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IRTRODUCTION

In this comperison of certuin methods of teaching
general scilence, it has been the author's purpose to state
oend interpret the facts as they were found, cnd to discover,
if nossible, whetaner or not theée methods cre uniformly
effective, or whetier come cre more useful then others.

The investigetion coneists mainly of o comparison of .
three methods of visual instruction, and one non-visusl or
modified recitution method. The confucet of this investige-
tion is limived to a weriod of five weells, spent by the
cuatihor in teceliing four classes of elementery nhysiceal
science I pupils &t the South Omahe High School. In ecch
cluss was cpolied one of the methods of approach under in-
vestigati nu.

Tne conditionms under which this study wes cunducted may
be described cs ideal, becsuse the verious persons with whom
coﬁﬁaet wes made were willing to cooperate to the fullest
cxtent of their time and obility. '

With the ready permission of Principal lMarrs and Ilr.

L. . Sulth, neud of the science deportment of the school,
these four claesses were put entirely in chorge of the author,

s regords the teazching procedures used in this experiment.




Ia view oi tue foev tuct tiie invectijcblon wus corried

the wuthior will Zollow ti.e generclly
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in rcte of lecrning. Invesgti ction siiowed, nowever, thot

t
aring the eimcriment 4id not seem te ve in normony wit

coufitions vwnder walchh permlcecion to ccrry on tune exveri-
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Cheuter I

JZISTORICALL BACKGROULD 0T I

IwMioDS INVOLVED IW THIS STUDY

1. Phe Recitation Llethod

ne of tue principleé éf srocefdure walch rnight be regarded
s univercdl ot the time‘of.the<ori5in of the recit&tion
system, wos the identifigatioﬁ of schooling with textoooxk
e Going to school meunt reciting from o textbooXk 2né
lecrrning was identified with reproducing for the teachner whot
tl.e book conbcined.

Prior to tixe nineteenth century, instruction in both the
elemcntiry wné oromnoy schoois woes trevaellingly individuald.
The punil of tiact neriod was left to chLift fof Linmgelf, wiiile
thhe muster whittled guills. When the neaster wios finclily reddy
to receive nim, the pﬁpil w;l ied To thc bench G often in
& sing scne monner, recited tie tosin thot Lad been his lot to
‘sfudy. e ﬁhen reowaed Lis sgeud while wuothier pupil repected
tie nrocedure. At their secats the pupils drecmed, doz.d,
“or perhaoos studied, wiile the muster wog busy with the in-

Cividual vefore nim. Lecrning ended wihen the supll Tinisued

Al

reeiting., A good vewvry oL considered = nremiwan iIn thioce days

“~. -



This method was used with 1little or no veriation for a
helf century. In 1855, Grimshew wrote in an educational
Journcl of the doy, that he "deplored the time wasted by the
old-fashioned wnd faolse method of teaching individuals in-
stead of c;gsses."l

Bducatbors of the time were being Jjostled cwale, »resanm-
ably by economic forces wnd so tuey evolved recitation by
groups. Incidentelly those economlce forces were the inventidn
¢ steel vens wnd blaekbdards.: The steel en rrecluded tne
necessity of a vinittling master and inducted & muster wao wos
zble to give more of his ettention to his runils. The blecik-
bosrd was the mecns of gathering the nuplls of the scme stoge
8f vrogress ond nresenting new materiecl to them as & unit.

The nen cnd the blackboard were thus the unrimery inducers
of groun recitobion but it was Joseoh Luncaster snd his co-
woriers wihno brousnt group recitation at this time to & more
necrly perfect state. Lancaster and nis Tellows evolved waat
was Imown =g "The lionitor System." It was under this system
that procedure in the classroom was brougnht to the nignly |
"mechenized similcrity of the Gernman goose-step. The room cnd

the »unils vere the dreuth of precicion. The atmosphere in

1V, T, Thegyer, Passing of the Recitation, D. C. Heath and Co.



the room was one of elick, cimuffle, clatter, clicik. The pupils = . °

were glven nunbers to-facilitabte talzing of the roll call.

e sebual lecrning process was so highly mechonized that
in srithmetic tlie nonitor hud ohly.examples cnd o key. They
were 2ll he needed. Tae monitoxr, or moster would reed the en-.
tire problen, followihg it touits‘conclusion, wnd the pupils, =
hanging'bn his very-words would follow the vrocedure oc read,
with their pencils.

This nmonitoricl systen wﬁs so higuly mechenized that in

rne light of wmodern recason, it seems stultifying and absurd.

-

A cnereeterizotion of thne sgystem would be, " nuen rivme but no

e -

"I ogoite of Ll these thinge teLcl.crs Lre lore ecvily
oblisated thon they uwsually awprecicte. Were we to discuss
;de<v abely the conu;lbat;ons of the wonitoricl s"~0vm, we
chovld indicate not only the fazct thut it gove to the reci-
totion gycten the structursl outlines vhich it stall retuins, -
but it lcid os well the basis for wo iree Juolic ctéucation with
rzrofesecionally treoined teachers Unéexr no otlier method could
universal ond free educction n¢ve been envicared; the expense
vould hove geemel prohivitive. Thus in 1329 there were ten
monitericl scncols in Pbiladelpbiw e.ch With one ueacner in
chcrge né on cver:soe of 284 1ls rer teccher. 4&s late as
1824 in the same city the uve “ée munber of “wrils ser teacher
<\'~ 218. The monitoricl syctém wlone nade it economically

tcible to undertulze the pubdlic educction of children.™

C. Heath «nd Co.

-y
ct
by
[¢)
w3
[
Q
1_‘
ct
0
t
'_J

)
]
w)
.

1 V. T. Thuyer, Pwssing of
1¢28 .6



Tie Pestoeloczicn systen in tinis country dates £
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ade}isl
end it was Tirst introduced in Oswego, Hew Yorl.
Chuanges cre seldom rodical end so the Pestalozzian method
wws but o modification of esrlier methods especially of the
Loincaster. It gocs buelk to individuslisna c-cin
the exneriences of the pupils end lecding them to & systematic
knowledéé by & cereful direction of the leurning cctivity on
part of the teaclier. O0f course, bools were now being somewhatb
resicecel by wetuel eimericences of the cuhiildren. Arithmetic

-

was lecrned less by "rayme than recson™. Tne dunger in this

wes Giut toe tescuner wos rutted. His routine, once estavlished,

never veried. To quote Dr. Ilossmen in port, "It male very

'zllght srovision Zor wmupil initiativé. It assumed teucher
dictetion of every sten in tne leurnll ;rocess."l

Finally, Herbort cdded hiis hoop to strengtien group in-
ctrueticn methods. Perhéps Iiis grectest wddition wos the cdl-

ing of soclcl =ciences in the curriculum. The stressed points

were "virtue" and Ycitizensnip"” He nheld wmoral developnent

@]

thie ultincte cinm of educction.
Hervert unlilie Pestelozzil, stressed teacher activity but

e £till set the cetivities of children into éistinet molds.

v

His five gtens in learning illustrate the point.
1. Prepuration 2. Presentoevion 9. Comporison ond cbstrue

tion 4. Generalizution b. Applicction.

4 h et g e

1 Dr. Loils Coffey llozsman, Chenging Conceptions Relative. to
Plenning o essong, 1S&4 D. 4

A TGS .



But tinc developments since Lencaster hove led to little
more thon the souring of new wine into old bettles, since we
nave not Tuncdimentally reconstiucted thie recitction systen

whiclhr Lonccster hied devised o 1little nowre thun o century cgo.



2. Visucl Instruction Method

The need for sciecntiflic scrutiny of tiact group of new
methods or devices wuich go Dy the name of visual education is

cpporent on every hond. Tue commercial world discovered long

©
(69}

o that one of the most effective &nd universal mezns of ap-

o]

gal is through nictures, h““t;, end diggramns. In any issue
0T one of our nttionsl ceriodicels, in wnich tiie most success-
ful advertiserc of this country concentrate their efforts, the
nercentaze of c.ace glven over to pictrues cnd other non-verdal

medic of comrmnication is quite high. Advertising experts have

le-rned, throush continued znd corefully studied ex perience,

that »nictures cné disgroms pay. They have learned that it is

essenticl to refuce the reading material tp a minimun ‘so thst
more spoce uney ve given to non-verval moterial; thot nictures
attract attention wiiere printed words will not; thet the message
tiiey wish to convey cuon be nost economically delivered through
drowings cnd wictures; ond that the ipressions gproduced by
these meons tené to be wmore nermanent.

"There is scuething strince and waucucl cbout visucl
ecucation. It is on of~"n1"ed deportnent of instruction wihich
is buced, not unon suvdject-matter, dbut uron o metnod of pre-
centotion. Tuis metliod hes ze its eesenbicl fecture tue foct

hot it velons to one of the semses. Sucn o situction is with-
out nwraeliel.
' Ve mey et ot the funfdaucentel cocuse ol tniie unusual sit-
wation in wirielr visuwl educction Tinds iteelf by glencing a2t
its iicstory. Visucol ecducction, in broad csense of the term, is,
of cource, not new. llodels, mups, diu;rumo, sictures, c11 have
ocen usel for Ne"eLwtlo“~. Tecchers of tie vorious scnrool sub-
jects huve develoDed materials ond forms of visucl presentation
to be used in treciing their sudjects. Geosranhy cnd nature
study aeve employed cn sbuncence of such woetericls. Thnere is



now & strong movenent tow: o the centralizction of these mater-
icls, acnd with this centrolizcftion has gone an ggitation for -
the enlcrgzement of the scope of their use.

A muber of conditions have combined to sroduce centr&l-

izotion. One is tue development of eluoborate museums in place
of tne small colliectione of mofels in indivicdual gcnool build-
inge. & second condition Tevoring the centralizoticn of visuwal
etuccbion is the cCevelonment of the cxtencion cervice of the -
stcote universities.  Thieg zervice hgs emnhagized agricultural

efucction, oub hes clso ineluded genercl -ublic education. A
tuizrd i;ctJr ie the organization of large cowponiec wihichh nan-
wilccture for unce in the cehool tihie matericl eguicment for wvisual.
educction. Tais equipment mey consist of models, cherts, nro-
Jeection ocpporatus, or moterial to be nrojected. nl T

Tne eve is the nost retentive zz viell os ta

3 e 1108t observant
of humen cense orjgcns. Vith mony of the lower wanimels other

sences cre oredonincnt, the sence of smell in some, hecring with
others, but in mcn, sig aimong his foculties.
- While orcl metihiods may hove been tie first used oty man in the
tronsference of ideas, slthoush there is cuthority for csserting
tct eveir iiere tie visuel was first, it is certain thet visual
imoges were uceh in the dim sges of antiguity to convey inform-
ction tnd even to tecch. The sond was used g a blackppard in ”
the oven-tir villoge schools of cuncient India., Monltind todsy
is lcerning from drawvings ond peintings Clscovered in'&ncient
caves in Fronce cnd Spain, the types of cnimels femilier to men
oxr saleolitnic timcs, who lived five or ten thoussnd yesrs be-
Tore thie duwn of recorded history.

The ecorliecgt records cre nicture records. The »urvose of -

tiiese records was to inform, cnd to educcte. It is now generally

1 Fronlz IT. Freemen, Visusel Bducaetion, Uni. of Chicajo Press
S
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believed that the covemen drew victures on thelr waolls not as

a mecons of orn;menfation but primerily to inpart focts, or to

issue warnings. Certainly'tneir puryose was to convey idez
Boyptien hieroglyphics merlk the trancsition between'picture

writing wnd tie ecrly clphopvets of the cncienve. Pictures are

and alwe ys,hdve been primarily a mecns of conveying information

tnd cre i£ Torwn, catecedent, cnd in purpose essentially educea-

tional.

ee thot education-

0}

In studying tic history of educution w
ern times hce followed thiree distinet lines.
Tlie huministe relied for purpocse of scliool truoining on the study
of good cutiors with thelr records of humen experience. The
éulists believeld that teccuing the ciiild Trom books was second-
ary in importaonce To bringing aim into direct contact with
neture end reclity. Tie naturalists mointoined that the child
con be prepared for 1life only by living.

Foremost among the realists was John Amos Comenius (1592-
1671), who gave the world the first illustrated textbooXk, in
nis Orbis Pictus or Tne Worid Illustratcd. .

Comenius velieved that vhe ciiild could not leasrn tarough
words wlone. He, therefore, appealed to the eye cnd the mind of
tne pupil through the sikill of fhe artist. Vords were clarified
and mafe impressive by pletures or by the tuaing itself when
vossible. His World Illustrcted beczme the most povulur school-

boolr in Zurope wnd held thet place for newrly a century.



fest alozzi (1746-1E.7) and Rousseau (1712-1778), repre- .
seating tuec ncturalist school, teugnht thiut the child should ;
learn life by living cnd preceied a "return to nature.”™ Froe- - .
bel (1782-1852), who put Pestclozzi's theories into practice,
believed in developing the sensev of sipgit ond touch and em-
oloyed visual éids in his famous kindergarten.

.One of the greatest inpulses given visusl educction hes
veen aiforded oy the British luseunm. Art galleries cnd museums
cre, in & LGHSG, merely visual aids. Tae sculpture of cnecient
Greece wnd the paintings of medieval Itealy were visuzl cids tp
eCucation, religious and civil. Peoule hove mode collections
of paintingce, stotues, mirercis, ol birds wnd butterflies,
because of their special interest in thece objeets, or because.
they wonted to sce, to study, to observe these tiings ut
their leisure wnd enzble others to do so. Tae British Iuseunm,
wiiicn was opened to“the public in 1759 tnd contains printed bools

nanuscrints, prints and drawings, entiguities oI Rany nations
and peonle, coins end medels, andé vdiological end geological
exhibite, is the locrgest and the oldest existing of these store-
houses of Xnowled e, and has long been o most prominent and‘
pdtent Tactor in the promotion of visual education. .

To Comenius, however, belongs the distinction Qf intro-
ducing visucl educction to the mcldern world. He mcy properly.b:

callcd tue Jather of visual education. And may we not name as



tiie grandfather the teacher ' no first drew pictures in the
svnds of Indis snd us the great grondfatiier the paléolithic
men who first begcn to build z picture language on stone be-
fore thie dawn of recorded nistory?

It is cpporent that visuzl zids cre fully as old as ed-
ucation itself. The icture has grown steadily as an aiﬁ>in
teaching, from the time when earliest man ccrved his first
crude drawinges in sfone until the art of pnotography and cheap
reproduction mude victures accessible to cll.

in even nundred years cgo the vphotogrenhic srt vbeson. In
1822 the first permonent photozran were secured by o French-

cn naaed Flepce. As ezrly e 1802 a process by which records
ccﬁla be made by the wetion of Lighat was discovered by a cer-
tein Tom Wedgewood, but no method of fixing it was then knowm.
Photozraphy, considered a recsnt &rt; is « centenarian, ond
visucl educction is zmuch older.

Out of tne photogragh cuickly grew the ctereoscone and the
luntern slide, cnd sll three have found & »rominent and csting
~lace in the world's educatbtional systems. Bleckboord drawings,
illustrations in testbooks, graphs, maps, charts, photographs;t
cterecscopes end the stereopticon hove long since become in-
timotely interwoven in the fabric of nedagony. Wlthout o doudbt
the introduction of the c'1'.e-”op’c:c.c:on siide into the educational
ney be attrivuted to the efforts of the Chentauqua lecturers of

e Tew yecrs nast, who for the most part were educctors. After
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using this nedium cs o forwm of instruction in thelr lectures,

-4

tiiey were cuicl to reclize 1ts significance for the educational

4]
]

world cné Lence introduced it ‘in some of their schools. The
Visucl Instruction Division of the Ifew Yorl: Stute Department
of Eéucoation wxmnounced thut in 1922 1t wus circulating some-
thaing over & Lilf million slides, besides numerous NhOtO”“ hie
srints. -

Xow has come o new form of illustration, ushered in with
the tweantieth ceantury, cn art made up of ©ll the methods of‘

pilcturizaticn wnich hove gone vefore, cn ort which cdants itself

neturslly cné bvesicolly to instructional uwcse. Tuils new form of
wiceturization is the notion vpicture. It conbines tiae princinles
of tie photogreyn wnd the luntern slide witih the ecrlier arts

.
L]

of drowing, cnd nus cdded to them the semblince of robtion. AS
o result we huve « composite which seem destined lirgely to
revolutionize illustrative peogogy.

It rtast be vorne in mind that wnile educction hos been

v

C.evcloping Tor ceveral cénturies, the motiox-picture nas been
cveiledble for eduection onlj for the past few yeoxrs. It is
logicel to cscume thint Comenius und Froebel would have ecserly
seized uwpon tne motion picture as wn zid to educaticn if it had
been available to them. IMotion wictures hove disclosed a whole
new world for owservcotion and study. They have brought the
irceles ocnd wonders of ncture to tne pusil, have chown him the
microscopic life of thc oceen, life in the crctic wl cntoretic
recions, how a slint unfolde, how a caterpillcir becomes a

o -

putter y, and nwy of the long hidden musterics wnd cecrets

]

of liotier Bartii.
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It is nest siznificant, however, tict luybridge's exper-
iments, wilei merk tae redl veginning of wotion _ictures, were
scientific in cuwrccter end results. Tue Tiret use of motion
nictures, vy tue founder of thie zrt, wee inm education. liore-
, for meny yeors luybridge's exneriments were conducted at
tiie Tniverslty of Fennsylvenic with funde cpuropricted bj tne
Universi%y s o contrivution to tie clvuincement ol sclence and

gducation. Toliing uu tiae worlt mructicelly where Iuybridge left

Fal
e

L, Tr. llurery vleo o voted his experiments colely to tne ot~

O

teinnent wnd denonvtretion of scientific fiets. Dr. llarey was

cn e incnt Frenci sclentist, o member of tie Institute cud of
t..¢ lcalewy of lLledicine, ProIfcssor «t tae Collece of France,

hd

cund Tirzector f otle Earsiclogleci Steticn, where moct of Lils

‘experiments in sicturcd motion were confucted.

Bfucctors :1& me%/af/Science nuve instinetively tmrned to
notlen victures for cid in teaching ond demonstration. Con-
tinuelly, tihough spusmodieclly, tne educutlontl use of the
motion picture hos been evolving slowly. Soiie elucators have
mcle excessive cloims Zor the wotion picture cs the coming pa
ceeo for c¢ll of educction's shortcomings, destined to eliminate
textooolis cnd tecchers.

Tiie vroduction of educaticnal Tiliis nus st&rﬁed, end

suificont vrogreses hos vecn made. in this direction to point

the roy.
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the scihool, the classes were jut at the

ficposcl of the wutihor, cs regards metiiods of instruction enm-

Types of lictheds Usged in the -Study

Vie mcy first consider the types of nresentation or metnods
wviichh were conpixeld with one another in the experiments of this
study. In cll of the wrocedures, the matericl or subject matter
.in tiie classes wanlel were compared was du-licoted as exactly as
moscible, For examnle, 1f o sketcn was to ve compared with a

.

laentern siide, the sketches were so drawn ws to duplicuate, as.
necr &5 possible, the tictures whilen were shown on the screen. -
A nuwaber of exgerinents were likewlse perforiced from btime to

tinne to 1llustrete certailn laws or forces. Tnese too vicre
Guplicated identicclly in escit end every one of the four classes,

g0 o5 to muintain o uniformity of instruction of mutericl wnd

gecure o corresyontingly uniform ¢nd reliadle result.



On thie whole the sketches were nade directly Ffrom. specie lly‘“'

es, wmale by lr. Smith, or jctiaered from sources‘
closgelr reloted to the metericls depicted vy thecme In all of
tie methole involved, the exrlunctions wnd lecturcs +o7loxed
g similar lines ¢nd the discusslons os well were
cimiler, TFoets obucined directliy Irom the slides cnd sketeches
0y tue clacgus usiug taew, were presented oroelly to tihe non-
rigued or modified wecitatlion metiod clusc.

usint in 8ll of the four clusses woee buged on

ti.e fellovwiing idecs. It begen with o descrin

wneient

o
b
O
o
o
Lo

.ad mofern befiefs ws to the shines of the ewrth wnd the extent
of tine universe wnd lecd up to the motlons of the earth -und the
cffects of thece mobtions on ceasons cnd time. It ended in o
giudy oi incrtiu, ¢ nirifugcl forec, =und o tiorouzir exnlinetion
ol tne lwws ol sreovit.tion.
e glides cmployed in tecehing this unit, (os well cs in -
ell of the units in the two courses in Elémcntary Physical

Science) hceve veen prepored by Y. Smlth, wio has selected nis
matoricls fron differ;nt‘sources, cnd wiho vy opproprietely be
celied o nioneer in tlhie Tield of visuul educution in thvis p&rté”
cf tiie country.

