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[f lunvts ou+ lQa+ tDm4syaylenh tnade in a^Lt tnbrhwrzrcl$zna fr"*s s".h,sfy tto futtwtng pinciF< Rnovn a4ItrL 
,

The laras o{ 
"neehanics ryryst be lf',s Sarne fn alllf ,- t')l'nuzfiq1

csnsidn f,^jo innhat fr,,ynes
hfr ln k c"orls Lanl wtou,ly 19 a,(sn
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S an4 S t hn'lh 5t mcrtng
ln coonrnnrr ax<s X and. X /.U

t=dtD wt evenf
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g'= Y GoLileon lvausfotmah'an
zt =Zt/=t

-ffute of ln evewF in txlU y4-uunce qr;lt fu ltu same bean*N
clocks in |y1ft, tekunz frames L osgu-ea b ntn af ttrc
Sqwre ra(e
. These qo,ahtans of fvausfwmah,ott fro>n one s4of
lbu-$'at f"o^ ta ayrtt&n h c^Acd tA Cta.Lrlean
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tt" 'Lift<>ztnhu etrypLaurnec,f of lt:* objec{ ar p
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cqtr &_ c^lct*tal<a- Uj

#r- u d{= d+
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Ul = ILy-Ur

Th,L lnsl-ar,{ornL6tt/) sp:ad.s + tf;.-t obje* fn tT* l"-
Yot<tunu. ftam"t arTz T"JA\& by ftfs .?,^h'crr,

dxl *w€

ff hle_ assuyyre.

brlfl. hrne ,,\- ,l n/&
tf^t- lE. Spc*ao'f lfq a'biec-l-ehages
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Thts gharils tna.(- t'|...- atuluzahon of an obieuf tzt

lnvani anf undaz ka,r+sfa.rnal'bn bLhlrtP-Yr Neootrnfan t nu'H"t

fra*n"s o,9 tlo.n*. Thtts Nu,tlnnts se@fld, t'aa of *noh'an

Utt be lR^ sqme in- aLL innha1 ftames of 'r(vzzaca'

lT< Sp.ciat Th o{ Rr-;la.l'i vr

ftllho4Jh c1a55iro1 lacas of nec-hantcs ar* va'4id lm
y lveth'ot frames -liry uith loco .vz(.ocih'es, r,f L, f"undl\a+ ta$s of etec*;c.qffinof innnlanf
vnclut Go-t l*n lvausfovnahim. Tt"eg dtpena on lTu ref<nt-nu
Varvte u.Sed,, If ynaV be anguA tnc,* ffrese ta-n, atz-a- t4Jyorlg
QvtA nena [o fu. .rnsaifiea. Bu* sc,r,t an alrgumeil- a
alittiu-tt- htnq,k< bzcnctse ltr-ese Lar^ts git< t<st^'t'ls s1l1r'c-h
aa'c- fvr e-a>'ptuk- ugruyneul art'ft, exportimeul af auspezds.

, 
Thfs gqve \inskin an idea fha"r c,( is noS ]fu. lawsoJ^"1,:'U*^tnarnlcs tFa+ neaa b be cAanged. 1o6,; a6-fuattgthe lqo$ of vnzcl.cnfca .nua rnodifz,c_a.him.

,--ln:rirr- u* fumous **po-,-"u, ear-tLfeatatn* ln
)f1-', ,oy Mtbhelson an1 Hu(eg also 6auuka t;al- thc,-.Lrss IcAt rela-(_,y |l1nt "",ni, ;;;"1, X "il,r;,:o?, ^ GaLitean fuaus fo"nah'an
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Thts eapeniryewt- tca.t artualE ca,)d>ieel o&F fo pry

Y4W:v1 tru W ahichtoue krievd.to4 L rlgd. rned.iurn lhrof.gh uh/"d c.(echarnagneht aau<

