GENERAL RELATIVITY
FINAL EXAM June €, 20/

Name :

1. Write down how e followiag obrects tramsform mder a
coordinate trans{ormation in Bor  dimenseal corved Space.

a) AIJ , b) B 5 49 utt | where His a scabr Lunetion
N Ty, &) Ak

l-.aj Write down +he squared wbitesimal interval ds* Jescﬁ/;?nﬂ
e Spacetime ovtsde a  static SP/BI'I‘CA( distribotion 2£ pass M.

L) hw/m;, 9 He iNBntesinal  radid  distance abrg a radial
Ne

ct) Calcwhte e mdul distane between duo evans A
ad B  wdh coordinates I;\ and [4 albrg  socha line i
Yo toit B LA Jubee G= 26M42 .



&) U’/uf 18 ‘M@ bepa £ime AT Mmeasued A\b) a chGJL

bet ween two enents ot s locadion ?

2, Copstder two hﬂf\{: s}g\als emitted at a4 radial coordinate FE . The

s.iﬂmb are feceiVed at +he radial wordinate R -

5\ What s -Iﬁg, ratio _A_‘Z._&. ) twhore AFCR and ATE ae 'Mc

proper fimes  heavred 4TE 65 clocks at rest athe
rodul coordimtes [ R ad [z l

1;) (U{,\qﬁ s He ratio g-\E bet ween Hhe —G’eo‘ua\des 0‘€
H#e emitted ad 'Fp\ received la‘j/rt siﬂmls ?

8 Caeolte X indhe it B od B!
| fe (& =



?:cl) Exfress __pE_ N ‘/erms o-(’ He radia| dl-r{‘era\ce /) (‘é (.
‘P R and the grav: «tationdl  Acceleration S
heasored at the ansson radios r o

93 What 15 the effect used 4o ohserve his ﬂrdv}{-a'ﬁam(
redshy (¢ ?

——

L . Consder a —Cwétt\ous Yo dimensional  lpe elment TM A\‘j

dst = XXX+ 2Axdly —dy*
a) Write down ﬁ N matrix Lorm.

lo') Oh Lain ﬁ":r (No’ée that ds® s not ol;qganao



Zrc\ Giun V,_ = 1-'{'1] and \X/L"" }—0] .

Fid V' ad W

5. Two black holes have masses M= 4LMg and M, = 6l
whare MG lb“éﬁea_-\-zo‘df" Mass . F

ay Fid Ao ratio T /T ot the Lanpemtorms oA the
Black — holes. /T ;

| b} A Aladg hole  whieh has a zfempem{ufe o'C TB'H:,Z.OK
at t=0 I8 in coptact with e casmic Adokadwd radiatiog
hose —fe(u\{:ém'éufe (s 1.7 K . Dexribe twhat AAP'O@\S t> e
temperatore o€ Hhe bk fle at a later Line .




Ec) A Alack hole  which Aas a 'éawpe(?réq'e a‘F _r&‘.(: QSK
at t=0 13 in cortact «Hh He cosmc /:ncéc\ybuncl radaion .

Describe  what to the 'fempeméure, of te Al
hole ot a Za{aﬁapﬁ. ’

€. Ass VMing that ‘l%e Niverse 19 Aomoﬂa\eous and Igtopic
s lpe elemernt is oriUel\ 65 He so called Rp&(’f&n"Wdlkzl'

line el ement " i
a’SZ‘::—-Clo{ZL'z'_‘. a(t) [ dr -,-rzc/&l.;. rzsin"&c/ﬁ{]_,
1 kr*
t()/\@fé ’ff\z 364'4' ‘GJ/MC*DZI-U\ a&] s caaei -1%5 chle ‘Q&‘fbf‘.
a} Find Mz relation Aef&:ee/\ 'él(a Pm]oef jiﬂ\e (Z 4/\3
the coordipabe Line £ .

k) Consider e 3 dimensod spatal petric
AZL = f-l-’:;-l - r2det + riitgdpt
Jkitr
W!\a,é mzs‘/' Ae ‘me value a‘( ’%e_ consi‘anf L T-C
- the 1 dimenvoml  sextil Space iS Q—fm’:?



