration 1s toward the center
of the circle

Wath thie very brief introduction to kinematucs the student, if
he 1s disposed toward amthmetic, can already appreciate certain
numerteal relationships, although as has been stated the e are of
secondary 1mportance i this study Thus the product of a con-
stant veloaity and the time durnng which 1t continues represents
the total dicplacement, a quantity which might not othernise have
been specified 1n some problem Simularly if a velocrty chanees
uniformly, 1¢ 1f motion 1s uniformly accelerated motion, the
foregong relationship between velocity, time and displacement
holds, providing average velocity 1s used In terms of mmtial and
final values the average of any two quantities 1s one half their
sum Thus a ear starting from rest (imitinl veloerty zero) and
acquirng a final xelocity of 60 miles per hour (88 ft per second)
has an average velocity of 30 miles per hour (44 ft per second)
In ten <econds 1t will have been displrced #40 ft 1f the accelera-
tion 18 uniform

Falling Bodies We now come to our first consideration of a
phy<ical phenomenon It 1s a matter of phy<ical observation that
every unsupported body falls 1n a straight line w1th constant ac-
celeration, except for the fact that air resistance alters very high
speeds See fig 320 This means that m a vacuum all unsupported
bodies have 2 constant downward acceleration which has been
measured as approximately 32 ft per second per sccond (1e, a
gam 1n velocity of 32 ft per <econd each <ccond) In metnic umts
this amounts to 980 em per second each second Thus the pull of
gravity (weight) alone changes the motion of a body by a con
stant amount each <ccond, 1€, ot a constant rate This fact has
not always been hnown, and its discovery was a remarkable scien-
tific achievement The acceleration 1s not readily measured by
direet experiment, becauze a body falls 16 ft n the first <ccond
from rest and 48 ft 1n the succeeding second, and a second s &
rather short mterval of time for precice direct measurements As
has been said before, however, physieists starting with Gahleo
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< we

have devised indirect means of measuring very large and very
emall quantities, <o that today the acceleratwon of gravity 1s
Lnown with a high degree of accuracy As we have <een (p 7),
1t vanes <hghtly from place to place on the earth’s surface This
mean= al o that the weight of a body
15 not constant but varies as the ac-
celeration of gravity vares Sce al<o
p 38 =
The fact that the pull of the earth
gives all unsupported bodies the same
acceleration was not recogmized prior .
to the time of Galileo Arnstotle had
taught that heavy bodies necessanly
fall faster than lhight ones, and even l\
when Galileo demonstrated the fallacy |
m Anstotle s concluzion by dropping
bodies from the top of the leaning
tower of Pisa, all were not convinced
Exen n Galilco s time 1t was not alto-
gether clear that the motion which a
bodv acquired was the result of the
force acting upon it

Newton's Laws of Motion The
whole matter of force and motion was
finally summarized by Sir Isaac New-
ton (1642-1727) 1n the form of threc
generalizations now known as laws
of motion In the <cientific sense
they represent a discovery which has
stood the test of experiment ever since
Newton’s time In simple language
they may be expressed as follows

Fig 320 In an evhausted
tube & metallie com end bits
of confetts fall at the syme
Tate showing that air resist-
ance1s what ardinanly makes
these obyects fall at different,
rales The acceleration of
gravity is the same 1w &
“acuum for all objects at a
given place on the earths
surface

1} Every body continues at test or m a state of umform

motion unless a force acts upon 1t

2} 1f a force acts upon a body, the body experiences an acceler-
ation m the direction of the force and proportional i amount to
2t as well as mversely proportional to the mass of the body

3} As=<ocrated with every force there 13 an equal and oppositely

directed reaction foree
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Sigmificance of the First Law. Let us consider now the
significance of these brief but comprehensive statements which
have come to be accepted as natural laws The first one makes 1t
clear that no {oree whatever 13 required to keep a body moving at a
constant speed 1n a straxght line, but rather that a foree 15 neces-
aary to stop <uch a motion, or mndeed to alter 1t m any way In
other words 1t 1mplies that all bodies exhibat & property known
as mertia Moreover, a condition of rest 1s to be thought of as
merely a special easc of umform motion Thus we see that except
for the necessity of overcoming friction and air resistance no
force at all 1s required to heep an automobile gomg at 50 miles per
hour over a level, straxght road Perhaps the dnivers of ‘ free-
wheeling’ cars have come to appreeiate this pont, 1f only to a4
limited extent

Momentum The common expres<ion that a car 1s <ometimes
carnied along by 1ts momentum 1> a popular version of this 1mpor-
tant law The expression 18 techmeslly correct if the correct defi-
nition of momentum 15 understood, as the product of the mass
and the veloaty of the body concerned Momentum 1s another
vector quantity and 1s expressible in terms of arrows Newton
often referred to momentum as quantity of motion, thus em-
phasizing the view that matter in motion 1s more meaningful
than motion in the abstract The first law al<o provides the theo~
retrcal basts for the conditions of equiltbrium already discus<ed

Significance of the Second Law The second law explams
how motion 1s changed by the application of a force In other
words 1t indicates that force 1s necessary to overcome mertia A
mathematical statement would be that force equals mass multi~
phied by acceleratton This 1s why on p 7 the statement was
made that the weight of a body vares shghtly from place to
place on the earths <urface with the acceleration of gravity
Thus we <cc that mass 18 not the same as weight, and that the
unut of foree (dyne) 1s equal to the umt of mass (gram) multiplied
by the umit of acceleratton (em per <ec per sec ) This s also why
the unit pound should not be used for weight and mass (seep 7)

‘The second law also brings out very clearly that the amount of
effort required to change a motion depends proportionalls upen
the acceleration involved The reason for powerful motors
automobiles 1s to provide acceleration ability rather than to
epable them to travel fast What 13 popularly called “pichup”
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requires the applieation of force 'This means that if two bodies of
the same mass were to be acted upon by different forces, the one
acted upon by the larger force would experience the greater ac-
celerstion  Furthermore, the same force acting upon different
masses would produce a greater ac-
celeration of the Jess masuve of the
two bodies Thus the new fast trains
are made less massive than the older
ones and requre much less time to
stop and to come up to speed again
at stations by the appheation of
forces presumedly equivalent to those
utilized m the more massive tramns

The <econd law al<o explaimns gen-
tnpetal force, the force necessary to g 321 A body traveling
keep & body travelng at constant in a arcular path with con-
epeed 10 & cireular path, and itsreac-  3%0at speed has an ';g;‘;;-
tion (see third law below), centrif  ter due to 8  tontmueus
gal force, both of which are involved change 1 the direction of the
when cars skid around curves at ex- Ve
cessive Bpeeds See fig 321 In this case the acceleration pro-
duced by a force 13 usually the result of change of direction
only The centripetal force acts on the revolving body whereas
the centrifugal force 15 exerted by the revolving body on some-
thing else

Significance of the Third Law The third law expresses the
observable fact that a force never exists alone It 1s mupossible
to exert a force without a reaction force A little reflection con-

-] -

F1 Fz
Tig 322 A tug of war 19 not possible unless Fi opposes Fa and vice versa

vinces one that a one-man tug of war 15 an mmposaibiity One
cannot exert a foree without opposition See fig 322 The most
powerful automobile in the world 1s helpless 1m a snow bank where
no traction 13 provided for the wheels 1e, when the snow 1s too
shippery to develop enough frictional force to push the ear out
Actually 3t 35 the puch of the ground that makes the car start
Nature of a Scientific Law It must be remembered that
these three laws are accepted today as scientific truths The
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represent discoveries 1n the ccientific sence, te, according to the
scientific method already described Accepting them as funda-
mental truths, 1t 15 possible to explain all the known phenomena
n mechames Of course it 1s possible to set up a logical frame-
work of expl sons of these pi m terms of other as-
sumed truths, but experience has <hown that these assumptions
are not only most rea<onable and natural—based upon experience
—but that they are relatively simple Thus the physicist today
does not attempt to explan Newton's laws of motion It 1s suffi-
clent to explam all else 1 terms of them, and the fact that clas.
sieal phy<ics can be <o explaned 1s one of the marvels of <cience
itself To be sure, not all of the modern atomic physics has fitted
0 well nto this beautiful pattern, but at least n an approumate
way we can say that these lans of Newton's constitute one of the
most important landmarks n the seience of physics Today more
melusive theories must be concidered but not to the exclusion of
Newton’s lans

Newton’s Law of Gravitation At this pomt we mention
another all-important contnbution by Newton, the law of gravi-
tational attraction In connection with s lans of motion just dis-
cussed, 1t becomes necessary to associate the acceleration of grav-
1ty with the force called werght That 1s to say, some force of
attraction betneen the earth and an unsupported body 1s neres-
sary to account for the acceleration which the body has toward
the earth Newton discovered that by postulating umversal gravi-
tational attraction between all bodies 1 the uyniverse he could,
with the a1d of his laws of motion, eyplam the motions of the
heavenly bodies and so concluded that <uch a postulate was justi-
fiable This 1s now an accepted lan Tt states that every bods 1n
the universe attracts every other body with a force that 1s pro-
portional to the product of their masses and mversely propor~
tional to the square of the distance between them It 1s referred
to as the mverse <quare law of gravitational attraction The
proportionality factor, now known as the gravitational constant,
was evaluated quute accurately by Lord Cavendich 1n the latter
part of the exghteenth century 1n England and more recently by
P R Heyl of the National Bureau of Standards mn Washimgton,
using large, heavy balls and very delicate methods of measuring
shght, attractine forces

By this time, the pomt must be ¢lear that one of the goals of
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phs <ics 15 ultimately to be able to explin every thung m terms of
the simplest assumptions, and express these explanations m the
most comprehensive fashion Thus Newton's laws—three brief

d the law of 1 gravitation express a wealth
of 1nformation to those who understand them Of course 1t must
always be remembered that phyeics, hike all seience, never at-
terpts to explam the ultimate ‘ why' of anything but rather the
‘how” of 1t Another uch comprehensive and all inclusive state-
ment, or law, 1s the lawn of the conservation of energy, which we
<hall consider presently, but first the concepts of work and energy
must be developed The next chapter will deal with these concepts

QUESTIONS

What 18 meant by a vector quantaty ?

How would the arrow u<ed to represent a <outh wind differ

from one representing a north wind? A west wind?

3 How would an arrow representing an upward pull of 30 lbs

differ from one representing an upward pull of 50 1bs ?

1§ three forces act on an object how would you proceed to

find the resultant force?

A wire supporting a pieture 1s attached to two points rather

close together How does 1t happen that if the points to which

the wire 1s attached are rather far apart, the wire mght

break?

1f a heavy box 13 dragged at a uniform rate along a horizon-

tal walk and then up an mnclined walk, in which case 15 the

greater force probably required? How 1s this explamed?

Does the speedometer on a car register speed or veloaity?

Can a car traveling at a constant speed have an acceleration?

1f a spring balance reads 15 Ibs when a given object 13

placed on 1t will 1t read morve or less as 1t 18 carried to higher

altitudes? Will 1t read more or less at the north pole? at the

equator?

Will an equal arm balance which 15 balanced at the top of

a mountain be balanced or unbalanced at sea level?

11 State Newton’s three laws of motion

12 Why does the physicist not attempt to prove Newton’s laws
of motion?

13 What 15 the difference between centripetal force and cen-
trifugal force?

14 Distingwish between kinematics and dynamics

15 What 13 momentum?

’
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CHAPTER IV
MECHANICAL CONSIDERATIONS (Continued)

WORK, ENERGY, AND FRICTION

The Concept of Work. Work 1s 2 concept which, 1 phy stes,
does not have quite the same meaning as mn popular usage, where
1t seems to 1mply physical exertion In fact, it 1s difficult to tell
Just what 1s meant by the term “work” in a popular sense, 1n view
of the many arguments over what constitutes and what does not
constitute work It 1s a techmcal term here, and as such has to be
used m a very exacting manner When a body 1s displaced, a
force may or may not be acting upon 1t depending on whether or
not the body 1s accelerated If a force 1s acting on a body when
the latter 18 displaced and 1if the direction of
the displacement 1s the same as the direction
of the force, then work 1s <a1d to be done on
the body If the direction of the force should
be perpendicular to th e direction of the dis-
placement or if there 1s no displacement,
then, techmenlly speaking, there 1s no work
mvolved Thus work 1s an abstract concept
defined as the product of force multiphed by
Y the displ of the point of applieation

Fig 41 Riftyfoot. ©0f the foree 1 the direction of the force See
pounds of work done  fig 4 1 This 15 the same as the product of the
1o hftng fifty pounds  4,¢p1ncement multiphed by the component of
one foot vertically
upward the force i the direction of the drsplacement

In erther event, the two quantittes which are
multiplied to yield work must pomt in the same direction, and
furthermore, 1t 1s necessary (in order for work to be done) that o
displacement take place

From the foregoing 1t 18 clear that holding up a wall or a ceiling
all day long involves no work at all m the technical sense because
no motwon takes place, although the process may produce con-
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siderable muscular fatigue Moreover, there would be no work
mvolved at all i “pushing” a heavy trunk at constant speed
along a perfectly smooth, frictionless (if such were possible) floor,
owing to the fact that, mn the abeence of friction, the only forces
acting on the trunk (1¢, the pull of gravity and the upward push
of the floor) act at nght angles to the displacement See fig 42

Fig 42 If floor s frctronless no work 1s done
moving trunk along at constant epeed since no
force 13 required
This means, of course, that 1t 1s impossible to push anything (at
con<tant speed) along & frichionless surface Although this fric-
tionless condition can never be wholly attarned, 1t can be ap-
proumated ss on shppery wax, or 1ce, ete, under which eircum-
stances the force required 1s actuslly very small
Vork, then, 13 a very special concept, whose importance may
not even yet he appreciated It 1s measured m foot-pounds or
dy ne-centimeters One dyne-centimeter 1s ealled an erg It will be
reealled that the dyne 18 8 very small umt of force—namely, that
requured to give a gram of mass an aceeleratron of one centimeter
per second per second
Energy—Xinetic and Potential, The capaaty to do work
18 alco an mmportant concept This 1s called energy Any body
capable of domg work 13 saxd to be endowed with energy, of which
mony vartetres have been classified There 1s energy due to mo-

tion called Awnetic energy See fig 43
This 1s the type of energy possessed __.V_,_
by a moving automobile, as indicated
by the damage which would result o ©
from a head on colliston with another Fig 43 Kinetic energy 13
car It can be shown that knetic possessed by the earif it has
energy 1s expressible ns one-half the * ‘¢t
product of the mass and the <ccond poser of the velocity, but 1n
the present development this relationship will not need to be
emnhasized

A boulder on the top of a chff 21 0 hag emarmr honnien Al
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boulder, 1f released 1 capable of doing work as 1t erashes down
the side of the chff Sec fig 44 This s called potential energy In
the grandfather clock, the wetghts are raised and potential energy
18 given to the clock by the person who winds 1t As this epergy 18
releaced the weights gradually fall, the mechani*m 13 hept 1
- motion, and work 1s done Coal, fuel oil,
and dynamite, as well as coled <prings and
e atomic bombs, also possess potential en-
ergy because they are all capable of domg
work Thus this abstract capacity to do

work. becomes a very fundamental notion

Indeed, 1t 13 a unique concept a< we shall

now see

Significance of the Energy Concept
As one conternplates the concept of energy
p(ﬂitﬁ g]z‘:g“m}’fﬁ one realizes that 1t 15 m all reality a most
respect to lower level  comprehensive one, for the entire physical
world can be thought of as a world of en-

ergy Potential energy stored up m the earth 1n the form of coal,
o1l ete by the sun—the source of all energy on this planet—is
gradually transformed mto the Linetic energy of motion, the
chemical energy of plants and explosives, the energy of radio,
electnieity, hight, cound, etc Indeed, each branch of physies may
properly be said to be merely & different mantfestation of energy
Conservation of Energy  The concept of energy further pro-
vides a possible approach to the whole study of phy<ics because
of a very mportant prineiple This 18 the principle which states
that all the energy wn the unwerse 1s conserved, or that this um
verse can nerther gam nor lose any of 1ts capacity to do work
This capacity can be transformed from one hind to another but
not lost The smphication 1s that energy takes on a <ort of mate
nialistic significance such that the vanous branches of physics
merely rep ations of 1t Nowhere can the
store of energy be d without a corresponding sacnfice
elcewhere It must be remembered however, that energn really
has no such materal existence, certainly not m this discussion
It 15 just a useful concept 1n terms of which certam explanations
become possible, and about which the conservation principle pro
vides the basts for a broad lization The hzation 1s of
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far reaching consequences and 33 on a par with Newton'’s lans of
motion in order of importance Needless to say, 1t provides a very
useful method of analy«s for the theorctical phy«icist as well as
the practical man who designs machmery, for machines do work,
even 1f the amount of work done by a machine 1s often less impor-
tant than the rate at which 1t 13 done

Power The rate at whieh work 13 done 1s ealled power A
large machine can be said to be more powerful than a small one
merely because 1t can do the same amount of work 1n less time
than the emall one It 13 to be noted that the power of g person, a
mechameal device, or an ammal should not 1 any way be con-
fused with the amount of work capable of being done A race
horse, for example, puling a hght buggy at & hugh rate of speed
may do exactly the same amount of work 1n a given length of
tige a8 a draft horse pulling a heavy load rather slowly The
commonly accepted umt of power 13 the horsepower, equal to 550
ft -1bs per sccond or 33 000 {t -lbs per minute

The mgmficance of the power concept 1s clearly indicated by
the present-day methods of paying for labor, 1€, by the hour or
by the job Everyone realizes that for manual labor a man 13
more valuable than a boy and hence 13 paid more per hour On
the other hand, a boy working half as fast and recerving half as
much pay per hour as the man way accomphish the same total
amount of work and acquire the same total pay, but of course m
twice the time Some jobs however, call for a faster rate of ex
penditure of energy than a man ean provide, whereupon a more
powerful device 1s required

Machines A machime 13 defined as a device for transmitting
and {or) multiplying force By the use of a machine a large re-
sisting force can often be overcome by the apphication of a much
smaller effort force In view of the preceding discussion 1t 1s now
easy to see how this 1s possible The amount of work required to
be done on the machine 1s never less than the amount done by the
machine—indeed 1t 13 always somewhat greater, beeause of fric~
tion—but, snce work 15 the product of a force and a displacement,
force can be reduced 1f the displ t 19 made Iingly
larger See fig 45 Thus the force can be halved if the displace-
ment 15 doubled because the product of the two remaims the same
With a block and tackle for instance, 1t may be necessary ¢
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out ten fect of rope to hift a load two fect See fig 46 There-
fore, except for friction, 1t should be necessary m this case to
exert only one-fifth as much force on the rope as would be re-

N g B
]

Fig 45 Work here 1s force ¥ times dis-
placement D W=FXD A smaller F
acting through a larger D could produce
the same answer

quired to ift the load directly In this manner mechanical edvan-
tage, defined as the ratio of the foree overcome to the force ap-
phed, 15 acquired Sometimes a change mn disection 1s the only
advantage gained by a machime (see fig 4 7 ), but in all caces the
product of the effort force multiplied by the distance through
which its pont of application 1s moved equals the product of the

ALY P

Fig 47 Only an

Tig 46 A block and adsantage of dirco-
tackle with an advantage tion 13 ganed by
of 5 times this pulley

resistance force (including the reastanee of friction) multiphed
by 1ts displacement, as a given amount of work is done

In the absence of friction the mechamecal advantage can be

d merely by d the relative distances through

which the forces are exerted In fig 46 five feet of rape must be
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puiled out of the tackle for every foot through which the load 13
Lifted This ratio, here equal to the number of strands connected
to the movable pulley, 13 called the theorctical mechanwcal advan-
tage as contrasted with the actusl mechamecal advantage, which
15 the ratio of the forces involved The ratio of the actual to the
theoretical adv ge 18 the eff of the h For many
purposes only the theoretical advantage 13 speaified since this 13
readily determined by a conwderation of the design of the device
In other words 1t 18 ucually posstble to figure out how far & certain
point tmust be moved by an applied force compared to the dis-
tance cavered by the remsting force without even operating the
machine

Other Examples of Machunes Another example of a ma-
chine 15 the ordinary lever Sce fig 48 It 135 obvious from the
above discussion of the pulley that by means of a lever a large
force can be overcome by the ap-
plication of a smaller one because |
the smaller one acts through &
larger distance The so called law
of the lever, which 1s readily de
nived from the law of conservation
of energy, states that the force applhied, multiplied by its lever
arm (previously defined), equals the force overcome, multiplied
by 1ts lever arm With a lever, very httle work 1s required to over-
come friction, 1€, the efficiency 18
0/\ relatively igh, because the small

F contact surface between fulerum and

4 lever does not allow the friction force

to operate through a large distance

The wnehined plane al<o operates

V) upon the same principle as the lever

¥Fig 49 The melned plane and the pulley See fig 49 With this
A emall force { acting through  device, advantage 1s taken of the fact
?o?ciu:\c; D replaces a larger  that the hypotenuce of a mght tri-
emaller d,,&ﬁ;‘;gau“"“gh ®  angle, 1¢, the longest side of the
tnangle exceeds the lengths of the

other s1des according to the «1ze of the angles made between 1t and
thers Thus a heavy load can be raed from the floor to a table by
sliding 1t up a plank stretehed from floor ta table, making a so

called inchined plane The length of the mehime bewng greater ¢

oo

TFig 48 The lever 13 a rachine
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the elevation of the table, less force (except for friction) 13 re-
quired to push the body along the direction of the incline than to
Iift 1t direetly Even if additional work 18 required to overcome the
added friction introduced by length
ening the path over which the body
13 moved, the mchned plane often
makes posstble the raicing of loads
that would othernise be impossible
because of lmitations <uch as are
1mposed by human strength

A modification of the inchned
plane 1s the ordinary screw, a thread
of which can be imagned to be un-
wound so as to produce a wedge

Fig 410 Thescrewsreally shaped figure which 1s nothing but
s j;;ﬁc;fn;g;‘;’fjng’;‘;; of an melmed plane Sec fig 410 A

relatively small force may <uffice to

produce a complete twist of the serew, causing 1t to advance, by a
dictance known technreally as the piteh, against coneiderable op-
position Simlarly a relatively weak force applied to the blunt
edge of a wedge ean produce a large force perpendicular to the face
and thus huge logs can be readily split open by foreing wedges
1mto them The wedge 13 simply an mchned plane

In each of the machimes hsted above (and many more could be

Friction The force of friction 18 a very important force i
physies Although the engineer 1s often engaged m attempts to
minimize 1ts effects, as by the use of lubneants, to merease the
efficiency of a machine, 1t 1s nevertheless an important and de-
sirable factor n the daily lives of all Imagine how one would
start even the most powerful or most expensive car upon a fric-
tionless surface

Coefficient of Friction The force of friction 1s characterized
by the fact that 1t always acts along the boundary surface be-
{ween tno bodies Tt 1s thus a tangentral force and its magnitude
15 alwnays proportional to the force pressing the two curfaces to-
gether See fig 411 The pull F due to the weight of the falling
body just balances, and 1s therefore a measure of the force f of
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friction when the body 15 caused to move at constant rate The
proportionality factor 15 hnown as the coeficient of frction,
which 1s technieally defined, for any parr of surfaces, as the ratio

Fig 411 Frietion faree £ 19 proportionsl o N,
1, 2= constant (coeticent of frction)

of the tangential force of Inchion divided by the perpeadicular
force presing the two together The farce of friction does not, ay
1s commonly thought, depend upon the ares of the surface m
contact The coef 13 of course different for different paurs of
surfaces

Summary In the last tno chapters we have seen how foree
and metien are intimately related We have conuidered the vector
nature of force, a charactenstic which 1s shared by many quanti-
ties 1n phy«ies The vocabulary of motion has been developed to
the pownt where 1t becomes possible to understand Newton's fun~
damentat laws of motion The concepts of work and energy have
been developed and the very fundamental prinaiple of the con~
servation of energy 18 thus mven meaming We also have <een how
mechanical devices can be used to muliply force, and thus a bet-
ter und dimng of the of 1 15 had Work,
energy, force, and motion compnise that portion of physies com-
monly ealled mechamcs Even with this rather bmef survey of
thece topics, hmted almost to vocabulary considerations, the
student should acquire a betfer appreciation of this phace of the
phy<ical world in which he lives

Note In addition to questions after each chapter, sets of “Re-
ron Quediond’ e miroloeed bAween goaps vl dnapiers
Theee are of the “multiple chowe” type each question 18 pre-
tented with several answers, only one of which 1s correct. -
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QUESTIONS
I a Joad 15 to be rareed to a pont 10 ft higher thas
would vou prefer 4o carmy i up a vertieal ladder  «
an inclined plane? W lich requires the greater force’!
case will more work be required? Whe?
How much work 15 required to push a 50-1b bods 10
& horizontal frietionless plane at a conetant veloaty
What 18 meant by energy 7 Why 13 1t ymportant?
Why are coal and gasoline said to contam energy?
Explam how a foree of 20 ibs can move a 200-1b *
wchine which nises 1 ft 1n 10 ft. if fnction 13 .
What 13 pawer? Is 1t pocaible for a so-called * o
motor and & * horeeponer motor to do the same ar
work?
What 15 meant by the mechanical adysntage of a o
Why 15 sometlung which 13 hard to cut placed near
of a parr of scissors?
Must o lever nlways be uced £0 as to gasn adssntage
or s a reduction n force <ometimes adyantageous?

REVIEW QUESTIONS
(See poge 19 for answers )
Cuaprens I, 11, III, anp IV

A hypothests1s 1 aneeeseary step in mductive rea-
sonmg, 2 the same thing as a scientific theory , 3 al
wayvs successful, 4 never successful, (5) not al-
lowed 1n physies
Gahlleo I was the father of inductive science, 2 al-
wavs reasoned deductively, 3 was a Greeh scien-
tist, 4 taught that heavy bodies fall faster than
hght ones, 5 hived in the mineteenth century
Phy<ies 15 concerned with all of the following ex-
copt 1 force, 2 motion, 3 logie, 4 sophistry,
tivit;
%l\zdl\ll‘logmym 15 the baic umt of 1 mass, 2 length,
3 time, 4 momentum 5 acceleration !
Measurements 1n physies are 1 always preix ei
9 ueunlly 1ndirect, 3 necessary to checl. theore m‘\
speculation, 4 always made with micrometer cal-
ipers, 5 never made with micrometer cahp‘:rs
"The Greeh pertod 1n phystes 1s con=picuous because
T e el lan 2 Arictotle favored inductive reason
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g 3 the Greeks delighted i
4 Arabic bers ha d Roj
5 of deduetive reasoming

Physics 1s pnmanly 1 an experumental seience
2 s study 1n logic 3 an earth <cience 4 applied
mathematics 5 engincering

\odern phy<ics 1 completely displaces Newtoman
physies 2 1s nothing but Einstems relativity
3 started about 1800 4 explains why light 1s prop
agated 5 13 more melusive than Newtoman phy sies
The British <tandard of length 15 1 the foot
2 the yard 3 the inch 4 the centmmeter 5 the
weter

A force 1 always keeps & body going 1 a straght
hne 2 can never pomnt upward 3 1s a ve tor quan
tity 4 18 necessary to gwve a body constant motion
5 13 a synonym for power

The meteris 1 a umt of merhia 2 equal to three
feet 3 a fraction of the earths rotational period
4 ten fimes a decimeter 5 100 mulhmeters

A foree of 10 Ibs exerted on a lever 10 ft from the
fulerum will overcome a load at 2 ft from the same
fulerum of 1 501bs 2 50 grams 3 200 ft. lbs
4 200 1bs 5 100 lbs

The recultant of two forces of equal magmtude
making an angle of 120° with each other 1s 1 a
force of the same magmtude 2 a velocity of the
same magnitude 3 a force whose magmtude 13
equal to the square root of the sum of the squares
of the two forces 4 zero 5 a force at nght angles
to ether one

A velocity may change 1 only in two ways 2 m
direction only 3 in magmtude and direction
4 only vertically 5 only by Newtons law

The acceleration of gravity 19 1 32 em per sec per
sec 2 32 ft per sce 3 32 ft per =ec per sce
4 32 cm per sec & zero

Galileo dropped a large body and a small toly
s multaneously from the top of the lean ng tower
of

anual labor

m:
man

preces of metal

61



52
17

20

21

2

&

2

<@

24

25

2

&

27

REVIEW QUESTIONS

Momentum 18 1 mass times force, 2 force times
veloetty 3 force times cistance, 4 mass times
veloaty, 5 mass times acceleration

The Cavendish experiment refers to 1 the de-
termination of centripetal force, 2 the conserva-
tion of momentum 1 a collision, 3 the gravita-
tional attraction between bodies, 4 the constancy
of the stretch of a spring to the force acting on 1t,
5 the determimation of the acceleration of gravity
by dropping a ball upon a pan pivoted to make pen-
a1l marks on a rotatmg drum

A freely faling body falls mn the first second
1324,232m,3 980cm 4 161t,5 64 ft
To keep a 10 1b body traveling with constant speed
of 5 it persec 1n a straight line requrres a force of
1501bs,2 101bs,3 201Ibs,4 21bs,5 Olbs
Newton s seeond law of motion leads to the con-
clusion that 1 forces appear as twins, 2 all bodies
are attracted toward the center of the earth, 3 force
15 mass times acceleration, 4 a body at rest con-
tinues at rest unless a force acts, & weight 1s the
force of gravity

Mass 1s the quantitative measure of (1) inertia,
2 gravity, 3 weight, 4 momentum 5 displace-
ment

Veloaity has 1 force, 2 magmtude 3 displace-
ment, 4 mass, 5 weight

Galileo Tived at about the time of 1 Anstotle,
2 Demoentus 3 Plato, 4 Newton, 5 Maxwell
A body traveling m a circle with constant speed
1 18 accelerated 2 has constant velocity, 3 1s not
accelerated, 4 does not move, 5 1s not affected by
gravity

If body A 13 projected horizontally at the same
mstant body B 13 dropped from the same pomnt
and if air resistance 1s neglected 1 B will reach
the ground first 2 A will reach the ground first,
3 A will go farther than B, 4 A will have a smaller
displacement than B, 5 the displacement of each 1s
ze10

Acceleration 15 1 the time-rate of displacement,
2 the rate at which distance 1s covered, 3 the time-
rate of change of veloeity, 4 the time-rate of
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REVIEW QCESTIONS

change of speed, 5§ the time rate of change of
foree

Work 13 measured i 1 ft-lbs, 2 horsepower,
3 grams, 4 ft-lbs per sce, 5 b

Vork 1s the product of force and distance 1 re-
gardless of direction, 2 never, 3 when the two are
mutually perpendicular, 4 when the two poit
the same direction 5 only 1 the abeence of frre-
tion

The nork done m moving a 10 b body 5 ft hon
zontally on a frictionless surface 1s 1 10 ft -lbs,
2 500 ft-lbs 3 zero 4 50 ft-lbs, 5 500 1b ft

The work done when a 50 Ib body 18 hifted 10 ft
vertically 1s 1 500 ft-lbs, 2 zero, 3 500 joules,
4 250 ft-lbs, & 32 ft Ibs

The capacity to do work 1s called 1 power, 2 en
ergy 3 mechameal advantage, 4 momentum,
5 effictency

A 2 horsepower machine pecessanly 1 can do twice
as ouch work, 2 works tuice as tast 3 expends
twice as much energy 4 expends four times as
much energy 5 works juet as fast as a 1 horee-
power machime

A 138 Ib man climbing a flight of stawrs 20 ft high
1n 20 seconds drsplays approximately 1 125 HP,
2 one-half HP 3 one quarter HP 4 138 ft -lbg
per minute 5 one HP

If the veloaty of a body 1s doubled 1 the kimetic
cnergy 18 quadrupled 2 the kinetic energy 18
halved 3 the potential energy 13 doubled, 4 the
potential energy 15 halved, 5 the knetic energy 13
unchanged

Bj the use of an inclined plane to rare a heavy
body up onto an elevated bench 1 more work 18
probably done 2 less work 3is probably done,
3 more force 15 required, 4 the same work 13 prob-
ably done 5 the same force 1s probably required
than without the use of the mchned plane

The mechameal advantage of any machme 13

1 the ratio of the force overcome to the force ap-
plied, 2 the same as the efficiency of the device,
3 the ratio of the force apphed to the force over-
come, 4 always two, 5 alnays zero
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tion 15 called simple harmomc moton See fig 53 The 12
tance of this hind of motion lies n the fact that it 1s prot
whenever a distortion of an elastic bods 1s released an
re<ultant vibration takes place m a &
line There are more complicated W]
vibrations, of course, but all straight-lz
brations of small amphtude are simplt
monic to a first approximation

Characteristics of Vibratory Mo
A simple harmome v1bration, being 8
odic motion, 18 often specified by 1t
quency, defined technically as the num'
complete vibrations which take place !
second of time Thus 1f a boy on a s

Fig 53 Stnpofwon  board jumps up and down two time
?m;l‘:s:f ':lnn:;;‘:"h':_: second, s frequeney of vibration 1
mome motion vibrations per second Thas 1s equisale

saying that one-half second 1s require
one vibration The length of time required for a single vibr
18 known as the period of vibration The period, then, 1s th
oprocal of the frequency, 1¢, 1t 13 umty divided by the
quency These two concepts, frequency and period, provid
means by which vibratory motions are usually specrfied m a g
titative manner The amphtude of a vibration 15 the maxt
dicplacement measured from the equilibrium position, and 1
to be confused with the total to-and-fro swing, which 15 twic
amphitude

Resonance

All bodies have natural periods, or frequen
of vibration depending upon their masees, their geometrnic ¢
acterrstics, and the mauner 1 which they are set into vibra
Because of this fact the phenomenon of resonance 1s mport
A body 15 found to be set into vibration very readily when a f
acts upon 1t penodieally with the body’s natural frequenes
child readily learns how to “pump” a swing, 1e, he learns
he can give the swing a vibration of considerable amplitude 1
properly times his impul<es 1n accord with the natural perio
tpe swing "Tne diver on tne springoeard iso learns now w T
advantage of the natural frequency of the diving board to inerc
hus 1mitaal velocity

Resonance cffects are sometimes undeirable and are then t



SIMPLE PENDULUM 57

avorded Frequently it 15 ob<erved that at certan speeds & car
vibrates more readily than at other speed< This 13 due to o
comexdence of the vibration frequency produced by irregulantics
1n the road and that produced by the rotating motor o vibra
tions with the same {requency are smd to be in phase with each
other sf both start out together Resonance occurs when two «ymy
lar vibrations are 1in phase with each other and does not occur
when they are out of phace