?^ p-b|ak. Wz have sczn lFa+ att rnechaniut a)auesnUtL e oncd-iuwt to propgale, 9o ttrt e-tec,lromagnefic aaue
h<Bcls a tnezLiuyn ushloh lnusl- bz a.tt lttnvasiue sincz

!*f broFq"ks nol- onlg lhrot^gA vau.u.e1.1 bt*t- c,.lso
lhvoagh 'tnarl<nia.(. Thrl al,kd l7'is .rnediurn an elFuz

whlch puot,ided an insrh,al fray* of vzknenq. ElFzzcoaa-tw1tfr9e'{ la be ,ynass-Pesg a,ul. have <laEhz lnop*f;"e aAt'cA
Csn Sustain elec|wynagnefi7 tpaues. Eatfhts tnoh^o., a)zourd
lTu Eun can be UntiAwa h fu- +noh,on thwt4h ITe e'lfun.

Aecwa.ing to 6aG l.on yu1o1_;r,,
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{mYne

0Y, Uaghh = C +tteu.r.h u;qh

= V^,ohr T Un^^n
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1,4)^ y. t- e-ffia>

LrW-
' -Ll

5ov,"rt-Q
5| light



5
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snikt
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[z-+'gc. aL

p*t{enn {^-,, t(- wreaponds

^r,^ l:^,.".knfu>2y,ce h'ng rs obsatved. in tfu finf oa,eqlaljon2no(4d S6IFF o,shen lT-1 a-ppa,a*us ta tolal.a, bA onumbuzof fvinges 4N gtttn bv o.-=L.qrru.ttt,.ls
.d 

^J = c jl = L:l!. vt = #_or^ (ta-+)L = o, u
A/o tna-htr,- rn*, *- *rrr-rTu"trr* *o, ttretl aruag gor- AN=o,"Thts nwl regil* indt,cp_ko( tta+ vz.oc-tlV of 4,ghl_ ;" lM sayne|!AnX::a:.^t r*" y*p"irui^o ar"i rn a. yetu>rhc.a

"- ;-- -^*!T*^oilg, h rnovrhg ret"a-tri.e h \fr. <Jfi-erLf-ane,-/ tn<- tpced 61 4gt f h noF otk lra bt ff" rrchn 6l ttuyeftmats 
f"ame'.

{.r = hrnu of f-t^,ght rnoving catlrg Lr
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= LLt (r+v:\c' \ cz./
hrne o{

2Lz
fA.v'*

-f r | ^I he hme
4t- t -t, =-!$ + Lt ahct Lz = L

Thfs hrne d,iffuwaco 1.;epyeseoFs a_ plvrse .liff+una fuLr^rcon tLu.
f'n "Y?gs and an lnfuftswnce l,>afl,yzn l'y.t fhz eye N"u.If lr.{ alD8,>rrlus t:, Tol*.ka by ?ao, tn yo les dl L1 ctnd Ly
oJz!' tnf<n%aWdr tru h,wte .ffFf--nc-Q in fhfs clse ,b

tlAtl = t:- tl: 2f.t,( t+re| )- Lr (t*4_ gql/

: Ltt- ,'!-.E + Lt= Lz= L
"I 

'.e
ol,i f(ennw /I T = At(-4t =

l-tl Lz
I

cWfrus{s a- shift rh tF* ln/;u>-{u>tnuh q- pa {E oli ffrtuau E = C AT

o(f f{qrl;:n c_a
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i,.tnl-.^r o 'l,vL a th b ttposslble l" fr"a on abgtpleinW'y .f--" , tn ta.letz 

'c^14 
,:d-,'o*''i ":;;:;ff^*Not'c 4 'n undn tl .

,,,r .-, +bd, lti,+4gh+ffiocf, tF-.a"t- -Lgh+ i. ah eJuclramryneh,c_ hxuewht'c]\ 
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"khrilV
haw foinkr'. oc"l gewat o(iffi.culfihs a,h Nealantbn

?husrc.s azn{ ttunth>-tt,
E dvrs/ern b- tu d - Wi:; ;:,tr ;y:,:,#:,:,#;,:,: :::
T^,7*'^" 4H<
oateA his ,.t'+vifu tT€ayd * )r* hn f>osh^.laks:!" PW; The taws of- physr'cs anttae sarne

ln au, tnurhb,l fr,.n.s of vefaz*ttt.