Toon guestioning 2r. Smith as to how he chonced to acdopt
this trype of osrocedure cnd continued to experiment clong this - -
line, thae cutlor wos told, "that it wes ot first due to « de-

sirec to sove time ordinerily spent in loborously drawing slietches

—-—



o

A5

on the voryrd, only to hove the next class coume clong und ersse

taerny, vefore tie explinution of the sletch Lcd been completed.

Secondly thot 1t was o tremendous interest ctimulator, ws it

[ite

copecled to the students, ond luastly tucet 1t secured rather re-.

moricole results, wnd coule

te kent in step witn scientific 77

progrecs.”

1. The Sietel lMetiiod of Visuzl Instruction

In cs fexr e we have been able to ascertain, the sﬂetch

uvetirn is an originel deperture from tie strictly

Torms of visuwul teuching. It wos suggest-
1de method, tnd considered from the stondooint of"

vtility for the teccher

«

, wio anos o desire to try out the visu “l

metiiod, ond offers an economiccl cubstitute for the rothor ex-"

. U S P et
.13 metnot X LLorouen
s - S .- - 4 een 5

conzisted of clietcies, nwnd Gramm or cub vy the cuthor on

l » - ) -, ."
nimeosrasn stencils. Thece were irimeograpned by Iliss Siever- .

Ting's tyrewriting clesces in cuconitities lorze enocugh to sunnly
the GemonC. Tasce nimeogreanned sketer siheets viere nossed out to

4

meicbers of the class, and ecch sietelr was individuslly explcined

-

cné lectbured upon by the cuthior. The following day a review of
the sketchies wos in order, and if possible a discussion started,
The cketeclics were exnlcined in the scrme nonner ws the slides

o loyed in the other methods. Upon completlion of the study of




one sneet of clieten

“:

renected. Tie siieteires used

o hundreé in

. 1
ctencils.

mrioer,

.

Tris metinod was

2lces, rode upy of Torty-six

boys ond girls.

T3
L]

The Illodified

Since textboolrts cre not

clus
hi
wroblen of supplying some

the recltotion form

ve literclly writing o

to convey the information given by the visua

ed from o nunber of relisble

wos then put in

.
1.3 wre

sible nut in the words of

stencils were cut, cnd

T34

-

teen voge 3 rmimneogranhed

This type oi »px

totion, becaucse its

usuclly «fonted by tne

nethocd. With them 1t iz the

cnotlie
dravm on eleven sencrabe Y-

enpplied to the first

Torm of textusl
of instruction.

textvoolz.

s understondadle
s written into the form of w story,
the informetion 1
vrocedure is referred to oz the nodifie

coplication was varied sii

cdherents

16

r was possed oulb, wnd the procedure
in tiils method compricse well over
by 14 inch

ceriod general science

students, for the greater part

Recitation Iletliod

used by wy of the Elementaory Science

ses of Souti Hipgh Schiool, the suthor was coufronted by the

material to be used in

This obstacle was overcome

In it the subject mctter needed

methods wes select-

Ul

sources. The information thus found

e form os vossible. The mater- -

cnd s neerly &s pos-

il exnerience. TFrom this moverial

scved in form of a nine~-

tect.

.

ed reci-"

ontly from thot

of the traditional recitction

text vool Tirct wnd always, type

ndi.z C.

R A

1 See Z

o € A~

J(D
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el

of education thot concerns itself with teaciing the DYook in-
stecd of thie clhiildren veing tought.

The method was not a striet recitation plun, beccuse the
cutnor neitier depended solely unon the textboolr, unor offeredﬁ
it as the one cnd only basis of instruction. The students were
expected -to set the explonations and the view npoint of the text,nff
witile the tecceher concerned himself in his lectures with slightly
Cifferent viewrointe, obtained'irom other sources, <ll cined at
tne coeommon (o0&l of ovtaining o vebtter mewsure of uwnderstoanding.
Tois is an ol common to ecch of the methods involved in this
ctivn.  The pupils, however, were guestioned botn upon
the content of text ocnd the gist of the classroom discussion
cnd lecture. At the completion of each shivse or sub-unit in
this method, ¢s well cg in the other tihree, en ottenpt was made
to pet o swmery review of the motericls, cg & bosis for the
next dcy's vworis,

This niodifiec recitation méthod wes opnlied to the =econd
pericd closs whilen consisted of thirty-seven cstulents of cpprox-

imcotely the some rrade as tihnose in the otuer itnree closses.
4. Tae Slide Plus Collitercl Recding liethod of
Visual Instruction

This metiiod sinply males use of lir. Srith'sc slides and

luntern or wrojector cs o basis of instruction. The slides



4

18 R

crrenced in the »roper sequence, cnd numbering 63 in &ll, were

flcsiied or rojected ujson the screen, wnd cs simple cnd compre-
nensive ctn ecxplinction cg possible was given of the rrinciple
tact the slide depnicted. Tane number of slides cveraged approxX- .

ive per Cey. The first few nimutes of ecch day were

A

gnent in = review of the slides covered the day beiore, andLinqd
encineering, if possible, o« discussicii. Tollowing Ir. Smith's
nrinciple 2 interest arous@l, cuestions intended to crouse the
curilosity wnd provoke originel thought discussicns were put to
the clusc, srevious to the explunation of certain mesningful
slides. .

The ceclletercl reeslding provided Tor this type of instruction
is the gcme s thot whicn was used as the bogls or text in theii
nmodified rccitotion method., This te:t, or collutercl rea&ing,f

s nos veen siated defore, was crronged so os to give as direct
end simple s possible an explonction of matericls which the

siides cnd sketeizes illustrated. Juestions regording both thef 
collateral recding cnd the slide discussions were nut to the"ffl

cleoes. This method was used in the third period cluss, wihich

c-nsisted of fifty vupils.



4. The Stroicat Visucl Method

'me of wnmrouen is identie witn the mctiho@ dezcribed f
in the nreceeding diccussion, scve thet tae colluateral recding

was not furnished to this group. This stroisht visusel metho@ of
instruction was cpplied to the tentn period clocss, a groun of . %{

forty-nine punils, of cpproximately the some ability as those

cerving cos the subjects for the three »reviously described

nrocedurcs,
5. Tests ond Testing Proc.dure
. In plenning this study toe cuthor was ot once cudfronted

by the verviexing provlem of obteining o scitisfoctory instrument

Kl
L

of meccurement. A number of standord genercl science tests were

ei:.crnined, -out proved unsstisfactory, becouse tiae muteriel covered -

by lr. Smitii's slides is very extensive, and becuause lils clides

cre in ¢ seeningly continous state of modification. Iew slides

are being moale wnd old out-doteld ones veing discorded, thus keep-

]—J

ing in stvep witih tie ever new &ndé cacaging concepts of wmolern

o

mn

cierce. His course may be very Iittingly described as & con-
temnorery course in Gener.l Science.

In »renering the test, tne aubior corwpiled & list of 210.
sointvs, selected Tron thne motericls incornoratel in tiie unit

undeyr consicderation. Thne difficulity of cecuriing a ztondord test

wnicn would be cmplicoble to a more or less conbtennorory course



“Uer

)

of tiaig ind con recClly ve rercieved from tie oot thaot, upon
exonining closely Tour well known Stundard gencrol Suience‘tests,fﬂ
tie cuthor was cule to seleet from thenm but five of the total of

bl

210 points used
to Te touzht.

-
9]

<
-~

0f tioese 210 voint

the preﬁest, wihile the

fincol excainciicn.
the

)4}

noint deCuc

.

. s - -
semi-weellly

N

-
S &

to keep cloce cuneck

were puosed partly upon o

compiled Dby lIr. Smitii,
o4 Dbeen discucesed,
6, Constru
As hos been steted
ccored on o vasis of 1LUS

OQJeCLlVe O 'b‘b’)-s -,r t:f}_)e.

12t cetuclly fitted

remaining

To deteruine the extent of

Tincl
Fron
the relctive des
culculateds
to

tion in the true

tests were

tite tyse of unit tha

tne 105 noints were incor:oro

ted ¢n_;“

105 even: ones were used in the

PP

the lmowledge

studenis, tune pretest wos given to each

<

the first docy noriing tue veginning o

1

ety
ERERS)

excomination v

2l
S

the differences Datreen thie uwretest

reee of improvement of

Tihie tests were scored on the

-1
At em 2

e allowence Tor tie pessibility of

o] fol

znd

ct
l_.).

Q

o]

1S .

35S

6]

€ec

elso given to ecch eloss, so

on their study cctivities. These tests

series foet cuestion test sheets

from the siketches, text znd zlides, that

ction and Validaticvn of the Tesgsts

.

cobowe, the tests were constructed cnd
points eccih. Tne tests were of the

_iven cn the lust day -



The cutiior dases his cluim to validity upon the fact that. i

-

tiie tests were

vased entirely ocund solely upon the content mater- -

ial used in tecching this general sclence wnit. lioreover the

tests were thoroushly excmined and checized by lr. Smith for

irrevelency ond cmbizuity of statement, cnd as an wdditionel

ciiecit as to possibdle inclusion of irrevalent nc

tericl, the'testlé

was giveu- to two Elementary Physical Science II classes, which -

L] ~

o but recentliy
: ) e L
in these testc.

ompleted a study of the mabterial incorporated
- '/ - .

1 Seec cppendcix D,




Chcater IIX

“

OBSTERVATIOCIS AXND RESULTS OF IXVISTIGATIOW

ln this chapter the zuthor will briefly summorize the
findings cnd observations oI this experimental attempt to
compare cnd if possivle, discover the most preferable type
of the four different methods involved in tuae teaching,of

genercl scilence.

Results

Tne resultsc of this investigation cre shown in diggrams

2

1 to &, cnd in taobles I and II. MAn exanination of disgrams 1
® .
to 4, which show tiie frequency distribution of pretest and

Tincl exzuninction scores, os made by each of the four methods
compered, odrings out the following foets, obtcined from the
claes using the sketelr method. Upon its eximination it will
be noted that the score range of the pretest was 0-70, with
the grectest agumber of the ceses grouped between 16--:0. Go=-
ing from this tc tie Tinal test distribution, we find thct

the score ronze hos chunged to 16-94, withh 14, or 35 percent

it J

-

of the cises belng 060 or sbove in score, s shown in table II,

n

cnd thot tie scores hove moved forward slightly, witn the
grectest frocguency of coses being distributed between the

ccores of 16-75.



Turning to di.grwm 2, vz find the grectest freguency of

distrivution oi scores to be between §-4%, cnd the renge to be

we Tind thot thie ringe hos widened,
6, ond thot the greatest uniform frequency
oL distribution ic to be found between 46-91. In this class,

touzsiat by the nodified recitotion method, it waos found, as

illustrated in tuble II, that 20 studentc, or 55.6% of the

entire clous mede o score of O0. or cbove in the flgul e Xl

n S, we find tae pretest ronge to be 42

with tiae frecuency of cecore distributicn bein g retl

a

Tormiy grouped vetuecen tie 1-41 section of tuie scule. In

tie Tincl excnminction renrecented by dicgron &, illusitrubing

Trecuency Gistribution of scores ac fLciieved by

[} ,~.C la

- R o B s - S0 - PO s P SR S S o —_— 2 ey e 2
now exbent Trow ZE2-vS, with the mojoriity 02 coses veing dis-
e 2 .y k! . AT ~ hal 4 T .. o Y.~
tribated Devween Z6-C1l. Trom tadle Il we con Tin Lot 18

nove mofe a seore of 30 or above, consigting of 40.9% of

- - PR ) PR .
o o2 tzzt secres

[

s wel.ieved 2y the fourth or straigiut visucl metlhiod of in-
gstruction. Unon ecxwnining this dicoror, we find the pretect
renge to be 9-60, with o very pronounced distribution of

ceorcs cleong wae L to 36 cection of the grera. The Tiacl



.

ivicion sulit ac reguards the score

(7]

test groph reveals o 3

o N

distributions vetween the 21-40, £6-65, wnd the 76-20 sections
of the scale respectively. The renge of ccores s miy be |
obgerved is now 11-%0.

snoexowiawbion of dicgren 5, which is-o grapiic compar-
ison of tne pretest and fincl meons of ezcn of the methods
involved, it ooy ﬁe recClly seen tict the meens of the Tinal-
pethods 1 cnd 3 wcre practicdlly the scme, but thot the

metiof 1 meen is higher in the pretest tincon thot of methiod 3,

infGicoting o souwewnat grecter galn in acialevement during the

course of ti.e experiment. llethod 2, us is evident fron tle
icgrom 6, stunds out as having achieveld the greatest im-

ﬂrovvwent Its pretest is procticaelly the

n

wse as 1, a trifle
more then O, :nd less then 4, but its fincl meen tops the list.

né the belonce to be siigntly in

Hh
oy

Compuring 3 with £ we

&

e

Tovor of O with the cdvance in mecn by 2 cnd 4 being very

imilor. e
Dicgrom © 1s o« complete graoaphiic 1llustrative comparison

of the stondcrd devicgtions of the pretecst cnd fianzl test,

cway Trom their respective means. It may readily be per-

cleved thet this dicogram brings out the sume interpretation .o

a8 regords tioe relative achievements of the four methods of -

instruction used in this study. i.e.- Recitation gained 34

+3
O
P
s

te in comporison to smaller gains nede by the other tiree



metiaols, tius couin indicat g, thet it is s;ightly superior - -
to tiie othmiers.

In order to demonstrute that the difference existing be-
tween tiae metiiods euployed is w true one, thie cuthor has com~:
pated Dy meuns of Gurrett's formulae 10 wnd 19, cnd table lé,l
the ciiences in o nundred thaot the difference of the methods

when c,moared witli euchh other is a true cne. The results of

-
.

thece ccomputctions may be Tound in table 2. From this table

o

it wuy rewdily ve ceen, that in 2ll of the comparisons in

©

wi.ilell metunod £ tolies nort,

de

tnat thie cnencegs cre sll sbove 94

out ecechh one nundred, illusitrubing thot the difference ezist-

11g in eccli case is o btrue ome. Thus indicowting thoat the »nos-

L4

0]

-

givilitics cwre high cs regurds the true superiority of the
ﬁoaified recitution, over the other methiods enployed.

The result of thils investigation mey suryrice the recder
co ruell s it aid the cuthor, who hed entertained proconceived
notions as to the superiority of the visuzl coprroacihes, but we
cmezed to find thot the tests disclosed the modified reciteation
to be somewhot superior. TFrom these results cnd ronm carefully'
obscrving the clesses involved, the cutlior hcs tolien the liberty
of inferring thoet these tests, os well zs uny otner tests, can-
not meusure ©ll of the contridvutions that the slides wnd visual
metliofs milze. nisg i1s based cn the fzet 1t Les been otserved

= -

vupils responfced more reudily wnd freguently, wnd disployed

1 Gerrett, Henry Statistics in Psychology und Education
Longmens Green & Co. 1926, wnp. 121,127,129
Z Sec¢ toble Z o
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more initiutive os regord ussion, yet showed up consider-
ably lower in tests, than ¢id those worlking with nodlf
recitation.

This superiority of the recitution metiaod nay in pa

due to tine fect thot the majority of the students concerned 72“

a

had recently come I{rom the elementoxry schools where thiS'”

metnod is etill prevalent, acnd secondly,»nerhans it may be

P

due in csone degree Lo the foct thet the te;t we.s nob empn“-u

-

zeld, :nl too muny opposing viewpoints were‘uresented insthe:‘

1G]
}.v.

lectures aond dicscucsions. Another pocsibility exists that

“the modified recitction proved somewhwt superior, due to .I
excecgsive veroalization since lecturcs ond tests were verbdeal.

-
? v

L e e e e

e o omee s
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DETHODS O DLARED CHIZTCTE 117 A LTniDiam
1 and 3 50
1 cnda 2 94.4
1 und @“ o0,
2 owad 3 9.5
2 wnd 4 9.

74

3 wnd & 6.
Teble 1. Sh Ollng tire chiences in o hundred thet tlhie differences
obtoined in the co verison of the methods is & true one,
in so fir us the lests vyuwlied hove veen cule to deterrine.
Tmamrg] FIROZET PERTNET PERCEN
B Lpove LU 45-60 U-44
1. Eketen 3b. 50, 35,
. Recitation 55.6 0.5 oU.99
. Slideg & Reuling 40.90 20.46 58.63
4. Slides Only 45,13 22.78 o4 14
Table =. Giving bthe percontuges of the students i wliing scores
cvweove or below o cortain soint.
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rurzocse cf efficic instruction.
During ¢ given cluss nperiod, show oniy thie slides on &

single thene or on related themes.

Thie results obteined in verious pnases of tiie visucl
netitod cre relotively uniform. However, it is recommended
witlh this rnthod since tiie resulits of this experiment noint
sligntly iﬁ thoet dilrection, tiiat some collotiral recding bve
recuired or given in c;njunctiun:with this metliiod.

It is the wuthor's firm beliiel thet much better results
could lhcve been votocined in resspect to the visuol slieten
srocedure, hud the sietenes been wrranged with but one to the
pagc, since too miny illustrations on ¢ne gheet cveem to liove
¢ Ciletr actlnh influence.

s osinion ife vlgo offered in resnect to waotaner fom of

visucl srocedure, tiot the sutiaor hos in niund, «nd inteands to

sut Lo test ot nis ecrlie

]
ct

opportunity. Both siides ind
siebtelics might e Turniched to the sane cluss. The inference

is tact thiis metiod would bring better resul

"4

C-f.

s bhicny tihie oblher

ney T~ A ~a 3 Mg PR - < AN
mes.icie @id. Tiiigs conclucicn is Bus

C"

= B S, o .
ef. 0N Tuec wecgctici 0L 4

]

number of bhe students of botk the sketen uné siice »nius col-
lotersl recling metiaods, wito expressed to tne wuthor their

l1iking ZTor tizls tyye of method, in the following phrase,

"le lilie Uiie drowwing bvettexr tiicn the slides, beccuse we cunnot

PR st - o N

broie e sliides home witun us to study.”
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upil Pretest ' cores Fingl Scores
3-1 O 25
D=2 b 512 ]
3-3 31 7
D=4 .29 65
3-5 23 o1
3-5 £3 04
3-7 21 61
3-3 356 8%
3-¢ 29 e
3-10 38 71
o-11 48 &9
3-1% . 51 89
S-1Z 15 2
3-14 37 86
3-10 8 S0
3-138 2 e
B-17 13 43
3-23 14 £0
z-19 25
Z-Z0 52
-2 S
D=23 &
3-23

L
1
I\,
>
O
N O
UL OOIWCH
GCICG QOG-

3-26 z6

3= 40 77

3-23 49 70

B-Le aR 7o

3-380 10 G

3-21 29 67

3-383 17 57

B=-08 1< 535

3-94 51) 55

3-25 28 70

A list of imcdividucl nupill cscores, ws ucualeveld by clees,
ernloying thie modified recitation method of instruction.
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2unil Prete t Scores Fincl Scores
c-1 23 %
-2 O& ©d
C-93 532 =19
C-4 0 89
C-5 b 58
c-4 28 <l
c-" 1) 3
Cc-3 =3 5%
c-9° 1- S
C-10 1 35
c-11 15 61l
T-1x2 24 44
C-13 8 55
C-14 17 71
C-15 RIS SE
C-15 26 2
C-17 15 4l
c-13 » 50 33
L C-1Y¢ O 70
C-20U 26 7Cc
C-Z1 13 S0
Cc-22 14 83
C=-23 8 35
C=-24 14 81
Cc-25 42 35
C-20 33 Y
C-27 53 95
C-% D 00
C-$0 17 i
C-C Zd 43
C-32 13 5361
C-3 15 SE
C-04& 23 o7
C-35 17 30
C-36 o 3¢
C-37 . 95 P
C-33 20 o3
C-5¢ 24 79
C-4C 15 45
C-41 22 o
C-4% Su G0
C-40 z9 S50
C-44 12 ol

A lizst of individuszl rupil scores ¢s acihiievel DY class
“ermmloying thae slide plus colleteral method.
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2anmild rretest ooorec Finol Scores
D-1 14 43
z-z 59 30
1‘_4:—_ 27 €
[

2=9O &3 76
-0 39 0
D=7 83 &3
D-.3 1o 25
-9 49 85
-1 5 51
D=1 30 62
D-1L 24 o4
D-1 60 2
-1 B4 2,
D-1 52 rr
o-1

D-1

-3

=1

[SHENRIaR SN &

21

SOIOCIOR DG OO

=Y 15 )
D-C 24 o
D-22 33 7
D=25 So O
-2 45 S)
4—:5 2 8
D-24g 10 S
o= 52 A
D-23 25
D=0 24 57
D-31 22 o2
D=3 22 o
D-33 45 ISP
D-34 18 ob
D-35 16 g

D-06 a 2
D07 20 53
-3 o T2
D=39 17 40
D-40 oL ¢l
D-41 29 o0
D-42 47 90
D-45 260 04
D-44 54 77

L list of Indivicduel »unll scores, .5 cehileved by cluss
employing the ot”'.”%b visucl zotuoa ol inctruction.
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CHAPTER 1
ANCIENT AID MODERN NOTIONS
a5 T0 THE

SHA-E OF THE EARTH

The earth as we Imow it cnd as common sense wnd science
teaches us, is a sohere like the other plunets of our solar
cystem, and maay experinents have been devised cnd perforned
which prove that this is so. An interesting way to cee that
it is round, consult wa almenac for tire ti: e of the next
ecliosse of the moon visible to you and wutehh for it. VWhen
this occurs you will see thnat the cdge of the shadow of the
earth that it cast on the moon is round. iAnothexr prool of the
roundness of the earth as devised by the Greeit philosonher,
Aristotle, which we mey try even todsy, is to wabteh a ship
coms in. TFirst we see only the smoke, then we see the top
of the mast, ce if the shiv were climbing up the side of a
nill~ Tinadly it is over the circle, sailing clear on the
top of tie Dball.