The Sunple Pendulum Another vibratory motion cloely
resembling simple harmonte motion 18 the motion of the smple
pendulume This 15 smply a small bob suspended
by a relatively Jong flexible cord and set into teo-
and fro motion See fig 54 The interesting char-
actenstics of pendulum motion were supposedly
discovered m the screntific sense by Galtleo He
found that the period of vibration of a pendulum / \
depends upon its length and the acceleration of 7 \\
gravity at the place where 16 15 loeated Although L i 3
this Jg not a direct proportionahty the relation e
ship 13 relatively ample He aleo discovered that  Fg 54 The
the period 15 the same whatever the amphtude of 3 mple pendu
the swing providing it 1s not very large The pen
dulum of the grandfather clock although net technically a mim
ple pendulum illustrates these cheracterscties The student can
readily mfer ang correctly o that one method of determining
the acceleration of gravity at & grien place 1s to measure (rather
precisely of course) the perjod of a smumple pendulum This
method 1s employed bv the Umted States Coast and Geodetic
Survey which keeps the scienttfic world posted wrth such mfor
matron at specified locations on the earths surface

The Study of Liquids a Branch of Elastiaaity  Before go
1ng on {o a further consideration of vibrations and theur effects on
matier as & concequence of 1ts elastic properties a striethy logieul
presentation of the phenomena of physies requires that we stop
here to allow for the study of another group of phenomena which
recult from considerations of elastierty namely hquid phenomtenia
Elastiety was defined as the shiltby of matter to recover from
dhstortion 1f one were to hst various types of distortion such a
hist would inelude simple streteh Linear compre sion over all
tompression or expanuion apd twists or shears See fix 556 T
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last of these types, the shear, 1n which the force 1s apphed tan~
gentially to the surface, plays an important role i physics
that 1t provides 1 means of classifying matter

Matter 1s readily classified into two main divisions called sohds
and fluds according to whether or not resistance 1s offered to a

H I N

e Overa!Compe A

S mple Stretch
Fig 50 Various types of distortions.

shearing type of force Although it 18 all relative and a sharp
distinction 1s not possible in cvery case, the general classification
13 useful The sigmficance of thts 1s that 2 fluid will not withstand
a transverse force Also, 1t 1s 1mpossible to twa ¢ a column of fluad
For converuence, flids are subdivided mto two groups, hguuds
and gases, depending upon whether or not they display a free
surface Thus a Jar can be only half full of water, but with a gas
1t 1s different If the Jar contains nothing but air 1t 1s always com-

Fig 56 A contamer partly full of a
hawd displays a free surface but a gas
always completely fills ats container

pletely full, whether 1t contains & httle or a lot, because the air
displays no free surface See fig 56

Now 1t 18 clear that the study of hiquids at rest—hydrostatics—
exemplified by water 1 free ponds, open columns, wells, test
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tubes, ete , mvolves only the action of gravaity upon the liquid as
a whole, 1¢, a aumple external force, and does not mnvolve 1nternal
forces of the sheanng type, because only forces perpendicular to
the surface of a hiquid can be applied Thus a free liquid surface
18 called level because 1t 13 perpendreular to the plumb line, which
1, stnctly speaking, merely the direction of the pull of gravity
Density The study of fluids requires epecial voeabulary The
concept of density, although not restricted to flrd considerations,
13 all important to the logical development of this branch of
physics because 1t 13 one of those coneepts 1 terms of which
others are derrved The layman 1s more or Jess famibar with the
term density and generally speaking, uces 1t to differentiate
between more and less massive substances For example, a marked
distinction between lead and aluminum in terms of mass 13 readily
pp d, but the tect 1 d of dennity as mass per
umt volume 18 not such a common notion See fig 57 Density

&

A

Fig 57 A pownd of (A} lead (B) aluminum (C) feathers llustrating
Herencea i density

18 defined as the ratio of the mass of a body divided by 1ts
volume (grams per cubic centimeter) 1e 1t 1s macs per umit
volume The distmction between weight and mass agam comes
up Although density 1s correetly expressible 1n pounds per cubic
foot (mass pounds} 1t 15 not correct to refer to 1t as weight per
umt volume 1n <pite of loose practice on the part of many tech

nical people Not that weight per umt volume 13 2n undesirable
concept, 1t sumply 13 not density Sometimes this 1s referred to as
weight density Again we note that stnictly logical thinking often
requires painfully precice defimtions and careful usage, without
which falee conclusions may be reached
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Specific Gravity. ‘The term “specific gravaty” 18 also & term
heard quite frequently today Car owners are often concerned
with the speaific gravity readings of their storage batteries W hat
does the term mean? Techmeally the specific gravity of a sub
stance 13 defined as the ratio of the dencity of the cubstance
drvaded by the density of water It provides a way of expressing
the relative mass of a certain volume of the substance with respect
to the same volume of water Speafic gravity, then, 1s just a
number

Fluid Pressure The concept of fluid preseure, already men-
tioned, will be considered next Because no shearing foree can be
exerted on a flmd, 1t follows that the only force which can be
exerted on a flud must be directed perpendicularly against s
surface Recall the reference to the sailboat m the chapter on
forces Thus the walls of a flud contaner push against the fnd,
but only perpendicularly Furthermore, the total force so mm
pressed obviously depends upon the total area upen which 1t acts
In terms of the perpendieular force per umit area, such a total
foree 13 given by multiplying 1t by the number of units of area
Thts force per unit area perpendicular to the surface 1s designated
as flud pressure ‘Thus 1t makes <ense to state that the pressuie in
a given water mam 1s 80 Ibs per square mch, meanng that upon
each and every square inch of surface 80 lbs 1s acting regardless
of the smize of the pipe An intcresting consequence of this 1s the
not <o easily realized conclusion that a force of a mere fraction
of a pound may suffice to stop a leak 1f the cross-<ection area of
the leak 1s only a small fraction of a square inch Thus a very
careful distinction must be made hetween the concepts of pressure
and total force 1f one 1s to reason intelhgently about these matters

It can be further shown that pressure at a point below the sur-
face of a given flmd depends upon the depth of the fluid This of
course mahes 1t very easy to calculate the pressure of water at
the base of a standpipe, for example Moreover, since the preseure
at a grven place thus depends only on the depth, 1t follows that in
two open vessels communicating with each other at the bottom
and contaiming the same liqind, the level of the liqud 1n one wall
be the =ame ag in the other This 13 becauce the pressure af the
bottom where they communieate with each other cannot have tno
different values, as would be required 1f the levels were different
Thus liquids are said to seek their own level under these eircum
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«anees See fig 58 For this reason people often find 1t neces-
sary to mstall eellar pumps 1o tonses 3f the water tesed 1a the
fand sbout the houses 19 higher than the basement foors,

Fig 58 A hamd “seels ity ovn level” 3o communicating ves.
sels regardless of the shape of the contsiners,

Buoyancy It s acommon expenence that bodies with speeiBe
pravities less m magmtude than unity, 1 ¢, with fractional speesfic
gravwes, float rather than snh mn water See fig 59 This
brngs out an waportant concept called buoyency, with which
the d: 1 ple of Archimedes 13 d When n
body s smmersed esther wholly or partly m a fwmag, obviously
2 certain amount of flwd 33 dicplaced From a consderation
of the pressure which the fluid exerts or the hody 1t follows that

Woad fron

e
Water Hercuy

Wood fosts m water Tts deve Tron alse floats 1 mercury
sty 19 Jess than that of water

Fg 59

the net effect of the pressure forees 19 & resultant force upward
— . -

whoak dnndo o vocrall affond shn 2

fore, 1f the weight of 2 body 13 less than the weight of the fud
sshich 1t would displace of submerged, the body wil float m the
fhnd, and vice versa, of 1 19 hesvier than the same 3 olume of the
fad b will sk Archymedes’ Principle 13 the format statement, of
this thoroughly tested conclusson 1t states that all bodies com=
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pletely or partially immersed 1n a flnd find themeelves buoyed up
by & force equal to the weight of the flnd displaced The principle
explains the action of the floating type of hydrometer universally
used 1n garages to determine the specific grav-
‘— 1ty of automohile batteries A bob either floats
up to a certmin mark or 1t does not, depenthng
upon the speaific gravity of the solution 1n
which 1t 1s floated See fig 510 Thus the de-
gree of electnical charge in the battery 1s deter-
mmed beeause 1t depends upon the speaific
gravity of the solution
Gases  According to the definitton already
given, gases are fluids and so 1t should, and
does, follow that the foregoing applies to the
Fig 5§10 A hy- ©¢e1n of ar which surrounds the earth and
Srr:mett[:: tus ;:,n;; tc}r]mst;tutes our a(ull;)sphere Air has m;ss and
erefore denaity Balloons are buoyed up n
gy obeligmd Sy d with Arch les’ | pl
Just, as ships are buoyed up 1n water See fig 511 By changing the
ballast & balloon can be made to mse or fall at will Just as a
submarme can be made to rice or sk 1n water

Bellocn shp
Fig 511 Balloons are buoved up by the sir yust as ships are
buoyed up by water

Atmosphere Pressure and the Barometer The earth’s sur-
face 15 at the base of the atmosphere and hence a hjdrostatsc
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preecure exiats due to the seght of the sir This so-ealled at-
pressure to Iy 15 1b= per square
mrh and 1s readihy measured by (he vanous types of barometers
avarlable today  One can appreciate the magmitude of atmosphene
pressure by the following expeniment A
stender glass tube ome {hree fect fong 18
filled with bquid merears The top 18 then
clo ed by holding one s thumb over the ex-
posed end 15 now the tube 15 mverted snd
the end which 15 elosed by the thumb 1s
mamersed 1 a dish of roercuny, 1t 1s found Approx 20 nchew
wpon removing the thumb that the mer-
cury does not 1l run aut of the tube See
fig 512 A column some 30 wnches high
remams m the tube with & vacuum sbove
3t Thos 2 23 ceen that the preceure at the
bottom schuch e be thought of as the ©F 513)‘“?;:’”‘"““
place where a tube of mercury commu-~
mieates with a vessel of ar {the whole stmosphere) 18 just that
wheh evists at a pomnt 30 mches below the surface of mercury, a
hauid « hose density 1 between thirteen and fourteen times that
of water Thirty wches of mercury costesponds to approximately
thirts four feet of water, and eo ift pumps can race water up
out of a well not more than thurty four feet This 13 beeause the
actton of the pump 13 merely to remove the arr from the pipe
above the water until the stmosphenic pressure forces the water
up to take its place

Mereury

Measurement of Alttude The preswure of the atmosphers
vanes shghtly from tune to tuns—atmost rontinnonsh -—due to
vanations w meteorological conditions Many predictions of
weather are haced o a large extent upon barometne pressure
Altitude can aloo be measured by the barometer because the
pressure decrexses with alttude Ths 13 obvious m view of the
Tact that at high altstudes the air shove 2 grven pownt weighs less
than that 2bove a point. at lower alttude there being less of ot
the former caze The avistor utslizes this prineiple o measure Ins
elevation The height of Mt Katahdm, the highest mountmn
Masnie, was firet measured by observing the drop in & mereury

baroweter as 1 Was tarnied from the bae to the summt of th
mountam,



64 ELASTICITY, VIBRATIONS, FLUIDS

Pascal's Principle. Going back to the diccussion of hqud
pressure, another interesting consequence follows from funda-
mental considerations If two vertical tubes of different eross <ec-
tion are joined together and are partially filled with & hiquid «
as to leave two open surfaces of different sizes at approximatel
the same level, then the applhication of additional pressure to one

2RR!

Fig 513 Pascal's Pnneiple A small force £ act-
11~ 4~ halance
larger
cross
ators,
barber chairs, ete
aide 15 transmtted without loss to the other See fig 513 This
1s known as Pascal’s Principls This principle 15 utihzed i the
operation of many practical devices, mcluding the hydraulic
brakes on the modern automobile
As a cansequence of the pressure transmission without loss, the
total force on the small surface 1 fig 513 15 proportional to the
total force on the large surface 1n just the same ratio as the areas
themselves Thus a 10-1b force on a 1-mnch area 13 multiphed to
100 Ibs on a 10 inch area because of Pascal’s prineiple, the force
per umt area bemng the same 1n each cace
Applications of this prineiple should be obvious The hydrauhie
pre=s acts becauee of 1ts two cylinders of unequal area connected
together In the case of the automobile brake pedal, which ereates
a certain pressure 1 a tube of brake fluid, the pressure 1s trans-
mtted through the pipe hine to the brake drums in the wheels,
where 1t gets upon pistons of larger ares to create large bu °
forces The hydraulic elevator and the hydrauhe Iift at modern
fillng stations represent further applications of the same prin-
ciple
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Summary In this chapter we have seen that matter displays
elastieity This property aceounts for vibratory motions such as
are exemphfied by ¢prings of all kinds Simple harroone motion
13 the sumplest type of vibratory motion Matter 1s divided 1nto
two classes, sohd and fluid, according to its elastic charactenisties
Liquids and gases are both flmds Fluids display several umque
properties such &s buoyancy, pressure transmussibility, ete
Archimedes’ prinaple gives the relation between buoyancy and
flud displacement The atmosphere 18 a flud which exerts a
pressure on all bodies This 15 measured by the barometric
column, which 15 al<o utilized mm measuring altitude Pascal's
prineiple accounts for the operation of many machines such as
elevators and hydrauhic automohle brakes Thus 1t 1s seen that
the study of fluds 18 a very smportant part of the study of
physies

QUILSTIONS

What 1s meant by elastierty ?

Would you say rubhber 1s more or less elastic than steel?

Why?

Describe the operation of the spring balance

Distinguish between stress and strain

What 1s meant by the peniod of a vibration?

What 18 the amphtude of wibration?

How does the perod of vibration of an automobile change

when an additional load 1s placed on 3t?

Describe how the acceleration of grawvity might be meas-

ured by means of a simple pendulum

8 VWhat ts the technical distinction between a sohd and a
flmd?

10 Why 15 water said to seek 1ts own level?

11 How does the “suction” pump really work?

12 Is a ‘suction” pump switable for pumping water from a
level 37 feet below the surface of the ground? Why? Ex-

plamn

Is the reading of o barometer affected by carrymg the

mstrument up a mountain providing the temperature 1s left

constant?

14 What 1s Pascals prneiple? Give an illustration

15 Why does am ol legk n one brke of u hrydemdar brake-

equipped automobile rum the braking action of all four
brakes?

(S

0 WSty

13



CHAPTER VI

WAVES AND SOUND

All the topics thus far discussed under the general headmg of
elastiaity, mcluding the topic of flmds at rest, are commonly
grouped under the heading Statics of Elastieity—a branch of the
Mechanies of Deformable Bodies When deformations are propa
gated through matter, so-called elastic waves are produced and
their study 1s properly referred to as the study of Dynamics of
Elastiaity

F 1 Wave C p Ttisa observation
that def may be tr: tied through matersal media
A small distortion, such as a localized compression or a tran=
verse shear, readily passes along the whole length of a long
cotled spring See fig 61 Moreover, everyone realizes that a

TB0UTG00U00C0000008

Fig 61 A compression will travel along a coiled sprng

stone dropped mnto a still pond produces first a depression 1
the water and then a succeseion of ercular mounds and depres

<10ns which spread out and radiate over the entire surface of the
pond, moving outward from the central pont of disturbance with
2 defimte speed See fig 62 This phenomenon 13 called wave

Fig 62 Cross secton of the e retlar mounds snd dee
presstons propagated from the point where a stone
nto a pond The medium just vibrates about 1
pasttion

6G
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motion Technically, wave motiwon 1s defined as the propagation
of deformations through a deformable medum It 1s usually a
pertodie disturbance and 15 produced by a vibrating source The
medium 15 seb 1nto a succession of vibrations, each speaific part
moving back and forth about 1ts own pomnt of equilibrium, but
the disturbance travels It should be poted carefully that the
medium 1tself does not travel Indeed, 1t 1s more aceurate to say
that only energy travels

Wave Ch: istics. Waves have h 108
‘The speed of a wave 15 a very defimte matter By means of a
stop watch one can readily time the pascage of a given wave
across a known distance and therefore determme the veloaity
of the wave as 1t radiates out from its onigin The distance be-
tween two successive wave crests, or between two successive wave
troughs, or more generally between two successive similar con-
figurations, 1s referred to as the length of the wave or the uave
length Seefig 63

A traveling tran of waves aleo has a frequency, 1 e, the pum-
ber of crests that pass a given pomt per second Obviously the
following relation holds the distance between two successive
crests {wave length} multiphed by the number of crests per
second (frequency) just exactly equals the velocity of the wave

Wave length | v

ANVANVA
NV RV AR/

Fig 63 Veloaty equals wave length times frequency

motion This 1s probably the most fundamental of all wave rela-
tionships It 15 also obvious that the frequency of the wave mo-
tion 18 just the same as the frequency of the disturbance produc-
mg 1t For example, 2 vibrating reed sets up a wave motion 1
the medwum 1n which 1t 18 located, =uch as air, with a frequency
Just equal to the number of times 1t makes a complete vibration
per second Tt 1s also a fact that the length of the wave thus pro-
duced depends upon the elastic characteristics of the .nedum,
such as the density and the stiffness, ete This 1s usually expressed
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1 terms of the veloaity, which, as has just been shown, depends
directly upon the frequency and the wave length

Another fundamental concept 1s the amplitude of a wave, de
fined as the maximum displacement from the equilibsum po
sition See fig 63 agam

Types of Waves Waves can be classified according to type
There are transverse waves such as the ripples just mentioned
when a <tone 15 dropped mto a still pond These are characterized
by the fact that the displacements of the medium are always per-
penthcular to the direction of propagation {the <urface of the
water moves up and down as the wave progresses horizontally)
There are aleo longitudingl waves 1n which the displacements are
always back and forth parallel to the direction of propagation
Waves such as sound waves m arr are of this type Compressions
and rarefactions of the medium pass along in a directron parallel
to themselves These are the two most common types and the
ones to which elementary diccussions are usually hmited, but tor
siwonal, eircular, spherical, and ellipsordal waves, just to mention
& few, arc considered 1n more advanced treatises

Representation of Waves The waves produced by pure
snple harmome disturbances are tecbnrcally known as sme
waves, and are readily represented by the famliar “wavy hne ’

Fig 64 AN waves can be reprecented diagrammaty
cally by the stmple wave picture

Although 1t should be remembered that waves do not have to be
as <mople ag these, nevertheless waves 1 general can be repre
sented diagrammatically by the simple wave prcture See fig 64

Interference of Waves The wave picture affords, among
other things, a sumple means of representing the superposttion of
waves, a common phenomenon When two waves are super-
imposed (as for example two water waves) the result depends
upon conditions 1f the two «imilar waves of equal amplitude are
m phase, 1 ¢, if crest comeides with crest and trough with trough,
the result 1s & resnforced wave of twice the amplitude of exther
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On the other band, the re<ult 1z complete pulification of both sf
the two waves happen to be Just out of phase, 12, o tf:- crest of
one comerdes with the trough of the other There mav alto be coa-

T

]

+

)

;

3

i

[]

1

1

1

4

+ !
Resi tare 5 5072 !
H b 1 1

h
t
[
1
i
'
i
v
1
1
3
i

i T ¥
Fig 65 C and d inter'ersoce of warrs The
waves m part 3 represent the resultants of thoms m 1 azd 2

ditions 1n between 2! f

tan} lete nullifea-
tion This general phenomenon 13 referred to 2= wnterferenss, 2zd
1ncludes both construetive and destructive types See iz 65
Beats As may be mferred, mterference ptepsmena play 2
very unportant role m the <tudy of waves When two ecztimar=s
waves of <hghtly different frequencies are supenmposed the resns™
15 an alternation of constructive and destructrie mie-ference
DNIINNR ISR
7 T 5
; J RUAYAN Y '

~ N /\ N /\J\
VVV TV
Fig 66 Beats are produced by txo wares of almost the pame

fr;, tepcy coming o phase with each other EVETY onee 1 8
while

known as the beat phenomenon,
to the difference between the tw(

0 onginal frequencies Seo fiz 6.0
This 15 eanly appreciated m the case of sound waves by steikry

two tuning forks of nearly, but not exactly,

whose frequeney 12 exaetly ¢qual

the same freqre-ey
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Reflection of Waves Waves are reflected at boundares
between media Just as a tenms ball can be bounced up from the
ground, 1e, reflected, so can water waves be reflected from an
obstruction back nto the medium 1n which they originated A
complete analysts of the phenomenon 1s not possible here, but
suffice 1t to say that 1t mvolves chicfly a further study of the
clastie properties of matter

Refraction of Waves The changing of speed as a wave
passes from one medwm to another 1s techmieally known as
refraction See fig 67 This 15 another important concept which
we shall run across later, partieularly 1n the study of optics

f\ﬂ/\
\/ (WALVAVAVAV)

Rare Dense

Fig 67 Refraction of waves Waves may
undergo & change 1n velority—ie be re
fracted—as they pass from one mediim to
another Going from a rare medum o a
denser one they are slowed up and the
wave lepgth 18 decreased

Standing Waves VWhen a wave traveling 1n one direction m
a g en medmm mterferes with a wave of the same length trasel
g with the same speed but m the opposite direction, an mterest-
g situation develops The result 13 a wave motion of a very
umque type Every portion of the resulting vibration pasces
through the equilibrium position at the same nstant There are
certain pomts mn the vibrating medium which are always in
equlibrium and other points where the disturbance 15 8 maxt
mum The pattern 13 called a standing wave pattern because the
waves do not progress Thev are stationary The ponts of mmm
mum disturbance are ecalled nodal pownts or nodes, and the pomts
of maximum disturbance are called antinodes or loops See fig 68
This condition s reahized when a wave passing along 1 medium
meets 1ts own reflection coming back with the <ame <peed and
wave length from a boundiry Obviously rewonance effects are
readily appreciated under these eircumstances when the phase
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rolationshups ate fatorable Owing to the existence of the nat-
ural vibration frequencies already mentioned, standing waves are
reacaly set up m bodies Thus 1t 15 patural for a viohn stning fived
at either end to vibrate 1 a standing wate pattern with a loop

D S
NAVAVAV -
L L ' L L L L
Fig 68 The nodes and Joops of standing waves
produced by two waves of the eame length and ampli-

tude but traveling 1n opposite directions at the same
time

at the center and with nodes at the ends Similarly 1t 15 easy to
make a column of air m a pipe, open at each end, assume a
standing wave pattern with loops at either end and a node at
the center

Overtones  As a matter of fact, there are many natural
modes of vibration for a string or 2n air eolumn or for any body
at all Whereas 1t 19 natural for s string, such as a violin strine
fixed at each end to vibrate with a loop at the center 1¢ as a
<mgle segment, 1t 1 alo natural for 1t to vibrate m two segments
wath a third node at the center Moreover, vibrations 1 three
or more segments are possible Indeed, 1t 13 possible for such a

Fig 69 A strng vibrating 10 (1) one segment (2) two
segments (3) three segments (4) four regments—ie 10
1ts fundamental and Ist 2nd and 3rd overtone frequencics

strng or air column to vibrate 1 any imtegral number of m::
ments See fig 69 These varous modes are referred to 8 ”\‘I’\
tone vibrations with respect to the single segment )¢ l(:\\\\
the fundamental mode The length of the wave of the fir®
tone 1n question 15 obviously Just twice the length of the st
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frequency 13 decreased and the wave length 15 1mcreased as thy
source and the observer recede from each other In the casedf
sound, the result 1s a lowering of pitch 1n the latter case and ane
m pitch m the former This prineiple, when apphed to hight
waves, gives the astronomer the remarkable power of determs

© 1 Observer

Fig 613 Doppler’s Prineiple As the fork moves to
the nght with the veloesty V the waves are crowded
and appear to arnve at O with a greater frequency
than otherwise

g the speeds of certan stars and planets when therr motion 1
directed toward or away from the earth It 1s obvious that tels
scopic means zlone are wsufficient to supply this nformation,
except when the motion 1s across the sky, 1e, perpendicular to
the line of sight

Sound as a Wave Phenomenon  Numerous references haw
been made to 1 ph m ths d of waves
This 15 because sound 1s one of the most common of all the was¢]
phenomena Sound 1s nothing but a wave moton o Mau
(usually air} of a purely raechanical type Although 1t 1s <"
thought to be restricted to those elastic vibrations capable o
stimulating the sense of hearing, there 1s no particular reasor
for such a restriction In a more general sense, the term “sound’
applies to any and all elastic waves 1n matter ‘Today the field a
supersonics 18 recogmzed This 1s a field in which vibrations above
the audible range are considered The human ear 1s restncted, 18
its abihity to recognize sounds, to a range of frequencies” -«
approximately 20 and 20 000 vibrations per second Thus an at
chble sound 1s recogmized when anything vibrates with a suital
intensity and frequency within these limuts in a medium capshle
of supporting the vibrations and propagating them Pulses of 817
suffice to produce sounds regardless of how they are produced;
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whether by an intermittent blast as through holes m a rotating
disk or by the vibration of reeds, bells, air columns, strings, or
. ata N B

' ™ -a
1 i

mer may readily be seen to vibrate if the whole device 1s mounted
1n & transparent exhausted glass contaner The velocity of sound
m mr 1 approximately 1100 feet per second

Characteristics of Sounds Sounds are recogmzed by three
characteristics—loudness, pitch, and quality

Loupvess Loudness 1s s function of the imntenwty of the dis-
turbance The volume control on a radio governs the loudness of
the sounds emitted and, 3{ the set 13 properly designed, affects no
other charactenstic

Prrce  Pitch 1s the auditory effect of the frequency of the
sound The human ear 13 capable of detecting slight changes m
pitch Pitch 1 a charactenstic by which high notes sre distin-
gwshed from low notes on a musical metrument A range of fre-
quencies i which the frequency 13 doubled 1s called an octave
Thus we have several octaves on the standard piano keyboard
such ag, for example, the range from middle C approumately
(256 vibrations per second) to upper C approimately (512 vibra-
tions per second), which constitutes a single octave Actually this
scale 13 an old one On the modern piano thus range 13 from about
261 to 523 vibrations per <econd It 13 the pitch of a note which
13 sffected by relative approach or reces<ion of source and ob-
server aecording to Doppler’s principle already mentioned It 1
sometimes difficult to distmgwich between the effect of pitch and
Ioudness upon the human ear The lower limt of loudness capable
of bemng detected by the average ear, or the threshold of hearing,
vartes con<iderably with the pitch of the note, as has been shown
1n recent years by experiments at the Bell Telephone Laborato-
ries m New York City, a higher intensity bemg requred for the
lower frequencies than for the higher ones

There 15 a shght d y between the ’ dard
of pitch and that of the scientist YWhereas 256 vibrations per
second has been recognized as middle C by scientific workers,
the musicians favor 440 as A above muddle C This 13 somewhat
different from the 427 which would be required on the scientific
scale, and also means that the musieian’s mddle C 1s 261
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tions per second mstead of 256 As a matter of fact, 1t 15 farrh
generally agreed that 440 for A 18 wmversal rousteal practice
today
Quatrry  The quality of a sound 1s determined by the exit
ence of avertones This means that 1f 1t were not for the differenc
1 overtone patterns, a given note would sound just the same
when played on the piano, the violn, the cornet, or any other
musical metrument Stnipped of their overtones, the same notes
played on these several mstruments would be indsstingu<hable
and furthermore such pure notes would lack all semblance of
quality Thus the only reason why a genuine Stradivarus violin
may produce more pleasing notes than an wnitation mstrument 18
the difference 1n overtone patterns resulting from the elastic prop
erties of the materiala used i construction and from the construc
tion 1teelf Tummng forks usually
L % produce very purc notes 1¢ VI
brations conwsting almost eptirely
of fundamental wibration modes
completely free from overtones and
N for this reason they are often used
1 the Iaboratones for standards of
patch
Standing Waves 1n Pipes V1
brating air columns have the m
Open Closed teresting characteristic that whee
FIB] 514 The fundamental produced i pipes closed at ope end
:::1‘; fﬁf";‘ezé&“ ;’fpe&e" zfp;’ and open at the other they lack all
swhereas the fundamental wave the overtones corresponding to the
lengih of a ppe closed at one  odd tutegers considening the fus
:f]‘g :;:“' times the length of  qamenta) g the zero overton
Pipes open at both ends are not &
restricted 1n overtone possibihties See fig 6 14 Thus 1t 15 fair to
say that so called open organ pipes are mcher n qualty than
so called cloced organ pipes See fig 615
Analysis of Sounds The quality of a musteal note can
readily bed d by the use of wst fenhash 2 papahle
of detecting all the various components 1n a complicated <ound
The trained ear ean of course do this to a certamn extent as1$
evidenced by the manner i which the varnous instruments ea®
be detected m a symphony orchestra but electrical apparatus ha
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TFig 615 An open pipe {one open at each end) can
have twice a8 many harmomic overtones as & closed pipe
\ - v vl

as many

been developed which can do this more satisfactonly than the
average ear

Summary We have <een m this chapter that the whole
physieal side of music 18 1n reality a branch of physics We have
considered the subject of sound as a part of the more general
subject of vibrations and their associated waves as fundamental
coneepts 1 this deseriptive survey of physies It has been found
that these concepts are Just as logically organized and mnter-
related as the concepts of force, mass, energy, etc, discussed 1n
earlier chapters Agam 1t has been shown that physics 15 a highly
organized and logically developed science, to understand which

the student must acquire a special vocabulary and use 1t with
utmost precision

QUESTIONS
1 What 13 meant, by sound?
2 Does the frequency of a <ound influence the speed at which

the sound travels? Do the high-frequency notes of a distant

orchestra reach you before the low-frequency notes of the
same chords?
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Is there any part of a gong which remains stationary while
1t 18 sounding?

Note some of the factors that influence the qualty of a
sound

VWhich one of the three factors—pitch, loudness, and qual-
ity bles one to d h one orchestral instrument
from another?

What happens when two sound waves of the same fre-
quency meet out of phase? What 1s the result if they meet
m phase?

‘What happens when two sound waves of slightly different
frequencies are combmed?

As a violmst tightens a string on s inctrument 1s he -
creasing or decreasing the pitch?

Does the loudness of the sound from a tuning fork increase
when the fork 1s set on a table top? Why?

Ixplam the formation of an echo

A fork prod a fi vy of 1000 vit per second
What could be the frequencies of a second fork which, com-
bined with the first, would give o beat frequency of 5 beats
per <econd?

How may sound waves be produced?

How 1s sound energy transferred?

After a flash of lightning, thunder may not be heard for
=everal second= \Why?

How does the sound from an open organ pipe differ from
that from a closed prpe?

A whistle 1s blown and after 3 seconds an echo 18 reflected
from a chfi How far away 1s the chff?

Are sound waves of the order of magmtude of mches, feet,
mles, or mullimeters 1n length?

The acoustics of a room filled with people are better than
those of an empty room Explain

Can there be too much absorption of sound m a room or
auditorium from the point of view of good acoustics?

What 13 meant by the threshold of hearing? Does this
threshold vary for different frequencies? The ear 1s most
sensitive to what range of frequencres?

Define or state what 13 meant by “wave motion” and
“aloghimty

hat 15 meant by the terms “standing wave,” “node,”
“antinode”?

What are “beats”?




