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I. Hist~)T'.Y 

1. Ineist~ns in Time 

In m~~ . . ' s eAr_iest dA::S , ~le dp.~ ded that he needed sC)me

!Juri.n.:; the 01...1; t , man c")1l1' n:Jt ,.~ tnt, the terr ble 

odurtn~ ~_slBtly 1unt, he w8nt d to knC)w a~eHd Jf t me ~hen 

he srJOUld find new s'v:'ltQr f"'Jr ~he f:Jll~wing night. 

fer ,; eqrly , :Jrimitlve nan must hav€'! ':1bservefl thp ~~lRCb's 

the rnorni.n·:; . T'1ey ',Jere sh:::>rt R '1d f'tubby at o'-'on. T:nJarc1.s 

the AR~t . 0ut -f t ese Jb~ervat! ~ns , man evC)lvel the idp8 

tl--te fi.l '!" t SlJ.od I.Bl lo')ke" l.1."c , but It pr')bably 

t~e Ifforent ma r t1m~ erf..,d s ')f t~e d~y. 3u t sun .;' i a 1 s 
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A~ A~CIEJ\'T EGYPTIA,\ SUN CLOCK. The shadow-casting cross
piece ( AA) was turned tmvard the east in the morning and 
toward the \vest in the afternoon. The hour was indicated by 
the edge of the shado\\' on the arm (BB). (Drawing courtesy of 
the Oriental Institute, the University of Chicago) 
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AN EIGHTEENTH-CENTURY 

BRASS SU!':DIAL. (The Met
ropolitan Museum of Art, 
gift of Mrs. Stephen D. 

Tucker. 1903) 
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~nly ~~rked ~hen the sun gh~ne. H~w c)uld man distinguish 

lengths ')f t me during tl-e n ;z.ht? 

Priests in B8byl~n ~ end EJypt were active star and m~~n 

watc~ers . They believed thnt the sun , stars , olane~s and 

mo~n m')vpd ~b')ve the fl~L enrth. The oriests watched the 

he8v~ns ever.'! Evenin~ ?ond ('"'lund patterns in their movement. 

They '13ve thF' ::;t'H'S f!nd nlanets names , They c ~uld see th,""se 

st~rs qt ~. l!ivP'l tIme 8"lch ni'7ht. Tl1e.v roalized thqt as the 

seas'Jns chnng:r I , t~1e patt e r-ns ~lf the sky r.han~ed &ls. They 

~ J calend~r yet , b c~uld soe ~\fferences in the heavens 

at d ffArent t!me~, They 8 : 30 resltzed that t~e pattprns 

w~nt In a c~rle. 

One star, Sirius , ~r, the Do~ Star , ap0eared in the 

",estern sky , but then v,.,nishe~l f--1' many dBYs at a time . 

Then, it reapoeered in the eastern sky ! Sut even stranger , 

t~e pr osts o~tice j th~t Sirius rJse simultaneJusl with the 

sun! I\.n-'! immediat~ly f:)11-)wln;, tois , the Nile R v€r flJ::>ded ! 

ThiR bo~gled the criests. 

They c'"'lunted ~6S sunrtse~ unt 1 the next Jccuren~e 8f 

this mtr~clp . The~ 4 ~c~vered that t~e pAttprns n the sky 

reDef:lted after the fl ,:,)-J('lin?; -f the 7r 
• 1e • 

,,65 _s a v p 1":/ ::Jdrl nunb,"> r . They decided ~o call the ir \ 1 • '\ 1 

160 dRYS like t !1 F. 1'1:):10 year . T l1e :; called thB left ::lver five 

days "feast r1ay~ . !1 The yeAr ,.vAS lnvBnted ::Jver six thousan~l 

yel3rs a ~ o . 

N~w t~e] nep1e~ meetinY~ tJ discus~ and asqemble this 

calendar. They a15:) needed desi :sn", ted times to eat , sleep , 

WJ , and )r~y. 3::> far they ~Bd hai years , mont~s , weeks , 



Bnd days , and n~w , h~urs! 

Unti l this p~ nt , all divil'i::>ns in time were naturl'tl . 

But n:Jw , they ran ~ut ~ f naturCJ t me ,;)pri Jde. . They O'JW hqd 

t'J r.ake ~p their ~~n inrisiJ n . 

Even befare the sunrlial ~as invented , man kne R circle 

Il'.ld 3hO o~·rers . Days ',re r e dlvide 1 i nt') tl";,):)Rrts , day and 

n ::ht . Ear:~ re lI'Psented a I1rl f ~ f a d~I;I . Half:)f 60 is 

1.80. Tl1py~~ker1 tlv~mselve!3 , !\rhat ~:-es lnt, l ';\O ?11 They c::m

clded with 10, q , Jr s i ....'0 a fllil dey 'N'Juld have 20 , 18 , 

::>r ? haur~. 

12 is'.)es nt::l 360 and l~O 
I <)"1 

eve n 1 y • A11 'J f {; he s e f L;;;u re s , 'y j U l,.riL. n:;t ir.:e , are inter- U. 
,

{;wined ~ tt h p rh ~t~er . 

But t~e Drip~ts ~ R ed a cr::>blem: thp 'n1y time days were 

d .vided perfec tly int') t~~ symmetr cal ~Rrt s were the equi

n~xes; M8rch '1 , Rnd SeJtpmber 21 •. nl y ~n these tw ::> da~s 

H"Iuld time be accurotely c::lrrpct . 'The T)rif~ st~ ":.new this bu t 

they ~ id n~t mend very ~IlC~ . Their disc~verie3 and inventians 

WAr'e cl")se en:'ur:!n f::>r t~ei'. r n€f'ds . 

2 . 'Earl i est Time-tellers 

~0me Je::llle thJu~l1 , '"rerA upse T~r1th tile inaccuracies :>f 

sundials . I n s:-.ml? ')laces , t'1e sun rJ')ved ac r0SS f"lster,r 

Sl,)l,T€r than in :Jthr:r p19c,es. Other types ')f sundials were 

tried. The SRbyl~ntan meth~d ke~t bet ter t i me . ~undtals 

became m')re Bnd m')re s~_entif c . 

