Ph135c Thu 30 Mar 2005 —pA/d

;Lhd‘ aC,% WwWRg \/Pr\f aémf {"G.'}"lv&
We'l] ho\w; wmoce o Say s00n_ about lﬂaw ﬁ;{““?‘lrﬁ thcaarv £k

_into _the big Dx‘rm{f‘&
| _ZWi,ebaa};,__,_,ﬁebvap.‘_z.-,,, Secs. 2.1-2.b
Tné;a,}/j we. 0o _Sowme \vpek L v review special relaviby

« intepduce lgsh%&ﬂé costd inates

| St(‘s‘ns theery (o QM ot o .rela%{vfs?:s‘c;v{bra‘tfnﬁ C\fm\n&)‘

S?pr{ak Relativity

G:.o daaken e.X peﬁi‘mpwi'% , .
7

1. T{mﬁ dilation [mav{mﬁ tlockes run fglaw)
2. L opentz contraction ﬁ !@ﬁﬁ‘f:if; contraction ?am?ée! 6 mption )

Gecjap\(e nexpeeciment 4 s

F\(’am& S A 7
L / [ .
[NV
AWz vab ‘, TN
o SR .
H?}ht SoutL.e. .
o t=0 ,, = Ab L= 2At

X =0 . Xy = VAL } Xz = 2vAL

Wherf, Y = NMq«i > 1 [Lorantz 'Qav_tar).

~Now. sonsider the same @.XBP_F\Mr«'Wt ‘' the rﬂ&:‘;}mme s/
!;

't"%? a%_raa hnt'u (=S



Pl 135¢  Thu 20 Mar 2005 P 2/49
Frome &’ ——y
\ﬁ“ At = L/(D . 60) uc.inj ;};mgw‘ous result,
Bl
1 A'f: A‘b/‘( time dilabron
—
7
(ot ce Lmovina clocks cun slow \
J P4
Wh}/ 15 L the same for S andﬂé' 7
778 SN Considec 2 copies of apparatus
\ . . . jﬂ&ying N _Symmeteic beame .
L | @ noils @
14/ Nails 0{: f) st scratth ends
ﬁ"“"L"‘ [ — _ of (7 O 0 this Lrame | \av Svmmew )
—_— N -

50 transverse. 1m3-izhs 00e -%g

Game v oll feameo

Expem‘manfa( fests ¢

dilation of vnuen lifetimes 1n atozpsphere Z,u—' 2L +YV, + Y )

1971

Hafel + K&a‘&a‘n& 3

Ces5lum

clocke 40 hrs _on Gt‘ralan ec

Gredanken e x pering ent 24

cotute. arpacahf& QO_gﬂd_('gLJZexpeﬂl—&ﬂt _________

N

—W rd - Y ,‘
g | ¢- > f—,‘f———'é‘ o
ke B2 P & -
. L e L 7
t=0 t= Aty t= At +0E,
At, = 2 !lc-v ) X/(ci«v (vekbuen %mb e 5%5{*%@63
R j_ . \ P - )
1 2l 24
A't: A.b” +At2 ; '{( Y] \v/ + \p/:'L‘V‘ f) = .,ng,z - -E e




30 Mar 2005 0.3/

Ph 135 Thu
o AL “, 7 : 2L
| . < :2‘; ,2 At = At, 4‘[).'{;; i end
7 - c
¥ Also @ram;ﬁme ilation result
lat resf) P ~ g 7t
atfe=ot = o e

That is N

/¥

Lorentz controction

Zmoym_g ctick i5 shortened parcallel 1‘:0 vﬁnb‘onx) .

will show that

Tn Pesblem Set 1,

Credanken ex?gr tents 1 +=2

=> lscentz branchemations

Lor bopste:

= Y[et-px) 5 gp X0 = Y(xo-px'),
x‘:—: le (’m‘H = X{x'- fﬁx”)
| Here) {}z v!c ond ()(")5(,1) = (ct}x 1.

Le{ts o\pi: Lone. mmxlaon on_ Locentz transCornaations gnel thele

‘gy‘ }Eca_m% foc Sxmulkane;£v [same £imie ) and colncidence [ came

5 Qr‘zm clal ) ﬁmmo_n,,), . ,thf‘oupj

Cpoce.

Cime e eans . .