CHAPTER VII

MATERIAL CONSIDERATIONS

CONSTITUTION OF MATTER PROPERTIES OF GASES
SURFACE EFFECTS

One cannot proceed very far today in the study of the phy«ical
world, 1¢, the study of physics, without a consideration of the
structure of matter Although, to some, this appears to be the
realm of the chemust, 1t 1s well known to the imtiated that there
15 no sharp boundary between the fields of chemistry and physies
This 15 due 1n large measure to the fact that the chemist and the
physicist working together have, m the last 50 to 75 years, made
considerable progress 1n therr attempts to unravel the mysteries
of matter Only by the use of the physicist’s tools, such as the
=pectroscope, the X ray, the electron tube, the mass spectro-
graph, the high-voltage generator, and others too specialized to
mention here, has the chemistry of matter advanced to 1ts present
stage Chemistry has also furthered the knowledge of many
physical properties of matter Physics and chemustry together,
therefore, have developed theories of the structure of matter
around the concepts of molecules, atoms, electrons, protons, and
numerous other partreles 1n a contmuous state of motion

Molecules and Atoms, Present-day belief 15 based on the
assumption that all bodies are bult up out of molecules Whick
are defined as the smallest known units of mven chemical sub
stances It furthermore scems evident that molecules themselves
are built up out of smaller component units called atoms ‘I'ﬂ
t

units As recently as fifty years ago science “cemeu‘“;e n‘:‘ve "
that the atom was an indivisible entity—hence chet“m:le ao? mat-
but since that, time knowledge pertaming to the strue mt'eth atom
ter has ncreased enormousty 1t seems cestoun today that the

79
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has an internal structure of its own Starting With researches dur-

1ng the very last part of the last century and running all through

the precent one, the view has become

sctentifically substantiated that atoms

are made up to a large extent of charges

@ of electnicity A very con<istent, theory

was presented 1n 1913 by the Damsh

physteist Bohr, who pictured the atom

Fig 71 Bobrs concep- g5 a mumature <olar system with units

zf&z{‘::;’ﬂ':%:‘::‘zg of negatne electriaity revolving about

charged electron resolying & central, predominantly positively

m an elliptical orbut about  charged nueleus 1n a more or less ellip-

Zcﬁss'&‘,gi’;n;"“gm ™ tical orhit, as the planets revolve about

the sun See fig 71 Although this

theory 1s considered outmoded today, many of s features are
still retaned by contemporary phy<iciste

Positive and Negative Charge The terms postive and

negative as used in connection with electnety merely mdieate a

distinetion between two opposite types of electrical charge as

determmed by the forces which they exert upon other charges,

either attractive or repuleive When, for example, a glass rod 1s

rubbed with a piece of silk, or when a piece of hard rubber 15

rubbed with fur, each of thee objects aequires the pecuhar prop-

erty of attracting small bits of paper or other very light objects

Fur Rard Rubber stk

Hard rubber rubbed with fur
becomes eharged thus

Class
Gla rubbed with mlk
becomes charged thus

Fig 72

to at<elf This strange foree 13 called an electrieal force and 18
attributed to the existence of clectrical charge The glass and the
silk act differently, however, and a similar difference 1s noted
between the rubber and the fur, as though one of each parr ex-
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hibited an exce s and the other a deficiency of this stuff called
electricity The dictinction was ongnally indicated by supposing
tno kinds of electnaty called positive and negative Just for
conventence See fig 72 But since most electrical mantfestations

are readily ted for by sup the of merely a
single kind of electrieity and considering excesces of 1t as pro-
ducing one effect and d of 1t as il the 1t

PP
effect, 1t 15 not necessary to suppose that two hinds of clectnaaty

really exist The details of these considerations, honever, wili
have to wait for a later chapter on electnaty

Building Blocks of Matter~~Electron, Proton, Neutron,
Positron. The smallest umt of so called negative electnicity
known to exist 1s the electron (negative) The smallest positive
charge 1s called the proton Bohr's theory suggested that for the
simplest known substance, namely hydrogen, the atom consste
of simply a proton serving es a nucleus and an electron revolv-
g about 1t, Just as the moon revolves about the earth, i a fixed
orbit See fig 71 The other atoms are sumlarly constituted but
are more complicated, the number of electrons in the various or
bits and the constitution of the nucleus varymg as the atom
creases 1 complexity from helm, the second substance 1o the
system, to uranmum and pl , the most 1 d Ths
picture 1s somewhat out of date already 1n view of the tremendous
rate at which research 1s being carried on 1 the umversities and
other scientific aboratories, but some of 1ts features are still
retained by those who require mental pictures for explanations
since the newest theores are mostly mathematical 1n nature Re
cent discovertes mnclude the neutron, a neutral particle, and the
positively charged electron, the posutron, so that the building
blocks of the atoms are no longer restricted to two m number
as was thought for 20 many years since 1890 or thereabouts At
Present 1t seems quite certain that even the nucle: of atoms have
structure, so that whereas only a few years ago the atom was

dered the ul ly emall and 1nd umit of matter it<

structure and the components of 1ts components now concern the
phy<iexst and chemist Such considerations, however, along with
the release of atomre energy and the atome bomb of 1945 must
watt for a fater chapter

Browntan Motion Thus we see that matter 13 made up of
wolecules, atoms, electrons, ete , but more :mportant still for the
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1mmediate discussion 1s the fact that these particles are in a state
of mcessant motion We live 1n a kinetic world, 1e, a world of
motion An ndication of this 1s given by the observation of the
so called Browman motion This 15 the contmuous amtation
which one can see by under the pe, a sample
of water m which fine particles of pulvenzed carbon are held

Feldof Vew

M croscope

Fig 73 Particles vicwed under the microscope are
observed to be i  state of agitation The phenomenon
19 called Brownian motion

Yt: cuspension because they wall not disolye Tiny specks of &
bon will be scen under these circumstances to be darting abou®

n a most haph manner The ph was first, observed
by the Enghsh botamst Brown, after whom 1t was named Set
fig 73 It 13 explamed by bombardment of the carbon particle
by molecules of the water Au they strile they gve rice to the
irregular, haphazard motion of the partcles which 13 ghservabl
through the The molecules th are much to
small to be vissble, bemg only a few hundred millionths of :
centimeter m size They would have to be many thousends ©
times larger to be visible through even the most, powerful micro
scope avalable

Kinetic Theory of Matter This simple postulate has grow:
mto a theory of sizable proportions commonly known as th
hanetrc theory To 2 first approximation 1t 1s assumed that mole
cules are small spherical particles which, by virtue of their 1
ternal energy, are bouncing sround very rapidly In the gaseou
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state the wmatian 18 Very pronounced and the molecules diplay &
wide tenge of \elactties Molecules of a given substance dieplay
a eharacteristic atersge speed For mtrogen this 18 approximately
50000 em per second, or pearly ane-third of a mile per zecond,
under normal condthions of pressure and temperature The prop-
erties of gases vary naticeably with temperature and preseure

States of Matter, Matter ordinanly exists m three states
gaceous, lqud, and sohd From the viewpoist of the kinetie
theoty, the distinction between these states s based upon the

of the moleeules and the pondiog restnct

placed upon their freedom to move about They enjoy the most
freedom 1 the gaseous state, but 1n the sohd state they are
bemmed 1n so clozely and are acted upon so strongly by mnter-
molecular forces that they, are forced ta vibrate with very emall
amphitudes sbout thur equibibnum positions The iransitions
from state to state are effected by rather compheated energy
teansformations Discussion 19 neually himited to the gaseous
state m elementary cources in phy<ics because this 13 fundamen-
tally nat anly the sumplest, state but the one best understood nt
the present time Theory and expenment check very closely for
this state For this reason the theory
13 often referred to as the kinetse
theory of gases

Boyle's Law and the General Gas
Law One notsble success of this
theary 18 1ts explanation of Boyle’s
Law Thia 15 the law dicovered by
Robert. Boyle m 1662 or thereabouts,
which states that g given mass of gas
¥ constant temperature can undergo
» decrease 1n yolume only by a cor-
tesponding mcerease i pressure, and
V6o versa Bee fig T4 As & cOmSe- g b o dommeed
‘z‘;;:fi, whatever the pressure or vol- sure = ::.Cx:ued and yice

o el e
O o o e s T M
always the same A, g( o h 18 h
rerature ss gryeq D estension of thia to melude the effect of tem~
three facloxs..fn y Charles’s Law, and the combined effect of all
Gas Loy Whlcﬁre*sure,volume, and temperature—is the General
d states that the volume multiplied bv the pressure
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and divided by the absolute temperature 15 alnays constant fora
gven mass of gas Absolute temperature will be defined later
Specifieally this law means that 1f one factor 1s kept constant the
varation 1n the other two 1s predictable At constant pressure the
volume 15 ncreased directly as the temperature 1s rawced At con-
stant \olume the pressure and temperature mncrease together At
wonstant temperature, we have Boyle’s law itself Although these
results follow from experiment, 1t 15 a remarkable fact that they
can be derived mathematically from the kinetic theory of gases

Avogadro’s Law and Number., This theory also venfies the
postulate put forward by the Italtan chemmst Avogadro (1776~
1856) who followed Boyle (1627-1691), that under the same con-
ditions of temperature and pressure there is always the same
number of molecules 1n a given volume of gas The number of
molecules mm a cubic centimeter of gas at normal atmospheric
pressure and at the temperature of melting 1ce (these conditions
are referred to as normal conditions i scientific work) 1s enor-
mous It 1s the number obtained by moving the decimal point mn
the number 27 mneteen places to the night This 15 comparable
with the fact that the diameter of a molecule 13 only 2 or 8 hun-
dred millionths of a centimeter If one can 1magne small spheres
packed mn a cubical container one centimeter to the «ide (less
than one-half an inch) with each sphere only a few hundred
mitlionths of a centumeter 1w smze, they would be far from
crowded In fact, there would ™ ever so much more space be-

tween the spheres than that ov. upr 4 Fv them The situation has
been d pk , a8

ly
100 ft by 50 ft by 15 it high contaming only 50 basketballs
Certamly the hall would not be sard to be crowded with basket-
balls, even 1f they were all in the air at one time Thys 1s the
npproxxmate manner m which air molecules, for example, are
pached 1nto every cubic centimeter of arr about us
Approximate Nature of the Gas Laws  Upon close examina-
trom 1t 15 found that Boyle’s law and the general gas law are only
ate lang Precwse it bas shown that there
are shght deviations from these laws in all observable cases
Moreover, the deviations become more and more noticeable as
we pass from simple gases hike hydrogen and helum to gases of
greater chemical complexity, and as we pass to extreme con-
ditions of pres<ure and temperature
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Concept of the Ideal Gas The scientist has faund an an-
genious way to cope with this situstion Because all gaces obey
the gas laws approxumately and because the deviatioy 1p no cace
15 relatively very large, the concept of the 1denl gag has been
mvented An 1deal gas 13 defined as one which obeyy these laws
absolutely Real gases are treated according to the;r degree of
deviation from the 1deal gas law This seems to be 4 good way
of handling the situation because of the complexity whieh would
anse 1f each cace were con=idered independently Morcover, the
concept has been of imestimable value in orgamzny the known
facts about gaces m a general way Much of the research work
today 1s concerned with the mdividual details, however, now that
1t 18 felt that the mamn portions of the picture are essentally
correct

The Nature of Ideal Concepts in Science. Thig procedure
exemplifies a charactersstic of the modern scientist Starting with
an oversimplified postulate, he continually corrects and revises
1 as the expenareatation progresses, SMmg o the detarls as fe
proceeds In some cases, strangely enough, the detwils have not
fitted 1n 0 smoothly as they were expected to, and often major
discoveries regarding mam points have thus been made This
has been particularly characteristic of the so-called modern
physies Whereas around 1890 1t was thought that ajl major dis-
coveries m physics had been made and there was nothing left
except the Job of fillng m details by precision-type messure-
ments, quite the opposite has actually been the case In repeated
mstances the polishing off, so to speak, has uncovered vast areas
of plored terntory, the devel of which not, only have
added matenally to the store of knowledge, but also have changed
entirely the whole point of view Indeed, we live 1n an age when
people like Emstein, working with the most abstrget types of
mathematics, have evolved vienpoints of physics n many 10+
stances so different from the views held only twg generationd
ago, that 1t 18 sometimes hard to beheve that physics has nob
become pure philosophy Many of the pts of modern physics
are purely mathematical 1 nature and are not eapable of "l““':
lation mto physical pictures Nevertheless, much of the ol; lr:!
maims, and 16 15 the behef of some that many of the nower l(:ﬂ.
are meapable of being intelligently understood unti tho (' :1 It
comngs of the older and more natural views are abpreeiate
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must never be forgotien, however, that the physics of the prai
tical world, the world of machmes and men, 18 much the sz
today as ever

Gas Pressure on the Kinetic Theory. Going back to #!
Janetie preture agam, we readily see how the concept of preseu
1s explamned Just as a continuous stream of machine-gun bulle
will cause a target to act as 1f 1t were bemng subjected to a stead
force (see fig 75), so does the continuous bombardment, of !

walls of gaseous t by b produce & pe:

Fig 75 Continwous machine gun fire develops a steady pressure
on a target

pendicularly directed force which, taken over a umt of ar
becomes a pressure 1n the same sence as the term was ongipsl
defined Moreover, 1t 1s clear how ths pressure should ieres
1f the volume of 2 contamer <hould be reduced The molecu’
would be crowded more closely together <o that the frequen
and therefore the force of their collsions would be increas

Absolute Zero of Temperature Suggested by the Kine
Theory. An addiionzl postulate of the kinetie theory 1s th
the temperature of & gas 13 directly related to the moleeular :
tivity, whenee 1t 18 also clear how the pressure increases wi
temperature This suggests a lowest posaible temperature 1t
world as that temperature for which molecular activity ceac
It will be necessary to diceuss this point more fully mn a la
chapter on heat, but suffice 1t to say here that this 1s the so-cal
abeolute zero of temperature It 15 459 Fahrenhert degrees bel
zero, or mmus 273° Centigrade

Effects of Molecular Forces No discussion of molect
considerations would be complete without mention of some
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e effects of molecular forees One of these 18 the phenomenon
¢ <urface tension Moleeules display forces of attraction between
wemselses Forees between lhe molecules are called cohemie
otees snd those betwmeen unhhe moleculea are ealled adhese
arces It iy the former which hold bodies together and the latter
s hzeh mahe different bodies stick to each other At¥ne suriave of
+ hqud these farees produce an cfect suggesting the exitence

Glass
Tube
=
Rerey Fig 77 A stecl
Fig 76 Water sticks fo ¢lesn reedle  ¢an be
glasy but merrury tends to pull flosted on the =ur-
away {rom glass

Jace of nater

of a membrane stretched over the hqud 2o 43 to make the «ur-
face of a piven quantity of hiqud Always a3 small as posable
The phenomenon 18 wwually referred to as surjoce tenson In
certaln Tnetances the adhesion forces between tno substances
exceed the cohewon forces tending to hold the glven substance
together For example, water sticks very seadily to a chemeally
clean surface of glase See fig 76 On the other hand a drop of
merenzy placed on 2 plate of clean glacs tends to avord the glass
and pulls tself up 1t a hemuspherical droples Drops of water
ot a greasy glass surface do much the same thing

Capitlary Attractton  This same phenomenon also ecause?
Vater to rive up m <mall capuliary tubes (see fig 76) producing
the mayy <a-called capillary effects «ych s those which keep
22k froc rumnung out of & fountam pen, keep the moeture 1 the
i), ete The opposite effect—ie, the repulsion of water from
sreasy surfaces 13 ufihzed 1 water-proofing garments, tents
ete 1t 13 becauce of this gare effect that meects can walk on the
suriace of hpnds It 13 afso possible to float a steel needle on the
surface of water 1 «pite of the fact that steel 13 ceveral tupes
demser than water See fig 77 It 13 merely necessary that the
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needle be coated with a very thin film of o1l or grease such asi
may always have unless specially cleansed by chemical methods
The formation of drops of all kuinds 15 alco due to surfsce tension.

Diffusion  Other ples of malecular ph are df
fusion and osmosis If two liquds are brought mnto contact w*
each other m a tube even if care 18 taken not to mix them &
gether before long 1t will be found that one has penetrated mto
the other This 13 called diffusion Gases diffuse very readily a°
15 evident by the fact that the presence of a volatile substance
ean be detected by 1ts odor throughout a whole room very soon
after 1t has been released 1n one corner of it

Osmosts  Certain substances act Iike one way gates for cer
tam flids A sugar solution ean penetrate m one direction only
through the fissues of some fruits and vegetables Everyone 19
familiar with the fact that certam fruits nhen <oaked i water
take up the water even to the pomnt where they swell up becauce
of the pressure built up by the water The water does not come
out but only goes into the frutt through its surrounding mem
brane This phenomenon 1s called osmosis The pressure devel
oped 1s referred to as osmotic pressure Osmosis accounts for the
nse of moisture up mnto high trees through therr cellular walle
to nounich them The growth of plant hife 15 very dependent upon
the existence of osmotic preesure

S the material of this chapter we have
<een that u]l matter 15 made up of small units such as molecules
atoms electrons etc We have dered the highly ful

Linetic theory of the structure of matter emphasizing those as
pects which apply to the ga<eous state Varous other moleculs
phenomena have alco been treated so that up to this point 1n ouw
deseniption of physies we have dealt with the mechanical elastie
and matertal phases of the subject We proceed next to the study
of heat and thermometry which we shall consider from the view
pomt of energy

QUESTIONS

1 How many molecules are there in a cubiwc centrmeter of
a gas under normal conditrons?

2 What 15 some of the evidence m favor of the molecular
theory ?
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QUESTIONS 89

A bubble of mr becomes larger as it nees 1n a contaner
of water Explam

How does one explmn the ramd permeation of an odor
throughout a room?

For what 1s the physiast Bobr famous?

Distingmsh between the electron and the proton

What 1s Boyle's law and what are 1ts hmitatione?

Does a body whose density 1s apprecably greater than
that of water necessanly sk m water?

Distinguich between capillanty and o<mosis

Explam how rough water 13 made calmer by pounng ol onat

REVIEW QUESTIONS

(Bee page 190 for anawers )
Cmaprers V, VI, avp VII

Elastiaaty 18 & property of matter by wvirtue of
which 1 liquids are distingwehable from gases,
2 Archimedes’ principle holds, 3 bodies recover
from deformations, 4 open pipes have more over
tones than closed ones, 5 pressure 1s dependent
upon density ()
Simple barmonie motion 1s charactenzed by the
fact that 1 the motion 1s pertodic, 2 the accelera-
tion 1s proportional to the displacement from the
( + m 3 b anwtam maban 4 dha
1 !
[ [l .
displ t 2 the displ from
the zero posiion 3 syponymous with the frequency
of vibration 4 the number of vibrations per second
5 twice the maxmmum displacement [
Within the elastic it 1 xsf.x-e=s 18 always zero

elosely with elastic phenomena 1 Hooke 2 Boyle,
3 Archimedes 4 Newton 5 Helmholtz )
Tvory soap floats n Water because 1 all matter has
mass 2 all matter has denmity 3 the den:x'ty ;;;
B n R o

of
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REVIEW QUESTIONS

Vhen a body 15 partially or wholly 1mmer<ed m a
hgwd 1 1t always sinks, 2 1t 1s buoyed up Ly a
force equal to 1ts own weight, 3 1t 18 buoyed up by a
foree equal to the weight of the hquid displaced,
4 1t1s buoyed up because of Archimedes’ principle
and always floats, 5 1t 13 buoyed up by a foree
equal to the weight of water which 1t would dis-
place

If the mass of a body vibrating at the end of & ver-
tieal spring should be inereased 1 the frequency of
the vibrations would be increased, 2 the period of
the vibrations would be increased 3 the amplitude
would be decreased (4) the displacement of the
body would be decrea<ed, 5 the resonance frequency
would be unaltered

Chladm figures are 1 wave patterns produced on
a vibrating stretched cord 2 always longitudimal
vibrations, 3 always present in sound waves
4 patterns produced n vibrating plates, 5 the
same as antinodes

VWhen a wase travels from one medium to another
of different elastic properties 1 the wave length 1s
unaltered 2 the frequency 1s chenged 3 the
velocity 15 changed 4 beats are establiched,
5 <ounds are produced

hundts apparstus was demonstrated 1n the lec-
ture to show 1 tibratwons wn plates, 2 vibrations
on cords, 3 beats, 4 overtones § standing waves
m air columns

Sound 13 a wave phenomenon of the followng type
1 longitudinal 2 transverse, 3 torsional, 4 cir-
cular, 5 elliptical

Standing waves are always 1 transverse, 2 lon-
gitudinal, 3 toruonal 4 the result of interference,
5 the reeult of refraction

Kundt’s apparatus 1s uced to measure 1 the veloc-
ity of sound, 2 the veloaity of any wave motion,
3 the elastiaity of a vibrating medium 4 the num-
ber of overtones 1n a rod, 5 a harmonic series
Wave length of a wave s 1 the same as the fre-
quency 2 the velocity of the wave divided by the
frequency, 3 the product of veloaity and frequency ,
4 always zero m ar, 5 the distance from a crest
to the next trough
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REVIEW QUESTIONS
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sults 2 constructnve interference always results,
3 reirsction 1s demonstrated, 4 the phace difference
13 always zero, 5 standing waves are produced

In air columns with one end open and the other end
closed the wave length of the fundamental mode of
vibrations 1 four times the length of the column
2 twice the length of the column 3 alnays zero
4 indeterminate, 5 the distance between two nodes
A node 15 a pomnt 1n & wave pattern where the dis
turbance 15 1 a maumum, 2 a mmmum 3 a
rarefaction, 4 a condensation 5 always varying
Sound waves 1 donot travelin a vacuum 2 travel
best m a vacuum, 3 travel with a veloaity of
186 000 miles per second 4 are transverse waves,
5 are always capable of bemng heard

Prich 1s 1 the number of vibrations per second,

ence of overtones 4 the pitch 5 the frequency
of the |thweton

‘The nu

forks

fork 2 15 mdependent of the frequency of either
fork 3 15 exactly equal to the difference 1n fre
queney between them 4 1s approximately equal to
the difference 1n frequency between them 5 15 al
ways audible

Atoms are 1 indiviuble 2 vighle 3 truly
spherical 4 always stationary 5 composed of
molecules

A long glass tube of mereury with its open end 1m
mersed 1 a dish of mereury can be used to demon
strate the fact that 1 molecules are gmall 2 the
atmosphere 18 made up of mtrogen and oxygeR
3 the atmosphere everts a pressure 4 Boyleslaw !
true 5 pressure 1s the result of molecular bombaT
ment tial
In order to COMPress g gag to one half 1ts 0
volume at constant temperature the Press™

o1
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Nature of Heat—Early View vs, Rumford’s Interpretatio
By the ancients, heat was thought of as a flud of some Jand
the addition of which to a body made 1t hotter, and the subtrac
tion of which from a body made 1t eolder This so-called calonft
fiud was a concept which seemed to explan many of the ob
servable thermal phenomena, but 1t had one serious drawback
All attempts to determine the density of the supposedly matens
substance farled About 1800 the Amenican-born Benjamin Thom
son, later Count Rumford, offered a new mterpretation Engsged
1n the manufacture of cannon, 1 which one operation was oot
Rumford observed that although chips were removed there we
& noticeable mse m temperature This was not consistent wit
the calorific fuid theory beeause the removal of chips should, ¢
the theory, be accompanied by a loss of heat along with the chip®
removed Furthermore, he observed that there was more hest
generated with o dull tool than with a sharp one, although tbe
latter removed more chips He scnved the fact that the amoust
of heat generated was directly related to the amount of energy
cxpended rather than to the number of ehips or the amount of
matenial removed Of course one must work harder with a dull

dnill than with a sharp one to bore out the same amount of mate
ral

Heat a Form of Energy Thus was conceived the 1dea thst
heat 1s really nothing more nor less than energy tseli Later er
periments by the Englishman Joule and the American Rowlant
disclosed the direct equivalence of thece two This view 1s al ¢
conssstent with the modern kinetie theory of matter, already di
cussed, 10 terms of which heat 13 found to be just that energy
as<octated with the random motion of molecules On this bass
friction develops heat stmply because of, and m sn amount
equal to, the increase m the molecular energy ascoeiated with th
haph d, random molecular motion lved when two su
stances are rubbed together Indeed, on the kinetse theory, heat
defined <imply as the total energy associated with this rando
haphazard molecular motion Moreover, temperature, althouch
quahitatively definable as a property which determmes the direc
tion 11 which heat will flow (1t always flows of 1ts own accord {
from high-temperature regrons toward lower-temperature re
gions), fits into the kinetic picture as the average kinetic enersy
per molecule associated with the trap<latory motron
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Thermometry. Defore we can pursue farth i

er th
heat and temperature 1t 18 neceseary that we undexsl:m:xdmltx:c;
mperature 13 measured. This phase of the subject 13 called

Fig 81 'The warm water feels hot to the band previ laced
14 water but cold to the hand previously placed ng h;:"::‘xyef ¢h b
femperature 18  relative matter + FhowIng

nermometry Of course, we might rely upon our sence of warmth
1 cold, but 1t can be readily shown that such determinations
ery unrehable If one were to place o hand in warm water
fter 1t bad been 1n hot water the warm water would feel eold,
acreas the same hand 1n warm water would seem hot after ha\:
« been placed 1n cold water See fig 81 This shows how rela-
the matter of temperature 15 In order to make a more re-
determimation of temperature we look to the vartous
~operties of matter which are found to be
tered by the appheation of heat and note
that all matter usually expands when
1
Thermal Expansion Utilized 1 Tem-
Measurements  Liquids, generally
eahing, expand more noticeably than <olids,
1 gases expand <till more The liquid sub-
anee mercury expands very umformly over
conaiderable range of temperature and s0
*es ug with a <uitable thermometric sub-
ance which, n the form of a fine thread m
glass capillary tube, <ealed to an expansion . 82 Mercury 1n
1, constitutes a useful thermometer See  glass thermometer
82
All temperature readings are relative The graduations on a
\ermometer scale are made to agree with conventional stand-
on the basis of which certan temperatures are accepted as
.ed points The two most conspicuous fixed points are the tem-»
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perature of melting 1c¢ and the temperature at which sater bo °
under normal atmospheric preseure, 1€, 76 em of mercury ¢
147 lbs per «q m It 1s merely a matter of common agreemer
that these are the temperatures which are bastc to all therm
metnc work

Centigrade vs Fahrenheit Temperature Scales We hav
two relatively common scales of temperature the Centigrade
Centgode Favonher  Sc2les used chiefly n screntific work
and the Fahrenheit scale, which 55
perhaps more familiar to the laymse
On the Centigrade scale the meltit
pomnt of 1ee, which 15 the same as th
freezing pomt of water 1s arbitrazy
called 0° C, and the boiling pomt &
arbitranly called 100° C On the Faht
enhert seale, these are called 32° Fy
and 212° F, respectively See fig 83

Fiz 83 The Centigrade It1s further noted that the Centigrade
and Fshrenheit temperature  geale 15 subdivided into 100 equal
seales compared degrees between freezing and boiling
temperatures, whereas the Fahrenheit scale 1s subdivided into 180
equal degrees over the same region, each Fahrenhert degree being
5/9 as large as a Centigrade degree

Converting from One Scale to the Other It 15 obviously &
«imple matter to change a temperature reading on one scale te
the corresponding reading on the other one since the Centigrade
degree 13 9/5 as large as the Fahrenheit degree and the freezing
point of water on the Fahrenhert seale 1s already 82 degrees abost
zero Thus the famliar temperature 68° F 15 36 Fahrenheit de
grees above the freezing pomnt, and <o corresponds to only 20 Cen
tigrade degrees above the freezmng point, or to just 20° C Ina
dentally the temperature reading of 40° below zero happens to be
the <ame on each ecale

Coeffi of Thermal Exp Whereas different solids
and hiquids expand quite differently, all gases expand by approxt
mately the same amount The fractional expansion of any portion
of a substance per degree of temperature change ts defined as the

flicient of thermal exp of the subst Exp 1
one dimension only, 1¢, of length, 15 called limear expansion We
may alo consider surface and volume expan<ion The coeffictent




ABSOLUTE ZERO 07
f volume for & substance 1s neee: ant .
hree times the size of the hnear cocfficsent ¥ o ¥

Expansion of Gases. ‘The valume coef i
he same for all gaves and 13 very nenrlymc:;\c:n‘: ﬁ) nt‘;:‘:::::mmy
of the number 273 per degree Centigrade This Taeans ‘hr;r(ncal
he temperature of a gas at 0° C 13 raiced one degree, 1ts vul' -
mereases by 1/273rd of 1ts original value, This sleg 'menns :l‘:ne
4 gas shrnks in volume 1/2731d of 1s value of 1t §g cooled -
degree Centigrade, and this brings up the nteresting quesho: m:
vhat would happen to a quantity of gasif its tempersture shou;)d
be reduced by 273 degrees from 0°C

Concept of Absolute Zero of Temperature.
this question, 1 e , whether or not the volume vamshes complete]
cannot be found experimentally because of the impossibiht, );
lowenng the temperature of any gas to —273°C Ay knf,:“
gases liquefy before this temperature 18 reached, and hauids do
not have the same coefficients as gases ‘There 13, however,

s BOtme~
thing umque about this temperature of —273°C As hag been
a [ETLE . ..

The answer to

RIS
‘ N o . e - '
R AT L v o
this 13 sigmificant, for the kinetic theory also requires the pres.
sure of a gas to vanish when the temperature 1s reduced to ahso-
Iute zero Thus, and for more technical reacons not to be con-
&1dered here, an absolute zero of temperature has been postulated,
a temperatute so low that, on the kimetic theory, all molecular
motion ceases This temperature therefore 13 — 273° C, or about
—459° F, and 1ts existence imphes the absolute mabihity of any
lower temperature to evist This 1s the first place 1n our study
where & hmitation has been 1mposed upon our thmking of ex-
tremes of anything such as size or mtensity, but 1t will not be

the last one

Absolute Temperature Scale. Thus a thid, or absolute,
scale of temperature 15 suggested, based upon this abeolute zero
. Lo £eailmeans The Cenhiorada

Abgolute. In engineering work, however, an absolute I ahrenheit
seale 19 som ‘- o7
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Further Signmificance of Absolute Zero In recent e

t have been developed by exp ters for produc
very low temperatures to learn about these extreme conditx
Although no one has succeeded 1 producing a temperature lo’
than absolute zero, and of course, present-day science pred:
that no one ever will, nevertheless values within a very sm
fraction of a degree of absolute zero have been obtaned It
dentally, it should be noted that the measurement of such t¢
perature 15 by no means a sunple matter The field of lo
temperature recearch appears to hold great promse for sti
tling discoveries 1 the near future Many of the properties
matter have already been found to vary markedly from ti
normal values when sarples are subjected to very low tempt
tures

Molecular Forces Involved in Thermal E: Ge
back to the question of linear expansion of solids, attentior
ealled fically to the de of the molecular forces

volved when a rod, say of steel, 15 heated Steel mncreases
length by approvimately eleven parts in a mllion, per deg
Centigrade This means that a steel bridge one mile long,
cxample, changes 1n length by more than four feet undet
change 1n temperature from a winter’s mmmum of 40° bel
zero to a summer’s maximum of around + 100°F When ¢
constders how much force 13 required to stretch a steel rod
eleven parts m a million one can only marvel at the quiet m:
ner m which a rise of temperature of only one degree Centigr:
produces the same effect

e E: Th

If a strp of 1ot
securely fastened along 1ts length to a stnp of brass of the st
length, and the combination 1s then heated, the result will b
bending of the combination, because brass expands nearly 50
cent more than iron See fig 84 This effect 15 utilized m
various bimetallic thermostats which are so common 1n
numerous automatic control devices In all these devices elec
contacts are sunply made and broken by such a bending of
metallic strips upon the application of heat

Attention 15 called, mcidentaily, to the very fortunate !
that cement and steel have practically the <ame coefficient
expansion This makes posetble the modern steel and cem



GEMERAL GAS LAW »
Jkyseraper, which does not buckle with change:
In fact, remforced concrete i general, “hlchgp!h\‘;.t:‘:‘:{:c;:‘tm_
portant part 10 our highly mechanized lives, 15 possible onl k:ne
cause of this fact Yy be-

Yon
tron Bross
Brows
Brass snd Jrom mps The same sirps
elded together snd 2t crpunds som By cested B
room temperature thsn tron more

Fig 84

The General Gas Law  Smnce the volume of a gas vanes with
texperature, as mdieated above, and simce Boyle's law, pre-
+iously discusced, states how the volume of & gmiven mass of gas
depends upon the pressure, 1t 13 natural to wonder 1f these two
effects ¢an be combined mto a general law This actually proves
1o be the case, and for the 1deal gas, the relation 13 a very simple
one It 13 usually referred to as the general gas law It states
that the pressure multiphed by the volume and divided by the
absolute temperature of a given mWase of gas 18 constant This
simply means that if the volume of & given mass of gas 1 kept
constant, 1ts pressure varies directly as the sbsolute temperature
Of course, 1f the temperatute 19 kept constant this 1s simply
Boyle’s law iteelf, 1¢, the pressure 18 nversely proportional to
the volume Temperatures, M thus connectron, must always be
expressed on the absolute scale

Concept of Temperature Only Part of the Study Thus
we see that one of the outstanding charactenisties of matter,
namely size, 1§ affected by the application of heat, and that
varations mn the size of an obyect may be utihized 1 the meas-
urement of temperature Of course, this 13 consistent with the
kinetie theory of matter, since an increase 1n the size of a body
ean be thought to be asgociated with an mereased molecular ac-
tivity, which requires more space For a further msight mto the
nature of heat we shall be required to conaider the question of
the quantitative measurement of heat
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g temperature 1s rawsed, as i the case of the pressure cooher
See fig 85 At high elevations, on the other hand, where the pres-
sure 13 low, the boiling temperature 13 also low In fact 1t may be
too low for certarn foods to be cooked by boil-
g, a8 18 well known by pas=engers on sir
hiners Whereas chemstry teaches that sub-
stances can be 1dentified by charactenstic
boiling points, 1t must be pointed out that:t
18 necessary to establish some standard of
pressure such as standard atmosphere pres-
sure, 76 em of mercury or 147 lbs per
square 1nch, 1n this identification process
Boiling under reduced pressure can al<o
be illustrated by the so-called Frankln
Fig 85 With the Dulse glass Thisis a dumbbell-<haped glase
pressure cooker the tube,1e, a slender tube with spherical bulbs
boihng pomnt of water a¢ erther end, partially filled with colored
::r';{;tdyabme loec water and sealed off under reduced pres-
sure Just the heat of the hand clasped about
one bulb cauces sufficient rise 1 temperature to mahe the water
boil over nto the other (cooler) bulb
Boiling vs Evaporation—Vapor Pressure In connection
with the discusaon of boiling 1t might be well to distinguish be-
tween the phenomenon of bo ling and that of evaporation It 1s
well known that water left m an uncovered dish will eventually
disappear by evaporation This 13 the result of molecular activity
at the surface, and 13 quite understandable from the kinetic
theory The molecules simply bounce away In the ca<e of boiling,
however, the change of state more frequently than not takes place
down m=de the water, even at the very bottom, where heat 1s
perhaps beng applied by a flame If, however, a cover 15 placed
over the evaporation dish 1n which there 13 <ome water, the mole-
cules are confined above the surface of the liqud, and buwld up a
pressure as they accumulate At a gven temperature, there 1s »
certain maximum value which this pressure can reach for any
particular hquid This 13 known as the saturated vapor pressure
From this point of view the boiling point of a liquid 13 stmply thst
temperature at which the saturated vapor pressure comneides with
the atmospheric pressure

Hurmidity The effects of water vapor in the air afford ar




HLMIDITY AND DEW 103
mteresting study Eseryone knows ih,

at at;
very important factor i connection e Tistue 12

at a given temperature 1f the
‘maximum 1s reached, precipitation
results This condition 1s referred
to techmeally as a conditton of
100 per cent relative humidiy,
where the term relatwe humdity
18 the ratio of the amount of water
vapor m a given volume of awr
1o the maximum amount possible
at the temperature mm question
The sctual amount of water vapor
present m a given volume of air
13 called absolute humudity The
measurement of bummdity 1s called
hygrometry It can be accom
plished by the use of the =lmng

F& 85 Relative bim d ty ean

be measured by the syn,
£ b
clor 1 whell s oo by
ry bulb thermomote,
m a frame about ol e

hygrometer See fig 86 Whirling
the device heeps the arr circulat-
mg and enhances the evaporation

an ax}
amount by which the d:y {ﬂn’)
reading exceeds the wetbully

reading 35 & measure of the yaly.
of moture from the wet bulb tve bumidity

Because evaporation causes coolng there 1s a difference in tem.
perature readings of the two thermometers which 1s thus related
to relative humidity

Dew Smee the it to the amount of mosture possible 1n.
the air vanes with the ture—actually 1t with
temperature—we have the phenomenon of the dew pont An
amount of water vapor which 1s not sufficient to produce satura-
tion at one te - e
temperature
moisture, or y
because the temperature of the pitcher 1s cuffictently lower than
that of the surrounding air for the amount of water vapor present
to produce saturatwnL Similarly dew 1s formed on the grass on

tamnarat va olaman 2 @

oo e

won -
freezes and becomes frost
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1ng temperature 15 rawed, as 1o the case of the pressure cooker
See fig 85 At lngh elevations, on the other hand, where the pres-
sure 13 low, the boiling temperature 1s also low In fact 1t may be
too low for certam foods to be cooked by botl-
g, as 1s well known by paesengers on s
Liners Whereas chemistry teaches that sub-
stances can be identified by charactenshe
tboiling points, 1t must be pointed out thatit
18 pecessary to establish some standard of
pressure such as standard atmosphenc pres-
sure, 76 em of mercury or 147 lbs per
<quare 1nch, 10 this wdentifieation process
Boilmg under reduced pressure can al<o
be 1llustrated by the so called Frankhn
Fig 85 With the Pulseglass Thisisa dumbbell shaped glas<
pressure cooker the tube,1e,a slender tube with spherieal bulbs
bohng pomnt of water g4 ether end, partially filled with colored
Sr';llztdpabo‘e 100°C  ater and sealed off under reduced pres-
sure Just the heat of the hand clasped about
one bulb causes sufficient rise m temperature to make the water
boil over into the other (cooler} bulb
Boiling vs Evaporation—Vapor Pressure In connectron
with the diccussion of boiling 1t might be well to distingmsh be-
tween the phenomenon of boiling and that of evaporation It 13
well known that water left 1n an uncovered dich will eventually
disappear by evaporation This 1s the result of molecular activity
at the surface, and 13 quite understandable from the kinetic
theory The molecules simply bounce away In the case of boiling
however, the change of state more frequently than not takes place
down 1nside the water, even at the very bottom, where heat 1s
perhaps bemng applied by a flame If, however, a cover 1s placed
over the evaporatton dish 1 which there 13 <ome water, the mole-
cules are confined above the surface of the iquid, and build up a
pressure as they accumulate At a given temperature, there 1s 8
certamn maximum value which this pressure can reach for amy
particular hquid This 13 known as the saturated vapor pressure
From this point of view the boiling point of a hquid 13 sumply that
T at which the d vapor pressure comcdes with
the atmospheric pressure

Humudity The effects of water vapor in the air afford an




REGELATION
be distinguished from gaces, bhut to
attempted beeause 1t 13 known that o
and even tohdified Laqud ar, forn‘elx?;;,:;:a“: ’::":nbe l;‘lueﬁcd
cubstance 1n the scientific laboratory 1t of czxumc bn]?g t“rmlmr
room temperature and atmospherie preseure B\(;mu N Y[Eel) at
perature 13 180° below zero Centyrade Ope has to begcal : tem
to confine hiqud air 1 a stoppered. container because retu\ not
temperature 1ts saturated vapor preseure 15 meny, man at room
pheres For the same reason it 13 not eafe to conﬁ; ¢ d Y‘ntmot_
stoppered contamer at room temperature The va ‘;& Cen g
which 1t will build up 13 enormous POT pressyry

Effect of Pressure upon the Freezp,
seen that the state 1n which matter existg gd::x:gs mz;hlls LT
things upon its thermal condition At the hmlmg point J,‘f 1"lher
and gaseous states extst 1n equitbrium with each, iqud

100
day no such distinctions are

othy
the freezing pomt the hquid and solid states are mn c:‘:;l::-?u“‘
m
ec1ably altereq

Although the boiling temperature of water 15 appr
by a moderate change n pres
<ure the freezing pomt 1s only
shghtly changed Enormous pres
sures however, can reduce the
melting point appreciably Ice
skatng 15 1 reahty a process of
slipping along on a thimn film of
water 1mmediately beneath the
shate’s runner a condition pro

duced by local melting of the 1ce
under the pressure exerted by the
weight of the skater acting upon
the relatively small area of sur
face supporting the skate Upon

Fizg 87 Regelation illusty

by & wire wlich gradually . s
through a pece of 1ce owmg to
weaghts fastened at its ends The
ace fuses together after the wire
passes through successive portions

the removal of the pressure, after the skater slips along thg
thin film of water freezes almost mstantly Regelation 1s the
technical name for thrs phenomenon of melting under pressure
and refreezing upon 1ts removal See fig 87 It suggests the man
ner 1 which the glaciers probably shpped along over large sec
t10ms of the earth at an earlier period

Summary In this chapter we have seen how heat 1s sumply
4 manifestation of energy, how 1t 13 distingurshed from temy
ture and bow the latter 1s measured by virtue of certam tf *
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propertics of matter, particularly expansion. We have also con-
sidered briefly how heat 13 measured and how thermal considera-
tions enter 1nto questions 1nvolving states of matter, and change
of state We shall turn next to a deseriptive consideration of heat
transfer and allied phenomena

QUESTIONS

Why does the mercury thread m a glass thermometer usually

fall & little when the thermometer 1s first placed n hot

water?