PeJ)le 'lecid", 1 thRt the diff'erAnces i n the sun and the 
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leno.;t"1 Jf r'lqv'" b:10 t::J -'J 'dth the geClgra,Jhy and the l::>cati::H1 

::>f the ~undi91 . ThprAf~re, a different sundinl was used fJr 

different I JCDti,~s . Lines)f latitude helped in ~8king 

sund'sls m~rA a~~ l~qte. 

':Ihat abJut c" Judy reJ' ::Jt1s'? WhRt ("1 lld they use when the 

sun was beh nd the meth::>ds fJr tellin~ time ~ith::Jut reljin~ 

on naturRl ?hen?m)na . 

The first mp c f18nical cl)ck ',;a:' ~he clepsydl'a ir water' 

cl::>c'-<, fir~t used abJut 1400 3 . C.t<;. Water fl::>'led sl::Jw1y from 

Jne ve~sel t) another. Th~re wprp tWJ ty~e~ ::Jf w~ter clJc~s: 

tnflJw And )utfl)w. Or t~e ::Jutrl ~~ Meth)d , water leaves 

thA vessel snd ~how~ the ncrA8SP of h?urs by movin~ d::Jwn 

the ve~sel . On ~he infl)w Meth::Jd , the water increases in the 

ves:oel !'ind TI1:)VP,S up the vessel a \1,:)1 ing the h)urs . 

3::>met mes , a n tn~ed rid was attached tJ a fl~8 ~ In the 

water. Thp rd '...'as en,-!8(!,eJ ' , ~th genrs attacbed t::) 9 dial 

w~1ch turnpd every h~ur sh)wn hy little h8nd~ . 

An::>ther cl:>cl{ Nas the fire cl~ck--a randle that burned 

whi e the wax melted fr:>m ,ne ~6rkin~ t~ qn::>ther. 

FinAlly , the hourl1as2 was used . Sand fr::>m :loe vessel 

fljwen sl::>wly t:) B"Dt hp.r ves~"l in .9 cprtalrr length Jf t me . 

'N'le cl~")sydra eventuAll:] reached lreece and H')me. l'he 

RJrnAns !"'tarted t"J I.l~e It ~bJut 150 ~ . :: . }. They placed clep

sydr ~ in mlbll r Dl!lc~s whe r e eVP'r'S'Jne CJIlld !='ee them , unl ke 

~.v;;t , "Jhere "Jnly t'r,p h ·.gh priests used thpm 1n tern:) es. 

They "ere ql!":) use:'! by the R:lmBn court t::> see f a la" fyprs 

speech was tJ~ l~n!. 

Eventually, pp')pl~ f'und th~t the~ ~ Juld n"Jt live with 
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mode t~e cleJsydrB innaccuYste. 

:'<nicg l cl~cks . The N8ter , fal':'. in~ n dr:):)s , c:)uld be the 

t_r1.<s -::>f t~e l. -:;ter I'\l'")cl.{s . 'IeL!'lts 'lIIers substituted f'JY' the 

'Nater--t~e.y p.re b:Jth base d ,n rravit'y. 

In lat.;>r mechen cal cl Jcks , cords that held the weia-shts 

werA wrao~ed ar~uni A dru ~~ich turned , S~ the wei~ht~ de

srendl"d . 

In the ~ rst exoerime'Jts ~... ·th these ne..rer cl:)cks , tlJe 

drum tUl'ne ~i much t=J fR2t . 'rhey r ed dlfl'erAnt meth:lds f~r 

.iI. 

arf~rd them befJre the 300's. ?hey werp ~nly bui lt f~r 

~e'J~ le were Amqzed 9t t"n s that m~l ved withJut arty man '..M.l 

t ime . At f~rC!· , the cl~c k is ~l'Jw . 3ut ne the weights ~et 

~_~.P tJ ttp _r-und , t~A s~eed starts tj increase due to 

npr ·.ia and 8 ~eler~~l~n . Thp ~~ly way t'J st~n inertia is t:) 

t W'~ S 

http:fal':'.in
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I/;i.l ({el'icC'. W({ln floll'c(/ from 

rhe resclToil". ('(lui/lll('d lVirli an 
(i\'crjl()II' .11'011110 lI;oilllail7 COIl

sfant /II"('SSII!"(' . iI/to the vessel 
hc/ol\'. The cork-{loat ba.l(, oj 

tlie [Joillta rose as the vcsscl 

/dIed and indicated the fJ(lssing 
of 11()lIrs 017 (lie t'('rtiC(I/ SCO/e, 

The /'('111 /11/'1' ( ' /I 1/,(, ri::/'I 

(:('/eri (/.1' (/ Si/I/'OII II'/'iel, 
('III/II in/ //'c 1'('.I'.lel, making il 

fJossibl(' for ti, e \\"(I!er clock to 

b('f! il7 allolher rime-telling cycle 
(l-lltomarically. 

A COMMON VARIETY OF CLEp· 


SYDRA USED IN GREEK A:"D ROMA\' 


TIMES, The {ioat srick in tills 

water loc ,(c " was equipped \virh 
teeth >'.;hich meshed with a cog
wheel attached to a rotatll1g 
pointer on the circular dial. 
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TH E \','A1"''' CLOCl\: OF CTES "S, 

inver::'cJ c:;ol/r 250 B,C., had ,. :i }r 
dropping :ike [ears inro a fl, IneZ 
from rhe eycu oj a S:.lfile. A 'loat 
mechanism raised another h:,,:"f:-n 

figure with a pOinrer \"'hich inri;c!ted 
[he hours on a venica: cylinder. The 
figure descended to [he bO!l:ml of 
[he column once every [ II/tilly-je :lr 

hours by means of a siphon dC\'ice 
at lhe base of the 11 ' (I/{'/' vts.\';/, In 
rurn, [he siphon Olarlow worked a 
IV(lrenv/IeeZ which , each au)" 1'O!a!cd 
the cyLinder very 510\,,'ly, Illc:k :<~ ,;ne 

cUIi:p!C'fe r ot(l/ion in a yeO'. The 
markings of rile cylind{'/' wcre 1n

!:: (: /iiously adapred ro tlit ,'((ryin!} 

Lengrhs oj [lie hours throughout the 

seasons. (Diagrammalic recollslmc
lion by j, F . Horrabin) 

A", HOuR CA~DLE, the simplest 

form of the fire clock , and a 
SANDGLASS 

i,y, 
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the inqccursri ps ~f the cle~sydra. EV9~~rati~n Rnd rAl~ 

made t~e cleosydrB innBCCUrgte. 

