GENERAL RELATIVITY
MIDTERM EXAM 1
Apr)l (6, 20l6
Name
Numbex :

AN SWER ALL THE QUESTIONS
Usefol (ng\ormafcipn : rs = )—____,é'\;\_
&

1. Cénsider 4we events A and B onthe worldline of a
Par'ti’cle whose  coordinate sefsara{ions are cJ‘f/c/chlg)anA
Z in the fﬂel‘fl\dl ‘Frame S in w(\ich the parfic\e, 1S obSserved,
The particle is moVing at a constant ve(oaglﬂ v, In +he
-K(\rame, S/ o\l Q@ c-loc(;c carrieci [31:) H\e Parffc(e -H\e eVemfs
occor at the same ‘ozace_.

a\ Write down +he 3o{uarec\ sFaceiLz"me interval between the
eventa in S/

10} F:‘(\A "H\e re(a{fon Be'tW&en 'H\e 45me fm‘erwx( c“'/ read Af) H\e
partl‘cle‘s clock. and the time nterval dt read /ag a clock in S

,'2_.(3\5 Write down e momeptom Looc-vector {or an chyect
moving  at constant Velacilg in ferms of +he fotal energy =
and e compopents of the Hiree- momenfum vector F




B} For a par{; icle moving in te % direction at cons tart Ve locity
- write down +he Hraps€ormation law  hetween B/ (inS7)
1:3 Vaing e Loreebz Thass bor mation  Matriv

?;) When +he angles B and ¢ ae vsed as parameters ,  goints
on o torus are given by
X = (a-f—l:)COSG) cosg ) y= (a+écos(9>s:‘nc/>j 2= hsinG
with =L - A ) "T.{Cl)é“ﬂ and a and A are conants.
dS Ohtain +he ex ressions ‘QU( the coordipate. hasig yectors f‘j@
and €4

La) Obtain the matriv 1Cor 301 )w}\era (:)-S--: 6/6(3




4— : Ih CO\J( Ji‘mei\:u‘pnal corved SMC&' LUﬁ\I:e ClOLUﬂ I\DLU _H\e ‘CD“OLUI‘Ig
Ohyects transform  under & coordinate  transfor mation -
OB AO( ) B) 80( ) C’> réo(é )Lul\ef‘e § 3 a Sco\(ar ‘Q)M'-{’ion
‘13 TG—%X B J 9‘5 A X B«

5, Consider the Hhree dimepaionl space in sphe«/‘ica( cocrdinates
iAh
Lo
ds* = dr? ¢ r2d0 + risin?@dét |
O\\ W{‘de the  poetrix ~‘G)r He metric 863 J(d’i: F/Q/?S)

‘b} Weike c{c’wl\ Hhe matrin -Gor a(}g



0 :
Sc) Given Yp = |-t | . Obluin the contravariant Fhiee-

cos @

‘\lecﬁv(‘ Y - i

e
SC() Civen X°= { (‘} . Ohtain the covariont e -vector X, .
0

‘. &3 inseq4ing FIW = QVAY-2PAN  do 4he left side of
| RYFM + QY L BN F¥ < constant
Bind 4he vole of the constant.



13‘) The chgere(\-"la( «Po(m a-(j Gavas s laou (s
7. E = PEx 9By 3y _ Y 4
dx gﬂ 3% i eo
Sl\ow that the ‘4:‘6 compone(\'é O‘F Hhe ez‘ua(:ion
y ' sin=
P gt T
c*E,y
Si\les %e Gat)s‘x"s Iaw, Here '3'“ is --H\e currea\f Cour—\/ecforj
O«(\A FH'V s 'H\e elec;frol\‘\o\ﬂt\e'(:(c ‘p(eu ‘éet\Sol‘(

—

2. a) Calevlate /},/J/éy [FHY /33 vaing the deivtion of FN
_Ci(\ cium—h’on (f) i terms of AN,



§) Show that FF = JYFAY— 'AY  with y=t aud ¥
&\Ielcks —H\¢ % COI\’\P?(\GNI: 0€ —H’\e eqt)aflb'r\ E = E _6§
whee A ad § are Ahe veckor and scalar At
Fofar\i’l‘a\ls.

g a) C_O(\Skicle/r ’,‘H\e, PO“OU:JI/\ﬁ equations
D PP = muete , H) PR, PYrmte® =0

SR

Circle the ec(ua‘ﬁ‘ol\s that wioclate he roles \Cyr idices .