A pyrex dich 1s less hikely to break when heated than st

ordimary glass dish. What can be said of the relative ex-

pansion coefficients of these two substances?

Is there any sense to the procedure of dipping a metal can

cover m hot water to make 1t come off more eastly ?

What 15 the distmnction between heat and temperature?

L.st various effects produced by a temperature change which

may be utihzed to measure temperature

A Centigrade thermometer reads —40° What would be

the reading on a Fahrenheit thermometer?

It 1s often possible by gentle heating to remove the stopper

from a glass bottle after 1t has become stuck Explan

Ie a gallon of boiling water any hotter than a pmt of 1t?

Does the one contam more or less heat than the other?

Why does steam at 212° F cause 2 more severe burn than

bohng water at 212° F ?

10 Why does a gas become heated on compression and cooled

on expansion?

Explamn why the air escapmmg from an automobile tire

valve feels cold

12 Explam why 1t 1s impossible to skate on glass

13 The substance hypo 1s often used mstead of 1ce on indoor
skating rinks What charactenstics does 1t have to make 1t
suttable for this purpose?

14 Why does 1t become necessary to add moisture to the air
of a house 1n the wintertime?

15 Explain why mosture collects on the outside of the ice-
water pitcher

16. Explamn why perspiration 15 more bother<ome on a humid

day than on a day less humid even if the temperature 1s the

same

- e W N
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CHAPTER IX

THERMAL CONSIDERATIONS (Continued)

THE NATURE OF HEAT TRANSFER QUANTUM
I T
CERTAIN OTHER PHILOSOPHICAL CO\SIDEI?AILZI'OIg:,SA-\D

Heat Is Transferable from Place
chapter 1t was noted that temperature c:?ﬂdpéa::}., I.? the Lee
property which determines the direction of heat f;’ uzht of e o
body to another body in contact withat That heat dOW b cee
one region to another 1s not an unfamshiar fact, and o o £z
1 e manner 1 which 1t flons becomes an 1mp’ormmm 2 futeos
course 1 general phy sies Part o g
Heat (Not Col
[¢ old) Flows ﬁln }};emﬁrecr Place, 1t gimss .,

mare, this means that ¢ cold” does Tot move Cotg :7:—4;
.

of heat It 15 only the latter, the energy assocusey, =
dom motion of molecules, that flows Thus it iy nﬂ;:v"i’ =
2

gions 1t must be forced—1e work has 10 be doe c:x"s .

£rorer

nsulation 1s nothing more nor less than th,,, ¥ ™1 e
flow and 14 therefore a part of the larger o ::"“’:G o
which we <hall now connider TR g T
Three Modes of Heat Transfer (Cong,

Radiation) There are three recognizal, ,"-1‘—_~ L

may - e b e

call -
1UaY Wi wee
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Conduction  When an 1ron poker 1s held with one end m 8
fire, heat 15 observed to travel from the hot end to the cold end
passing successtvely from pomt to point throughout the length of
the poker This 1s the type of transfer ealled conducton In terms
of the kinetic theory the molecular agmitation 1s simply paseed
along from molecule to molecule 1n much the same manner as 8

Tig 91 If the end domino 1n a row 1z puched over kinetie
energy will be passed on from domino to dommno This 18
analogous to the process of heat eonduction

column of closely spaced, standing dominoes 1s toppled over if the
first one 1n line 13 pushed bachward Each domno 1n succession
15 pushed over Sce fig 91

ConpuctiviTy  Different substances have different coeffictents
of conductunty, determined by the rate at which heat 1s conducted
through umit length of the substance when a umt difference 1
temperature 1s maintained betw een the ends of the <ample of untt
cros< sectional area The best known conductor of heat 1s wilver,
which, meidentally, 1s also the best known conductor of eleetric-
ity Inculators are «imply poor conductors Vi hereas the metals
are good thermal conductors, <ubstances like corh and wool are
good msulators Aur also 1s a poor conductor, 1 ¢, a good meulator,
and much of the ment of a fur lined coat lies 1n the poor conduc-
tivity of the air spaces between the hairs of the fur There 1s the
same reason for double walled construction of houces in which
an arr space 15 left between the walls Because powdered asbestos
18 al o an exceptionally good neulator, 1 e, a poor conductor, 1t 13
commonly blown nto the space between the walls of old houses
these day s to improve the msulation It should be noted, of course
that of heat could be prevented completely from eseaping through
the walls, windows roofs etc of houses they could be heated at
practically no expense at all This 1s why <o much attention 15
gnen to the question of nsulation 1n ¢ the house of the future’

The advent of the electric refrigerator has focused considerable
attention upon the matter of heat insulation For reacons _ﬂf
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operating economy the buders of
foreed to develop boxes meylated to
that the manufacturers of 1eeboves
that need to be filled with 1ce only
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Fig 93 Convee-
tion currents are et
Up by an 1ce eube
foxtmg m a gliss
of water Cold water
sinks and grves way
to warm water which
nses

Fig 92 Insulation 1s the se-
cret of the successful 1cebox
Heat 15 prevented from fSowing
1n from the outside to melt the
e Only hest from the food
mside the bos 13 allowed to
toelt the e

matter of preventing the flow of heat from the outade to the 1n-
eide of the bot that accomplishes this result See fig g2

he second mode of heat transfer, which we shall

nofro:n;;e;i‘;? 18 ’g,;eczm This 15 charactenzed by the yorg
arculation * If an 1ce cube 15 placed m a glasy of g4y 161
found that currents are establiched 1 the water Spe B2 93 The
coelest water minks to the bottom of the glass gpg the warmer
portions nise to the top This 15 due to the d Ferencg 4y denaty
between warm end cold water and t;\eqnauxm\ apphication of
Archimedes principle, already deseribed Such currenty are known
85 convection currents, snd the phenamelr:an of heat tranefer by
such means 19 called convection It 13 : ariwtenzed Specifieslly
by the acquistion of heat by some matensl agens e o

e
mes ule vy ou

“ tamatiie OF
regrsters It 35 ta be noted that thoe houses whyep, o focy. are
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those 1n which a good circulation of arr 1s provided by the arrange
ment of the rooms The old-fashioned long, narrow house with
rooms following one after another 13 hard to heat uniformly Ths
15 not the case with houses m which the rooms are clustered

Fig 94 Cooling 13 accomplt hed 12 the rad ators of
certain cars by convection currents Hot water 1z the
eng ne rises and 19 allowed ta fall through tubes in the
radiator thus becoming cool r and displaciog warmer
w.ter at the bottom

around some central po at with open doornays providing free ac-
cess from one to another, mcluding the last and the first

The principle of heat transfer by convection 18 still utilized 1n
the cooling systems of some automobiles, although most of the
cars today have water pumps for this purpoce The hot water 1
the engines of these cars nses to the top of the radiator where it
falls through narrow tubes of brass from which, by conduction
much of the heat 1s removed to the out of doors At the bottom of
the radiator the water becomes cool, forcing more hot water up
through the motor to the top of the system, where the proce s 1
repeated This 15 the so called thermosyphon system See fiz 94

MeTrOROLOGICAL AsPECTs OF Cowvectiov  Convection cuf
rents of arr play a very important role m the production of
weather Heated air macses rising rapidly by convection on a hot
day are the eauce of most thundershoners The electrieal phe
nomena 1nvolved m <uch showers will be discusced m 2 latef
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chapter, but the cloud formations responsble for them are pro-
R T Y

currents, have advanced the study of meteorology 1n the last dccl-
ade or <0 to an unprecedented degree

Radiation  The last of the three modes of heat trancfer to
be copsidered here 18 radiation It 13 a Lnown fact that a person s
hand placed a few mnches beneath a hot household radiator fecls
warmth from the radiator See
fig 95 Sumlarly, warmth 18 felt
& few mnches from the floor m
front of a glowmng fireplace fire
In neither of these cases 13 the
transfer of heat due cheefly to
conduction or convection In the
first place air 1s 3 very poor con-
ductor, and 1 the second place
convection cammes heat upward
and not downward In theee caces I'S 95 Tleatng undemeath o ra
the heat 1s radwted directly out- ‘:::ﬁz:,; accomplihed largely by
ward 1e,1t1s fransferred much
as light 15 transferred by <ome hind of wavelke process Thie
process of heat transfer has been <tudied at great length by
physteists throughout the ages, because 1t has been one of the
most difficalt and most confusing of all the questions raiced by
natural philosophy It 15 the question of the nature of radrant
energy and embraces not only the nature of heat radiation but
al<o that of hght, radio X ray¢, cosmic radation, and many
allied phenomens, although much of thts material wil have to
wait for later consideration

Nature of Radiant Energy A great deal of attention has
been given to the question of whether this radiation 19 corpuscu
Iar or wavelike, and slthough the present view 13 very compht
eated by virtue of cestan <tic concepts ted
with such subjects as quantum theory and relativity, the view
has been developed that for the most part radiation 18 wavehke
Heat, radiation then, 18 the <ame as light radiation except that
the length of the waves contaming the bulk of the enerey s dif
ferent 1 each case Generally spealing, heat waves are
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than hght waves, but the speed at which they travel wm emply
space 1s the same In fact, both kinds are liberated stmultaneously
and at the same speed, by & common source because they really
are both part of the same thing Actually 1t 13 more accurate &
51y that & source of radiant energy radiates a whole spectrum of
radiation, displaying wave properties and characterized by tht
lengths of the waves contamed therem A certamn portion of thi
spectrum 15 recognized as heat, and other portions as Light, X ra)s;
etc Whereas the range of vistble wave lengths 1s recognized by

Visble
Short Waves ‘ i Long Wevs
X Rays Ultrav ofet VR Infrared Heat Rad o

Fig 906 The electromagnetic spectrum extends all the way fram th
ghortest, X rays to the longest radio waves The vimble portion compnses
very narrow band from violet to red

the concept of calor, extending from violet to red with wav
lengths from 000004 cm to approximately 000008 em respet
tively, heat waves extend from the mnfrared region out to ti
rad:o range where the lengths of the waves are measured 1 mill
meters, centimeters, and even meters Beyond the violet side ¢
the visible spectrum the waves range from the so-called ultre
violet, rceponsible 1 large measure for sunburn and tan, to tt
X rays See fig 96
Color Associated with Radiation. That color is

somewhat with heat radiation may also be shown by calling &
tention to the famliar kitchen stove As a stove heats up,
first notices the feeling of warmth before there 19 any ndice

of color, but at a certan temperature, the stove covers glow
2 dull red color This ecolor changes with temperature,
becoming more yellow and perhaps finally white hot as the
perature mncreases, at which time 1t 1s found that a very w
range of wave lengths 1s being emutted Camera film sens:
particularly for infrared 13 capable of detecting these radiatod
long before the stove becomes hot enough to glow wisibly, 8
even 1 the dark Similarly 1t 13 possible to detect the vandt
other wave lengths present 1n the radiations from the white bl
covers The analysis of all these radiations 1s usually referred v
as spectroscopy and will be considered more fully 1n the study ©
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light, where 1t seems to fit more appropnatcly imto the schene
of physics The study of beat 15 £0 closely tied 1n with the study
of hight, and even of radio, as to make the study of any one topic
alone nearly mmpossible
Law of Heat Radiation. Getting back to the study of heat
radiation, we find there are certamn laws govermng this phe-
nomenon The rate of radiation depends upon the euze of the
rachating <urface, 1ts abolute temperature, and 1ts nature Tre
dependence on temperature 18 not a straight proportionahity but
a fourth power proportionality, 1e, a doubling of ture,
expressed on the absolute scale, does not double the rate of radia-
100, but mereases 1t sxxteenfold Thus, although all bodies with
temperature above abeolute zero radiate, hot bodies cool ever so
much faster by radiation than cold ones
Surface Characteristics of Radiators. The nature of the
rachating surface 15 very mmportant as regards the rate of radia-
tion Rough surfaces cool faster then smooth ones and black sur-
{aces radinte faster than white ones The worst concervable radi-
ator, then, 15 3 perfectly reflecting surface such as a highly pol-
1shed ilver mrrror, and 1t 18 for this rea<on that modern flatirons
are nickel plated all over except on the bottom, wiich 18 the only
surface from which heat 15 allowed to escape This reasoning 8¢
gests certam facts well known to the practical pereon, such a8
that black stoves and radiators gve off more heat than thorn
painted 1n light colors, and that polished copper hot-water tankn
retam heat longer than painted ones It 1s not jusb ‘m"“l""u;,"t
either, that makes light-colored clothes feel cooler in the ”n
weather than dark ones Dark clothes actually are hoite? e rn‘\:;‘-
of radation and sts d ph of abrorption A;«w
etance has to absorb heat m order to radiate it "nd’]:": :I\I»lrl, t
tadiator 13 & good absorber On the other hand, & W": axponedd 10
"more comfortable than a cotton ono if o wcm}”l‘n i b cnsien of
¥ the direct rays of the sun, cven 1 tho summer t\[\“\l“ ttn rdintion
7 the poorer conductvity of the wool, rather

.
- . - o
. - - !
tiom wath eont vy
tion with eonduction may actunily

!
4
three The success of the ‘therron battle, for example,
cc The &

1a achioved
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by reducing all three modes of heat transfer to a mmmum Th
thermos bottle consists of & double-walled contarmer, whose wall
are separated by a vacuum, the very worst heat conduetor 1
aginable See fig 97 The only place wher
heat can escape by conduction 1s through th
stopper and this 15 usually small and mad
of cork. The vacuum space al<o eliminates th
possibility of conveetion currents Finally
the walls are usually silvered so that what
ever heat might escape across the vacuum b
raciation 1s reflected back mto the botth
Vecuum  For these reacons, then, a good thermos bot
tle can keep foods or hquids hot for a con
siderable length of tume The heat just cannc
escape Moreover, a thermos bottle will hee
cold things cold longer than st will keep hc
—_ things hot, because hot objects radiate moy
Fig 97 The ther rapudly than cold ones
ﬁza‘:ﬁzﬂe ;153:3 %0;;: Selective Transmission and Abserptio
:Ie 'l‘h:h reg o\;! bﬁs ol:‘ Radnatufm That ;udn}:}mt heat has muc
iween  the wals the same 1f not exactly the same nature ¢
‘;‘,ﬁf‘,’g;,f}’,j:“i‘;‘;fe‘: light 15 also shown by the fact that it can t
of heat by conduction reflected by mirrors and focused by lense
:r‘;“ilsczg“z’eg“"e‘:e dT}:: Of course, certain <ubstances are more tran
prevent radiation parent to Light waves (chort) than to he:
waves (long) 1e, they transmit waves
one length but are opaque to waves of different‘length Son
substances also abeorb selected wave lengths The hothouse pr
vides an interesting situation Light 1s readily tranemtted throug
the glass windows and much radiant energy 1s absorbed by tl
objects and ground within the hothouse Upon absorption the:
bod:es immediately reradiate the energy as heat waves but wit
lengths too great to penetrate window glass See fig 98 Tht
energy enters via short waies but cannot escape because the <ho
waves are changed to long ones This emphasis on waves and the
lengths naturally races the question however as to the certunt
of the view that radiant heat and hight are wavelike Furthermort
1t must be admitted that no discussion of radiation would b
complete without some reference to the now popular quantur
theory, which contradiets the wave theory

=)
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The Quantum Theory. It was in about 1500 that M
Plantk, the German physicist, was making an inteneive study of
the distnbufton of energy in the radiation spectrum In an at-
tempt {0 formufate a mathematical relationship goverming the
amount of energy alloeated to the different wave lengths, 1e,
axgaisted with different colors, he beeame convinced that the
1359 of classica) physics mere madequate to explatn observable
fscts In other words, hus search for the truth, which 15 the ult-

RAYA

Fig 98 Tn the hothouse short waves
enter and are absorbed They are trans-
formed mto loog wases which connot be
transmitted by the glass

maie fask of {he serentist, led to the conclusion that supposedly
correet faws were not altogether true, and that all natural phe-

ROMens grg pot, pecussanily explainable m terms of sumple postu-
t pstead of assuming rad ant

fates Iy po, d tha
rticular, he foun
energy 101;,& pmpag‘ated ke 4 continuous wave rhsni{rbance, b)L bt
Tieces; oy 18 vadated 1 packets or bun-
ry to postalate that SA6P) pumber of elementary umts

diee g up of an ntegral
whish % B lﬁaeeﬂ, {‘m This seemed ta many to be a very artifi-

the huctary of physits, this quantiityv =

accepted view um Theory TEsen
Some Philosophical Aspectsu::ugr“i':;e“ to the nature of
+ted thy % ave by pothesis, becau e
r?dmnt enesgy, 2 (to be :E:):‘:;fi{ later mn ophics, hpp 182-184)
o other phenol{;e explamed Ly corpuscles unless the corpuscles
which cannot ; aght of as bundles of waves Thus radsation 15
themselves be ¢ Om'fms of waves, but alsa 1 terms of quanta, at
i;‘n d“CU:‘Ed “;f now this appeats shghtly indefinite to the stu-
e same time
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dent, then he has just begun to grasp the pomt of view of the L
physicist of the last generation, who felt that the discovery of the
quantum theory completely undermimed all semblance of reality
1n physies During the last two or three decades, however, many
of the philosophical aspects of this whole question have been
straightened out 1n such a way as to show that the earhier views,
although approximations to the truth, are not such good approxt
mations a8 the later views Tt 18 as 1f the early vicws explawed
only main features but not details, whereas the present views are
more preh: and correspondmgly more complex

The “Newer” Physics Goes beyond “Classical Physics”
Here 1t 19 that we begm to see how a change has come over
phy stes since the turn of the century, and why 1t 1s that phy<cists
refer to the New Physies as distinguiched from Claswical Physics
The New Phystcs 13 permeated by a point of view altogether lack-
mg in 1ts respect for “common semse,’ but characterzed by
strictly math ] logic and ded: from formal P
tions justified only by their observable results Although this 13
not the physics of Newton, 1t 13 nevertheless fairr to pomnt out
that the major discrepancies between the two e chiefly m the
domain of submicroscopie affarrs, and that most of the deductions
from Newtoman physics still hold as true as ever n the ordinary
mechanieal world of mer and machines

Additional Discrepancies of “Classical Physics™ If the
quantum theory were the only source of worry to the classical
physicist we should probably not be so concerned about 1t, but
the facts are that many of the supposedly minor discrepancies of
classical physics have become grossly magmfied by the researches
of modern times, and, strangely enough, those measures required
to restore order and reason to the troubled picture are extraordi
narily consistent with the newer pont of view exemphified by the
quantum theory Specifically, we refer to the study of relative
motion, which Emsten has explained only by reference to con
cepts and mathematieal logic which do not seem sensible from the
earhier point of miew One of these, for example, 13 the relativity
postulate that no body can have a veloctty greater than that of
Iight In bref, the modern physicists, attempting to understand
nature, have discovered that instead of being faced with the task
of pohshing off certain rough spots of otherwise completely <olved
problems, they have hardly scratched the surface of much larger
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and profoundly more bl There 18, however, no
reaean to be discouraged, because the discoveries of the past have
been very well consohidated and what lies ahead 1s merely a new
era Much of the new physics deals with eleetrical phenomena, the
elementary concepts of which we shall consider 1n the next chap-
ter
Summary In this chapter the three modes of heat transfer—
conduction, convection, and radiation—have been deseribed In-
sulation 1s seen to be the mverse of conduction Conduction refers
1o the transfer of molecular energy night through an object Con-
vection 1nvolves the circulation of heat by some agent which
actually carres 1t from one place to another Radiation1s a wave-
like propagation quite different from the other two modes It 13
electromagmetic 1n nature hike hight, radio, and X rays It 1s best
explained by the quantum theory, which has almost completely
revolutxomzed the pomt, of view of phywcs, so that modern physics
more than an of classieal physies, although
the latter 15 & first approximation of the former

QUESTIONS
Some people boast of the length of time they can keep 1ce
m a ref] by mn
Comment
Why 18 a thick layer of air used for insulating ovens?
Icicles are sometimes observed to melt on the south eide of
s house before they do on the north side Why?
W hat 1s the effect of a fireplace on the ventilation of a room?
Why may a fireplace which smokes at first, stop smolung
after a fire has burned a short while?
Explamn how 1t 15 that a person m front of & fireplace fire
may have a cold back yet feel hot 1n the face
Why does a thermos bottle keep cold things cold longer
than 1t can keep hot things hot?
What are some of the features of the quantum theory?

-
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CHAPTER X

ELECTRICAL CONSIDERATIONS

STATIC ELECTRICITY, CHARGES POTENTIAL, CAPACITY

In an earlier chapter reference v as made to the electrical strue
ture of matter It was ponted out that all matter 1s constructed
fundamentally from charges of electrieity The concept of elec-
trical charge, although a somewhat abstract concept, 1s so 1mpor-
tant that 1t cannot go unmentioned in this description of the physi-
calworld In the beginning, the cancept was just & device wnvented
to describe a situation but later 1t was given reality by the dis
covery of natural units of charge Today 1t 1s felt that such units
of charge as the electron, the positron, the proton, the me<otron,
ete really exist and are fundamental entities basic to the very
concept of matter itseli Hence they mvite our study

Frictional El y P ding hist: 1ty and logieally
to the development of electrical knowledge, we start with a con
sideration of frictional electricity and electrostaties As was
pomted out earlier, 1f a rod of hard rubber or ebomte 15 rubbed
vigorously with fur 1t becomes
endowed with thepecuhar abil-
1ty to pich up bits of paper and
to attract small pieces of pith
to 1teelf See fig 101

Sumilarity between Elec-
tric and Magnetic Forces

i 101 An sbomte rod shich b The force thus demonstrated

eboni whi

beomrubbed with far il pik up b 1y 18 been called an electracal
of paper due to its electneal charge force after the Greek word for

amber, the substance for which
1t was first observed A similar but quite different force has al o
been observed 1n connection with 1ron filings and the ore magne-
tite, or lodestone, which was used as a marmner’s compass because
of 1ts directional properties Sce fig 102 This force was called &

18
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magnette foree In each of these two eases the force was strange
because unlike ordinary pushes and pulls requinng contact be-
tneen bodtes far their effects to be felt 1o contact was required

Tarly physicists deseribed such phe
momens as action at o distance The
foe of gravity bemng the only other
¢k force met 1th physies tie three
toether comstitute a group which has
guen rice to many problems Although
ttey all display certam common as
Pects they are mevertl eless quite dif
ferent and relate to entirely  distinet
Dhases of physies It 15 found as will
te <hown presently, that electrreal and
&agnetsc phenomens are related to
each other <o that it 18 natural to con
#der theec together apart from the study

w N

~—— -
- \E

Fg 102 An elongated
pece of magnetste or
fodestone 1f suspended
by a strog w Il pomt
taward the north

of gravity

Two Flusd Theory of Electricity  In an attempt to evplain
electriea]l phenomena 1t 13 supposed that electrie forces are rro
duced by so called eleciric charges which can be accumulated
Upon or wiped off from bodies when they are rubbed with ather
bodies as 1 the case of the ebonite rod rubbed With the far It s
found that, an ebonite rod that has been thus rubbed with fur
te1ds 1o repel another ebomte rod sumlarly treated but thag 16
tends to attract toward stself & glass rod that has been rubved
vith =[k 18 as 1f the charges on the ebomte and the glass were
Qute different—mn fact opposite m character Also the fur 1
found to attract the ebonite and the <ilk to attract the glass after
they have been thus rubbed together Such observations as tl ese
and a host of athers gave rise to the early view that there were
tua distmet hinds of electric charges indicated for conventence
by the names posttive and negative All those substances
Which when rubbed with other substances behaved hike the glass
rad when rubbed wath milk were smd to be charged positively
and all these behaving Like the ebomite rod when rubbed with fur
were <aid to be charged negatively The mLat!er Lof which twas

SR
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fundamental kinds of electricity were postulated and a very un
portant law was discovered, namely that hike charges repel and
unlike charges attract each other
One-Fluid Theory Benjamin Frankhn, the American states-
man and scientist, feelng that thls g0 called two ﬁmd theory of
electricity was nly ted d a view which
1n many ways resembles the modern viewpomnt He proposed &
so called single flud theory, postulating that the positive charges
represented an accumulation of charge (presumably positive)
whereas the negative charge was merely a deficiency of cuch a
positive charge Except that the modern eleetron theory mnvolie
charges iherently negative mstead of posttive, on the basis of the
old classification, tt explains ordinary electrostatic phenomena 1n
& similar way,1¢e, by a constderation of surpluses and defictencies
of a single kand of electrie charge
Electnical Terminology Based upon Positive Fluid Theory
One of the difficulties encountered 1n the study of electricity today
15 that, although the negative electron theory has super<eded the
positive fluid theory Just mentroned, much of the terminology and
many electrzcal concepts are actually defined in terms of the posi-
tively charged flurd of Frankhn Thus even the umt of electrical
charge, arbitranly defined for purposes of a logical understanding
of clectrical phenomena, s not the electron, because ths natural
umt was not discovered until about the beginning of the present
century, but the so-called umt positwe charge
Abstract Nature of the Study of Electricity This im-
portant untt 13 1 reality only a product of the mind It 1s purely
tous, but 1ts app 10n 18 abeolutely necessary for the
proper understanding of all electrical concepts, since the seience of
clectricity has been developed as an abstract subject Electricity
unhke mechanies, for example, deals with concepts alone rather
than visible things, and the student who wishes to understand a
given electrical situation must, without exception, follow through
a tram of carefully developed logieal arguments couched 1n pre-
cicely defined terms, because there are no revolving wheels or
bouneing springs to watch here It 1s relatively easy to discuss aca-
demieally the motion of a body under certain circumstances since
bodzes 1n motion are directly observable, and the arguments can be
cheched by direct observation One does not make direct obsera
tions upon electric charge, however All observations here are of
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the sndirect ty pe which requires an understanchag of the relation-
slips snvofved, beeause we do not have direet sence perception 1n
dectneity Heace the phy<ieist 18 particularly careful about his
defimtrons of electrical terms
Culomb’s Law The umt positive charge, or the umt of
eeetneity a1t might be popufarly called, 1« defined m terms of &
#ttun faw called Coulomb s Lan, Not only do like charges repel
md unlke charges attract each other, but the magnitudes of these
forees 13 found to depend upon the amounts of charge and the
f¢paration between them Coulomb 5 law states this in mathemati~
el language by an expression
closely resembling Newton's Iaw
of gravitation (which, 1t will be
realled, 18 o co-called mvere
*are Jaw), because the force be~ “—r c'"*“{
tween charges dimimshes as the  Fig 10‘3 ‘X‘f two ;;(thll(ke
eeond power of the sepasation TS PUCCS o SRene
The law states that the force be  with o force of one dyme they
ctrostat
:: E&: two charges varies dxrectlg ::ff‘ :(ep:;:;g ;;e; ectrustatic
product of the charges and s o
anversely as the square of the sep-~
arabion In accardanee with this law, the umt of charge 1s defined
as {hat amount of electrieity which, placed one centimeter away
from 5 Jske amount 1 vacuum sepels with the force of yne dyne
See fiy 103
Smee the dyne 18 that force which will gve o pram mass an
seceleration of only one centimeter per second per second, the
electrostatic unit o1 charge just defined 13 a rather small guar ity
13 ealled the stat coulomb Inadentally st will be noted that all
electrical units are named after famous physicists, but with cer-
ta1n prefixes attached to indieate the system to which they belong,
“mee there are several systems of electrical umts
Concept of Electric Field Thus the concept of elecine
charge 15 established as a sort of speck of electnuty tapable of
exertimg an 1nfluence upon all other such specks i 1ts nexghbor
hood The regions around eharges are therefore places where elec~
tnical forces are mamfected, such regons are usually called
electne fields
Electric Field Intenstty What 13 now more natural than to
gauge the electrical intensty of a field 1f only 1 the mind s eye,

Vocuum _ Fml dyre
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by the reaction of a umt positive charge? This gives rice to the
1mportant concept of electrical field intensity at a pomnt It
defined as the force per umt positive charge at the point 1n ques
tion It 15 perhaps becoming clear to the student that the study
of electniaity, with 1ts abstract concepts, 1s developed 2s a study
of the activity and behavior of electric charges, with the untt post
tive charge used for exploring and testmg purposes, and that the
procedures nvolved are mmagined to take place rather than di
Tectly observed

Electric Potential A common term 1n electrieal language 1
potential One often hears references to high potential wires and
the dangers ascociated svith them Sometimes 1t 13 called high
voltage What does this mean and why 1s voltage so importani
m this electrical age? What 15 voltage anyway?