T~~ ~ le~sydr~ w~s the ~trpct ~ncp~~~r ,r the later ~ec~-

Rnicql cloc~s . The water , fal:tn~ In dr~ ~ s , c ~uld be the 

ti('KS of thE' 1"ter cl"")f'ks . "JeL;'lt2 '"Jere sUbstir.uts-j f')r' the 

wRter--thev Rre b~th based ,n ~r3vlty . 

In IBter mechE-nice1 C l jC1{S , r, ... r-1s thqt held t. he wei l~~·ts 

were wra~~ed BP"")und B drum which turned , S~ the wei~hts dp

scended . 

In the first exoer{me~J ts \\"it~1 t~1ese n8H8r cl'Jcks , tl:le 

drum t.urned much t:::> f8st . They tried diffpr"'n:; metll::J~s for 

s1:>wing it d?~n , but 911 their i lees fB l 1 ei . T~A cl~ck9 l o~ t 

U~ to two \1:,urs daily Rnd '.-'JI.11d h::!ve tJ be reset evt>ry d.ay , 

by a cleosydra. 

·pMe c b .g nil.' q 1 c 1 :::1C 1'( 3 HE'r oJP::'] r", rE' A no "I .1.J t; 1-;e ch c~ td.d 

a f fJr~ them bef~re t~p n0 ' s . m~ev w~r~ ~nly built f~r 

;>:::>,.lc rf1l1 churr,es !1n.4 r ~'y~ l t.y . 

The mechan~cql cl~c~ ~01n bec~~e fully nut~mat:c * 

Peop le were Amazed at t!~ !n : 8 thAt m~ved withJut 8~y man~al 

l1~ tsten~e. 311t t~ese wet:~t cl~cks 3 1m 1 y d ;1 n:)t; ke ~Jod 

t tme 0 At fir~t , the cl~ck is 2 1~w. gut 11 : the ',]eiKlJ+-, s ~pt 

~lJ:='Ar t:-. thf' ~r ~:Hmd t t~~ s :,eed stp.rts tJ i'1crease dne t. ~J 

In~r~ia a~d qccele r atiJn . Th~ ~~ly way tJ st~n i'1ert1a is t~ 

CJn~tantlv i.-terrupt the 'r I JVp~e:1t Jf t he 'Jhject, ~r)d +rler. 

~t it st~rt n1Rin, T~ts is S~ it d~~: nJt ~rt 8 chsnce 

t, '1cceler~" 1=> 

C'l)~':mal{'"2 c!O hed t: r>dd s:' .....ctlJin- t- th'?' rl')c 1{ t~f-lt 

w~ulJ d~ this nr~ceSF ,f interru~ti~2 c~n~t8ntly , It w:~ S 



(-, 

kn1wn as q vprqe eCrQDeme~t. The vpr~e esc8 cem~~t st~noed 

t~e orum and '3'~!Jrs fJr 8 sr-it s6C' .... nd , '-'no thpn let i t start 

8-=8 n . I t re-:>P'3ted tr"! s act"!?'J t\-,p ',h~le t.ime thr- cl:")ck iVE!S 

runnin:~ . 

Durl.n'-~ the 17n()'s , the )f>ndul (! m l...]BS 8r.('e1 t:) the cl:>cl,{ 

( see inventl~ns)t invente~ by Chrlstiaan 9uy~ens (see sci

entists) . This wRR the first mechanism th~t1ave P8ch {n

d i v i d u ~~ 1 ~ e c -, n d t 'J t 11 eel::> r. I co 

An~ther braA~thrlu3h in cl~ckm9ktng was the 8nrh~r es-

CAJement . A met"'l qnc!-)::>r W9S mgje t::;. ir:ten'uDt thr 

escape wheel by alternate} slip':Jin" a h'Jl~(ed ::hrned pallp 

between ~ he whpel'~ teeth. 

~it~ thesp im~r~vpments cnrne , hesidqs the ~tck ~f the 
, 

clJck , t~p " <;i-:ht j f eElch sec '""In'J, II , by 1\ 1pndulum. The:y di

vilprl their 6n minutes by ~O ~p~Jnrl~ . mhey used ~O f~r the 

same reqs~ns that the 9abyl::>niens used their num~ers: it 

Wr3S divisible bV 3') many nl1m~ers--l , :>, 3 , h, 5, h , 10, 12 , 

1S , 21"), '0 , 9n"l 60. 