DARLY IDZAS AE2Q0UT THE EARTH---- Long before tie world
vag thousht to be round, the Vedie priests believed it was
o great flut surfuce su.ported by twelve great 01Tl‘“c, und
virtuous _ersons were soacririced to the gods to lieep thes
0illors from col.Lw sin- However, the cartn wue orlf*nally
conceived as a great fl: tluna of infinite de -th, which supuorted
the hieavens. Later wiien men began to round the Cupes in

shins, they imagined tie earth a5 floating in & universal ocecn of
unknown extent, end from this 1t was but o short step to the
concention of the earth zs bounded by & cirecle with roots reach-
ing downara. .

Anaximender a Greekx of tThe 6th century Z.0. concludel theat
the earth was ¢ cylinder, whose dim:eter was turee times its
nei:ht, which floated in the center of the veult of heaven.

Only its unser face was inhaebited, of which the northern nalfl
wes Burope and the southern half was Libiz ox Airica, and Asia.

A littlie later Plato evolved his cubiecal earth, holding
that the cube with its six faces, being the most perfect of
forms, should bve the form of thc Q'blliﬂ” place of man.

Long vefore tie Western world nad bezun to measure toward
the sphieroild form, the encient Zast hod 1muglned L sphierical
ecrth withh great mountcins to the north «nd south. Here wpain
in thisg conception of the certh, the earth is ugcoin neld up-
rignt by a mejestic pillar or the worlds axis. Now they thou it
in hemisplieres, ond moctly in northe¢rn hemicohercs. The nog tn-
ern hslf of the earth cate to be, therefore, o great nountuin,
riciny out of the eguatoriol oceen, and carried in irmasination
to the cloudes ond beyond them, to the Cwellin: vlacc of the gods
tlemselves. Where the southern hemisphere wus located, 1t in
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turn alsec wug & greut mountiin, inverted, how-ver,connect-
ing the earth with the honme . the &emons below. These
mountains of the world connecting the heavens and the
pleces below with the earth, oand serving as the axis
eround which the heavenly bodies wzevolved, was un early
Hindu notion.
A later Hindu conception was of the earth us & large

h¢1f shell or disc. The Hindus reypresented this circulzor

s reeting on the vacks of four grewt elephonts, synboliz-
ing the four elemeénts, or winds; thesc rested on the back
of o great tuwrtle swimming 1n o sec of milk, which syn-
bolized vuiriously strength, endurance, patience, creation,
or cternity.

The Chaldeans thought the earth was an enclosed chamber
surroundel by water,
The Greohs believed the earth « great disc Tloeting in
the sec.
The Chinese believed the earth a greut square and their
country the greuatest circle within the sguure.
while the Ancicnt Bgyptians uhoub;t the corth was a
great box, rectungulcr in form, the stors hunging fron
cables or wrones wnd the sky wes conesidered o rigid ceiling,
«nl the cbove mentioned suspended stars, were thougnt to be
lemps, cnd the sun was considered a disc of Tire travellin.
sround on & boul in & river.
= Tiie Zskirmos believed the center of the eacrth waes o nice,
woim heaven where good peovgle go, ant the sky a terrifically
cold slece wherc the wicked froze ‘Jrever.
fnother very wmeilent idea of the ecxth, which reuched
tiie western world not more tlhiwn 1500 years Mco, ic tae
universil egg, flodting in etier, somctimes on its side,
csonetimee erect. Zdrisi, en srabian geogrepi.er of the
eleventh entury L.D. consicercd this egg or ezxrtn, to be
nalf plunged in water, that is the uwniknown gart or hemis-
,here was submerged. The vemersable Bede, of the 8th century
explains this idea as follows: WThe earth is an element
placed in the middle of the world, as the yolk in the middle
of en egg; cround it is thie water, like the wiite of the egg
whilch sur.oouvnds the yolkx. Outside of that ie the air, like
the mecmbrane of the cgg; end sround «ll is the fire which
closes it in &= the shell does. The porticon which is ex-
posed to the torrid action of the air is buint by the sun
and is uninhoritesle; its two extremities cre too cold to
be innzbited, vu the portion that lies in the temperate
region of the uitmosphere is habitable. The ocewn which
surrounds it by ite waves ez for as thce hori_on, divide it
into two ports, the upwer of which 1. inhubLted by ue,
wnile the lo er ie inhubited by our cntipotes though not
one of thtm c:tn cowme to us, nor one of us to the
On a "tomcbto shuped" form Ptolemy, in the na century
stretched his mu ¢ of the world. The poles were in the
middle f o great oluteaw. With this Tora as Lic vorking
model , ipiwnus, in 1520 made his feamous "ecurdilorm projec-
tion™ nd this 1t ovteined his heart-shuped mop, sucporting
the revivel by the middle ﬂﬂcs of the old fanecy that the
ecrth is "thnce heeart o Cod.
The cardiform eesrth mup becrs a curiocus, Ter off resem-
blance to the earth of Columbus. Tor it is one of the little




ironies of 1life tiict thie min vho more thwin mny otiher
ropulerized tie notion that the ecrth was "shaped like

a bell,y " himself believed it was shuped like o peare

We f£ind thie in nis letterc, wnd in the "*f*:l.tlnr“r of his
contemvorariesc. TFor he vrivately cffirmed thet thie earth
was pear shoped. The o0ld hemisphere, the eastern holf
runs true o the spiiericul Torm on vhicl he had stoked
his ¢ll. 3ut the new nemisphere, the western world nhe
was to unroll, rose to & loftly mountain at itie equator.
"The mountain of the world" had moved, that is, from north
to weet. Columbus comnored his ecrths fisure to that of
&4 nearly round peir.

Dante's esrth, a eentury earlier, Lhad teo its moun-
tain, "the mountcin of purgatory,™ but it wac placed more
thon &0 degrees below theeguutur. "Tie City of Jerusalem,!
or "Zion" stende with this mountuin.in such wise on the
earth that both have a single horizon and diverse hemis-
pheres.

llore recent ideas about the shuse of the earth -- Gueer
md often fintuetic notions concerning the shape or form of
ti.e ecrth cunnot be confined to the beliefs of the anciénts
and the middle cges wlone. For o little over « hundred
yewrs cco, in £t. Louwis, iIn 1819 to be exact, CJapt. John
Cleves Syirses iltcued the Tirst detuils of wiitich wug come
to be lmovn oo the *ymnes Theory of concentric circles.

In 13353 cwnd ¢ 1n in 1824 he Het~tione* tie congress oi the
United utatew, cking for tvo vessels whereby to enter, 1if
ne m-ght, the 1ntpr;or of the earth.

Accordin. to the Symmes Theory, the ecxrth, end all stors,
iet of o collecvion of Sﬂhe“eo, morce or less solid, con-
tric with ewch otier, cnd rore or lesc open ub thelr poles;
coel splhiers renorted from its nueignbore by spuce rich in

ricl elustic fiuid. Tae nlanet called ewrti 1s conposed
of vt lewst O concentric spneres, &1l hnebitable s well upon
tlie concuwve as tlic convex surfcce. Tiie north »nolar opening
would Dbe about 4,000 miles in diameter, tue gouthern 6 ,uGC0.
Thc theory of Sy..mes nay well be termed the open nole theovj
of the cartih.

Little lecs than o century loter, llarsiicll Gardner atb
faror., Illinoi:, in 1910, Dubllsh= i Journey to the lurti's
Interior,'" giving hie theory of « hollow ecxth, ovsn &t the
poles, with, Lowever, one shell 8a0 mileo tiiick, wnd with an
interior sun. e gives tails single sghell w "Ceunter of Gravity™®
t:et cllows for = ccncave surfoce provably tie reverse of the
outer ag regjocrceo tie Sictrioution o& lend ;nu wuter. The poler
openings wrce cetl wted ws 1,400 milec in diw.eter, which allows
the lmwu-nCQ voyuogor sufficlent "curve® for rounulng the grest
ccmes of water, or "the lips oif tue world.M

~ 7illiem L. Green in 1875 worked out, withh the zid of a
"model cry:talm o inverted Tetroliedron or pyramid with its
sicez deprezced an¢ its four corners tiiereby slizlitly roised.
His hypotheSIS i toet dur . ng thg .rocexc of the certu’
cooling, wnd beowuse oI ”“wt e "ti.e tetrohecral collapse
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.



CHAPTER 2

You muy or mey notv xmow it, out the first webronomers
wese ooy:. At leuwuct tney vere the firct to geze wonder eyed
ot the cbirc cné went to know ebout t hew. Tnese youngsters
werc the shepherds of old, wnd they had to wuteh over tie
arglili ard musmow, which were, ofter the wolf, the first cnimals
to be temed by the ecrliest of the wrimitive reoces, and kept
tiiem from stroyiang twoy or being killcd by other enimels.

In the course of time the wolf bec:tme the dog znd Lhe
argill ocnd nmusmow becime the sheep Lo the latter were the
first wool besring wnimals, wnd as the half-savoge boys herded
tuem they tougsht thelr wolf-dogs to run off intruders, later
on, how to round w; thelr cnarges.

As tliese “re—nlatorlc boys watched over tucir herds, they
observed thot when the -~reat Tlery boll, vhich we now cwll the
sun, went down on one side of the place where tuey iy and th
lend seemsd to meet, dusk ceme on, cnd bthen dzrkness, cnd coon
brig it Zointe of Lighit, wihich txe tne stors, o vewr el &1l over
they cliy. mhe,n ac they pazeé at these orl”rt noints thru the
lony wuvence of the night, they saw them grafuslly move aeross
thc bowi of they cky, tnd ce gone sank from csight, others rose
on the oygosite cide until the sun came u: wnd put thenm cll to
le&gu.

A2

At nignt there were otier things tiLat Lupswred in the sky, .
sowe of which Tilled tiem with feur, one of ther, owever, they
were not ot L1l ocwreid of, though it did mike things cround them
look drecdfully scury; this woac a great ball of mullow light as
lerge ce the sun - conetime" larger - =nd cince numed tiie moon.

Tue two thinge vwhich escpeciclly friglitened tiien: ot night
were tunosge Duills ol Tire which chiot ccerocs thie skies end which
we coll netliora, eénd ceccondly the wrpearence st rare intervals
of tmother boil of Tire, much lurger thun uny meteor, with a
huce blezing tail, tihet 4id net choot wnd discivear, but which
steyed in one ~1..ce in the slky night «fter ni nt. Oh! I tell
Jou tue e meteors ¢nd comets were terrible objects to & boy with
Juct ¢ little more scnse thun a monkey, herdin. sheep alone, on
o great plene.

isnd wihen thiese boys returned to their elders in the morning
th.y would the mosct wonderful tales about wnet they nod seen
during the ni ht, then the grown-ups would get interested in the
storry hecvens cndé do & little ster gezing on tueir owvm cccount.
In just the scme wey thut thhe boy "Radio funs" of todcy have
interested ticir fabthers and mother in wirelees, =o in this
rcolect the world ic not very different now from whut it was
vinen this humon race wWas youno.

Where the Iirst Star Gazing took Plece —-=--- And wien
cnd where do you su.pcse oll thils hanwened? 1t took pleace more
tiien 10,000 yecrs wro on what i cailed the Iranian Prlatecu, a
gre.t e“nansc of lecnd in the country thet ic w Persia. It was
rere thuat the Tirst humcn race lived, ond frum ners, from time
to tiie, members of it Jjourneyelé Torth to India end Chinsa, wnd
Chaldec wnd zZgypt. These were thue zncestors of-the resent ruces
of tuese cnd all the othur co.ntries.

n (



ot only was the great pluatesu the firth place of
nztions, out 1t wes olso the zraldle of civilization.

This is tiiec rececon that €1l tle old races Xnmow cbout ti.e
sters, tnd as the chief occupition of tThe boys and men

was to ternd sheep, they beccre more wnd more verced in
cclronomicel lore,. Tnun they vegen t 0 tilli the soll and

to sail the sews, and they put their mowledge of the heaven-
ly bodiec to practicel use and so learned morc aboutv them.

Tiie best of tihe eurlier ustronomers were tince Chaldecans wnd

tne Zabyloniwcnc, gvoo"“ly beccuse tney lived closer to the
Ironien Pletesu wihere actronomy had its origin. The Baby-
lonitns ore credited with inventing the Sun Dizl. They

-ere «lso responsible Tor the rise of astrology, which fulse- -
1y su.poces that the stars influence the decgtinies o humen Teings,
and curilously cnough there zre some todey thut still believe it.

The Beginning ¢f Real Astronom) ----- Thales, wiio lived
sbout 600 2.C., and wee thne chief of the Seven wice men of CGreece,
ey be considercd to be tihie fother of rezel astronomy. It was
he thct Zirst meacured t“e height of tiie pyramids of Zgyot by
tine chncdows they cost, who taun tirat the earth is round, t*-‘..t
tiie fixed etore ciiine bJ their cwn light, anc thot the moon
s:.ines Dy tiic reflected light of the sun. His preatest azchileve-
ment was his prediction of an ecliuse of the sun, wnd it is said
ti.ot tiic toox hlgce wvaen & battlie wos veing fought betueen thie
l'edes wnd the Lydicns and that it ended thnce wor and made peace
vetween Tuicm.

7 et cecme the greot Hipperehus, cnosher Greek astronomer who
lived cvout 15C B.C. It was e who Iirst found the true length
of the yecr, dis cvered the wvrocession of the equinoxes, znd tne
revolutione end motions of the olc neUM cnd fingdly on seeing &
new ster in tlie sy ne concluded to meke o cotboclogue of 11 those
vieiblie, but this only included 1080 sturs. e clso invented
tricnometry.

The men viio 4id the mot to usset tiie true cetronomy that
Hin;archuv tnd those before him built up wes Ptolemy. He was
end Zgyoptian who lived in the 2nd centurJ after Christ, wnd he
dlvised « complicuted system to explain the motions of the
heavenly bodies; in o word, he fixed the Tarth as the center of

ne universe, with the sun, moon znd planets revolving cround

it every =4 hours, while the fixed stcors wvere ccrried round them
211 in the swme length of time by &« grect sphere. This ldea
wes tiie acci.eted one for the next 1oCO yeors.

The Astronomy of Todoy----- It was Copernicus, & Polish
astronomer who lived in 1500, who ove.threw the system of Ptolenmy,
wnd folliowing him wbout o hundreé years loter cune Galileo who
left not the shadow of & doubvt on which to han: the igyusticn's
system. Copernicus could not see how the distant fixed sturs
could pocilibly move fast enou.hh to revolve crounc the ewrth
every Cay. -

S50 he concluded that the sun wws bTie center, not of the
univerce but of our solur cvctem, that the coartn was o planet
lilze "ars ond Ju:iter cnd Vepus, that &ll of these revolved
.round tie zun, whnile the moon re¢volved cround the ewrth cnd
finally, that tie ""t;nt cters were Tixed, tiwt is they did
not revolve tround eiticr the ecerth or sun. But while Comer-
nicue Imnew thot tie iJZLw.nets revelved around tae sun, ne be-
lievecd their orbits were circular in shape.



Then in 1600 czme Tycho Brah: (pronounceé¢ Brih) & D:inish
zetronomer ko made nwny observ. ticons with « large sextont, the
telescone had not yet been invent :d. Johann Kepler, a Germen mathe
meticion, woried with Tycho, wnd cfter the lutter: death, dis-
cuvered thet thic orbits of the plunsts were not circles but
eclivses. He then formulited tiree great luws, called Kepler's
lewse, and with bthese it was easy to explein &ll tre shortcomings
of the Zogernicun gy‘ton.

The dis :overy of the Telescone ——-—--- At the seme time that
Kepler was working out hit laws, there lived o man as forous in
science s Zolumbus is frmous in discovery. His nome wes Galileo
Galilei end he wus the firset to look at the cters through a
telesco €. Becouse Galileo was such a greet scientist he is often
given the credlt for having invented the telescose, but it is a
mutter of nlctorJ thnat 1t was discovered by o boy

It ceame wovout in this wgy. In the 01ty of .msterdam, Holland,
thiere 1lived o spectacle-grinder named Lippersney wnd he hed & boy
working Zor him as a helper. This boy, wiose name wag not record-
ed, which is « scme, was one day looking through various lenses at
objects Aown the streets. Finally he neld two lenses in a line
before hiis eye, «nd looked at = church scie distance cway. A4
wonderiul cuown, e nud tekon pleace, for the church secemed to be very
much necrer thon it wos be;ore, ind he could eusily see the de-
toile of 1t, wihrich withiout the wid of the lenses .ere invisibdle.
ile had dicenvered thnctelescope.

it Gulileo Sewe--~----In duc time the new:. of the d&iscovery
of. ti:e tele.cove by Lippershye's boy reached Gelilec cnd he forth-
with constructed a telescope vhich head a magnifying power of 32 .. -
times. His owervation witii this instrument coon startled the world

Tor he tnnounced thit there were mountains on the moon, tinzt
Jupiter rcs Tour moons, thot Venus has phaces lilie our moon that
the cun hos spots on iu, wnd mzay other strunge tiiings that hud
been uninown up bvo hiisc time.. '

A new interest hed been given to actronomy by the telescope
cnd Galileo's discoveries, and from thet time on lorger wnd ever
larger telescopec wer:s mcde untll now there 1s one ot Yerles 0b-
servetory 40 inches in dicmeter.