The answers to these questions are quite definite now that the
coneept of the electne charge has been estabhished Sinee a post
tive charge, for example, exerts an attractive force on a negatri
charge a force must be exerted to separate them If they are to be
separated work must be done 1n the process, because work s al
ways done when a body 15 displaced 1n the same direction as tha
of o force applied to 1t Simlarly work must be done to push twe
charges of lihe «1gn together This 1s equnvalent to saying tha
electrical potental energy 1s mnvolsed 1n the process Speerfically
when a posttave charge 15 moved away from a stationary negativ:
charge, or a negatively charged body, work must be done upon 1
and 1t 13 sard to acquire electrical potential energy This energ:
1= capable of moving 1t back toward the negative charge, if re
leaced, just as an un<upported book or other object 1s capable o
falling to the floor, under the action of gravity In the vicimit)
of a positively charged body work must be done upon a positis(
charge, or a positively charged body, to mote 1t from one pem
to another point nearer the positive charge This 15 deseribed by
say1ng that pomnts in the vicinity of positive charges are at rela
tively hagh potential By the same argument 1t follows that pomt:
near negative charges are at low potential Thus the difference n
potential between two pomnts reprecents the amonnt of work neces
sary to move & wmt zmount of ¢harge from the one to the other
If the unit amount aof charge 1< one stat-coulomb then the differ
ence 1n potential 1s one stat volt The solt, which 1s 1/300th of ¢
stat volt, has been adopted as the practical umit of potential It
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wr disctsaons voltage and potentral are terms often teed
s mously, if not always correcthy

&?’e:hatmc:f Analogy of Potential Difference Regarding
Question of danger aceociated with hagh potential or more
comteths, with ”“’8" duife m 1 the situstion 1<
;‘“‘Wiﬁ"m to that of o missle rawed to a high elesation If after
e rasced 3t <hould be released energy would be liberated m
. mount depending upon the mass of the miserle 25 well as the
teration of 1t So with eleetriesty 4 large difference 1 patential
"EPresents a stare of eleetrsea) potenyal energy I st should be
tetased by the sntroduction of o condueting path between the
O pounts ey z thie dufl i potential then energy
®ould be \iberated in an smount depending upen the magmtude of
vecharge and the differcnee mn potentral This 15 procieely what
& ppens 10 0 flash of hghtmnz which 1s nothing but a release of
“¥irieal energy Potential differcnce 15 oftent referred to as elee
treal pressure, wath which concept there 15 g cloce analogy
Electrical Conduction and Insulation. The questton of how
“fx&'ercnee in potential i3 mamntaimed s an anterecting one as well
a0 umportapt ope conaidermg that opposite charges Just naty
nlly 1y to get fogether and resist separation Here the matter of
Welation 15 the hey to the situation All substances can be hned
U n order of therr abihity to conducet electrseal charges Thase at
$he top end of the hist are referred to as conductors and those at
U2 bottom end as wmsulators The metsls m general coastitute
the former group and substances lke porcelam glass hard rub
ber ebonste cte constitute the latter Dy atr ts also 2 good m
&ulator ns much a3 30000 volts difference m potential can be
Mymtamed betncon conduttors one centymeter apart 1 dry 4r

Production of Potential Differences  The production of a
difference 10 potential 15 a matter of separatiug charges Tirs 1=
Ut what happens when the cbomite rod 13 subbed wih f e Flee
frica} charges are sitply separated by friction the fod becon wg
charged negatively and the fur posstively But let s now brpy
the story up to date lest someone ash where the charges oniginate
to be thus capable of separation by friction 1e let uy conaider
the electson theory

The Electron Theoty As way previausly mentoned the
umt posstive charge 19 not a natural unit even though 1t max once
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have been so concetved by early physicists It was an mntenuwy
designed to facilitate the study of electrical phenomena During
the first decade of the present century evidence was gradually
accumulated which disclosed the existence of a natural umt of
electric charge This view became established when the Amertean
physteist Milkkan about 1910 succeeded 1n 1solating the electrot
and measuring 1ts charge 1 terms of the umt positive charge I
was found to be negative and very small, ess than one-half a bil
honth of & stat conlomb

Without gong mto the details of this discovery at this time
we ghall treat the remamder of this deseription of electris
phy sies i terms of the now accepted electron theory, which state
that most electrostatic phenomena are due to the existence ¢
free electrons associated with matter Thus it 18 believed toda
that when & rod of ebonite 18 rubbed with fur, what really har
pens 1s that negative electrons are removed from the fur and af
cumulated on the rod Similarly 1n the cace of the glass rod an
the silk, efectrons are wiped off the glass and crowded on the sill
Reference 1s still made, however, 1 all quantitative discussior
ta the old umt positive charge, but this 18 simply to be thoughs
of ag the absence of about two billion electrons Of course, the
<hargmg of a body by friction 1 no way involves the generation
of charge since matter 1teelf 1s made of charges Charges are not
created but merely separsted by such proresses Potential df-
ferences, on the other hand, are created as charges are separated

Electric Capacity. There 1s still another aspect to this situ-
ation A given amount of charge does not always establish the
same potential for every body any more than a given amount of
water produces the same pressure at the base of its contamer
Smce hydrostatic pressure at a given place depends upon the
depth of the water there, a distinction must be made between the
pressure developed by the same amount of water m two dufferent
contamers of diff heights and corr dingly different cross
sections Obviously the pressure at the base of a tall slender
<tandpupe 13 greater than that at the base of a short pipe of cor-
respondingly larger diameter holding the same volume of water
Sec fig 104

On the other hand, if water is released from these two pipes
simultancensly, the prescure will drop more rapidly 1 the former
ease The latter might be sa1d to have more staymng poner Put
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d flerently 1t 13 obvious that m the case of the second pipe more

aters required to rae the pressure & given amount than mn te
@ e of the former beeanse more water 19 required €0 raise the
culsce level a grven amount

Fg 104 Although the two tanks contan
the same amount of mater the pressure at
the base of A 1s greater than the pressure gt
the base of B Electrically tank B would be
sid to fave more capacldace 1e Lt re
quires mare matenal to inerease the pressure
by un t amount than does tank A

Electrically a smular stuabion holds Conductors of large
d mensions require more charge to rawe the potential by & given
3mount than do small Bee ig 105 Cond thus
bave 5 char: 1¢c known a3 or 2 Jusk
¢alled capacity by which term
S meant not the amount of
elctniaty that the conduetor
tan hold but rather the
amount necessary to rawe the
Potential by a umt amount A
One stat-coulomb per stat 8
valt 13 called a stat farad of  Fig 105 Sphere A will develop a
Caracty A sonducor o a SR bt e
tombmation of conductorS  ypie tance of B

and msulators having capac
tance or capacsty 1s called a condenser Condensers consisting of
Iayers of tin forl separated by layers of waved paper and packed
mto sealed contamners are widely used m all telephones radios

{omot ble other el 1 devices and so

odern life

an
play a very wnportant role 1 m
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An Appl of the Cond To elaboraie upon Just

one of t&:o;e appheations, consider the automobsle The function
of the spark plug 1s to produce sparhs between two electrical ter
mals at proper wmtervals As has been suggested above, the spark
wll aceur when the potential difference between the electrodes 13
rared to the proper value If there 1s a condenser 1n the <park
plug cirewtt, the amount of charge required
to race the potential to the proper value 1
1nereased, with the result that when the spark
does cccur a preater charge and a greatet
amouni of energy than othernice will be
released and the spark mall be more miense:
or hotter, as the garage man would <ay
This may <uggest the origin of the term con:
denser, whose funttion 1s, 8o to speak,

condense electneity
Detection of Electric Charge—Thx
Fig 106 Diagram Gold-Leaf Electroscope This diccussio:
;’:Oioggl‘i;:;‘;cﬂef‘; would not be complete without some men
& contamer to <held  £100 Of the manner 1n which electrcal charge
it from air currents  are deteeted The so-called gold-leaf electro
sedpe 1s the wstirument most commonly use
for this purpose Tt consists eimply of a narrow strip of gold fo
hung over a hook suspended through the msulated stopper of ;
glacs container 1n guch a manner that the two ends of the for
hang down mside the glass without touchmg 1t The other en

Fig 107 When charged erther positively
or negatinely the gold leaves diverge

of the hook termnates i a metal ball or hnob on the oute
erde of the stopper See fig 106 When a charged body 1s touche.
to the knob of the electroscope, the gold leaves diverge be-
cauce they each receive the <ame kind of charge and are mu-
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ually repelled Of couree the «ign of the charge cannot be di-
etly detected beeause the leaves will dnverge upon recerving
ether hind See fig 107 i

Ldrreetls, howes er, 1t may be po s1ible to determine the 1gn of
i‘hrse, as follows I firet the knob 1s touched with a charge of

:mz “1gm, <uch as the po stive charge on glass which has been
:b“d with <ilk, then the leaves will remain separated with this
x-ﬂ,’c upon them Non o pocutriel charged body brought up to
te electroscope will cause the leaves to diverge farther, but a
dgatnvely charged body will eyuce the lenses to collapee more or
less Thug an unkpowa charge can be compared with a hnown one

Charging by Induction It s possible to charge an electro-
tope without touching 1t to the charged body, 1 e, by tduction
This 15 accomphiched by first bringing the charged body pear the
kb of the electroscope, whereupon the leaves will diverge This
Ldue to the fact that the charge attracts to the near end of the
&eob of the smstrument charges of opposite =17m and repels to the
told leaf end of the metrument an equal number of charges of the
tme sign, but withous adding to or subtracting from the total

Fig 108 Charging an electroscope by induct on The charge feft on
the electroscope 13 of opposite eign to that on the chargmg rod

amount of charge on the neutral electroscope By defimtion o
Teutral body has an equal number of poative and nematne
charges If, while the charged body 1s thus held near the electro
scope, the latter 1s grounded the leaves will collap<e because the
ground furniches whatever charge s needed and relieves the
eleclro=cope of the respopsibifity If now, after breaking the
ground connections, the charged body 1s removed, the leaves will
“zun diverge becauce the extra charge supplhied by the sround
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while the charged body was rearby has no place to go and 1s oo
needed either It constitutes an extra charge on the electroscope,
which has thus been charged without coming 1ato contact with
the charged body, moreover, the sign of the mduced charge 13 the
opposite of that on the ongmal charged bady See fig 108

Summary ‘The concepts of charge, potential, ana capacty
are so closely interrelated that no satisfactory descrption of
electrical phenomena can be given without referring to them
That 13 why so much attention has been devoted to them 1n this
text Although such attention may not seem necessary for any
three particular coneepts m a descriptive survey, the study of
electricaty 1s 5o abstract that considerable emphasis has to be
laid upon the basic considerations Otherwise the later study of
electnie currents and allied phenomena would be a mere display
of words With a proper basic vocabulary, on the other hand, suct
matenial as will be considered m later chapters can be very sig-
nificant even 1f 1ts consideration 15 restricted to the descriptive
level Before studymng electric currents, however, 1t seems fitting:
that we should turn our attention next to a subject very elosely
related to electrieity, namely magnet:sm In the next chapter mag-
netse phenornena will be eonsidered and the subject of magnetier

will be developed 1n much the same manner 2s 1ts sister subject,
static electneity

QUESTIONS

What 18 meant by the term “capacriance”?
What cauces a small pith ball which has been attracted to &
charged body to be suddenly repelled from the charged body
aiter commg 1 contact with 1t?
The danghing cham formerly observed on the gasoline truck
grounded the truck Explam how this mimmuzed the risk of
fire
Why 1s 1t recommended that the cleaning of silk garments
m gacoline be done out of doors?
How may the “leaking” of charge from pointed metallic ob-
Jects be explamned?
6 Why 131t better not to say that a positively cherged object

e gunad pusterve gy, 'oth Titner ‘w say ‘tndv iv 'nas
lost electrons?
An uncharged pith ball 13 suspended by 8 string What hap-
pens to it when a poattively charged rod s brought near 1t?

N

-

-
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8 A positisely charged rod 1s brought near a charged electro-

o

=

seope If the leaves collapee, what 1s the charge on the elec-
troscope?

Is there any paint an lying flat on the ground f one 15 caught
out 1n the open 1n a <etere thunderstorm? Should one stand
under an 1<olated tree?

How docs the mass of the nucleus of a hydrogen atom com
pare with that of an electron?

If two charged ping-pong balls repel each other, what can
be eaid about, thetr charges?



CHAPTER XI

MAGNETISM

El y Magnetic Ph Everyone probably has
at least <ome knowledge of magnetism, 1f only a superficial one
mcludmg perhaps an apprecistion of the simple fact that a com
mon horseshoe magnet will attract steel pins and yron filings bu

w\ /*'"
s NG

Fig 111 A slender bar magnet like a
prece of lodestone will pownt north if sus-
pended by a string as shown

will not attract anything made of brass It 1s also perhaps well
hnown that 2 slender bar magnet suspended transversely by a
thread tied around 1t at the center will <o ortent itself as to point.
1 a torth south drrectron Sce fig 111 This observation was
made by the ancients who suspended elongated samples of the
ore magnetite, commonly called lodestone, and thus the mariner’s
compass was mented, supposedly by the Chinece Here, as m our
study of electrostatics, the question 1s again acked concerning the
nature of these phenomena

Tt 1s also noticed that the opposite ends of a bar mapnet act as
though they are magnetized oppocitels Because of the directiont!
aspect, the terms north and south are used 1nstead of positive and
negative to designate the two ends It 1s also noticed that the
north ends of two different magnets repel each other but that a

130
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" end attracts a south end, just as lihe electric charges of
wieity repel and unlihe charges attract cach other
Expl of M. Theee ph suggested to
etly phyeirsts that magnetiem ke clectricity, was corpuscu-
W m nature, 10volving small umts of magnctism analogous to
wds of electric charge Such units were ealled magnetic poles,
wrth and south, rather than postsve and negative m view of the
Lsocistion of magnetie phenomena with geagraphieal north and
suth poles A Coulomb law of attractien and repulsion of these
magnetic poles was al<o discovered just as 10 the clectrienl cace,
and the unit magnetsc pole was defined 1n & manner stmilar o
that employed to define the umt charge Today, howerer, o gpe-
ol significance 12 attached to this unst pole not only because no
rch natural unmt of magnetssm has ever been discovered but also
keause 1t scems to be possible to evplan magnetic phenomena m
tems of moving electrie charges making the pole concept un-
ecessars  Nevertheless the pole roncept persists in magnetic
romenclature and 1s shil used i clementary discussions of mag-
tetic phenomens because explanations 1n terms of moving charges
teem to be op a somew hat advanced level

Terrestrial Magnetism The earth’s magnetism provides 2
Very interesting topre for study It appears that the earth behay cs
Jike a Iarge spherical magnet with a porth south axs which makes
8 relatively small angle s1th its geometrie axis ‘The north end of
2 campass needle does not, point true north, 1¢ 1n the direction
of the north star, but toward the magnetic pole, which 15 situated
@ the general vieimty of Hudson Bay 1n Canada Ths pole of
the compnsy 18 cometimes referred to as the north-seching pole
Also sinee the geographic and magnetre poles of the earth do not
cainende 1t fallows that compass needles which presumably poxr:t
Torth gre hikely to be s error at any given pomt on the earth’s
surface In New England this error, or angle of dechination as 1t

18 palled amounts to nearly tnenty degrees vest
. the earth are

. the earth, but
epths ATe 17 e un s he fact that a

e suspended €0 8% t¢ De free to mose up and down as
::'cfﬁpjsss;:; night to Jeft tends 1o dwsplay 8 downward tendency
at all pomts escept o the magnetic equator Sece fig 112 At ¥
Poles B meedle paints straight up and down The »

a5 at a poncderable d
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made with the honzontal 13 called the angle of dip and m Ne¢
England amounts to some seventy odd degrees Thus i New En
land the downward tendency outweighs the horizontal one 1
three to one Techmically 1t 1s saxd that the vertical compone
. of the earth’s magnetic field 1s thr

| times as great as the honzom

‘ component m this viemity As

{ the study of electrostatics, the :

tensity of a magne ic field at
| pont 18 attributed to the exister
1 of a neighboring magnetic pole
| serves to measure the pole stren;
Fig 112 A eompass needle ©f the magnet, which to the layn
mounted so as to be free to 1S & measure of the strength of -

rotate m & vertieal plane Wil mapnet 1n question
dip below the borzon 1 the ooor 1 d
porthern hermisphere Magnetic Materials It 15 ¢

tomary to associate maguetic p
nomena with the substance 1ron This 15 due not only to the ea
discoveries of magnetic properties among ores of iron, but a
to the fact that wron 13 the most eonspicuous of naturally oce
ring magnetic substances It would be a mistake however
assume that iron 1s the only magnetic substance Nichel ¢
cobalt display magnetic properties and recently alloys have b
made which have far exceeded 1ron in magnetic properties
of these alloys 1s known as  permalloy and was developed
resenrch laboratories of the Amencan Telephone Company
use m telephone eqiipment Another one of these alloys 1s knc
as ‘alnieo ”

Magnetic Induction One of the most mteresting of
1arous tic ph 15 tic mduction When a
of unmagnetrzed rron 1s brought near one end of a magnetized t
magnetic poles are mduced n 1t That 1s to say the bar becor
magnetized by induetion with the near end acquiring a pole
s1gn opposite to that of the mducing pole and the far end acq
g a pole of the same =ign as that of the inducing pole Itisa
the d bar were poced of mynads of elonga
molecular magnets capable of orienting themselves at will In
unmagnettzed state these molecules are to be thought of as ¢
ented at random but in the vicimity of a strong magnetic nc
pole let us say, all the <outh ends of the molecular magnets

N
Dip Anglo
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::::'“:‘;l‘:fiﬂlz narth pole and the north ends are repelled
xt; 15: %I'}tn e bar to become magnetized with equal and
o nltl}))a e 13 15 the essence of one theory of magneticm
, although alreads out of date still <erves to provide an ele

zeary pieture It daes not completely clanfy the nature of the
Z‘%‘:‘" ’gagﬂch, nor explamn why only 1ron and a few other
[ ces display this peculiar property to any marked degrec
i or elementary purposes 1t 13 reasonably eatisfactory
[ Magnetic p y It 1sby nd that most magnets
®emade Bars of unmagnetized tron or other magnetic substances
2% subjected to strong magnetic fields which establich the mag
*tm by influence so to speak One of the features of permalloy
“e0usly mentioned 14 1ts ability to become very strongly mag
22ed under the influence of a relatnely weak magnetie field
;L!ls due to a property techmeally called permeabilit; which
“ords one of the moet useful means of classifymng magnetic <ub
taces If, for example s substance 13 strongly magnehic its per
#bility 13 very high and the cubstance 1s sd to be ferromag

¢ If, by 1ts presence a <ubstance enhances a magnetic field
t not so strongly as a ferromagoetic substance 1t 13 called
‘amagnetic The substance bismuth on the other hand 13 con
uous beeause 1t weahens a magnetie field by 1ts presence It
a1d to be diamagnet:c Paramagnetie substances are character
by permenbilitres greater than umty whereas a diamagnetic
“tance has g permeability less than unity

ummary Much of the study of magretism deals with elec
nagnetism which logically cannot be considered until electrse
ents have been studied Such matenal wil] be the subject for
ideration 1 the next chapter Here we have dealt with so
:d static magnetic phenomena as the previous chapter deait

. static electrical phenomena Such a prehmmary study de
ps the bulary and fund tal pts upon which the

* study 1s so dependent Ve <hall cce precently how the two
»3 electricsty and magnetismm blend together 1 the study of

nte currents

QUESTIONS
\hat 1s meant by the cxpression north secking pole 7
histinguich between angle of declnation and angle of dip

Vhat 13 raeant by & magnetic field?
"
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REVIEW QUESTIONS

{See poge 190 for onswers )
Caaprees VIIT, IX, X, axp XI

That temperature on the Centigrade scale which
corresponds to 68° Fahrenhet . 1 20°C,
2 377°C,3 68°C, 4 648 C, 5 555°C ....0
The amount of heat required to raise the tempera-
ture of ope pound of water by one degree Fahrenheit
15 called 1 the heat of fusion, 2 the BT U, 3 the
calorie, 4 the erg, 5 the heat of vaponzatmn
Franklin’s pulse glass demonstrates 1 specific heat;
2 the mechameal equivalence of heat and cnergy;
3 boiling under reduced prescure, 4 regelation,
5 surface ten-lon

As the atmospheric pressure 1s rased the hoihing
temperature of a iqud 15 1 low ercd 2 rawsed,
3 unaltered, 4 just 100° C, 5 212°

The reason for mckel-platmg a ﬂahron except on
the wroming surface 1s 1 to prevent radiation, 2 to
encourage radiation, 3 to prevent conduction, 4 to
encourage condurtion, 5 to encourage convection
The reason for mwsulating a refngeratoris 1 to pre-
vent outward radiation, 2 to prevent heat from
coming 1n, 3 to prevent the cold from coming out,
4 to melt the 1ce, 5 to prevent the wce from melt-
. N [STTRRTIN .
Curl\ mth xeepect to copper 15 a much 1 better
radiator of heat, 2 poorer wnsulator of heat,
3 poorer conductor of beat, 4 poorer radlntnr of
heat, & better conductor of heat . ...

Hent 1s transferred from a steam radiator to a pomt
1 a room directly beneath 1t Jargely by 1 condue-
tion through the air, 2 convcction currents estabe
hished 1n the air, 3 radiation through space, 4 sur-
face tension, 5 molecular bombardment ... .
When an ebonite rod 1s rubbed wath fur, 1 electrons
are generated, 2 electrons are accumulated by the
cbomte rod, 3 clectrons are accumulated by the
fur, 4 protons are acquired by the fur; 5 electricity
18 generated .
Then an electroscope 13 ¢! mrgcd b) mduchcm- ! lts
charge 1s always negative, 2 1ts charge 15 always
poative, 3 1ts charge has the same sign as that of




REVIEW QLESTIONS

the source 4 1ts charge has the opposite eign to that
of the source 5 1ts clectron content 15 unaltered
The leaves of a charged gold leaf electroscope stand
apart 1 beeause the =ign of the charge 15 the same
on each feaf, 2 becanse the igns are opposte
3 because charges remain on the outeides of condue
tion bodies 4 because of electro tatic sttraction
fau n‘;“l‘uuﬂe electrons have the oppocite sigm to pro
The purpose of the dangling chamn on the gasoltbe
truck 3 1 to prevent poatnely charged protons
from aceumulating on the truck 2 to allow protons
tofeave the truch at will 3 to msure that sparking
shich might start a fire will tahe place at some dis
tance from the gacoline 4 to wam the dnver if the
truck ehould become charged and thereby merease
the fire hazard 5 to prevent an excess of defictency
of clectrony from accumulating
Lightning 1 never strihes the same place twice
E)

2 never m
pire Sta 1 tall
objects with

hghtring rods only 1f they are well grounded 5 13
lesa hazardous to a bulding with lightming rods re-
gardless of whether or not they are well grounded

A compass needle pomnts 1 a north =outh directron

1 because 1t 19 electrically charged 2 because the
earth 1s electrically charged 3 because the carth s
2 magnet 4 hecause the magnets m of the earth 13
umformly distributed & because north poles repel

south poles

135



CHAPTER XII

ELECTRICAL CONSIDLCRATIONS (Continuet

CURRENT ELECTRICITY

This 1s an electrieal age and yet the number of people
have the ability to speak properly about electrical matter
refatively smal! Piet of the difiuuity 1s undoubitedly due o
exacting manner 1n which electneal and magnetic terms are 4
fined This has been brought out 1n the two preceding chaptél
=<0 that the student who has followed this presentation thus
chould find himself prepared for a descriptive consideration
those phenomena which make this an electniecal age—an age
electric currents electric power, electrical devices, and all
topies The present chapter will deal with electric eurrents

Galvani s Experiment T

N Italan scientist Galvani 1s en

3%, \0< 1ted with bemng the first to he
7 N discovered the existence of ¢
(3 %) rents of electrieity He 1s <aid

have hung a pair of frogs |
from a metal wire near which 1
a second wire of different ma

Fig 121 A par of frogs legs
hung from a wire was observed by
Galvan to twitch as contact wasac
ctdentally made with a second wire
made of d Ferent materal from the
first wire

rtal connected with the first |
fig 121 As the frogs legs ar
dentally touched the second w
they were observed to twat
The interpretation given to

phenomenon was that a difl
ence 1n electrical potential established chemeally through
frogs legs and the dicimilar metals cauced electniaaty to f
through the circutt thus established

Flow of Charge It 15 clear from carlier considerations t
3f a conducting path 12 provided between two points charged
different potentials electrical chage should pass from ane po

136
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:‘;;}25 :;;G;ex:ut? :t:’vm’pt to equalize the patential This would
ment eould be proy lde?igts P cguig: . ll;xzs etentiat co.
'ttz:??:.?ﬁ Samtu shile at the came time charges nere passng,
ro a[a ed current of electncity would be established This
et ] hvuur‘e, & generation of potential difference at a rate
:m 'IfIth( €0 offeet, the dissipation allowed by the conducting
;fn o e £1luaf10n 15 entirely anslogous to the flow of water qut
mmde;n;mr under & certatn pressure head Unless an meflux 13
ded Ze mamtain the pressure head, the recemvorr will
T ly be drained and the flow will ceace, but such an mfex
made posaible bv the use of suitable pumps See fig 122

Fig 122 The pressure bead of the tank
13 watntawed by the pump whieh pumps
back inio the tapk all the water that
flows from 1t

1t shovld be noted aleo that im addi-
such pumps must have
{ water if the flow 1s

The Electric Circuit
ton to providing the necessary pressure,
the ablity to pump the required quantity o
to be mamntained at a copstant rate Tlectrical batterics are such
Putaps for electric charges, and obvipusly the part they play m
eleetrioal cirewts mvolves many factor® See fig. 123 The study
of these factors 1s the content of ea ealled clectrie ciremy conard-
erations and ncludes such matfers us how batienes accomplih
the generation of potentisd differences, bow elettrsc currents
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Line

Res stance

Bottery

Pump

Fig 123 Analogy between a sigple seres electric cirentt contaiung #
battery, a key and s resistance element and a hydraulte eremit containmg
a pump, & valve and a pipe hne

detected, what laws govern their existence, how resistance !
offered to the flow of charge, and how electrical devices operat
by means of electric currents These are just a few of the man
factors that might be listed

Electromotive Force and Current There arc many kind
of electric pumps, or seats of electrome
twve force (EM.F), as they are callec
Although the rubbing of an ebonite ro
with a prece of fur may develop a ver
large difference of potential between ro
and fur, such a combination does not mak
a good batters because 1t 1s not fas
enough, 1¢, it cannot mamtam =2 flo
of charge of sufficient amount to be ¢
practieal 1mportance So called chemie:
batteries, on the other hand, such as t}

Tig 124 A rod of
copper and a bar of
zinc immersed 1n di-  common dry cell and a copper and zit

lute sulphune sad  electrode combination mmmersed 1n sulpht

copstitute an electrical
battery sutable for 1€ acud (<ee fig 12 4), are capable of mai

many purposes taimng & relatively large electrreal floy

even though they develop a potential di
ference of only a volt or so Chemical disintegration of tf
more active element of the battery (zine) results i a separ:
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l!.];on of elestx,-w‘chxarge An excess of electrons secumulates on
25 plate ), while a cor ding defi y occurs
:tﬂw other electrode, thus producing s difference 1n potential
®een them Such cells on dead <hort creurt, 1¢, with no ap-
tasble reistanee an the trcurt, can mantun 4 flow of many
peres far & few minutes An ampere 15 & flow of st and a quar-
f’ billion billion electrons per sceond Blectris current 13 stmply
¢ rate of flow of electnic charge
Electric Resistance  Thus 1t 13 seen that a batters of some
tnd s the prime mover every electrie eircmat There 13 another
equally amportant factor, however, controlling the rate ot which
tharge flows, and that 13 what 1s ealled reswstance As the rate
5 ater flow 1 o prpe depends upon the amount of pressure he
lind the water, 1t 15 also governed by the amount of resistance
Pered ta the flow Pipes of small cross scetion, for example,
%r greater resistance than do pipes of large crosg section, and
by pipes offer greater resistance than short ones Moreover,
“2ooth-nalled pipes offer Jees reststance than rough-walled ones
ec¢ same factors also enter into electrical conaiderations It
s already been pomted out that different substances conduct
tlectrieity dfferently It 13 aleo a fact that the electrical resist-
ce of a wire depends upon s length and eroes section
Ohm’s Law It nould be considered a mere truism to state
‘hat the flgw of furd through a pipe depends directly upon the
:\"!h behind 1t snd inversely upon the reuistance offered to 1

¢ the most mmportant law of
le Tte tmportance les to ho
4 Iy interpreted, 1t explains
factically all current phenomena snd gives the physieist the
‘eans of caleulating otherwise unknown quantiizes ascocrated
"h eremts Spetifically, 1t states that the current wntensity
craat {or a portion of a cireutt) s directly proportional to
the electromotie force impressed acvoss the curcuit {or the po
tentral drop neross that portion of the ewrcuit), and i wversely
Proportiongl to the resstance of the ciremt (or of the portion of
1t under copaiderstion) Thus 1t 18 seen that 1f the electramotive
foree impressed across a given cirewit and the resistance of the
reurt are known, then the current in the cireutt can be readily
ealculated Moreover, the potential drop aeross a resistor ean e
caleulated of the current and the resistance are known B- -
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sidening circunts as a whole and then 1 various parts taken
rately, much mformation can often be deterrned 1o terms
very hittle This 1s why Ohm's law 1s referred to 88 a very
tant law of electric areuts

Effects of Current It 13 appropriate at this pomt that 2
question be raised concermng the means used for detecting elec-
tno currents f they are merely charges i motion, especially 1(
charges are not capable of divect observation The answer 1s the
clectric currents are recogotzed by various effects which they
bave been found to produce To enumerate briefly, these effect:
are chemwal, heating, and magnetic Practically all that 13 know
about electric currents 1s the result of mformation obtained
direetly by studymng these effects

Chemmcal Effect of Current That current 1s related t
chemical activity 18 not to be doubted 1 view of the very exisi
ence of chemical hattertes In theee, the chemical reaction sep:
rates charges, thereby causing negative charge to accumulate o
ore electrode and positive charge on the other Thus all batters
have positive and negative termimals When a closed erewt :
connected to these termunals, or electrodes, not only 13 & currer
establiched but as direction also 1s specified

Direction of Current It 1s a matter of convention that the
direction of a current 18 taken to be from the positive terminal
of the battery to the negative, through the external errcury This
13 based upon the 1dea that unit posittve charge 1s repelled from
the positive termmal and 1¢ attracted toward the negative ter-
munal via the conducting wire Of course, the electron theory in-
valdates this view since the particles which actually move
through solid conductors are the negative electrons, and they pass
from the negative electrode where the surplus exists, to the posi-
trve electrode which represents the defierency of electrons Never-
theless, the conventional direction 13 still adhered to by most
writers, on the grounds that it makes little difference which 1s
actually nght so long as there 1s common agreement, and after
all 1t does make sense to speak of the reduction of the deficiency
of electrons from the positive to the negatis e terminal as the elec-
trons flow the other way

Electrolysis Metallic wires are not the only conductors of
etectricity Solutions of many chemical salts conduct electnieity
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v the formation of partacles called wons, electnically charged
ther poatively or negatively, which are attracted or repelled

Pectively from chatged electrodes immersed m them Such

fuhions pre ealled electrolytes When current 13 passed through
Gelectrolyte 1n a cell the pou-
Ihmns, called eations, are drawn
{ard the negative terminal, and
Kée Begative 10ns, ealled antons, are

47z toward the pourtive terminal

¢ 1008 get thexr names from the
emg cathode and gnode, the names
Mew 1o the negative and positive
fetrodes respectively of the elee-
!"“b’hﬂ cell, the eathode bemg the
1"‘mmal where cyurrent leaves the
‘@Y and the anode, the one where
fUrTent enters Megallie 1ons, being
frtve, are depogited out on the Fiz 125 Electroplating Sil-
athode of electrolytic cells to which  veris depomited upotn :hhe spu&::l
By o drawn This 15 tho bate T o Lo e
maciple of electroplating Siver g olosed

8y thus he electroplated on g
*poo, for example, by immersing the spoon 1 a hath of some sl
Yer galt, through which an electric current 15 passed 1t the spoon
¥ connected to the negative termmal of the cell See fig 125
hradav, about 100 years ago, studied the phenomens of elec-
folysis and formulated laws govermng 1t These are conaidered
Yas16 to electrochemical sodustries even today

The Legal Umt of Current Electroly«s has also provided
he meang of specifymg the umt of elertrie current, the wnfer
‘atsonal legal ampere, which 1s defined 1 terms of the amount
{ silver deposited per second out of & standard solution of slver
ttrate Thus the study of the chemieal effect of the electnc m:r
ent has yielded considerable information regard:ngle\ef‘mhv,
! Motion, and has been responsible for the of
the legal umt of current

Heating Effect of Current—Joule’s Law Let us nexs
tonsider the hesting effect of current 1t 15 & well-kpown fact
that & wire carrying an electrie current becomes heated Witnezs
the modern electrze yange or electnic toaster for visible evuie%n

s
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of this phenomenon The conversion of electrical energy mh
heat energy 18 bastc to many of the electrical devices which mah
thus an electrical age The fundamental principle mvolved 13 give
in the law named after the Englich phy=icist Joule, who dist®
ered that the rate ot which heat s developed n o conductor b
an electric current depends upon the second power of the currer
and upon the resistance of the conductor Thus 1f the current
doubled the rate of heating 15 quadrupled Also, coils with lan
resistance heat more rapidly than coils with low resistance pr
11dimg the current 1s the same 1n each Because of the eptrap
of the resistance factor mto this picture the conclusion s su
gested that Joules law must be related to Ohm’s law This
found to be true both theoretically and expenimentally

Electric Power  As a result of this relattonship still anott
rmportant relationship 13 found to hold, namely that the prodi
of the potential drop, 1 volts, across a ciremt such as that
an electrie heater or electric light, when multiplied by the ot
rent, 1 amperes, through the circutt gives the power, 1n wat
or the rate at which electrical energy 15 dwsipated 1 heat T

becomes a practical matter whe
ono 18 concerned with the co
of electrical energy, shich varn
from approximately one cent i
ten cents per kilowatt hour di
pendmg upon the locality and th
circumstancez A hilouatt 15 ot
thousand watts, and a Ailoua

Tig 126 One method of mens-  1OUr Tepresents the amount of et
unng current itenaty 15 with  ergy consumed 1n one hour at tt
::‘l; xsh::a;’;:d M“’T:’:‘:’Sp"?};: rate of one kilowatt Thus at
which 19 rotated 2s the wwe ex  Place Where electrical energy cos
yn:g* awu:sl:o ?}:e heat devek 10 cents per kwh (kilowatt hour
S ater comnstted fo &"c":;;d,e a 100 watt efectric hight bulb ca
swlags past & graduated sezle be run for 10 hours at 2 cost of !

cents or one hour for one cen
A fation, prohably coste senensl Lumrs 28 meh 4o uperate w Ak
and a toaster, about the same as g flatiron

The hesting effect of current 1s utihzed m certamn types
ammeters, which are the nstruments used for measuring curre:
mtenaty In these metruments a wire 13 wrapped around  epy
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e tpor which 15 mounted A pointer See fig 126 As current 15
established 1n the ware, heat 1s developed and the wire lengthens
owing to thermal expansion This causes

5‘ the spindle to be rotated through a cer-

Wre tamn angle depending upon the intenaits of

1 the current, miking the pomnter cweep
 onss across a portion of a graduated ccale
N placed belind 1t Although this prineipre

‘ 18 readily understood, 1t 1s not the one
upon which most ammeters actually oper

&

ate The latter utthzes the mrzpetie effect
which will now be deseribed
Magnetic Effect of Current The
Danish phvarst Oersted nas the first o
r, observe that a compass needle 1s di~turbed
H.Myfe xl;fziedA compats  n the viemty of & current-carrying wire
72 5orzonta wre 'Ji‘,’,,“f See fig 127 Further exammation showed
™2 furrent toward the the existence of & magnetic field com
J:ﬁ’ 13 deflected east-  pletely encirchng the current-carry g con-
Jd prmsied dseov- guctor This 15 found to be alwans the
1 © case, 1¢, no current can be establr hed in
hwre unless at the esme time a roagnetic field 13 simultaneou I
¥t up encirehing the wire See iy 128
Thus a)] electrc eurrents bave magnetic fields assoctated with
them Tt ghould be noted espe-
<ally, however, that the current-
rying wire does not wtself be-
me magnetized In fact, tne
Fite 15 more often than not made
# copper, a nonmaguetse sub-
tance, and therefore cannot be-
vome a magnet The magnetic
effect 13 produced 1 the region
around the wire since the field
eneireles 1, rather than radiates Fig 128 ‘The mgcho feld ene
out from 1t e1velen the eurrent carrying conducn
The Electromagnet, I 8 for ay shown

ire 13 wound 1nto a lang Folenol-
daleoit, 1 , & configurntion such ne would be abtamed by winding

 single Iayer of turns on o long eylindrical core endd hen with-

e

Current
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by the establishment of a current m 1t, Faraday discovered the.
the result of mechanically pushing a wire, which forms part of 8
closed electrical cireunt, across a magnetie field 15 the estabhh-
ment of current 1 the cirewt as if by a battery In other words
he discovered a way of inducing an electric current n & arcut
merely by moving somethmg In still other words he discovered
a way of generating the electromotive foree necessary to produce
electric current, without the aid of batteries This simple di.cov-
ery paved the way for the modern generators which, operated
cither by steam or water power, are the very mamnstays of today 8
electrical ervilization Without the gemerators there 1s no elet
trical power And basic to all generators 1s the simple matter ol
clectre wires bemng pushed across magnetic fields by the rotatior
of armatures The generator prineiple 18 sunply the inverse of th
motor prineiple It rep a transformation of T
eperpy mto clectrieal energy

Lenz’s Law 1t should be mentioned that the process de
<cribed above 15 but one way of mducing an electric current 1 ¢
arewt Further study shows that the situation 1s far more gen
eral than has just been desenbed Any change whatever i th
status quo of an electric circwat which causes a vanation 1n th
magnetic characteristics of the eireuit, 15 sufficient to establs'

tary currents i hb cremts This 1s the gist of

Iaw of induced currents known 8s Lenz’s Law The inductio:
2 <ociated with a changing current 1s bastc o the operation o
the clectrical transformer and other so called alternating-curren
devices The study of these devices, however, including the spar.
cotl, the telephone and telegraph, the raduo, etc, would carry v
far beyond the descriptive stage and so must be postponed for
more exhaustive conideration by those students who are willin
2nd able to deselop a more mathematieal language Suffice 1t t
£a) that the priseiples diccusced above are basic to the operatio
of these devices and account perfectly for thetr behavior

Summary In this chapter the vanous effects of electric cur
rents have been deseribed It has been shown that the study o
these effects has developed conwiderable information about elec
tnie charges i motion, although the charges themselves are no
eapable of being directly obeerved This nformation has alread:
been carefully orgamzed 1nto a body of logieally developed law
and principles dunng the last one hundred years or so, and tods!