3. Ot~er ?roblems 

'bw cl'lck~ '.;ere every",·hpre • •~ll h:)Tnes hAd tr-em . i\. 

c')'i l ed s-, r ino; reolaced tho. '.reL=:r.t" ~f Po cl:::>c1{, s:; cl')cv.s 

c:)uld he SMaller. 'datch~s ca~p tnt~ be~n~ . 
; , .. ~(' 

Thpre Wqs stil l R Droblem. WhAt ever hR)Oen~i t1 the . 

equinoxes qnd uneven num~8r ~f dq]~ in the yebr? H~w CJuld 

a ~erh8nirRl ~loc~ chAnge with t he se8!~nS ~s the cle~2ydra 

c~'11d d..., ? c!AriRtt:","",s::>n tba cl")ck f"lnd the sun were SJmetirl"S 

In t') SiXtf'8'l minutes. Hhat they did \..,88 tu1.:"" an :rer~t ::-re 
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DIAGRAM OF A VERGE ESCAPEMENT 

we i g~t 

'i:. 
,, <!r'~~7;~ 

/T~/".14:., < ' . 2.-1 . ~ 

~~~J 
~~ '->~ 
~~" r71' ~lifE] i\ " ".( /-::~'>-f_~ 

."..v >\:\: 
- I'i \ 

I 
./ \, . 

II ' 
/~ 

) 
. 
t 

.~ 
I 

~ ,~~ 

(Left) A CYCLOID. A bove the figure is a drawing of H uygens' 
l're/aidal suspension. As the pendulum sIVlmg, the bob described 
.1 cycloid because the pendulum rod, flexible at [he fOp, !Vas 
,fOrced to bend (irst one way, then the other, by curved "jaws." 

(Rig/Jt) AN ANCHOR ESCAPEMENT AND PENDULUM 

b'-~ 
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of all the days ~ f thp VP8r . So G3ch cl,)rK ":Juld run unif~.r111-

1 Y 11 ~ ire q c ., d" Y I,re r P f X P. r j-, 1 y ?! I I-n 11r s l:>n g • 

'v'" ere it i 8 j n to 0 tel '),... 1{ S t '1 i G: h t a tJ a ~.,. i '! e n~1 '" (' e , ~ ') me _ 

wherf> else ~n 88rt~ , a t the 2:' me time it w~~ ~ne J' cl ockJ 

<. n tlv2 Elft~rn)'Jn . 'I.JhDt C::: 111 11. l jp. rbnf>? 11:1"3 CJuld it he thF 

SDme t'me at r diffprent t ~~~~ he)e:: )le g 'sreed there lliust 

t)e ::>ne o'Jint ','here t, hp center of tlme H~-1S . All Jther olacps, 

de~en~in uO'Jn h~w fnr nWBy fr)m this ~)int the~ werp , WJuld 

have the ~8~P rplot~vp t t~e. }rH FP1H l~ h , En ·~19 nd w!'! s c 1<) se n 

f)r this ~1int . Th~~ t 4me zo ne~- - 12 ~ ~ ~he e3ft 

and 12 t~ the west ~r 1reenwich . ~~~h z~ne w·s )n A l~ dezree- . ' 

l,mgitudinal . And 0ach time z:me ~'J13S spoarated by 'Jne h'Jul' . 

After F~~rklfn ' s di~r)vpr y : f elertricity , everY'Jne was 

ex;) primentiog ,.11tiJ e l ectricit, . ~lexqnder Gain WN~ a Sc~tti~h 

cl,)(, l{mr.-1{er NO::> mqde 1-'1e f i rst. electricrl cl"")r.~r ir: 181.0 (see 

I • ~ l " 
L Cinventi::ms) • 

. 1 t,( l 

1 
 ., I~
.. 
B. Chan~eR in Lifpstsle 

Time is. -,Th:1t ',le need t:) '3xist . H+-I--"'ut it , the uni-

VRrse w")u1d n:)t be . The cl::>cK haS heLII~d m'Oln tJ dctr-'rrrline 

tirrp . -nth t~e dovr:::l')'")mAnt ~f r1A elY\..- , pe:lplp. Cfln rl3C' .... ro 
r ., 

inf,r'11Ati' n ')n the ~mer:lf-ic t:me thJ3t an eVF'nt 't:=;'{ps)l':\('(> . 

"fe heve specific timE" s f:-;r \01orki_ns , pla;\-inr!" slee )1n"': , Rnd 

evpr~th ' n~ e l se we d~ : 

li S') I ' l l see y::>u Got )1 =30 ." 

"9 : 00 at y::>tlr p18cE' . II 

~Hth the gr?wtft , and nRar :)erfect;i"'ln :)f t'll3 rl:)ck , man 

can determi.ne whn '\; ')n thp race , 1-] ')1>11 man ~; '11inutes the, Knlclr~ 

http:determi.ne
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have to strike h'l el.< , or at whe t time- the. S8bbnth c:lmes. 

In t f':Je distant futur~ , m'1,\'bA ',l!3n will have a built-in 


. ody cl~ck. Then c'nventl~nal cl)ck~ will bec~me ohs~lpte . 


out I.lrlt'L l t~en J we CDn mnrvel i:lt their f ..eauty al!d h')TII/ they 


a id ~ur gr)wing s~ctety . r. ,. 

t .. 

C. Ec:-:l~~y 

Man has ?~lluted t~e Rir , l8n~ 1n~ wptpI bv us11~ tf':Je 

:-il::: that Brp n p eaF>--1 1.n tl->e l1'8 1.-inS ')f olp~. ti('s. l'bst ne'·J 

c1 J C 1{ S f-I ndel 0 (' 1{ r ~ d 1. ') S I-J fl ve Hi1 'r ~ tic r I'l ~) ine t • ).. 

~l Bstics arp mRde ~f ')i l and ~t~er n9tur p l reS3urce s 

wf':Jicl-J are bein~ used too carAle~sly . Also , electricity is 

used b' Most cl:)c1{,s n:-,T'1. The ma 1·-irl"! -:-f electricitY'Jollutes 

the envir::mment. Juclp"r enerf':Y , W1lich 1s s::net. i.lnes used f')r 

cl~cks, ~ives ~ff r"di2tion . Tt disturbs neture I,y c~,rr')dinc:. 

lrnd, and ruinin~ water . t~' ( I '( d . ..L r 

• i • ~ j .,
