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Special Theovy OF Rd@/‘r'i'/z

The Loyen}é Cooyd (rale Tmnsfowmah'mq

J L w Z“_—)iu P Q We have seen |Ral- (he classicad
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We Know that accwéu‘”g lo |hese /yausfovma/—;‘ay) e?uah'cms, [ex

fotvza,}—;m befucery fep eleuks P aud Q
(;(x/ = dx
dt' =dt

These ualHons o Mok ive ws It Fme A lafron and
“7 g ,

lw\‘m (Fak & ée‘tppoged to j’u[DIbQ!n when hwo coovdinates |
move. w1 W'SPCJ‘ to eath olhpe . This aneaus [Rat [(hese Pausforah

euafigms meed mod ificatzen .
Fuwzthoumove, Sivce actaveling o This hausformeadson
I _ X [
W uea, w0 o,
Mis fwwﬁvmﬁbh L ol censislent co7ln Ez“hsie.fnls poshilate
[ Fet- \/doc/i’h; of Q‘zhf M vactuum deto Not Aepend on lha

WMohon of (ke coovelimie Syskm , because (his w7l give s
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¢'= C—WA and ot C, a ryesulF Lohich L2 incom
Efnslein's P&sﬁ‘/h/e andcl {’A/:e{l/mem" ( M 'thelson ~ Morteg)

Thus (R class icad Neusfromalim eyuations musk be
moclified to be corsislent @7lh Einstein’s poshlale, buk lhey
Shonld Yedluce to Classicad resulfs fov smate U- The covvect
Yelahvishe hews fovinafion €guabions ane knownews Lovenly
bawsfowrmatin:
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Let wa coryupme (Pal ko hausformatm quafim o mocli'fred

,‘ L 2
- L X“ K (x-ut) whene K L, 2 conshant thi'ch ean depen
Anel C bt ol on (1 Coovelinales |

’l‘:/\e iyerzse Musfwyn Must loole [Fn Sayme e,(czp/- /bv Rz Sign
D/'}' W, t-e. / i
X = k(x'+ut)

Let us assuype Mat e bvo covrelinales were cmcident at
f_oycwd a /&’3#)/4 Pulse stanks perm fr ovigin O'audo’ aF t=t=0

o [“F"‘“ 3 - The equalio, fov i waye [>ont fov
s\' . c . ‘." l | [ T Cight pulse 5
Norewt A Azct iv frames
‘_ xl=ct! i'm Pemes’
5“‘95/’5&/’3"%9 [hese ™ (g /Ww/»fwmabmn uations , we have

Ct'=ik(ct-u) - (c-w)t

Ct= K(ctltut) = k(c+w)t’
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Thus [to Netus fonym e €quUs cUre
x= v (x'+ut’)
xRz oy (k —ut)

Solving fov £ [n knms of X ana t, We get

th=y (¢- U
Thus e Hmes armwe not jdeubeal in [Te fwo coovel inale sySkms
For ok of Ih brimed $yslem (n x-clivechm, iz complete
s fovpma hion equafioms ane

as

j Combinng  x - Y [y (%-Qt) + ka"j

X'= v (x-ut) o ) x= 7 (x'+ut!)
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We see [fat [fe value for £ assignect boan event by obsenyee
0" depewds on bolh Hme t and on e toovd inak X aos measuyved
by obsewen 0. Thevefoe iy Special relehuihy , Hme anel s pad &u
Mot sepanale CONCapls but ane inkerworen w7'/'t, each olher i what
We ol gpace- /7””’? In Galllean A’atts/b\}mahbw;f Cm;;;;/:}_
When y<<c

- ; IRe Lovenh hausformelsion yeduces fo Galilean
SIMAIm . ferne Y1, and 4 6.

Time dilafkton and levgt conhachon cauw be QOLS{T/\V dm{'vea('
ﬁ'rrm [l LOY@V!IB fmusfo\rmah‘aw: . / P
MI Consider hio cieurs at Im same place x’ ot Hmes & and b 195,

What v T Hime Inlowal bebuean e tuo ewedds in 57?