QUESTIONS 147

;’cz‘;: m ;m clectrical age beeause of the many practical ap-
s oS of these pnineiples OF these the principles of the motor
© generator are eapecially 1mportant

QUESTIONS

What 1e thawes = . in

1
!
¥ .
L
'z f&‘cnbc the process of electroplating
: ist three major effects of the electric current
7 Drctingwieh betw.cen the * directtan of current and the direc-
bon of electron flow
ich eosts more to operate a 100 watt bulb for 10 hours or
210 watt bulb for 150 hours?
h hat nas Oersted s disvor ery?
Explam how the clectromagnet functions
E What 13 the left hand rule?
' How 15 the international ampere defined?



CHAPTER XII

ELECTRONIC CONSIDERATIONS AND
ATOMIC PHENOMENA

INTRODUCTION TO MODERN PHYSICS ELECTRICAL DIS-
CHARGES IN GASES ELECTRONICS X RAYS RADIO-
ACTIVITY NUCLEAR PHYSICS

The Situation about 1890 At the dawn of the twentie!
century the subject of physics was in a rather umque positi
with reference to the other sciences and the many fields of learn
g Ths was about the end of the so-called ¢lassteal periog
winch was characterized by the New pomt of view Tht
«ituation was umque because the physicist, m his attempt t¢
explan physical phenomena, was apparently almost completely
suceessful Practically all that had been observed was under
standable 1n terms of simple concepts and laws such aa Newton!
laws of motion, ete These were 5o carefully and so logreally de
veloped that the physicist seemed to have the smituation com
pletely m hand In a fashion hitle short of miraculous, new ob
gervations had been fitted 1nto places apparently made for then
1 the theorses and hypotheses extending over a hundred or mor
years On the theoretical side 1t was felt that physics was fas
approaching the status of a dead classical subject so completel
worked out 1n detail as to leave very little of interest, 1f anythin
at all, for future generations to unravel AN was understoot
Physics was looked upon as the pride and joy of the naturs
philosopher, 8 masterpiece of logie, successful m every exper
mental test At this time famous physicists made statements 1
the effect that all the mmportant discoveres 1n physics had bee
made and that most of the romance in the subject was gone, 2
that was left for future generations was the somewhat colorle'
tash of ding the | of the ts of Lnow
phy<ical copstants and relationships

That thia view was all wrong 13 the story of modern phy<ic

148
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[;{::yju.m has campletely resolutionzed the whole outlook of
‘efcbﬂ lence. That the phyeicist has been able to appreninte
. 40ge 1 the situation 18 even more igmficant In earber

PIEIs refercuces have been made to the new physis, meamng
deselopments emee 1900 or thereabouts The purpose of this
Lpter 13 the constderation of some of the 1deas and concepts of
demm phyercs az they have been des cloped since the discovery
the eleetron
Electrycat Discharges in Gases About 1895 the emunent
“Eoglish phy qyepet Ste J J Thomeon made some strange observa-
that ®ere (o prose most important fle was expenmenting
b the conduction of electrionty through gases Among other
25 he obaers e that dry arr at atmosphenie pressure 18 & rather
nsulater, requinng some tharty thousand volts per eenti-
tler to break 1t down, 1 ¢, to make 1t pass charges of electnity

42 the form of the electre sparh It was found, however, that

“Wen the preesyre of the air was reduced, as by a vacuum pump

sfor example, the necessary voltage for treakdown was appse-

Pably diminsshed, but not without & very poticeable thange 1w

e character of the discharge Thess experiments were St car

17ed out at a time when vacuurn pumps Were 0ok only searce but

teredingly wneferent Todsy however, beeause of techmea] ads

Téfces, vacuum pumps are available which make 1t possiie ta

Ferform these expermments 1n 8 demonstration lectute vight: before

the very eyes of students ender

Discharge Tube Demonstration It a long, slender glass
tube, say sbout two feet long and sn ek or two i d:;neter,
with, electrades sealed 1 at 1ts closed ends, 1@ connect to a
nodern vaeunm pump through a tube 10mmed to 1t 8t one aide,
3 of interesting ph il be observed as the air
3 very gradually withdrawp from the tube while s farge potential
ifference 55 mantatned across the eleotrades by a ﬁparklco;l or
1ote other source of several thousz:nd vglt; eSef- fig L13 ;’:; :
Larkened room the 18 phern N
sure or st the stash of the experment, 50 dﬂb?;fe :;Amver .

n after va

Visible between‘lhe elecho:hs: b-\‘n; ;«':rz :ff...-,, e vatuum

Decomes hybted by 2 purplish glaw At ths state the pressure
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15 probably not more than a few millimeters of mereury, or some-
what more than a few thousandths of atmosphenc pressure
Precently, the general glow turns somewhat pinkish and then
becomes quite pioh In the meantime, 2 very defimte blue glow
appears near the negative electrode This 1s called the negatwe
glow Between this glow and the mam body of the pmk discharge

Crookes Dark Farsday Da k

Seace
MHlW(IHIQWHHNHIU/

Cut\hodc Ne\gatwc Ser ated
Glow Glow Pas t ve Columa

{Vecuum approx one
one hund cdth m If
meter of mercury)

Vecuum Pump

Fnduct on Co !

Fig 131 Diccharge tube phenomena

2 relatively dark space develops This 1s called the Faraday dark
pace The pmh glow, which gradually shortens to make room
sor the Faradny dark <pace, 13 hnown as the positwe glow or the
positrte column Soon thie posttive column presents a very unique
appearance by breaking up into mnumerable striations while at
the same trme the pmk color fades mnto a pale orange color, even
turning white The shortening continues as the Faraday dark
space and the negative glon seem to breal away from the eathode
and to move nearer the poatrve electrode, leaving a second dark
snaee between the negative glow and the cathade sself Tihas dark
space has become known as the Crookes dark space The cathode
steelf aleo glows with o violet hight known as the cathode glow
By this time the prescure has been reduced to probably a mat-
ter of tenthe or even hundredths of a millimeter of mercury As
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the exhaustion contmues the striations of the positive column
present & more and more fluted appearance, becomung coarser
and coarcer The posttive column, which 15 now definitely aeso
ciated with the positive end of the tube, becomes shorter and
<horter The Faraday dark space and negative glow move farther
and farther away from the cathode, with the result that the
Croohes dark space gets larger and larger, crowding all else nght
out of the positive end of the tube By the time the pressure 1<
reduced to about s thousandth of a mulhmeter of mercury the
whole positive column has been thus completely crowded out and
the Crookes darh <pace completely fills the whole tube That 1s
to say, the whole tube appears very dark except that the glass
walls glow with a peculiar green light ealled fluorescence Flugres-
cence 1s the name given to the process by which radiation of a
given wave length 1s transformed into a radiztion of a different
wave length (usually longer) In this cace fluorescence 15 pro-
duced by cathode ray bombardment from the negative electrode
Cathode Rays At this stage of exhaustion 1t 1s noted that any
abject 1nside the tube between the electrodes casts a shadow an
the positive end of the tube This mdeates the existence of samne
sort of radiation from the cathode toward the anode In additinn
to prod It the rad travel m straight Jinex,
Iormmg sharp <hadows ai objects m their paths Tt 18 aleg fmmd
that the radiation ean be focused by using a spherieally coneqyp
eathode W hen 1t 15 thus focused upon a target, heat 15 gencrngegy
at the spot on which the rays fall Because the radiation ¢spy.

U8 WAL au v
trical properties It was the discovery of these elm,,m, ,,}, ton-

siderations of electrical discharges i gases that grer, up ife

new era1n phy=1c®
X Rays When cathode rays are alloweq to fa1] upow
. e

. .- -
theu;r;r; vanety bke hight and 18 charactenge g ; \pg e
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1ts ability to penetrate relatively opaque substances It not only
makes possble the modern . ray shadow photographs but 13
used extensively today 1n hospitals for therapeutic work The
pature of the X radiation depends upon several factors, inelud-

X Rays

Cathode Rays

Fra 132 X reys may be produced by cathods rsys
bombarding 2 target

g the potential drop across the tube, the degree of vacuum, and
the substance of which the target 13 made

Applications of Discharge Tubes  Partially exhausted tubes

wough which an electrical discharge 15 produced, as in the
axperiment Just described, are called Gewssler tubes The color
of the discharge depends upon the gas used The modern neon
advertising signs are nothing but such discharge tubes, using the
gas neon, however, nstead of air because of the characternictie
red color of neon when activated 1n this manner

The blue violet Light of the photographer’s shop 1s a mmilar
light, but one whose tube contamns the substanee mercury In
this tube, however, a mereury are accounts for the radiation At
the present time 1t appeara certamn that ordmnary household elec-
tric Lights of the future will be juet such discharge tybes i which
the phenomenon of fluorescence is utiized by coating the walls
of the tube with various cl 1s capable of producing
colors Such so called fluorescent lamps are becoming quite com~
mon Incidentally, they are considerably more economical to
operate than the present day filament type lampg

Thermiontc Enussion  With the discovery of the electron
came the understanding of another phenomenon which s fun
dsmental to modern communication, 1 e, the Edison effect, or the
thermtonie emis<ion of electrons Heated filamentg 1n yacuum
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tubes are found fo emit electrons which can be drawn acro = an
emply tegion by efectrostatic sttraction toward positwvely charged
Plates See fig 133 Such electrone behaysor 1s the basie principle
of all radio tubes and of the host of <o called control tubes for
maumerable efectrome apphances See fig 134 The¢ modern

-1

950
B

F lament ate

"

1N

Fig 134 The rectifymg

Q

Fig 133 When » fila
ment 1s heated 1 vacu
um  electrons are emt
ted by it These elec
trons are readily attracted
t0 a postvely charged
plate producing » cur-
rentbetween filament and
plate Thig explams the
Edison effect of a cur
ret between plate and
filament when the former
s charged pomtively

sction of the gnd 1n a three
electrode vacuum tube The
gnd f alternately charged
positinely &nd negatively
acts o a3 to controf the flow
of electrons from filament o
plate It allows the flow to
take place only when 1t 1s
posittvely charged Thus al
tematipg  currents can be
rectified to direct eur
rents

X ray tube utihzes thermiome exmsson for the production of
electrons Quee obtamed by etossion from a hot filament, the
electrons are directed toward a target from which X rays are
emutted

Photoelectric Effect Another mteresting electronie phenom-
enon 1s that of the emussion of electrons from the surfates of
certan gubstances by the action of hght or Tadiation generally
meludmg X rays This is ealled the photoelestric effect Tt1s bame
to the operation of the photoelestric cell or electric eye as 1t 18
more popularly known When light shines upon these cells elec-
tne currents are ectabliched, but when the light 1s shut off the
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current 15 interrupted See fig 135 Thus an electric current can
be controlled just by regulating the amount of hight falling upon
the cell Because of this phenomenon the photoelectne cellisa
very useful device for controlling
electric currents It play< a very
important part 1o the operation
of sound movies and 1 teleu

ston In the case of the former,
a beam of hght 15 varled 1

tensity or direction by certain
markmgs on the side of the film,
whereupon an electric current 13
varied accordingly ta control the
sound mechamsm In the ease of

Fig 135 The action of a pho-
toeleetn cell Iaght falhng upon television, light reflected from

the wmade of a vacuum tube  the subject 1s prcked up by a

coated with certan actie sub  seanming device mn which an elee-
stances ¢auses electrons to be

emitted These electrons can be tri current 1 vamed according
atteaeted te o po twvely charged  to the vanations in intensity of
© crode m the tube to produce  the reflected light In the so
f::f::?:,ﬁ:?g;?g;ﬁlﬁnib; called televiston receving set the
Ight mtensity operations are escentrally re-
versed and a varying current 13

translated mto & vicual image which 1s cast upon a sereen
Electromics  Applications of prineiples such as those just
thecussed constitute the mportant field commonly referred to as
clectrontes Since many of these applications lie 1 the field of
communications, many people have acquired the erroneous 1des
that electramats means sumply radio Of course, many war apph-
cations and developments <uch as radar (<hort-wave-directed
adio) were directly concerned with radro, but probably the most
fmoportant peacetime apphications will be 1n the field of industnal
vontrols of machinery, not te overlook the all important medical
field Since the term “electronies” covers all electronic phenomens,
1t 13 actually imposaible to define the field sharply m view of
the fact that the electron 13 a basic constituent of all matter
Atomuc Structure The discovery of the electron marked
th~ beginming of an extraordinanly active era of research per-
tammng to the structure of the atom Before this the atom was
considered to be an ndivisible entity Today, however, this 13
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uot the case Along with the discovery of eathode, or negative,
fays <treaming from cathode to anode, a positive radiation was.
alo observed This poaitive radiation was discovered by the use
of perforated cathodes which allowed particles ongmating at the
anode to pass through the perforations 1n the cathode and be de~
tected at the glass wall opposite to the anode See fig 136

Pos tve Rays

Cathode

Cathode Rays

Fig 136 Postive rays are emitted by the anode s
well a3 negative rays by the cathode These are positive
1on8 Both sets of rays are capable of deffection by efec
iric snd also magnetic fields

Positive Rays Whereas the cathode rays consist of nega-
tvely charged particles, all exactly alike as shown by the action
of & magnetic field upon them, the positive rays are found to
consist of positively charged jons of various masses and charges
The smallest of these ever observed has a mass approvimately
equal to that of a hydrogen atom This poitive umt 13 called the
proton Its charge 13 numencally equal to that of the eleetron,
but 1ts mass 1s some 1845 times the electrome mass It 13 the
nucleus of the hydrogen atom The cther positive 1ons seem to
ve combinations of protons and electrons, and have masees
coughly corresponding to whole numbers of protons

Bohr Theory These elementary facts regarding electrical
sarticles led to the development of a succession of theores per-
g to atormc structure Probably the most famous of these
5 the Bohr theory of 1913 previously mentioned 1n this text On
s theory the hydrogen atom consists of a single proton about
ahich a single electron revolves like the moon atound the earth
3ee fig 137 The atom of helium has a positively charged nucleus
about which two electrons revolve In this Wiy all the elementary
atoms were thought to be made up of combinations of positive and
regative charges of electnaity forrung dvnameal systems of
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varymg complexity The onginal success of thig theory was 1ts
explanation of optical spectra, about which more will follow 1o
succeedmg chapters In many details, however, this theory has
been found madequate and 1s no longer accepted as final Yet
the views which have supplanted this theory are not altogether
sutable for pictonal representation, and so the Bohr theory 13
till referred to m many popular discussions

© o ®

@O

Hydrogen Helwm

Fig 137 Bohrs concept of the hydrogen and the
helum atom with negattve electnaity circulating
around positively charged nucler The helium pucleus
19 the alpha particle of radigactivity

For many years after the discovery of the electron and the
proton, these two particles were considered the sole constituents
of matter It was not until the fourth decade of the present cen-
tury that this number was increased by the discovery of the
neutron and then within a few months by the dwicovery of the
positive electron The neutron 1s a particle carrymng no net
charge and having a mass approximately equal to that of the
proton The posifwe elcctron (or positrn) carries a positive
charge but otherwice has all the charactenistics of the negative
electron It now appears that the nucler of all atoms are com-
posed fundamentally of protons and neatrons It s also felt today
that there are probably other subatomic particles which have
not et been discovered, and, whereas only a few years ago the
electron and the proton held the stage, there are now at least
four recognized fundamental particles Much of today’s research
worh 15 devoted to the possible discovery of additional funda-
mental particles and to the study of atomic nucler Only yester
day the atom was found to have a structure, and today the at-
tention of physicists 13 focused upon the question of the strue-
ture of one of 1ts component parts, namely the nueleus Tomorrow
may bring yet more surprsing discovertes
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Radioactivity. This question of the atomic nucleus has be-
come of additional 1mportance today because of the discovery
of artifictal radioactivity Radwactinty 1s the name apphed to
the spontaneous disintegration of certan substances such as
radium, the radiations from which were discovered by Becquerel,
and the isolation of which was
achieved by the researches of Ma-
dame and Pierre Cunie These sub-
<tances actually emit electrically
charged particles along with radia-
tion sumlar to X rays The radia-
tions were named elpha, beta, and
gamma before their natures were un-
derstood The alpha radiation cone
sists of particles now known to be the  Fig 138 Radxonleu;eusul;-
nucler of hehum atoms Since they 8tatcen s slotin a lead bloc!
earry two extra positive charges they gj‘;z;‘,‘s‘;”,gi\;‘;‘;‘j:;:f;ﬂ:
are called doubly 1omzed helmm at- a (alpha) rays B (beta) rays,
oms The beta radiations are streams tu:z(:l; ;}Be?!f:)s s :;:E:f-
of negative electrons, and the gomma iy ope w;}',' alpha m;;
radiation 53 wavelike rather than cor-  are loss sharply curved the
Emcular, bemng a very short-wave ﬁ:’ec‘z‘fj’ 1 Exmna 13y are
ype of X ray See fig 138

The<e radiations, ke X rays themselves, have been put to
use m hospitals, where their therapeutic value has been recog-
tuzed, but radium 18 very rare and very expensive Today 1t has
been found possmible to make substances artifiaally radioactive
by bombsardment with atormic particles aceelerated to high velot-
ties by super-ligh-voltage devices Of these the Van de Graaf
hugh voltage generator and the Lawrence cyclotron have been
widely publicized Both of these devices are capable of endow-
g particles such as electrons, protans, and other 10ns with ener-~
gles equivalent to mllions of electron volts The electron volt 13
the amount of energy acquired by an electron accelerated through
a difference of potential of one volt These devices have really
been developed for the purpose of smashing atoms and atomuc
nucle; to bits m order that the products of such dismtegrations
may he gadied Thw the hemr of teday that, the diontegpatian,
of the nucleus may open up new fields of knowledge as did the

breakmg up of atoms a couple of generations or so ago
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The Atomc Bomb  Early m 1939 the remarhable diccovery
was made that the atom of a certamn form of uramum, hnown as
the 235 scotope, could be spht by bombardment with slow neu-
trons mnto two Lighter atoms, with the liberation of considerable
atomic energy This process 15 now referred to as uramum

fisslon ‘The mulitary posstbilities of atomic energy were imme-
diately recognized This led to the development of uranum
fission as the wars greatest secret enterprise at a cost reputed
to be around two hillion dollars W hen a critical amount of U238
15 accumulated a self sustaming nuclear reaction 1s a necessaTy
consequence This takes place extremely rapsdly and with the
evolution of a tremendous amount of energy As a neutron sphts
the uramum atom, additional neutrons are evolved which spht
additional atoms and so on imdefinitely unt;l all the U235 12
used up Another important feature of the process 1s the creaton
of a new element, plutomum, which alco exhibits fission By
methods which at the tune of this wnting are still carefully
guarded military secrcts, devastating atomrie bombs utilizing
nuclear fission were created 1n the summer of 1945 This marked
the first occaston on which man had released sizable amounts of
atomtc encrgy, and no one can predict the social and econom:é
consequences of this important event It took World War II to
provide the stimulus for crowding into just a few years an
amount of research in nuclear physies that would normally have
taken probably scores of years

Summary The subject of modern phy«ics has been des eloped
m this chapter from the early experiments i electrical condue
tion through gases to the modern super high voltage machines
veed 1n nuclear disintegration expersments Although many topices
have been mentioned here 1t must not be assumed by the stu-
dent that the diccuseion 1s anything ke complete Modern
physies 1= far too large a subject to be treated exhaustivels m 2
«ingle chapter but for purpoces of this deseriptive survey of
physies the treatment should be adequate to give the begnning
ctudent a proper orientation Much of modern phyeics al<o
comes under the heading of optics and as such will be considered
1n sueceeding chapters We turn next to a description of optieal
phenomena and the question of the pature of light
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CHAPTER X1V

OPTICAL CONSIDERATIONS

PROTOMETRY LAWS OF GEOMETRIC OPTICS,
OPTICAL INSTRUMENTS

Scope of Optics  Of afl physical phenomena there are prab-
ably none more fasairating and of more immedrate nterest to
the average person than those related to human viston The worlds
of color, sunshine, geometrnc design, and fine imstruments also
contmbute to the complex realm of nptlcs Thxs field also includes
such gtudies as 1ll ¥, spec-
troscopy, optometry, and polanzahon, as welI a5 the study of
certain philosophieal questions such as the nature of light itself
‘Thus 1t 15 seen that optics 1s mdeed a very broad subject, yet at
the same time, st 18 & part of that larger subject, physics

Complex Nature of This Study From o stnetly logical
pomt of view, ths subdivision of physics 13 less well adapted
to the methods employed 1n the foregomng parts of this text,
1e, the logieal development from one topie to another, than
those which have preceded 1t This 15 not only because of the
complexaty of the subject but also because of the lack of any
logical starting point On the histoneal side, many complex and
apparently unrelated facts were known ahout optics before other
simpler ones were discovered On the philocophical side, too, there
has existed the perpetual controversy between the propenents
of the torpuscular theory and those favoring the wave theory of
the nature of hight Moreover, the pomts of contact between thi
and other parts of physics are numerous, yet at the same tune
they are as diversified as the studics of geometry and the color?
of the rambow It 13 this very same difference, however, that
provides us with a key to a systematic study of optical phe-
nomena

Geometric vs Physical Optics  The study naturally divides
i<elf mto two major divisions which are designated as geometrio
ophics and physwcal optics The former deals with the light rays
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travelng 1 straight lines and the 1mages which are produced by
reflection and refraction, whereas the Iatter deals with the phys:i-
cal nature of Iight and related phenomena We shall consider each
of these 1n turn, starting with geometric opties partly because of
the hstorieal development of the subject The more recent re~
searches of the last decade or so have had a particularly mmpor~
tant bearing upon phystcal optees

Early Theaties Tt was held by the sncents that Tight and
vision were practically the same They thought that all Light
origmated 1 the eye, for which contact was made 1n some mys-
terious way with observed objects It seems strange that they
were not disturbed by the fact that objects mvisble to bhnd
people were visible to others. A later view credited so-called
lumwnous objects with the ability 4o emut parbicles of hght
capable of traveling in stratght hines and endowed with the prop-
erty of exesting the eye of the observer That the lummous body
does the emitting and the eye does the recerving 15 the modern
view, but whether the radiation itself 15 corpuseular or wavelike 13
a matter about which physicists have argued throughout the en-
fare hstory of physics

Straight-Line Propagation of Light One fact, however,
has become very certan, pamely that light travels in straight

lines This 18 ) of

hmically called the r prop

Tig 141 The rectilinear propagation of hight

light, and 1s proved, 1n a superfiesal way at least, by the alihty of
light to cast well-defined shadows Hee fig 141 'The pmhole
camera also demonstrates this fact See fig 142 The concept of
hight rays is thus suggested Such rays erther are emtted by seli-
Yurminous bodies or are réfietied s Hummsaded bedies ‘o e
appreciated by the eye Objectively speaking, of course, the eve
feed not be a party to optieal phenomena m general
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Fig 142 The pinhole camera demonstrates the rec-
tibnear propagat on of hight

Photometry The concept of rays leads to the motion of
spherical symmetry of the radiation about 2 point <ource of ight
and suggests a way of measuring amounts of hght This1s a field
of optics ucually referred to as photomeiry A source of light 15
compared with a candle and <ources are rated for itensity 11
units called candle powcr Thus a 100 candle power scurce 18
approximately 100 times as intense as a specified type of candle
A standard candle 15 one which emits a speeified number of
lumens of light where the lumen 1s a umt of hght quantity If a
source of light 1s <0 emall that 1t can be thought of as a mathe
matical pownt then rules of <olid geometry enable one to calculate
the amounts of hght emitted by <ources of different candle power

mtensities If a lumnous souree 1s not
a pomt but an extended curface 1ts
Lumens of Lghe  Drightness rather than its intensaty
18 decignated Brightness refers to the
ems<ton of £0 many lumens per unit
of area
Ilumination  When hght falls
upon a surface the surface 15 said to

Fg M3 The tumis be 1llumnated See fig 14 3 The pum
t1on of & surface 1s measured  ber of lumens per square foot meident
by the number of lumens upon 4 surface 15 o measure of the
3‘:;"?5;‘;2":; ‘;:‘:J‘:i o Hlumination and this quantity 1s usu
1 a foot-candle and 15 the ally expresced in foot candles The
amount of ill mmation re  foot candle 13 the amount of Light that
o ariase gz feo% falls upon 4 square foo of surface one

foot awny from a point source of one
candle power ntenaity Foot candle meters have hecome rather
common imstruments today with the growth of popular mtereet
1n photography It 1< a foot candle meter which the photographer

Talls up to the light to determine the proper exposure tume for
2 given naps<hot
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Practicat Importance of Photometry These and ather
photometnic matters are of great coneern today to the meveas
ingly mnportant prof of 1ll 1ng eng o Indus-
trialists hase become aware of the mcrease m efficiency of warh
ers when proper conditrons of ilumination are mamtained m
offites and falones Instead of the one to three foot candles of
llermsation which preyanled m many fsctones n the past, proper
values of five to ten foot-candles are mantained for genera}l
dlummation m the modern factory For close work from ten to
treaty or mare foot candles are desirable The illumination of
4 surface exnoced to full summer sunlight may run as high as
10000 foat, cxndies, while ynder full moonlight this figure may
be reduced ta a very small fraction of a foot candle

Law of Iftumination There 1s & very important law of
photometry Lnown as the mverse square law This law states
that the 1llumination of a surface by a given pomt source of light.
vanes mversely as the sgcond power of the distance between
gource and surface This means, for example, that if the distanee
between the two 1 doubled, the 1lummation 13 decreaced to one
fourth of 1ts onginal vatur Another orm of Yis law siates thay
for equal 1llummations due to two point sources of different in-
tensity, the ratio of intensities 18 proportional to the second

Translucent Hereen

P B
A== ::f’:‘“/’i
Feehle Source Intense Source
Fig 144 To produre the same sllumination OR s screel &
feeble source must be muck closer than an intense source

The Mummstion produced by 2 poimt kource 1 wmversely
provortionsl ta the second power of the distance trom  ource

to screen

Dower of the separation meaning that for a hght iwice 83 wtense
as another the former must be about one and one-half tines s
far away as the latter to produce the same yllumination at a given
place bee fig 144

Reflection  In the study of geometnic optics two phenomena
are of the utmost unportance Thece are refiection and refractwrh,
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each of which 1s characterized by a basie relationship or natural
law In the case of reflection the so called law of regular reflec-
tion states that the angle made by a reflected beam of light and
5 perpendicular line drawn to the reflecting surface at the pomt
of reflection 1s always equal to the angle made by the nadent
beam and the same perpendicular hoe It states, moreover, that

No mal to

Ine dent Beam Sufece o flacted Beam

I 00 0
Reflect ng Su face

Fig 145 The law of regular reflection states
that r=1

the reflected beam, the meident beam, and the perpendicular line
Just mentioned all lie 1n the same plane See fig 145

Refraction Refraction 1s the phenomenon by which a ray of
hight, appears to be bent as 1t passes from one medium mto an-
other of different optical character because of a change in the
speed of light from the one medium to the other The basic law
here 18 Snell s Law This law 1s usually expressed 1n mathematica
language and refers to the relative bending of hight rays m tw¢
adjacent media 1 terms of angles and speed factors hence th
reference to geometric optics agun Although ineapable of bemng
precicely expresced without the use of mathematical language
Snell s law states escentially that with reference to a hine draw
perpendicularly to a boundary surface between two medra at th
point where a ray of hight passes from the one to the other tht
ray 18 bent toward this perpendicular if the cecond medium has ¢
greater refractive index than the first and away from 1t if th
eecond medum has a smaller mdex By refractive wndex of ¢
medium 13 meant the ratio of the velocity of light m vaeuum t
that 1n the medium Thus as a ray of light pasees from air mnt
glass or water substances 1n which 1t 15 lowed up, 1t 13 50 ben
that the angle made with the perpendicular 1 the glass, of th'
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water, 13 smaller than the angle made by the meident beam and
the xame perpendicular 1n air See fig 146 This 18 to say that the
engle of refraction glass 13 smaller than the angle of nedence
o ar Moreover, the angle of refraction, as thus defined, 1s

Fig 146 Two cases of refraction showmng the bending of light as
1t passes {rom one medm to another

‘maller for glass than for water because the refractive mdex of
tlass 1 greater than that for water In Spell s law, 1t 15 specifically
he tnigonometric quantity known as the sine of each angle which
nters nto the I {though this matk { detail
eed not be emphasized 1 this diseusston

The Phenomenon of Total Internal Reflection An mter-
<ting consequence of this law 1s the phenomenon of total iternal

Ar

Water Water

Fig 147 As1ght passes from water toward air a certam Limiting angle
! ineidence 1a encountered such that when it 3s exceeded all the hght 1s
stally nternally reflected back into the water Ths angle 13 mdieated by 1,
- the pecond diagram

- B U T R |

Mle
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merdence exceeds this entical angle, as 1t 1s called, the Light -
stead of bemng refracted 13 all reflected back into the mtial
medum as if by a mirror, and obeys the law of reflection Bee
fig 147 Tt 15 obvious that as the ray 1s bent away from the
normal under these cireumstances 1t
cannot be bent so as to make an
angle greater than 90°, hence the
lumit which 33 imposed upon the size
of the mtial angle of meidence For
plass 1 air this angle 1s approxl-
mately 42°, which 13 less than the
45° of an 1sosceles mght triangle
Fig 148 The cntisl avgle Thus fight attempting to pas
‘(l?.': g;:sie:: fﬁ:f;“ﬁ;i?-b",ﬁt through a nght triangular prece ol
adent angle 1 the dagram  glass parallel to one side will, upor
Therefore the Lght 1s totally  1neidence at the oblique side, be 1e
nternally reflected as ehown oo gl 2 m & dyrectiol
parallel to the other side See fiz 148 In other words 1t will
bent through 80° as by a mirror held at 45° to the merdent ray
but without the aid of any silvered material whatever The bend
1ng 15 said to be the result of total internal reflection

Images Formed by Plane Mirrors Con<derations of th
lans of reflectron and refraction lead to numerous conclusions re
garding the behavior of rays of light 1n optical media, nccountn

Plane M rror

Object Image

Object D stance = Ima3e D stance

Fig 149 The mmage formed by o plane
mtrror 15 erect and vertica) It 1s formed just
as far behind the murtor as the object 13 1m
front of 1t

for «uch things as the formation of 1mages by the use of mirrort
prisme and lenses Since all optical instruments depend for thei
operation upon these conaiderations, their importance 19 not to b
underestimated Consider the plane murror for example It follow
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drom the law of reflection that a nght-side-up 1mnage, formed ap-~
g;rently Just as far behind the myrror as the object 13 1 front
1, 13 accounted for See fig 149 This simple phenomenon 38,

/
. / .
2 5
60"
. ! .
) 1 5
!
}
{
Obyect
Three ymages of the object are formed Five inages are formed by an
¥ two plane mirrors makmg an angle object placed as shown be-
180° 1f the object 15 placed on the line tween two plane mirrors mekh-
isecting the angle between them ing an sugle of 60° With each
other