I I . I nventions 

A. TWCl l\IF.lj')r Jllven t i ins t'. 3 . Sc if; n t i i' i r, ?r in (' i P 1 e s 

1. ~endulum 

~a Jile~, An I talian gptr~n~m~r , was )nrp in chur ~ h with 


t~e dJ:>r "l)pn. As wind b l ew in t~p dD~r , thp ch~ndeller on 


the ceilin~ swun~ lnck and r~rth . DistrBctin~ him from 

Jr8y in~ , he n~tired that no mattsr h')w fast tf':Je r~ A ndelier 

swun:;:., it us~,l nrecisely tl-Je sn 1P. Am:Junt :>f t l!"1e . He cheC'Ked 

this by nJticin~ the r~~thm of thp. c~m~delter with t~e rhytf':Jrn 

of ~is ;:mls€ . ' ,{I'1f~r. tl1p,re l~J~S ,q little dr8ft , it SH lln' :,n Ly 
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a few i~ches. Whpn A ~tl~n~ wind pr~se, it swun~ ne p rl~ 

:'t f::>:)t . But in ever-y t'tttelT: t"j '"1)'· ..... '18 'l ir:'ls'31f wr)n ·, hf' f"lun-J 

th~t it ~lwQ ~ 8 t~::>~ t~e somp time t~ SW!~S ~~C~ ~n~ f~rt~. 

He ~i~~~vered t~qt t~p c~mhin~~i~n ~f Bccelpr~t l : n qnd 

inr;rtiR W<:J!':' llserl . There "Pl S i.ner-'vla as the c.'13ndr-,lipr stqrted 

t~ swir ' . And t~en accelprRti~ ~ t))k )vpr as it ne9red the 

b?tt(Jm "r t'":l.e Br ~f ThRn i nprtiq was used a~!'lltl 'I S itu~ht 
" t'" t ..

L 

U:J t- tVIP ~tl)er si-:l p ;)f t ;'e qrr. . 

His di.sc::;overv i\PC8rn8 kn'"'l1,rn !'lS the " i:"J~hr::lnism" :)f LI-:e 

':>8ndu l um . TI--Jls ideR c:,1.l1d c"')ntr:11 epc8uement better than ::lny I 
1. 'J I { 

, I' . , '/./ J ,fa""':" 
ver~e c:)uld. h~li , -'. 

t 

6 
t·]81118:) perf~rme~ eY 1pr i ments with ttmepi~cps , USing 

I 
/'this ideR , q nd de'J el':ne 1 ti lP first l'Ieru r !'lte mecr-iHntc81 cl')cK . 

2 . Elprtrir ~l~c~ 

~ley.ender o,::Jin , !J Sf'')ttish ~l:>ckmr.l{pr' , Rsl.re 1 himself , 

" 1'1117 c"1n 1 t v.JP '11Bk~ A hattpl'Y driven cl~c!-:? " (T l:ls '.·.r-ts t' , e 

-'nI' rnp"'n"" f~· r e'pct n·' c i ..... ,') SJ I'JE' exner;r1p ,.,tpd '.ritlJ t"e ·le!'! • 

II A ma:snet hR.~ tH~ p')lps -- I1~rth p.n d s::'Iuth . Oop:>site 

ol~s at tract and s i - tlar n:>les repel . I f I c:>uld place 

_ ,f 0- ~ ...... ..... _ _ .J. ., U I' • 

d 
a Clerm!1r,ent magnet f!-t:; t\, e e.nd "1 t~I P pen\11um , r4nd m'3 i(l?, it 

s"\.. ing betl.o'een t·"o electr:>mrrgnet~ S:) t~1 8t t~'jP' f::)Ut:-1 ~JJle :)n 

'the magnet would gJ tJ l.,lard '.;I'e s 'utfl :)"'11e ::-n the electr')

mG~net . I'he2e 'lIIJuld l'E'-:>el e!'lcr, :'ltlJer , SJ ttle n :Jrth '):)le 

WJuld ~ ~ t~wards t~e elpctrJm~1npt wit h its n J rtl p,le fac

in~ th f' 'Jendulum, FInd t~ !~S rene1 e9c h ' ;th",r 81!"::- ~ IT 

TI,l" YJenOll',um "" ' 1l 1,J:?r'il .gte ''l°t'''q>t'J t JlP Rlr,,·tr')m'h·~Pts 

re.~-.; L-:n~ ~~ tIFr",· ""8~ ! ., r1p.vi r'e tJ turn t " r-> r t p ':.rn r.i e ' ~"'lpt s ,:,, ~ 
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ro~ ~ff Rt t~o c-~ract t~me . 


T',i8 nrinc i !Jle "r e10r.trir C~:)I:'.-S is qtill :'1 Ll:'·> tJri tH , 


th'")u '~h tljere 11BVG bf>en rn::.n.? ~"IP''''' , A S in LI-JP "' - UrI' € '2 :,f r- lec

tie fr "m t 11", :"1F'nr~I.1 IllP\ t JA1 SI) , t. 'l e m')v8tr1ent ;H\~trtcHy . 

t !-,F' ~-.n nrt ~ f t \i P ," 1 ~ (' " . 

3et'-Jp e n 13LIO £ln~ 1. ~S? , 3ain '1';!1-;!F rrr«, eXjpriments 'Altl-) 

118 l~e'rp!,r.pd t~,P elpc trJm~LmF'ts hTit l., theI-) 1 ~ n to- '\ C l '~ c k . 

1"1 3 fix ~t, trlll:1 e10r:-tri('F· l ~ l~Jc'-c, "'r~ermD~en~ m8 !nets . 

J"l8.~,te r ca:)('1r , had a:1 ele rtr ic " Ir.o ~uLlT" wl) i ~ 1 1 , ~n Lts !1'o

"1 '~ ~"I1;l~p ItJ ~C'I ',) ;.~ t.ronsmiL::F:' t,") Anrati ~n 3 j ryr'")dur ~1 

L!'" h'1rds . 1 ,q .; ~1 i.-'J ~ ""e- ~ n {' r-= ,1 t. :- f> d"lr,]1tl'-r:r cl ",c1{ t"J turn 


.• ,...
"':. t h t,,.,p : nVP'l t i "1'1 . , I t~e ele('trl~Rl ('l?~~ • 

s. ~ew5panfr Art i cle 


Tlenlpin !'i~ke.C! ~'Jile,~ 'Jriv8D 1'ill1l' )i "" :e 


")et('r Henle :n , ~ r'Jur",rn:'Y;r -~ l-'c·,sm'.t'1 , h'lS inv:'!nr. P · 8 


time)L(>,~<o- ,,: t v, n "~, ilp rl sprinr: Lnst,oad of '1 :lenr1u l l"'1 . The 


1-)C'1r i s:1 f n')r'T]r:l si?-'O. , hut Hpr11")~ ;-J h',~;.es t", !2hrl'-lk illS 


cl'") c ~:;: rl ')wn t') >-l '1111C'"1 ~r:p. 1.100.<r ~:iz.e n t~e ne,~ future. 