(%]
O AXO _ o Verkical axio 5 Hioe x°
t\\ i ,,/ . .H‘or’ozm)ca( ayrs 15 5paLe Vel
‘ 7
S AN ,// o
3 N 1 . 45° dobted lines are hm" cone
I Z 3 rd
N R __/, b : i} - U@\/ ana Doy -h %m!nar* Cﬂ%m Cas€E
: / Y ¢/ [\
s N | whece light Cov/6 ’cht‘omk oriein
g \ Ne on come (01 - (X2 (@P (%)= 0),




Ph 138 Thu 20 Mar 2005

p-4/9

waebaa‘n Peoblen, 2.5 : What dgk)é} ?) Xf_jaxelﬁ .,,lg.a,fc;,;f:kéf-‘ _ A_*

0N XD)¥1 Q'Pac 6“?1\%6 f)’l)\&%f‘&iﬁn B4

0 .
x' axis : X' =0 => %= fo N é}aae >,
/0 /1 0 AN P
X" ows: ¥' =p = =@, slop 1/p
{ ) 71
, ‘
( h%h'rcme 16 avactant + y/P=y?t = x0=x
Let! =x/ => pb=x),
X x? X’o : 7
\ s 7 - X ’ 0
‘ 5 - 1 < X
\ —~/ 2 et XA ayes \ \ e
\ / /e ol 4

4x,4,._,,__@AFP):DA&Q&LVE.}::?.h:kﬁﬂﬂé-;- AN \é /

N o lysze)] . g A
N i

N 20 N
) d A NN
V4
0= taw '@, pro.

e= tan_ l‘@)} ’(540 .

Liahtcone divides cpacelbime intp oonts thet see in the

J ! {
obsolute futuce (QP +he seigin O)) the absslute pust, and

{
ahsolute elsewhere . The bo.mdao}/ 5 the §e‘§hfwn&9

: » 7 timelke Y 4"a
A absolute — - TheN < Pepasated . S
76‘,%\ Lubure e "{eqe N
aﬁe\ A \\?‘g &bgé\ ) \‘?&\\ ~
absolute N -/ absolute @> Sbacelile FN\ AN Space {ilee
eleewhece /0 . elsewhece sepateted 0] N, Sepacated
v v@“’/ , \{;2;9/ \ polnts / SN fnbe
{\%Kj/ _absolute %\%@ / d Limelilee S
/ V! cT \ / se Pa(‘w}eci N




Ph 1256 Thu 20 Mar 2065

9‘5/9

The second —ﬁif}ue will e clear when we cirscuss 't'he 5mcm€;me
2

Wnterva | ae“. T understand the Lest Liguce -

v

____Lﬁmf?a_se,jbat_*ngmt B % v the absolute Lubure of event A

W opme frame S,

/ N A

i
{
|

A __Then there exists a frame s’ with A,B coincident Zsa&me x’").
—_There 'is vo frame w iﬂ:L,,,Jé;ﬁj,im_\rﬁ&m_s,,_L_.B_aizmyﬁ.jnﬁ.@m&,@ﬁ;ﬁ_}.,_

i

. Suﬂygsg that evenf R {5 ln_the absslute elsewhere of event A
_in %ome frame 9, .

w0 x’°
‘A/‘( — =D -
VA N
S S 77(.“_% . - N R

Then 'tke.m, ﬁ,xaédzs G §fame__ﬁ with A,&_ﬁmﬁm&mg us. Jﬁam&i °).
__ There 15 no_frome with A8 comacident (B lemys elsewhere from A),




Ph135c Thu 30 Mar 2005

v, b/9
-0

Define  spacetime interval (btw, event A at x ond B ot x+Ax>
k2
—Ne =

Z ,,
Ax®) A le‘)zH/AxZ,)Z«z«- (ax3)”

T\ne_\n) For As™ >0  we call Ax  timelike |
< :o

h‘_%‘n%:!ike \
{0 spacelike ,
(C-P.}o.4 of ha‘l’es.) |

Deline also the Minkowski metric :

’Y},uv =

| 0
ding [=1,+1,41,+1) =

1
Then the mbnitesimal cpacetime nkerval

is
Z
- do

= /Y\['“'"I Otx}"()‘ }QV_.