Fig 1410 Examples of multiple mages formed by reflection
for plane murrors

{ course, an every day oceurrence, but nevertheless an 1mportant
1¢ from the viewpomt of physies Other examples may easily be
:monstrated See fig 1410

Reflection from Spherical Surfaces As rays of light are
flected from curved murrors the results are even more nterest-
g A spherical conver mirror always makes abjects appear re
wed 1n size, but nght «ide up whereas a sphencal concave
rror can sometimes produce inverted images standmng nght
1t m space, and at other times produce nght-side up 1mages
sated apparently behmd the mirror See fig 14 11 Such mverted
1ages are known technically as real umages because they appear
really exist where the rays of lght are focused They can be
*alized upon =2 sereen DMany optieal 1llustons are produced by
1l images The mght-side-up 1mages are called virtual 1mages
1ese, however can never be ‘ captured on a screen

It 13 obvious that the formation of images by curved mirrors,
lindrical as well as spherieal, can be of coniderable practical
portance 1n optical wstruments
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\
A

Ob ect
Image by a consex spher Image (ome case) by 2
acal ourror concave sphencal mirror

Fig 1411 Images by sphercal mirrors

Focal Pownts The largest astronomical telescopes o the
world such as the one on Mt Palomar in California, operate on
the prinerple of the formation of real images of heavenly bodies
by large concave mirrors One of the characteristics of these m
struments 1s the fact that all rays of light from distant objects
are brought to focus at a single point known as the focal pount
See fiz 14 12 The distance from this point to the mirror 1s called
the focal distance It can be shown that for spherical mirrors the

Ray Porsllsl 10 Axx X/ \///

N

7,
A L
7 N
cemee "/ V4 A
Obect Focus] Ohyect \%ﬁ. < Conter
l 4

Fig 1412 Tlustrating the focal pont of the coneave spherical mirrot
and the virtual foeal point of the convex spherical mirror The focal dis-
tance 13 one-half the radius of curvature

focal distance 13 just half the radius of curvature Whereas th
convex sphencal murror always produces virtual 1mages reduce
1m size with respect to the object, and the foeal point 1s vartual
the type and a1z¢ of the 1mage produced by the concave spherica
mrrror depends upon the distanee between object and murror 2
compared with the foenl length and radivs of curvature of th
murror The concave mirror 13 an example of a converging systen
because 1t actually converges light The convex murror, on th
other hand, slways makes light appear to diverge and hence !
called a dwerging mrror
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hSlmple Lenses  Another example of a converging system 1s
t’, e double convex lens which, by refraction, causes Light to be
ent more at the edges than at the center and 50 to be converged

: I 7

° o] F

Fig 1414 The divermng
lens has & virtual focal pont
from which rays onginally
parsllel to the ats appear
ta come after refraction

Fig 1413 The converging lens
has & real focal point toward which
7233 origimally parallel to the axs
Pass after refraction

The double concave lens, on the other hand bemng thicker at the
xdge than at the center produces the opposite effect and so 15 an
xample of a diverging system See figs 1413 and 14 14

The convergence of a system can be shown by passing a beam
of sunlight restricted by an aperture, through the system if 1t
18 a lens, or by reflecting 1t from 1t 1f & marror, 1 a smoke-filled
room It will be noted that eriginally parallel rays (parallel be-
cause the sun 1s about 93 000 000 miles away and a narrow beam
does not have much opportumty to spread n the short space of
an ordinary room) erther converge to a focus or diverge from an
apparent focus as indicated See agamn figs 1413 and 1414 It

1415 Pomt source st focus of convergng lens The

Fy
b 10 bramemitted by tho lens 14 4 parsllel beam

beam wh ¢
will aleo be noted that the rays from a small pomthke <ource
situated op the principal axs at the focal distance away from a
converging lens will be parallel upon emergence from the lens
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This provides a means of producing parallel hight 1n the labora-
tory without resort to sunchme See fig 1415

Thth a converging system, 1 e, erther a double convex lens or
a coneave mirror 1t 18 found that images of objects lymg farther
away than the focal length are always mnverted and real For
objects located within the focal distance, however, 1mages are
virtual, ercct, and usually enlarged The size of the image 1s to
the size of the object as the 1mage distance 13 to the object dis
tance

Ray Diagrams From a con=ideration of the laws of reflection
and refraction and a knowledge of the charactenstics of the
focal points of a simple lens or spherical mirror 1t 15 possible to
Tocate the 1mage of an object by a so-called ray diagram

Ray Diagram for Concave Mirror Consider an object 1
the form of an arrow whose base rests on the axis of a concave
spherical mirror See fig 14 16 Treating the arrow as a luminous
source of light, consider first the rays of light emitted from the

N I\\\\\\\\\\\

Reel Ima o V etust Imaga

Fig 1416 Two examples of mmages loeated by the ray diagrim methed
These are formed by comerging mirrors {concase)

head end of 1t Of all the rays emitted from this point there are
ot least tno whose directions after reflection from the mirror are
determinable The ray which travels parallel to the axis must be
reflected through the focal pomt, and the ray which pasces
through the center of the curvature must be reflected back upon
atself Exeept when the base of the arrow 1s at n distance equal
to the focal length away from the murror, these two ravs will
interseet in front of the murror, or therr extensions will appear to
intersect behind the murror, and cuch an mtersection will repre-
tent an image of the pomnt from wluch the rays ongmally ema-
nated 1If the nter<ection tahes place m front of the mirror the
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1mage 18 real, 1f behind the mirror, then the image 15 virtual
Do 1t 13 founy that 1f the object les outside the focal point the
Image 18 always real and mverted If, however, the object lies
mside the foeal pomt, 1€, between the mirror and the focal
point, the mmage 13 virtual snd ercct It will be recalled that
when we look mto a shaving murror at very close range the
observed 1mage 15 nght s:ide up, behind the mirror and usually
maguified 1f, however, the mirror 15 held at quite some dis
tance, the 1mage of the face 13 wrong aide up, or real This 15
beeause the focal distance has been exceeded

Ray Diagram for Convex Mirrer 'The same ray tracing
procedure can be followed with the conves murror only to dis
cover that 1n this case the 1mage 15 always virtual and reduced
I size See fig 1417

An mteresting check on both thee cases results when a third
ray 1s considered Obwiously the rav from the head end of the

Ob ect.

Fig 1417 Virtual mmage by a diverzing murror (con-
vex) located by ray dmgram method

object which passes directly through the focus must be reflected
parallel to the axs and 1t should also pass through the point of
nter<ection of the other two rays

Of course 1t would be necessaty to consider such rays as are
here called firet sgcond and third for every single pomt of the
object to reproduce every single point of the image, but this 1s
hardly necessary “ince the head alone locates the poattion of the

on the axis

image when the base 18
Ray Diagrams for Thin Lenses  The foregomg considera-

w0 to thin lenses except that instead
t £ < 15 apphcable 2l pf 2
u‘: x‘i;gr:g, cc(edpg‘e rays are transmitted through the lens and
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instead of comsidering the ray through the center of curvature,
there being no such thing for a two-sided lens, the ray passing
through the actual center of the lens 13 uced See fig 1418 It

3

Imnge —

2
1 Obear Imoge g
2
7

Fig 1418 Tmages found by ray diagram method for converging and
diverging lens These show bhow a third ray through the focal powt
emerges parallel 10 the axs and checks the result given by rays 1 and 2

can be <hown that this ray 1s undeviated after passing through
a thin lens By such an analysis 1t 1s found that diverging lenses
always produce virtual and diminished images whereas con-
verging lenses produce real images if the objects lie outside the
focal point and virtual ymages 1f the objects he within this dis-
tance

The Magmfying Glass A common example of the latter
situation 13 that illustrated by the ordinary reading glass of

Vreaal
Imege

Obect. l\

Fig 1419 The mmple microscope or ordinary
magnify1ng glass represents a epecial case of 1mage
formation by a converping lens when the object
13 placed between the focal point and the lens The
mage 13 virtual and on the same side of the lens
a3 the object

armple mucroseope as 1t 18 technically ealled In uee, the glass 13
held at a distance from the printed page less than the focal length
of the lens and the resulting mmage 1 right sde up {virtual) and
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on the rame smde of the lens ns the object itself See fig 1419
If the glass s held too far away from the printed page the Image
of the print 13 1nverted (real) and 1s located out 1m front of the
lens, 1e, on the oppostte side from the object.

Almost alf optical instruments are combinations of mirrors and
lences, and 1n all cases 1t 1s possible to trace rays of ight through
the mstruments to understand how they function Such mnstry-
ments mclude telescapes, microscapes, opera glasses, cameras,
and the allamportant human eye See fig 1420 For an optical

Object

Fig 1420 The action of the photographic camers 35
illustrated A real rmage of the abject 13 formed on the

film placed at the rear of the camera

system consisting of more than one mirror or lens 1t 13 Pproper,
n ray diagram considerations, to first locate the mmage formed
by the first umit of the system and then treat it as the object
for the second umt, and so on 1n succession

The Eye. Posably the most 1aportant optical mstrumeny 3
the human eye, although the mistake must not be made of con-
fusing the phenomenon of seemg’ with that of the mage fop.
mation by the optical system of the eye Seemg mvalves ghe
mterpretation by the bramn of the lmage‘that 18 f?rmed Here we

. v By
B;Tangement serve as an ophical system to Produce u‘;ﬂ: eiez;
outside objects These 1mages faling on the Tetmg, which
really the inner hmng of the rear part of the eyebal], tmulate the
nerve cells contamed 1n 1t to send approprate essnges s e
bramn See fig 1421 The whole eyes filled wygy, N
which also take part m the refraction phenomen, The sperte™
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»r pupil, 15 controlled 1n size automatseally by the action of the
ns diaphragm The <maller the opemng, the sharper the image
that results, but too small an opening allows nsufficient light to
enter to shmulate the retina, and so the adjustment of the size of
this openmng, although performed automatically, 15 1ndeed very
critical

One of the important features of the eye 1s the focusing ar-
rangement Muscles are so attached to the lens that 1t can be
flattened or bulged, with the focal length correspondingly altered

Object

Lens and Muscles

Fig 1421 The optical system of the human eye
perves to form real 1mages on the retna the perve
tissue lintag the back portion of the eyeball

1t 1s by this arrangement that the ey e 15 <aid to be accommodated
for objects at different distances Otherwise 1t would not be pos-
sible to focus the eyes first upon a distant <cene and immediately
thereafter upon a newspaper held at ordinary reading dstance
It 1s this power of d which 18 dually lost with
old age, and this loss necessitates the use of so-called ¢ double-
vision ' plasces Indeed the entire question of spectacles 15 an ap
plicatton of physics m everyday lfe which will be con«dered
presently

Although the whole retina 13 very seneitive to light, there 1s
one gpot 1n particular $hat 13 extremely sensitive In fact 1t 13
g0 sepsitive that m all elose work such as reading, for example,
the eyeballs are continually moved so as to focus the work on
these spots of the iwo eyes Indeed, theee spots are so <mall that 1t
18 neceseary to actually move the eyeballs to shift the attention
from the one to the other of the two dots which make up the sem
colon mark of punctustion Thus 1t 1s that reading makes 1t neces
sary for the eyes to be moved jerhily along the lnes of the printe I
page, focusing upon one spot after another m rapid succession
Is 1t any wonder that theswe eyes of ours sometimes get tired

and require the assitance of spectacles, especially in middle hfv
or later, for many people?
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Eye Defects and Spectacles—Nearsightedness Tt has al-
feady been suggested that the adaptation of spectacles to asust
human vicion s a practical application of physics Some people
are born with eyeballs too long for distinet vision Images formed
by the lens system fall short of the retins, and no matter how

&l S

In rayopis (nearughted In hypermetropia (fars ght~
ness) the 1mage ts formed edness) the image 15 formed
before the retina With a belund the retina With a
dvermng lens i front of convergmg lens m front of
the eye the image 12 formed this eye the tmage 13 formed
on the rettma Thus faulty on the retina

vision 18 corrected

Fig 1422 Eye defects

haid the eye attempts to accommodate distinct vision ts not
achieved except for very close objects This condition 15 popu-~
larly called nesrsightedness Technically 1t 1s referred to as
myoma The obvious remedy 1s the use of a diverging lens m
front of the eye to mecrease the focal length of the whole system
This 15, then, why nearsighted persans wear glasses wiuich are
thicker at the edges than 1n the centers These are diverging
glasses See fig 1422

Farsightedness The opposite condition 1s of course far.
sightedness, or hypermciroma, 2s 1t 15 called Tt vepresents s
condrtion 1n which the eyeball 1s too short and, as a result, 1mages
are always formed hehind the retina This condition 13 relieved by
the use of supplementary converging lenses to shorten the over-
all focal length of the sy<tem As people Jose the power of accom-
modation with mncreasing age they generslly become more and
more farsighted The near pomnt, so to epeak, recedes with ad-
vanemng age Thus 1t 13 that many a nearsighted person finds his
vision mproved as time goes on

Astigmatism  Many eyes suffer from a defect known ss
astigmatism It 15 probabdly safe to gay that more <pectacles are
wom for this Teason than for any other Astigmatism s an sber-
ration mvolving the shape of the front surface or the . .
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the eye This defect shows up when a person attempts to see
with equs! distinctness all the hnes of a semes drann radtally
from a pomt 10 a plane The astigmatic eye sees the lines m
certamn directions more distinetly than m others Headaches con-
titute a common symptom of this difficulty as a result of stramn
on the eye muscles when they attempt to compensate for the
defect To correct a condition of astigmatism cyhindmeal epec
tacles are used with their cylindrical axes properly adjusted for
the directton of the astigmatism Of course several defects can
be compensated for at the same time by a pair of spectacles so
that spectacle lenses are often combinations of spherical and
cylindneal surfaces, representing something of an achievement
on the part of the optician Indeed, 1t 18 no exaggeration to
repeat that applications of phyates m the ai1d of humen vision
are of the utmost 1mportance

Summary In this chapter we have scen that geometric opties
plays a very mmportant role in the world of human experience
From the ordinary spectacle lens to the largest astronomical
telescope, hight rays form images of lummous objects Reflection
and refraction, mirrors and lenses, illumination and darkness—
all are within the realm of optics, all a part of the study of
physies Let us consider next the action of a prism on a beam of
hght, the wonders of the rainbow, and other optical phenomena
related to physieal optics as contrasted with geometric opties.

QUESTIONS

1 That 13 meant by photometry?

2 Does the intenwity of 1llummation at & place depend upon the
distance 1t 18 away from the source?

3 Define the foot-candle

4 Why can 1t be assumed that hight passes through the center of
a thin lens almost undeviated n direction?

& Indicate the path of two rays from & point on an object
which may be drawn to locate the smage formed by (a) &
epherteal mirror, {(b) a lens

6 Show by a diagram that a person ean see his entire 1mage 10
a plane miurror one half as taill a3 he 19

7 How can f d and nearsighted be corrected

g with spectacles?

What type of lens must be used to produce an enlarged 10ag#
on a gereen?
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9 Show by a diagram how hpht passes (a) through a lens

which 13 thicker at the center than at the edges, {b) through
a lens whose edges are thicker than the center

Can & double convex lens be used to start a fire? A convex
muror? A concave murror?

What type of image 1s formed on the film of a camera by
the lens?



CHAPTER XV

OPTICAL CONSIDERATIONS (Continued)

PHYSICAL OPTICS, DISPERSION, SPECTROSCOFY,
INTERFERENCE, DIFFRACTION, POLARIZATION

In the precedmy thapter, questions deahing with the diree~
tional aspects of light rays were considered It was obeerved that
rays were reflected, bent, made to intercect one another to form
mmages, and affected by the presence of matter The geometry
of each sttuation was of more immediate 1mportance than the
nature of Iight itself In this chapter we are to be more concerned
with the latter question, namely the nature of light. We shall
first consider another phenomenon 1 which direction aleo plays
an 1mportant part

‘The Vistble Spectrum  When a narrow beam of sunlight 1s
passed through a triangularly shaped glass prism a very mterest-
mg and perhaps strange result 15 produced by refraction Sec
fig 151 Not only 1s the ray bent, as the study of the preceding
chapter would require, but 1t 13 spread out 1nto a whole spec-
trum of visible colors rengng from red to violet This ndieates
that there 15 something about a beam of light which makes pos-
sible 1ts resolution nte component parts The phenamenan 18
referred to as dispersion. If the source of hght 1s an ¥lummated
narrow <lit and an 1mage of 1t 13 formed on a screen by a lens
held near the priem, there will be reproduced on the screen suc-
cessve overlapping images of the shit 1n every single color present
1 the source Thus the spectrum formed by s prism 1s character-
1zed by the hght eource used, and many different types of spectra
have been classified

Spectroscopy  All meandescent light sources are found to
emit continuous spectra, 1¢, continuous bands of light contan-
g aif the cofora of the rammbow Indeed, the rambow steeff 13 &
#pectroscopie phenomenon produced by sunlight paseng through
droplets of water 1n the arr when the sun makes a certam angle

178
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with the honzon after n shower The solar spectrum, however, 15
K0t stretly & continuous <pectrum, as will be pointed out pr::s-
enily On the other hand, electnic hght flaments and glowing
furnaces do give spectra which are continuous

Hot vapors, ke thote 1n the modern fluorescent lamps, gve
tise {0 epectra n which only <elected colors are present Agamn,

ROY G BV

Glass Prsm

Fig 151 A beam of sunbight 18 epread out
wto & cofored spectrum by & tnangularly
shaped glaws pryem

1f the source 15 & shit dlummated by such a bight, the spectrum
will be a set of discrete Imes separated by dark gaps Such a
spectrum 15 ordimanly referred to as a dnght lne spectrum No
{no chemcal elernents yeld the same brght-lne spectrum,
whenee 1d tion of ¢h ! sub 1s possible by spec-
troscopic methods Indeed, new chemieal elements have been dis-
covered after apectroseopic studies have indicated thewr presence
It was 1o this way that hebum was discovered

The bright lmes of the spectra of all chemucal substances fallow
patterns of varymng degrees of compleuuty which have been eore
related with atomic structure Much of what 18 hnown tadny
about atomic structure has been defermined from spectrasrapie
Studres, and the subject of <pectroseopy has been one of the most
frurtful subjects of research 1 phy<ies 1 the last two Jerades

for this reaon
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The third type of spectrum m this classificatron of spectra 13
the dark-lme or absorption <pectrum This type 13 produced where
an mcandescent source 15 placed 1n such a way with respect to a
hot vaper that the light from the former 13 intercepted by the
latter before 1t passes through the spectroscope Under these con-
dittons the colors which would ordmanly constitute the spectrum
from the hot vapor are absorbed from the continyous spectrum
that would have been produced by the mncandescent source alone
This results, 1n the ca<e of the sht-type spectroscope mentioned
twice before, 1n an almost continuots spectrum, but one crossed
by dark hines

Fraunhofer Lines The solar spectrum 1s a dark-line spec-
trum and dicates that the outer portions of the sun contain ele-
ments whose charactersstic wave lengths have been absorbed from
the otherwise continuous spectrum of the mnner and hotter por-
t1ons of the sun The dark lines 1n the solar spectrum, having first
been observed by the German physicist Fraunhofer, have been
ealled Fraunhofer lines The more conspicuous of these are labeled
with alphabetical letters See fig 15.2 Thus the Fraunhofer D Iine

RO
C D b F G (Fraunhofer Lines)

Fig 152 The appearance of the eolar spectrum
crossed by the Fraunhofer hines The colors in this
spectrum nre unequally spaced when formed by a
prsm The D Iime 13 due to sodium, the C lme to
hydrogen etc

Y G B V_ (Colors)

refers to the sodum doublet, or the pair of very close lmes in the
yellow-orange region of the spectrum It occurs at precisely the
same position as that oceupied by & mmilar parr of yeltow-orange
lines 1n the spectrum of a sodum vapor lamp The so-called
optical disp of 2 13 often d by the de-
gree to which the instrument can separate the hines 1n this doublet

Thus the whole question of the nature and structure of light 1
ratsed by the study of epectroseopy It 18 evident that so ealled
white light, or simply sunshine, can be broken down 1nto constitu-
ent colors by the prism of the spectroscope Moreover, it 13 pos-
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uble to recombine tolors so as to reproduce white ight These are
#wple expenmental procedures which can be performed quite
readily m the elaseroom today Just as Newton demonstrated them
seme three hundred years ago

Color Mixtures This matter of the superposition of colors
or the mixtures of colors 13 an mteresting study m atself It s
referred to by some s the physies of art It 1s found that only
three colors, the £o called primary colors, are necessary to pro
duce a farrly acourate reproduction of white light, and that com-
bmations of these three colors will reproduce practically any
tofor Color printing utilizes three prnimary colors 1n this manner
In & less accurate way, two colors sometimes produce a fairly
8ood reproduction of white light Such paurs of colors are ealled
tomplementary colors Hlue and yellow, red and green, are ex-
amples of such complementary pairs

Color Addition vs Color Subtraction An mmportant dis-
tinetion must be made between the addition of two colors and the
additwon of two migments, whch 15 really the subtraction of two
tolors Yellow and blue hght when added together produce white
light, as Just noted, but yellow pait applied to a blue surface pto
duces a green surface Since the color of yellow paint results from
1he Saey thay 2)) the tolors but yellow, probably bordered by some.
green, have been absorbed, and since the color of blue pamt results
from the fact that all the colors except blue, probably bordered by
some green are absorbed, the only color reflected by the combinas
tion 13 that which 19 reflected 1 coramon by each, namely green
Thus the addition of yellow pigment to blue pigment 15 the sub-
fraction of all eolors except green

This dishnction between addition and subtraction ean be shown
1n another way If two spotlights, one with a yellow filter before
1t and the other with & blue filter, are caused to shine their ight
upon the same screen, the resulting epot of light on the screen
will be practically white Ipf, huw‘e:rer, a 'su:lg-]e sp:)thght 18 used

The only color, then, that will probably get through both filtes
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15 green Of rourse, a camplete filterng J0b by the filters woula
produce black, or the complete absence of all eolor It mght be
noted parenthetically that no object has any color 1n the dark
Color 1s the result of selective absorption of hight Sumlarly, s red
apple appears black under strictly green light because there 13 DO
red hight to be reflected 1f the hight 1s truly green

Interference The superposition of light not only mvolves the
matter of additive colors but also suggests anather phenomenon of
constderable interest Under very special crrcumstances hght ap
parently coming {from two different sources can be made to pro
duce darkness that 1s to say, two beams of hght can be made to
nullify each other Thomas Young (1773-1829) obeerved that
when 2 candle 18 placed behind a double shit, 1 ¢, two parallel shts
rather close together, the hight commg from the two <its forms a
peculiar pattern on a <creen held in front of the shits Thus pattern
consists of a set of alternate bright and dark bands ortented par-
allel to the shts When white Light such as a candle source 1s used,
the bnght bands are colored, but when light of a single color 1s
u=ed, e g, light from a 3 ellow sodium source, the bright bands, or
fringes as they are called, are all of one color, separated of coure
by dark bands

The expl ton of this ph lves the wave theory
of hight Whereas water waves are known te be able to interfere
with one another when they are superimposed if one 13 a half wave
length out of phase with the other, 50 1t follows that hight waves
can mterfere destructively under proper circumstances The dark
bands oceur at those places where the distance to one sht exceeds
the distance to the other shit by an integral number of half wave
lengths Of course the distances between the fringes are very smal.
«ince the wave length of Light 1s very small, being of the arder of
several hundred thousandths of a centimeter The whole phe
nomenen 1s called mterference of light The dark bands represent

destructive interfercnce and the bright bands repreent construc:
tne imterference

Diffraction  Although the priem epectroscope provides o
mens of breaking light down into its component parts, and It
particular of separating white light into colors by refraction, thert
15 #hall onother way of produeing the same effect This 13 by dif
fraction, which 13 a phenomenon of selective bending of hight ra3¢
recording to wave length as hight passes around the edges of ob
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striictions, the longer waves being bent more than the <horter
ones A grating produced by ruling several thousand lines per
ek on g transparent glacs plate by a diamond powmt constitutes
2 deviee by maeans of which white Light can be thus resolved wnto
s colors As the lght passes through this grating <ome of 1t 15
bent direction, with red hight bent more than blue hght Conee

quently, spectra are produced by a fine ruled grating See fig 153

Gatng R ) Spectrum Red

—_——— / vy eVl

—_——
She Undeviated Wh te Beom
Lighe =

— v
——— Spectrum V clet
R to Red

Fiz 153 A grat og formed by ruling tevern] thousand Tmes per meh
on a glass plate will produce spectra by difraction as wdicated

‘1= 15 1 realits an nterference phenomenon and requires for 1its
iterpretation the assumption that hight 13 & wave phenomenon
»r eorpuseular light would not be so affected by a grating As has
cen noted the bending of light 13 selective arcording ta wave
ngth

Grating Spectroscope  Furthermore this o called grating
pe of spectroscope makes possible the very simple matter of
ea<unng the wave lengths of hight The bending of waves around
lges 15 very fambar to all who have watched water waves play
ound dochs and piers ¥4 hat 1s not so famliar 1s the manner 1in
hich the bending depends upon the length of the waves con

rned Very short hght waves (00004 em to 00007 cm ) are

L v o,

at tﬁxs phenomenon of diffraction might seem meapable of
monstration except under very favorable circumstances Such
wever, 18 not the case berause imexpensive replicas of costly
led gratangs can be made very ea<ily out of collodion that work.
actically as well as the orgmals themselves
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Colors of Thin Films Due to Interference Another mter-
esting phenomenon 1n this connection 1s the colonng produced by
very thin films such as thin films of oil on water, or those films
which constitute the so-called mother-of-pear] 1n oyster shells
This also 15 an interference effect and one which can be produced
only when he films are exceedngly thin The lght reflected from
one surface nterferes with the ight reflected from the other sur-
{ace, re-enforcement or nulhfieation results depending upon the
number of half wave Tengths ncluded between the two surfaces
Indeed, the thickness of the film can sometimes be measured by
the color effects produced This 19 & way of utiizing light waves
for measurement purposes Such interferometric methods are used
1 precision messurements 0 such extent and refinement today
that 1t 1s possible to measure to a mullionth of an mch with cer-
tainty Thus 1s made possible the interchange of working parts in
the modern automobile, which have to be fitted with as little
clearance s a few thousandths of an mch

Invisible Glass A very novel and mteresting appheation of
the laws of interferometry has recently been developed to make
glass invisible Thus 1s accoraplished by coating the glass with a
film of some convenient substance The thickness of this film 15 2
very critical matter, 1t 1s Just so thick that light reflected from one
side of 1t will interfere destructively with Light reflected from the
other side~—(not over a quarter of a wave length of light at the
most), thereby ehminating the beam that would normally be re-
flected from the front surface of the glass This, of course, makes
the glass invisible since the hne of demarcation between 1t and the
surroundings 13 elminated 1613 to be noted that the actual sur-
face of a front-surfaced mirror 18 really invisible since the reflec-
410n 19 total rather than selective Camers lenses coated so as to
mahe thewr surfaces 1nvicible are found to be very effective m
producing glareless phot hs Sumilarly, invisible-glass win-
dows 1n front of instruments such as clocks and electrical meters
cut down the glare to observers, who can thereby see the faces of
the instruments more clearly

Polarized Light. As a final topic to be considered 1n this
desenptive survey of vphics, and of physics generally, we turn to
polanized Dight, a subject which has gamed conaderable pepu
larity 1n recent years through the advent, of polaroid, the material
used 1n cerfain sunglasees and 1n three-dimensional movies The
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concepts of interference and diffraction Just conwadered have defi

Ditely established the wave aspects of hght and yeb 1t should be
recalled from the quantum theary viewpomt that the corpuscular
aspects are not to be ygnored Nevertheless 1t must be obvious
that, for the most part the wavelike features of Iight seem to be
voked more often to explain common phenomena than the cor

puscular features With this m mind the next question we en

counter 15 whether light waves are longitudinal hike sound waves
or transverse like elastic waves This question 15 best answered
by the study of the polanzation of hght

Vihen a beam of light 15 passed through & crystal of the =ub
2 ana

AL

exactly as the first one If the second disk of polarmd tor exam
ple 1s rotated through an angle of 90° with respect to the first
one, no Light 1 passed through 1t The phenomenon i3 called
polarzaton. The ight 13 szid to be polarzed by the first disk
which 18 called the polarzer, and 1 this condition its angle of
polanzation can be determined by the second disk which is called
the analyzer

Nature of Polarized Laght To help understand the matter
hetter 1t15 useful to consider an enslogy If a horzontal rope fixed
at one end 13 waved up and down by the other end a transverse

e Sz

F4L n en ] s ghea gh

wave vibrating i & vertical plane 1 estabhished Furthermore the
situstion would not be altered 1f the rope were to pass through a
vertica) slot or gate 1f however such a <fot were turned so as to
be horzontal 1t would effectively top the wave motion beyond
the pomnt on the r0pe where it Was placed See fig 154 “Moreover,
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Jf two slots were used, one at some distance beyond the other,
then a rendom sidewise motion of the free end of the rope would
be restricted by the first slot to a motion parallel to itself and,
unless the second slot were orented 1n the same direction as the
first, no wave motion would pass through the second slot There
18 something about the molecular or atomic arrangement m tour-
mahine and polarord which restricts waves of light to & particular
plane of vibration just as the slots 1n the above examples restrict
the motion of the rope W hen the mode of vibration of light waves
18 50 Testricted the hight 13 said to be plane-polarzed Thus 1t 18
<cen further that the polanzability of hght requires that hght be
~ transverse wave motion if 1t 13 & wave motion at all, because
longitudinal waves cannot be polarized
Polarization by Reflectton In addition to the phenomenon
of polarization by transmission through tourmalme or polarold,
Light 15 polarized to a large extent Just by reflection alone In-
deed, alt reflected hight 1s polanzed somewhat, even the glare from
& cement highway on 3 bnght day Thus polaroid sunglasses are
effecttve m reducing glare because they eliminate the polarized
component of the reflected light Sky lLight 18 al<o polarized because
all the fine particles of water vapor, dust, etc 1 the air reflect
light Such reflection, or scattering, of shord wave-length hght Ty
much more pronounced than that of long wave-length Light and
0 the hight reflected from the shy 1s blue Although the mdday
<hy 13 blue, the sunset 1s reddish This 13 because the light from
the <unset 13 transmitted through the carths atmosphere and
appears red bectu<e the blue has been removed by scattering The
sky at noon 1s scen by reflected light, whereas the sunset 13 seen
by transmitted light Both the scattered and the transmitted com-
ponents are polanzed
Photoelastieity. Polanzed light has been found to be of
derable value to the hime designer Thus 13 because many
cubstances which are transparent to ordinary hght have quite 8
| 7 1m pol d Iight Furtherinore, many sub-
stances, ordmarily transparent, under polanized lLight become
opaque when struned Glaes and eelluloid, for example, display
regular-colored snterference patterns when stramed and viewed
under polanzed bight Celluloid models of gears and other parts
of machmery will ehow the regions of stress when vicwed 1n opera-
tion under polarized light, and many industrial concerns cary
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°m5“°h Photoelastic tests on new designs before going into the
preduction of machine parts and f: ed products In the
aviation mdustry, 1n particular, where close tolerances m weight
are very important, such photoelastic analyces are utilized to
prevent a sacrifice w strength along with weight Indeed, the sub
Ject of polanzed hight 1s a branch of physics which illustrates
quile aptly the manner 1 which physics has been consciously put
to wark by practiesl men who no longer are content wath just
engineenng experience but who are quick to take advantage of
every new development 1n the scientific laboratory

In Conclusion No wonder this 15 a seientific age, and no
wounder laymen are interested 1n the mtricacies of physics even if
they do not, and 1n some cases cannot, delve deeply nto the
mathematics of the situation It 15 for students, and people gen-
erally, who are thus sincerely mterested 1n a <ober treatment of
physics on the deseriptive level that this text has been wntten It
will not, and cannot, provide the neceseary comprehension for the
per<on who wiches to utilize the materal m a professional was,
but 1t 13 the hope of the wniter that it will arouse nterest and
develop a sense of apprectation for physies mn those who wish to
make 1ts acquaintance 1n a manner which one might call serious

yet unprofessional
QUESTIONS

1 Sketch the passage of & ray of light through a triangular
T°m

2 I"Vhat land of spectrum 1s obtamed from moonkight? from
starhght?

3 Describe the appearance of a red card as 1t 13 moved through
a continuous spectrum

4 Why does a mixture of ali pigments produce blach whereas

P Seie

5

6

7 What 15 meant by destructive and constructive interference
of hight waves? .

8 to

9 cal

‘methods of measurement to the phy siert?
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REVIEW QUESTIONS
REVIEW QUESTIONS

{See page 190 for answers )
Crapress XIV axp XV

Lught 15 thought to be a wave motion principally be-
cause of 1 sts interference effect, 2 1ts enormous
veloetty 3 its action on the human eye 4 Em
stesn 8 theories 5 1ts propagation n straight lnes
Diffraction1s 1 the same as refraction, 2 the same
as fluorescence, 3 governed by the law of reflection,
4 the cause of red sunsets, 5 <he bendmg of light
around edges
The age old conflict between the corpuscular and
the wave theortes of light has been settled by pres-
ent day physiasts 1 1n favor of the wave view, 2
in favor of the corp lar theory 3 by d
Iight to be nerther wavelike nor corpuscular, 4 by
& corpuscular view to explamn diffraction and a wave
view to explam the enormous veloaity, § by con-
sidering hght to be both wavelike and corpuscular
The veloaity of hght was determmned very premisely
by 1 Newton 2 Galleo, 3 Michelson, 4 Ein-
stein 5 Huygens
‘The shortest plane mirror 1 which & man can sce
his entire erect 1mage 1 19 just as long as himself,
2 18 dependent upon his distance away from the
murror 3 18 just half bis height 4 1s necessanly
b AsoE a2

oAtk

" brightness of a
ource of light,

3 solid angle 4 glare 5 illumination of a surface
The 1llumination produced by a source of Iight on &
surface varies 1 directly as the distance between
them, 2 inversely as the distance between them,
3 1nver<ely as the square of the distance between
them, 4 directly as the square of the distance be~
tween them, 5 independently of the distance be-
tween therr
Iaght 13 co
pally by 1
4 eelective abeorption 5 interference
Yhen a beam of hight falls obliquely on a glass sur-
“ace after passing through air it 1s 1 bent toward
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REVIEW QUESTIONS

the hasman 1t

oy uar pallaly  immersed 1n water appears
broken” because of 1 refraction, 2 dxﬁrac}:xon,
3 polanzation, 4 mterference, 5 absorption
The spectrum of the sun 1 15 an almost continuous
band of colored light covenng the whole visible
range, 2 13 a bright-lme spectrum, 3 18 produced
only by means of a pnsm 4 may be produced
eimply by a concave murror 5 13 exactly hke the
spectrum of a mercury are hght
Real 1mages differ from virtual images 1n that
1 real 1mages are always 1inverted, 2 real 1mages
are always ereet, 3 real 1mages are sometimes 1n-
verted but sometimes erect, 4 vartual 1mages can be
mpressed on a screen, 5 only converging lenses can
produce virtual 1mages
The wave Jength of yellow light 13 approximately
1 08cm,2 0006 cm, 3 00006 cm 4 006 cm,
5 0000006 cm
Yellow light and blue light when added together
produce 1 green, 2 yellow, 3 blue, 4 white,
5 black
A double convex glass lens 13 1 a diverging system,
2 capable of producing virtual 1mages 3 unable ta
produce real 1mages, 4 always free from chromatie
aherration, 5 always free from sphercal aberra«
tion
The human eye 13 1 essentially a spectroscope ca-
pable of analyzing the component colors 1n a source,
2. gsventially » radio receiver permanently “tuned ’
t0 a parrow band of electromagnetic frequencies,
3 1o no respect whatever a radio recetver 4 ahso-
utely unaffected by infrared light, 5 escentislly
a eompound microscope
Myopla (nearsightedness) 18 corrected by the uce
of 1 concave lenses, 2 convex lences, 3 concave
mirrors 4 convex murrors, 5 astigmatic lenses
The largest telescopes 1 the world are mitrors be-
canse 1 mverted 1mages are desired, 2 they are
cheaper and more practical than fen<es of the <ame
size 3 they will gather more hight than lences of the

(
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190 REVIEW QUESTIONS

ES IR

[ LY

oo =

same size, 4 they can be made with longer focal
lengths, 5 greater magnification 1s passdﬂe than

with lenses of the same 8128 . L..oin o0 veinins .