E‘) [/Ur;fe down Hhe numedcal Va(u@s o0& Hhe v(jouow}l\ai
i) & R ) h) ﬂo{ﬁﬂdﬁ . ) gdpﬂb(ﬁ ,iﬂ /Y(H)Cg

v) SHyS);J

u
t



9.  The square ol e inkindesimal inferval in Minkawsld
SMce tive i3
0[32. = _cg'a{ti * C/)kl-f- Jﬂl+4(%L

Ohb taia —prom Hnis ea\uaéfon what Hhe spee.cl o ({ﬁfné i .,

0.a) Write down dhe so\t)areé iNGinitesimal  inderval dsZ
cL‘ZSCF(L\i{\ﬂ e Space(ﬂ‘me, O\Jésfcie, A Sfa—é{a stx/\eﬂm( c/iiw‘r}ﬁvﬁon
o"q M\AS3 M:

), et s he inbiibsimd radiol distonce along o radial

ine

C} Co\(cu(a[‘e *H\Q/ ra\é\i‘a‘ Jl\ﬁéal\ce_ Aeﬁuea\ ‘l’fNO @urzméﬁ A&W‘-‘
R uikh coordipates ‘/\4 ad [ a(or\a such o line in “he

[imit %44_{ )

A‘) What i e propec Live. A‘Z measvied /33 a clock Ae—y‘uzm
Yo oNents at 13 locaticn ?



11. Consider Hwo liﬂﬁé aigha‘s enitted at a4 adil  coordipate Q; 2

The s?gmfs- afe reccived at Mhe rmdil coordimbte [ Q-

a) Wt 19 Hhe e AT’ whee AT, and AT
AT,

are e Preper times pepsored Aj clocls at rst 4t Hhe

radial  coerdipates rR and FE .

D) What i the by A botuuen the  wovelongths of
AE
He receNed and gwi+ted l?ﬁﬁé sfﬂm(s 2

C) CQ(a)(;(ée, ’%— in "H»e It\ﬂ\;é @ _444 dI\C( __CS_. ,4( 1 g
E F& FE

A) E % press ')\R in terms of the mdil diffemnce. h.___: [~ — ’;E:'
Az R

04‘3 "“\é @"avf -/u—l'TOna( Accelgpa{-,"o,\ ﬂ Mmedasvled at # he e

radivs = .



44 e\ kot 13 the edfect psed Lo ohserve Jhis 3/3\\/;41,_
Eiopal Fecls/\igf'?

iq . The axeleration O‘(}‘ an Ol\i-ecf (A Scﬁwzsc/\i(é ka{c:’.ﬁn‘e_
IS e Al
LR T e

et
o

AT+ e e R T
where L= r2 d¢

e

dT
A What i3 Fhe accelemtion of an oAjecf moVing ma.‘auﬁ?

B) What i3 4he carI‘ZSpanAinﬂ N e tonion eg‘m-hb(\ N Ahis caszg

13, The H4uwo dimeasionl corved surdice

ds = dr®_ prdgr  (#=cast., B=T/2)

(=G

CAN A& Meclcfec( N5 8 ""(\f‘ea JTM%E?DM( Ew‘ici%/\ L face
described by AsL = Art ¢ rza’;b‘L + A
In '4"\&3 Airee dimensicaal S pace ez cap J@Sc-(‘flae. a Ao
Jtn\m\si‘bl\al guF—Cace 65 S/)ecj(-‘cx;pg i< /\@‘\ﬂ/\t 7z AS Q& -@MA\DA
o€ Me coordipde I |
- Do Ahe caledation and ‘G/\A Hhe  ex piession ’Q’t" 2.




[y . The Lou «\Izloc'i-k\/) oL parlrc(g inhe  Schuwarzsehi \d
2 quo:ﬁtﬂe Is or Ve Aﬂ ‘ v
i

dr/di
K= | dejdr
d¢/dz_
\ | ; | o
Condider e vesbas % = and = 0
5 H ( [
L

C a(cu(q%e the clum\-bﬁ(:ies

e:_g.g and Z:ﬂog
\ n/

n dhe Schwarzsehi < pacetime




5 a) What are the pathologies associted with Hhe
Schwarzse hild  medric.

!;) hen does a colapsing star ( | name(% A Star S’hl‘f{\‘d{\ﬂ in
slve  due S5 0% s ﬂmu.‘lt‘h become o hlack /\o@?

i




GENERAL RELATIVITY
EXAAM 1 19. 11, 2014

Name .