CHAPTER ¢

THE ZARTH AWD ITS UNIVzKSE

Whet You lley Expect To Fin In this Unite------ ¢ have Just
lecrned <bout sone of tile idees which uncient znd mod“fn people
heve Licd regerding the shz e ¢f the cartn. DIut the eartn 1is
merely like the louse in which we live. Tnere oxr= obther houses
in th. town, other towns in the state, other states in the
country, other comntries in the vorld we coll the universe. All
things in the universe wre Grifting in scuce, the extent of which
no one nc. geen, viiose de_ths no instrument hes ever fathomed,
whose substince is g2 thin thet it cen be comnired with none
of the matericls we know on ecrth. Compored with svace, even
the pwrticl vecuwn in wn elecitric-light bulb is thick wnd neovy.
The universe is so voet thet it is clmost impossibdle for the humin
mind to inugine its size. Yet its immensity is not its most

emorkeole characteristic. llore awe-ins:iring then this, as we
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snhell sho.tly lewcrn, is the Tfaet tuct everything in space moves
with pefect order. )

You miy ieve noticed thet so 3 groups of stars topeusr to Torm
particulr inds of groupys. The w.trononer ciélls each o these
grouss o constellotiorn. The wtneients imcgined thiat these con-
ctellotions represented cnimuls end people in the sly. Tney sow
the Greot ..esr, tire Litt e Becr, The GQeen und ner choir (Cassiopia)
Arion tnd meny others. )

oze of tihe stirs seem to remcin in cbout the sume sosition

witii reletion to one .nothier, wnile others move vboutbt. The zncient

neonle kneyw biiis wnd collecd clie Tirst fired sturs end the second ¥ .

morning stirs, or “wonderers,” bec.use they cecmed to de roeaming
about the lewvens. We ccll the wwnéerers pliuets.

an understuncing of how the movements of the ecrth, sun and
stirs cre rei.ted hus been cone of :wns greut cdvinces in Xnow-
lecge e Xnow thot tue universe moves .ith wn orderly. precision
oreuter thin men ie ¢ble to du licete, even in thie best liborutories
Te Lnow the cuuet time of cunrise wnd sunset, the exzet tiwe of
noon, the excct tiwe rcen the sun is over tie equc Lor, ond exgctﬂy
vhen it is Tirtuest nortl or Fortiiest south. e $now @X.CUly when
the nest ecli .ce of tue gun or eclipse o the moon will be. e
-vern Imow wien every ecli ce for nundreds of yecrs to come will
cceur. Tiidls unit ic intended to kelp in the understinding oi Tl
creerly uriverse, ol wilcn our own ewrti is & very sumall nox

CHIPTER <

THZ S0LAR SYSTzL

in bﬂﬂinring ovr study orf tie universe it is well Tor us,

cince we lre dwellcre on the sorth, t. begin our study of the
col.x o Ttem, oi waiich we wre o pert.

Vet "Solar Systen™ meinge—-—---- Cur sovllr systen consisto of
our =un, L uauge sohere, tiue dicretor of woicn is hout 806,400
miles, 100 tires the diwsebter of thu cirth cnd asculy U0 31 es
the dicmeter of the smallest plenes, Lercury. 1t - 0..1d tilie more
then o million ecrtiz to equil thne volume oF the sun. Composed
Wit 1te T 1ly of »lcncie, e cun is overwhelmingly .great. It
conav..ine nec wLy 94.3 sercont of the miuss oF the entire color system
In the ramcining O.1 percent cre included &il thes othicr members of
the colur gystem nd thelr moons, o5 well as the vlunetolds,
sgveors ond other smelil Dodlecs under control of thp sun. 23¢=-
sides tuils cun the »Jl“m sycteom likewlse consists of the verious

Zinds of lhewvenly bodie txwt revoelve cvout 1t. hiese bodies are
the 9 pl.nets ith thei sutellites-(moons) the usteroide (Sone-

times culled QLanDOLQS) tiie metecrs and meveorites, wnc the
comentce.

Zuen of tliese vbodies follows wn oroit, or Luth cround the sun.
Thesc orbits are so exuct cnd definite that after o Lew odeerva
tions of <« vlunet, or cumet, the astronocuers ure wble to cudgute
the cntire orbit of the Loy, tnd to deter.ine with great accuraey
wvhere tiot D24y will be ot (ny future dave. Then potiis or orbits
tre ellisticcdl in sineoe.

Tiie riwngts.-=--- T.ere wre 9 knovm »plcxrets in our soler syster.
They muy be distinguisned from the sturs becuuse (1) they saine wity




o stecdy 1liciit cnd (2) from ni ht to night they clhianse their
position wmong the sburs. We 2t cee ti:ew Vecwuse like the
moon, they r.’lect the cunlight. Thnese plounets nimed ia order ;
of their di timce from tie sun, wre llercury, Venus, the Zarth, i
llers, Jupiter, Scturn, Ursnus, Lepbtune =nd Plubto. All of tue - o
pleness fcll  on definite orbits cbout the sun. L11 trovel in ra
tielr orbits from west to east.  Lercury wnd Venus are the only . .,
plencts which auve not ¢t lecst one sutellite, or moon; the
eerth hos 1, llcrs 2, Juplter 9; Swturn 10 wnd Urenus 4.

ercury is not only the necrest planet to the sun, but
it is also the smcllest «nd swiftest wmoving.

Venus iz offten cciled the ecrta's twin,
zlmoet as lorge os bue ecxti.

Tiie esrtn is cbout 3,000 miles
miles round-at tue equator.

v

7e hove juct lecrned tact the ecrth has 8 compinion

becuuse it is

in dicmeter and 25,000

plinets tiact clrclie cdbout the gcun. 411 the nlinets move
cbout the cun in the scme direction. The following tuble

nresents thie outstending faets concerning tiie plinetvs.

" Rotuation on M Revolution cr- " " Dicstance from

" axis (Lenstn " cund sun (Zernsbis "Dicneter ™ sun (In lLiiles
Plenet ' of doy) " of yeuir) "(In milesY
lercury U 88 dt. 8T cuys 765 7 46000000 i
Venus " Uncertain "225 days w7700 m 7200000
Eorth " Z4 Lirs "365 deys moo7g1s ™ 93000000
llers " Z4 hr o7 min Y687 duys 4250 1141000000
Jupiter " 9 hr 55 min " 12 yr T 36500 1483000000
Scturn " 10 hr 14 min "YI9% yr " 72000 "886000000
Urcius " Uncertein "84 yr v 21200 11782000000
Westune " Uncertcin 165 yr " 34900 n2795000000
Pluto " Uncertein T 248 yr T About "Z678CC0000
' " H T the sime '

" ows the

¥ eartns ¥

Besides the nine Inown planets,
bodics under the Graevitative pull of the sun. These have W)
t11l now been cbout 940 plonevolds or smell plasnet-lilic bodiles
located, revolving wbout the sun between the licrs and Juviter.

It will :ieln you to get & mind picture of the soloxr system
if you tiuink of the sun as a ball 5 feetv in dicnciel. On this
seme scale, tinen, Ilercury wou:rd be represented by <« tiny ball
zbout 1/5 of cn inch in diwmmeter, over £00 feet frow our Tive
foot sun; Venus by & mardle zbout 1/2 inch in diemeter, nearly
380 feet vwey; the earth by anotier 5 incen merble over 500 feot
away; 2ers by o tiny boll sbout 5/10 of tn inch in diameter, more
then 800 ft. awey; Jupiter by & ball half & fcoot in diameter
over 1/% mile cway; Scturn by & 5 ineh ball nearly o mile away;
Urcnus by o £ inen boll neerly 2 miles cwgy wuad Hepbune by a ball
1-1/4 inches in dismeter, over 3 miles away from the 5 foot sun,
and Pluto by a 5 inch msrble cbout 5 miles awcy from our 5 foot
un‘

tliere ure nuny smcller

1 47]

Thie Solir System o2& marked by the orvit of the outermost

planet, Pluto is very lurge in comp. rison with cny distences
tnat a2re common in our lives., It would tike & bullet 730
yecrs to travel across Pluto's orbdit. For us wiho ore &ccucw
tomed ta thinlin~ Aaf dictenanc -n +hn Acblte cnnian Ra cden



of our scolar system steggers the i-:tination. With the Crbit
of Pluto as its outer edge, our sol.r system ls wpproximutely
8,C00,000,000 miles ccross.

U51ng a common tyne oi locomotives, fumilicr to us here on
ecrth a ftrain for instance travellin; «t a sneed of 70 miles
ver nour, it would tike that train 166 duys to each the moon,
5055 years to reucn neptune, 40 milillion yeurs to the nes srest
ster, 76 years to llers; 177 years to the Sun; and 110 years to
llercury.

As we have sald before, the sun and earth move thru the
universe wnd 1f we were to observe 2 stars ni htly, they would
seem to be Iirlner cand fortihier ansrt Gue to the Tuct thut the
angle of our vision is increcsed, due to the faet thet the
earth hes moved closer to thie position of tuese fixed sters.

' In meesuring the enornous distancee to the vearious plunets
the cstronomers use what is known ss the base line wné cngl
methold. 4 Xmown line is drawn vetwecn two points oif observa-
tion, then by use ol 1'icruvireters on thieir tclescownes the cstron-
omer meoiures tne engles from their point of observotion to the
voint to be observed on the plenet or stur whoce distunce is in
question, wnd tiien ¥y the use of the Trigmetric Junctions, he
1c abie to detvermine tiie unimown distonce oy simply mowing the
length of th. basze line wnd its adjacent angles. Thece methods
of mecguremnents cre readily comparel to the woy u surveyor uses
hlS tronsit to neasure d¢utgnce or width of tn uncuprocchitble

vject. It is likewise cnalogous to the gunfinder used by the
gunners;bn Uncle Scm's big warhlps. They consict of & u,Lngle
eJe p ece, “itn two ratiner widely seuvara ued objective lenses,
witn focuo¢ng cross nuirs, cnd by so focusing the range andef
until tie halre croese in tiie objective lenses the cgrrect rénge
ie found. Since the true distance of cn object is determined
by the tngle of thiey eryes «nd the sice of wn obje t.

ilen Heove Alvcys Stulied the Sky --- The earlieot men must
nove studicd thne neuvens. Since so mucir of trneir scfety and
welZiere CGzpended upon their buing cble to observe cnd interpret
the posivions of the heavenly bodies, primitive mun cue to

ccrd tiie hecvens with awe wnd °u:erbt1t10n. Little by little,
&s men oecame civilized, they beran to orgunize thelr scunty
knowlecgce ol tue lLeavens into « rude sort c¢f sclence. This was
not = true sdence dutbt @ mixture of a 1ittle astronoay with a
greul dezl of suverstition cnc finey, wnid it was called astrology.

Astronony Grew Out of Astrology --- Tae science of wustronomy
owes much to the sarly ustrologers. In thelr study oif they skys
Tor omens or signs beuring upoxn human cffalrs they discovered
cndé confirae. mony sclentific facts. Tius astronomy slowly
develo.ed out of wstroloyg

It is surprisin; how much eurly astrononers lecrned when
we remember tnatb they nod to meke ¢ll their observations with
the nulked eye. The telescope was invented only - bout 300 yeurs
&0, and the spectroscose 1s a very reccnt 1nvent;on. By means
of the telescope and other murvelous instrumentc, wstronouers
Liave been ebdle to meccosure tue distence Lo vurious stors, vo
find out the ncture and wei kit of the eurtn, tic sun, «nd othex
hesvenly bodies, end to determine much about the conditions
whiich exist on the di-Fferent planets.

Sters Larger wad Smoller Ten our Sun --- The cstronomers
hove clso *b?rred tggt E & _-rs var¥ greatly in size. There
are - stors walen cré HS Ilelg he plunsts of the solar

»
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cystem. Our sun is morc then @ million tiwes lurger than the
ecrti, yet it is nheowrdly o medium ciscd sun. 3etelguese, the
becutiful orunge-red stir in Oricn, nes Jbout £7 million times
the volume of our qun end red isntires may be o still larg
sun. Antires is less Cense thun the Dbest vocuwn which we

cocn meke in the Physics leborctory; but some of tune smalled
°t;rs'gre so dence that o .cubic inch of tlicir gcubstance would
welgn tons. Thus it would toke & powerful derrick to left a
lump tne size of ¢ golf Wil; and a reilroad fict car could
hardly hold up the welbut of a lump the size of w mon's doubled
Iists

The Kilky Woy Made Uy of Billions of Stoerge---- Ynen we
loox at the gy on & clecr night wien the moon ic not shining,
ve see & brouté bend of aim lignt stretening wcrcses the heavens.
Ve cw¢l tnis pend o light the iilky Way or Galaxy. Wioen we
exzmine thne Golaxy with @ emell teles cope, we find that the
dim light is really the light of sevarate stors so close to-

gether thuet we cunnot ses them as senarete storc with the noked
eye. fur small teliucoce reveals several hundred thousand
stirs in the Gulaxy; witi. thne srestest :.odern telesgcone (that
on It. Wilion, Cel.) morc than & villion mey be photogr“)heu.

Actronouers believe.tnat: there cre probubly innumercole
suns in our Colaxy wihich even the moncter telescope does not =z
revesl, veccuse tigir licht is too dim or because they wre
¢arii. Dountless hundred of thouswnds more would dbe revceled
by morge noeriful telcecoses. Astronomers know that our sun is
mercly one of the smcller stars in the Golexy. If the wvilole
Galuxy could ve scen =t once, it would be found to be wn
gnormous g<wexrm of suns ;ruugea tovetuv scrmewnet in the shope
of a witelicuze. A1l thece suns ore moving in recoonse to the
grevitational atvttraction or other stars in the grou.. They are
tr%velling in verious directions like & uwurm o insects, ot
the uwveruge rote of cbout helf o villion miles & yeur. They
are so for woyy thaut from yeur to yewr we cun oDserve no cihanges
in thelr positions, in fust, 1f we could have seen tlic eky at
Cthie time of Carist it vould heve looked almost exwetly cwe it
does now. '

llany Galexles in the Heavens -- The Galaxy vhich we see in
the sky is vrigwter thon otiher nortions or tihe heavensy becuuse
we crce looling through thwb Duft of it which 1is greutku in
extent cnd viiere the sturs cre thickest. Moreover, tiese stur
«rc not close u:g‘ther, a8 they ceer to be. They czre in facdo
thousctnds of luminous cloudy vatches celled nebulee scuttered

througis thie hewvenc. licny of these wre distont goloxys con-
taining billions of suns. Somne of ti.ese guluxys wre probably
smeller thon ours wnd otners even lirger.

T”- wilkxy Wey i1s ectimated os bavinb o depth of 50,000
ligh yewre &t 1ts widest sert, wnd 10,000 light yeurs ot its
nerrovest , énd 1lc .bout SC0,000 1liznt Eeur~ l:nge

Aztronomere have never yet found cny evidence whiclh
woulc le.d them to velieve thot gny other ctcr vesides our own
sun is currounded by & groun of L lunets., Teccule e h.ve no
wey yet of discovering wny of these plinetec if they do exist,
becuuce 1T o nlenet as greoet s Jupiter, the lur-.est in our
colur sycbem, cirvclcd cround the necrest stur ue"ond our gun,

it could not be ceun witih the most poveriul telece €.
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Our Zexrtih of Small Livortince in the lleavens-- Our certn
seems to us vest wnd lmportont. o ever, it ic just w Llny
s.ecit in complricen with ourw cun, winich .& only o mediwn-sized
stor cnd one of wveriwpe 10 billion in the Gulaxy, wnd there cre
hundreds o thousands of other galuxes, or stur systenis, scattered
thirouzgh spuce withh the distanbeu that uep;rute them so great that
our ;;pd* foil to compreliond them. Ve cre forceld to reclize
tuut ouwr ecrth ond ocurselves end even our soluxry Lystem e SO
small as to be of little importince. Yet we cun be nroud of the
feet thet, smoll oo we are, the minde of our scientists nuve
been cble to i:vent inctruments vhiich huve encbled them to
explor:. these voct hecvens and tcell us with cssurance about
so meny muervels tnat the heeavens contuin.

Tnec Instrumentc of tn Ovbserv tory'-—-- The three chief
instruments thot wre used LY the vroctical coctronomer ore
the ec¢uctorizl telescowe, the observatory clock, and the
transit instrument. liegessory el juncts to these wie the micro-
meter, the spectroczco e, the cemera wnd onronOC"“)n.

The mguabtoricl T le cone--Blg teleccones for cstrononi-
cal worl: wre usuelly noufed in o dome nuv1n; w slit in it thed
reccnes irow tne top to tiie Dotbom, cud it is tiirough thic
ope: ing tnot tiie 1i it from the hewvenly ovject »nisces into

he ovjective of ti.c tolose cope. The dowe 1o previded with
neeninery withh witichi it cun be revolvel so tult the slit can
be mwude %o fouce btne ouject that iC to be observed; tne floor
oI tier dome wvhierec the telescoge 1s mounted is in come lorge

coservatdries raiscdé .nd lowered by macehinery to suit the
convenience 2f tine ouvserver. ‘
The telesco.e itself congists of tprec cuief vpurts, and

these zre t..e ,r1n01-bl or polmr axis, which 1s o¢r‘llcl with
the siis of tue Barting ot cight ongles to the polar uxis is
tne declimction cxic, cnd on this is mounted the telescope,
set atv 21 at cnglec to it. Both of these wuxis wre Titted with
groedusted cireles, tue firet of which 1c tihe riznt oscension
ciréle, and talc snows the yposition of the stors in hours,
minutes, wal secondc, and ti.e other ic the declinction circle,
wnich zlicws the position of them in degrees, minutes znd se-
conde. -

Tne telesco e needs only to ve turned from euvst to west
and <t & speed wilich correunondu to thot of tne earth rot_ting
on its oxis to k)u: it yohrt;nb to o given stur. To do thisg
automatically « driving clock, which is usually placed 1n51ae
of thne suprorting pnier of the telescone, turns the polor axis
accordéing to sicersl time (star time) ;rom east to west, when
the telescope will follow the tipurent motion of the stur.

The Observ.tory Cloci.-- Tie precision btine-lieeping cliock
that is used Tor astronomicel worlk must not be confuced with
the driving-clocik of the telesco c. The observebtory ciock is
« fine one driven by weights hoving o pendulum excasement. It
is nmode «e accurately wo the clock-meliers sizill cun Go so. All
thic 1s nececocry, for the wstronomicel culculitionc are based
on the time 1t kc;,s. Different from on ordln“ry cloc“, the
diel is divided into £4 hours, hence its hour hwnd milies only
1 comvlete revolution in =4 hourss It ic reguluted to dcep
Sideral time. '

Qroel
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The Trensit Instrument:--- It is with the trwxt in-
struwaent thut the cstronouer get the exart time to set the
ObSGJVQtOfJ clock by. This instiument consists of & telescope
rigigly mounted on < horisontal axis, znd this swings in
becrings set in & line dus cast wnd west hence tiie teles-
co e can ve swvung in o north wnd south line only, and this
ic exactly on the meridian. At the point where the eye piece
and the oogect—glas: ceme to v focus in tne Teleccope there are
a nwaber of gpnider threczds, and S of these 1in the middle in
the noriczonal plwne. Now when the observer sees the ster he
is looking <.t vass across the certical spider tireads, wnd it
crogsses the horizontil one, he Imows thot the stir is cross-
ing the meridian, and this is called its truensit; ot tais
instant he presces o key that closes an electric circuit
which is connectel with ¢ chronogzruph. In this wey he is
able to set the clock every £4 hours or oftencr 1; Le wishes
to. '

The iilcrometer-- A micrometer is cn instrument used on
telezcores for mecsuring very smell acnguiar distances of or
bet.ezn heavenly vodies, @z those of douvle sturs.

The Spectrosco e-- The astronomical spectrosco e is a
sreclelly mzde instrument tnat is fitted to the eye-end of
tie telescoe. Tuc chiaf use of tne sypectrcscone is to find
out wihzt tie elemints cre of which the Sun ené other sturs tre
nafte. It hos becn *ound thet most of the liues 1n tne solur
cpectrun curn be idsntified with the spectra of the elements
of which the Zart: is made.

In 1869 Sir ITormen Lockyer, o noted Zritish ﬂstwopuncr
while excmining the Sun ith « spectroscone discovered « ges
whicxn wee not Xnown to exist on Zarth, wnd &z he velieved it
to belong to the fun alone he cclled it Hdelium from tne Greek
word helios whicn mesns Sun. Later Sir Hm. Ramsey found it
in Clevise u rcre ccrtn minercl. And since ther 1t his been
found in l:zrge cucntities clong with nctural in Henses. This
further snhows that a2ll the elements we hive on ezrth also go to
mexe up the Sun.

LETHEODE OF IEZASURING STZLLAR DISTAIICHE
BY LIGIT YE4ARS.

