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12 NI'W JANDBOOW OF THE HTAVINS

Thete is a real sath(action In knowing which stars to
In qummer what diffevent stars will decorste winer o
which plancts shine In the morning sky what other
fn the west after the actting of tho sun

Long ago people traced pictures among the stars T
carved these heavenly fipures on stones o Babylonla, dw,
them on papyrus In Egypt fixed them on marble in Gresy
and palated ¢ on buffalo skins in the Amencan west, o
ancfent constellation figures cao «tlll be recognlzed, for !
stars seem (a ttay the tame In relation to their neighbon &
a lfetime and even a thousand yrars. Really they src #
difting in space, but they are 80 far away that their motks
cannot be policed in a iifetime. To the unaided cye (b
seem fixed and permanent in posltion.

Even though they do teem fixed in relation to one nothes
a2l the siare appear te move topether around the carth. Lony
opo people thought they actunlly did circle the carth
24 hours the way the sun seems 1o do But then It way din
covered that the carth #self was turning on its axis and the
the spparent mations of the sun and Rars were the result o
thls movement of the canh.

{3 one star though that doer not scem to chanp
much’ It ks the brightest fn the Litife Dit‘ggr“l proper namx
I Alpha (g) its family name, Ursa M benee the sts
fs called Alpha Ursae Minoris snd is nicknamed pofe atar
MHanging over the nonth polo of the carth, aver one end o
the sxit on which the earth turny, it s the brightest star clou
to the north ceiestial pole Al the gtacs scent {0 rotate arounc
1he north star which {tself makes a small circle around the
celestial pole every 24 houns because it b really 13 awayp
Srom the true pole To the casual obverver it appears 10 be
quite mothonless and always to occupy the same place (or any
onc iathtude in the northern hembsphere (where pote star meant
the naeth star)

However Polarhs, the north star has a different positlon for
evesy Ititude within that hembsphere In the New I nglynd
states it Iy obout hatf way up the aorthern sky wherea [ (he
north pale & Iy overbead. At the equator howerer the polt
star Is ost at the horlron S0 4l sou travel o0 the north (he
pofe stac climbs hugher the farther you go Whtn v w B
south the star drops lower and dhappears I you cr vy (pe
equator inta the southern hemusphere, There the soutt p jap
regron of the sky tomes into view and o the same 1 ppan
theae stars clunb higher above the southern horron 0 N
(avels from the equator toward the south polr

Jint a3 there ls o pole of the shy overtbe earthy oy 1
there is a celeatial eguator that fangs over (e LT o,
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Sons rap
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Earths
< atmosohere ¥

At

Figare 1 Insoratto,

lnsolatlon depends upon (e (nchnatlon f the funs rays, and
the absorption of the atmorphere when we consider equal arese, a 1
stant output of solar enerry and equal distances from the gun €
dizgram shows (hese (no effects, closdy connected with he bangr
scasoms, In bigh lathtudes, bundle fsolir ays b spread o era s

arcs and thos is low concentrated than  simlar bandle of may

fower hiteudes, Smilacly i s evident that eblyue ra 3 paty thro
« greater thickoe of stmesphere coarequent] “lung much of th
Tighting and hesting po er

assumo thit the sun's position B a con tant one Since ¢
ennhdoc:notmvrlnnpﬂfmdrdaamum“hcn?nm.
i nearer and farther from yy [n Qugyr
we are about 3 000 000 miles closer 0 the um thart in Jol
The varying dutance does not make winter and symmi
however The actual shilt of the scason come, frm qol
different causes The carth i round, wrapped  hoy, with
blanket of air and tipped upon its axiv Sunligh must pes
trate the alr before It can warm the carth ben 4p, Vertk
rays of sunlight which strike directly down y n ,Lc y
nre the most effective a3 the AcCOmPanyng oy gyam B
because they paas through a minlmum amouns rand [}

upon a comparathely small surface area thus on
tberr heat. The slanting rays, oa the pTher hand, PJ‘:CS:::.:
a much greater thicknew of . .
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Figure 2 Tnx Srasons

At different seasons [ the year the boom sam appears at diferenta
ludalunohermn-nyomm!hn.mrda;mmhdn“f“!
Jocahty In latiteds 23)% N Bost tmportant cause of the ch
seasors, as fThatrated in thls dlagram & the difference in .
day and night at different times of the year for the length of the
path  bove the borlron indicates the davhght bours,

moves regularly among thete same stars, as do the planets
varjows Intervals. The moon s path, always cdoss to the e
ammhlnmplﬂcn\mel}wofblucron'cd:ﬂ
occanomally occur  Either the moon comes between ys o
the sun and hides the latter or the moon enters (he earfl
shadow and is darkened. Because of the eclipses thay oo
here the sun's path was named tho ecliptic,

But the carth Iy upon ts adl, and as a reguy of g
the celestlal equator Is incimed to the ecliptic and cropyey
Where equator and ecliptic cross are the equinax
along the muns apparent F:lh reached near Marcp o] 'lk
September 23 each year [rom these poinh in ghy

the suns ray strile the equater directly ang

poth
the earth there 8 cqual day and night.
After the equinox time, the sltuatio—=hanpey Clingp,
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shows only the woterm beausphere. The time in all siations of 1
ene rope notzally differs by a full bour from that in adfeining 58
and rones vary In ogtllne acrording to the convenwnce of Jacal

ard tlme docs et differ by ooe mhaok hour from adfoining wo

houn to see the sun after it has come op in New York 01
this was merely interesting, but now It is used 1o help o
the positions of ships at sca and the big clipper aimplanes g8

All that ks necessary to determine difference 1 pop itud
mxm«thedmcnfmrmﬂpmw'b"‘"hl:dfr:
muumeau-mmbﬂ"mmm T

method Is to use Greenw 2 2 qang,,,
 —— d fre

2
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Figure 3 Towr-Zods

The earth b divided tnt 24 standard-time gopes, each 15
loogitude This section of U 5. Coast and Geodetic Sorvey diag
thows ooly the western bemispbere The time in all gtations of !

within. Diagomally shaded regions isdicat (he few arcas wbere
ard tme doey wet differ by one whole bour from adjoining
up

bours to sce the sun after it has come
this was merely interesting but pow It uu:cdmwp;w
zhepa:mauolnhipnucnmduhcbu ’W"lirphnnd

Aﬂthnzhnmrywdanmhediagmmbnmm

know the time of an) two places carth

y con tell the castmest distance betweey o
"“’ch‘l‘hﬂm"‘mduuln
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2 Stars around the Poles

WHIREVER ONE Lives upon the cacth there are certain 30
that he can see night after night At the north pole of ¢
carth, for instance, one always sees the same stars—ihb
frever set and are vidble at ol hours every ught As the cat
turns on {t& xxis cach 24 hours the whole sky scems to ofre
with cvery stor at & definite and connant height above t
Those ucar the horfron seem to move parafie! to

and those overhead drcle in a directon te to the had
of & clock Every star seen from the pole fs cireumpol.
:hueminonlamumc-ky the other half never mises at dl
rorth pole and ks forever invisible from that peint

Suppose, though, that you were to leave the north pole 11
2O a3 far south & Mmneapolis. This city and all others |
the same latitude arc exactly half way between the equai
and the rutcs. The pole star therefore hangs hall way
the sky instead of at the zeuth where it way seen from
north geographsca! pole Jo Minncepolus all the atary in
on any night still scem to move around the pole nar butst
of them rising ot of the rast and climbing sbove the
hortzon will sink from view in the weit and be out of
for some time during tho night Above the porthern
there are ceriain stars that continually swing sround the
celenial pole and nsever dizappear Since they are in view
every hout of every might they are among the eanest 1o
and identify They are the Leyv nea of con teilation
the circumpolar stars They form an easy gude to
near by groups.

1f aur Jourmey be extended and we contnue 1 the
we find the pole atar at the horzon and no 1t IS

view through the wpqy,
night. Bot s this pole they move fn the oppos, directg
[ —
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2 NLW HANDBROOK OF THE HEAVENS

Flgure 4 Noxrn Crecusrotar Coxsrmiartons

are rechoned on the same scale Stars 43 umes ay bripht
i are d d as jtude S

first 5 o 2eTO )
brghter than that arc labeled munus Thus Sislus our teid
est star b magnitude —1 58 The lowest value represent §
greateat brilllance 5o Polarws is smong the second-magnits
group and five of the scven stars in the Great Bear art
this same brillmance It » no workler then thag the I
Dipper b casy to find 1 a glance and Pol n cay o lod
when one follows the pointery of the Dipper

The “ponters” mre the two stars epposite the handle of |
Great Dipper By following u lne dmwn from the bott
of the bowd through the pointers and extended ahowy
times the dptance between them onic COMES 10 the pole
To make sure that this B Polaris onc shoulg learn U
Minor the Litle Dipper ay weil. The Tule Dipper
Polars m the end of ity handle the beightest st ¢y the ¢
stellation. There are three tan (o th~haadie and (4,,, R
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feveral thousands of years for any change fn their s
ment to be noticeable to the naked eye, Neverthelest i
efn instruments their motion can be detected over a @
of years, and we know that a time will come thonund-
vears in the future when many of the fam{llar star figarett
be hard to

Some of the star groups are truly refated. Five of the b
stars fn_the Blg Dipper for example beloag to the &
family The open clustcr” of #t membery moves a3 3 pU
through space all the ttars sharing & common speed and
rection of motion.

For a [ifetime of a man upon the earth through the pest
of many peneratlons during the ycars of a millennfum. 1
sky will look much the same. So the B9 constellatrons 1

and will serve as points of refcrence
from now Cassiopcia I fust onc of these 89 yet it fs typica
the reat Its borden include not Just the w; figure 1
b 30 easy 1o sce with the eye, but many faint stars neas
that one must look closcly to find. Then too, there are
double stary that lle within this consteflation area which
only reveated ay double in the telescope Here too are clod
of stars and hery patches of light that are called the nebd
Stars that vary in thelr light can be found in this area alo
one night one can learn to find the “w™ and to recop
Castiopels scated upon her throne Many nights must
though before one can easlly pick out the boundaries of 1
“star state and find with his unaided eye all the stan i
belong within It. Many more pights may be spent in discoy
jng thove hidden objects that lic within the reach of the &

Near 2 I3 the sectlon of the sby which the Grd
o of vars Tt s from Cosdop e
stream of stans that rum from to the litde
of the Pleludes depicts Persens He still bolds fn hh hang‘l
head of the Medisa relic of his herorc adventure with )
Gorpons. One of the wicked eyes of the snaky halred moet
till shines bat seems 10 close now and then For in Pergeny
& "blinking 125" that changes hs light from day ta day
it is called mamed by the Aratn the Demon star A,
varlable star In Perscus 11 Rho (2)

Algofl fs & common raore wad Rha & & scentific name, P
all stars have common names—only the thghter apd 1y

as & rule were named fndividoatly by (he astrd
omers must he able o identify any star m 5 consicllay
The common practice of wing Greeh Ietiery 4y dnla
dfferent s o the constcllation ha followed
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teveral thowrands of years (+r any change Mrj
ment fo be noticeable 1o the naled eye Nevenbeizn b
em Instraments thert motion can b detected ovet a 18
of years, amd we know that a time will come o
years in the future when many of the familiar stas figeert
hard to recopnire.

Same of the star groups are tnuly related. Five of B¢
stars In the Rie Dipper 1w example helwg to e &
famnily The “open cloder™ of itx members manes xt & £
throngh space sl the stars sharing a common spoed 4
recton of mation

Fot a lifetime of 2 man upon the carth throuph the pave
of many pencrations, duting the yean of a millenabem
sky will Jook much the tame So the &9 conecllatan
which the sy has been dnhded touay will he there t mort
end will senve as polats of reference I r men a thouand 18
{rom now Casiopeis ks just one of these 89£R(wnp\s.
the rest. Ity bordens include not Just the weshaped fipure |
30 casy 10 tee with the ©)¢ but many faint stars neat
that one must look clowly (o find Then ty there are
douMe stars that lie wuhin ths constellation area, whi*h
only revealed as double in the telescope Here too are chwd
of stars and hary pat hes of Hght that are called the aehd
Start that vary in thewr light can be {wmd in this area als
one night one can fearn to find the “w  and 1 reavy?
Casslopeia aeated mpoa ber throne Many nights mat 1
though befare one can easily prd out the boundancs of (
“star stare™ and find with his unarded cye all the gan 4
belong within it Mam more nighty may Be spent fn d ooy !
ing thow hidden objecte that lie withm the reach of thed

COpe
Near Cassiopeia B the cactwon of the shy whih the O
named after Castioperas ki inlaw Peneu A 3 npA
stream of stars (hat tuns (ram Cassiopeia 10 the hitthe F ¢
of 1he Fleudes depicts Fenneu  He still holts m hh bardd
head of the Medut relt of tis herow advennure wah
Gorgomt. One of the wnked evey of the n Lv-harrad ol
still shiny but seemm 1o chwe now and then |5 1 Panen
a ~thaking star th t hanges as hght from J \ (o day AY
It % calied, named ™ the Arabs the Deman vtar ancd
variatle sar b Perveun o Rbo ()
Alecd 1y 3 commOn Tatoe and Who L a saentdiy pame
all #tan have comman namav—ony the 1 phier ang m P
ar ax 8 rule were mamed incivrhiall gy he 2 1
 must be sble b f ently any sir o 4 a5
The commen prestie of wing Creel lettens 4, deagn ’

ddferent yats m the constelat @ hu.:::&rom...‘, .
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Persel instead of Persens Delta Cephel and Alpha U
Minoris. It b sdmple alter you have once discovered »
the system is. It Is really & kind of unbversal Linguyp 82
people Interested in the stary alf over the world cun = #
undenstand, an astronomical Esperanto i you will, s bed¢
sign langusge that afl nations can un

Of course people who live south of the equator wl &
choose the Blg a1 their guide to the night iy—k
rather the Southern 1. Wherever you Iive there are (amb
stars that remain In view night ofter night. These are the &
on which to Then a3 the scasons roll on your exp®
tions can branch out to Inclode the new vrutory of spring ¥
summer and the changing stars of autumn and winter
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is o double star in the Dolphin's head, and behmd bl -
hazy patch which in the telescope is a clmter of oo

B:twcandphh\mmdAlbhtoulbcbcadoIQpﬂ’”
the Jmage of an arrow The constellation, made of fe td 3
stars, Js labeed Sagitta, Between Sagita and Cvpmm Ba!
even more fnconsp figure % ulpecols, the Lk A
from Aesop s fables, Prize object in this arca i the Doz
Ncbuh—mod(ﬂ]yshapcd telescopic patch of mbty Lt

Sagitts and Vulpecula require real searching So save
for the time when you ate fooling for new fidddd to cony
and feel an lrresistible urge to find something that ¥
fellow star have not yet dncovered Actually of coxc
Cyvgnus and Aquils, Delphinus and Lyrs are remnants of
mghts of summer They are crosting the south in the &
evening In early antomn As the hours pass they will sink
the wrst and disappear before the dawn. Driven before th
@il £o the stary that hung in the west in the early event
There are Bodtes, ofl the curve of the Dipper s bandle, s
Corona Hercules Ophiuchus, and Sagittarma.

When trying to describe the Jocation of one constell
in relation to another we must have some method that
always work. At first it might scem as though the casfest
would be 10 1av to your fellow astronomer  When you £

-

earlier or 3 hours later on the same cvening in the same b
Ry and it would be nust the opposite in the southern bety
here In the Jong run, it 1 oot wrse (0 use the terms adored
low richt ot left up ot down when pivmg directions ln ¥
iy i
It is far better to start ot correctly Imapine
sphere overlsced with arcles hike :xphcial‘:r&'):;chﬂ
the Aour-circler pass (hrough the pofer, but other circla |
right angles to arc parallel with the
ealled parailels of decl nanon There 1 wne rs'u‘ﬂ.",'dﬂﬂ;
very easy to viualue-~the mertdn When soy face &
touth vou can imagine It running from the horwon threol
the zenith or ovetbead point, on 1o the north caanal pd
and dowg to the horzon (Out of aght it continuey an th, L
the south crlestial pole as the @ meridian ) Suppass "";’3
1hat Orion seemaed 10 be fust over the somh peing on 1
merkdian. To dewnbe Auripa propedy you wouyy tay
it was north of Onwon. Tt ks betwoen the hesd of Orwon .,,,,',
north celestnl pole However 1epu~" of
cane the great carele that saned 37 \ /
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h a double star in the Dolphin s head, and behind his tall
hary patch which In the telescope b a cluster of coun
sars,

Between Delphinus and Albireo at the head of Cypous
the Image of an arrow The constellation, made of five fa
stars, i1 labeled Sapitta. Between Sagitta and Cypnus lies
even more | pt figure Vul a, the Litle F
from Aesop 1 fables. Prize object in this area &5 the Dumbb
Nebula—an Od‘“uf shaped telescopic patch of misty light

Sagitta and V a reﬁm real searching So save the
for the time when you arc looking for new fields to conqt
and feel an frresistible urge to find something that yv
fellow star-gazers have not yet discovered. Actually of coun
Cygnus and Aquila, Delphinus and Lyra are of t
nights of summer They are crossing the south in the €2
cvening in early autumm As the hours pass they will sink
the west and dhappear before the dawn. Driven before th!
will po the stars that hung in the west in the early cvenls
There are Bodtes, off the curve of the D s handle, a
Corona, Hercules Ophiuchus, and Sagit:

When trying to describe the location of one constellats
in relation to another we must have some method that =
nlways work. At first ht might seem as though the easkest th
would be to tay to your fellow astronomer “\hen £
Orion, Sirius will be Just below and to the left  Thly mi-
apply when Orlon is on the mendian and your friend fn 1
northern hemisphere. However it would be incorrect 3 het
carller or 3 hours later on the same evening in the same lo&
ity and it would be just the opposite in the southern heot
here In the long nm, It is not wise to use the term abme
low right or left up or down when giving directions fo 1

sky

It i far better to start out correctly Imagine the sly a ht
1§°hcrc overlaced with circles 1le a spherical birdeage. 4
the hom ~circles pass through the poler, but other eirclet
right angles to are parallel with the equator n.ud’
ealted paraliels of declinarion There s oae bour-arcle tha
very ensy to viuallre—the m ridian When you face &
south vou can imagine it running from the hons m (hrow
the zenith or overbead point en fa the north celestial pn
and down to the borizon (Out of sight it continues on throuf
the south celestlal pole as the ant merid an )} Suppore the
that Oron scemed 10 be Just over the south poing g gy
merldan. To describe Auriga propetly you would gy ghe
it was north of Orion It s between the head of Orion yny
porth celestal pole Howerver Tepui is sourk of Orion
came the great circle that started 3t th
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and carried Persews through the tky after he fhud sk
Medusa, To & modern boy however this section of te
looks like a basebali diamond. There are the home phate, &
sctond and third base, even the right and left field foutlz
snd the catcher

In the old story Perseus was nding Pegasm whe
looked down upon the shores of Ethlopla and there
Andromeda chained to the rock Appropriately then. |
constellation of Andromeda lies very near to Pegaws. o fa

share cne star in common, Al tz, frequenty &5
tioned by Anne Morrow Lindbergh in Listen the Wind. &
dromeda was the doughter of Casopela and Cepban
finally the wife of Perseus Since they are all close topether
the heavens, it i easy to find them and to remembes ther

The corner start in tho re of Pegasus are so brightf
the area inside the square looks quite Jike empty sky &
clear night, though a person with good eyesght can o
well over half a hundred stars inside the square Wikt
tedescope he can see many more. Some of these are &t
znd some arc grouped in clusters.