I«
Ein‘;%ﬁiﬂ SuvnwiaEisl LONVENTICYE % & laws
[

over rabching goirs of upvec «lowep Tadices
(I'n \ma%eﬁ damme;mﬁ, wffr add (3:x3) +

[dxe)” £ ,:)

What. Linear frangboemations leave =—ds” nvariont 7
M = LMy xY 4 M
d/# = | My dyH
2
-dg = "n, dx’?dx”" Nee L udX“Lvdx
= L LP \/ ) (‘J‘X%d)(v

’ Z .
= —ds W

)

6 R
T}ng—LﬁuL Y 'n,uv,

Th's eamttm defines Ehe group of Lorem‘:i %-r‘ansmcarmahmg

TE we aleo welude the Jcm.né o\{:mne aH | \ye obtoin +he VPoincard group,




Ph 135¢  Thu 30 Mar 2005 7S
Con alsp write LP,u Yoo L%, = Npv
{ LT );ﬂP MNea L_,o')j e o NVLY
ff t
-1 \
= leL_ﬂ'ng\ = ;11 \
1/

Lorentz Lransformetions generalize Spacial cobations

L

Ax’% = Ax® (ax?) tlax2)+(ax?) = (Ax)*+(ax)+(ax?)
A o |
( | \&ﬂ@ﬁ‘:hz = votational tnvariant ) 5

A

\o\]/ COMb\‘nEn% Pgim%;?mé wikh kessts.,

Rasic operations involving 4&-vectors -
’ \

Ab-yeckors ot e /yluan%fiies Ehat dransform hke xP  under
_\orestz dransformations  (for ex ample , pH = (Efe, 5’; D).

. Griven dwo 4-vectors 0¥ bF and muv , we define

| 32 !
b = vgwa\“bv = - 0%h%+ a*g%abw\%i

Scalar w&&wﬁﬁ O-o ,
. oy A EICUED Y
\O‘Wﬁwﬁﬂf} . @u}ag = ,y%’!_ni QV _— i“ag} a J Q?‘;Q ))
| Wnverse wmebeic oy = diag=1,1,1,7),




Ph 13%¢  Thu 20 Mac 2005 0, 8/9

1 L]

_ Quantization of the celativistic obring s subkle,

Ao vve will see,

. . i ‘J )
it invelves ™ gouse Fixing" of unphysical dof .
V.. v

In this course , we will uge i

ianteone Oeuae
S
Sa/. need to understand

LI%%%:wne_ coordingtes (Thf5 nva)ves an

owbif:mry choice )

R N Defi 5

Vo S efine x,*“,f-rAﬁ,_{x“’-ff,x‘.) LC time
NS o X~ = L (yl-y") L Space
> X A7 4 1

]

4 Z. 4
P \ = 2dxtdxT = = (dx?) ¥ (dx?) .

z L
S?aae%ime taterval o+ ~0de T - ZaxToxT &

)+ ()
(v =+=523),

it

f?\“uv dx*dxY

3
3
"
& ’ \
—
—

N 57mme£'ric siace _g-b Zbea,

So) X = =x% and ¥y = =X

P4
7;,,,4L211fz~, %Qj; ﬁgm_e;wa%mf:wﬁ @op %,f%n OV E m;:z{v

nates hy considefing
Constant velocd %v}/ wza&?ﬁaﬁ

o
y? gxﬁ’ in L frame

N

Xt = ;3%“3'?))(0 | > (1 g)

"= Al1p)x® e

Pt @ ’ XT . -LX-" — .% %
A LG vel GME&},L___._,, Vl.f,__- “&x:l:_ - '1‘.5‘? >0 .

@ Vie2 0 as vac and remain ot fixed spablal x7 Escall LC bime xT,
@D s Ve 1 05 v=20 ond wmove Glon, x+= %~

/ &7

@ Vic 200 as V- ¢ and move along X~ axis at fixed LC time xT




Ph 135¢

Thu 20 Mar 2005

p. 9/9
Ln\a\;\w)ccone eneray ond vapmentum
pr = g lporp)
o= R
kL\a\ntcovze P,V)@Y‘av7 Both p*ama! P~ >0,

Zwithbach decribes
o %*m;\le woy 'i:’a determine which shw\d be LC energy

L d
.

J7
T &M,,},,ﬂgﬁ%yiﬁme_@%?%ﬂgiﬁﬁxmmﬁﬁfz‘ of lane wave

p= exp (Fpx) = exp((=EbePiD),
e 2 = By e pe
e - Y. F
So ., wn lightesne coordinates |
o b = exp (F{=pTxt-prxT+pixtrp’X )),.
)
5
\)6,& ‘2."EF'1 = Eu& \E}
oxX™
>, Eirc = P—Cx .
For wotien . the ?osx‘hve_ ' direction,

_ EBEic decreases as p

15 _p'l Increases, ust as v, Jeereases a5
N ;,@Jnmagm .