5 t = L wx! - el ux!
Y Y (4 + '), oy (& ux

S-a¢bHacﬁ,‘h9 (St <qn. from [ 2nd
b-btiz v (&—g) > aterat, ot=6/o
[h p”?m Hme fnfercal -
Lenglty conlrachion @ Mefershek  fred on [T Grounet

Lo = X,—-X, = (¢, -
o 1 T remEalet
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™ ™ mearuved n [Tu bio copvainate 5“95/6;’)’);(4&’
— ' G find a Yelah’mqs%/p behvewn [hewm . L (b
panhtle moves a Aisfanc dx and dx’ in Hme olt
and dt’ (n the fwo toovdincte syskems ,
AX" = ¥ (dx—udt)
- ~ dX
aft = v (ot __Z_{)
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de T de-ddx o ub oAt
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Similardy |, we cau show hal
Ug’ . and U, = Va -

Y(i- 4o Y (1- W)
cz ct

_ . [_ oo UUx
Nole when U0 = \Ux;: v, - U, u/zuy and wg_Ugl’ance _5;,5__)0

j andy—1{
% (W Galilean feusformahon Vb sabsfied fov smaut
volees of WU .

Exomple:  Speest of Ughtim olf fferent coovetinale syshons
Light bulse Mmoves almg e x—axis in § wifh speed B =C.
What va e speecl of T pulse {w [he primed sysken 5"‘_7

In e brivned system speet of Aight v

i_Ch T —_—— =
t _C_i_ U..L(/(-)

o U light moves WIlh speect C (n s, U will ymove wilh SPed
C in 5; alSOJ rlﬂdel)emdm[. of velakve mokon ¢S and gl conslstent
Li Ik Etnslein's 2pmea postulate -

. ¥
Dnverse velocihy hawsformabon & Bx = ‘?‘ ‘:‘:;(,/2
+ WU/ /e

Sromple ; Reludive veliedy of b speucrats

TWo Spaucyafts oving taand each offen cwifh speeds o0275¢C
nd 0:g5¢. ilt vespeck bo gvound. Find It velociby of - Me
(Say,[he2nd one) wrirth vespeck o (i olken (1 [skene) -

Alach [he &' Syslem wilh Ite fivst ome = U= 0-75C. The

Y ( :
T J ”*;Z;lm speed of Znel me w. v k- Q.Ywmd,
- Uz0-76¢ ) We = —0-¢5C. Newet o find U+
Xt ACdefng o Golileay, Pausfomaodsm
.

. U= U= = - 0.g5¢-0.F5C=-1-6¢
Peet of B as seonby A will be greator Thang ¢ which i
ACCGYO(/‘ng Io Lo»(em[-g, heeustvinalrm impPossiple

_ 0 €f-0-F5 - — 0.0¢ A, OIS
u,((‘: ux—-b(__'_ = >1_&2-0'§'59(¢'5-C)/52-v g qsC <C'—7

[—Uxti/cr
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Relahvistie Mo mcnluwjn

The special lheory of n{a{-,’vity Aemandds [hat ol laws & Physics
MMusk vemain inywant (vunchavged) tunde LdYCn(é hrawusfocmabion . Alltoush
e lawg 01[ e/al’ﬁc;ha ancl ’maﬁne[’ism amfaym fo LOYCMB WSfarm&/?'m)
Unfovhunalely oL 1y mol fhe case for laws &} mechanies, So b
Must gentralize fru dlefinilims 6 amorventm and energy ol
Mm’“ﬁ{ [T laws of Mechanics so lbat lhity cnform fo LGY@"’IQ
W/U\mﬁwhm of C@m) in lm LmiF & U<cec and ve<e , lhey
Must vesudF o clasicald morvelahvishe yesedbs .