When you arc scarching the square of Pegasus for the &
that you can recognize L afong Andromeda for a by
paich often called Memier 31 \hen you have finally loo
thh mitty patch fint barely visible to the eye it b hal
belicve that I8 actually made of 100,000 000 000 sum I
the ono that we sce cach day [ts so distant that i

1 and camera combined can show hs true nature,
reveal Rt 10 be 8 whole universe of stars Jike the Milly ¥
phxyofwhkh“nmlpln. While you have your telest
ibere be sure 10 fum it toward Gamma Andromedae for
siar 1 a besmiful double that can be easly separated wid
wmal} telescope.

Oncs {amillar with Pegasus and the fong line of Andra
edz you will bave no difficulty In recognizing the v

to the south, as well a3 the two
group of Pisces smaller od
srellations, Triangulvm and Arnes, l;lh.(s 1ame region, T
Triangle s t south of Gamma Andromedae and Ar
hangs £ south of Triangulum. The uar Gam:
in Aries ks also a double easy to 1es0ive Much more tmpayy
however fs the fact that long 250 ¥ ™ 2odiag v

-
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from which the positlons of all celestial objects are reckor

Along the zodiac beyond Arier and Plsces les Aquar
the Water Carrier and past him towards the west, Capricom
the Goat. Capricornus follows after Sagittatiuy, the Arct
rld?\d It disappears beneath the western borizon on autumn ¢

o

South of the zodisc Is Cetins, the Whale In this conste
tlon arca a variable star shines, named by Heveltus, Mira, (
Viondetful A strange “blinking™ star Mira takes sbout
months o change from sccond magnitude to sixth and flna
vanlthes from naked-cye sight, reaching tenth magnitade
nearly & year Its varistion changes it from a star as bright
Polaris to one Invisible to the unalded eye.

As Cetus comes out of the toutheast early on autumn e

nings, Taurus, the Bull, rises In the east and follows after

xcal neighbor Arfes, Tautus hay many claims to fame

time of the Egyptiacs it wafth2 most Important of the
um’u‘pe_xa) _ﬁuhe(\hcm(orthtvmlequlnux‘
Yocxted thete at the time. The Bull s LyE, Aldebaran lyonie’
the 20 brightest stars. In the Bull'y face h a little cluster
brilfiant stary, the Hyades, On the Bull s shoulder is the fama
group of the Pleia often called the Seven Sisters, som
times the Seven Brothers. Although it has long been caled o
Seven Sisters, there are only six stars that can be seen at
glance, whereas at feast 250 can be recognized In the clust
with & telescope S | N fs called the Pled
month becanse this group is so prominent in the eastern sf
in the early evening.

Most spectacular group of the winter scason fs Orion, ¢
Hunter Two first-magnituds stars Detelgeuse and Rigel, de
orate this constellation area and several of ihe sccond brighte
are Included within its b ien. Three bright stars equa
spaced fo a stralght row form the beft of the Hunter thr
more represent the gword, and flve arc prominent In the
of the man Betelg n tbe right s Bellateic ln F
Jelt, Rigel In the left foot and Saiph n the right arc casy
recognire. Two of the stars of the helt are fine doubley, ot
in the sword i in » magnificent ncbula, the dar In the fig
shoulder b onc of the largest known, and Rigel hay about 1

test intriosle brightnets of any star

Since the belt of Otlon shows the location of the celean
equator Orion's head and shoulders belong 1o the northe
and his lepy and feet lie south of the celest
equator Since 2l dfurnal motion of the Wy through 1b
hours of the night takes plage Paralid to the celestial cquarg
l(h‘_d“am,mmuonofmbnlhh I can alyo oy, ‘
ywmu.ecycoflhaﬂul'lmd“" ""“/ Big Doe. Tra
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from which the positions of all celestial objects are reckor
Along the rzodiac beyond Arles and Pisces lles Aquar ~
the Water Carricr and past him towards the west Capricorn
the Goat. Capricornus follows after Sagittariux, the Arch
nu!::d it disappears beneath the western horizon on autumn ev

g

South of the zodrac is Cetus, the Whale In thls conste™
thon arca a varable star shines, npamed by Hevelius, Mira
Wonderful. A strange “blinking™ star Mira takes aboot
months to change from second magnitude to sixth and fin:
vanishes from naked-cye sight, reaching tenth magnitude
nearly & year Its varlation changes #t from a star as bright
Polaris to one Invisible to the unalded eye

As Cetus comes out of the southeast early on autumn ¢
nings, Taurus, the Bull rises in the east and follows after
zodiacal neighbor Aries, Taurus has many clalms to fame
the time of the Egyptians it wa¥ [h& most important of the
groups <gl.h_nflhcmnford'=vemllcqnh_gg_!
Joeted thete at (be time. The Bull s EyE, Aldcbaran lione
the 20 brightest stars, In the Bulls face Is a little cluster
brillant stars, the Hyades, On the Dull's shoulder s the famc
group of the Fleha often called the Seven Sistery, som
times the Seven Brothers. Although it has long been called {
Seven Sisters, thero are only six stars that can be seen at
glance, wherens at least 250 can be recognized In the chn
with o telescope  Sometlmes November Is called the Pid
month becauss this group s so prominent In the eastem &
In the early evening.

Most mlculu group of the winter scason b Orion ¢
Hunter first-mnagnitude stars, Betelgese and Riged, &
orate this constellation area and severa] of the second brightt
are included within ity boundaries Three bright stars equal
spaced In a stralght row form the belt of the Honter tht
more represent the sword, and five are prominent In the fign
of the man, fn the right shoulder Bellatrlx it
left Rigel in the left foot and Saiph in the right arc easy
recoguize. Two of the stars of the beit are fine doubles, O
in the sword is in & magnificent nebula the sar In the fif
shoulder Is one of the largest known, and Rigel has about 8
greatest intrinsic brightness of any star

Since the belt of Orlon shows the locatlon of the celesh
equatar Otlons head sod thoulders belong 1o the nosnbs
hemisphero and his legs and feet lie south of the colest)
cquator  Since a1l dlurnal motlon of the siy through @
hours of the night takes plage paraliel to the celevtlal equatd
it ls wcl] to know the locatlon of Orlon s belt. It ean alo i
youlolheryeoflheBu]lundlhencsco!lheBlgDog_Trm
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{rom which the positions of all celestial objects are recko

Along the rodiac beyond Arics and Pisces hes Aquar
the Water Carrier and past him towards the west, Capricorn
the Goat. Capricornus follows afier Sagittarius, the Arch
l:!cwlhdhz«ppe:\nbccmthtlzcvn:ﬁt.emhonzcmoummmu\'.

ags.

South of the xodiac fs Cetus, the Whale In this conste}
tion arca a variable star shines, named by Hevelln, Mira, 1
Wonderful. A strange “blinking™ star Mira takes about
months to change from second magnitode to sixth ond fina
vaphhes from paked-cyt upht, rexchiop teath magnitude
nearly a year Its variation changes it from a star as bright
Polaris 10 one Invisible 10 1be unaided eye.

As Cetut comes out of the southeast early oa sutumn &
niugs, Tauns, the Bull, rues in the east and {ollown after

neighbor Ariey, Taurus bas many claims to fame.
the time of the Egyptinns it way the most Important of ihe
£rOUps e path of the sun, for the vernal equinox %
Jetsed thede at the time. The Bull's EyE Aldcbanan, {sone
the 20 brightest stars. In the Bulls face is & httle cluster
brilliant stars, the Hyades. On the Bull 1 shoulder fs the famot

:
Moat ar group of the winter season {3 Orfon, 1
Hunter ?wo fint-magnnude stary Y and Rigel &
orate this constetiation area and several of the second bright
are included wathin sta boundanes. Three bright stars equal |
spaced in a straight row form the belt of the Hunter thr
more represent the sword and five are prominent ja the gt
of the man. Betel in the nght shaul Bellatrix in tl
feft, Rigel in the left foot and Swpb in the right aro ea
,&@(fg_ Two of the stars of the belt are ﬂn?doub‘h,‘yd :
in 1be sword fs an & magnuficent ncbul  the mar in the Hf'
shoulder Is onc of the largest known  nd Rigel has ahout
greateat intrimke brightness of uny =iar

Since the belt of Orlon shows the locatlon of the celestt
equater Orfons bead and showlders befong (o the northet
hemispbere, and his Jegs sad fect L south of the celesf™y,
equator Since all diumal modon of tbe Wy through g
hours of the night takes plage panalicl (0 1he cclewla) equy .
u

well to know the Jocation of v It ca
?:wmmonmnunmd;w %\ ni?
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Gemini one of the 12 star along the echiptlce. Ca
nndPonuxmmuchc!oscrmgclm ¥

since about 4 separate the first pair but four times 4
distance separates the latter

Of course, this h just the way they appear on the ccion
sphere when scen from the carth. From some other
their arrangement would seem different. Actually
upon milllons of miles He between the Twiny, and
nearly twice as far from us a3 the other Deacribing
relation to cach other In degrees b junt like drawing
places on a map Onerol'nkuR:nthcm:pmny
mountaln 18 DOO feet high whik another point upon thatd
pet may represent an ocean depth many miles below 1
eve] So a map of the shy represents the stars ay we set
and gives no Indwation 6f the fact that some may lic 100
times as far away as others,
Gcmlnlcculdbccnl]cdlhe"‘l'imuSqunre’ulthclly(’
like the crosy-roads of the world It entertainx all kinds

tELh

panes

begins in the northern hembiphere Shooting stars each y¢
in December seem to radiate from Gemini Close beslde B
i 1781 Sir Willlam Herschel discovered a new world, d
planet Uranus. Baide Delta Geminorum, in 1930 Ci%
Tombaugh finally identified a tiny speck upoa the
plate a1 the ninth planct in the sun s family—Pluto
stars, variable stars, clustera, nebulae can all bo focated with -
the boundaries of thix ilathon area. v

No wonder then, that the nights of winter In the portha
hemisphere offer great reward 10 the star-gazer The
dars, the most spectacular consicllations, the longest nf] :
all these serve to male the cold teason fdeal for otetvath
of the stars.
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of the telescopic objects there that he called the repe
“realm of the nebulae™

The only first magnitude star In Virgo is Spiea. A bioe-
sun of great brilliance. Spkea is 0 far away that b
requires 192 to travel across the space that seprs
from the Since light travels 186,000 miles a s
trillion miles a year it is obvious that Spica must be brg
than the sun but unbelievably farther away It hasa tzy
ible compantan which was discovered while analyzing i
with a spectroscope.
Cancer the Crab Is the next zodiacal group west of
During the month in which the nm appears to pas t
this scetion of the rodiacal band, the Crab b, of e

isible. Tt b I .

pentagon of stars that picture the head of H. the .
serpent. The most extensive constellation of »holt
Hydra winds beneath Cancer Leo Virgo and Libra A

and
120  ooe-third the way around the heavens, the spxy
serpent stretches. Yet over s whole length it bas bt
bright star a second-magnitude ono In its heart. Cor Hyd
tho Heart of Hydr, is properly called Alpha Hydrs.
another name ls Alphard.

Scveral amall constellationa are arranged

of the serpent. Close to Alphard In fact lying drrectly
tween Alphard and Regulus, rests Sextans. A Hule far
to the cast Crater the Cup balances on the serpents b
south of Denebols in the Lions tail Stll farther toward

with the Great D‘lpt:lr following curve of the D
handle south to the bright star Arcturus, contmumg on
the same distance to sparklmg Spica and then south agas
equal distance to Corvus.
Nmm;}mglbcrodloccmlu{vbgohm
Scales, once represented a3 a balance of justice The comte
ton b almost & or dumond between
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5  Stars of the Southern Sky

MosT of THE anclent observers of the sky lived in the n
ern hembsphere, 50 south of the equator the heavens
reversed. The constellation of Ordon depicts a man stan
on his head the familiar Scorplon waves his tall in the »
and even the Big Dog balances on his nose. Of course 1
inversion of the constellations does not occur all at once
they shift dlowly overhead as one travels on the surface of
carth,

Suppose a traveler leaves New York Clty for the sotrth.
he Journeys toward Florida the stars in the south rise hig
those In the north drop closer to that horizon If it were:
cvenlng in May he would have his fint ghimpse of the So1
ern Crom off the tip of Florida. Dy the time he reac
Havana he would find it well In view If he should go to 2
equator he would sce the cross one-third of the way up
sky- and ot Lale Titicaca Peru, hall way from horizon,
renith. Hbs fourney on through the southern hembphere wa;
carry it higher and higher .

This same Southern Cross is a guide to the south celey
pole. Like the Great Bear in the north, it indicates the Jocat
of the pole and therefore is often employed navipak
secking to establish their place upon the carth. In May 4
June it can be found early in the evening above the south
hotizon dnﬂi outllned by four stars of almost tﬁ;—ﬂ b
liance. Alphs is at the foot of the figure nearcat ©

. Gamma f1 at the top Beta and Delta in the arms. Gam:

& reddish star bright to the eye but faint on the blueser
tlve photogma plate Kappa is al1o a reddish star and ¢
that appears fainter on the photographic plate than in the s |
Surrounding happa, though, arc over 100 sars in a cluste

From top to bottom thi Southern Cross, measy
6 —n0 crﬂmnlhcd:mnceh«‘ccnlhepo{"w,,o“‘

It covers, o fact, an arex about one half that of

s bow) only nine stans are vhsible therg 5,
:)!: &Eﬁnn of the smutl constellation Crux 32 llnr: ::;“‘
1

reach of the naked eye.
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clutiers have been recognized there. In the Great
S Doradus, a super-giant varinble, 500,000 times
the sun Some 180 000 000 miles m diameter
ome super-novae, intrinskeally the brightest
There 100, surroundng 30 Doradin, is the
Nebula ihe Iargest Xnown gaseous nebula in the

After you have found the Southern Crows and
the Clouds of Magellan the next objects to attr
are Alpha and Beta Centauri Fint and second
{n Centaurus, they are often called Guardians of
you draw an imaginary line through Delte and
(along the cross-bar of Crux) 1t gurdes you
sars tn Centaurus. The consteflation, which
figure half-man and half horse m one of the
southern sky It B nearly 45 in length aimost
distance from the hotizon to the zenith

A partculardy interesting and magadficent star it
Centaurl. Not only 13 Alpha Centaun the third brightesti
In the heavens, but 1t i3 our nearest binary system. The &
pouents of Alpha (A and B) crupy 80 vears for &
around each other More than thin Alpha happens to b
multiple star composed of the binary and a third, #
compamon (C) The | tter Prouma Centaur, b1 visibé
the telescope—with magnitude about [0 S~—and 1 the petl
neighbor 10 the sun bemng about 4%y light years away
though Proxima 1s over 7 away from Alpha and is comy
fon B yet it n conn~cted gravitanonally with the fatter fH
and is moving through space nc iy paraliel to 1t &
an enotmous cune around Alpha with a penod
over 300,000 years

Another object 1n Cent uru  for which the amstedt |
trooomer alw y look 1 Omuy () Centaun a hary g2
of light that & the bnghtest { the gh bular tusters. 7
closter 18 northwest of Alph € ot ur 4 fine sight 9!
field-glases and cven more be Uttt wih the 1elescope. B

of some SO 11 mureth 100 of whichd

variable Brightest d e at o the [0 of so

Hpsmtaitned

=

clusters hnown th  one ~om Ok [ ghty ary diY
from the carth
After a casua) glanie at the thtm nth south®

s atruck with 3 diferen ¢ 0 the coruell t 0 hgures B
oames Although there are wme old{ hw  Jd yhpects O
Arn, the Altar- Columba, the Dov M the 1y pas
the Peacock Volans, the Flying Fab nd o Ay
the Southern Crown——ihcte are muny more muwd p g
Ope finds a Clock of Horologium & € mpus (1 ypy
Furnace, Fornax an Easel, Picor @ Trleigpe, Cof
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often confused with the real Cross, i ktrrqmﬂ!;’
FulscCroaAl}ncfmm!bclopa{lhhﬂtm'E
and prolonged five times that distance &0 r;m
mmhccmdalpc\!::I:-mcvtrtc»urdlheﬂmiﬁ‘hﬂ
lan A navigator would find hunsell far froa 2

Hbcﬂrmﬂdutcrbylhcnmgcmnwdm‘

Centaurus is Clrcinus, the Compass.

of the Compass, whﬂcBetznndG.lmmlmt;:‘
Not far awny one cin recogaize Triunguid e
Southern Tmn;r;mmmmww‘frhfm
northern hemisphere just as Corona Ausmld o
duplicate of the Northern Crown The Soutent =
near the tail of the Scorplon and ot far from ATE
and Notma the Level. All these small coptelsa®

the ®
Toucen houses 1, i g oir
; © Lesser Magellank G0
plobu g cluster 47 Tucange, Some ‘DL;JO atars bn B2

{0 appear
sy o,;:,';_f:ge star of fourth mF

Reticulum. Between Dors and the fin

and Valan Mensa, the "jr':t?::dgf""“' can te foond
Ha nearer to the south celestial M:um"“" and Cham
Musca, the Tly lies betucen the o Dorado ot €
Crux wnhlle Apus Is south of Tri.-nm""h celestial pob

East of the Scorplons tall c.,m“j\hnx

Ara and Pavo the Pracock arc nmu,“‘“”“ Teleser
celestial pole. South of "“”WOZI"”"U»
the Water Cartier lie Austrinos, 1,,,,““' A d aqu
nmram:mhmkmmmh‘f;;gm,:
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often confused with the real Crom, it is frequently alid
False Cross. A line from the top of this figure to the
and five times that distance does not lead 0
south celestial pole but off toward the Great Cloud of X
lan, A navigator would find himself far from his des*

if he should steer by the wrong cross.