11 €' n 1 e in 8 Bi d , " ~ D'" ro 1 J C :C - H ,~ '1 i S ',I (>- r:; ve r s g t L 1 e , 1") r ' }. 

bas O;:Jt ]'cly 'n r- ,r it y . A.n~t·ipr th~n;; , 1- ... .09 t'J ma~:c fTl J 

nJsnti ... o m')re ex~ti~ . I~wibe ")rec: ' '1 18 5p'-J~1~ , ')r ev~n r YflUS:' '" 

t)l): hu i 1 t -1 n • ,,\ nd b F' 1 ' S '": h" t t r< 1 t- fl F> Ij ') , ~ r ':m t '1 ph"1.1 r • 

1'he "'fll.? ~r'''Hr.n~'',: i.s t,lj<;t "'lY ("l;(''\.c - wqt''''1j hBs tJ)8 '.>J:'lun6. " ,r 

11a ~e1)arp.t p. 1" (TI-,8 fir ~ L '.v l:;:"'-'r' nd~i1'; r'l::> "'k \\'35 mp.de "i n 


_"'50) • 


H~nl""i..n' c in vnnl 1~n wIl l he )n ~ple n~yt wFPk at :" n 1. 

t.he l' j ne r-t jeHP lry st ,re s t hr ~U ~f1:)ut F1lre'nbp.l. 

http:h',~;.es
http:l~e'rp!,r.pd
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?ut;.'J!'tst-:'c ~rwF',., ti: ) q 

In -"e 'r e"!' '?OO(' , pver.v h:)lAS A Hill 1--1 ',·-,'e 8 .1::>r ir (i 'lrl i c8t~ r) 

-::'n every r:) )~l . Eac'-"l ' ''-,·:"Hr.l1t-'r w~l l ')e r l ':1 Y:Jy t.~c Central 

Time S~!st,em 3ui lrll 'l8 il th ,:; ~lp.'~rt :'of ever:)' cit,) 5 00 mile~ 

~part. ER~h dt~it D l in~t~~t-r Gb~~rbs wave i mJulses sent 
1 .&. * {,. ••• 

.L I .'. . ,,_<(. ~ v.~ 
jut by the C.T.S . The 8y~tem 1S rllCl bv "'lne oenr: l.ll uTn tr a v 1 

,i r -(c .vJellin:.; Jer}endtc1..1lar t~!r :'I1J~11 t1'.'j 1)e'i mf :>f 1 i ~ht . 'vhe n ':;f-)e I
"If 

beam:)f lirrf-,t is hr'J"'en , ·!.t SCr) ·lE ',.''1VPC! t,\1r-:ll;"f-l the alI' 

t ') ~ 1 1 t ~ e "1 n 1. i (' q t ..., :" S ,." 1 t' in !3 500 1Tl i1 eradiu 8 • 

Tile I.,, ;;:ve~ • 'J uld t8ke t~J::· :')Tjn; t;'j ;p tJ [l f1JUf:!Co .;.'::'0 mi"!.es 

~~R . " w~ ~n 1 t the S'1 me t tmo, w~v~s ~re ~')i~~ t'J R h'Juse 3 

mi 1e S 81,J R Y • S:> , the WBves wil l travel 9t ffprent ~)~Pr1S 

and fN~ 'l1Je'lc1.es . . \ r:. 'r . S • s e r H ;. r ':' In R t1 w i 11 G) 11e q n ~ !'" e t U j 

em ;3 .... ten n 9 t ") at t r!{ c t t,1) e f r p q I.l '" nc 7 t I-j -':1 t ',' -) U nee ,1 • ib Q:18 

Hil l r18ve the "' rJ'l '"': time '~'~en tr!:wel l lr;:c , )ecu sp :/'"'IU csn 

CJ h"ay s bu y 'l'vri st 1_'v'l i c8t:)rs 'l lrJ
l-tch hl:.'.'e 8:1 "1!Jt~ma t.ic sc~m-

nin "" devirp t') :.J1.C'· u n tIre ('=,rrec t f'~ pque nc ies ·,.J~pt\"lflr ::7:>1..1 

pre "'Ine ~r Sao miles aWAy fr ~m the neR ~ ~st ~ . T . 3 . bu lJolng. 

Time ~ ill ~A jprfert!! 

v, . ~ictiJn ~t~rv 

norris Derfmgn , a mJ ~e l , ju s t c~me ~')me fr~m ~er f nt her's 

h:Ju~ e, a 25 mi'lute I1ri 'r8 . She ;n t 11 ::me t') re alize th,') t '3110:

f ~r l' ') t ', pr O1..1 rse 8t ~e r f B t I-fer ! s h :')!11e • She dr ~ ve ~s ck at 

11 :1.:5 and f::lund hpr f<:>th"'r dead ·,d.th hlJ'Jd c;t!", ' ns '11 1 :>vcr 11irn. 

Sbt' i1l1T'1edigtel.y went l.'"lt , a "'P'Inic , hu t cRlmi n ~ d,)l.1n , 

she cr.lled t~e D91ice. 

http:fN~'l1Je'lc1.es
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T~e ~olir~ ftnme , l~~~pd 1r~una t~~ ~~use ~fftcially . T~ey 

t~'k s:)TT}e f -' neer Y!i'1ts , qno then s.-dd,"'l'his must be the tlml3 

:)f the murdp.r- -7: }I) . n t':le sCllffle, fl;r. r>:>rfrnarl mu~t have 

trlp~ed ond disc'nnerte~ t~e rl~~% Hmm . !I 

" :Jo , I V,liS hf'I'P FIt 7 : 1~_ L;!" D:01'l--l.s int""r{'lmtf>j ,!l cvf'ryt'lin~ 

W8'" fine ~ I went ~~me , Rnd n~ti~p~ t~qt I left ~~ Dur8e 

here , so 1--" 

11 T h [l t ' s enD 'l ;1, ~ , M8 I q Tn. II 

Ju~t then , 3 kn'c~ came qt thp d',r. t I,] a E' ~_ "jew next 

d~~r nei~~b~r , Mr . Lernrr. It .o!h9t ' ;:: g')in l ')r1 herf'? ~an' 

in pr; __ I I a guy watc'l S')Tlle T' 

Il itJha t r s Y":lUI' MIme , sir? II 

" Samue l H. Ler'1 p r , at :t'Jur servire, 'Jffirer," he sai:J 

seri'Jusly. 

"Hmm. th'1t n8!'1'~ 8:-,un" s fr'm~ 1 i RY', II sal~ the hAad officer 

to himrelf . Just thpn, t~c r,~kie c~9 dr1)np~ th~ cl-~~ and 

jtlEt nb")ut 0vpr;i c':lRnre they h n .1 1''J1"' c'atrt-in:: the mur ,-jerer. 

" vl,at ':la'J')enen , 'jffi~er "3uttprman?" asked the ~e--:i')r 

~V' (:'.)ff i cE'r . 
Lf 

" I d:m't kn'")t,' , chie f", h~ _yelled bFlCk , " it just fell. 

D:m ' t e;x')ert me t 'J-_ 11 

If 'vait a minute , what d i d YJu S8'Y Y'Jur nRme--yes ! SamueL 