2, -ltae Csnsknqt of l-tq spctA o( Lrgh| | TAe sp<zaof i,lhI in
vqcut*n hq tT" gvne va.la^e in ou fqah^l fronn"s + te/u"n/4)
Tqandlus ol tf,'. *l"Q+ of- t1, *)urq. or tT* wtoo'\tr "(tT" 0 bsenu(tlt

-Thcse lrr"?
ih^P [l c*h'ovr s S uc,h
6 girnwLt+rn'ily 

:

lnnrcun+ - gounAingi

M
Pot hAuk s haue {"'- recL ing

Ev.t'k tW+ ahl givnuLlanettrtt (.- yTDLobsarrea
vna'y h0 I- bL g r'^mu-tfa-n Lfi^.a tt, ano I Ft >- o bsenuu.

@ Tfrn" oLi[ah'on allA leryfh autvachbn ] To,rzt obscnvlns inyc(nFiue rrnnh'nn ryneA4L*e atf{-c-tt-,4 hrn. t}"f$} va( a,LG( tevygh.^, ,t ' 
rt/t tvf , .' "y/,\r.)t4re r.+t ftau_t/r-r nvhe thf{/}-,val

(9 Ploatfi?hq of Nrutlon,s fcu>1d. Laat e/.d. yLv*i(5 t^6>1 o{t*?versiont W Kra)1r1 q/.(4 qnrrneulun Of o pAnh'c{e.



W 7Actw4inq h uerotdniqn xlal;uita + h,D ewuk atp simuU*eout thnYm ",,- q-,*to"il"i; 
I*16^ f^-". leuy*izs h eft,sktrt

vYlad 
", ; ;: ffiffi*T,W;"W, :#t T^ffi ;

InsHr tlrctlEia ltavir r*aye;
townd tle li$t wning frrrg
fufirmlfrbtfsinmdarray

- fffntlpligtrtixnnhrfnxnifie+ sort o{ t}rririsin.

f-h-**

Li$htdiag ld$ the txr$l
ad rh* har*.or a lnin
iprlirxs r' and ifi *nd
birs tlrgrmftd{i ptri$s
yl &d8r

Ihrfir*$ l!{avis wts rhe tigfilr
et $i{r frula d&e rdn firxr.
sh6 tr(licvr$ ifrid tlre ligt$ning
a the hxrr of tlre uain hl firsr.

$ta*ley *cs rh* lightuiog trir
th6 l*$ paint$ $r rtl$ rerne
timilft{n k' bsliotrg rhw
tl*.|i8!+t*ing hir tlrc frorn
rurt thp bsc:k t{ t}ls urirl
*inuttuwxly

iAr *k point r{n ligftt fmrn
ttu liglnring *ri*r I d{ re6r
{rf {tsltirr hs* r* y*t nwlxxl
lllavis,]

Two &ghFning 6hii,a4 of t "v <tnd3 of a train cAlL frt ^hd B'

an V rnovea wnifwnlg k i{\ )perd tg. The. Ighlningo'"rna-karnanks
trranot B: crvr lTu Sround., Ae'oroqng to sbnlug ab lfu tnfd-(winl
O 6n fT* $raurrd r lt, h4v &'Shl-nirngg c\ 4- gimwLfancst,tt +
ffu hrc 4,31+ slgrna.ts W |Tr{ V',ia bolrs veec-h hirn a'(- Ua

Savne Vi^r. BuuA f* Ha" vtr Sifing e+ t}t qnfctpn^f ,Ol
cfl- lfu lva-in ce4rz t, ITM t4l nvvw Light t^r?tl veach 0 | be'lc*