Northwest of Crux Hes Vela, but east of Crux &y
Centaurus {s Circmus, the Compass. Alpha Circiol s te
oftbermpus.whﬂeBcudemmmtbeuoE
Not far away one can recognize Triangulum A |
Southern Triangle. This is a counterpart to Triangulom b
northern hemisphere, fust as Corona Australls is a soct-
duplicate of the Northern Crown. The Southern
near the tail of the Scorpion and pot far from Ara,
and Norma, the Level. All these small constellations
posed of second- and third-magnitude stars.

There is one extremely long constellation in
hemisphere, Eridanuy, the River It begmns near

5|

E]

'

§-

]
i
agh °

g

g

g

E

:
th

ga

-magnrto, star

end of the River Iles sbout 15 from tbe Small M
Cloud, and the northern end of this Mishaipp! of the
Is near the great nebula in Onon. Omicron Eridasi s a
tiful triple star well worth examining with a telescopt.
this same constellation fs located an extraordinary planct!
nebuls, a great globe of dost and gas surrounding an cleve?
magnitude stsr If one traces the course of Eridanus ke B2
nine Tlations along its b iea Hydrus to the 304
Onon Lepi, Caelum, and Horologtum to the east, Tl
to the north, and Cetus, Fornax, and Phoenix to the west-

The Toucan houses the Lesser Magellanic Cloud and
globular cluster 47 Tucanae. S:;ne 0000.;::1 In the ciod |

& together to as e star of fourth ma

'}’{M encireles cmerbonﬂroubemm 1
Magellan. Between Hydnus and Dorado, the Swordfish, 3 -
the Greater Magellanke Cloud and the tiny
Reticuturn. Between Dorado and Carino can be found P<4
and Volans. Mensa, the Table Mountain and ChamacHd .
lie pearer to the south celestial pole than Dorado or Card
\{usca, the Fly Les between the south celestial polo o
Crux, while Apus is south of Triangulum 1,

Eaxt of the Scorplon’s tail Corona Australh, Telescopny
Ars, aod Pavo the Peacock are Ol far from yhe g5
celonal pole South of Capricoms, the doat and Aquark
the Water Carrer Ire Piscis Austrinoy 1ndus, and Gruy. wh
nearer (o the sooth pole than Cenzs <« ound ol
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the samo hour-circle 1o the south of Arles lie Fornax, Erd
Horologlum and Hydrux. In order too from Taurus ¥
south celestial pole, are Caelum, Dorado and part of Mn
South of Gemin, bordering right ascension 40™ lic Py
Canopus in Carina, sections of Pictor Volans, and Mal
South of Cancer can be discovered Pyxly, Vela, Yobi
Chomacleon while along the same hour-cirele with Let
Antlia, Vela, Carina and Chamacleon

Beyond Virgo toward the south pole we encounter O
taurus, Crox, Musca and moro of Chamaelcon, The b
oredo of 15*20% through Libra also cuts Lupus,
Norma Curclom, Triangulum Awstrale and Apus. Oal
houtcircle through Scorplus can also be traced Ara, a M
the Southern Triangte and Apus, while near-by another A
Sagittarlus, then poes south lg.mugh Cotona Australs, Td
scoplum, and Pavo, South of Capricomnus on 20407 #
Mlcroscophim, Indus, and 2 bit of Pavo while 2 houn ¥
south of Aguarhm, are Plicls Austrinus, Grus Tocans,
some of Indus. A llne through Plces poes south to Sl
Phoenlx, and Tucana

In general these meridians have been sclected a3 ntd
central as possible on the zodincal groups and on the avd
aro 2 hours apart.

When one discovers that Crux lles south of !
QGreater Magellanic Cloud is in the same hour. L\
Taurus, and the Lexser Cloud m the same right ascesd
with Pisces It Is casy to find the other neighboring grovr®

Tamillar and friendly to the people of the south, O
Alpllm and Beta Centauri, the Magellantc Clouds, and b
rich star flelds of the Milky Way are foreign and f
to the traveler from the north.
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Figure 11 Trx Sorax Svstrv

A plan view of the orbits of 7 planets, Drawn t !Clkw(lhunéf:
Di Vico', included, the dugram gives an nccurate impresios
relative distances betwern the planetary orbita, The orblts art &
at méan distances actually 1o one place Phuto’ erbi i pear
sun than Neptane s,

Hystem of Mercury Venus, Barth Mars, Jupiter S
Uranus Neptune and Pluto would have to be multipbed
hundredfold to make a body as big as the sun.

And tirere we have roughly np}cturcoflhePb“"':
system o3 known today although we have not Included
rodiacal light, comets “meteors, and satellites. It Is & pb¥
drawn from the outside, of the planets as seen from &
over thelr orblts, and consequently a pkture wo can bt
sce from the carth For the observer here, with only his
to help hlm there are five blaring points of tight (and pert
a sixth dim one, if he knows where to look for h)

One of these points of hght s dusive That [y Mend
which stays closo Lo the sun like a child clinging (o fts motH
apron strings. Decatse you must look for K so toon after M
a¢t, or before mumrise, a1 a fomous astronomer Ced
nleus, who never aaw the planet in all bk Nfe Therq & oY
however the story ol at least onc amateur why hay &
Mercury not onee but 150 ¢

Tts ail in knowing how The planct b best scen ay gp %
ning star” in the spring, and &y & moming star jn e g
But there are six petiods in cwry.rmr nhen It 1 Inlrly w
placed for observation, these p b occurring when #
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Flpure 12, Praccraee P
Mercury and Venms, the 1t
ferfor plancts, go throarh
similar to those of the men
3 gram shows

1—Tnferlor confuntin

/ reatest woslers &
(moming ¥
4and 4 —Glbbows phise
- 6—Greatest restern o
£ th thon (eventag w#1

Tor the planet Venus no exact rotation perlod, of &7
yet been aathifactorily determined, because of the fmpers
nent nature of the markings on Jts doud surfaces. R
spectroscople studies Indicate a period of a fow » h;
Venus, howover the heat that pours down on the suebt
i less intense because of two factors—its greater datd
from the sun, and its atmosphere which while it holdy s 1
deol of warmth dhstributes it evenly around the planet.

Venus and the earth might almost be called the twin 574
of tho solar system The orbit of Venus, which the pél
travels in 225 days, is nearer to a perfect circle than B
any other planct, and that of the earth s pot far behisd
this respect. The two planets are approximately of the
size Venus having o dumecter of 7575 miles and the &
having one of 7918 miles, and they are claser together lnst
than any other major planets.

Neamness and heavy clouds around Venus sccount ford
appearance of the planet in the sky For Venua ls not =
vislble With the excepton of the sun and moon she B1
brightest object normally seen In the heaveny and at bet M
outshines Sirfus, the brightest of the stars by 13 times. %9
times when there is 10 moon 10 Interfere ghe jy bright et
to cast a shadow pe £

And not only is she far more conypicu kl
she s also visfble for greater fulemh‘g! t :: m f::r,g
planet Venus is often out of aight on the other side of 1
sun but these periods of Invisbility are not nearly g0
quent as those of Mercury And unlite the imaller plae
Venus b e o Mersury gplme

appearances [n g Al
bl;: Tratlal vault, trafling the sun in the evening, -:u“y?;

k3

h-3
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\teaming swamp as characterized the earth s carly spes™ _
not know Abscnce of permanent makhngp prenss v
knowing Venus s rotation period. Indications are that Iy
Is a few carth wreks Jong. ;

Marx i an cxcellent subject for small telescopes. Ilﬁ: .
Its famous reddish cofor to the naked cye (x cokx ®
penaists on its surface when viewed with large h”“":;
and under a small telescope it offers opportunities o |
details. Bven 50 amall an Instrument a3 a 4 or S-ich 8ot
will do under the right “seeing” conditions.

Under a tel, Ic magnifieation of 200 1o 350 wﬁ“
groyhh or greenish markings stand out agalast .
background. At less than 300 diameters the polar card #0
and 30 too does the dark wedge of Syrtis Major Cm‘_
toward the north Other dark areas can be picked “P‘;;.
and a5 telescople power Increases (try it sometims
10 12 Inch reflector) the number of featurcs visible H

There are reasons why we know so much?
Martlan conditlons and surface Mars ha, ol g
long been a sublect of grest popular interest, but 18y
flcuwuldnlbcnmyncrywemitnolfmu“'m’
clarity of the planct's atmosphere Slight clouds—*
dust or some other composition—appear only W;"g
and the Martian air is to trantparent as to permht
opportunitles for atudy of surface detall. N

Then, too when the planct i In Opposlﬂoﬂ——“wm
carth and Mars are In 2 straight line—jt comes nﬁ{‘:
34 000 000 miles, than any other major planet except
At times Mars may be abserved going through a slight gt
phase although It never goes 10 far ay tobccm‘re‘“d
or cven &3 to enter the half moon™ phase, &

Mars difers greatly from the earth in size, haviog 4
cter of only 4216 miles. In dmoﬂmryolbﬂpdﬂ'vwd‘
she compares favorably and as a result has becoo¥

homc(ocll[ccrnoaeo(thephmum

mind,
¢7 i this suspicon of Jife on Mars necessardy ¥
¢ world of science, for many bie astron

& majortty of them—believe that there b 8%
on the planet. And the exitence of ve:dlw‘s
wudhbmm which might posslbly support 00t ¥
&,

a of life on Mars probably got s st

Schiaparcll] observed strange

termed them canall, which

Hew oy

[
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steaming swamp as characterized the earth s carly st ¥
not know Absence of permanent marklops preva y
knowing Venus's rotation period. Indications are tat B
1 a few earth-weeks lonp. )
Mars i an exceltent subject for smail telescopes. It e
fts fomous reddish color fo the naked cyo (x coke ol -
penists on {ts surface when viewed with large hustromod
and under & small telescope it offers opportunites o o
details. Even 10 small an instrument as a 4- ot S-inch e
will do uader the right “seeing™ conditions. ‘
Under a telescopic magnlfication of 200 to 350 dhod
graysh or greenbh markings stand out agalnst the i
background, At feas than 300 diameters the polar copt #7%
and $0 100 does the dark wedge of Syrtls Major extcah:
toward the porth Other dark areas can be pkled p & ™
and 13 telcscopl in (try It sometims ¥k
10 12-inch reflector) the number of features viible incresr
There arc several reasons why we know so modh &
l);’{cm.(f:u;:mccmdhlr:nn and surface details Mmbuhas. “:
ag a subject of great popular Interest, bot many
hcumldnmnmmgmum(mmlﬂﬂ
clarity of the planet s atmosphere. Slight clouds—ebete
dust or gome other compasition—appear only Infreqe
andd»chlmlan.}rhmumpamtu(npthmﬂ
op%\::nhb for study of vurface detail
100 when the planet s In opposition—when the &
carth and Mars are la a straight line—It comes neart!
34000 000 miles, than any other major planct except Y
At times Mars may be observed poing through a slight ittt
phasc although it never goes ko far as to become & st
or even a3 to enter the  half moon phase
Mars difers gTeatly from the carth in slze having 8 €1
eter of only 4216 mufex. In almost every other potnt, hont*
she compares fsvorably and as s result has becoss |
favorite home for life on one of the plancts as copceint¥
S dol:mh keton of lif
Nor of life ob Mans necena resl
outside the workd of scicace for many table ur?,{,m’
a majority of Mmf&'ﬁl there s at M
plant e on the planet. And the evhtence of vegetation §
condltioms which might possibly Spport some M

N
The question of Iifc on Mars probably got ity yary wy
the Jtalian astronomet M"*’“"“d Strange 1
Ings on the and termed canall, whicl,
i L34 ge meant channels, He was mivinterprried, thoy gy,
the 1incs beeame Lpowa &3 QIR o T .
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sre both of the satellites racing each other across the s
with respect to the stars

Mars, however is not unique In hts set of moons. Jup
carrkes with it a retinue of IT satellites, four of which
casily visible in small telescopes To look at Jopiter and
aatellite system we must let our gaze wander far beyond
orbit of Marx and over the asterold roae. The 434 fect dais
between the two In the diagram we planaed at the beglim
of the chapter (fig. 11) was based on a scale in which &
foat represented 93 000 000 miles, Jupiter despite this grea
distance, usually scems brighter than the red planet been
it 15 50 much bigger and because ft reflects neardy three O

a3 Mars does of the ninlight if recefves.

Jupiter i the largest of the pliseis and cunous astrondm
have timed its speed of rotation upon ils axls at 9 hourt a
35 minutes. As a result of thhy speed, thero is a huge bulge
tho equator s0 great that the diameter of the planet Ia
through the equator ks 88 698 miles, or nearly 4000 ral¥
more than from pole to pole

A pair of binoculars or fleld-glasses shows a tiny dise
magnification of 18 times will do very well, but Iy even o
than is peeded With a larger instrument, Juplter resolves i
a series of red yellow tan and brown shadings, as well -
a wealth of other telescopic detail. f

Excc}:tlomllygood“nclnz'lsnotmrywcﬂlﬁ“
view of Jupitérs surface markings, and frequently a ofif
haze or smokincas in the air will belp louudx){llhe Image. T?
cloud beits, for which the planet fs famous, will appear in ko .

telescopes as parafled bands stretching acron ¥

ditc. And another feature that the amateur will—or may—
able to observe Is the “Great Red S which was identifs
on drawings made of the surface in 1859 and hes disappear .
and rea, during succeeding years. A marking of pe
haps similar pature, discovered early in the twenticth cenfu
and known as the South Tropical Disturbance may also
o

But it Is In its moons that Jupher contains the test te
scople treasure for the amateur The four that m‘r:;mk n
a metry race with cach other around the planet and chari
therr respective positions from bour 10 hour and night to nig* ;
They aren’t hard to identi{y with an cphemeris, and they @ ¢
he followed for hours as they speed in froat of Juplter thrt
ing their shadows on the planet vanish behing py glant d’>
or plunge mddu;}ikh\u dh;c-dtfp shadow Dlnoculars ¥+
Jocate thern il ou v f the moons N

It b casicr 1o watch one © ot throw its shadow N
Jupiter than to watch the moor IZH - a front oy
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g
g
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system s comparatively transparent,
planct can often bo seen through it. The stars, too becaws

Titan in a 3-inch glass. Were he equipped wuh a 4.inch o
scops however be might be mote fortunate Taklng extrd
care (0 d‘.gingu#sh them from _lll_::mt‘t:’n. he should be abk
Hentlfy Titan [Tapetus, Rbea one (n

e et of otnemationsl powt” Y “pr e,
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Retrograde Lotion of Mars Flgure 13 Maxs 1x Ram
planet When the planets lrei.upoid':

hd"‘ L ae===t~ Man appeans to be movieg
mally as seen from the earih.
wlly bowsver the arth

far as known. It takes 248 years for a single wround |
sun and twice In each revolution, it crosses the orbit pl
Neptune.