3 O) E%P(o&n the EqUiValence PFI‘{\C}F(e ‘qg\ a‘zvmﬂ an gyampfe.

b) G—We an ewmlole er Praowp H’ta'& nonfu‘(ti%rm

i tationl Lield
corve  the space- time . v Latioml Qe( S



Q_a} Sk hat e Flat S(x\ce«ﬂme lfjhf travels at 4he Sf)ecc(
o—(‘: “3"\‘& C.

133 The Zr...@crcg, Jor the covarant force s delined Aj
K’J = éﬁlJ? w(\(;r@ PN is %é 4"”“0”1/17%/”\
=
'i‘) What ae 4he Com(qo(\e%\tég 0‘? KN ?

“3 Uow cbes KFE Lranstorm  under a Lorentz %rmxs@rw,ﬁb,\

for «a Sﬂsf@m n\avf(ks in  the Y c{}fec%fvn?

: . ' . Y
-Cs U(\c\er a coordinate C\Mr\@e S — %/ ) how s n;w AHB
ré\ﬁ{ec\ +o nﬂp AN/P)V/ 2



St Svmds  dev dhe ;
j 21 ée %rt N : /\OLU-' "t?‘\é/ @]\OLU( f\j %gﬂsorj 2‘,_(”\3_ ’CO'I’IV\ C’{\A?{ 2 s 4‘\
nte ans 4[0 r;m-{’fw\ S = S/ ’ e

W /‘;

N AR By

4 ) The medric 60\06\4;0,\ L 4he  cartesian coordipates SURNL
ds?= clxl«.u c'/Ly'}—

The para\lqouc C‘o’orchm&"s f’,C\ are TVQ\ Aﬂ P()L,fD:X and
q(}(l‘b: 5_cxla FIN} -«\/he meff’ic S/SH/V/] W Ahis cwrrl;mﬁa

systen



hE)  The wector B has conpaents BF=1 gd Ri=,

Find His \Iecfor‘g Com(avr\aﬂés n J’f\(,- X /Ej coarc‘}/w;zg S\‘fwf[&m

L) Show that B* = ,§°,§ o[ dhis vector has the same valve in
both systems.

L(J) Find the hAasls vectors < p and eq .

sEMhis  petriv ¢

«

Lté} Caleldte +he  pratrix [%’%P Q,afﬂ . Wkt i the Mean 1]

%\"SF ‘f;q".g‘i



= In the 'i,gofrcpic coordinates P, 9‘)cf>) Me metric ec{uaéio(\ (s
Asir_(ﬁl.—ve’i\> (ﬁrf.l;_ lcfflf(lr > (St g e +fsm9cf¢>

1o 557 e j
cﬁ WrH:e a’otulx ““\e, N\oﬂérix (6

w

l)w ’\)(/ri’-jce cfowr\ «\f'\@ iNerse M(xfr})k fgﬂ}/j

% Write dovn he F@lméfm hetiveen CJZ M“’ ”"g’\"lt‘gm“"( papec
tine interval and  dt J e coordinate Hine H\{«'E{‘\/ﬁl

ti ‘innes chal (Z'ls-/‘a C]R
cl) W{'i'é( ciowi\ “M\g/ Fevb(flbr\ }:se4bueaa1\41\¢ in N{mtﬁ\ﬂ( o -

ar\é 69 ;

Q Dees Yhe cosrdinate P oS a Fv‘m*ﬁ ea\ua\ 4o He distance r(

Fhat ]oo‘in"(‘. /(rom ~H\6 0;”1‘3"11\? Wl\ﬂ?

- 5-



Z aB Werite down Hhe Schivarzsehild netdc @,c\umél‘w\ dst in SPM(((,[(
Falar coordinates T, Q/Cﬁ )

ES \What is He pk‘ﬁsiaxl Wﬂf\fﬁj ac +his ef‘(UAé?DA,P

c3 X hat s Afe  condihion on a compact SP\\GF\IQ\l O[)j@cf 4o be
A Uack ]\f?l@ ?

C‘) What Mffer\s bt ds? as r—> 0 ?

