
t f r.rI-e_eftxys I )

spda wryrq Fa$4
ch^pl.-z b7 ( c*ld. )

Kt

We have seen lFl.l- fhe elassiel'
q"il | ra n bau s fo,r rvphW q uah' an c

be'fu^vtn waud-in"rks i", g q nd 
" 

u'*
xt = X -ILty/= V
Z(zZ
L{ =4

We know thal
€epn-og;m belarcon

-fhese qua-h'ons a-o mol- give us tnt l-ine di{ah'on and
I^di urtd;i- w+ b sapposeA t- I.^pp"" rt',"" r*" cae'airpks

Purl- to ench al?a.-. 'Tt",is iltou' traF tT'x kn'sfownnhi

EhAh'tni rcrd waaip"cahan,
Fwztfuizwwre, Since 4ccwoLt'ry) b T.als lwaar{ovtnHon

t{: u1-tf1 tti= wg ,-t*/=Vaft',is t'va^tfotrr'ban L y.to[- ca-nsis{.^l vilA E,"st b'spful"k
{ftrr,t, VuLodk o{ t}qht- in l,rattcurn obu hol- dweqa( c7t tlfr'
vnthon af lT^r ffiy*Livs,k i6is n{t gf* t{s

f C i e- yeswff- raittZk '' thLrinEisk^f- aD-/6

E ins l*int s pr,h^{ale ana *^p*,2 irnenf ( p+, 'chelsav' * f*tcv{eg)'
'Th,-<s 

tTrA et,Ssic&f. t'ta,tsf*rhahbn qu'oh'oY1s tnas!- be

vnootafia, t-o be u7liisknf qt?fh Einskin's lcoslut^k t bbf- lffig
6hrt^l4' Ued,uu b c(ajsiurl, resLL(.fs f-tt bma-tQ (A-. 'The uxrec{
yel6h' 

v lg h'c fra"as fu ^oh'cn 9 t*hgv 5 6171 kntdvnara l-aue vlb-
t.
fYail_|fatrrnAh'Cn.

&tLwd.ing b
'lr^r?) 'eU€ uk P

etxl * dx
d.tt = dt

I ffise t'va^E (* *oh'oYt n whon s t IT'^

ehd (1.



L.+
A,o

6>1 U c.nol
The

6f h | [,-€.

l&l v5
t=o qwl a

LLt'/) ct4)ctme th^l tr* ruatrsfr:.rnahw "lutahon L ne*h,€dX/ -- k tx-.|..2, bA*n4 k ,. or*rrbnt- ahict, @hdyenc b,*f noF 67-t lfu covycLina.ks,
iv'vense lvr*$fun, ynusf loal< EL sqyne .rryf fu tn gfgn

x: k (^' +t^t')
qisuyy:r-, fTa,lr ff,e fr,{a u].o..uclirlc.ks uehu + tuf
u3,!,{ buls< sb,nk fftzvl lTu- ovtglu ot,'otod o' a+- t =tl:oyf

Subrhl^h'ng lffise in

The eTtta.hcn f^, tT& gtaue qt rr-
ln h'yhf ltu tse bI X = ct |n f-avne S

xl= ctt ["n franesf.

(cL-tril = k (c-u)+
( ctt+ r't') = K ( c+ u) t'

A*h"o{ts
L/=,<L

*c2
LL-(AZ

/,,{ ,4;+tbrg tng

Ctt= t(

Ct = l<

ln h^m

c2tt'
kz ===)

c2- u') tt /
:l__+

I - t"t /",
Thus lrv lwcrus{onrnohan e\us c.r2-o

X= Vixkkf')? a ,,,
xr : r(X -@ ) 

Lrwtnldn! x =
Solvt'r-rg W gr in knyns of X and (, hJe fltt=Y(t-ud)c2/

Y IY Lx-t4t) + tL i'J
e*

-Turub lTu hm"S ane ,ytol- idca(;^1 tn lTu [ao csvydtnak Sgsktns
r-o\r rynoh's") o{ lTw pvimd, syslevn la
lva,usfutrnahm et t ohr.ms

X - ej. ire.& ofi t W eo?r\P/ek

xt= Y (r*L*)
9( zJ
z(= z
sr = Y (t-Y)