1ts orbit, most eccentric in the system s farther
circle than that of any of the other major planets. Pl
discovered in 1930 as the raault of ycars of search
Percival Lowell and finithed by workers in ths Fla
scrvatory he had founded for
time it was In the constellation of G i, but it
raoved over Into adjacent Cancer where it will be
tead this (unlcss you are a bit late) for it remains about
yeant within the borders of ench star group Neediess to ¢
it s completely beyond the range of wmall telescopes #
even taxes the power of a 15-inch refractor !

The giant plancts (Juplter Saturn Uranus Neptune) #
similor to each other but differ widely from the earth Vexd
and Man. Their atmospheres consist of great layers of
noxious gascs, ammonis and methane Relow this is an #*
raense thickness of hydrogen underneath which [y u
layer of miles of fce and at the center the dense rocky e
The ammonla is In minute crystals and the methane gase®
‘The cold is Inconcelvable surfaco temperatures pre shY
—200 F on Jupiter to ~—=300 o0 Neptune Condutions b
any kind of life on thee dark cold distant and forbide
worlds would appeat impossibic.

There is a mikedeye obtervation which, if made
s s b St e o L
is likely to tend any & KULTYINg to
e ' crplanation It may be made for oy ome of §
plancts fncluding Mercury and ‘:nndml which are visible wh
they present this phenomenon, d It consists quite yim
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7 The Moon

THE MooN i one of the most fascmatng of celestial B
end almod invanably the obpet oftencst viened by the o
scope-user On account of neamness end sre we see the
with the naled eve and with small optkal power can o
a wealth of detail on the surface. Ixcr.nhcohm\u:lmj
ally with vanout types of tclescopas and camurze, and
often sud we know the typography of hs smface berter
wt know some parts of the cxrth

The phases of the moon are 10 ohvkas a phen ~menon 3
they are noticed by anyone sceing the moon at ady tme T
cante of phases 1t exss to understand The maon o a ned
sphencal bady and i half-dighted In the wun. As it arclasl
carth, varying amounts of the lighted hal{ face the ert
Except at fullmoon time, only a part of the flommsd,
spherond I3 vusible to terrestnak—hence the effect of ph.v‘

At times of new moon, the moon i betcen m and
sun, and at an edlipse of the um, exact 5o, with the o1
dise siThouctted agamst the sun. At amy othet new mooa !
that producng a sl T odpse, the myon prass by e s
ather north or south of the latter and the sunhicht falis!
the stde of the moon away from the carth henee the o
u invisible f r this reason as well o being ohscored brd
Mmding plare of the sun. In a day or two after mew moon. !
$£¢ 2 NAITOW cTercent n the west after sunvet, { r the b
plibe fonow Aeckl ghred by the sun. yust as a tennbs hall B
zway from w and peardv in line w th a sour~ of L™t
Tighted u= from behnd and shows the kame crescent—bat
tnow the rost of the ball i there, even 1t m1 dhrminated

Dunng the lunar manth the moon travels ¢ o ardiy 4
the celestial sphere. Bapinning wath new moo. i taley M
uoa succesenvely more and mont such hat the drecnom!
a1 ne from the m~oa 10 the anth, .ad a Ine 1rom the
o che fum poume 2 2igbt angle This i ahe Sme quarer Ty
fourth of the entire sphrerod beung vrible (ar helf of the gy
it s then In quadrature With The J0TL £ 80 wmay fram it
Tonpuude Soon more thas half of the die s ezoi—yne B
B phase—uniil £y At Tud Moen, 2l By o gy



<

iy
2

e e i

ZWWEE if]sdi! z mmmmm i

m m ,ma A3k am m 3 mwum
T it Ty
%Ww i mmm%m fige
mm G .mm =32 wm.m ‘,m.u .u.m.m WM m ¥
ik mmm %w ,mmm 1odat srefngs .&mmw ]
m& £s mm MMMW : wmmmm mmmmmﬂm 5 il mwmmwm i
e} “a taldsig: i
mmmﬁ? i A



&% NEW HANDBOOK OF THE HEAVINS

observation yet that face presentt a superb armay of &
graphic features to delight the eye.

One who has not looked much at the moon with a trksn
has no idea of the magnificent views to bo encountered. B¢
an cxperienced observer of lumar landseapey repeatedy b

new—that is, land: under new lights or

2

-3

tions,

Aslde from the purely astronomical sights, there are
phenomenn observable when the moon §s near the borsd
that are caused by refraction effects of the earth » ammoghd
and the origin of which has nothing to do with the
Under certain conditions, various refraction cffects
the moon's Image into almost unbelievable shapes, The e
monest cffect is for the otherwisa circular disc to becore!
fiattened 1t is almost pompkin-like Nor does distortion &1
here occanonally the edges become sermated or tawdike
cven aswumo a steplike appearance an_effect almost i
scribable The bays or indentations “march along the moor
disc moving perceptibly even durlnicl;;lcf observation, 8

changes in refraction low over the horizon.

Any and all magnifications mav be wsed on the m
Even an opera plasy will show the large gray plaing, and
freld-plass, some of the smaller features. But with high-pod
binoculars, magnifying 10 10 20 dumetens, hundreds of 8,
Jects can be identified, although they are still small T,
smallest object that we have been able o distingubh w1,
13X binoculars ks the mountain ringed plan Lalands (¥
miles in diameter) which means that hundreds of objectsd
the lunar surface are visible with low magnification. ]

But to do justico to our xatellite, we should e u telesod
A 3- ot 4-inch refractor opens up a vast fleld, while reflecd
of 6 inches aperture and above will reveal marvelous detdl
Low powers are necded when we with to include the ent? |
disc for general examination. For more detalled work potf
higher magnification 60 10 100 diameters gre very
fadtory for examination of mountain ranges, chaing of crid |
ke formations, and topographic detalls of micrmedute ‘
while powers of 200 to 600 lincar dumeters ore paed A
clote-ups and details of the moon's smaller featurex, such! L
craters, peaks. aod rills. )

On the moon, all living organisnt needing nir for breathd |
would find It utterly im ¢ to cxist 10T even a few migusl
umless they were cquipped with spevial oxygen ar ar tanl 3
As far o3 we can defect, the MOOR . MTiphere Lagrg |
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observation yet that face presents a superh wrmay of t
graphic features to delight the eye.

One who fias not fooked much at the moon with u telt.
has no jdea of the ifieent views to be 4 E
an cxperienced observer of lunar landscapes repeatedly

hing new—that Iv, land under pew lights of o
tone

Aside from the purely astronomical sights, thers sre
phenomena, obtervable when the moon fs pear the bo
that are camsed by refraction effects of the earth s atmpt
and the origin of which has nothing to do with the mx
Under certain condltions various refraction effects &
the moon’s image into aimost unbelievable shapes. The
monest cffect 1 for the otherwise circlar dise to becomt
faticned it §s nimost pumpkindike Nor does distortion
hers occastonally the edges become serrated or saw-like;
even apume a atep-liko appearance, an effect almost
sctibable The bays or indentations  march” along the moa
dise moving perceptibly even during brief obscrvation, ¥
often end with a part of the disc g scparated enti
from the rest. Such effects are the result of varying density
» thick ocean of afr on the earth's qurface, with concomit

Any and all magmfcations may be used on the ma
Rven on opera glass will show the farge gruy plaing, sod
field-glass, some of the xmaller features. But with highepod
binoculary, magnifying 10 to 20 diameters, h\mdmi ol
Jects can bo idenufted although they sre sill small T
amajlest object that we have been able to dhalingulsh W
18 binoculans b the mountam ringed Lalande @
miles in diameter) which meana that hundreds of objecd
tho lunar surfaco are vinblo vith low magnification

But 10 do jinilco 10 our satell te we should use a telextf!
A 3 or 4-Inch refractor openy up  va t field while reflec?®
of 6 inches aperture and above will revenl marvelous
Low powers are needed when we wib 10 include the oot
dhsc for general examination Far more dety]~d wotk, putf
higher magnificotion 60 to 100 d m 1ers are very
tactory for cxsmination of mountan 1 nyes chawms of el
fike formations, snd topograph® dot 1 of sntermediate &
while powers of 200 10 600 linear dumeters gre gaed B

and detalls of the Mmoo 8 small  teatyrey roch!
craters, peaks and nifs.

On the moon, &1l living orfwfmﬂ needing oy for breathd
‘Mdﬂﬂdhun,ﬂy(mwﬂmewm(mnm.;mmw
unless they were equipped with speclal oxypen of 5 ppnl

the moon's gt
As {ar a3 wo cap detect /q:\m;fhﬂ%
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observatlon yet that face presents a superb amy of
graphlc features to delight the cye
Ono who has not looked much at the mocn with 2 2k
has no idea of the magnificent views to be encountered. e
an enced observer of lunar fandscapes repeatedty
ing new—that i, landscapes under new lights or

tlons.
Aslde from the purcly sstronomical sights, there u}:':

g percept
often end with a part of the disc being scparated enth
from the rest Such effects are the revalt of varying
11Mctocennofakoudxcaﬂh:wrfnoc,wﬂhmnmm!:
changes in refraction low over the ho!

Any and all magnifications may be used on the m¥
Even an opera glony will show the large gray plaln, sof
ficld-plass, some of the smaller features. But with highsot
b magnifying 10 to 20 dameters hundreds of 4
Jects can be identified, although they are sull smalt T
smallest object that we have been able to distingulsh ¥
l&g( binoculars f1 tho mountain ringed plain Lalando U
miles in diameter) which means that hundreds of objes?
the lunar surface aro vixible with low magnification

But to do Justice to our satellite, we should use a teleseef!
A 3~ or d-Inch refractor opens up a vast fleld, while refiecd
of 6 lnches aperture and lbovnwmrwmlmzmlomdm‘
Low pawers are needed when wr with 16 ioclude the ot
disc for procral examination, For more detailed work, pott
higher magnification 60 to 100 dlameters are very
factory for exaruination of mountain ranges, chaing of el
Iike formations, and topographic details of miermedute
while powers of 200 1o 600 linear diamcters arp imed 8
dotc-ups and details of the moon’s smaller foatures, sch 1
craters, peaks, and rills,

On the moon, all living orfnnh:m needing arr for preathl
would find It utterly h?wp;m ble to exlat far cven a fow minad

were £quip) special oy,
fc{!:ru:?'“ can detect, the moonx,n!mof:nhﬁ.f lh o
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—or it may have been liquid lava (melted rock) Exba
wattr or lava appears to have overrun ond meited wd
broken down many mountain rldgu and Jeft on!yrtﬂl
In the naming of the marin, the Latin designation of &
used—mare—and the¢ name for each denoted some |
fancied at the time. The original Latln names of the e
ete., are still used ever
than thelr English equlvllcnu. Altogether there are lb“
of the gray areas. They Include the following large mans

Mare Cridvom Kenof Crines
T - g Forepdity
]
Mars Jobrimn bem i
3 L] SV oo a
* - Al
o ol -

Largest of the above {s the Oceanus Procelinrurn ocen
llmwtemrtgiomo(themoon.l}alduthua,thenmd

smaller maria (ike Mare Smythil (Smyth s Ses) Lacos M
(the Lake of Death) and Lacus Somniorum (the Lol
Dream)

The “teas are quite dissimilar in appearance as nn:

and extent. Small instruments indicate a level surface
mott, but st the power is ncreased more and more frregd
tles become apparent In the form of depressions, ridpes. |
lowy, rills. The maria are darker than the rest of the o4
commonly the colors are different shades of gray and ki
the naked-cye view of the “man In the moon” is lormtt

than we on account of thelr Indct
outllnes In piaces, i b difficnlt tosllmaxc‘l’bcp
the total luw surface best ]

ibe Jupar
jnto the Qceanus Procellarum Many other formyy
great disparity ﬁ 10 be found in ang a 1



&
appd mw mmmmmwmh
i G meﬁwwm
§as wm a8 34 mmdmmmmmmuww mmnmmﬂwfm 2
T el il B
E dm,m 3 m 5 mmmm mmf%mm%mm mmwmnwmmkw
Lk £ mmmmmmmm .,wmwimmmr
mem Fy W% mmmmmmmmmummmm“mmwmmwmmmw?m i
§ .mmm.w 35 mmmﬁxmw mmxmmwﬁn
g wmmmmmmwm%mmwmm ks
s ahz iy :.xm 2

~



b NEW HANDBOOK OF THL HEAVINS

diameter 56 that, comparatvely the moustains of (e
ore considerably greater clevations,

The curved moungain ridges thermetves sra noticed ¥
reglons of the marla, rupning miles in afl directions, ¥
any discernible system They appear to have roosdd
fikely an example of erosion, Smpularly eunough, et
many unexplained mysteries about our satellie. Weat €
have been at work there to produce many of the ferea
tinguished even m a field-gian, we do not know The
arc onc of the examples of eronon Uiy wem B ¥
down na compared 0 their anginal height and shape
Riphaen Mountana are seemingly another exarople of ¢
There are also numerous solatcd mountaina, x wel 8
that are dome shaped and manv of the latter have crk®
their tops.

It has been the loose custom 10 call all the rousd et
objects simply craters However they consist of serertlt
Tbe largest are the mountan-walled plans The dam®
from about 60 10 140 milea. Only roughly circular of polft-
in thape, they are surrounded by mountam wafls, wbict
1ome casca rie litdle above the level of the surrouading
Yet they are ympressive and compicuous, for (e fmdd
deprested below the general levet outnde the g™
enclosing walls Clavius 13 the largeat of all~being 140
scrosr—but scen in perspective, near the south
moon, 1t may leok smaller than Schickard ad
Prolemacus, near the middle of the moon is another of
clan Tnude Clavius can be seen a group of smallef
rings, each S 10 30 miles 10 diameter together Whb
crateriets and elevabons

in some aice however as Archimedas w Mare I
the interwr i not depressed belaw the wurrounding
type of the clam has low walh th t ure dyseon
present 5 nunous  or broken-down condd ta of these T
parts ndicating probably they w re wm  piact bot ¥
snce suffered crosson trom ¢ ther w) ntetoric, of

achrvity
The mountin inged plan ar th prnt aumeron,
are from 10 10 60 mles 0 dlamit t The bk ve pract

arcular ramparty, wih wall  omaw v b 44 god £
faner dopes, which are terfaced with w & Pecuharly ¢
rayhnes. The moon s face 1 hitet Hy Im w £ with b
formations, which are, aa 1n the case ot (1 detarls &t
the bright Tays, wﬁdbcﬂu:h;“wm e te you p

the Ting ns, ™are oo o gy
M‘:‘, the lovel of the surrounding wall Moy n,ylm
uaioringed plains, bhe Theopbflus, Copernwus Tyehg 'y
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craters multiple craters hilltop craters The late ¢
most nearly like our terrestnal voleanic craters. They £
common however and need high magnification. They ot
found on the tops of the central peaks of Walter a.
When the moon s crust cooled—so runs the i
some thoogh not all astronomers—it shrank and
Whether this s true or not, there are various rifls &
found on the surface. Some are fiat and broad ad

Valley The Alpine Valley cuts directly into s
and wide, with steep cidls it is ponible lhx!ﬂmi!m.‘
caused a huge meteor stnking ntnvﬂym‘r“l”-l
Rheita Vafley 1 about 135 mﬂumdenndeﬂfﬂ‘b:gﬁ
miles it can be found northwest of the formation F

1t noticeably curved and the origin b probably very 2%
from that of the Alpine Valley posmbly subddencc
land s responsible for the Rheita Valley East of Puolem®
In the Mare Nubium, s one of the largest valleys on ‘: .
another licx to the wewt of Herschel still other types of ™
are found on the ramparts of the mountaws v

a1 in Qamendi.

Perhaps more mystery surrounds the pature of the Lyl
ravs than any other mngle feature of the moon. for kY
they are clearly 10 evidence even in a smail glase, their 5
and orlgin ere obscure They con st of bnlliant, 8™
white streaks always emanating from some crater f
At least 100 of them arc known Some extend for
of miles over the surface before becomuing finally fost. B!
dently they wre surface formatons only and are
never found ond‘h;ﬁh drv;at:vn;l They seem to procecd‘:‘
out regard o ges o over which
also clear that the my: mamfet no chnngue]?haplu;ll
detected. i
Some of the Jargest of the bright ay yuems aro ¥
seen extending from Tycho Ct:z:mmu Aeplee and A
tarchus. Rays from Tycho are fargest and finest of !
some going 83 far a3 ibe outer bouadary of Mare Nects:
Crateroors In the path of Tychos rays show that the 111

formationy bence we mlgr that the
cmﬂﬂ”cn“:rm:d lftcrthcm:f“' &lhe’ A
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craters multiple craters, hilliop craters The latter
most nearly like our terrdatrial volcanlc eraters They
common however and need high magnification. They
found on the tops of the central peaks of Walter and
When the moon'’s crust cooled—so runs the idea

3
g
B
g
2
:

0Ol
high optical magnification to
raphers of note have Identffied hundreds of rills,

ander oblique lighting
Toe, well-defined

Valley The Alpine Valley cuts directly into
and wide, with steep clifTs, it b ponaible that it may have
camed by a huge meteor striking at a yery acute angle, '
Rheita Valley is about 15 miles wide and extends for
miles it can be found northwest of the formation Fabri
Tt s noticeably curved, and the origin s probably very diffes
from that of the Alpine Valley pomibly subsidence
Land i responsible for the Rhelta Valley East of Ptolema
in the Mare Nubtum, f onc of the largett valleys on the m¢
another Lies 10 the west of Herschel still other types of val
are found on the ramparts of the mountain-walled enclost
a3 In Gagsendl

Perhaps moro mystery surrounds the matute of the bn
rays than any other single feature of the moon for althol

are clearly in evidence even in a amall glass, thelr nat

and origin arc obscurc They conmt of brillisnt, nam
white streaks always emanating from some crater formata
At least 100 of them are known. Somo extend for bundn
of miles over the surface before becoming finally
dently they are surfsce formatlors only and are probd
never found on high clevationy They seem to proceed w
ont rxx;d to changes of level over which they pass. B
abo that the rays manifest oo change that can!
detected.