¢
‘ po
95 N/ hat f\apfv(\s 4o CJI g T ~P :



'?' Jf‘ S’Cf\wa(zﬁc,l\iu CDDW(;M{FS Hhe vector XH and he covector

—

Ylu e g?\fef\ as  ywN_ @ and \( ” 4
1 i o

r —
| O 1

% Co\\cu(mee XP s

Q Caleolate YN&



T. The electromagetre frell 4epsor F Y given A}j

[Fr7] = |-Ex

&) Colevlate udp F ¥

v

\a) In Heams ok dhe eiecfromgneéfc %or 930{6‘\%'&4{ AN’) F i
e P A A
«
B e . Y Ell o GEFAR
. g b AY- AN At 7:%7« e
&) Show T E
4) Show  that Fat _ By
JrAv. VA . PR FW FRo

3y Calevlul o FW=

_8-




9. 0) hat is the Cavitatiopal Red Thilt ?

BY 1§ e light <iguls ae emited at Jhe locaton Tz at dilfeent
Limes and received at B bl e e e s3on Apg— AE

in \GAA;r\ﬂ or c(@(“ ) Lu(’w((, }\ is *ﬂw (/Ué\\/élf/f\ﬂ‘-/f\ 0{3 ;\E

05 How can s extremely small red <hidé ke measvred C'“/;cpfr)mdnlj?



| de 'tlo oéﬂé&\'fn F/\/)) in -’P'Af'
{0, Q) Lowar dhe indices ot
. QA o we
S(Pice — ‘Z;lﬂ\e

13} Wiride deinte M b CFI““J

il
> A J’hz, &\U(;\HO(\ v
@ What st b chﬁgf@ PN ) 4 ), tele .
i€ & 4 -

q FI‘W U)) ccrres’:v/\c( ‘o

Uy e
and

non — (€ elabi visfie
Me

mn

e
.,V@(DCI J
d
-l'u[\\ C/’\af‘ﬁe, (A

— NN y
Vh’\/@ ’/'[‘ o

o |C,._



GENERAL RELATWITY
EXAM November 18, 2017

Br, M\)!‘a{‘ 629{‘

\nstructor:

S‘fUAG{\{:\S l\/mme .

1,,<>A FOC\(.et in Aeelo S(Jace 3 aCcele,m'H{\ﬁ u‘award at o= 9'8”1/57-,

oun  en dhe Cloor is Loond 40 he

The f)grfoo\ a-Ca s}mFle Pq\cl
n Forth Laliae Hor

1 sec. How mych does a similar Pe{\AOIUfh &

60 osd\\a{:l‘or\s'? Ex,:lain whn2

ko) Two obgects Am oport are JFOPPPA Gom Hhe Hop ofa
5(}0_“\,{'\13@\ tower on Earth. Draw the fo--Hxs ot the o(ojecfﬁ

s H\eﬂ -Fa“ .7 % Aga;n lweo @Lj—aa‘ﬁs 1m aparf
Ore CIFDFPQA’ 'PV'DN\ 'm\%‘\/{egé%fgf
q GOOfm—hl‘gh roc(aef gccee lera 'nj
quqrA at a= 3.8 m/s?, Drw
the Pa%g Pe Yhe o‘ajecfs as
%eﬂ »Qall..




2 .o dna coorc\fnmée éranﬁ"'\}vf ma—éfon / dhe Loor coordipates X X
wi’“\ o :D,L.Z,and 3J 4’}\41{— falael eNents in SPm:e:éame dfj
changed o new labols /% dhat are forcdions of dhe

old ones | VU IRl TN
WeiHe alow{\ e re\AJﬂ'D(\ be—HUeM “M@ Quan—lﬂg ;I\ ‘ﬁ\z New

codinates  and inthe old coordinates Sor  Yhe «Qpnowinﬁ

() Alg
G A
(i) dx
, e
(‘N\ A/"B
Ty
(Vi) R/FV 7
(Vi) /P

i &

(i) /9/)1 CP/

VL 3/'“, AX,UX/V

b[\ AS



%_ The inGnidesinal spaaaéirne_ distonce clAS) hetoeen Hwo e ]:orﬂ'ﬁ ;
Fm’n‘{’s can Ao written oS .

where the %Ps afe dhe CoorA?Mnée hasis Vectors .,

05 UUM% Are e basis vecters (-”m
gt Sal’\wwzsckfu Qeom&(&?

cO(umn Nectol %frrq L{*

S poriHen N Aerpes a‘C %P ?