.'The inverK
l-"t r*fOwraahow :

x'= t (xt+wt')
a'* 9l
7=2i7:7 rt'+ y')



Ne scz lxa'l- [Fu vo-rue f"" t' assfurwc.r ro an event bg obsrnvrn-
Ot ,tr4eoas w-r botT liyne t clr,d olt tfu trzuaina,k X a4 tnearLtvq.,:^t::::: o. Theabo in epec)a-L-ret,ih\ it| , t-ime ana spc,eu,et'rol- Sa k co>-'caph W infen-c.loven w'ift' eerA olEen in nhol

, *!:" t{<<c ,lr. t-oven) fuausfo,y,lar:^ i-")'r'-L;:;;;,"-Nau9pYmqh'ry1, ffur4 y 4 L, and. 1- o,
^ Time dilal+rn ana, leugtt unfwch.sh catt be errslly dnivecl

P*,ffTynYy,^ eaw,e phct x, ot hmes t, and. r!,'ost.
f I Nhol'h tru Hn tn(oruot beluezu ttu +,,62 ercals in 5?
tvl,t.il*J rt=Y(+/ *+'), f,=v(ttr$l

S,^hL.arlt"g ill eqn. kcyn la znd,
t.-f, = r (tJ-At) e 4f : TA+o.atu=\/-(,t Ltn F-Pu- Ewp tnknvat.

L"-rglh univoc$'*t I H4ooh,cr hf.a n |tu guoc,na
i--: Lo -- xz- Xr = {l(e.-+,)xr La Ir- Lo = Xa- Xr =

U'ngth TneadiuYd l')'1.tti= u (t/*Cl )
tt* ,w)oufng pnm eel UaYd-ina{1 Syskm

'= u (fr-tr)T
((f- Y Frwvfng cxad-ina{g 91s{4m q

l.tar)€D t

T
ai, 7d,7*' j:f A and v( d^a fhe valotihes dl awpesl-/l6I m ?n wlea'luyed. ln tTu t',^v cdvyd.inctk saskrnlu'e

+xt olvh frra. a rela,havtship behstr-n lTeuu. tF l''rL-g./n TvV, (X Tela,li1ysntp bef\t&n In(vU. '!'l
po,,nl1'slg ynoveJ & d-iSt'anct 'alK a.k1d, d.X' in h'me d-1-

ohr( dt{, ['n tt* (^v cm'ldinctk. 5y5kyy7s t
AX/ = Y ( d,K-ud.+)
d"(t - Y (olf * ryr)

t=* L =L ?-_Lo f



4
tAr =H.,% t ) rlIIt ur^-

3A€€' d-tl
.= 9:.{ ahetw

df -{-tdt
aLt- L d,x

ez
$imi LorrI,J 1 rri< urrr ghow fho,(-

ud: % o,hdY ,y(,-Y)
Nafe ohen U4o:D lQ[ stnu V."o

go f6{ q,atilean {ya,t^sf,xnahton o s6;sfteA f* ,^oi"dr>L
udbdes of a.

E,,ernplc 1 gpeta ol Ligtntfn alyqar.f c6wd_t'vlk gyEkms
Ughf pulse thovc5 alang l:nc x-axis in S toi lT Spud tty =g.
Wlr"t- in $* 5p-ena of Eu pr,rlse f4 tF* primeA syskn St?

In lrr.< V^uA Sgsl+n ,p4o( oS .e,gd{ ta
(r/= c-t^ _c(t-u/) -rt_9L - -T_r7a

9o 4 lcght rnoves a6 ,r- i ln S , V u,ilt ,rnotr 6ill vp"zd
e in 3t a'lso1 tndeperaduuf of wJ,*Hve +rtoh'wr dfsc.nd.gl-';c'o-nsrbkn(l^ifl Einsbin,s zna pos{<,,rak.

fnvc.rt3€ veLocil, lvatgfu,Tyyral1on ,. tL, = LtrtI I- -
l+ uv//t

Exaynple t
"fwo 5pou.VollS moving +a,8u.,,4 enq olEcn cotk speeas o^TiC

4lnt) o,gtc.uilt' rcspe| h ground, F,md. lfu vetodfu of .6ne
[sn'J,lTaLznd.or-r-) witn ryespe,l- to tfu oil"t t (ln lst-ane).