Some of the largest of the bright ray systems are to!
seen extending from Tycho wus, Kepler

£
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craters arc dustributed inducriminately not feflowl
of crustal wenkness as on the earth.

Goodacre clalms that the presence of a Jarge
bright spots on the surface, of the of the Linné
is the best evidence of voleanic origin At the cem
small crater from which [t appears as If the white
composing the rays has been epected. Radiating rid
from also help In this Idea

Objections to the meteoric idea Include the fol
arguments since the earth and moon hawe probabl)
traveling topether in the solar system since the “beg
meteors should have fallen on cach body alike, or
they should bave fallen correspondingly more on te
than the moon, because of the larger slze of the fi
Yet only a compantively few moteoric gushes have
fornd on carth of which Meteor Crater 1s the larpest
thero seem to have been no traces left in the rocks to in
“fosfl falls, or thoso nntedating the presant geologr
Yet the presence of the earth's atmosp! would cot
most metcors and henco they would not produce a
Gigantic size and nomber of craters on the moon in
that the metcors would have been larger and more o
than is heid likely

‘Tho explosive meteoric theory s a rather new form

400 times the energy of dynamite, and many of the mx
come in with greater velocitiea than that. The questk
why ks there not a continned bombardment now ik
oncs which seemingly ocenrred in the past? If the nu
of meteors still coming to the earths a here
millions of years It as great as b proved, what most
colosyal “harvest  have been in the carly emy, jt B
Vi probably the larger masses were all gathered up
lneﬁe life hhtgx’c(lhcmh: aystem 30 that only the s
g drawn in—which appears reasonadh
wo seldom have largs oncs striking tho carth afthough
hhpmﬂybcmuscxhcymconmcdin:bemmw
1t is held that If 2 meteor at 40 miles & second sirites
moon's surface (o{lascrdcmlrylhanth:%,'nnd
no atmosphere to resist the flight) and has ity mogfan
m%oumndby(homhunccoflhc:lobc R will penc
about 2 miles below the surface In the 344 secong jgy
ofmnﬂl&on”bmmfomcdh(o/no T roagha

N
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the sun Photographa prove that the moon fa yelfower
sunlight—contrary to popular idens It would take fe
entlrely fiited with full moons to equa! the sun'e light.

It s comparatively easy fot anyone o get a good kdl

gen«almwmmuuf(bcmoonmﬂwbﬂvem.ﬂﬁ
moverents appear to us  that o, the apparent mOL
After the drurnal moton the apparent motion easlent 31
serve s the constant castward motion aganst the backg
of distant stars When the moan 1t apparently near a fiZ
or bright star its monon con be Jdet~cted with the r
eye, tometimes in an hour s ime The ¢ stward moton id
detected by the noticcable r-tardation of nsing each o
Tor it rises perceptibly later evens night (or day)

The castward motton u evidene  that the moon g8 4y
tirely around the carth 1n about a month The sidered ped
iy the time talen 1o pass from a certamn star around ¥
heavens and back to the same star  fu wverdf?
27T3=11 5 and 1 used oy the widereal month The md
daity motion is 13 10”58 Anath r revolution time of €y
moon 1 the 33n>dic period or th time taken n moviag (0
& certam posthion with respect th th sun around to the &1,
relateve posithmn ag 1 as betwcen tw uccessive full mod
This intervel the svood month » 93 4 8 nsd
one most closely correspunding 1o ur calepdar moath ¥

Of counc the times ¢ nismg and wiung of the mooad
of importance 1 @ ny M i sested i this heavenly ol v
Phenomena t rs ng  nd setting are Umpheat-d becaoe |
the fast eastw rd dritt ameng the ¢ n tellanons and €,
vanaton i dechn o { the moon tr m Jay to day (638
by the mchinut n of the moce  rhyt 10 the eguator)

The oroon mamonth tn 1 on wonorth f the ot

and now south~r ing 4n ng 1F ! Hations at the &4
of aboutone com tllatknin ds  1h Hrt Fagoval
change w declinat 1t w m 0 rthon bkt
1 the north dechinotion row~th m ny nearef &
north cel~tal pfe Th  th Inth tt 1 1 gave s
the bonzm hecom™ 1 a i £t dnlmadd
makes for an arl T w ont Y " oy med
server of the corrspend np bn 31 1 ) o 1t ne.

if the obsener be nth pp t hm & 1 1he eatt
from where th Mo w6 ype kot  oding®

fesa moonhight per Jav

A]mgughthcdanly moto ik o 1 ey b
o westnard, the Moon W W oa R Ywl 8§
other direchon (eastward) W that to k1, thap

befweeh (WO SUCCEFUVE MOODITMEL. OF 1w | 1 4y e
:h:.rynrﬂdhn or two tmoonsets. This t thy -0 ovt



ARt
ﬂ i1 $gafERagt mwmw Pl
i mwm i .@m E e
il Mmmmm Mmm / mﬁm%m 5
i e
i Bt
ST Sl

x
¥
=
&
B s



L NIW HANDBOOW OF THE HEAVENY

tion lnwguce and would then seem to m to turm, pres
all 6f {ts *sides™ 10 us in the course of @ revolubon.

Actually though, & considerable portion of the ¥
surfaco 2t the edges b5 alternately visibie and the
awny Becsuse of these lbration® effects of the mos
does not always thow precieely the same face 1o T 9
certain oscillations back and forth from & mean. Beowt
Hbrotlon In latitude the observer from the carth ier 64
beyond one of the poles, and then half @ unar month Lt
sces beyond the opposite pole by s

Libratlon (n longitude allows us to see around the et
or western Hmb alternately about 7 45 farther that
mean, this motion putting into view at times
lke Mare Smythl and Mare Humboldanum, that
the extreme edge. At the opposite perlods during the
month each region can scarcely if at all be seen. FX
moon s angular motion in orbit s vuriable because of
clipticity while the rate of ratation ls uniform. Next perifi
fts closcat approach to the earth it rovolves fastel
average and accomplahes 90 In angular measure, of &
fourth of & revolution ia loss than one-fowrth of the 1
Its period of revolution

Desides exploration of the moon s surface, certaln el
1elescopic obacryations of lnterest may bo made of “:
phenomena involving the moon such a1 occultations
edltu:. Moving aloag Ks prescribed path against the &5
background the moon frequently glides ko front of »
or planct, hiding one of them from view Inasmuch
moon always moves (nearly) eastward fn the sky
culied object disappears behind the limb of the o8

wesl

at emension. A (elescope It n even for bright pb¥
occulted, for the gisre of the moon prevents the eye ¥
nodnflhc exact moment of disappearsnce or rez

And it must be b that an ast {s

!

]

L2

%

telescopo reverses the lmage t0p and bottom as well st ¥
for slde, 5o that & star appearing at the left of the moot!
the oaked eye will seem 10 be 8t the right in the

field
Occultations give -?cunauu proof of the absence
phere, for the di of & star ; buuna’nﬁ‘
s i ol e | SRyl wg
at feappesmnce
Stmilarly prinan takes

X

startling manner Good
mmﬂ&molwummmmfwumdc
“m"’"fnm:, the work and wha osa the resuly for
Jug the data of celestial mechankes.

Ve
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Aloen ecf pe rp twn
/““

Aoon ec peed by ea thy shadow
=

Frgate 15

the duraton of events, the moon may be m the fint
the penumbra an hour i the deep shadow 140" I
part of the penumhra 23 long as an bour ghving 1
maxirmum perod of about 3 30= for the phenomena.

Moon cclipses can be secn over half of the eartt
tancously although clocks m different tme zones read &t
hours. Not only are the events vinble wherever the moo8
above the horzon but on account of rotation of the e
actually more than half of the globe i subject to & baf
eclipse The whole half of the carth 1n moonlght B Sofl
darkened during eclipse The mechanics of solar eclpsts
different, and the path of totality 1 a small strip acros
part of the earth

Eclipses of the moon are m nearly as important 23
of the sun The mon value of Jupor echpses hies in the partt
proof of the carths form the opportumty for of
rediation at the moons srface when cchpsed, and
spectacular ¢ff ot 1 touches one v general astronomical ik
st to note the il rences btween vanous eclipses. They B9
be darker or highter than the aver ge depending upon &
atmosphere around the esrth 1 edpe 4 ween from the mo™%
and there are apt 10 be phenomena {1 ht ng cffects near 8
fimb which are alw vs unpredictable
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-
/
WWeon ect pred by earths shodbw

S
Figure 15
the duration of events, the oonm:ybeinmcﬂrné:n
the penumbra an hour in the shadow I%0= Itk
part of the penumbea a3 long ot an hour giving an

ent:

maximum perod of about 340 for the
Moon ecliptes can be seen over half of the earth dm
erc

tancowly although clocks in different time-rones read diff
hours. Not only are the events visible wherever the moon
above the horizon but on account of rotation of the eart

celipse.

darkened during eclipse. The mechanics of solar eclipwes &
diffcrent, mnd the path of totality i a small strip across of
part of the earth.

Eclipsea of the moon are not nearly a1 im t a3 tho
of the sun, The main value of tunor eclipses |l ﬂ'fr‘”'l
proof of the carth's form, the opportunity Iorrmdyof
radiation at tho moons murface when el

far effect. It touches one':gencrnlnumnomknlln!c
1t to note the differencea between various eclipses. They mr
be darker or lighter than tho average depending upon th
atmosphere around the earth’s edge as scen from the mooe
and thete are apt to be phenomena of lighting effects near ty
limb which are afways unpredictable.

x—‘-
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sphere. Its the first of four mle.rd}:évtn, and directly ¥
it 1 the reversing layer surroun by the chromosp
which In rurn s enveloped by the sun s cotona },

Down on the photmdp}wrt are the sun-4pots, On some
especially during the time of a sun-spot maximum, there
sun<pots large enough to be scen with the naked eye.
are the big ones, running perhaps from 50000 to 150,
miles {n diameter over all into which a handful of ¢
could easily disappear Aimost nny day during the mackr
season as many a1 15 amaller ones—utill large encugh
swallow our entlre world—are visible in a 2 or 3foch ¢
scope, ot even with & smailer glass.

The spots {requently swim through the sea of meandea
gases In pairs or clusters, and 1eem to move scron the di
the sun turns on ite axis. They prefer solar latitudes bets
5 and 40 both porth and south and most five for ook
fow davs,

Some, however do stay longer and may even last throug
full solar rotation of 25 days and still be gomg stroo
Under higher magnification, the spots show a dark cee
known as the um and a lighter surrounding area ca
the penumbra. Urnbras generally run from a few thowsan
50 00D miles In dlamcter while the penumbras someti
reach 150 000. The entire spot spptams black against

background of the sun, but i it were not scen againit
turﬁoundlng photosphets It would seem to be white hot, B
reaily v

Scicntists constantly ducuss pro and con the possfbie
fects of these sun-spots on dally life here on the carth. A
afthough the precnse effects may be debatable, there
litle doubt that the g of great numbers of sun4
in tbe course of the cycle of 11 years does have 10
jnfluence on the weather auroras, magnetic poles, radlo
beﬁo:;mdpcrh:pscveuupcnlrmmalcoumorhw‘

vior

What then s the nature of these spots which have s0
;odaw]lhll!nonlhnennh?ﬂwyucmmbennggnkna
on the surface of the sun, whirling about & center in & mas

pbotosp

of spots, s
‘These faculsc are visible [n high- binoculans, or fo

2 inch telescope, capechally when od ear the e

Aere the photosphere scemy
mr;mwh;;ubnmlhalmwcw
~ v
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of sun-spots becanse ofsomepuﬂorprenmumdﬂ
them, they may be oblong
These nee grams  are separated from each other by
500 miles, a distance that 1t ~qual to their diameten,
do not retan thar form ¢ n tantly  Rather they appent
dasappear or hange thewr shape  muinualh
The reverung 13y T a mass o vapen, entirdy &
earthly elem nte, that ur t hes come 1 00 miles abost
photosphere It 13 cxder th nthe urta  and as e
gnscs 10 it absorb | pht vung fr m bt ow causng
dark fines t appear o the w e pe trum Dunng a tal
cclipse o1 the moon ¢ ver the urt | s af the effe
the sun the background t b sphter pootral s <
and fot an 1nstant these dack hns appea oty ooally
brihant i themelvesx The plisecind 1y ~) 3 the s
trum of course gves the reverspglay 1 I h ok
Outnide of the reversmg laver are s er 1th 1 nf mes
hghter gases—hydrogen. b um (firt die ¢ § o thesd
then sought oo earth) and perhaps cakium —»hih
the chrymospnere Mere 1n this ¥ourd Sav 1 110 ons ik
phere organate the hydrigen prominen es th ¢ rise like Sof
of luminc us smoke thousands and hundr J 1 th uands
m = Some have been mea ured as himbing § it oo0
above the «lar surf ce and thev tra el at 40w ng
Here tox D the i ull wh b are ww ind ~ent masted
hydr gen tocal vin probably a woctat  with the P""
IR TR C>
Thenatur of th  ra  amytn i senf Marod
the nandi «t wu tbat m 1t by henimmeredal
withwt 1 wngd wn Th 1 miva ~w (thth un

when the st r nmnn ( equ torial t m rs exend ¥
several din t 1 wh tm mumth tmaned
talfy sph [ pone t r 1 mp turct €
1300 00 F !
Forthe naw ned ttlwl ely bt twsed
rare foramy 0o}t nth th 1h U re m
trequentth othone t h 5y n¢ A h 1 1 nowmed
seen gt some (0 th ) the [ n
area whife fu redp b ot rh 8
Nw Y k) ont th w e 1 the g
vpble on Vnun 4 195 The 11 n od
Manhatt nllad thotteoath m Tth wiltd
mo thr (bl frmthiix €0 (1O YRR
Put som LUm Wwe May h v ppore € tobl,
alpy 1 the urt w thout ¢ elng 1w fun -
{1 quie pr bahle 1b U should wh h n

ne
ik J antage t ot For aude ""y“ﬁ%1 LY. |
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visible. As the first of the sun retumed to view
tlon made it scem than it really was The
effect was the formatlon of a diamond ring, with the o
of the sun as the diamond and tho inner corooa as the
Weo would have had lexs to worry about, and far Ja
se¢, had we seen the cclipse simply ss a partlal ooe
then It would have been a case of watching the mooa &
ocross the face of the sun never reaching a pont whe'
covered ft completely Just about all the amateur cin
during a partial cclipse fs o time first contact, the o
thé moon first nicks the suns edge, and last contact, ¥
the moon leaves the disc. At intervals he can w
percentago of the surface covered measure the drop i

ture, watch the crescents projected by spaces
caves and take photographs spectacle does oot
parc with that of a total eclipse but, as {f in
partial cclipss may be scen much more frequently

Any solar eclipse In which the center of the moon
over the center of the sun b known as a central eclipse,

however be central and still zor be total, for If the m
were s0 far from the carth at the time that it did not ap
a1 big s the sun 1t would not cover the latter completely
the moment of maximum eclipse, there would be & iy

be visible nor d the darkness of the heavens app!
that during a tota! cclipse. This phenomenion s known &
“anpular of “ring eclipse, and while it s a striking spects.,
the practical observations for the amateur arc tubstantl
the same as those during 2 eclipee.

When the phenomenon 18 total, of courte, he can dot |

total

and Identify tho stars that become visible he should pote

shape, position and number of prominencey, the outline 1

color of the corona, tho number of Daily s beads, the wic |

specd, and directlon of the shadow-bands. And always ti |

s the ponsibillty of o comet (otherwise Invisible)

as the sky is darkencd. The lom of light 1n the sky
recorded with 30 simple an instrument

can ever wilnea.
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the amatcurs with more time for comet-sweeping hr
surprizing total to their credit.

Of course most comet-discoverers have used telese
yet three raflroad workmen in Africa were the first to «t
report the great Daylight Comet of 1910 Surely then
nothing to equal the preat satisfaction of being the fit
sec one of these visitors from outer space, but it s ako i
exting to keep track of comets once they have been found

Almost cvery moath of the there is sotne comet »
reach of a telescope. Although the number palgo‘c:r mry
small, pethaps three some comets can be followed {
months or more, The Handbook of the British Astronom

Observatory Announcement Cards publish the
all comets. Sky and Telescope usually hoy current newa
observablo comets. Some expert on comets writes the mon
“Comet Notes” In Popular Astronomy Almost &
comet nsyumes naked-cye brilliance, and usually before o
happens conslderable publicity has been given It so that ev
the newspapers carry directions for flnding it

About every 25 on the average onc of the spectacy
comets returns, couso so much excitement that ¥
hard to escape notice of them. The Great Comet of 1§
atiracted 0 much attention that a vintage of wine was nag
for it. It was 10 huge and 3o threatening that it was nume
among supertitious people that it might have caused 1.
Great Lakes of America and the flords of Norway on
previotn vhit. Of course these geographle features wi
caused by other ngents. 1

Most comets do return again and again. Many of them £

members of the solar system and move in

paths which focus around the sun. Some, with small ottt
retum frequently  Enchos Comet, with its nearly clredk
path, returns every 3% )carl.Onlchhcrhnn(lHlM
Comet moves In such a large and clongated cllipse that
averages about 76 years before coming back near the m
\When a comet reaches its nearest point to the sun, ’
k then starts out uj ngz.m that may carry it far
the mast distant pm"n mc?o comets are known (‘;ﬂl:
periods Jess than 100 years, while the comet of 1811 ™
take 3000 years to return and Comet 1864 I is estimatt
mmmmlowmomwmlhcvwwmiii
its orbit!