For example, consenvabiom &y Mmomentm b a genead
tmsenchion law of physics, If Mmomentm & consevved in &
Cellisfon behveen frp {xm/v'c/fs M one  coavelinale system o shomte
be Comsenved «/} caluated (v o mei'ng coyolinale Sysfmfn if
We Use Ty class)cad olefniborn P = m D?, [Fe m0menfum L
NS} tomsenved (m a Moving Coovolinale syskm- 5© (12 "(’?f""’!/"c""
0f P meds b be changed - The velopbivishc momenfum
UHnich Presenves s comsenpapm in cetlisions v definecl to

- mb o~ _ . (Noke (FRat
B - "‘*UI/C1,YMG]UJAW r’m" ( -

[Tis ¥ & cdi ferewt from T Y:mz vefovred fo 14
Ynohon OF Ikt coovelinake sYsfem) . » f
In . dimit B<<c , v 4 aud (& velaliishc p approahe
ile classlcad LApvessiom B — on U

Newlon's  Second Law

The velalvigHe fovee £ achng on « fjwwh"cft dF
Womeahum, B coaw [hiu be oblained from [ mostgenozd
foom of I secomd law

T:‘: - O,LE - =
O(t' € { |- U\«/Cl
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When the mef er'a and Velou'/y ore boll, along [Te x—ax(s , we have

dp _ d o _ md¢
;‘%*mm”’,r—rﬁ],‘ £l +mu(—1)__r.l-%%
o mcl (1- V2 )%
=m 4db _L___

-  (-Va)R

F == ,m,____._..___._ y t
= s '(,,u%x)a»/za Where a = %‘l‘:: U lf:e’acalambbn almg

he x-axfls,

Solung fov £ (- )3/?-

This Shows |Rak as fTee bwﬂ—wc/e's Speed &}:proaches bt
Alcelonalion Undey a tonstant fovee decyeases to yozo. Henc i o
‘”"Pogsfb‘c o acceltnale a pankicle poon vesk lo a speed U C
This argument ,‘MP[,'QQ (haf Te speed of Aight L (e uLHmaFc
Speed « No panhcle of posihve mass cace aleun speed grembre

(Ko (B speeat of Light
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Reledivishc Wovk and Kinehic Enengy

Jusk Uke 1k momenkum, he velabHviste Kinelc €ndgy of
QA panticle fakes a cliffrent form which, of Course, veduces fo
T non-velabvishHe value ot small values dy . We Can
durive [T foom of ftw I(Mﬁhc enegy by Using e wWok-
l(mc;Hc €hengy [Treavemn , | .e. ) (Tee clnamge M Kiveht enerxgy
°F a panbicle b equat ts T Wovk clone by & foree o7

Te panhicle.  From fhu definifm of Wovic
? Lot AW = Fdx . dx = vat
()N—Jff_\x W.-‘ FOU(‘: J dX m‘_’{l‘f Ut
G ([_ )5/2
= m | Vdu
W of (- U'L)g/z” This | Infegved can be dome (M T«
e Hosed form aua we get
" .
W ot \___YYLL _Y)qcr)"
%y [T

Wovk-enengy lheovem, (fa kKinehe enewgy of Il
bernbicle K

K-0 < met —mect
\/ ,',Ut/cz

- The Yelapviste Kinehe energy

K= me *"U")W’Cl }
\}l*‘ﬂ/cl _
_ | _
oy Smald v, (;— /L: "4:_‘29, +3.( )4
\}( 02 <*
K= et (i+__.—-.> met = W)U, Lhich v [hiyon-velah'visy

form of e Kinehe energy . { Z*Ky/a Knon-vel:




Th P
o y:s{-f—zl\,sfanf mect which & tnclepectewt 6} V&lad/q Ly colled
vig4 [Eq=mc? Thiseqmss ‘
| . N shows mass is a foem 6} eheny:
| e s dly cenvennion

| 0 fodor i
— _ _ * Thi's shows Thal &
L K+ me™ = ¥Ymc Small yass ) o Source d}

‘Q;"I—GYVYIOL‘5 aAmount d).-e“Wi_
‘«mmuP/' of fundameutal
PPaute fy muclaws physiss