Allavh l6e Sr S/slem wtj) I6e frrst 6ne € t-(: o"-/sc , Th<

''i @ IJx: -:'trSc swct 4 zncr ant- L,).y.r, graLln1

I'-x/ Acrovd,irg b 1oLitcaa tnusfevw,oJtn

Sp.uop B tu)Y::r, = - O,gsc- O,|rL=-l'6e
bp grtnltnT\,tny C uJ\ilh n

( y Possible.

--'- O.qgc 1C] (/l(

Ux- (/
A witl

Accr'"ri"ing h
V/ : ryt^+fwuslwwrhn.V|^*V, : €?Jq?n

l'VrWCt n,



Rdofi vislfc Hovnenl*on t

1lv sPuiat lh6vy of rctat;"iQ ahrnuds lTa+ dtt taws f,l physlcs

Tnus( 'retno)n inwlianl (unchauge4) t^h&(ja twcnt6 ka.asfornah'on, ftllt*gh
tfre hus o{ eledyic)h *d +nagnef*m ufovm b brrn$ t"aasfwmatrrtt
unbvfu'mktg it t4- nol- lhc "r.se fu taus d| ,necha,nlcs, 50 w<

'ln:"s( gena,aliy ttu d4iniltonS 6r rnarrqntz-+vn and cno.,gy a,<d
uhW< lA bus a( he4'anb9 sa lta,t tr;-cy ozt'zwt l" bv""b
ln*r1^"r-,ot;tn. op hulwtc, ln lfu limil- "!, L(<<c a,hd u<<c tlFcg
lnust- resu)t- h clagia.l',non^/elal-in isfJe rutq-lhs .

Fv Aowpte, unSuruafion dy' Onozxtc.nlwrn u agenural
bngqwhcm lo^ of physlcs, tf tnanenkum b un*we4 fn a
Crltislon b4r+un losv lwrhclcs in orw caava-t'tpk eyskm r V sbau
lzz c'o'nsenrca. tP .^l,r*t^na {n awtout'n! Cnwol,t'nak SXskm, I{'
he u.se lTt classlc*( def;nipion F = qrG, fu vnoment'ub a
Vd) un*tvod, in a rnwirtg ctw&inqk 9yskn. 5o ltu definih'on

o{ F rred.s h bL c-Aaigcd - The'rda+tvishc qnm't'-lum
\|-l'ieh prtWt+e; ub un6estv*h'rn tn cshr\'f sns b "lth"ecl 6"x

\fr,'s t t' at.; ft<nry* frr*, fT& { =

ynofi'on of ttrL LntYclindrk SySkn) ,

In ttr hrnil tl<<c ) Y+4 arnl
IW ul-aqqt' cel 4n-pveSlirv ff -* .rn 6

furrlh,rr s $ary,nd l-rl,d

tt:huzc {= L- ' (u"t" tn6'f-\t@/e

ffir' YeklaLeab ln

tT,J re(Pil|h'c F al>ProaLha

a#ry fi'\ c4, lxnnbcle +
abla-t'nd' f"or" lW rno* genu?aA

-l

.The. re-la_gvisftc forca F
Ynone,,,hun, F Uil, lhTu be

{o,ttn-l of lfu 3e-cmd kr,o

F= & =YnT\rc\*

r-t rr? i d "fnvtr= *| * Tt- dr 6J.,



L
Whcn tfie

dpbTtb

. \..
rF.'-* 1- o

4' a

twlr t':a"

n*t

=vn

u q-nd vetoc,il'6 e-?z_ hoh a(qg lh xarls , Mhaue

trt t'+"\*{t-2 lffift
il,b I7tW

yn
q4e whetu

% = m#r
{@a- ffi"+nu

a: * ;4t lT* acc.luahdvt abng
lffi X-&r\ ls,

Sat vin! f*
Thfs shows lTuq,&- n

W uonshnl fre derytet--b-W- He>rn i*ta
,t

ttmPosgible lo qcu[nak a panl,t'clc fftz?" y.;l- lo a SPud V>/C.
'Thts otpumuf fmplie; tt+l- Ie 5p"24 of &?hr i ln ulf;nqk
?WA. uo Pau:tb'clc o{- posih'"e tnats c&4 a-ltoin tP44 greala
lffi,a lf4 eP4lI of h'ghl-'
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Trtsb |ike lfw ,ynoznenh^m, lfrc v)afiviSffc klnelic enUW o{
a ptdtcle hl:ra a-eLtf(trunl- lotn whloL, of course, ydl,zes t'o