Q How is a er/ Vector /{\i\

2 . .
c Wﬂ"ﬂ c‘OuJ(\ Hhe %?ﬁzsﬂb{\ 'K"DF A —cpr /:/\ |{\~'H¥&

S o\\war:z._Sc\r\ilo\ smcejc?me :



4} 'E«/aanfe e »@ol\owfnﬂ o\uamﬁffes

M 85 My T 6c
(i) 5"’,3%&“551
i 3%Fdpe 37 3y
) S e g

&) QB S}% gJo)( 3}’}/

g, In  the MFHRQM\ Smceﬁme d escribed Aﬂ
ASL: = (1___(1_ 9‘4—(; + lg cho’F .»,-cjr +C O)B+f81nﬂ'A¢

W\'\foi_ '('5:_- lGM/c .
@ \NGte down the N\a%ﬁx [g[\nﬂ



'Sla} Siven Jhe cottravaciant veetor YF s
ok tain Me covarfamé Needor Yf" .

e - Ca\cu\a‘ke \{ YI"
F




g' The el@o"tr‘omaﬂnmt:l‘c Jﬂ\'eﬁ tensor F’JV is cze‘(‘;[\ed A6
FIVo Qrar- Al
W}\frz /A\H is e elecﬁ"omﬂnefhc ’onr»lab*/ﬂA'\L'h) -

% S how dhat FRY s an*éfsﬂh“ma ic

L} Calevlate %/J /ay Fﬂy

‘ Y o
% Calevlate KAD(FHV%—QVFNN‘VQNF

—

F.The Qwr,w,lochlj ok a 'Parwﬁc(e in dhe  Schiurzsehild
S(Jacdﬁme_ 18 %N‘“‘ by dtldr
u=| drfdr
v
Abjde
AgldT

1,
and
O

C opsider Hhe vectors

RN
|
|

—\DQQ
e —1



,-77— a) co\culnfﬂ e = — E o b
nJ

n/

}33 cakcu(a\ée j/:' §:°B

c} Sl colate e 8

8‘ Consfalar %@ hngMcaﬂ SZw\CQ%TN\e meclﬂ‘c,

2 .
ASL: - c,ﬂ-A'él_l_ Ar 2 e T"Q'Dl@ﬂ‘—{a T’Q_SEI\ZB‘CI(?"L
1-—_%:2

(i\ \«8 wa\«'s SPace-Hme, S;\ar(: or our\f&\? W‘\%Z



: oo - | < : -
8‘5} At a gpiver Lim ) what is Smemf ekt bt 9171_"2

’c> Em‘;@A the SUF-CdCe, widh Hhe medric in D in Me

’H\Cg& JX{N’A\S ?DM‘ EUG“\C{ZZII\ SPace a?@s:néwé 53 c\oﬁr&ﬁw(
COD‘AA\‘MVL&S ¢ rj ¢ J % W‘VOJZ K\@*"ffc i3

JS’L; e L F1J352+ d3*




9‘ Srnozoiéa\d CODPC“M{TQS P and 4 on a -P(a'é 2D qune
are  defined  hy e relddions p=% and ﬂ—zﬂ-aﬁn(k;g

the{e a tho\ b ole consfaﬂ“é&

OB Find Yhe medric o-p#\e SIAUSD(‘clal coarJIMfe Sas{ow\

\m) F‘mo\ Jhe cOOrA;naJce ‘ao\s«‘s ‘(ecfors o{? %:3 coa(dim-ée S Ss-ée,m

% Fi(\é\ vH\@ me/‘ric OQVH\fG CUDFC\;M“(E— Eas‘éafv\ Q’DM "H\e. Aﬂsiﬁ’

Lokes  doad in part b).



i OB Find He wvalve O'C *H\e sqLare e {LV)(%/) ok 4he
S/mr/veloc:fﬂglo-c an Oéjécf.

§ Evsate the ¢ comprat o Hhe fureloctly ¥

S(\or an Ol'aliec‘é O\f rasf {(\ J/Ae SCAWCW—ZSGA!.[C‘. Spacz‘ﬁme,

c:) The 3@3@&& eqwmh’vt\ dor any SFaczﬁm IS
Ny
A‘Zg— ,Qw» r N “Y}\Z Sc}warz,sd{.(a\ SpAceve .

Okt Mhe Qcaclesic: ec\ua—ﬁn\

= lO_



GENERAL RELATIVITY
EXAM 1 o1, (2., 2018

Nome -,

_’L,é} Give an e))campfe JCor froo\CH\at nonont korm cj/‘avifa#q\al
Celds  corve Hhe space time ,

\3) Write dowon Jhe square of e line eloment ds in
Clat spacetine .