The size of our folur system iz so greot thut we cunnot
compreiiend it, yet it occusies cnly n exccedlingly smell poxrt
of the s ace which the cotronomer:z have explored. In fauct,
betwecn our sun wnd tie next necrest ster thiere would be room
Tor ceverdel t;ou"“nq coler systen.s as loarge as ours. Vust
as this distince is, the astronomers have becn uble to meus-
ure the distonee to otner ctars which cre no less then
20,000 timegs ws fer cwey from our sun &s ic the neure t
S t ZX e

Tie solcyr system e marked b y the ~rbit of the outermost
plenct Pluto, 1u very l.rge in compirison with cny dictinces
thet wre common in sur lives. It would take o bullst cbout
750 yewrs to truvel wercss Pluto's oruit.  Sor us wLo Lrs
ceceustomed to thinking ol distuncer on tre curtii's suriace,
the size of our solir system stegpers tae imugination.



VWit the orbit of Fluto as ite outl. edze, our svilr systenm
is a Lroxi'.tely 8,000,000,000 miles across. Yet compuared
witii bthe distencs of the carth from the neurest star outside
ol tlie solur system, Froximu Centouri, 1t ic & relatively
cmall un~ comnact grownr of heuvenlv bo&ieo. Compared with

toe milky woy, itsc size becores an dlwost insigniiicuint speck.

e can get wn idea of the enormous distances wiaich

cstronomers hiwve nmeccured caother wuy. Slnee cstronoiicul
Cistonves cre so great they tre mecsured by tae tice con-
cwmel by lig..t in trgvell;“@ ITrom one nlaee to cnother.

L git truvels coproxi: ately 186,500 (more exwcctly (186,2356)

iles ecch second. -The distunce over which 1i it cun trocvel
1n one yeur is coldled o light yeur. Thne lisrht yeur moy very
wopronriately be’ caliled the astronomers yord sticik. The
cluster of I'ercules is £o distcnt thot llghu given out by it
ot tiue time of the Dbirth of Christ «ill not reauch us until
after the yeuor J4,C0000. & guggestion -0f these tremendous
distinces, whicli wre meccurel b* tiie speed of ligiit, cun De
hod vwnen we rceulize ti.ot light trevels fest enoush to circle
thie ecxrth ut tiwe Zguet e 7 timeg during one bett of the hwuan
hecrt. Tight crosses tie soler system from the sun to Pluto
in uvsout © Lours, & rolutively ahort time, whicn wilen com-
sared witn tic time vilien Tfor ligzht to rewc.: us Ircen llercules
gliows We ow reletively smell the solur system is. The a.pro-
xinmcte length of tirme reculired by light to reach us Trom sone
or the near cters wnd stur groups fowlow:

":5

SUWIL teveveneracoessaseasad min. Capella «ooeeeee @l 11 it
Troxiia Tentouri ... ..0.04027 light yeok Urse I'ajor (all)70
Ailoua Tentauril s.eeeee.04.3100 0 n Betelpeuse..... 192 7
SIPIUS teeenenninnoaeeaB? W n PLELidACC. . s . e oBlb T
ALTGIT vevereerareanreeeald, n " ANTLrehecesees 002
T T S -1 " " Torth Ster.....466 "

Compared witih some other mucn lurger sbars, our sun seems smill,
antures, the brilliwnt stur in the constellution of Scorpius, is

SE5 times as l.rge s the cun. XNaay millions of stirs ore v1°ible

y.
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"
"
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to the powerful eyss of h~tlog.73. It talies thie light from our sun

D+
c¢bout 8 nin. to reoceh the curtn. It tilkes cver 4 hours for lignt
to come iIrom e tune to elrtu. It talies over 4 yecrs for lighs
to trovel tous frum the gtur neurest to our cun. The light that
Ve Lre now recg 1v*hb ir ol bie Pole Stur srted cbout & yewrs &ago,
end chere cre stoere co for cwey bt the light by which we now

observe themn st;rtcd “rom bthiem nesrly & 100,000 yewrs wgo. Tor
&1l thct we Imow, some of tuacce diztont sters muy no 1on rer exist

~

ce sbirs. I they hed been (.stroyed, however, we chould huve no

WLy L Xnoving thif'fOT thousunés of yecrs becuuse tihe JTight which

we lefl tunem beicre they werc destroyed wouwld stili be coming to
trie eurbi.
A phorosreph volen of thic hecvens by newns of « telecco.e,

vioulé reveol veritsble clouds of “tpﬂﬁ vhichih are not visible to the

ne.iet ere., Terec it possibls for « dweller cn one of tng romote
stors, to observe cvents on ewrth, e would be creeted with =

vrehigboric wicture or our ewrth, with ite dinoswurs, pebderodicty.rs

etc., ewchi Ti nting Ifor exictunce in tiie gre.t battle of SuUrvivel

i
tne vitoest.
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The lignt yeer or aotronorers yurdet. el is o vroximitely
© btrillion miles in length. Tr:velling ot tite &_ced of light

it woulé toke 1y sec. t: reach t.e moon; 4 min. to !‘ars ond 8 min.

to the sun. Using o« scile of 9¢,000,000 miles to Tl inch, 1%
would ©till ve difficult to show the cistunce of the remote sturs.
To include & stor 200,000,000 L.Y. disztent it woulc regulre o
pep thet would be ZUC,00C,000 miles wide. It wold reach to
thie vun  wnd veclk witi 14,000,000 miles to s ure.

TES SUWIDTLCT THIINs O EAETH—-~—~L 1ell trovels 975 hige
per sec., or 2,000 niles per hr. A man wallc o mile in 8- mln,
or €.24 mi. ner hr. A Bamboo tree grows 27/10,000,000 yd. ver
gec. &£ snall moves $</10 yd. per sec. L mun runs < mile in
4% sec. or 1.9 mi. per hr. The ecrth speeds cround the sun
65,508 mi. per hy. The fastest moving thing on eurth ic the
camcn call end the slowvest is the tree growbiy or the growuing
thumbd neil on the humsn hond. Our fastest soecd cunnot com-
pere with ligzht. :

’

A0CIUET & JODERI LLSTHODS OF 1Z.5URIM

Trhe virst meuwcure of time wos il w;en maniind diccovered
tie Quy wnd nignt were divided into two ports by the
ricisy nd tio setting of tiie Sun. The sun is thie world's
greatecst timeypiece. le wells of tine cliff werc the fice of
the clif?f vallfr'b clock, while txe moving Cow was the
hondé that told tlﬂ

Thne clif i dwe 1.6 the wells of the clifi on wizich to
noriz the progress of thie shodows. The nerdecnun or thc tent
dwe; exr on the pl__na muict meweuwre time by tlic shadow cuvt by

tr ce or stone. Sone dey nthh wes o wonderful 4o in thc
h1 ory of any tribe wiiere 1t I wlmc,nec o men who weae more
c¢cve; tnd riore systenatic th;r iis ILllOV’, set w, &« pole
viierc there was no tre. or rock Mnu put © stone to merk for
1l succeellng aayc the Loint wiere thne shicdeow Tell whien the
sun wes nighest in tie heavens., Thot was the first time.
trhet o maen went beyond tho provicion witlch noture hod nade
Tor him nd doliverctely of nis own cholce set out to divide
his duys by o reguler nmewsure. If d stone 1w used Tor tune
shcdow &b noondoy, why not one Ior early morning, wnd one ror
midOuiteznoon? In o circie of stones, with = ytlLL to tunrow a
chadow, tlie clock Tice with its m&;ﬁlno of thie nours wuc Dborn.
Tie sundiol was tie forerunner by mwny hundéreds of yeurs of
tiie cloei.

Time, excent in big sections like mornlhb, noon cnd ftep=-
noon, mattered ze little to the sava e man living with his
Temily in & cuve oo it would to « Robinson Trusoe-cast wy on &
desert islend. Wien men begean to come together in viiluges
ané towns end to piin tiieir lives togethivr, 1t was convenient
to have o kyutgm with shorter periods. So thie fact of the
sundicl was merked with lines at regulecr spaces to 1ndicate
regulur intervals of time.

ST WARLY THZT RuCCEDS~---The very earlicst records of time

»
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teiling come ZIrom e wonderiul rec le the Bouoylonicne. Thelr
oriecte devised thelodice ch%ru ith its tweive divisilons.
Here we see Ior the lirst tire t.¢ use of tiie Figure twelve,
on wirich our whiole ~yhtem of time Xeeping is built. The
Babyloniuns Tirured cut a year ce huaving twelve moons or .
months., They divided day and night into twelve hours eccii,
nmcking o doy of 24 hours. Then they divided tie hourAlnto
60 mimates, wnd Tinclly th. minute into 6U secondis. It was
not by chwnce thuat tney it on tnese Tigures ol 1 tnd 24 and
60, Io smeller number tiwn sixty can be divided into so mony
other numbers s sixty. If you look at your clocik or wotch
you cuon see how gim~le 1t is to divide its xuce into S-minute
veriofoc, wnd «leo into ¢uiurter-hours wnd aali nours. We owe
. crect deul to: these encient "iLlagi,"™ wno guve us our time
schenre in twelves, s

Sundicles-of cne Iiind wnd tnother were the most common
timepieces ¢ll tharouzgn tne IZiddle Ages, @nd hove lusted to
our own 4l “"Gnomwons' they were somebimes called, from. the
Luatin ncme 1or the pointer cn the dial casting the shadow,'
which wae thought of clmo t as & person, "the'un e wno knowss'"
But the troudl: with the ”gnouon" wes 1t Gid not &lveys Imovw.
"I count but sunny hours,” als the inscripgtion on an -tncient
dicl. OCn reiny durs or ¢n dul¢ geaons, gnd‘ut nirsht, the sun-
Cial wes ¢ no more uvee tnun eny other picce of metal. Tae
"gaoomon'" was the servent of its m;ster-thefsun; ihen the sun -
d1~wy;<ured, how was & mon to time His:1life anq.“en ~his
copointrentc? "m e "gromon™ could not'umimpr but the "water
thief"™ could.

THZ WATSR THIZF--- Commonly lmmown we water cloci, its
invenitlion is civtricuted to the Chinese. It wes Lirst mcode
in tic Zeorm of o jur contidn.nsg certain wmounts of water, with
& tine ole from which woter weg ellowed to encipe. Time per-
iods were me@suxe( sy the tire it took for tie Juxr to empty

itself. At ret tuey were not sclf running mocnines soi.eone
noed tc pour the watewr, luter wheels were ﬁut in the water clocl.

It Lad floav whlcn centrolied o pointer similur to our clock
s, <l resenbled our modern clocks.

iowever, the water thief heod its disadvinteges, Lor the
water froze or veing dirty, chongec the rate of s_.ecd of the
esce ing wober. So the hour-glass with its scnd end 2 funnel-
sncpel bowls took ite »lice. It wazs used until Galileo by
chence discovered wnd.Iformulited the laws of the pendulum.
Christicns Huyghens the Dutch astronover mace use oftiiis
discovery and made the pendulum clock. With its even swing
back wnd Torth, ddways ot the sume rate, it coulkd regulaote the
speed ot which the maeninery turned tné keep the clock going
wt wn even rote

The nex ‘reut lnp;ovement was to substitute for tiie heavy
welght o coiled epring, winlclh would grudurtlly unwind. The un-
winding of tlie spring gove the motive power, which had been
cunplied eurlier by weter falling or weights Gropving. This
mude & = w11l clock or u weteh pocsible.

With the recent coming of clocks and wotbclies for everyone's
use, the modern ¢oe in which we live really b.ginc. Cur whole
woxld is x by time-pileces. Schovols wnd fuctories, truins,
chops eand liomes, ;;c a1l mong-oel on o system of time keeping,
by whicn every mwn s life F'J.t': closely into uther lives. Wibh-
out clocui wne wotchet the modern worid could nardly run.

nas been well-scic, "The I%iddle Aces made clocks and wutbches;
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and cloclis wnd watelhies meke the A e in wiiieh we live.

Buek 1 the doeyo of thie midéhe oges when so many wonder-
ful tunings wer. belng found out, :eople begen to think thet
tney could do wnything if they only Imew how. So zll through
the I"iddle Lges we Tind sowme worier possessed dy btie im-

333*1013 ided tnut he mignt stoxrt a mechine ;0ing thet wouwld neve

stop, & pernetucl motion macihine.

e of tine 20t.. contury, wiio Lave lotrned mor: of the luws
ol mutter, Toree wal envb,rs imow this to be impnossiblce.
Hovever, oy hcrnecsing neture to do our worXk for uc; we cln
navre something tihet will teen golny long witer we wre gone.
For instconce: '

A CLOCK TO GO YIiDS-- A scicntist hius mude & cloek which is
ran by the wevion oF r.diw: as it brecis us. Rudium takes the
vluce of weighkts or the colled spring. " The rocdium ctom hee
boen "&ound up" for us by ncture; it ic slowly ”un*;nu nz"

or going vo piGCJL. Redium in that elock ig noay ced to tune
woriic. Thie clceek iies not ned Tto be wound in wll the yeaors
since the rofium was set in it. Radium 2clde .tself togetiner
in s-rewiiat the way in which o colled syring stiys coiled.

But tihis svring uwn.inde slowly; oand the rodium rec.e W very
giowly. If tne rofiunm leess on "unwinding™ yYecyr By yerxr &b
tize C.ie slow riie, -n@ no wccident occurs, liiie fire or ecrth-
guulie, ot tie plice wiere the clock stends, the cloclt ”111 &0
“ybol yelwse 1T it ¢to,o, the trouble will Dbe tnet moen's
mociinery in the clocit nus w rn oul, or got disc nnected. The
radiun will not £to: doing its paoxt.

- However wnien or witer cloclis were invented, it wee found
that tile sun wees not & jood tii e kecser cnd so 1t wes found
nececzery to add or cubtroct From the .cundiai. -

TH DO "mI“” Cr TIlEie-= Thiis term mesns tlhe difzcrence vetween
aunwrent time wnd nmecn time. Since wyvperent time 1 sun, or
solir tims, wviilcl: you get with o« sun-dicl, wnd¢ newn time is
clocit tir e, tiie Tormer is nearly always o little faster ox
little lover thin the lotter.

SULIZ'ARY DIVISIOLS O TIIE AND ATTAZAPTS TO LT SURS THE Yi Re-
The gorﬁ dey comes from cn wancient word meuning Jto shine ™
The brecks mecsured their doy from cunrise to cullses, the

Ao wn meagurel tuaelr day from midnight to midnight, the
Sabylonivns IZrom sunrise Lo sunrise. The duy wes the first
mecgsurs cf time.

Since the d_y is & sizort unit of time o longer was
suggested vy the ciuwnges or tihie moun. 3Beginning witih tie
I'evr Iloon end woning, to Tuil :ovon then [ raduclly wuning to new
moon, tne time from new moon (294 Guys) wos ca.led . n.onth
s moonti.

The next ncasurement of ti e, the yeocr, wos "ﬁggocteu by
tie secsons. Feonle noticed thoet there woe o period of heat
cend cold, o ti ¢ wiien trece put rorth their budc end o time
wnen 211 ngture secmeG to ¢ie. Tie time Irom one Spring to
cnotiter wis “ound to e 1X moons tnd come to ve Imovn LE Tae

TS e ")\ - BN =, ~ . P e
yelr. 12 x 294 2 054 Cuyec, in the yecor.
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Tie ncicnts Cid nob mow thet t.e seoons wnd

g due te Tae movemont of thie errth cround the zun, the time
28 vie nov Inow delny: ¢06O Coys, ¢ noure cnd <9 winutes. Since
the yewr ol 12 mcons or J94 duys as accepted by the tnciente,
was scnorter thon tihie true yeor 1t wos not long until the spring
pentne would couwe virile it was £till cold or winter. Do over-
come thic the Jde.g zut in wn extro month 7 times in 18 yewrs
mokin:g, tuelr cverocoe yeor 08 dlys 11 hirs.
The Gre s wWiced o wmonthis in 3 yecrs miiing wn wverwge
of £65 Ly, 1 nr. 26 1in. The Komine nid € vecxr of 10 months
besinning wic.. Ilcrzeh, vircn o ey «ddcé 2 montic nilking o yeor of
0db C;y:. To milic un Jor the whiortage, dAlys ‘eyu cAded in o
cenfusing m nner s tie llom.n dictutor, Julius Cuesar, ordered
tiiet the yeoo 45 Z.0. chiouwid convlsht ol 440 deg, end thut
future Jeire dhiow 4 nove ¢8O &ys, 6 hours, waich ie 11 min. ‘
1o.oer ticn tue true yeor. The cmull wnount mode « differsnce
ol 10 deys in o few 10U yecre. In 1.82 Pone Gregory ordered
trhhet 10 dryc de lo:t out .naé the duy oiter the 4th of “ctober
! i henge wos mude in ongiond in 1751
C

hence the yecx

kC ',‘ "‘-J

ct

woo gculed

whuh c?cvcn e overe dutot e claging muen dizeonvent.  3ince
our osrecoabt yI oo Lo ittle toco lon- 1t cLo wrroansed thot in-

v 4th yeir, leop yevr, the recre wihiel end in OC
».ooald not be lec. yeirs. Tnic leaves our cal-
S noures, 20 mirutes in every 100 yesrs.

) CHLTTER 7
REL.TION OF 1°07IONS OF &4RTI TO TIIE

The orbits in wiiieh the “l"“ct° r°v01Ve cround their
c.ntril lumincry or cun cre in sitricineses eclipesec, or
li Ltly 1. ttencd circiecs. But the ilgutening iec so. elight
tiit tie zye would not notice it ~ithout mecsuremcnt. Tie
cun is not in the centexr of the ellinze but in « foers, wihich
in sove cases 1s disyplouced from tne center by wn cmount tiact
they gye con recdily ncrceive. o two orbits of the nlonets
lie exactly in the swre plane. Thet is if we regerd cny one
crdlt as norizontel, «ll the others will e ti. ed by small
cmounte, towerd one side. Astronomers find it convenient to
tolie the orbit of the cortn, or the eclintie, e the norizontal
or ctundird one. Tiie hn;'e by vinich tn oxrnhit is ti-ovped frow
tie nline of tue weliztic is culled ite inolinatlon.

KJﬁﬂurb LANS-~Tie motions oY the planetc in their orbits
telie plece in cecordince with certoin lows 1leoid dovnr 0¥
Kepler the Geormumin cetronsiier, cnd tierciore known ag Yepler's
laws. Tie FTirst oi ti:zse is: Tue orbits of the plinets cre
21licgee, oF nhiichi tlic sun is in one Focue. The second 1ow
is; thet the necrer the plimet to the sun the Toster 1t noves.
With :ore nethonoticel exicetress, the wreus swent over Dby the
line Jolnin, the piwnst cnd cun in equidi tines cre &ll equid.
The third low ic tiot Bhe cubes of Tire mein Gictinces of the

plonste fror tie zun cic plovowtion;l to the scucres oi tueir
times of revolution. Tiiis low regulres some illuctroetion.
Suppose one plinet to be 4 t14e° g Ter wiey from the s s
cnotner. It will then ttl it 3 PTines s loh¢ coing (round
it. Tiis number isc recched by teking the cuoe of £, wviiich 1s

64 ( &£ w4 X 4 = $4) tnd then extracting the squerce root, ~ulch
is 8.
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HOW OTIVE IU HAD AXT LJ“VU12D.~—- Since the ecxrth mikes
on: complete turn on Lior cxis in 2 houwrs wid 56 minutes cnd one
couplete revelubtion wuround the sun in ©65% days, it would secn
to be en cesy matter to mecsure the length of & duy wnd a year
by thece uu\guvrdk, but Nucu, nowover, is not ot «ll the case.

WIIAT SUILT OX S0L.L: TILE IS:i-- The chief Itinfs of time we
use ure Sun, or Solcxr time, wnd Stor or Siderewl tine., A dg
when mecsured by Sun tire lu cclled o soler Coy or nore Hro-
perly cn wouwocrent solor L“”, becouse it is tie esyrith that turns
arouné on ite £xis tné not the Sun that turns cround the ewwth.
Ve Zget our Sun, or Solwer tii:e DYy noting wien ti.e sun crosces
the lleidlian.

Waien the center i tihne sun is exwerly on tie noridiocn,
it is b ite Lighiest cltitudey so it is Lelf ey Detween tine
tine 1t rises tnd the time scts, so we call tuls voint ncon.
Llow & dcy meisured vy the sun is the time between 2 succescsive
noong, wuch a doy is 4 minutes longer ithnun one tnuat is neasured’
oYy °L'” time, you will see wiy later un.