7. The (a'ne. element &va‘ecl O/S‘z‘ —Car‘a. -éw-p J;meﬂwohd(
S fuce s %‘:m\ 65 5
A.SQ— == _EJL—-—-— + T'lciéz.

e

Rz.
& Whit 1s he iolndesml radial  dstave As O

E’) l[s s Space Llt o cu{‘t‘e.cl? '\K/Aj?

% E mhed this space  Ing thee dipensional Spdce.
descbed by ajndical  covrdiates (7,6, %) .
(Do tot caeolde the intequl. Only aite” e
7,\443,3.\ equq-ﬁbn L~ 2 r})

CIB ls +he en‘aeAAinj Spd<e -qu‘é o5 COVVedz



8;) LUrI-/'e c{O‘Ur\ Hhe Einsten 'ééf\sd‘ @/uy Tnc‘.)cl}'nj -12’/\42_
co.smo(ockt"ca{ canstant /\

% UJri-le down e E},{G‘IL&{/\ equqébn tesith A inhe
fesace o natter and erergy -

c) E X fress Hoe gﬂuaﬁbn ina '@f m o hich contoirs ol j
Q\/JV ondhe left side of the ec[azﬁ“ol\. Show>  all Yoo
51‘@,05 ( (e@f) vﬂ\z c.-)S)

A) How CM\’H\e /\“t erm  ON ~the /'73A-/' 37“6 a‘rr“H)e qu.b-bn
/az 7[\1‘61‘.;"’ efec! 7/\1‘ern\s a-c a, Sﬂf’ess- Wabq_ Zenser 2



9' The Kerr Medde 19 aiVen AH
Z
far 2 2
dsv_ (12 B0Yedtt  2drt o p2ds

J).L

+<{'1+0\1+ ;

foo ol
k- Ca7sip 9>s
2

inLBA?Sl__Q_g-FaSinLGA{me

J).Z.

' — L
ywhere g = 2EM/* ) p"= 1"+ a’cos’t

= L L
A= F =t 8>

ﬂ\ E % press the metric i) Hve

a= _a:_. J = anﬂdflr
J
Mc momentum

ec‘mﬁorial p)dﬂa with

9:57% (US‘e Hhe P e;gffesshf\? @f @) fllan&A)



‘D} How many ) ;’\‘%’l\i{ie redsh (¢ 500'40«623 : c/aes Hi redocd
metric have © What are e cvaa([m{é(s) r Br rese

801 ~chce3 ? '

% Hew ARy I event horizops” does this redvced metric
have. 2 Fid Hhe coordindes I of thee hoizeps

A.) At  what valee A does a rotating oAi-efé
hecne a black hole 7

33 What i the vale A e or ! extfeme Kerl
black holes ¢



®

10. Assume Hut some creatuwes live in 4 world  whe
3@0/\'@—({3 is  desrbed Lﬂ he metric

- rl L(4% 2y~ 2 2 - 7
= <'- el odt™, <i—%> Aty rxde® + rsitedg®,
whoe R = anstant and oL Lo . S‘UffOSe the.
cfeatores live hear =0, (Fa Cfca-é-yd ele “[D closs
e radvs r=R & |
0% coold Hhe creabore retem Aaokp ZZ-'NDWA wl@.

L;) A creature shwrves Hut its c(ael( r%ﬁs'éofs Lesv ‘Ifm\e_
Ve "“‘003‘\ He clck 15 sz‘azc't : Be&’cré‘q.g where Fhes

creatore 8

) Is ssckhoa Mfapﬁeﬁca( world Tht o corved 7



'H, Cb Write alo(,m Max well's ectua‘{:ionﬁ in E(ecfl’omﬂn@hsm

b) \;Uriée Jowr\ ““\e co((asl:cndfnj a{uﬂflq\s in érav]fafl‘bn

¢) Write doun Hhe _Lsu'enfz {oree edurtion bra particle
of pass M, Ve‘of—“'(& Vo moving ina sparimposad  qravidoelectric
a8 araitvmagpetic iells

o}) What 1s Lepse- T}\irn}ﬂ ?/’mssfo/\.e Describe éw‘exci\il,




L.