Polarxzed light 1 was dlscovercd by the u<e of

d,2 indieates the corpuscular aspect of hight,
3 may he used to detect stmm m transparent sub-
stances; 4 15 blue, 5 1s of no commereaal value as

L T L R T T T

[¢4] 74D 13 (1) 19 (4) 2% (1)
¢} 8 (5) 14 (3) 20 (5) 26 (3)
) 9 (2) 15 (3) 21 (3) 7 3
W 10 (3} 18 (3) 22 (1) 25 [$))
@ 11 (4) 17 {49 23 (2 2 (1)
) 12 (D 18 (3) 21 (9 30 (8)

Answers to Review Questions pp 89-92
@ 5 (1 10 (3) 15 (2 20 (1)
@) 6 (5) 11 (5} 16 (5) 21 (3)
[ 73 12 () 17 (1) 22 (B
@) 8 (2 13 18 @ 23 (2)
9 ) Y (N 19 24 )

Answers to Review Questions pp 134~135
) 3 (3) 5 (D 8 (3) 1M
@ 4@ 6@ 9 (2) 12 55)

7@ 10 (4

Answers to Retiew Questions pp 183190
M 4 (3) T 10 (1) 13 (3
(5 5 (3 & 11 (1 14 ((43)
(412 € (5 91 12 (1 15 (2)
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APPENDIX
SUPPLEMENTARY REVIEW QUESTIONS

The scientific method 1 12 based on deductave rea
soning 2 13 based on mductive reasoming 3 15
Afustrated by the wntings of Anstotle 4 has al
ways heen followed m physics 5 disregards facts
A hypothesis 1s 1 the same thing as a sclentifie
theory 2 not allowed i physics 3 never success
ful 4 anecessary step i induct; 5 al
ways successful

Force 1s the same as 1 mass 2 push 3 power
4 momentum 5 acceleration

The recultant of two forees of 10 lbs each acting
opposite direetionsis 1 201bs 2 101bs 3 141bs
4 51bs 5 zero

A force 13 alvays necessary 1 to heep a body mov
g steadily 10 a fixed direction 2 to change the
speed of & body 3 to account for the veloerts of o
body 4 to keep a body at rest 5 to determune the
position of 2 body

Displacement 1s 1 the change of posttion 2 the
same as distance traveled 3 the time rate of change
of velopsty 4 the same as momentum 5 synony
mous with magutude

Velooity may change 1 m magmtude only 2
magmtude and/or direction 3 1 direction oaly
4 only by Newtonslaw 5 only horzontally

The acceleration of gravity 18 1 zero 2 32 cm per
see 3 32 ft persec 4 32 cm per sec per sec
5 32ft per sec per ge¢

Accelerations 1 the same as veloeity 2 the same
as displacement, 3 the time rate of change of dis
placement 4 the time rate of change of veloeity
5 always zero

A body traveling mn a arcle with constant <peed
1 has constant veloeity 2 18 accelerated 3 15 not
affected by eravity 4 has zers displacement

5 15 weightless
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Newton = second iaw of motson proposes that
1 force 13 mass times scceleration, 2 weight 18
force, 3 a body at rest continues at rest unless a
foree acts, 4 to all actions there are equal and op-
posite reactions, 5 all bodies are attracted to the
center of the earth
Work 15 1 mass times aceeleration 2 force times
chsplacement when these two quantities have the
same direction, 3 force times displacement only
when the two are mutually perpendicular, 4 force
times velocity, 5 mass tumes velocity
The work done when a 10 Ib force acts horizontally
on a 501b body on a frictionless surface 1s
1 10 ft-lbs, 2 10 Ibs, 3 500 ft-lbs, 4 500 Ibs,
5 zero
The espacity to do work 1s called 1 mechanical
advantage, 2 energy, 3 power, 4 efficiency, 5
momentum
The ratto of the force overcome by a machine to the
force applied to 1t 1s called 1 mechanical advan-
tage 2 energy, 3 power, 4 effizency, 5 work
The maxmum displacement of a vibration from
equilibrium 1s called 1 frequency, 2 speed, 3 am-
plitude, 4 period 5 mertia
Simple harmonie motion 1 takes place in a straight
lime, 2 1s rotary 3 1s torsional, 4 1s always audi-
Yle, 5 always wmnvolves nodes and loops
Sound 15 a wave phenomenon of the following type
1 transverse, 2 circular, 3 longitudinal, 4 electro
magnetie, § elliptical
‘The veloeity of a wave s 1 the product of the fre-
- he fre-
. times

to the
next crest, 5 always 186 000 miles per second
1In & tube open at each end sound waves 1 display
2 node at esther end, 2 display an antinode at the
center, 3 reconate with a fundamental wave length
of four times the tube length, 4 have a fundamental
wave length of twice the tube length, § can never
resgnate
The number of overtones m a sound 1 deter-
mines the pitch, 2 determunes the quality, 3 gov-

(
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SUPPLEMENTARY REVIEW CUESTIONS

erns the loudness, 4 accounts for all beat phe-
nemena, § 15 always zero

When a 256-cycle, tuning fork and a 260 eycle tun-
10g fork ave counded together, the number of beats
one hearsis 1 zero,?2 one,3 two 4 three, 5 four
[CAUTION! Do not confuse the answer with the
number atiached to the answer ]

Whenever two waves of the same frequency, speed,
and gmplitude traveling mn opposite directions are
supertmpased 1 destructive interference always re-
sults 2 constructive mterference always results,
3 refraction 13 demonstrated, 4 the phase differ-
ence 15 always zero, 5 standing waves are pro-
duced

Atoms are 1 ngid spheres, 2 composed of mole-
cules, 3 always stationary, 4 composed of elec-
trons, protons, and neutrons, 5 nonexistent

If the pressure of a gas 13 increased threefold at
constant temperature the volume 1 must be -
creased threefold, 2 must be decreased threefold,
3 must be decreaced ninefold, 4 remsins the same,
5 decreases to zero

Tf the temperature of a gas 1s raxsed its molecules

1 are speeded up 2 are <lowed down 3 undergo
1o change 1n speed, 4 are made smaller, 5 are made

larger

The petature on the C de scale which
cortesponds to —40° Fahrenhert 1@ 1 0°C, 2
—222°C 3 —72°C 4 10°C,5 —40°C
Boyle’s law has to do with 1 hquds seeking ther
own level, 2 the diffusion of gaces through porous
substances, 3 the law of multiple proportions,
4 Magdeburg hemispheres, 5 the pressure~volume
relations of a gas

Hesat1s 1 aflud, 2 energy 3 power, 4 momen-
tum, 8 the same as temperature

Pressure may be measured n 1 pounds, 2 mches,
3 pounds per mch, 4 pounds per square wch,

The reacon for meulating a refrizetalol Is 1 pre=
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APPENDIX

vent outward radiation, 2 to prevent heat from
commg m 3 to prevent the cold from goung out,
4 to melt the 1ce, 5 to prevent the ice from melting
¥ hen an ebomte rod 1s rubbed with fur 1 electric-
1ty 1s generated, 2 positive and negative electneity
are separated 3 the fur 1s said to be negatively
charged, 4 the rod 13 said to be positively charged,
5 nothing happens

The proton compared with the negative electron
has 1 the same sign of charge, 2 the same ize,
3 the oppo<tie sign of charge, 4 twice the charge,
5 1/1800 as much charge

Two Iike electric charges 1 attract each other,
2 repel each other 3 neutralize each other 4 have
no effect on each other 5 must be neutrons

Vi hen glass 1s rubbed with silk 1 electrieaty 1s gen-
crated 2 the glass 1s positively charged 3 the glass
18 negatively charged 4 the silk 1s uncharged,
5 the «1lk acquires twice as much charge as the
glass

The leaves of a charged gold leaf electroscope move
apart because 1 Dike charges attract, 2 they are
mnc b ol nharmad 2 tha  arn mamad Al

R - 1

ite rod 1s rubbed with fur 1 negative electrons are
tahen away from the fur 2 posittve electrons are
accumulated on the fur, 3 protons acecumulate on
the rod, 4 protons are wiped off the rod, 5 the rod
beeomes o good conductor of electrieity

The function of a condenser 15 1 to produce a
sparh 2 o mncrease potential 3 to diminich the
charge, 4 to mereace the mtenaity of a spark at a
gven electrical pressure, 5 to condence a given
amount of charge nto a <maller volume

In a metal conductor the two ends of which are hept
at a constant difference 1n potential 1 a current of
eleetrrerty 19 established 2 electrons flow from post-
tive to negatine 3 protons flow from plus to minus
4 tharge miles up at the negative end, 5 magetic
effects are never produced

Electrolvais 1s an effect usually clacafied as 1 mag-
netic 2 Teating 3 chemical 4 acoustical, 5 static
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SUPPLEMENTARY REVIEW QUESTIONS

In this locality the north end of a compass needle
pomts 1 east of north 2 north, 3 west of north,
4 toward the north magnetic pole of the earth,
5 south

A umt posttive charge at rest and a umt north mag-
netie pole 1 attract each other 2 repel each other,
3 exert no effect on each other 4 produce other
magnetic poles, 5 produce other electric charges
When an electroscope 15 charged by imduction
1 the sign of the charge mnduced 18 the same as that
on the chargng body, 2 the sign of the induced
charge 1s apposite to that on the charging body
3 charges are transferred directly from the charging
body to the electroscope 4 the induced charge 13 al-
ways positive since the leaves diverge 5 the
charged electroscope has the same number of elec-
trons before and after

When a current 15 passed through a wire which
crosses a magnehic field 1 the wire 1s attracted
toward the north =ide of the field 2 the wire 15 at-
tracted toward the south side of the field 3 the
wire 13 not moved 1n any way 4 the wire always
becomes magnetized 5 the wire 1s caused to move
at right angles to the field and at right angles to 1ts
own direction

Elect tic duct) was d by
1 Maxwell, 2 Edison, 3 Eunstem, 4 Oersted,

The electric toaster depends for 1ts operation upon
which of the following effects of a current 1 the
hesfing effect, 2 the magnetic effect 3 the chemi~
cal effect, 4 the thermoelectric effect, 5 the elec-
trolytic effect

Which of the following names 1s associated with
cathode rays 1 Joule 2 Franklin, 3 Thales,
4 Oersted, 5 J J Thomson

The folloming are all modern physicists except

1 Michelson 2 Compton, 3 Milhikan, ¢ Maxwell,

5 Hecenberg
‘All of the following terms suggest modern physics
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except 1 quantum theory 2 relatiity 3 post
tron 4 proton 5 resistivity

Laght 13 thought to be a wave motion prncipally
because of 1 1ts enormous velocity 2 1ts sbility
1o be polarzed 3 1ts propagation i straght lines
4 1ts action on a photographie plate 5 1ts ability to
be focused by a lens

A foot-candle meter 13 used to measure 1 illumina
tion 2 glare 3 bnghtness of a source 4 candle
power 5 distance

The bendmng of hght around edges 1s due to 1 re
fraction 2 reflection 3 polanzation 4 diffraction
5 ahsorption

‘The 1lumimation on the flat top of a table 2 feet
directly beneath a 40 candle power lamp 1s 1 10
foot-candles 2 10 candle power 3 20 foot candles
4 zero 5 80 foot-candles

The vicible spectrum of the sun1s 1 a continuous

spread of color from red to violet 2 a spread of
color ¢ro sed by dark hines 3 a brght-line spec
trum 4 exactly like the visihle spectrum of sodum

higtt 5 completely lacking 1n green light

Answers 1o Supplementary Pewew Quest ons

[+2) 10 (2) 19 (1) 29 (2) 30 (1
(€3] 1 (1) 20 (1) 20 4 40 (1
(3] 12 () 21 (2) 3 (D 41 (3)
5 1B ) 22 (5) 32 (2 42 @3)
(2) M@ 23 (5) 3 (2 43 (3)
tn 1B (1) 24 {9) 3¢ (3 44 ()
2 B (3 22 (2) 33 (2) 45 (5)
(5 17 (1 % (1) 36 (2) 46 (5)
@ B ® 27 {5 37 (5) 47 (1)

28 (5) 38 (1)
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References to names of phy<eists are not meluded For such names, see the
chapter on ‘ H: torical Considerations Pages 12-25

Absolute temperature & 51
Abeolute zero 88 97 9
Absorption of beat ua

on wpectrum
Aevdeatan 33 o m\ 3
Accommodstion 174
Adhenan
Mvantese mechenical 48

qud 108

Aoboparude 157
Altutude
Ampere 20 133 141 M3
Amplrude of vibration 88 of wave 03
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Amon 141
Anode 1t
Arabic eystem of numbers 15
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Atomte bomb 158
Atomsc energy
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Bolng 101 203
Boilng temperature 101
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Bottle thermos 113 114
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Bright lne spectrura 179
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Browmen motion 41
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Capac

Cupnanty e cal 125
Cep llary ettraction 8
Cathods
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Cathode rays 151
Cation M1
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Centimete

Centrafoga! force 9
Centr ngtal force 39

Charge elu’trm 80 1208
Charles s law
Chem el offect, ol curreat 140
Chludm figures

8

Clodkmte momment 13 torque 33
Closed organ p pes

Gonlficon of ot cn 45 48 of hest con
duch ity 108 of theroual expans on 9
Cohesor

Golor 112 181 adduion, 181 subtesct on
3t

Colors of thin filma 134

Compression 57 65 67
Concave
Cond 1

Conduction of jleancty 123 of best 107
Conservat on of evergy
raciive mtanfortnce 83
Cont. nuous spectrs 178 179
Convect on of heat 107 108 109
Conve ging optical system
T

Covmba o 121 101
Guunterclockowas moment 33 toraze 8
of x
s dart spoce 130 1 i
t electnaty 1353 direction of 140
foi
Dark line spectrum 180

8y mesn golar §
eclination angle of 13t
2

Destruct ve mterference 88
Dew pomt 103
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Diamagnetism 133 Fluorescence 151
Dmmnon 192 Focll pomt 168
D ]

Dp wrele o 132 rnne cnndle xaz

D st surrest 140 of foree  Foot pound
2 Tt 8 20 0 ddectncal 30 moleclate
Dispersion 178

TDisplacement 3¢ Frankln pul!e glu« 102
Distortion 57 Fraunhofer b

Diverging optical system 163 Freely falling bodies 36
Deoppler s prnciple 73 74 Frequency 67 of vibration 36
Dy 1ce 104 105 Frction 43 46 43

Duraton 8 Frctional electricity 118
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Dine 7 88 121 Fusion hest of 104

Dine centmeter 43
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effects of 140 Glans umvmble 131
Flectrie diseharges an gases M2 Glow
Hectric field Gold-teaf al:ctmsmp! 126
Tlectrtc induction 137 Gram
Tlectric motor 145 Grat -p«:z scope 193

Gravitational pult @ 40

Gravity 8
Flectric resistance 139
Flectneity 80 18T 1388  friet
Liccroys s 10101 cuional 113 Hest W of famon 104 of vaponzation
Electrolvte 141
Electromagnet 143 Heat "L'uh(len 08
Flactromagnetie mduction 14§ Heat trgnsfer 107
Flectyomagnetie spectram 112 Heating efect of current 140
Tlectromntive fc 1 Helum 179
Electron 21 23 79 81 123 124 1351 Hookos law 55
Flectron volt 157 1 4
Flectromes 20 15 Tothouse 15"
lectrostatics 118 ouse heatng 1
Firvator hadusulie 66 Humdus 102 103
Fomsnon thermionie 152 ydraulic brakes
Enersy 42 4454 458 Hydraubc elevator 81
nemeerng § 1D drocen atom

Fagh of unity 8 9 e r
T hrvam of orem 31 Iyrestates 68

ve & 3 grometry
Trber 3t Typermetcopin 123
F vaporation Hypothess 3
Lspansirn mmmm of 95 themmal g3

Fermeniation Ideal gns 85 93
r“'""“"‘“ 3 Tliumination 162 18
,‘, defeets 175 lm;u optical 168 107 real, 187, vartusl,

Toch

Fahrenheit seale 68

Faradsv dark apnee 130 T Flane 47

Index of refruction 16
l‘.n:,lhlrdnh- l1l! Induction elertrical 127 elcctromagnet ¢
Jomor I.ln'| 13 13 magnetic 132
setl electreat 121 nductive rensenicg 2 11
Taeld totenuty 131 323 pertia 0 39
Fome ;;n on thin 184 nfrarel I ght 112
L ot 3 e ¥,
R e 0 e g




INDEX 199

Tetens ty nl electnic field 121 122 of mag  Molecular force 57 93
[ Molecales 79

Iooeelrence 15 of xases 8 83 Y
Titernat oot mé ef Momeatam 30 %
}:\“,‘:i! glass 184 Motion & 26 Brownuan 51 82 Newtons
. s of 3740
Teotope of ursmum 153 Motor slectne. 145
Afyopin 7!
Joule s tow 141 pome 118
Nears ebtedness 115
toram 1 8 Negt ve slecine charge B 199
Falowaty 142 Negnt ve glow 130
Kilowatt hour 142 Neutron
Kanemat es 28 Newtous hw ol vitatic 40 or:
Kumet ¢ energy 43 ot on vtstion 40 lams of
Koot < Shory of mater 82 13 Nodes
Kundt s app: 7 North magnet ¢ pole 131

North seek ng pale 131
Lsw of Boyle 88 of Coulomb 121 of  Nuclesr phys e Pn
s on newton) 40 of Hooke 55

of lum astwn 163 of Joule 112 of Ob ervaton 3 1t
et et mot on (Newton) 740 of  Octave 15

hm 133 of refecton 163 184 of 7 Ohms law 139
frae on (Sacl) 180 Open organ ppes 16
Left band rule 145 Opt cal umage 164 167
Length 2 § of wave 67 Optcs 1608
Lens Osmoss 83
Too ot 18 Osmot ¢ pressure 88
Lever 47 Onertones 71 78
Leve arm 22
Lght 180 polanwed 134 185 araflel Light 169
L ght vays 161 783 13
Lames rnunhom 180 e
B we 1ok s Per od of vibrat o 8
Lodestone 19 ¥30 malor 1
Longitudmsal wave 63 eab L v mognet ¢ 133
Loopt 70 Phase 57 88 12
Loudness of sound 75 hotnelast ¢ ty 158
Lumen, 162 Photoelectne cell 139 154
hotoelectr ¢ effect 22153
Machne 45 Photoeraph ¢ camers 173
Maguet ¢ compas 130 hatometry 162 163
Mot < chiecs of current 340 ha ol optce 10
Magnet ¢ field ntensity 132 Pushole camera
agnet ¢ ndustion 132 ool averen 48 of sound 75
Maimet ¢ permeab 1ty 133 W A ne 5
aguet c pole 131 enum 153
Magtetum 1306 terres st 131 olarza_on by reflct on 138
Aagoette 112 13 olarized 1ght 154 185
Meguifving glass 172 ofarszer 185
Mam 2 58 % olaro L 1% 15§
Matter 9% Ge Mmognetc 131
Mesn solat das’ 8 onton 34
Mesn solat gecond 8 o ve column 150
Menmrement 4510 onit ve clectm charce 80 318
Measunng rastruments 9 on tve glow 150
M:ch-mul adesutsee e b
fechamcal equivalence e Pon tron 81 158
Meldeo -wnwnn kS Potent ul electric
Mercury 8 Fo ental & ference 1'%
Me rury thermomete 95 Toten ot o “
Meteorolomy 63 10 ‘orad 7
Afete e nationn 6 Foed I sectne 101
Me rie svstem of vaits § Prmire atrmagher e u, ,, 0o
f ¢ Tson Mo ley expenmmeat 23 8 ommole 8 vapor
M « ometer al per 10 Preasure cooker 101
M roscope_sufple 12 Prmery colom 13t

Prum 178
MES uats 9 Froton T3 8 18



Paa A
Yuh ¢ 28 \
Quality of sound 15 78

Qunta 115
Quntur: theoty 22 118

Tader 1

fren
Radwmuon of heat 107 11
Rada 12

Tsdo wave

T e, B v

Ray aipha 187 bea 137 esthode 1%
kamma 357 heht 383 pomtne 355

on 163
13 W totsl wmternst 365

Telat viey 22 118
Nesstsnce electnie 139

raooancy
Reaultant foroe 21 28
Detazm 373

Rotury movon 33

Sty 10to 1he Wind 3 W
5

£ ntaf, 33
Saenhe wevhod % 8
Serew @3

Second mean sclar §
Seleetive_tesamission 1
Sheas

L4
Side theust MI 13
Fmple barmon s maton 3 38
mn

Shog hygrometer 103
fnell y taer 181
demd Hi

Soud

A
Fourd 78X charnctematicn of 7§ veloon
et w

By mmw pnl- m
Fpeafic prav

o
Tplion 15 bright line 1%
darkaine 180 electros
magene $11 vinble 171
Epeet 23
Banmg tabnee ¥
ng weves 70
M!mluﬂ! m

satems of umts B §

Telewision 21 134

Temperature 93 mhalute 7
Tession sustace 87

Terrestrest magnetism

“Theoretical mecbareal advanme a
Thesmal espzasion g3

Thermome emion 152

ecmomelry
‘Thermos bottle {13 it
Toermostat binetall ¢ 9
Tivn Sl 488
'n.mhnm of bracng 75
Time t 158

3
Torat mtecnal u&ectm 18y
Transfer of heat 307

Tonnatawory mation 1
‘Transverss wave 53
Twt 57

Ultraviolet hght m

Umt magnetze pole

Ttk postive etie charge 130
Units 5 8

Uranum xsa
Uramum fiason 158
Uramum asotope 153

Yacuum 63

Yapor pressu

Yaporuaton xmz oi 108
Sector 36

ertor nﬂdmw

8
Yrtoal sage 167
Yot
Voaer 122

watt 13
Wove 828 clustic &,
standing 70 teanav

foamtudinal
”
Wern Sarsctering 8

ve tapreentation €8
Wave veiomty 67
Testher 62 110

‘odre 4%
Weght ¢ 7
Weight denmty 8
Work, €L

Koy 20 11 98y 15
Yard Amencan & Englub 3
Zea abuclate 8 97 38

y 3 38 u! tound 75 of weve 7
per

62



publ shed by Barnes & Noble Inc

LITERATURE
AMERICAN LITERATURE (CO}
ENGLISH LITERATURE

D ¢t onory of (EH)
ENGLISH LITERATURE la Dryden (CO}
ENGLISH LITERATURE since M lton (CO)
NOVELS Piot Qutt nes of 100 (EH}
WORLD UTERATURE 2 vols (CO)

MATHIMATICS ENGINEERING
ALGEBRA College {CO)
CALCULYS {CO}
ENGINEERING DRAWING {CO}
GEOMETRY Analyt ¢ (CO)
GEOMETRY Anclyt ¢ Problems (CO)
GEOMETRY Descr pt ve (CO)
GEOMETRY Plane Problems {CO}
LOGARITHMIC & Tr gonometnic
Tables (CO)
MATHEMATICS For Everyday Use {EH}
MATHEMATICS COLLEGE (CO}
SUIDE RULE (EH)
TRIGONOMETRY Plane &
Spher col (CO)

PHILOSOPHY
PHILOSOPHERS TEACHINGS

of Great (EH
PHILOSOPHY An latraduct on (CO)
PHILOSOPHY Hondboak 1

H story of (CO)
PHILOSOPHY Read ngs o (CO)
RELIGIONS of Ihe World (EH)

PSYCHOLOGY

PSYCHOLOGISTS Teoch ngs of Great {EH)
PSYCHOLOGY CHILD (CO)
PSYCHOLOGY EDUCATIONAL (CO}
PSYCHOLOGY GENERAL (€O}
PSYCHOLOGY READINGS {CO)

SCIENCE

ANATOMY and PHYSIOLOGY (CO)
BACTERIOLOGY (CO)

BOLOGY {CO)

¢
[COLLEGE OUTLINES and EVERYDAY HANDBOOKS* (Cont

105 Fifth Ave New York 3 N Y

College Oull nes {CO) and Everyday Handbooks (EH) prov de summer es of important
academ c sub ects and inst uct on n popular act v &3 They ore author tat ve econam
<al baoks for Ihe student or Joyman who w shes 1o learn or fo rev ew a subject or on
oct v ty qu ckly (Prices range from $.50 10 $§2 50}

SCIENCE {Cont )

BOTANY {CO)

CHEMISTRY F 131 Year College (CO)
CHEMISTRY Orgon < {€O)
CHEMISTRY Phys col (CO}
CHEMISTRY PROBLEMS (CO)

FOOD and YOU {EH)

GEOLOGY (CO)

PHYSICS {CO)

PHYSICS PROBLEMS (CO)

PHYSICS W thout Mathemat s {CO}
PHYSIOLOGY Fundomentals of (EH)
ROCKS ond MINERALS {EH)
200L0GY (€O}

i

$OCIOLOGY  ANTHROPOLOGY
ANTHROPOLOGY GENERAL (€O}
MAN and SOCIETY {EH}

SEX ond MARRIAGE (EH)
SOCIOLOGY Pr ciples of (CO)
SOCIOLOGY Reed ngs n (CO)

SOCIAL ACTIVITIES SPORTS

BRIDGE F rs1 Book of (EH)

CHECKERS Haw to Ploy (EH)

CHESS Frat Book ot {€H)

CHESS GAMES How to Win Qu ckly (EH}
CHESS Improv ng Your {EH}

CHESS OPENINGS Complete Book of (EH)
CLUB MEMBER § Handbook (EH)

DANCE HOW TO {EH)

FISHING SPIN {EH)

FISHING Sportsman 3 D gest of (EH)
FOLK DANCES For All (EH)

HUNTING Sportsman s D gest of {EH)
MANNERS FOR MILLIONS {EH)

PARTY GAMES For All {EH}

STuDY AlbS
EXAMINATIONS n COULEGE [CO}
HANDWRITING BETTER (EH)
RESEARCH and REPOXT WRITING (CO)
STUDY BEST METHODS of {CO)
WRITING TERM PAPERS

and REPORTS (CO)

*Th sI'st beg ns at the front of the Book




sups si3

Fash &

)
Quality of saumd 75, 70
wnta 315
Quantum theory 22 M3

Radar 134
Raduant ener
Had atwn_of heat m, 1
Rad

Radio waves 13;

Tad castivity 24 387
Rasnbow 118

Rarefaction 83
Rsy alphs 137
Fawma 17
Y dungrama
Real image 107
Tiectif nens propagation

1 1se

bets 187 cathode 151
xmg i pont ve 355

181
sotel 1nternat 165

Teiatve hndity 103
Relat wity 2 118
Res stance slectric
Regonance 30 W 1

Resattant force 27 28
Retinn

Totay moton 2

Bading wto the wird 30 60
Bcrenee &
Foientibe aw 3 83
Feient e method 2 3

ew 4%
Becond menn solar 3
Beleetave trzsmusion 114
Shear 87
Bude thrast 145 13

79

ram abeorption 1% hrhh\-hnr 1"
rontiaons 175, dark e
magnetie 113 vnble 13
)

inationt 1%
Boblmssion 104
ubmarine &2
Bupersomes 74
urlace tension §7
sates of uoaty § 9

devison 2t 1M
perature 93 bsctute 97
enn o surface &7
mmmx magzetsm
cat rnechamen] tdﬂntln 4
el expans on 95
hermionie emustion 152

omesry ¥
Thermos bottle 313 114

hermostet Dimetalte 93

I'hruhold of bevrmg ¥
Tome % 5 8

Torque 23

Total anternal reflertion 165
Transfer of heat 107
Trauslatory motion 22
Transvesse wave 83

Twist 87

mtnmm Lght 12
t meguetic pole 13t
Yust pontive electrc eharge 10
Tone 3 8
U 188
Vramum fiawon 16
Ursnium ssotope 158

Varaun «a

Yapor preas

lemautxon nm ol n
Veotor 20 29

Vector add uon 29
eionty 2 33 glomd 3 ot wwve 8
Yermer zabiper

Vibration

Virtus! image 167

lolt 1

Valtags 122

watt 13
W--« [ chasne & longitudimal 631
e 03

Wave n 67

Wave motion 87
Ware eepresentetion 81
Wave velonty

Yaather 8 130
Wedge 43

We ght

Bewht denxty 3
wk,

Croy 21 U2 M9 12
Terd Amencean & Engluh 3
Zera abeolate 83 §7 93



i
COLLEGE OUTLINES and EVERYDAY HANDBOOKS* (Cont -
publ shed by Barnes & Noble Inc. 105 Fifth Ave New York 3 N Y
College Outl nes [CO) and Everyday Handbeoks {EH} prov de summar es of important
academ ¢ subjects and nst uel on n popular act v 1 es They are autho fat ve econem
20 books for the student or layman who w shes to Jearn or to rev ew @ sub ect o on

1t vty qu ckly {Pr cex range from $ 50 1o $250)

JTERATURE

AMERICAN LITERATURE {CO}

INGLISH LITERATURE B
D ¢t anary of {EH)

INGUISH LITERATURE fo Dryden [€O)

INGLISH LITERATURE 1 nce M lton (CO)

NOVELS, Plot Cutl mes of 100 [EN)

NORLD LITERATURE 2 vals {CO)

WATHEMATICS ENGINEERING
ALGEBRA College (CO}
CALCULUS {CO)
INGINEERING DRAWING {CO}
SEOMEIRY Analyt ¢ {CO}
SEOMETRY Analyt ¢ P oblems (COJ
SEQMETRY Descr pt ve (CO)
SEOMETRY Plane Problems {CO)
LOGARITHMIC & Tr gonomet ¢
Tables (CO)
MATHEMATICS For Everyday Use {EH)
MATHEMATICS COLLEGE {CO)
SUIDE RULE (H)
TRIGONOMETRY Plane &
Spher cal (CO)

PHILOSOPHY
PHILOSOPHERS TEACHINGS
of Great (EH)
PHILOSOPHY An Inteoduct on {CO)
PHILOSOPHY Handbook n
Hstory of (CO)
PHILOSOPHY Read ngs n {CO)
REUGIONS of fhe Wartd (EH)

PSYCHOLOGY

PSYCHOLOGISTS Teach ngs of G eat {EH)
PSYCHOLOGY CHILD {CO}
PSYCHOLOGY EDUCATIONAL (€O}
PSYCHOLOGY GENERAL (CO)
PSYCHOLOGY READINGS {CO)

SCIENCE

ANATOMY ond PHYSIOLOGY {CO}
BACTERIOLOGY (CO)

BIOLOGY (CO)

*Th 31t beg ns of the front of the book

SCIENCE {Cont )

BOTANY (CO)

CHEMISTRY £ rst Year College (CO)
CHEMISTRY Organ ¢ (CO)
CHEMISTRY Phys cal (CO)
CHEMISTRY PROBLEMS {CO)

FOOD and YOU {EM)

GEOLOGY (CO}

PHYSICS {CO)

PHYSICS PROBLEMS {CO)

PHYSICS W thout Mathemat ¢s {CO}
PHYSIOtOGY Fundomentals of {EH}
ROCKS and MINERALS (EH)
ZOOLOGY {CO}

SOCIOLOGY ANTHROPOLOGY
ANTHROPOLOGY GENERAL {CO}
MAN ond SOCIETY {EH)

SEX and MARRIAGE [EH}
SOCIOLOGY Pr ne ples of {CO)
SOCIOLOGY Reod ngs n {CO}

SOCIAL ACTIVITIES SPORTS

BRIDGE F st Book of (EH}

CHECKERS How to Play (EH)

CHESS F st Boak of {EH)}

CHESS GAMES How to W 6 Qu ckly (EH)
CHESS tmprov ng Your (EH]

CHESS OPENINGS Complete Book of (EH}
CLUS MEMBER S Handbook {EH)

DANCE HOW TO (EH)

FISHING SPIN (EH)

FISHING Sportsman s D gest of {EH)
FOLK DANCES For All {EH)

HUNTING Sportsman s D gest of (EH)
MANNERS FOR MILLIONS {EH)

PARTY GAMES For All {EH)

STUDY AIDS
EXAMINATIONS ja COUEGE (CO}
HANDWRITING BETTER {EH)
RESEARCH and REPORT WRITING [CO}
STUDY BEST METHODS of {CO)
WRITING TERM PAPERS

ond REPORTS {CO)