Some of the greater comets seem 10 appear from the ;
of spade make one circuit of the sun on hairpin curvc;,dtz‘h ;
travel away agaln along almost str th fo :
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first appears it b a hazy patch with no well-defined
except the head or coma Coma fs the Latin word
and comets in both earty and [ate stages corm
the name The coma of a comet i the roundsh
region. The head region includes not only the coma,
and epvelopes but also the nucheus if present, The beak
been observed to be 30 000 10 1 000 000 rofles fn

As the comet comes within about 250 000,000
the sun, 1t scems (o undergo vome exatation. It sl
first of sometimes endless and tanling changes. The
brightens, and in most comets & brtlant aucleus apptan
it. Then the coma cxpands and its material often
back away from the sun to form a tal Probably it tthend
tlon pressure of the sun that drives the com
There are comets that nevr go throvgh these chanpes
our observation and never show more than a iy
‘There are others though that produce wts and
from the coma and throw off sheath after sheath from
head Sometimes the head seems surrounded by bomd
envelopes. Coggias Comet displayed magnificent eave®
The light from a comet 1 nuclcus s reflect d sunhight, %be
the coma and tail are probably sunlight tmorbed and €
re-emutted by pascous molecules

In certmn comets the ch, nges have tolfowed m grest &
bers and with amazing rapidity 1 natrs Comet for kot
threw off seven envelopes in just a few days Tetbutt s O
of 186) shed 1} cnvelopes in weeks Morchouse's Comd
1908 13 the ctmet most fam us tor the changes i 1A
and tad It seem d to requir but 8 few hours to relessc R
clouds of material

Not ull omet ha e nu ler but a great many of thesl
Sometmes the comet nuel u 1 lets than 100 mies o
but the one in 188 wa 50000 miles m drameter M
nuclel appear a o Ingle br thant star | ke center in the &
but 1n the comet ot 18R there were six or eight “knot o
lumibous m ter al Very often the nucleus appears to coofl
and grow bnghter just before the appeearan ¢ of en

change was noted 1in Donatis Comet some 4 to 7

before the sheaths appeared and mn Morchouse s but a #
hours preceding Here 13 where the am teur an rendesr ¥
greatest servce—in keeping record  of all chapges that W
come {rom bour to hour and day to d y

Normally then a comet first appears w th onfy the o
in view Whbin thn by carcful observ bon we may fi
quendy but pot atways be able to discover 4 nucleus Wkt
Ing the nuctn he may find YAOKUOM 13 16 brightness ©
its size These may be warningd of €ven preater Changeet
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line from sun to comct head except when far away
sun. As the comet approaches sun the tail B 2
behind the straight lino as the comet leaves, it i stlll
thhs radius vector—although now ft begins (o
comet head,

Once In a while comets come extrercly doss 10
or the sun. In 1680 Newtons Comet went within
corona of the sun, 147 000 miles from the surface.
a great comet went directly between the earth and
in transit, The earth on the other hand went right
the tail of Tebbutt's Comet on June 30 1861 ¢
the watch for any strange sight, as our planct passed
the comets tail reported a peculiar glow in the
faint phosphorcscence. And again on May 19 1
nnhpmcdﬂshtmmugh(heouurrogl;mof
Halicy’s Comet. hnowing thk, a pum of
mado careful observations and measurements
night On this occasion they saw nothing, +
measured nothing felt pothing to Indleate the
comet.

Evidently a comets fall can do the earth no
solid meteoric particles of a comets head u
minor carthquake or actually dig a great hole
strike the surface of the planet, or & “tidal wave
the sca, It i thought that the huge roeteor e
was caused by an encounter with a amall
(of scparate fra ts) being 400 feet acros,

Comet. ng by, in the ma, of two
comet-seeking a dellberate attempt of the
discover new comets, No one knows when a
appear io the sky cven a great comet. Many h
without results pevertheless, many comets
covered by patlent comet hunting.

For comet-sceking, small areas of the sky

ith utmost care noting and checking on ever
ncbuh‘ and hnzy object. The greatest chance
lies near the ecliptic, and in the cvening sky
also In the 5 'wihbdm sunrise. An apert
tion of about
fleld. F.Juunh)e the sky
object Inasmuch as some
w were first but & “stal
advise ¢t

reat
'__ﬂ than a large
it Jools lir
tke ! £,
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Ime from sun 1o comct head except when far af
sun. As the comet approaches the mm the
behind the straight line as the comet leaves, 1t
this radius vector—altbough now it begins to
comet head.

Once in a while comets come extremety closo 0
or the am In 1680 Newtons Comet went

5]
g3

ETE.

earth passed right through the outer reglons of the
Halley's Comet. Rnowing this, a number of astroed

made careful obscrvations and measurements throaghoet

night On thix occasion they saw nothing, beard "’3

measured nothing felt nothing to indicate the prexee L
comet.

Evidently a comet’s tail can do the carth po harz ¥
s01ld metcoric partides of a comets head might proda
minor cartbquake or actually dig a great hale
strile the surface of the planct, or a “tidal wave
the sea. It is thought that the huge meteor crater i
wn:cnmcd nnermv.rmcrﬂthnfmﬂlmmﬂ.ﬂ!e
(of scparate fragments) being 400 feet acrons.
Comct-obsu-vg;h.lnthcmah of tvo typer. i,
comet seeking a deliberate attempt of the telescope-ost
discover new cometr. No one knows when a pew ao¢ &
appear in the sky cvmlpt:leomct.lhnyhmrnlrt“:'
results nevertheless, many comets have beed
covered by patient comet-huntin, N

=5
W

bazy object
Lics near tho ecliptic, and in the evening sky after funsct,
also in the momning sky before sunrise. An aperture of 49!
inchea is preferable with magnification of about 30 diamel
and & [ wide fleld. Examine the sy mimutely stodd
cvery susp object, mosmuch as some of the (10"
visual comets discovered were fint but & atain™ on the B
ground of the aky Great obscrvers advise that {t s bettet
examiro & small region closely than a farper area hi !
When a comet it appears #t looks like a hazy patch! ¥
fight, At'rir;llgin::tw;’cﬂ‘e could uleufﬂ;- star cluster o 7
nebula (R} to pet out an a a dr
? sgmpare £
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chanpes In the tall number of ails color any features v
for that comet and change of velocity as it approachess
then leaves tho vicinity of the sun

Often when a comet Is first observed its pasage s a1y
slow and serenc ono It takes carcful obiervation o dd
any chango in its location from night to night As the ext
approaches peribelion fts rate of travel increases Jist as
earth mroves most rapldly when nearest to the sus, acd
moon most swiftl wﬂm nearcat to the earth, so comets, |
lowing the same laws of gravitation, speed up as they ¢
clow to the wn

Any comet that s brilllant and spectacular Is comm
known by the name of its discoverer It always bears an
name too to Indlicate the comet s place in order of discor
for the year or the time of its peribelion passage among
the comets of that year Thus Donatl’s Comet ju 1858
called Comet 1858 f for the order of its discovery and Co
1858 VI for the order of its perihelion passage. There
also DI Vico's (1846 1V) Cogglas (1874 11I) Swifts (1
1) KoplPs (1906 IV) and numerous others.

Occaztonally there comes a comet like Morehouses
1908 which changed so rapidly from night to night that
could hardly imagine it the same object. Now and then
arrive o comet likg the Great Comet of 1882, which
visible for 9 months and was known 1o translt the sun
in & while we may see another liko the Great Comet of |
which threw off 11 cnvelopes from jts tall Surcly there
be others vhible In the daytime and about four tim
m%ry one brilliant cnough to attract observers all overd
worl
There may be another hike Biela s which split In two bl
the cyes of an obscrver in 1845 Seven years later the ™
scctions roturned still forther apart but sthl) traveling il
old orblt. Then when the next approach was eagerly m
ed, the comet could not be found at all In its place, bosc®
appeared a shower of meteons, Since that time other meled
showers have been assoclated with the perlods and
ofd comets which have dhappeared.

There are the cates of Tempels Comet of 1866 sod!
1 canlds of November Tuttle ¢ Camet of 1862 and the Pere
of August Blclas Comet and the Andromedes of Nover® |
It would appear that comets do represent an aggreg®
metcorfe materlals which, disintegratlng, often givo rist W'
periodic shower of shooting stars. '



10 The Meteors
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chanpes fu the tafl number of tails, color any features vm
for that comet and change of velocily as it approaches
then leaves the vichnlty of the sun.

Often when » comet It first obeerved its passage bay.
slow and sereno one. It takes careful obscrvation 1o &
any changs in {ts location from night to night, As the om
approaches perfhelion its rute of travel incresyer. Jurt &
earth moves most rapidly when nearest to the s and
moon mot nﬂuyr\:ﬁm nearest to the enrth, so comety, !
lowing the same laws of gravitation, speed up s they
clove to the sun.

Any comet that iy brilliant and spectacular is comm
known by the namo of Its dlscoverer 1t always bean an
nama (00 to hndicate the comet s place in order of dixce
for the year or the time of its peribdlion passage amony
the comety of that year Thus Donati'’s Comet in 1858 b
called Comet 1858 f for the order of its ducovery and Co
1858 VI for the order of us perifelion passago There
also DI Vicos (1846 1V) Coggins (1874 1H) Swifts (It
1) Kopil's (1906 IV) and numerous others.

Occaslonally there comes n comet like Morehouset
1908 which changed 30 rapidly from night to night that
could hardly imegine it the same objest. Now and then
arrive a comet kg the Great Comet of 188, which
vitible for 9 months and was known o tromsit the sua
in a0 whils we may sce another like the Great Comet of 1
which threw off 11 envelopes from ts tad Surely there
be others vitible in the daviime and about four tm
ocurt'\é-ry one bnifiant enough to atirsct obververs all overd
wo

There may be another Iike Bicla s which apht in two bt
the eyes of an observer 1n 1845 Seven years later the ™
scctioms returned sill farth 1 apart but sull traveling infl
old orbit. Then when the ncxt approach was eageriy an
ed, the comet could pot be found af il In i3 place howed
appeared a shower of metcors Since that time other
showers have been awociated wilh the pertods and orbis!
old somets which have disappared !

There are the cases of Tempels Comet of 1866 and W
Leondds of Novemnber Tuttle s Comet of 1867 nd the P
of Augint, Bielas Comet nd the Andromedes of Novemtd |
It would appear that comets do represent an aggregatt !
meteoric materials which dn niegruting often give rise &

shower of shooung stars. -
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few The latter half of the year from July onward,

be the best time to look for them, for dunng that tm!
averagé number of meteors visible (10 to 15 an hoor
midnight) Is nearly double the average number per obx”
per hour of the first 6 months (5 to 8 an hour ncarw
night) And in addition an observer will see twwce 3 0
shooting stars from raldnight to 6 a.m. as he will from 6p
ta midnight.

The latter fact b casily explained, for in the evenisg!
are on the rear of the carth as it speeds in its orbit ardl
the sun, But fn the moming, we have been spun a
that we are on the front or advancing half of the pla
Meteors we sce in the evening have to catch up with w]
thosc wo e in the moming we mect head on. There arel
only more of these then but when they are in the atmogh
they are traveling much faster than those of the evenlng st
And since velocity f» an important factor [n determining §,
brightness of a meteor thase seen in the morning will
ally be brighter than the dhics acen carlier in the meht

In 10¢ almosphere the speeds of meteors range from It
miles per second, and what happens at this speed happem
A ALCINT The friction of the air with moving objects wi
our normal experience has Uttle effect other than to redd!
speed. But at the velocity of a meteor it b o
the surface temperaturs of mras‘ra‘ro white heat T

‘unumnr; ol the tiny objects iy explained by the fact ¥
urtue b aponzed forming & Tuminous

whkh sanm out aplnd 1 mxﬁ”ﬁz‘%
Gsunuy émall, won of liem arc bumnt out miles above ¢
ground.

Most meteors disappear at an altitude of 40 miles, had ¢
first become visible at from 60 to 80 miles (30 to 100 ™ t
for fire-balts) Thiv s true even if the object hay not bt
burned away fot the alc retards its speed steadily o that
the meteor It :.:}m enough to reach the earth #t doct #
usually with merely the speed of an object falling freely frf &
a consdderabk height. It probably wall not be glowing &
drops to the pround, and it may even be cool to the to
immediately afterward—because the friction penerated Bt
aflects only a thin layer of the outer surface which can o®
rapidly The interfor of the stone bs deadly cold and thert ¥y
not time for the subsurf to become hot,

Becaus a meteor, " ible ot an ayer

of 4 " tisu, will ever
\ to the . w|
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few Tho latter half of the year from July onward, we
be the best time to fook for them, for during that G
avernge number of meteors visible (10 10 15 an boxe
midnight) 13 neardy double the average number per oot
per hour of the fist 6 months (S to 8 an hour et d
night) And 1n addition an observer will ses twke ntd
shooting stars fram mudmght to 6 a.m s be wlt froar §p1
ta qudmyht
The latter fact 18 awh expluncd for n the eveo!
arc on the rear of the ¢ rth as it speeds m ity orbsl ¥
the sun But in the morning, we have been gpun
that we are on th trwnt or dvancing half of the
Meteon we sec b the vemmng hav 1> at b up whh
those we zee n the ma rning w mect head on There
only more of these then but wh n they are in the atmoE
they are trav ling much { ster than th»w of the eveslaf
And unce vefouty » an important factor 10 defermad 1y

brightniess of 4 micor thos s n m thy m ming will s#
ally be bright  than the Mﬁmm?r/‘
Inthe n pher  the speud  t meor range %
mifea per second  nd \ hat h ppens at th

NI THE Trct o { the wir wath me g nb)l.'ﬂl'é
our normal oxpen nee ha bl eff st other thas to reds !
speed. Dut at the velwity of a m feor it 1

the surtace t mperatur  {_thE Bt t white hest Tt
BIManee T the hiny (hpect 1v aplam o by the fxt

TRy

B

YUrtoee- e vapotized, Torn ing 1 fun g o seous

WA NCTTS . Wl apant 1 U ek TRy Sioce m 1
v TIOACST Tham ar burat ut miles sbove

ground

Most m teer dsappe ot Wrud  t 40 mifey, BBE <
first bee bl tfr m 6y SD n ks (10 to 1008
for fire hull ) 1h tru noth o bpect ha oot
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for the observer to note sky conditions at the tme, ©
with 2 candid statement na to how sccuratcly be fecs bt
made his observations.

But this fs far from the onl wlylnwhhhﬂtﬂ'
may make useful records for the professional, eves B4
ﬂhpﬂhﬂp’themoﬁdlﬂkulllndmdhlgmﬂmm"
Lkms:rmdoI:nyom:artwo1:»cmm:!wm‘kh:l“’F“i";’ﬂ
llmp)ychm[nglhepauuoﬂhomdmoﬂp"mnu
or of an evening aro valuable m helping to pos|
Not all meteor radiants remain in one fixed b
the stars, and research on the alight shifts ocourriop s
of a partlcular shower may reveal extremely ftereted )
about meteor distribution. o

In working to determine the radlant of a meteo »
lbcpmdudlmt}mo{tbeemtma{mmh*"

Adj;htmfhhﬂﬂ
the beginning and ending points in the meteor path b
alter the determination of the radiant, but the patia
be charted accuratcly and with an arrow-hesd
dircetion of fall on

Tho whole process, Including a tabula contuaey
material Listed above, can be run through for cach B4
cxperts find, in about a minute.

Ifnﬂlhhmtnomudl,crbcyondgﬂfm"w
the constellations (which such work will levitably i7
by the way) tbenyoumnuﬂlbeol’hdpww‘
merely counting the number of metcors seen per hoet
value In alding tho determination of the density of the P
atream Better work might be done perhaps by countinf
number seen at S-mmutc intervaly over a bie p¢
of time,

It will always prove of valuc to observe as ur'f“z

blo the tralns left by brilliant meteors. Estimates
rilllance, colors, duration, dlrection width, and drift th
tho air can be made And field glassea or binoculan ¥
cnable tho watcher to follow tho traln for an apprec-
length of time after it has become favhibie to the naked
The traln, alto known as tho aftergiow 13 a luminow ¥
in the E“"‘ of the meteor generally presumed (o be an 8
from lonization of the alr throt

trical

which the burning body has passed.
\When a rare daylight meteor bursts into view fix jus )

23 accuratcly m3 possible in relation to near

or trees, and mark the spot at which you are wtanding. Th

measure the path later In altitude and azimuth, using

t or protractor and moto any other det ity g
qmd-“”wm help in fixing the path of the meteor in tha gp
A
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for the obscrver to note aky conditions at the time, fope
with & candid statement a3 to how accurately be feels |
made his observations.