»Ih many sifuahon one wewid want

l‘:‘r&c{oress enegy m fuums of omenfum |

olfun lhan 8, This s accomplished by cembining
E=Ymc* and P=wmB

Taky
ng Sc]uamz El: YLmq_d

& ulsheaising pret = Yot 1

‘1 a

E-pc* = v m%(=U) = me( 0D~ e
l_ U’L/C‘L

E- Wl e cm"—g’-
Agoauin e see That for a penrlicle ot vest (P=0)
E=mc*
Above ejuafim for E also suggests [hat & parhcle may have
o vesk mass, If m=0

panpreles clo €& (st
pacuianm «

Cnengy and memenfum evei when of han n
E = PC ( 3v20 Yeof mass) - Zeno YesF mass
Cuuchy penhicles alweys havel @ itz speeet of Light n
The prime example & (T p hoten | 1Tu czuan(—vu‘fn of elechorggmet
Yocdiabipn . we ol oA uass (Ris (aben -

The Sped o{- a velahvishc [DMB'de

= — —t
L:Ym:%:—) v= PS
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4. Examples: Caluwlake 9
Q) The rest energy of an eledyon
- m=a-nxi0'kg
Ep=mc* =(a1x167>) (3x16F) = 8. 20x16 /7
Beln to express in elechom-wlls. Remembening eV = l'éxlo"?\T

Ep= m*= g0 M3 o0y = 0.511MeV
[ exio""J/eu/
= Mass of an elechan _ oS MHev/ ot

—

Relabivishrc mementuim of an elechom Moving wilk speed U=0-g¢

b)

,_._l.—- e '.é?

- | S
\/a Her -0ty 06

= b: 067)( S‘HMC(/)({) gc) - 0-683 He(/

Me V L o Contenient unit of fmame/n/-um

€) Tolku -enengy of [Me elechon
E=Ymct = (j¢7)(0.S11 Mev) = 0-853MeV
A)  Kinehe enegy of i elechon
K: E-mc* = 0-§53Mcv-0-5S1IMeV = 0-342 HeV/-

2e An elethon han o bkt enengy 5 himes Us rest enuzgy. What
ogu Uz momentum and speed
d YL (m 3 = 24 (mc)
et - E"‘_an") = LEVnC) ~(m ) = 2y (mc

bc- \]E mee = C—{'f?o)(o-yu Mev) = 2-SoMeV
- n v
= 250 gl

2
Speed can be found from U:.%C-._ﬂ’
Neiywmer)e o ggc
smet

—
—




Mass and Entegy (O

The £xpression ﬁr M folat enagy of a porhicie

E=Ymct shows Fak i /Jﬂh.fv’c/e has enoymous enengy even when
U b ek vest (e, Y21, This euabim shows (e equivoleace dF
Mass and urgy . The afomnic and mudean bombs cone crealkeel on

[ R 'b“dll‘S d} fhis P—‘ful'ua/euce' Nucleoq /:bwm plants also wl'?'//'gz" Thi's
byindiple o creafe usable power -

In a muclearn veatkor, uranium nucleus undergots fission,
Wpm bombandment of Meuhrrs, proclucing severad Ligh o nucleld

N Bu V) > g, ket 3N +Q
56 6

Q= Resk enengy f 2250 _ yest energy OF (Batkrtzn)
= 175 MeV

hich appeams as [Ty Kinehc enengy of [ muclean
fragments aud tuis enagy o hen dissipaled m Wake
YQ('S‘I'?@ s thifunal enngy. The pmkrnad gy proctuce?
Steam ,’ﬂv gennakion of elechic peower .

In nudean fuston | fp Lighlkow nucled cam fuse o
b”oduce o heavlin Mmucdleus Such as

2H43H — Yhe+ M A+ (F-E MY
N ZTHrZH > U He teNedd

Sl 1T vest ennrgy of 2H and 3 v highey lhan Fhat
Y He & Newbhom ; (Ta d;‘ﬁwzm& shows Wp as ovod [able enengy.
Howevern, overncoming (ke Coulomb yepulsion for nuclear
Fusiaw o ke P(aceJ has peen a big problem (n canying
OWF mudean fesion (n [Re conholled wakf- Lt will he a

Sowne dy verny clean enngy of enormous comound - [his
can bt achieved -