A Wrile down e matin fﬂﬂy] lordhe medric 1

P
Qor s spacéa%il\'\e. A

1) Wik down e matrix [ NV




2_065 A small enouSA cabin is accelemted quara( n deep
space at on acceleration D‘(‘ Q:—f,(ﬁm/sl, Describe
Q cak.‘h eC\u]VQ(ef\f to s ope so that an @(Pg}mf
o[D(\e n cfee(: SPace woll Q?Ue Hhe same resolt When  done.
iN dhis e(\uiva(enf cahin.

b A swall 64\003[\ cohin i's S(\fe:e ¥a“ in dhe ﬂ/‘c\lhizﬁom(
Bold o8 Plact X . Descrbe a cabin eo\u"o\/a‘énf 4o s one.




g, Four - vec tors XM and YM in Yhe SG"\W‘H’Z’SJ\‘M
space bine  qre Cx/i\l@{\ as

—

O
o)
1

L
o
4
O

.

@ Eind He cvovarzar\t/: vector XK

Q Find dhe contrvacant vVecter 7“(




4‘ ® GIV@n —LLUD ‘Lﬁ{lS’OrS 60{? chl C O(F w‘,ﬂ,'
Mhe FFOfe(-‘j Mgt B“F,:__ BFM.) C"(F:_Cﬁ"{

FinA %e numer}cal VQ‘ue_ a‘p @A’ﬁ CO(F 4

Q Ang tensor Twp can he written das

”To<$ = SO(F T/A\(XF ij@(e So(ﬁ_: S FM
wd AF_ _ AP Find e dersors O°F
wd AYE i terms of TP and TFX



K. A coorc(ic\a{e -éral\S@’(‘N\aﬁon «Qrpm\ Jhe O}& GODI‘A;M{eg

(' XD,Xll 7(1, X% to ‘M\e Neso cool‘dl/\afes (XU/JX\//XZ//X%
1\3 rMcle " W(“‘('L@ CIDUJ(\ ’}/‘\& %FFQSS;’D[\S 7’\, “H\Q/
New) cooFc\iméeS %r & ‘\a Pvl(owir\ﬁ imors s in ‘{efmﬂ O'€

@ Ao< 5 E) AX ) % B¢ 3 A) BO‘F )%C\;
_(} Ca scoar i ]
VOO NEY e, g, dethe



6. From +he root of a ’ooi\é}ng o f\@ﬂ,{f h Lion
Sigpals are sent down do the qroond , Lot Hhe
Lc)a\\lelaxﬂ»(’f\s 0\0%(4 e/w\}i(:ec(, anc( { eaz;\/ed s?g{\a‘s Ae,
Ag  and 9\& : .I:l‘f\A dhe  ratio e 1150
e Schwarz sehild medric | Ag

&Q} Find 7‘&“ /)‘_E; . What kind o a shift s H\.‘s?
E




v3 The Metric D‘F a A&Eoff\@:(%ca( spaceﬁme 5 cKN@{\ Al’}
dery (| < BEM" (;+L€M>Arz
it

e
+ 02487 ¢ rside d¢F

% W/-xa{ ‘s the metric -{}ur Hhe equafcda( pia(\a?

t:\) £ mhet e space i 03 in Hhe 3 -dimensiaal
EUc“cLear\ S Pace Ag'?-: JrZ- i Fla{¢1 5 4111 ﬁmcl
EI\A dhe %ﬂ’egsiu\ r 200,




3. The Schworzsehld metic in  coopdinates </U-> Ly B/@
'S 3?\/6(\ hy

As? = — < I .-Z_Ci@a‘&z—r 2d43dr wrdey rzS\inzS-Jgﬁl
(&

oy Wile  down dhe matrix fg/uu]

QOL{MW\%(Q eo\oaﬁon satistied by photas moving FO\AId“ﬂ

ipIhe eO\\)q‘Jccﬁa\ flat\e.




9,, The elecfroma@\e{:fc Q‘eu tensor FFV e 67"%‘ in
mativ fore  as r
e, b By E,
A R i
ol = | E
[IJV _Cl—) O 9 8'2’ ) -—gﬂ
| EC%L 9 -8B g © -Q%
e ey O
a) i{O\\‘SGZ He indices of F_ to o/mfam F %P in

Qla‘{i Spene Lime

o) Wrike down

[C T}\e f\O(\Fela«Z’lW
wAss M and ch

\X/(‘l-‘qe clow(\ “H\e, Speclal fe

paﬁ'ﬁcte

e Matrix ( FW]
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