W mtn-vzlaHvtshc value a+ shw,tl values + t-9. tne bn
dalve t|.tt forn af fu ktheHc uryV bg usir2g tt* NtYk-
\ty*lc enaqa fW*en?,i"e.,lfut ehtause ln kfneh? ehryYol o p,nl)ck b1^ b fr,* wovk clone b6 a f<rcc an
be fu>+fde. Frar,n tT^t clefinilin of v{vV<9r' lJ"g clW= .,Fotx , d* = udl

ot wx N=f'pdx=l#o*=fn4fivaI
hl = *f ,^" xr J at( tffi"

. t ' - 
= \z/z Tlis tntegvcul cs'n bc do-ne fn kto ('- *.,, otod. fuvn aua Lil- gq

t4/ = YncL - vn &
'--t-\ t-vty.z

?ncL *m.7vm,
#fnahu eY,WV ;

Rr sma,tl

Kg yn*
t*. of lvl',

tet' -r@l4 \
( i* -",)- wtt\ zczl
t<fntl* enW#.

,-tT"'= i* * *. +(*):
= !vnu', t'ohfeh i, lT* rntt-vela.6'rl'it

Kn6n-yil'

by ir.{
l>c,nfic(e

K€ O :
*The ytlwFirishc

wwk-{-nen4y lh<u,rew , tfr(" V lnehc ehe,Dg| 6{ ln,<h

-Yvtcx = S*t ) rr, cL

t-g



g
*lhe wnslant

ffv yLs+ enry
w,& urhleh t, i'ndepevdu*f 6l vdoLih t4 caile{

Tg=_ntl Thr^g eUshows ynqss ts a (ow,t dlehry
ufunn&;&"cave,uiq
f",lu-, ThLI s hoos \hat- 4
9tn ol't'rna;s t t o gat*cz dl

The hl"t <ue>qg + tn, P*h'efe b
E = l<+ ync = YYnc

In vnan{ Eifr*hv,, 6y1€ utT-t^rd han(
f" <rpres s enay1 in |uztns 4 tnorwnfuw-,
Yu-ffin lti.an U, Thr's is eccowtptishcd. by czmbrhing

E = Yync' and F= rf nG
Tag'nt 5Tu.aou

S,^b IYa,-hY'9
gL p'." =_

*= *v*.\
i'"ct = f wftv'
fmt'7cL i-i) = = v*.q

E: yl n'c\+ PkL = c
Ago-in hee See. fhol- fw o pcv.h'cp a-f vzs{ ( b = o )

€= mcL
ftbove eryh^htm f* E a.ls saggesk t6"t- a- Pun'':\ ?,^I?*L " ' ^:a..,,f,n,^:l f,^, ^^^'l"rnass. rf m=o8n@0Al and. rynoTrrenlr-urn ei/eit alhen ,] h*'no w\r. * ,.- o,- tt<:l-_v{

E = pc (Wzp yrnl- mass) . Zszo rurl- ^"tS F*'hzi"s c''la €Lt'sf '
y' ^^I i ,'.^ ,trrrtr' -L",. 

io . -,-'1,.L,! i ,{ l-.t rro i n} ih spz-c-ct of LPnf tn vactLilYn 'f,tr)taoi, prMhcbs ah^nys ftavei w+ itrt 9?22a of ' , ^in,L_+nryrnnpj;; d;;"'-)^-^;;; ; i* Plotu,trv'1u,.^F"'^ of zre'tu"rygnei
vaoli^H61 . A/e ur;il A i5 ousJ lT,s [okn'

ane lPel.d' of 6- retaFivish'c f>at h'cle

U:*=yrn = + =)

"ehwrnous amoun( 6lenen;1 *
\ *utt- of funaaneuta,L
| ^ p,rykrd t; ;;; "& pAystg

ft*'*



41. Afg-11f.t i C^lo,*l'ak
a) The rest enhg1 of an ele4wru

Tr1 = e, lt x t o-?, UA

ER,= 'h & = (g, I I Jrlt3 f) (grn'f = t'20 x Io'v r
Bel.kL to enpvess in eleclwrr-l/olk - Pevnevnbezlng I eV =