The lon th of « dgy mecsured by -sun time, veries for 2
zhiief reocongs, vecuuce the orbit of the ecrtn is tilted siight-
iy out of the pline of hu. equator, wnd the s:eed of the evrtn
ct she trivels .round her orbit viries in differcnt .crtc of it.
Tnece Zactore mu“e eccii solax dcy of the yewr o« 1little differ-
ent length, de_enlding on The part o ner orbit she is in. The
idecl Xindé of tl ¢ 1z to nuve every dey oI the year eguel in
len b, waen cloclks were invented thnls wwes o necessity. Thae
ciffcrent lengtie of 11 thac diys of the yeur were tuken,

Ldled up wnc the wveruge length was found to be Z4 hiours, so
every Coy is thot long without resard to the sun.

STAR Ox SIDERIAL TIiE: Astroncre“s get thoir time from
the ctire, wnd the length of dcy oblained by stoer time is
4 ninutez chorter thcon thot ﬁot ained by cun tile. Stur, or
sidercl time is found by obeerving & sbter as 1t crosses the
meridicn twice in cuecescilon tnéd the time between tie two
tr ruite, is scid to e & doy.

The rewson o solulr daf is 4 min. longer thon o sicerezdl
Loy, .o beecusze the sun asuore nLlJ travels wround the ecrtin

;\,’:5

every yecr, virereas the ~tur~ rerein Tixed in thuir positions.
The ecrth turns on its axis towsard tle ezelt «nd thic is also
the direction the Lun oy prrently woves By the time the former

hes mode one complete turn, the l_xter'nas moved newrly 1 de~
gree, ccucl to 4 min., .né the ecrtn must turn thdl muach
further .round in order to catbell up with the sun.

Tie Zguetion of Timet=-- This term mewns tie differonce

between a)narcnt time wnd mcun time. Apporent time 1o sun
time, _otten from o sun~-dicl ond meen time i< cloek bime.

" STALD. RD T Ei~-~ To urevent the confusion tnat truc local
tine pives rice to wiien t >.ins cre running eact wcnd wegt, or
thhe othexr way wbout, the cystem of stenderd tile w.os invented.
This was JTirst out into quect wiien tue Internutioncd lieridiwn
Congrecs was neld in VWeshington in 1884, <nd it was ggreed that
iieridien wn€ Greenvic., _“Dlhnd was to "be tlie O or onriwe
Leridicn, cné tihe ecrtn was to be divided into 24 standurd
meridicne, nence eceh of these reprecentc 15% of longitude.
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Tde cloclks at cny place within 74 degreus ewct wnd
v st of theseée meridicne ctre set ~ith tune tiie of the lleri-
icn. In this woy the tl‘e not only «ll over the U/S but
;11 over the whole world re;“ vith that of Creenwich in

minutes and seconds, but 1t chicnges in anours by whole numbers.
CHAPTER 8
EARLY IDLAS REGARDING THE SEAOLS

Primitive wneople 4id not iinow enoush astronomny to enable
thew to invent cn cecurcte calender. Of course, they noted
the re ulcre rolurn of full moon tnd the succession oi the
GeLIuns. Tuuv, the Incicns woull locute soile.eveat by scying
thet it ned cceurred "three moonsY before, or they would give
the cge of ¢ enild as "two summars.”

Lonﬂ before men beccme civilized, however, they noted
tiict the lengtn of deylicht chenced from moon to moon. They
ccme to linow thot deyli hit locted longer thoun the docrkness
durin_ tuc wormer period, or sumner, wnd that tie dorimess
lested loncer thon the dcylight during the colder :eriod, or
winter, TheJ were unsbie, of course, to account for tinese
phenonena and conse rucpulv invented ct,g‘;n cand interesting
myths to ex-lein the 10ﬂvem cnd chorter deys.

-0
e IETSR IR & JUAE STt S

GHY W2 HAVIE THE SZASQIE: --- It is onlv within the lost

Tew aunlred yerxrcs tiact the astronners huve 110Jn that the
seLeons tre due to the Tied that the esrth's axis titls ¢t cn
cncle of 284 degrees fro.. the uer endicular to th. plane of
its cxuit.

ID the ewrta's ax;g were verticzl to the nlane of its

oroit (tict s, i1l the certh's exis 4id not tilt, there would
Ve no Ylon est" cad "sunortest? doys in the'Jeﬁ°; there would
be no scogons, veccuce tihe direct roys of the sun would alwoys
ctrilc thne equitor; every spot on the carth would thien huve t

welve nours of dueylight and twelve hiours of diriness every
duy in tuv yeir.

IT the carth's axis were inclined ot un wngle of 45
degrecs to the »leme of its orbit, the secsoncl chwnwes would
be more irronounced. Wintr would be colder, suwiser hotter,
snd there would be no tem;erate zones

Since the ecrth cxis tiMe cwey from the ver.endicular
to the -leme of itc orbit, there cre only two duys in the
yefﬂ Yorch 21 ond September 22, when its axis is not tilted
eltiier touwrd tie sun or cwey from 1t. On tancse two duys the
direct riys of tue sun faill on the ecuctor, with the result
thot every swot on the curth hos twalve hours of decylisht «nd
twelve nours of doerimess. Tor this reuson ITtrenr 21 1s catled
the oprlr’ couino. or verntl eguinox, wnd Septemour 22 the
Tail egulno or cubwinil eguinox.

L5 the ewrth travels round its orbit cfter llaren 21, the
usper end of its cxis points more directly towerd the sun from
d;" to dzy. The direct roeys of the sun, tuerelore, strilXe

arther tnd forther north of the equator. On June .2 the earth
has reccieG the scoint in its orbit where its txdle points most
directly towerd the sun. Since the wxis tilts ¢t n angie of 24%
degrecs, ti.z direcet roys of the sun now strilte 28] de“rees wbecve
the ecuitor. The tuonli ht recclies Lo degrees bcvon tihie north
vole, throwing o1l the ertic circle into tue aunli*ht while <11
the zntorteic cirele is in dorkness. Thiis doate is caliled the
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subieer colgtice.  The imcginar, cirele round tiie urth, 2%
dezreces north of the ccuator, v ere the direct ruys of the

sun full on Jue 22, 1s called the tropic of Cancer. On

June L2, every spot on the ecrt: nortn of the tropic of Cencer
hee more tihitn twclve hours of sunlight.

AS thic corth continues round .te oru:t ite uxis groduclly
pointe less directly Towexrd the sun. Doy OJ dcy tie dirvect
roys of vhie sun .icve south from tie tronic of Cuncer, until on
ScJue ber =2, rhcn the eartlz's axis is pointing neither towaxrd

nor way Irom the sun, the direcet ruys of the sun rest cgeain
on tlie eguitor
T

Tiie corih tr've¢ on. The northern end of 1ts axis now
titls sli Libly away from the s, Trne dirvet ruys of the

Qs
swi leove tie eouwto; und continue to travel gre auLLly Torther
south, until oan Decemb.r £2, they huve rewched their most
couti:ern ~oifAt. On thi a dote the northern end ox tie ’*rth'v
cxis vilte dirﬂctWV LUy 3 Trom tiie cun. The Sun's direct roys
novi strille TtThe eurth 2o - degrees woulthh of tue ecu_tor craw1n~
round the ecrtn oin ¢ma;inmry ¢ . rcle cziled the tIOulC of
Ceyricorn. il the ;ntLr*ic cirele is now in sunli-iht wnd

x

.l the .rOulG cireclie is in dierinese., ZIvery © 0ot on buc v;rth
goutl o the trosnis of Conricorn on December 22, (dcte of the
cinter solstice) lius more thun btweive hours oi 7‘VL1 sht cnd

fewer thin twelve locure oi durimess. In Arbuhtlnw and South
;erPu, tnere‘f‘ora peo.le hove gcwarer wiell we ure olving winter.
Tlius tiely gecconc .xe  Llways thie reverse of ocurs.
~e the ¢urtu ccntinues in its orbit the directd LY ~f the
cun Jrodudlly vrovel north toward the egultor cnd the tropic
of ¢.anc.r, nd the sec.cons ure repeated. '

2

-
J

Thne irlginery cireclies AQrown on the certh by thc Zun's ruys
during tze yecor wori the boundiries -0f the zones. Tauc the
Girect zoye of tiie zun . wss baclh wnd forthh .eross the borrid
wone, vetween tie trovicu of Cuncer wnd Cagricorr . The urctic

ennd cntoretie civeles include sll the wloces on thie ecrtiy which
whoceome tlie in Lne yelr can nove morc thon tuenty four hours of
centinuous Coeylight or durincss. liuces in tie temverate zones
heove tie ¢ ireet ruys of the sun unu never nuve tmexty—;our hours
of dgyii nt or d.riness ot « time. ‘

. CHAPTLR 9
THY IS CULZER WoRIask TH-N WILNTSER

Tue vorti's orbit is not quite « nperfect circle but is
A
v

slisutly eliizticcl. The sun, morecover, is not c¢xcetly in tae
center of it. ilg. =hows tiis lust fuet, but ShuWL the cun

to De rmucn forther wwray from the center of thie ecrtin's orbit
tiien iz acstually tue c.sz. Bub the figure chowe ur wlso &
surnrising ;_dt. viz vwio live in the north—ucmuer Lone

re wctu;ily Tortiucr from the sun during our tmuer thun during
the winte How, thsn, cun our sumiuers be wormer tihin our

wintorod T iere cre two rewmsons: (1) Ve actuclly receive more
licht wndé nectd frew tne sun during the cuwmicer, decruse the cun'§
Ly S st”i:e more Gireclly Govm upen us then in winter; (2) the

cun is pouring down uson us ite kewt ond light frowm go nany
Lo . hourb every G.y Guring tue sunrcer then during tne winter.
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IT the ecrth (lueys lept the sume cide tovwrd the sun,

likc Tervcury, tihe tinc of duy vt ny =0t would clweys be

a.ving eitner wncihiinged Coylignt o unciionging d;rkness, yeeaxr
uqur yeur wnd ¢ ntury cfter century. 2Zub the curin does
rotute, tnd this rotoetion ciuses wunriese, noon, sunsct, nd
niznt.

Z0W Wa COUNT Tl HOUXE:=-- Tor convenlence both in
locoving nicces on the evrti: wnd in reclioning time, the equat-
cr ic divided *nto e‘bctl tiiree ~uanfrel cixty _'“tk co..red
degrevse. Sweh degree is furbher divicded xnto sizty minutes,

cnd ewen rizanubte Lnto cizty sec nls., These minubtes and seconds
are surto of o virclic, not minute

?
a4

I“ublnvrj lines ¢ drovm on the curth, which run north wnd
south throuch The degrecs, min ute wnl sec .nuw, wné oend ot
tune oles. Tuese lueginoeyy lines wre celled meridicns of
longitude. C

Taoe meridicn of long tude wiiici wifes throusi Grecenwich
is culled the zero peridian  or »rine mewridicn. Since thiere
cre cheetliy t.uuu., Tour powrc in o duy, tie evxbtii rotitez one
twenty-Lfourtn of wou Cegrecs, or 15 degrees in one hour; so
tie reridicac every 1o cegrces c_art, stoerting ot tiie Sxime
meridicn, Lre colled nour cireles, beccuce cuen of theze tuwenty-
“our hour circlec nze: sunrise exoctly one hour Ll.oter thun tle
hour cirecle coct oi 1it.

SUL T Ei--- The exdet nour oi the deoy -t wny uolnt on the

e wnd seconds of tiice.
s

S

ewrti. iz tue "fun time." Iioon at Lny »luce is tuae exweb second
in thé duy when t.uc cun i¢ necrcst overuewl. ALl pointc on the
serie verilicn ors huving noon ot the scme inctint. At thct
ingt:nt 1t ic cfternoon ot cll pluces eccst of tu.t mericicn,
cnd forenoon ot (1L vl.oces west.

ey

Tiue becwuse rortlend, Oregon, oy mow bolore £ P.ll, the
recuitc of L Verld'c Series biseball goume which did not 1
T

in Zlew Yorl: uﬁtll 2360 P.il. of the swume dute.
. T "

exi.ctly correct ©oy zun bl ¢ we should hwve To e »ubtting them
iheol wnenever we vient o few miles eost wnd boclk wienever we
went west. T ecen zone covered only one minute oXf soler biue
tiiere ~ould be LZ8 different times in the U.S. You would nave
te reset your witenr cvery eleven miles ecct or wect. Standerd
tine ot Crecnuw is 2y in. 50.2 seconds fezster thwn mein color
tiie. L duey on cuothy lusto 48 Lours, thtl 1s 46 houre poes
beiore ti.c begimming of o dvy &b cne voint on ecrti recciec its
ent &b the otier .ztreme portion of the esytine To wvoid coniu-
sion @nd bvobher the civilized notions in 1884 ectiblished
st.ndurd time. According to this plen Tile beltc toout
Tiftecn degrees wide were eothol;°hed round the cuxrth with
ecch of the hoar circles in the middle of tl:e tine Dbelt.

Tiie United States is murked off into four of tiese belts,
eceh rour .ly Tifteen degrees ceross. For c¢onvenience every
plece within cny time belt has the swne stunderd time. Thus
Tew York tnd Pittsburglh hove the scme stindord tine, tnoubn
Pittsvurglhi's zun t1 e is considerchbly loter thcn IJew Yorx!
Chicogo'e stundord time ig exwetly one nour zlowver thon Iiew
Yri'ts cnd Pittcburgh's. I you were troavelling from Chicigo
to Iew York you would heve to put your wuteh ciend only once,
.né thoet would be wihen you crossed into the Zistern Stundord
time belt., As we truvel evet the time becoies loter by one
hour for eccn 15 degrecs of longtitude. Process is reversed

NMUINICIR AT T DMIVERSITY O3F Ol L34A
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PaiiDaxT Ol ROILHCAD Tlli-- If we tried to Lieep our wotbtcenes
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;oi;t vieLtv. Yhcre wre twenty-foar of these
JG1

[

wour wones in the

D YLIGHT SIVINGi=== lltny of jyou Inow thet the city you live
in iieg Velty tine™ is VdoglisLtb-ocving tivel."  llore then one
hundred wndc Iiftg yeoLrs o3o Junbumin Tranizlin suggested tue
ide. of Gerlii it c.vin_ . It is only within the lect few yeaxs
nowever, thet Qeylig nt “suving heog been ectudlished in vorious
surto of thig koanurJ. Tie purvose of Guylisnt saving s to
gt . rt tie woriiln:, d.y wn Lhour ecrlicr so Thet we cin be through
vith Bhe doy's worl gnd re.dy for recrection wiile there is
Ltill consideridle Cuyl ioht leit. Thus in punmier thore .o time
Teor booceblll, owilmming, wnd obher recrections between dinner
cné Gorlie To cecomrlich thiis soite olices ecern the cloclis one
hour el o tiio ctund.rd time &ll the ye.r rounc; in others
thetiiie 1s sut okne hnour .ievd of stendord time in Loril wnd
is set Dbuelr cmuin one Licur in October.

any of’ the .ncient civilized seoplec estublished colen-
Gd.re  of their ovn to leen truelr of their historic d@te
Therc wie the Lgyptiun cclend.r, the Hebrev culendlr, uA;nese
coiendor, Lichicrmedan c end r nd others. o two of these
be~en witin the sime yz. 1, bDeccuce ecch DCO“lb besen its own
cclendoy with sone 1m90¢t nt dute in its own his toLd. 11
thiege cilenlure were ore or leus inextet beciucse cir
cetronocrers ¢ld not hove werurate instrunents with which to
e bthelr wetronomicul messure: cntv. In the first century

H

vefore Christ, Juliuwe Crescr ectiblished the Julicn cclend r,
nLXing every yvelr 565 doyce lon~ In the sixte.rnth cc ntury
Pone Cre_ ory X111l estublished the Gresoriun ci lenaur, wiich
weE ..ore cceurche thon the Julicn c@lcagu mhe Gresoriun

-

celend.r was not cdoted in Englcnd unt: 1 n_y* iy two @vntuf*es
later, hovever, end it hue been ~cGopbed in Crecce ond Ruszia
o;ly within very recent yecirs. It iz novw used in this country
“nd in nmo:t of the eciviiiszed wexrld, but by no metns in <1l of
it.
' Letely it hws Dbeen rropocsed bJ ir. lioges L. Cotswornt, a
sencdisn, tnot the cilender agein be chonsed tnroushout the
civiic=zed world. With this "Internationcl Tixed Zulendur™
thne yeur will consist of thirteen months of twenty-eight duys
eacch, mciiing, 204 duys. The thirteenth month will be cdéed
betueen June cnd July wnd will probailly be called Sol.. Lvery
year wnd every month will begin cn fundcy, wad thus every dute
will ccme on tie sane doy of the weelk every ¥ye.re.e All nitional
nolid.yz will Dbe =zel on Tond'JS to «llow tne vorking p=onle two
succezcvie rree doys. The three nundred-cnd sixty-Iifth doy
will Dbe ”veQAQ"y" between S turdiy, Iecember £8, «nd Sundoy,
Jem:.ry L. The extr dey in leep yecrs will similorly be June
29, between Scturdy June z8th «nd Sfundoy, Sol. l. ZEacter will
gluicys De the cume Sunday in Acril. ‘

It ic thought thet everybody will derive some benefit from
tiie new culead r, thourh those will goein the grewtest wivantuges
who cre en cged in cormerce and buwine¢¢. It will ve ecciler to
nlin the monthly expensecs votihh of business “irms end of nouse-
nolde wiaen 11 the months wre of tlie scie length wnd ncve the
sce nuiper of Sclturcoys

LOCATING PL.CZS OX T““ TLRTI == Tne meridiine of longitude
ncet only serve to deterisine the time but clso hely to detcrmine
the ex.ct locetion of every plice on the certh. Trey cnible us
to Imow now meny degre.s east or west of London wny plice is.
But i we ovre going to locute t plece exuctly we muct clso Xnow

<
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now neny degrees north or soubth of the equetor it is. Tor
tnis puroce, with the eguctcr we a ctirting line, incginxey
cireiss cililed nercllels of 1. titude ctre niorked of £ on the
ecrthh in the sime moxmner we tue meridicns of longitude, vut
running ecet cnd west round thie cart h. Pluces north of the
ecuevor cre s52id to be in "north letitude;" those couth of
tiie egustor, in "souti lotitude." Thuc the north gole is

90 degrees north lititude, cnd the zoutl: nole 90 degrees
south letitude. Tie longitude of the nortn wnd south noles
is zcro.

CHAPYET 10
RO HERTIES & TPECTS OF INZRTIA

Sir Isacc Iewton in his studies of gravitation .nd
moving bodies hus given the funfem . ntal leows uncer wilch
notion t xes pluce. Ths Tirst oz tliese hus to ¢o with =
DL0. ewty of mubiter vhich scientiste cull inertic. IT one
ctubs his toe cgueinst o stone it 1s quite cpperent thut
there i1s < tendenzy Tor the stone to remcin ot rest. Iike-~
wise 1if wn individu:l 1s stonding on &« street ccxr wiiich
sturts with ¢ suldden jeriz, nis head «nd shoulders cre thrown
boekx wvnile nic feet wre curried Forwe.od by the cor. Hvi-
tently taerc ic o« tendency for « dody to ré.6.n ot rest.

I+ o coin is leeced on ooecnlling c:rd wcné the curd cu_ port-
e.mon tine tip of the finger, the curd muy be suddently
Jerxed wwoy, lecving the coil <t rest on the finser tiu.

It i: thic tenfency of o resting bedy to resist motion
thict is cclled inertic.

If a body is in motion, it hec o tendency to remcin
in motion. Tius, 1T . owwebuil ig thrown, it 1i: necess.ry
Tor sore force to cet on the bull to stor ite motion or chungze
ite direction o moticn. The ball has o tenduncy to coun-
tinue in the swpe cirection in which it was throwm. &L per-
con standing on o ro:idly woving stre t cur whiclhh is dbrought
to <« gudden stop will be thrown Icrword violenty. ALgain
there ic evidence that o body tends to continue in its
dircection of motion. This tendincy fcor . oving bodies to
continue in motion in the swume direction is ulso colled
inertic. '

Sir Tewton suw: .ri:ed these focts in the zTiret luw ol
motion. Iveryboly whiich is wt rect hus a tendency to remcin
¢t rect, tnd evay moving body hus & Tendency to remcin. in
riotion without nhangc in speed or dire tion. This tendency
of « bod¥y to renuln t rec t or in the sume dircction of
motion ccn be overccme on1J oy the apsplication of come
externcl force.