4 Yes'hes O " *T vrt yr'g hf rn1vinq Ughl he,'t n* rezuhe-d
6t by lfu Fivn" \h Tecr6es O, So accsy'U rng h t-tavfst llJ
&'g[f-n,V a,f ltl ocr,*rt b"tun, Ugkfnq a+-ftt a/^d. th6s lT"y

fu1L +1;n,t jimwhrrr t-sw). Tl,rfs 'shsz,ts sirnullovr ril7 b ""1 ""
b* 6>tz

tvtol-ic:n o f ln ob|*vtla .

ln"f a{cpc-ucLs cYt ln sltk dl

A csnseq t*enc( +
aL i5 urtsi*rt bal,rw .

qt6n^ sfm,nthn"i l.S ib Firn. 4* oLt'bhdrt q4



bngfT, wVaoh'ou

T.h" l*gh "f ."-"bi"A Trr*"d I
fn uhr'"h tfo obi""l h u* vest- h catl'A ttn P'obut le'gth' Y
a rcfountz f*-" in whW, tT,t obje,l- L rnoving, lT* measwed.
lcngft'' fs shar*uz (aLang the divechh of the'rc-tal'iw pr61;-) ltran

trtts Propuz lenglT-t _ ;(i) O) r&ri'6cn rr,rrd. l
-n daroo esoree'!O t*d,

*t =-=x.?:---
<-#.r"xr /1 L

Wc cA.^ sea +his f>",n tn" pteviotrs e^cl"lple . Suppose xt c."..,l

Xt aao lhe emds of a lneanun'fi.vd of kryfl' 4s= X.-X1,
YT-t€aauyeei,. In fu^" S tn ohieh lqc ro;- u, a* y"s{. Sinq
h* obsavcn At ; .rnotving t-e-(afir" h mis f*^, u)k sped,
D, l7;- dishnu rnoveA in hvne a+ b l1.at, t+ ottnoveg
t-" porln{- x, la po;f X, in fi,is *ime,[T*disiancz
Lo: tz-xr= g,4t.

AcqrroLin Io obnvq- aL 0t t'n frorre s', ffu tneanurthg rcd
Ynovut tril-h sy.ea 19 h tT,- |.ft ana fu1<es Ato hrnoue
hove F^sl hu-.. The lWh "f ff" rod. tn tt^is ftame *t
Tnetaqved. by f'la.vts h lhus

I! = V 4bu. Stnu a+b 14L t t<to'
These ieuglhs ar:a1 re-Lc+ka $q

1/= u +-- n., = +
1b\Lh a conlva*bn won finf i>redlchd by LovenlVat'd

FiW"aa t" e*p(lh lTq , uU eLk+ tn Hbhek'n-Hovleg a+puz{men

:ll $^
d Mavis rncasurcs

timc intcrval Ar9

rEfl.dcd H,tleq 0G sa4 lilc.

ffiAi,kGl
Thc ligbt pulse travcls at ramc spccd o inf,.

ffi* lr o u't**tsaFstcrdi$hcco-ios'

tf Hh-srd*"'{-St' f,, +
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{,rnwathiim,

9peea
cr)

E,*avnpl" I l"leJ&..zsh'ci< ?havet iJa'vLI<f l" @'tls l.nlfu c.r;tfi

Yeci""frv'r t lhu Uyt{,r"cf",An i^ Wnehlnes caild {trs Lovenfi- FiWatA.

U:
bW

O. 6 e uzla-h',,e lo tA gYyuncl i

s{n'ck bg lfu gvaund. obsenvtr-?.
t-!--

,,1 t-o,G'(o = O,g{a: goclryl

[ur^, %vtch Ifrlll Ib" rnedsh.rl( frrfu- f" Fots gln bV 7.finn e

-( - o'gY - ef |.r- = q,L+Xtf7S:e.q4hi{c- o'Ge ffirn/s= 4'*xlo'J

It' of
1=

b)

4,t

The two abservcrs on earrh {.1) rnust
ta abtain the cfiffect lengfh I = xz- Jr1