For A /:Ainarﬂ star Sﬂsfﬂm with masses m, and M,
Sefera ted 55 a distance. D rv*én‘{’i{\\;)’ around 'HM?‘ Ca{\-/ar
O(— mass  wih ar\fjular *G’QA‘U&{\Cﬂ w 7 "Lhe m@'{'ﬁc ioer-lvr&rﬁ’bn

IS giver Ay : . ) .
LTk gemitar | S0 (4- & yuinfa (-85 5
TT il c4 Ro S“((\Clw(t‘.@c_‘).] 9 X y O

L O ) o ; O

mx\n:' ) and Ro is the st{dk&
in le 3 J?rec'ﬁ’m Qronr\ the cender zé? mnass 0‘(“”\6 S\ds%?m.

swhere M=m+m  f =

3) Wht rs X equd +o , and why 2

sk y
\b\ Write hTT ag & WIn o . P?oe " and eross?
Pubri ,Ze—h“on mwaves .




o} Wikl s the aniubr ~‘G’eque/\qj o5 these ﬂ(‘awfx‘a-%ml
lwaVes 7\

cl) What ae ‘H\@ am(;lcdes A+ and A® ?

é) W"\A‘l’ 'l:jpe, O‘c PDla-rl-z«'étbl\ JO 'H%'SQ R \Ves /(.q/g?



4
l%. E;&Fla‘li\ WAﬂ‘é Is “'l’fe coShic C@SMP Adimﬂf-/\es;sll -Qra_

rotating Aack. pole., (Hmf: The Kerr netric paranetes
i 0.9 nay Ae ﬂelp%l.)




| b - [n the weak-Ged solotion for a rotatin .s,s/)ericu( ob-ect
ey J
He met ric  perturhatios ae e as

c*R
[ex . 26SY il SE8K e .
= ToIRE J o2

where S Is the s’n?n ou\ﬂol‘r monentun .
~ Obtaiq ds* Lo soch o rotméil\ﬂ oé;fecf n qum}
Cor‘('.e.'rl\an cooml?na-ées C X ) Y)Z) n 'ﬁ\e Wealo- Qelé lim‘% :



5. A éinarﬁ star  system with masses M, and My
retate aromd ‘thelr center of mass in fhe 2 diexchion.
Let r; and rl he JIS‘KQ/\Ce_s e o the <tors Ho
He aen'l'or a-p Mmass .
j) Show Tthat
r{___(m:_ B = (2D
M +me Mi+my
where D= € +02 .

E> ASSUME% 'H\a{: "H\e stars foVe S\OLO{S q\xﬂﬂ"\ ff\eir-
Velocities are non- /'e[a-é'l\n’s-élc and 4/\4‘{: "//\eﬂ 0/’6'91*
enough apart so that Newtonian aravitationa Hheoy 1s
acfequa‘ée_ +o freJl'ct Heir maﬁd\) aﬂb/g Deyston's
secad law o m, and  Show Hhat

D3= M. | where w s {he czl\gul,af‘

.
Spea& of Hhe sﬁars, d“A M=, t M.




c') ASS'-’N""S that Newtonian a{;prvx)méivl\s are
acleﬂudt& ) write c/ own the total a(\,gras E O‘F a
B‘mars star Sﬂsfcﬂ\

A} USe *“«e va((ues 0‘( r; a/\cL (- 4 ‘Gbﬂ" a} q(\c{
D3 I\:‘r'om A) and e,)k{.\ress E in -hrms o'F G)
mg, fva and D .



[6. Censider a Platl\e. ~wale metric far-fvrba:éim i\av’:/ﬁ He

orm
where A s 4 constant matrix and kq- Is « ars_.
tant Wwave— powber covector.

@) Show thit Hhe Einstein Eqwﬁﬁ,\ O = o
‘gbl‘ 6«\?{'3 s pace -M\-phes tHhat k =0 .

E) Show that svch o wave moves at He speed of
Liahd .
9

S Find 4e condidn an Al sch that H= 1y HY=p



7. For vai{-aﬁfonal waves M-DW'IE n He +% Airection
Lrom Hhe soorae 5 e Mmeltic per-—lurba—ﬁb/\ S CaflV&f\

;')5 ‘ k T o o &
K] " 2.6M1 D% wt b 0  sio{2a(¢-AD
i ekt R .
S g,{zw(é—ﬂé’)] 0

013 Deternine Hhe valves of Hhe constant s a,A)anJ
d. Eyplin why?

B> What  kind & f:o(ariza'ﬁa\ does dhis wave have ?