But this s far from the only way in which the amt
may make useful recocds foc the professional, even
1t & perhaps the most dificult and exacting method.
tions made by ono or two persoas working topether
simply charting the paths of the metcors of a particelar s
or of an evening ore valuable in helping to study r
Not all metear radiants remain in one fixed am
the stars, and rescarch oo the slight shifs occurring 1o

emely Interesting

In working to defermino the radmnt of a meleor
the precise direction of the paths of meteors in the
Is nceded above cverything A alight error in fndi
the ing and ending polnts in the meteor paths wit
alter the determination of the radiant, but the paths
arrow-bexd

be charted accurately and with an {ndicatmg
direction of fall, A
The whole inchuding a

Tatd
material listed above can be run through for each mett

experts find, in about & minute

~ If all this seems too much, or beyond know ledgt
the constellations (which such wark will [oevitably lmm";x
by the way) then you can still be of help to scknce.
merely counting the number of meteors seen per howr B
value in aiding the determination of the density of the
atream  Better work might be done perhaps by counting
number scen at S-minute intervals over a comsiderable

of time,

It will atways prove ofvnluemobsemucarrhg?"
poasible the trains left by brilliant meteors. Estimates of &
brililance, colors, duration, direcyon width and drift thros
the alr can bo made. And fleld-glasses or bipoculars *
enable the watcher (o follow tho train for an appreciat'
length of time alter it has become Invinble to the naked €
The trala alse known as the afterglow i3 o luminous t
In the path of the mcteor generally presumed to be an ded
trical enon resulting from fonizaton of the alr {
which the burning body has passed.

When a rare daylight meteor burats Into view fiv jis patt
as accurately as possible in relation to ncarby houscs, pole
or trees and mark the spot at which you are sianding This.
measore the path fater in alutude and azimuth ining
quadrant of protractor and note any other detaily

_Zssomds I help In fixing the path of the meteor in the oy |
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for the observer to note sky conditions at the time, U‘Fﬂ
with o candid statement o to how accurately he feels be

made hhy obsetval
But this is far from the only way in which the

}
5
:
5
K
H

or

Not all meteor radiants remin i ome fived uu:j

the stars and research oa the slight shifts occurring in

of a particular shower may reveal extremely interesting

about meteor distribution, |
In working to determine the radlant of a meteor d°

the precise direction of the lhso!mwnmtbclﬁF

4 an ailath nin

The whole proces, incl a
materfal listed above can be run through for each met

experts
Ifnlllhhlccuuloomuch.ﬁfmdé"mm‘kd“
the constellatioms (which such work will inevitably
by the way) then you can still be of help to scince
merely counting the number of meteors seen per hour B
value fn aiding the deterrnination of the demity of the m
stream. Better work might be done perhaps by counog )
number seen at S-munnte intervals over a considerable ;
of time.
It will always prove of valuo to observe a3 arefugy’
le the trains left by briliant meteors. Extimates of &1
colors, duration direction width and drift throvg
the air can be made And fleldglasses o binoculars %1
caable tho watcher to follow the traln for an apprecia
length of time after it has become invisible 1o the naked 6
The train, also known as tho afterglow {5 a Jaminous tr
in the path of the meteor generally presumed fo be an e
tricn] phenomenon resulting from xmumtion of the alr throof
which the burning body has passed.
When a rare daylight meteor bursts into view fix jus pat
as accurately s potuble in relation to near-by
or trees, and mark the 5pot at which you are standing “THd
measure tho path later Indnlél&udc and szimuth 10,
quadrant or protractor an @ any other detafyy
A eeeds will help in fixing the path of the meteor .h.&.’i
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R
Date ' Meteor sream ' A
14 ’ Quadrantidy b’u
. 1
oy — i
Yebo
Mar 1w
‘r FUK]
My wny ﬁ’nﬂa 1
May 124 Theresl 142
May JO w Pegasids u
e 217 « Scorpiids 14
e 2730 Pors-Wionecke 1
roeteors s
- - 0%
' 016
. 312
: " 1 3%
! "1;—
Avp 101U, Lypiy 19
e n Dracvakds wad
Aot 1111311  Dracoalds 1‘7 3"
Sept Terveids
St 12 a A 43
Oct. 7 i 13
mv& e
Oct. 12 13 + Aretids 14
Oct. 132 Orloatds t s
Oct. 31-Nov & T uride 140
Nov 1418 Leoaids w00
Nov 26-Dec. 4 Andrenedes® 14
Dec. 10-13 Geminkds 13
A-d..hdrﬂhmxﬁld%ﬂ 41 L
Awocna b et o Hall !-C-rL
Amoctal :rmv'f'.-wdo—:’no‘w
A ,:}k;i}l;mdcmlulv
' lmm-d.nni“':&mnutdc‘mmuu&-u 191} TIT Grest shosl

AMeteor Showers for the Year

herewtth a table of the metcor displi)
ﬂm‘tv:reﬂwkwnwoccu!mofeormmm d;’
ones, which are guite dependable are Indleated with ayrer
before the respective da others are JoMetimey con
spicous but are qulte uncertain, o that the_ghrerver my
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11  The Asterolds

IN A GREAT broad romo between the orbity of Man
Jupiter and perpetually circling about the xun in giant ¢l
there are thowmands of diminutive bodtes—csch & WOt
itself These are tho asterowds, knowa also & mmor plas.

The asterolds are likely barren worlds, without water
heat or living things. Why no water If there bad been f
it would have cvaporated mto spece and there e be
atmosphere on these planets, for they are so diminutive
their gravity i far too amall to hold {t The amaliest
~iable are {e1s 1than a mife through, as n the cnse of
Even on Ceres, the largest, 3 man weighing 173
1he earth would weigh only sbout 6 pounds) On still
ones the force of gravity 1 so weak that he would welgh
a {raction of an ounce and naturally would have
difficulty staywing on the ground,

The amount of heat and hight recerved from the st
aterords u governed by dintan-o from that source a
moment, and on the a erage varies between that recetves
Mar and that by Jupiter The hght and heat are not stearbe
by clouds a1 1n the case of Venus and Jupiter two
cavered worlds and althouph some beat 1 tecerved, e
is no atmosphere o hold 1t and keep 1t from radistng ."5
50 that the t'mperatur mu t be pear the absofuts oo
fnterplanetary sp c¢ It scarcely conceivable that the s
okds can be the abode of any hite

Asferolds are fore r tny nd the rauge of the naked
with the exception that one ol them can just be scen
most favorable condion  and at et cal timey Yet it fs ot
difficult to locate a few of th m with low tefescop ¢ power=
even binocutars—and tollow th m might after n ght, dutd
pn entite apparition of s¢ son ot wibdry Us  Hy at fodd
one can be scen with fiddd gla sex and a3y the e of e

laps 1 (ncressed, & greater and gredter number
available '
rone contasung acarly all thewe n mer

The Immensa
plancts of the solar aystem i & preat lr;:c;huncd bt
340000 000 miles from the T 2T of -,
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ably smaller than Ceres and Pallas apparendy this
has surface material lighter in tone than the others. R
few astronomers can see Vesta with the naked eye, bt *
be done during apparitions when the opposition myw
Is around 6. Juno at times is falnter than magnitud: 9
needs high-power binoculans or a 2 nch telescope.
the magnitudes are continually varymg, on account of
relation of the asteroid to the sun and to o

Astronomically the magnitudes are important i,
designate the brightoess as seen by ws lndmtb\ﬂ .
are

what tclescope aperture is needed. Second
for determination of size of the minor planct. All bt
largest are too small for direct measurement in the
So a mean rtﬂccﬂugpowcfofrurhcnhmmved,'m
or may not bo true, bulwh}drgivu.uwklnl"“b
which to proceed. Then from o knowledpe of the orhit
the appa. brigh at oppotition, the approumate
eter s computed.

Actualy there f1 an fmmensc and unknown mumbe
mlnor planets. The greatest number of known oncs occun
magnitudes 13 and 14 of which there are about 400
thls’ number decreasing toward the bnghter and toward 8
folnter side There are about 1600 outerokds whoss eris
clements are sufficiently well known that positions &2 ]
ascersion and are puted for cach op
by various Institutioas assigned by the International Awk
nomlcal Union. These 1600 minor plancts might be cald
the well-known asteroids. Besides these it 8 cstimated
3000 have been observed at one time or other many ®
which have been lost or have gone adrft, 5o (o speak, &
Insufficient obzervations were sccured at the thme of appes®
nnocrorlpoodwtofdau(obermdc‘c\mby!hebf;

I y

£ 1

p there must be a total
some 50 000 of these spheroids in axistence. The vast majock
are probably but a mule (more or less) in diameter
Mott of the features of asteroids arc of speclal interest ¥
workers in mathematical astronomy because they concen?
orb{ll‘} dmn/:(cdnm{ mlmmm& not know muchmlk;
the physical nature of the tiny es our knowledpe s
congm‘d to their motions, and to what 1ble Efgnlﬂcuﬂ'
1 mmay have Jn the evolution of the r system,
O e The astcrard 544 Hidalgo bos 3 vers carey
r planets. The ast g0 has a very ex
f,;::?jzrhgt‘ Eccentriclty s a nurmerical relation dcﬂm,.,ﬁ
shape of sn cllipse. The neares #t opproaches 1 00 the more
clongated Is the ellipse and the more it departs from a
clrcular form (whose eccentriclty b zero)  Hilagg orbh
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or
the magnitudes are contizually varyin
relation of the asterold to me'ynm mdﬁo
A et

what telescope aperture ks needed. Second, they ame
for determination of size of the minor planet AD but
lmtmlwmﬂfmdhmmnmmhlbeﬁgcm

the apparent brightness st opposition the spproximate dix
eter i computed

Actually  there is an fmmense end unkoown aumber
minor planets. The greatest number of kpown oacy octun

:
;
%
i
5
§
8
3
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ably gmaller than Ceres and Pallas- apparently

bhas surface material lighter in tone than the others. Re
few astronomers can sce Vesta with the naked eye,
be done during appurtions when the opposttion ms;?

it around 6 Juno at times is fainter than magnltude
needs high-power bwnoculars or a 2 Inch telescope Ah
.ccmulo(‘

the magnitudes are continmally varying, on
relation of the asteroid to the sun and to ot
A lcally the magnitudes are mp first,
designate the brightness as seen by us and thos 3
what telescope aperture Is needed. Sccond, they are a by
for determination of size of the minor planet. All bat
Targest are t0o amall for direct measurement fn the teftscor
So a mean reflecting power of surface is assumed, shich ™y
or may not be true, but which gves a workmg 2
which to proceed. Then from a knowledge of the orbit x ¢
the apparent brigh at opposition, the apprott ‘ﬂ’{.
c(uhcornpmccr

Actually there i3 an tmmense and uoknown numbcr -
minor planets. The greatest number of known ones occurs ¢
magnitudes 13 and 14 of which there are about 400 eac
this number decreasing toward the brighter and toward Uy
fointer side. There are about ! ast whose ot

the well known asterokda
5000 have been observed at one time or other many ¥
which have been lost or have gone adrift, so to ypeak, 8
InsufBicient observatlons were sccured at the time of appear
ancs for & good sct of data to be made, cven by the bes
J: h there must be a total ¢
some 50,000 of these spheroids in exhtence. The vast majort]
are probably but a mile (more or lexs) in diameter
Most of the features of asterolds are of special interest (o
workers in mathemantical astronomy  because they condert
orbital characteristics. Becawse we do not Arnow much abot
the physical natare of the tny bodics. our knowledge s mosily .
oonEned to their motions, and to what ble sigruficancd
they mav have in the cvolution of the solar system. 1
morHuqunewcmrm'Em':rommm_
of major plancts. asteroid po ha a very excep
(iomljzfrbh Eccentricity b a numerical relation deflning the
of an cllipse. The nearer it approaches | 00 the more

shape
the clllpse and the mare it departs (rom
mo?m (whose eccentricity b zero) H crbf:
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bly smaller than Ceret and Paflas; spparently this 3t
bay surface material Liphter in tone than the ofhers. Relzt
few astronomkrs can see Veata wath the naked eye, bet &
be done during apparitions when the oppositon magar
B around 6. Juno at times ks falnter thn magntode 9
needs high-power buoculars or & 2 mch telescope. Ab
the magnitudes are continually varying, on ectount of
relation of the arteroid to the sun and to oo
Astronomically the magnnudes are important first,
daignate the bnghiness as seen by us and thue indl
what telescope aperture is needed Second, they arc a t
for determmation of sze of the munor planet All bt
largest are 100 small for direct measurement I the teless
S0 0 mean reflecting power of surface 1 wssumed, which
or may not be true but which yves a workmyg basit
which to proceed. Then from a Lnowledge of the orbd
tha apparent brightneas at opposmon the approtimate du
eter i computed
Actually  there 13 an immense and unknown omber
minor plancts. The preatest number of known oncs oceur
magnitudes 13 and 14 of which there are about 400 @
ihis number decreasing toward the bnghter and toward
falnter side There are about 1600 asterowds whose orb
clements are sufficiently well known that poutons i H
ucersion and dechination are computed for cach A
by varlous imtitutions ssagned by the Internat Asrt
nomical Unwn These 1600 mmor planets might be €3
the well known aster wds. Beudes these 11w ctimated
3000 have been  beem~d at ome time o sther many
which ha ¢ beun lnt 1 have pone adrgt s to speak o
t abunatkn were woursd at the tme of appead
ance for 4 good Wt 1 d ta to be m de even by the bev
L ushner ¢ tim tes thr mua e a total ©
some SO M0 of thew phwr J 0 st nee The ast majorer,
arc probably but a m 1 (nw T ) 0 diamwtet ‘
Most of the featuie {4 d [ peuial imterest K
workers ' mathem 1 1 4 ¢ non b guse they cOBOEY
orbital character 1 B ~w g [y mu-h abes
the physfcal natur - £th oy bl w bnomeldpe i rooatlt
congntd ©har motn  und 1 owh t pos bl gruficance
they may have 10 the = Jut b wt 1 m ‘
The orbits as a whkic u m h I m than thos
of major plancts. The & WU H U Ipa b 4 " ewep
tonal orbit Eccentreity ™m0 mim  wal 1 definmp the
shape of an eflipse The ne L app vaches 1 K the mort
clongated f the clipsc aad the more « dop oy from »
drenlar form (whme ectentrouy zem))j% orb
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sunrse Then with the progress of the seuson, ff can bel
Tising carlicr and carlier each day untl ithon time,
it is at the observera mendian at madnight. At thist
x retrograding. Its appearance conunues like that o
other outer planet in this way that it rises earlicr cach
ning unul finally 1t 15 scen in the western shy after s
and gradunlly becomes lost near the next conjunction
B0n an a8 astward appar nt mobon among the san
takes it mavgurating a new vycle 1ht same routme b2
to all superor pl net

In observing, on wtan with an (phemerns of the ast
This 13 a table of exact positions of the object for 1t
intervals ot um  and the positrons are given
of nght ascension and dechinatk h Professional ephem
are published annually by the Ciocinnan Observatory
correspond 10 th  cphemerides of plancts as publuhed {
American I ph mens and Nau al 4lmanac of the
Naval Observatory the Nuntical Almanac (Londoa}
others These positions are alvo prven for the first four
planets an the vearly Handhook of th Brin h Astrond
Aseocianan There are also a very few monthly perodic
such as Popula 4 ir nosmsy—in which 1ht positions are
Inhed 1 rthe 4 tor 1 assest 0 se during the penod oo

Halt the ntir w rk of o1 hing up an st rowd (and
farly a comet) 1~ 0 pl tung it ccunse Trm the ephe
posiron The simpl st m thwd v to pi t the apparent &©
orelse use a¢h rtall dv m dt A ch it an bu madke ¥
will e 1 et sy 1§ nxonths cous s that usued
further hartw rhy fbe ko for th t parts oldr appall
of th  hysct «xtndy | runfthe try 1 ppostion of

planct tothe 1o o d W Py L w i m nth

The positon d d uif b plitd at wee oo 8
chart 1t tha wr P fth gqun x5 toew
constant  h toat \ ™ot Anmy  tar atln
fixed o rdat~ Rt wonat d e 10 tioa.
framew rk din 1 Wbt poatononothed
aceording ¢ th ol t ta ot qumet
celesnal 1t U o) hot canpod
chang U n t 1 | t Vol publuh
withowt 4 0w d1 (Y 1 o Whike
change from y Tt yonodlboy nulave
thrws n ooy Uty ILn [ At
for s numbir Ly T 44U x ko 1 wwg
and atlases ha e th 1y mas e 1t ny of
right asccension odde om0 L b Congtell

groups pla ed to urrespond w th cqu nox %
N N
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phenomena. At times of grest auroral displan, -
tremendous disturbances in the earth's magnetic 834 B
&1 magnetic storms, Magnetic compasses vary sveral &
an hour At times, too radio reception, -
is affected and sometimey completely cut of -
telephone cables are also disturbed because of this ey
magnetic excitathon. T
A wealth of folk Jore bas grown up in the variom
trics where the aurora s best scen ond ronstently
In this have been the stories of sound at timo of the
1t it Hkened to the swith of & ¢ilk drea, or e wind %
in & ship s rigging At present the provlem i perpleist
cause equally reliable witnesses have given confiictag
03 10 any audible phenomenon. Probably the best
is that the supposed cffect emanates from  “ocal bra &
cherge™ of electricity from bushes or mow i (e
similar to the elcctric drcharge from the mast of &