:-rarve y Lerne r ! I read ab~ut ]'JU esca'Jing fr~m the ~pnt81 

inst-ttutl")n in ·'Jatert::nvn . You impt'rsonS'ltpd fRmous killer::; 

:Jf the :)8 st . LJ~'( 'im u;> ! fI j 53io the senior ,[ficer , nr'.)udly . 

" But I,'.)W can Y,)1J be sure , chief?" 

ilL:)\{ Bt thp. rl')ck--7 : l~5 , u~sid~ d'.)'·!n , as it fell 'In 

the flo')r. Thflt t s ~}lL--Lern~r" ~~ initials~-_It..::.. l\' l, i111
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pers~n8tin~ the n~t~ri~us kIller ~~~ Rlways left his initiAls 

hidnen s':>ffif"d,Arp ::l f ter the mlJrder--Sim:;,n Ethan Xav ' er: S. E . X.! 11 

I I I . Sc~pntt8t~ 

A. Hist~ry ~f Life 

B. Hist~ry ~f Inventions 

C. Pr~blems Faced 

D. Accuracy ~f ~')rk 

1. Christiean Huygens 

~hristiaan Hu y~ens WDS b')rn at The Hague in HJ11and. 


He '"ras a well educBted Dutchm8!1 fr::Jm a T'r:)m~nent fam i 1.v . 


~rJm 1645 t~ 1647 he studie~ law and m8the~&ttcs at the 


Untvprsity of Leinen . F'r')m 16~_ 7 to 164g he :'ltlldled law 


qt Goller:,ium ArO:;ll~~Rcum qt 3redA . Then , n~t e1 p r.tlng a 


C9reer , he 1 i.ved ''It b ")me Imt U 1.,66 , 'c.ll-Jere he st udied n :'lture 


fJr sixteen years. 


At first ~e c ::mcentr"lter:1 ')n mn t hernRttcs: qU'ldratnrAS 


and cubAtures , ond olge~rRic or~blpms . In 1655 he disc~v


ere~ t~e rings of Saturn . Then , in 165A he invAnted the 


~endu~arn cl~ck . I n 1569 he el~b~rated ')n the study ~f 


centrifigal f ~rce . 


T ~en , in 1664, he 8c r petpj B j~b at t~e AC8de~y in 


f ariR . His stay lasted until 16Q l , when he t..Jent h::lme bec.'~_ u <' e 


::If illness. 


In his last years he wrote b~~ks , mAde clJcks and 


~Jnn.1Jcter'1 many 8x 1 eriments . He died in 1(,0,). 


n 1659 , I n R study on the ~"sic oendulU~ , Ruygens 


derived a relet tonslli"" bet-..leen tile Deri:)(:~ and tl--Je time Jf 
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frli!e-fall I'r')m rest al::mg the len:;th ;,[ "':;.,e "?endulttm. T-hs 

A« I e q Ll [! t : :" n :f:.T' t "1 i ~ '-.1 q s T~- 1(.'- ' /.~-
L i.4- lA- .... 

A~~ther di8c~ver~ was 'The sh~rter the n~ndulum,the 

fe2ter it will swin~ bec~ ~nd fJrth.' But all tbis denends 

:In the C'lrve thl":t the peWl 1llu]1'I sHings tn. ',vtth these t",,') 

scientific lAWS in l'lJ ind he '..rent tJ '~])rk t:) Dr:.ouce 9n 

nccur8te pendulum cl:cK. Ye8rs ~ost ~nd the wr~ld IJst 

h~~e f~r an eccur~te time pi~ce. Tnen finally, tn lA~? 

he c:Jme cJrward with the first nendulum ~lJck . He dpvrl~~e~ 

seo')nds ::In the clJc 1{ O""CQUPB :f t""i8 ttck 'jf the gend'llum. 

Tf:Jer ,...,,g, ? Jnly ~ne ?r,blpm -- the Den~ulum rJuld n,t ~e~~ 
.,:0""'\· ~ 
cY -:t , ime n [~ shi~ becpu~e it f:Jad t') be :In ~t~blA ~r:Jund t~ 

J :JC" r ~te c:Jrrrctly . T! pleas~ evpr:.i sail,r ')n !"'srth , t1e 

dev-f_sed a {'~ ')ck tltat ',",S P 'Tinch l ike the :me ::f Peter Ilenlein. 

t relied on a coiled spring. Christiaan Huygens contributed 

Il'Iu,..h t'J the c lock , An .-1 8h~ul r-1 :)P m)re fFJr"~Ut than h~ is tocay-. 

The Jnly obstacle Christ18sn Hu~ -ens hnd t~ )vprc~me 

was "' is illness th8t ;J18vue rl him [-"II ' C!~J'-,t:,s at !'I time. 

2.Jalile ~ 

Galileo was b~rn in - 564 in Italy. He made the first 

practical use of the telescope . He also discovered the law 

of falling b~dles . He is also credited with the invention 

of a hydrostatic balance for finding the specific gravity 

of objects. He improved telescopes and discovered the law 

of the pendulum. 
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As a child, JalileQ was a g~od musician and showed a 

talent for building. He was als~ a ~ood artist. 

He went to sch~ol to study medicine and philosophy' a 

the University of Pisa. At age 20 , after the discovery 

"""~of the la1.J' orA-pendulum, he sUtSgesten t~ use the pendulum 

to time the pulses of medical patients. 

He left the University because of financial problems 

n 1585. He decided to enter the field of mathematics. 

But then , he returned to the University at the age of 25 , 

and discovered the law of falling bodies. He was ridiculed 