,- -1 ;14 IEp = Tnc'= t'to 
^lct\ = O.S lt Xl 06ev =l.6xto'tqt/eV:) wass of ah elecl.an 

7n = 6.S ll Hev / c,
b) Retahvilh'c rlnornanFur'n o{ ah e.letivan ,nouittg tm'fTr sPd

2, An
;Mu ilt tfn\mentuvn a,nA 5 P er-A

f'jr.t = *- @acr)L = Qy rn*)L Un t)' - zV (rnc')-
bc = ,ffr mcL - (4,q0) (0, rtl Hev) = 2'ro ne(

19 ^ fl,'ro ry
5?U cpLA bL fat'na f* v = tr

E,

' Tt vhc') c=w6; =

q

l'6xtf'1 t
o, j11 lleV

of
T-

U= o.g c

l. 67p= Yrnv cnhuzt J=l-m, Te
:=) b = 0.gZ) (o,ett r-tetr)( 0,g c): A, 6gs rycT /\- - -t v vv c

ry ;. a- C6Tlwnie-nt- Uns'l of lr-nur-nelnfurn

e) *folal 1nryV af ff,& eleclyrn-

E : YrncT = (!, g7 ) U. rt I t4ed : c '8 i3 HeV

o( ) Vfneh'c en?nqt of lr.u_ e.lect'o?-
p = E - m* = 0.9 s3 Hcv -o.tll l-Iev = o'3'12 tleV'

eledvar, haut & bW enbgt 5 Firno s \h yesF en&q6 . (^ll'wl'

0,clgc



M!2:"" -awl lo
the or<pyest^ f* fT4 bt-t enca€? o,f a panll4s

E="/mt shoas IF^+ ltre lntzh'cle ltt enwmotsenD?? eue4utlle4
+ L w,t resl 7.e ., l=L. Th:t Tuohon sh*t tnl- qui^l. df
ry!! ty!-WV - The alornlc qhd. rytudca)L bnbs at,,.q evea.kel o>1

Ik fusts 6l ft ls "It ira(rarB. Nuclcan far^tu. ptanl-s a.lsa uHh'y lhls
lcv(nciph h uz"^* usa.bte poutn.

Tn a- at uclcerz yeartrov, ttvaniurn atucletts undazgoc,a f+sslon-,
t*pan barnbandmenl of nedwns 1 broclucing seuuLa.l Ughloz' nuctet

"fii6U --(aU)f -t r'{tBo+ qz.k, * 3 n + Q
,L '6C'l = Resl e-t"uny tI ustl - ^yetF enugy 6l (Aa+kvtzn)

-- tts [leV
tihictt a-ppe-uw G,., la1 Krn+t Lhuq1 o{ tfu ry.tutlean

fvagnend a*,4 tdis zn"r7y , lh-.ro d.Bsipakd la c1a(uz

"ralsirlg ,js tnlunal, ew46. The infunu^l qurVt pnauuzt
Skarn fVY g4vt!8hl6n o( elecm^c PM^'

fn
p rodu,z

Trl+ciew> fus1'o.r t bp l..q,'ghl-rrL Trucloi ct/h fusu {'o

a hAaul'u1. Ttucleu5 guch an

2p+3U + tt [+n+'t4 +17-6|'leV
cv Lfi rzl+ J q H" + znuqV

5 (na lTv yesl <nq1 of zys and,3 t+
Lf Ue * ylt-tt\6^ t tfu d,iftu*,,cs, Sh7LJs ,-P cuc *,ro)lable enufid'
l*oute{wt Oveszanmt'ng ttrQ Col-bmb ve-Pubfuv f* nL(clet*
follcsn V: Ia,ttt- ptaie, hsa bezn a' blg Prcblew in cr'uWing
tr|* ^nuulu,n f:..si'6.7t in lT.0 MtTatteA unH' 11- ,'st'll bp- a'

Sourtu cif vuzg s)e,ey1 Lntr181t 0f Lhwrnuut svvlxtun* + this
ca"n fu ar-hievrJ,,