Rainbows are almost ay well known a3 the sua 1
moon and are frequently seen in the wake of a
They come when the sun pecps through rabn clouds, 84
be seen 00 a1 the sun strikes the spray from a lawn
or whps of a fog. Such a duplay may be teen In the
nl(crlmm.h\glhawcrcrlnrhcmdlerndoﬂ;g
tho late afternooa. Since rainbows m the pogular
most commonly associnted with summer aftérmoon #
they are usuaily {ooked for in the cast. A rainbow ks 2
ofdmﬂuornmﬁydmﬂarnmofco{mlhm:gpaﬂ
huge arch in the heavens. No two persons, though they 83
be standing side by ade, ever see the same rainbow for By
bow I3 an arc of a circle whose center it on the tine
from the sun to tho eye of the observer
mordlnn;yrdnboubnnmho(umueom'ﬁw
on the outside merging Into orange green
indigo and violet. Usually tho radius of the arc ks equil ¥
about one-fourth af the wible sky or 4  to the red 06t
in a while thero are two runbows—the secondary with

1
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phenomena. At times of great auroral displays,

tremendous disturbances in tho carth s magnetic feid, kd
&s magnetic stonm, Magnetic compatses vary sevend &-
n bour At times, too radio reception, especially shortsl
Is affected and fetely Loag-fin

pletcly cut off

teicphone cables are also disturbed becmisse of that ds
magnetic excitation, ;

Awmxhhoffo!klcrchupmuplnthcmbm#
trier where the surors is best seen and contistently
in this have been the sorics of sound at thme of the
It is fikened to tho ewish of & mik dress, or the wind ¥
in & ship's ripging. At present the problem b parpleray
causs equally reliable witncsses have given conliictiog
a3 to any audible phenomenon Probably the best
is that the eflect emanates froo « “local
charge of clectricity from bushes or smow in the vk
similar (o the electric dicharge from the mast of 3 ¥hip

Rainbows are aimost as well hnown l.ki ﬂ; s wnd
moon and are frequently seen in the wake of &
They come when thetum;:\e;-pslhrougl"nni!'l:l:mfh‘ﬂdk
beteen 00 #3 the sun strikes the spray from a lawn ;:lﬂ
or wisps of & fog. Such & drplay may be scen in w
after & mommg shower or in the cast affer & downpast
the Iate afternoon Smee rminbows in the popular mind
Tuost commonly axsocisted with summer afternoos
thoy are usually looked for in the enst. A rainbow 3 & §1O%
of circular or nearly circular arcs of color that appean B
huge arch in the heavens. No fwo persons, though they
be standing ude by side ever sec the same rainbow o
bow is an arc of a curcle whose cunter s on the Jine stretchl
from the sun 1o the cyc of the observer

The ordiaary ranbow 13 an arch of varom colors with 5t
on tho outside merging into orange yeliow green, b
indigo, and vicket. Usually the rdis of the arc i equal
2bout ooe-fourth of the viwbic sky or 42 1o the red 00
In a whilo thero arc two runbows—the socondary with |
sreater radhys than the first and the arder of the colors K
versed. Unually the secondary bow 13 fainier and dissppear
more quickly than the primary Obaervers note that the spat
between the {nner and outer bows b apparently darker th
is 1he sky entlrely within the arc of the rainbow or the are
entlrely outside {;.: sphere of influence In addhon carefo
eratchers observe that the arcs themaolves vary in wilth .
that the colors even in the same bow are of variable purity

Ralobows result from the refraction and reflecuon of sun-
light by raindrops in the stmosphere. Elchdmph.m
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phenomena. At times of great auroral displays,
tremendous disturbances in tha earth s magnetic fiid,
s magnetic storms, Magnetle compasses vary severt!
an hour At times, too radlo reception, especially short
is affected and sometimes completely cut off
telephone cables are also disturbed because of thh
magnetic excltation,

A wealth of folk lore bas grown up lo the
tries where the aurora is best scen, and consist
in this have been the storkcs of sound at time
It bs Hkened to the swith of a silk dress, or the
in o ship s rigging. At present the problem h
cause equally reliable witncsses have given
as 1o any audible phenomenon. Probably
s that the effect emanates fi
charge of electricity from bushes or
smllar to the electric dcharge from
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Rainbows are almost a3 well Lnow:;‘lkl
moon and are frequently seen in the ©
They come when the sun peepa through rain clouds, "
be scen too o3 the sun strikes the spray from a lawn i
or wmps of & fog. Such a display may be seen o
after a mornbnguwwerorhlheunmcrndmﬁl
tho Jate afternoon. Since rainbows In the popular
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huge arch in the heavens. No two persons, thou

b standing side by side, cver sec the same ranbow for
bow Is an arc of a circle whose center b oa the Line su
from the sun to the eyo of the observer

The ordinary rainbow i an arch of various colors wiih ¢
on the outslde merging into orange yellow preet,
Frdigo. and violet, Usuntly the rada of the are fs equ
about one-fourth of the visible sby or 4. to the red O
in a whilo there arc two rainbows—the with
greater radlus than the first and the order of the colon I
versed. Usually the secondary bow {1 fainter and dbappe®
moce quickly than the primary Observera noto that the mX
between tho Inner and outer bows i apparently darker 2
h(he;kymllrd‘ywuhh\thenrcollber-h\howalbelﬂ‘
entirely outside its sphere of influence. In addition carefdl,
watchers obsorve that the arcs themselves vary hn width a3
that the colors cven in the same bow aro of varlable purity
Ralobows result from the refraction and reflection of sus-
Light by raindrops in the atmosphere. Each drop Is » priwm
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high ponition for those who knew the secret—wn o6
same stars always passed over the tame fsfands.

Thus, if you studied the heavens well, you nced cely
toward a star that you knew to be directly above the |
that was your destination and you would be gursed 0k
thermore, you could even judge how near to your desth
You were petting, becauss as you approached it that sry
come nearer and nearer to your own remith. The ot
would be the same if you
Ing By walldng toward that light, you woud tpproad
building- and = you app the light wodd we
climb higher and higher in the skies.

In actnal practice of course ft was pot qulte u &%
that, The Polynestan navigator to eam hiy Laurels, bad(
familiar with ol the stars which passed over the i
which he sailed, 0 that as one moved oo and coaed 01
his destination, he could select another to take ks plxe..
since be followed this heavenly puldance without frsod
ft was only approtimate He had to be nhkmmdﬂ:
of tho seas aa well 30 that he could tell by the birds ad
by clouds, by odors and by countless small bl
when be was nearing a Jaodfall ﬂoﬂ'ﬁ.

Buat the system worked well enough to support &
traflic between the islands and win great fame fot the ol
who gulded the ships. Today when an bly et 8
tmthe(}! navigation exists, 30 that ships and plﬂmd:‘n;:
at T geographic tarpets wath pin-point sccuracy
tor #t falls heir to some of the awe with which the 155
beheld him.

And this desplte the fact that the actua! of
navigation has been stripped of practheally all jts
and astronomical mystery and reduced to the point ‘hﬂ
with propet instruction and considerable care, almost 857
telligent person can find his way by the stare. More than
sallor has learned the tricka of his trado from the books &
New York Public Libary—and one Robinsn d:mmlj

(cdtbenlobelnlunn]lnmngvm.elnnncdon}yrdﬁ

fedgo gained fn such a fashion. J

Today thanks to the U S. Naval Observatory the H:
graphic Office and other government agencies, there exit
few brief volumes that, taken together solve all the
riddles of navigation, leaving the saflor little more 1o do th
make obterva and fook up the answers in (he pol
tables. The task b1 much casier than that which confronted
the Polyneslan madter for all tho ciric and agtro-
nomical computations have been worked out in advanee gnd
slmple arithmetic can take care of the remainderoe

%
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bigh position for those who knew the n.-c:ct-dm-mialg
same stars always passed over the same Ixlands.

Thus, if you studied the heavens well, yoo need enly it
toward o star that you Lncw to be direcily above the
that was your destlnation and you would be pukied ¥ .
thermore you could even judge how near to your
you were getting, beeause as you approached it that sty w
come nearer and nearer to your own zenith The
would be the same if you were to see a fight atop a &l
ing Dy walling toward that "3‘3" )b":-l would approach
boilding a hed 1

nd as you apy light would scemt
climb higher ond bigher in the ikies.
In actual ncﬂte.ofcounc,hwumiquit:uhlﬁp:|

that. The Palynesian navigator to carn his laurel,
famlliar with e/l the stars which passed over the hlindt
which be sailed 3o that, as one moved on and cessed tomd
his destination, he could select another to take its place AX
since he followed this h ly guid Imstromert
1t was only approximate Ho had to be able to read the sip
of the 3e23 a3 well 30 that he could tell by the birds and fbt
by clouds, by odors, and by countiess other small fodicatio-
when he way nearing a landfall.

But the system worked well enough to support & flourishis-
traflic between the blands and win great fame fot the tan
who puided the ships. Today when an incomparably finer 57
tem of navigation cxists, 50 that ships and plasts are d
at thetr geopraphic targets wath pin poknt accuracy the navif
tor atlll falls heir to tome of the awe with which he ancics!
beheldhlllll'r:. e the 1 of

And t te act that the actual practice moder
navigation has stripped of practically afl it trigooceetris
and astronomical mystery and reduced to the point whett
with preper ingtruction and considerabe care almost 52y
tﬂlmlmmﬁndhhmybyhmhfmwj

sailor has learned the tricks of his trade from the bools la
New York Publlc Library—and one Robinson circumast
gated the globe In o small talling vessel armed only with
knowledge gmined in wuch a fuhﬁm i
Today thanks to tho U 8 Naval Obscrvatory the Hyd
phic Office, and other government agencics, there exist
ew bricf volumes that taken logether solve all the
riddles of navigation leaving the saflor litle more to Jo than'
make obscrvations and 1ool up the answers in the published’
ubles, The taak i much casier than that which confroated
the Polyncafan master for all the triponometric and astyo-
nomkal computations have been worked out fn advance apd
almple arithmetic can take care of the rrmnl/ndcr.‘
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high position for those who knew the secrer—was Gt 4
same stars always passed over the same falands.

Thus, if you studied the heavens well you need oaly st
townrd a star that you knew to be directly abore the
that was your destination and you would be guided to it
thermore you could even judge how near to your
you were getting, because a1 yoo approached it that star wo?
ccmunammdnmmtoymnmmhh.ﬁcp‘nﬁ
would be the same if you were to see a light atop a tall
ing. By walking toward that light, you would approach ©
buildmg: and &8 you approached, tho light would scem
climb bigher and higher in the sXies.

In actual practice of course, it was not quite as stmple
that. The Polynesian navigator to earn his laurels, had to
familiar with all the stars which passed over the kslandt ~
which he salled, »o that, a3 one moved on and ceased to mt
his destination, he could select nnother to take its place A3
sinco he followed this heavenly without Lostrumed -
it was only approximate. He had to be able to read the gp-.
of the seas as well 20 that he could tell by tho birds and fisd
by clouds, by odors, and by countless small indication
when he was nearing a landfall.

But the system worked well enough to support a
troffic between the lslands and win great fame {or the :
who gulded the ships. Today when an incomparably finer
tem of navigation exists, so that ships and planey are E
at their geographic targets with pin-polnt accuracy the
tor stil! fafls heir to some of the awe with which the
beheld him,

And this despite the fact that the actnal practice of
navigation hay stripped of practically all it
and astronomical mystery and reduced to the point
with proper instruction and considerable care, almost any
telligent person can find his way by tho stars. More than
sailor has learned the tricks of hix trade from the books in
New York Poblic Library-—and one Robinson cirm
gated the globe In a amall safling vessel armed only with
knowledge pained in such a fash|

Today thanks to the U S. Naval Observatory the Hydro-

phic Office and other government agencles, there cxbt &
cw brief volumes that, taken together sofve all the lexing
riddles of nlvil&:on‘ leavmng the saflor little more m than
mako obscrval and look up the answers in the published
tables. The task is much easler than that which confronted
the Polynesian master- for all the trigonometrk and astro-
nombesl computations have been worked out In advanee and
slmple arithmetic can take care of the remalnc
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high position for those who knew the sccret—was thxt of
samo stors always passed over the samo hlands.
ﬁus,lfyourmdladlhehavcmdeywncchﬂHsj
toward a star that you knew to be directly abave the
thot was your destination and you woald be guided to it F
thermore you could even Judge how near to your
you were getting, because as you approached it that star
come nearer and nearer to your own The
would be the same it you were to sce a Hght atop s tll
ing By walklog toward that light, you would 2
building and as you approached the light would stem
climb higher and highet in the skies.

In actual practice, of course, it waa not quite a3 stmpke
that, The Polynesian navigator to eam his laurely, had
famillar with all the stars which passed over the falands
which he safled, 5o that, 22 one moved on and cessed 0
his destination, he could select another to take h!'P‘W'-A -
since he followed thia b ly guid without d
it was only approximate Ho had to be able to read the €l
of the seas a3 well 30 that he could tell by the birds and

small [ncicasied

when be was nearing a landfall,

But the system worked well enough to support & B
traflic betereen the hslands and win great famo for the 3
who guided the ships. Today when an incomparably finef 7§~
‘mu.:if navigation exists, so that ships and planﬂgnﬁ
at r geographic targets with pin-polnt accuracy
tor still falls heir to some of the awe with which the ancid

And ,:hhm ctice of mo

d this te the fact that the actual pra «

navigation hiuﬂen stripped of practically all lts trigonometrd,
ond wstronomical mystery and reduced 1o the point whett,
with proper instruction and considernble care almost any
telligent person can find hus way by the stars. More than
waflor hat leorned the tricks of his trade from the bookt i &
New York Public Library—and one Robinson

ted the globo in a small safling vessel armed only with t5
gowi:dga gained In such a I n '

Today thanks to the U S. Naval Obervatory the Hydrd

phic Office, and other povernment agencies, there exid
ﬁ‘w briel volumes that, taken together solvo all the pergtdﬂl
riddles of navigation, Jeaving the saflor Htide moro to do
make observations and Jook up the answers in the publited
tables. The tatk B much casler than that which confroated,
the Polyneslan master for all the trigonometric and astro-
nomical computatrons have been worked out in advance, ad
stmple arithmetic can take care of the remainder ¢
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high pontion for thoto who kunew the tecret—~war thit
samo stors always passed over the same flands,

Thut if you studied the heavens well, you need only set s
toward & siar that you koew fo be directly above the K
that was your destination and you would be gulded to it R
thermore, you could cven judgo how pear to your
you were petting, because as you npprmdaedhuntnarrm’
come nearer and nearer to your own zemth. The prings
would be the same f you were 1o see a light stop a tll
ing By walling toward that [ight, you would
bullding and as you approachey ibe light would seem
climb higher and higher in the thies. !

In actual practice, of course 1t woy not quite as vempi
that. The Polynesian navigator to eam his laurcls, had N"
familiar with ol the stars which passed over the hlands )
which he salled 80 that s one moved on and ceased to
his destination he could sefect anather (o take its place A%
since he followed this heavenly guidance without
it wos only spprotimate He had to be abde to read the digt
of the seas as well 30 that he could tell by the birds and
by clouds, by odors and by countless other small
when he wat neanng a landfall

But the system worked w i enough to supporta £
trafBic between the islands and win grest fame for the masy

who guided the ships. Today when an incomparably ﬂn:fhd
narigf

tem of navigation exity s that ships and plnnﬂl;n
ut therr aphic target with pin-point accuracy the
geograp 8 pin-pal bt ;

tor still fall hair to some of the awe with which

beheld him
And thiv despite the fact that the actual practice of
navigation has been stopped  t practically all s ¢

and astronomical mysterv and rduced o the pormt whel
with proper mnstructi noand con wherable care almost lﬂf&
telligent person can find bt v v by the stary More than od
saflor has learned the tncks ¢ f hi (rade from the books &
New York Puble Libran —and one Robinson clroumma®
gated the gl be in a small saling vessel armed only with t
knowledge gained in w2 h a i )
Today thanks to the U S N val Observatory the Hydr
phlc Office and other government agencies, there extst |
fcr:‘ brief volurnes that taken together solve all the i(
riddies of navigation leaving the xaulor [tle more m
make obscrvations and Ik up the answers in the publshd
tables The task is much cavier than that which confronte!
the Polynesfan master (or afl the trigonometric and astros
npomical computations have been worked out in ard =W
simplo anthmetic can tale, careof the remaind A\
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high poaition for thase who know the secret—was that
sarmie stars afways passed over the same

by clouds, by odors, and by countlen
when he was nearing w [andfall. ol
But the system worked well enongh to support & e
traffic betwreen the islands and win great rmlmmﬂw
who guided the ships Today when an meomparably
tem of navigation exsts, 30 that thips and Nmufwt
at their grographic targets with pi-point accuracy
tor a4l falls heir 1o some of the awe with which the s
beheld him. mode
And this despite the fact that the actual practice of
navigation hias stripped of practically all jts trigopomed
and astronomucal myxtcrynndmd‘uCClelhﬂWb‘ i
with proper mstruction and conatderable care almost any
telligent persop can find his way by the stare. More lbmol'!
sailor has learmed the trichs of his trade from the books It
Now Yort Public Library—and one Robinson clreumot
ged the glabe 1 a small sailm, venel armed only with @

'?hc}c:yor%unu to the U S. Naval Obaervatary the H{ﬁ
£8 cc and other government agencics thero ¢

few brief volumes that taken together wi“vrn all the perplex¥
riddles of navigation, Jeaving the sailor little more to do

make obscrvations snd kook up the anrwers in the publlh
tables The task B much ecasier than that which confroatt
the Polyneslan master for all tho trigon: astn

nomical computat, e been worked
simple arithi ol - b
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