The reacson thut wor“ is cTten hird to perform is be-
ccuse the force w:olied usuclly meets with 1851st;nce. In
d01n~ nmech.nical work we meet With three cciuses

tineey inertic, wel Lt wnd friction.

IrEnTIA:--The recistunce due to inerti.. con de seen
cverywhiere. 1T you nwve ever "stilled" in cn wutoucoile
yow reclize how & body b rect tends to remulin .t rest. It
“ecuire° a strens nucsh from outeide or tie i re: of the

terting motor, te move the cor. The cxpiinction is, of
couike, tact the ineriis of the cor must be overcoue, &8
well as tie f£riction of Lhe veicrings wnd of thic whewlcs

10or regl-
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to the bull would send the bel: on wnd on, ii it were .not
for the friction of the air wxro tae forcoe of grovity.

CPOR IS O PORCEHS:=- Jhie kinda of o force that
n.liee « voly movs in o curved |oth, g when you tie & stone
to o string ond wniel it in o dirile,,is',ullCu ceniripetol
force, .nd tle reicction ctgoinet thig force by the moving
vody, witichi 1o due to the resistunce offerced toc 1t by its
Oeln_ tvrpe out of o streight line, nd tiis i° ciLuseld by
ite inexrtic dic llloed ~~nt1;fuﬂwl Teree.  Toctn iorces wre
t“g regul the cure stres 3 LEeNCce .re e{Unl ;.d 0uD ooite
wné di ta rin: shoud break bodh Fforces will inctunt
cicc vo.or.  Due to rototion of the worth, tie JLOLI Foh! Ji
river flows up 1ill one nile fron Like Ztussw to Th Eulf
of mexico, . . X

”V““YMFTIC LOSED WAICGHT AT EQUATCR: -- arti. bulges ot
the equ.tor tnd i futbened ot the poles, the distince

}—J }_.J'

(/‘

Trow the nO“th pole tc the center being cbout 1d% miles
lees thon distince Trcm e uwtor to the cuntexr Toe pull
of grcvitf 1on s lexcs ot grecther Qistuaces, 0@ so o

b linee with one ~un ot the north pole cné. thic otaer ot

he ecguitor, would cl.ow t*‘ of txo eqguul moceeg, thie one
«t tie eguutor V7 ou 116 weisht less then the one ot the,north
sole.

Cumiy 0 DT TO ROZID LILES rD W0l -<Due to Gyroscopes
working on c.ome nrincl le we toy tbou, Gue to pover of its
teﬂr*”in epecd remiine in ogition cnd countericts efiect of

bt‘ .L'»..L‘l-\.it D

ZOUCAULTS rolDULUL: -~ One of the few convineing ,roois

Tl
tiiut Tl ecrth rotutes'is rlven by tihe Foucecult pendulun. .
4t 8 o'cloel in the morning, & 1258 ball hun- by w 95 £t. steel’
wire is ctiated ouyﬁ“uﬂLAuu ;_on" 3-8 line. . dicl fuctened
to the floor rotiutes with it wnd ot 6 in, tiic evening the
vendulum ic :wi“ ings along btiue 6-6 Lline. From the “nulu be-
t cen tiese linet wid the bir.e reguired ior tire nenculum
to rutmte turow, u the anzle, the latitude of tue plece cun
b. determinsd. . '

el
. uur eartu vuiges about 4 mi. ot the egue .or wnd is
Tlattened cbout 9 mi. ot the waleu, due To rotution zjeed
of e.rta, which .t eguator is 10389 L.P.H. I eurth were
ctonding, =111, t“p.(lobu no Lcnbt wWoulG wve been o verfect
cphere, - IT tne cortn were to ke o commlete revolution

i t

4 c

-
& C!‘d

i-‘l
)
xm‘

n l.4lrar., tne bulie would becone so re thiet objects
ot tie euust" would begin to Iy &f, in fuct the ewrth
vould vezin To Druodl ud.

EEO&HOU” 20WsEn I UE¥IVERSmi~-- It woule regquire & men’
16,00 ipiles tall; uweing energy eculvel.nt to the pger of
iO0,0cO;ODO,“Og OOO,QOO averog e cutomovile cngines one
[ op our worlid s imning wnd tols energy is
only & small part of the 1noon“elv“bl° power of the sun .
ne elestial vodies.
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CRAVITATION AS IT JFluCTS WEIGHTS IDES
’

AMD OFFSLTS CUUTRIFUGAL FORCZ IN TLill UNIVIRSE

THZ TaW OF CRAVITATION:-- Iiovedy knowe the exuelt noture
of tiie mighty forces whnich licep the verth wnd <11 other hezen-
ly bodies in motion. We do know thot the dircction of move-
ment is ceontrollioce by whet Sir Iscec Liewbton over 25C yeurs
oo eulled grovity. e discovered tiae wnivercoal low of
grovitition, by chince one doy when he hoe .ened to see an
aple fell  from w tree., This set nim to thinking out the
rewson g to ahy L bod; Telle, end ne cane to the conclu-
sion thait & poldy Talils bec:use the cexrth attracts it, cnd
.1leo thvt every vody in space nas on wturaotlon Ter every
otliex vody, 1eow;z1 cr of how esmall or lrge it mgy De.

Tiiie cuotrocection between vodies inlieg thot dhere muct be

“ Torce weting on tu m, wnt this we cull til.e forece of
aruv1uwtio:, or Jjuct gruvitution for cslwowt. Then this

grot cceientict .sked himself Iif the ecrith &id not hive the
Same sort of whtruction for the moon, cné the sun Jor the .
ecrtin tnd 1te sister pnlenets. Afler miny yecrs Tewbon
Ceveliopeld rathematical proof for hic ideas. 7Te syueak of
the wel bt of o body. Weignt is the mecsure of the
cttractive foxce of the carth. If there were no atitractive
force, there —ould bs no grovity, nothing would hove weil:rhite

In its finel form,lewton's luw of crovitation stotes,
tiiwt tite force of thie mutusal attrection vetween ©ll bodies
viricus in direct proportion as the product of tuelr si.es,
ond in universe pronortion as the gquare ol the distonce
between them. This meons un&t the micre Cu.o tunce two :
bollez vorsest, the vore ubbertLon they hove Zor ecen other.
Ls tlhe distonce betuecn the two bodies increucer, the
cttreetion lessens. I the distence is doubles, tae
cttr.oction is lessened o 1/4 oFf its former force. IT the
distence ic tri les, therc .s but oac-ninth of the originul
cttrection; 1T guadiucled, dub one-sixteenth and so on.
Trom this you will see thut whoet cetuclly tules plice when
«n wplle, or other vedies, full, is thut it . oves toward
tle curth wnd the ecrth moves toward it until they meet.

Tiie reccon tnut toae ,._¢J covarently moves throash il the
disvence tné tne cortli doec not move ot wll s becuusethe
former iz so voery emaell when compored with the sice of
tne 1 _tter

“hien ever you push or pull some object, you expect a
orce wuion it. GCrovity is the force which tends to pull .
211 obje cts toword the center of the ecrtn; in Tuct, & fcrce
S 4 push or &« null. ‘

Cwnvenclsh, ti.e Lnglish scicntist, in 1793, mude wn
wy,wr;tuu by which he was cectuclly c<ble to newsure tioie force
of wturuction, or al@Vit&tion, between tvio bo‘ie;. This
consicted ol Ptwo smcll balls mounted on the encs of o light
crousvory, valich Lﬂ turn was suspended Dy o fine silver wire
at its conter. T.o large dalis of l:cd, that weishel 80

Fe g
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pounds o« piece, were suspend-d newr euwucnn of the above
mentioned suwll belis, each ';lve ball neur tnd on
oppocite sices of Bhe cuxcll belis, so thit the grevite-
tional Torce would molie the Ddar turn in the szame direc-
tion. To »rcevent air currente from wcting on the moving
elementc the cpnarvtus was enclosed in < vox, in one end
of which wet o glilass window «nd in the other . tcelescorne.
The move: ents of the bur showed thict there was cn wetual
abttrection betueen the small wnd the loarge dell.

To prove thoat every body in zmpace attricts every otlle
body Irof. Iaskelin:, wn sstrononer ﬁoyul of Great “rltlwn
mide tue Tollowing ezp.riment more then 50 years wgo. He
susvended metul weizht from o horizontael supsport so tﬁut
it hung Treely over ¢ steep, precipitous rock in the
Schicntllion Ilountains in Scotlanﬁ ané going to « con- .
venient opocition he saw thh.t the weight did not hang '
vertically lilie wn ordincxy plumb line vat was witrected
to one cide inttead.

Hence tnot vihich we call grovity is sixaply the attrac-
tion fLor ecch other oi the coerth and of bodies thet wre
on ox nelr its curfcce, and vnet we coil welgnt 1s tiie amount
o Tthe .ttructlion of grovitition between tihe ecrth end
voclies on ¢r necr itec surfuce. The direction of grovity is
clweye vertical tuut is, directly towurd the center oi the

ewxrth. VWhetever noc Deen scid sbout gravitotion or crevity
dlres not In tie lewst indicate what tne n.ture of the attrae-
tion is, but Iewbton, who first woried out the liws tict
Sovern its cction, believed it to be w force, while Einstein
Coeg not think so. GCravitation ig, then, siwmnly o word that
ig used to mean & certeln kind of acttrection witiiout telling .
you nything chbout 1t, just we & norce mouns & certain Xind
¢ four legged wninial without telling you cnything <dout it.

TEE ZENSTLIN THECRY:-- The dinstoin Tieory of Relativity,
or the Zinstein Ticory as it is called for shoert, consist
oL o« mwader of new idecas about snace wnd time wnd motion

Lot were worked up into definite laws by Dr. Albert Einstein
01 tnc Heaiser Wilkeln fcadeny for Researchh ot 3erlin.

Zri.fly, thege idels ire thoet o1l things werc relutive
one to wnother; thot everytiiing in the universe is in motion;
thet cd1l cvxperimentse hoave fuiled to show the presence of wn
cither, cincc nothing is fixed in noture, there is no b=
solute stwndurd by vhich o body in motion cen be i.zasured;
that light is the only tihiing whose sieed is wlwuys the swie
vnder 1l conditionc; that grovitation vends & ray of leight
out of its courcse; thet snece wnd time must be tiiien Looetner
«né not seuvarctely; tnct time cun be conzidered as tie &ta
Clmencion; end, finddly -- fnd this is o hord one --- that
Srovitation 1e not & forece wt &ll, ce Newton thousht it wes,
ond has since deen teught, but that it is cuused by the curvature
of s_lece~tine. :

Tovw Just we Ilewtun when he saw the o ple fell from & tree,
¢ hie theory und lew of grovitation, so in the swme way
tein when he vow o ocn full frow o building Torwmec his
thceory wnd law of gravitation. The moan wuno fell lunded on a
soft oot cnd co 1lived to tell Zinstein now e felt in his drop
to the ecxtn. ne suld tnat ke weas felling to tie corth, out
instead it scend &g if thu earth hed Jjumg egd up unt1¢ it met

g e N g TAAT T AR T T et R TR AR 8 v
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ic not o force ot ¢l1l vinich ulls Dbodiez together ws mag-
netic undelccuvric forces do, obut tiawut 1t is the effect of
Ciffoxm motion, whicii is o, =zite to uniiori: wmotion wnd
mesns 1y guici, Jjerliiing mevenent.  To illuctrite difiorm
motion, cu.roce you huve & T1ly buzzing in bu. center of a
brottile whilceh is sucended by w string. Ilow 1L you give the
bottle @ guiclz pull to wne c¢ile, the tucr side will strixe
the iy (nd he Will heve the sime gensobion ceg 11 he fell
end strucl the coertii. In the sume woy, but on a larger
sccle, 1% o« boy ig sus ended in « big box, wnd the box 1s
oudaently jeviied to one side e will strilte the otlicr side,
wnd huve ciiietly tac gone sense ation ws 1T he hod fuilen
cnd ctruek thil ceortir; thot iz, the censution he exerienced
would be .zie ly bae come os though he hed bezn weted on
by gruvitztion when there wue no grovitcotion at wil. It is
on this pPincivle of difzorm motion thit LZinestein hos worked
cut iis theory end nu'hem ticcl Formulos of Sr vitotion, an
tioce give wrezulte tuet coinclde very <locely witih those
ox Eettun, the chier: difference- betweecn tnem Lelng thot the
Tormer ic mare cecurute then the l:tter.

iiile gr o vity tendc to lieep thie sorur sysvem toge

d‘

acx,

tie pl;nets move cbout the cun so ropidly thot they e cec t
¢ lerge contrifuzel force, (awey frow the center,) which
tenis to ui“" tucm wwey from the sun. Tuous the wtbr ctive
Tornce of thie nlinmets wnd tlhe cun osercvte in ouposgition to
tie centrifusel foree of the plonets. Duch plonct. tikes wn
orbit vhich will mike thece two owporite forces egual.

CTUER XIFDT OF TORCE:=- The iind ol « Torce thot . tles
«“ D2Cy move in o curve’ poth, as wviien you tie o ctone to o

Ctring wnd vhirl 19 In o zirele, iz cocled countri_et.dl force,
_nd bie veaction cociunct this foree by the movinz bady,
woalzh dlz (ue to the reciztunce offexred to it Dy it:s bDeing
turnes out oi o« stroignt line, and thic is cwusced by its
invetic, io cealled censrifugol force. Doty £ rees wre the
rewult of tic cuw e stress; wuid hence wure ecunl cad onposite,
cnd 1T the ctiring chould brecd: both Torces will inctintly
Clsopeer.

a2 reurds woeio bt end grevitotion, o men welghing 150
1os. on ecxth -rald ,ull;u'e on tie gcun, hornc Lown by nis
incrcosed wei nt of twe to--v, however ol the surlice of
Sntores e would ""'12 ter no more thien 1 or L 1bs; on the
newvicoct, nmect “';~Jt" B-tyse ctlir ne wouxd wei It 8 tonc.
Zut on tie littlic com.exion of Sirius, thot densest £ cll
st =, nilc weiglit  culd be - ,C00 toz~ gusl to thit of a
Dlocli or ivon b Te.t Long, 2o f.et i Sl

At thie center -~ The ezrth o 10 ,ound el would teigsn

notiiin., noiE vy to center 75 noundc. Could e wscend in o
bolloon 3,000 miles we would veioh o7 ;ound:, wnd ot L, 000
miles but 16 [ ounds; cnd ot Zo0,000 miles e ould “ﬂ‘;h
2/3 o7 tn cunce. Cua btire woon ne viould well h H5 pounise.
TISHe o LI, ITCON, SULNi-- TneLe ie out little ceorly
¢ of the tides 2uxon the Crecks, Renine or Hebdbrews, und
no reference occurs in Bhe old or new ucwuhucnt. Pernins
ic iz Cue to the fiet that thece people Lived on the cshores
the Ilefitervoincen wuerce th+ tide is very cmail wnd rccelved
1ittle _ttonmtion Dy ticese neole. Kh”\ver, lerolotus, 4£C50
Z.Ca. Czcribel o tide in n crp of the Rl Sec, wnd i JtLC*O
of lLiigeiliv, 325 3.C; who navigated to the 3ritich Isles,
noted vhe relution of tue tide to the moon. Ilost ecxly
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ers buscd on ¢ xe :;nciful notion. Sol~ early
ieved the et *th wn enli:cl wnd tic t

L n.ong, arinitias ox “‘o¢t1n" of tue tcr.

ore ennlained 1t we the pulice veot.

Tlemy 's Ilwburcl Hictory 77 A.D. excipliries the knowledge
of tides bt that tine. "ALl the scus sre puriified wt full
moon, <oi.€ wLso 1t ectoted periofs.  Miax istotie wdde thot no
cninel dies excent wuen the tide is prLn Tiie observotion’
nee oiten been nide on the ocetn of Guul, vut it hos only
been “ound true with recovect to meal. In concluiion e suys:
"Hence we niy © ng ture thot the mcon ic not unj{"Wy
res.rcec tae ltix of  Life. Thelt it is thiot which r’rl shed

v
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tue ezrth; vaen she oooproucnes it, sne fillec cll oou es mmlle
sine emnties them. Shell fich ;row ~ith her.
increuce, Llco the blood oFf men ic incre:.ed or decrease&

in p'U“ULEiOh to tle cuintity of ner ligont., Aleo the lecaves
Ll veg 1omo*:£ fecl her iniluerce, hrer power penetrobing 11,V
I btz 1oth cunuury we 1ind the *ollowiné cxolanction: "A;

Tor tuc Tlow of certiin seue ot the i e of thae vising of the
moon, it 1z ru.uocced thut ot the Dottol. ¢ vuech secuc there

are Tolill zoeixe cxduaord stones, ond tuoeb wiien the moon rises
cver the ocurZ.cec of suen seceg, its penetro ti

viien €ne - -racll
<

'
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tl.er 5 cad stomes which wre ot the bottcow, cnd cre then
rell Dol tience; wnd the.waterQ-“rQ pected end roercfie
gpi Wl owaomler o ace cd roll invoves btovmrd tiie secshore
end convinues az lons we tiie moon sl.ines in mid-heuven.
sub sie Doolins uo'oecllno tre boiling c¢i the o
cec. nd thoe pgrticlea‘ cool wnd becon. denge wnd ret“rn to
tie ctate of rest, tuad tie currente run ;.c*c"d'“; to
tirelr wont. Thic gces on until thie moon recches tlie western
moriocon, viel btie Ticw berins ggoin, ce 1t 41d wien the moon
ice in the ellitern horicon.

tith tlie zrowtn of lmowledge we Llind the tide wserided
tc the discL;“oe ol rivers inte the zed, teo crewt vwhirlnool
necr orway whicn for ¢ hours ubscrbs tue, woter then for ©

hourc disgorges it. In the sume time Sculinger suoposed that
it wec the co.ct of Americea thrat obestructod the gencral
rniotion of the gev .nd reverberacted. As iutec oz 1050 coxe

cxplained tiet it iz, "Tue oceult quality" or cymyupithy where-
by tie noon Citriats 1l moist bodiec. Wnile Gilileo tnousnt
it wes preg*at;xmup to thini: the moon crused tidec. In 1687
Jewton shoved thaet tii- tide vas o« nuturcl conseguence of tine
law of ruvitotion.

TIDCL: Thousc vi:0 live nesy the cceon lmow thvt tlie wtex
eCoe ee. ? chunging its _lace. They Xnow thoet the wuter line
ILoves ;*wcu¢ly Firtuer towwxd the lend for cbout © iours, then
clovwliy Liwvtuner out ior tne nett 6 lLiours. Thisc novement of the
woter 1. coalilled tie tide. In sowe ulices the water line moy
e nore tawn o guurter of o mile fertler in o6 nigh tide then

-+

.o low tice.