about his idea, and was forced to leave the University . 

Jalile~ taught for the n~xt 18 years and then became 

interested in astronomy. He observed the mo)n, fQund 4 of 

Jupiter's moons, discovered Saturn, and discovered the Itt. t 

phases of Venus and Mars . 

The church court was srocked by his beliefs and confined rtf~, 

him to his home indefinately. Jailleo wrote books until 

his death in 16112. 

He will a l ways be respected as one of the greatest 

scientists that ever lived. 

E. Specialists 

I would consider the specialists in the erea of clocks, 

those men who discovered the physical laws pertaining to t he 

mechanisms used to measure time. 

Some of the most famous of these men are: Christiesn 

Huygens,' Henry DeVick, Alexander Bain , Daniel ~uare, and 

Galileo. Thes~ men are usually called physicists or scientists. 
/ i{ n _ (Ii - j..;.,"'!r I 
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F. 	 Letter To A Friend 
l-

Dear James, 

I have been d~ing what you suggestej about the cows, 

It's workingl But the real reas~n I'm writing you is to 

tell you about my new invention. You have probably heard 

about it in the paper. I have invented an electric clock 

using a magnetic bob and two electromagnets! 

Last week I figured it out. knew about the new invention 

of a battery , so I tried to harness it on to a clDck. It 

worked~ Now the pendulum can go without winding everyday. 

I plan on making a formal exhibit at the museum in 

Glasgow , the day after tomorrow. Hope to see you there! . j 

Hopefully, 

Alexander (Baln ) 

IV. 	Energy Terms 

A. Definitions 

1. 	 Friction--The rubbing of one body against another, 

2. 	 Inertia--The tendency of matter to remain at rest , if at rest. 

3. 	 Transistor--A minute electronic d~vice which controls 

current flo\'l, without employing a vacuum. 

4. 	 Electromagnet--A core of magnetizable substance , placed 

within a coil or helix of wire, through which an electriC 

current is passed. 

5. 	 Technology--'rhe sc ience or study "'If pract ical or iridustrial 

art~. 

,I {., 	1 

I I
J 1 ,/ 

./ 
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6 . 	 Frequenc y--The number of vibrations or cycles per unit 

of tlme. 

3. ReIst ions 

1. 	 Friction is used to stop a pendulum from swinging too far. 

2. 	 Inertia 1s used to keep a ppndulum swinginb when ascending 

up the arc . 

3. 	 A transistor is used in e lectrical clocks to control 

the flow of elect r i c it y I " 

~ . Electromagnets were used in the first ele~trical c1o~ks. 

~. Technology is needed to ~ake , put to~ether , and use al l 

the 	~ifferent parts ~ f a clock . 

6. 	 Frequencies are used in ii,: t~sl c l ocks for the process 
~~ 

of
A 

counting off of the ~econns . 

• Five 1ITe'\.\I' Words 

1. 	Defini tion s 

1. 	 Pendul um- - A b~dy S~ 2~s~enled fr~m ~r s~nJJ rted Rt a 

:'l)'eri ,"' l llt AS t.:) 2"<0':: f'rp~ly [.-, 9nd f'r:-:I ut1 riP1' the 

~:-'TIbi-1Pd f:-Jrc'J .2, -,r :::rqvi t J nnd T11::>ment;um . 

?-. 	"Tear--Il (l'\e"'h!"!'1'~.J~O' , a s:"st"'m Jf t,,!-:-, ',II' YT:")re t.:lJthf' 

whP~l~ mo~~e~ t ~ 7ethF r S) th~ 1)',(' m')t i:Jr1 ')l ",,~ 18 

D!> ~ sed ~ '1 t ') ... h p =' t. :,,.. f'S • 	 / 

J. 	 Weight- -An y bloc~ Jr mass of mater i a l us~d for i t ' s 

heav inE" ss L.

4. 	 Esc apement--;rhe part in a clock or watch that ' contr~ls 

the speed and regularit y ~f the balance wh2e l or 

penrulam of a clock. 
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5. 	 ~lepsydra--A ~evice for meas~r!ng time by marking 

the gradual flow of li~uid t 1lrough a :lmG-lI opening. 

2. rtelatl:ms 

1. 	 The pendulum 'tias used in the first electric clock, 

and was invented by Christiasn Huygens for the clock. 

~ 
2. 	 Gears wre snd are used in clocks to transfer the 

source of movement. 

J. 	 Weights were used in the first pendulum clocks. 

4. 	 The escapement controls the speed at which the weights 

fall. 

5. 	 The epsydra was the first mechanical clock, 
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