Tiic moon iec the chicef ciuse of t‘e tidesz, tucuril the sun
clso 1g o leses importint ceuse. Tiae grovitoebional cttroction
oL the sorth and t‘ woon tend to u 1 tie twe bodies toge-
tner, H-(l cnetriitug force tendés to tnrow thewm wpart out of
tlhicir orbits, P~c° L Torces exaetly b;l;noe cuen other ot o
tiae ¢ nter of the curth wnéd the moon, =zo thiet they neither

fell togetiier nor fly epert. There is ;loo cent11¢ugal Torce
ot bl ewrti:'s surfoce due to ite rotution. n the
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ficon is stronger tlhin the centri ugcl force due to rotution,
on the cide ci tihe ewrth £ rihest fron tie moon the contri-
Tugal force 1: ctronger thion the grovitutionul cttraction.
The result ic thut thece two forces tend to itite the earth
buige on ti:e side neurest the moon wnd on the side opposite
the moon. Tihe solid cortii is too rigid to bulge, but tne
woter is not. Oonsecuently there :re two bulges of water
under thie cnd ouv,ozite sides of the earti. LAs the carta
rototes tiece vbulges folliow the moon w«ws two large wvaves.
The recsult is thet plices on tiie occcun shcre n.ve & high
tide in bebween two nipgh tides. Zceccuusze the moon vevolve”
in itz orbpitv wliile the curth is rotuting, Tlhese tldal wove
¢o not trivel cround the cocrth In ezxtctly Z4 hours, vub o'*e

4 hourse wad 53 minutes. Hence cocn sloce on Tie ocewn
ore Niwe 1 hich tide cnd one low tide wvery 12 hours and
~6 minutes

Lt new noon wnd full moon when the zun «nd¢ the moon

re in tue cume stelicht line, the nigh tides wre nighest

cnd ~the low ti@c: ~re lowest. fThese new-noon gne full-moon
ticdes cre cooled spring tides, tihoushh the niwe ko nothing

whitever to co witlhi the srecons. it ti.e sirst _und Bhird

ca..rber, vhien Bhe cun and moon wre eieritins tuvir gruvitoe-
ticnul “ttrocvions in opnovite directicnc con the ocecns,

tiie hish tices wné low ties tre sm_ ller thon ot wny other
virie durin- the month. These smell tides cre called ncewp
tides. The grovity of the moon is zuficient to raise waters
or the occewn & sli-ht cmount. As The eirth: rotates on its
exic, the "hump' in the occun moves towurd the west. As
thic "opump™ reuwcunes tne scushore, cowe ofthe wuter is drugged
rurt owelr up tie choere, only to return cvioin to tle ocern
~¢t°“ the wwrebth noae turneu « 1ittle it fixti.er. Tuis coming
in wné going oud ol the woters is known s the tides. IT

e gun iz on the soue side of tne ecrtu ws tlre vioon, the
hish tideeg wre nigner thin ususl. Tilev oceur cvery 1z
novre nd 26 minutes, 1nsteud of every l:i nours becuuse

tine moon moves in the course of a day.

The tides cre of greuet irsortunce to occeun trovel since
looe vescels cun enter .nd lecve meny of the ports only ct
hi-n tides. Tie tides cre wlso impeort.nt to virious Fisaning
inductries, u;ut;culfﬂly the *@tbering of oysters, clums
cnd other swmell fish slon; the sliore. ind these tides seem
«lso to be o:i wnoreible future csource of useiul energy.

ct l
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METHODS OF MEASURING STELLAR DISTANCES BY LIGHT YEARS
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NCIENT o MODERD METHODS OF MEASURING TIME
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a "4" before it.

1.

4.

S.

6.

7

8.

10.

11.

12,

13.

14,

G} Y v
2wl I Jr.u..‘ T

Indicate to which item in Col. I each itam in Col. II be-
longs by placing the numbers preceding the items in Col. II in front
of the proper items in Col. I,

Mcercury
Gravity

Sun

vine

equator

Julius Caesar

Columbus

Twenty-four

Mooun

Piuto

Forty-eight

1.
2

S

4.
S.

10.

11.

The center of the solar system is the
The nearcest neighbor to the earth is the

The number of knovm planets travcelling
about the sun,

The most recently discovercd planct

The
the

planet that moves about the sun in
least time,
The length of a day on earth, in hours, is

The place on the earth wherc you would
wecigh the least.

Thet force which keeps the planetsfrom
flying into space.

Into how many standard times is the world
divided?

The man vho about 45 A.D. dccreed the year
to be 365 days long with each fourth yecar
being 366, or a leap year, was

The man that belicved the earth was pear
shaped was

IT

Bclow are a numbcer of statements of which some are true
and some arc false.

Sca.

If in your opinion, the statcment is true, place
If it is falsc, place an "O" before it.

The Grecks thought that thc earth was a floating disc in the

The shape of the world today is known to be a tetrahedron.

Thé difoction towvard the center of the earth is down,.

The p00plé living on the underside of the earth stand with
their heads hanging dovm.

Mars was the Greek god of love.

It is the stars instecad of the plancts that twinkle.

The moon revolves about the carth.

The light coming from moons and plancts is refleccted sunlight.

Tides are caused by the gravitational cffects of the moon.

Thce path of the earth about the sun is called thc orbit.

Shooting stars become incandescent because of hcat caused by

friction.

Thc approximate diamcter of the cvarth is about 8,000 miles.

The Chinesc belicved the world a great squarc and their
country the grcatcst circle in the squarc.

Steller distances (the distance to thie stars) are relatively

arna1 |



2J.

25.

26.

27

28,

39,

40,

41,

42.

Fill in

l. The

- 2 =

There arc four standard time belts in the United States.
Timc cannot be dectcermined from the stars.

The word day comcs from an ancicnt word mcaning darkness,

The month as a unit of timc was suggcsted by the changes of
the moon,

The standard of time is the revolution of the carth.

Ordinary time must be adjusted to darkness, that is, to the
hours betvwicen sunscet and sunrisc.

Time as decterriined by the sun is called sidcreal time.
The sun is the only star in our solar system.
Most of the sun is supposed to be in a solid state.,

The earth and its pcople are travelling through space at a
speced 50 times that of a canon ball.

The revolution of the earth causes night and day.

It the sky were packecd full of moons, their combined light
would be about one sixth that of the sun.

In our ycarly trips around thc sun, we travel about 1,500,000
per day.

We call that property of all matter which resists starting,
stopping, or changing speed or dircction, constant acceleration

A ship in going from the pole to the equator travels about
thirtecen miles up hill.,

The equator is the place where you would weigh the most.

The Mississippi river rises one mile in going from Lake Itaska
to the Gulf of Mexico,

If the speed of the earth's rotation was increased 17 times,
a person would possess no weight at the equator,

Electricity is the force which causes weight.

Small ob jects possess greater gravitational attraction tlran
do large oues,

A 150 pound man would weigh 25 pounds on the moon.
ne sun produces the largest tides on earth.
The falling tide is called the flood tide.

The energy of the tides over the world is wasted in frictionm,
which tends to retard the rotation of the earth.

A screen against gravity has recently been discovered.,

The sun exerts a greater gravitational pull on Mercury than
it does on the earth.

We must set our watches ahead as we go westward across the
country.

We have never seen all of the moon.

ITI

the blanks with the correct word:

vere the people that believed the center of the

earth was a nice warn heaven and the sky a cold place where the
wicked freeze forever.



10.
11.
12.

13.

14,
15.

16,

~7.

- 3

The Greek worda for planet meant .

The planets were naaed after .

The world as we know it today is i1 shape.
The revolves around the earth.

is the name given to small worlds or asteroids.

The sun and all the planets advance through the universe abcut
miles per day.

At present the eartii's axis is irclined at an angle of
degrees to its orbit.

In going west from Omaha on the Union Pacific, the time changes
at . .

There are standard time belts in the United States.

The ceave man measured time by medns of the moving .
Before clocks were irvented men told time by the at
night and the in the daytime. A helped

to make the daytiize measurement more exact.

The compass which has a spinning wheel to point the way instead
of a needle is called a compass. The wheel of this
compass floats in .

The force which arises where there is a constant change of di-
rection as moving in a circle is called force.

We can locate the nosition of a place on the earth by giving its
and .

is the force which causes weight.

explained gravitation by explaining that
there was attraction between all things.

The falling tide 1s callcd the tide.
The astronomers by knowing the distance of the sun and its gravi-
tational pull, are able to calculate its .
The produces the highest tides on earth.
The solar system consists of the , , and
Iv

Place the number of the corrccet statement in the hlank before
question numeral,

1. The people that belicved the earth was an enclosed chamber
surrounded by water were the 1. Greeks, 2. Chinecse,
3. Chaldcans, 4. Hindus, 5. Eskimos.

2. The country in which star gazing is supposed to have origi=-
nated was 1. Persia, 2, I-dia, 3. France, 4. Spain, 5. U.S.,
6. Denmark,

5. The approximate diamcter of the eerth is 1., 8,000 mi.,
2. 10,000 mi., -3. 1,000,000 mi., 4. 20,000 mi., 5. 12,000.

4, The number of times light would be ablc to go around  the
world in a sccond, provided it travelled in a curved line,
is 1., 20, 2. 7%, 3.1, 4.3, 5.9, 6,12,

9. The path of a hcevenly body is called its 1. circumfcrence,

2. orbit, 3. inclination, 4. radius, 5. equator, 6. lati-
tudec, 7. declination.

6. The passagc of thc moon between the sun and earth is called,
l. eclipse of sun, 2, eclipsc of moon, 3. eclipsc of earth,
4. full moon, 5. third cuartecr, 6. autumnal equinox.
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7. Tie largest of tne planets is 1. Venus, 2. Saturn, 4. Mars,
4, Jupiter, ©°. Uranus, 6. Pluto.

8. The density of a solid is usually compared with that of
1. air, 2, hydrogen, 3. water, 4. lead, 5. oxygen, €.wood.

9., The distance above sea level is called 1. longitude, 2. ro-
tation, 3. oltitude, 4. latitude, 5. revolution, 6. declina=-
tion, 7. inclination.

10. The law of gravitation was discovered by 1. Archimedes,
2. Galileo, &, Copernicus, 4. Aristotle, 5. Newton,
6. Marconi, 7., @disoOn.

11. "Shooting stars" are properly called 1. planets, &. suns,
3. nebulae, 4. asteroids, 5. comets, 6., neteors.

12, Vhen two ob jects are moved apart the attraction between them
1. remains the same, 2. grows less, J. increases.

13. The highest tides on ear th are found irn or on 1. Bay of Funday,
2, California, 3. Pacific coast, 4. Florida.

1l4. A man as he is travelling east ©inds as he passes from oOne
timie belt to the next thet his watch is 1. oue hour slow,
2., one hour fast, 3. has stopped, 4. 10 min. slow, 5. 30 min.
fast,
15, The man said to be the true originator of mechanics as 2
science was 1., Edison, 2. Archimedes, 3., Ford, 4. Darwin,

v

Select and check the correct statenent.

1.

The man who was suppoOsed to liave saved hiasclf from the Indians
by his knowledge of an c¢clipse was __Columbus, __ Buffalo Bill,
__Captain John Smith __ Daniel Boone.

The kird of tide that results when the sun and moon are pulling
at right angles is __ ebb tide, __ neap tide, __ rising tide.

The date on which thc surn in its southern journey rises due

cast and scts dvue west and the day and night arc cqual the world
over is about the _ 21lst of June, __ &lst of September, __ 21st
of Deccmber, _ 21st of March.

The special namac applicd to the moon is planctoid, satellite,
__astcroid, meteor,

Sirce rivers or trains moving south heve the property of incertia
and rc¢sist a change Of spced, the bank or rail which should wear
the most is the __east rail, _ west rail, north rail, south.

In our yearly trip around the sun, the distance we cover each day
is ebout __ 1,500,000 mi,, _ 100,000 mi., __ 1,000,000 mi.,
500,000 mi., __ 50,000 ni.

As tOy or girl scouts we learn to tell the tinme by means of the

__Compass, __ sun and stars, _ moon, __clouds, __chronometer
watch.

The maximum angle at which the earth's axis can be inclined to

its orbit is __23% degreces, 15 degrees, 25 degrees,

__ 50 degrees,” _ 10 degrees. _—

The man that discovercd that the earth revolves around the sun

. Copcernicus, __ Aristotle, __ Hdison, _ Haley, __ Ptolemy.

10. The man that offered as proof that the world was round, the fact

that a ship going out to sea can be seen to gradually drop down
over the horizon was _ Columbus, _ Aristotle, __ Davey Jozes,
__Priestly, _ Galileo.



final I

Zxamination

Indicate to which item in Col. I eczch item in Col. ITI belongs by
placing the numbers preceding the items in Col.II in front of the
proper items in Col. I.

Eight 1. The Egyptian astronomer that taught , the sun
moon and stars move around the earth.
Képléf 2. The Polish astronomer about 1500 A.D. who
T ‘that the sun was the center of rotation
I 3. The namber of minutes required for light to
L reach the earth from the sun
__;Rotatién 4. The man that first used the telescope and
) ” discovered the four large moons of Jupiter
_ ) A
Nebulxzé 5, The man of modern times, within last 100 years,

-

that proposed the open hole theory of the earth

Bevolﬁtion 6. The neme given to huge clouds of stars dust is
Topernicus 7. That motion of the earth which causes day and
g : night

....Galileo 8., That motion of the eorth which gives us the yeer

Symnmes 9. The light of the moon comes from the

Ptolemy 10, Mon that stated that the orbits of the planets

were not circles but elipses was

II

Below are a number of statements of which some arc true and
some are false. If in your opinion, the statement is truc, plece a
"x" before it. If it is false, place an "O" before it.

1. The stars are closer to the earth than the planets.

2. The Ancicnt cgyptians thought the earth a great box--the stars

hung from Yopecs and the sun a disc of fire carricd on a boat
in a river.

d. Therc are twelve known planets in our solar systcm.

4. The planets werc nemecd aftcr animals.

9. Star gazing was supposcd to have originated in Persia.
é. The dircction awoy from the center of the carth is up.
7. Jupiter is closcr to the sun thon the planct Mers.

8. The moon is thc center of the solar system.

9. Human beings could not live on thc moon bcecouse its temperaturc
is higher thaon that of the sun.

10+ Jupiter is the smellest plenet of the solor system,

11. Thec ncorest ncighbor to the carth is the moon.

12. Mcreury has two moons.

13. The microscopc is uscd to study light from the hecavenly bodies.

14. Jupiter is o plcnctoid.

15. Onecho is locatcd in the mountoin time stondeord time velt.

16. The yceor cs o unit of time wos suggestcd by the seosons.

17. The "doy" weos the first mcosurce of time.

18. Primitive mon uscd o sundial to tell time by.
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II (cont.)

9. The seicntific time, time uscd by cstronomcrs, differs ot
vcrious points on the corth.

J. As the ccrth turns from west to cost cnd cs London is cost of
New York, the sun sets in London while New York is enjoylag

daylight.
1. We have been in this part of the universe before.

2. The true fixed stars are really suns like our own Sun.

23, The full moon is alweys visible in the daytime when it is

above the horizon and not hidden by the clouds.

24, The planets farthest from the sun have the greatest speed.

25. Rotation must be added to the revolution of the earth to

26

2

produce the seasons. ‘

6. The diameter of the carth is grecter thon that of Jupiter.

7. There is no motion at the poles of the earth.

28. Centrifugal forcec is the cause of the equitorial bulge.

9. Inertia forces the Kississippi river to run uphill.

30. Considering centrifugal force, the place on the earth's sur-

face where you would weigh the least is at the poles.

3i. If the specd of rotation of the earth was increased 17 times

the days would be 1 hour, 25 minutes in length.

32. If the spced of rotation of the carth were increascd the

cquatorial bulge would get smallcr in size.

33. The sun is a perfect time piece cnd indicatecs exact time all

the yecar round.

. : srike e€:xplaineé gravitation by sayving a : &
34, Von Guerike eixpleined g tat by saying, "that therc wes

attraction between all things®.

35. A pcrson would losc weight by going up in an acroplanc.

36. The rising tide is called the c¢bb tide.

37 The sun ané moon combine€ producc the spring tide.

33. The carth is Xept from flying into spzec by the force of

gravity.

39. A stcel cable 3,000 miles in diemeter would be required to

provide a substitute for the sun's gravitational attraction.

40. The ccrth's axis of rotation is inclincd to the planc of

its orbvit.

41. Gravity has but little offect on birds in flight.

42. The ycar docs not cqual an excet number of doys.

III

Fill in the blonks with the corrcet word.

1. The belicved the world wes ¢ flot dise held up by four
grcet clephonts which stood on the back of a turtlc swimming

2. The dircetion toword the conter of the corth is

3. Tho cre closcr to the corth then the

in cn occon of milk.

4., Thcerc ore lorge plonets in our solocr system.



IIT ( cont.)

. It takes for light to reach the earth from the sun.
. The is the astronomers yardstick.
. must be added to rotation of the earth to give seasons.
. The sun crosses the equator coming north on the twenty-first
of _ and marks the beginning of .
. The time taken from the stars is called time.
. The measured their day from midnight to midnight.

. Time in Omaha is expressed in terms of time.

. The way of dividing time into hours, minutes and seconds was

invented by the ancient astrononmers.

. A may be used to keep a ship from rolling in a heavy
sec.

. It takes the earth a to go entirely around the sun and

core back to the same place in its

. The term used to denote the,force opposed to centrifugal force
in a rapidly revolving wheel is, force.

. The water clock was first invented or used by the

. Ones weight due to the attraction of the earth at the distance
of the moon would be about

3. We call that property of all matter which resists starting, stop-
ping or changing speed or direction

The planet upon which the sun exerts the greatest gravitational
pull is _ .

). The planets in order of their distance from the sun are; (a)
(b) , (e) , (a) , (e) , ()
(g) vermre————. (h 3 (i] .

gl —

v

Place the number of the correct statement in the blank before
juestion numeral.

___ 1. The man who in recent times proposed that the world was a

tetrahedron in shape was 1. Symmes, 2. Einstein, 3. Newton,
4. Green, 5. Franklyn.

2. The present known number of small worlds or planetoids 1s
- 1. 10,000, 2. 3000, 3. 940, 4. 365, 5. 150, 6. 1,000,000,

3. The speed of light is, 1. 60 mi. per hr; 2.¥250 mi. per hr;
- 3. 186,000 mi. per sec.; 4. 50,000 mi. per sec.; 5. 10,000 =i,
per hr.; 6. 1,000,000 mi. per hr.

4. Galileo invented the 1. printing press, 2. cotton gin, 3.
- microscope, 4. telescope, 5. dynamo, 6. camera, 6. steamboat.

-5. Distance east and west around the earth is called, 1. longi-

tude, 2. altitude, 3. rotation, 4. inclination, 5. latitude,
6. revolution.

___ 6. The resistance a body offers to being set in motion is called

1. momentum, 2. frietion, 3. cohesion, 4. erosion, 5. voltage,
6. inertia, 7. fusion.

7. The earth rotates on its axis once in (1) 12 hrs. (2) 24 hrs.
- (3)7 days (4) 31 days (5) 3 months (6) 3651 days (7) 4 years.

___ 8. The smallest of the planets is 1. mercury, 2. Venus, 3. lMars,
4. Jupiter, 5. Saturn, 6. Uranus, 7. Earth.

9. The instrument used to analyze the light of the stars in
- order to find of what elements they are composed of is called
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IV (cont.)

10. What é&irection would the lississippi river flow if the earth
stopped its rotation 1. north, 2. south, 3. east, 4. west.

11, A 150 1b. men would weigh on the companion star to Serius
about 1. 25 1lbs. 3. 4000 tons, 4. 50 tons 5. 180 1bs.

12. The man who said, "Give me a fulerum on which to rest my bar
cnd I will move the garth," was, 1. Aristotle, 2. Newton,
. Archimeles, 4. Binstein, 5. Gallveni, 6. Samaon, 7. Atlas.

13. GOlnb ot the speed of light the time necesscry for a projectle
to reach the sun would be (L) 8 min. (2) © hrs. (3) 1 year,
(4) 6 months, (5) 9 months.

v

Select ent check the correct statement.

1. About what is the speed of rotation of liercury 25-35 miles per

DEr SEC. 18- mlles ner sec. 10 to 20 niics per sec.
4G to B0 niles Der sec.

2. The planet unon which the sun exerts the least yravitational pull,
Venus, Lercury, Pluto, Uranus, Jupiter,
Hars, —_—  Nentune.

3. The nane glven to the date of Septemoer 21, vernal equinox,
hunter S moon, uutumnul equinox E ervest moon.

4, The ecrly scientist that thought it was absurd to believe that the
moon caused the tides, Arlstotle, Copernicus, Archimedes.
Galileo, Newton.

5. Since rivers or trains moving north likewise have the property of
inertia and resist & change of speed, the rsil or vank which should
wear the most is the, east rail, west reil, __ north rail,
____south rail. - T

6. In a year light travels about, million niles, three trillion,
niles, 6 ﬁll;lon miles, & trillion milecg, two billion
niles.

7. The closest true star to the earth is the, moon, sun, _

plenet l'ars, = Serius, north star o no;e T star.

8. In our Journev about the sun, the speed of the carth per second 1is
about, 187 niles, 60 ulles 25 miles, 27 miles,

loO niles.

9..The @istence of a place from the center line around the earth,
the equator, is called its inclination, _ longitude,
latitude, rotation, altitude.

.0. The scientific name for the comparison of the weight of a subsvance
with that of the saue volume of water is called, density,

chemical composition, specific gravity, _ _ volumetric
anealysis.
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