% Determine the an pGJuJe: A+ and A@

cl) CaA 'HUS wale Ae swd 4o be aircularh ffalar72¢c1?

oy 7



13 TLe Einsiei:\ ée(\sor G,ty can he ox/ama'ecé
W) powers a-@ the Melfic fer-lvrécbﬁm A}/}/ and
Hyy ( reeall /-v}/p = /L/qp ";7_/'7[//})/0 as

G/IV i Gﬂpm m Gﬂ}f‘ﬂ.‘.,,,

£
where G’/‘Pn cpis ovdvated fo fist order I /‘/VI/ ad
Hﬂp ad  Cypy 13 evaloafes o gecrd order

c“ Write down he Eh\s{d{\ eqva-ﬁ'w\ —/v ~Gr51£ ara/w'
1N /\Fy and H/qy

l,') Wride down 4e Eistein ec]uarlion do seand order—
In I\/w and {_W ,

c) Re iit» ’m¢ & W!’Tl?\ 1 b A 14 N 2
)WMHN;) ‘l«‘eﬂ?\ on 4?\; P;:i{:)sﬂe,ﬂ ocﬁﬁse@/é
grder eA\warHDl\

J) Ra&)(press '{he, eaiwrl'lon n Par + c;) /33 cé’ﬁlﬁﬁ
EW
a sm\iréa—Emal stires —onerqy Sz T/" Y,

D



19, Fora Ker hlack Aofaj the Metric odhe et
horizons sorfgece ts
ds* —-})‘Lcle 4 Cst"}smzﬁ‘clﬁz‘
+
b
GM

&= L - Z GM
wl\ere f+=r+ + O cos“6 3 f'+__gz.+ c’-

This wriace can be embedded i a Hiee dinersind
Llat space in Cﬁf’miﬁcal coordindtes whose metric s
ds? = dRY + REdp* +di"

(5 What is R () cqua( to ?
E) W"\a‘é 8 ——— s _C_IL eqva( <o ?

d& dg*

Find Jf\c =2 € S3iDN -(')D[‘ ______ 3
) " d6



2-00) Find Jhe eﬁgpr‘essim the Kerf metic n Q. 9
redvces 4o indhe himit M —=0 .

L)) \s -l'f\& ﬂeomefrﬂ aroond svc‘\ a 140 —Mass Dbfeo'é'
Plab o™ corved™7 Ny ?

E> What 18 +he stres “eneryy tensor T/J)/ eqvA‘
to Lor an ob-jec‘(: ( massive and robadting soch
that He solotion o he Einsten equction 15
e e pedric in K. 9 ?



GENERAL RELATIVITY

FINAL E XAM S

Name -

_i. J,n ?our Aimensfana\ corved SPafeﬁ'n‘me Wr.‘-‘e Jown how
Yhe -(—\ollowt'na olaj-ecfs trans form  under a  coordipgate

£ capefor nation XH — XH/ :

H AP B) By, 9 et
Q)pch‘on cl} T Pﬁp ) e) A(q B

§ is a Scalar'

2.. In +he kﬂpa'ﬁ‘\e hcal Space time std‘.abeg bﬁ
Jope —elt® BT o r r2gin* 6 d ¢,

- R

r . ~
o covari an'ﬁ‘ Vec{:‘or a(\cL o con-‘:ru%cam‘: \Iec:‘-‘bf are 34\!5[\

ko 1 re

R
0 N 1=
X =z 2 ) \{ r
P r 1
| /3"‘ &l

5) Oktain Y and \YN,

. %



b) Colevlate XH ¥ Ly



3. a) Consider "H\C -[;“owt'nj ec‘Uaé;&ns

Y PP mAP B 1) My PPPatet =0
i N A LW «py1f
) ﬂo{p-—'-n/,y/\o(/\)g ,I\D g_%-_.qF U

y ) D ée 'H'\e U(e
V.) gr)’/ g ..., Ciccle the eqUa{'m{\s that vivha roles

ol indices

Io) Calcvlate Hhe (—\o“ow‘mﬁ
. 3
;\ 30(3%1 =
) thnf - &
W) %P S Féo(%py"
L. S) Write doun the Schwarzschid melric iside the

event hor zon .

lo) What is Hhe poper bime ‘aterva AT s objecf Zm@virﬂ
mg]a\B wward ,?mm = rs_—_-. l@M/cl' o r=0 '



S. T‘\e losei\ssf\er—— NBFAS'&‘:D.M mvl:n‘c c/e.sc.rf‘:ss e
seaaz-"im@ ﬂeome-‘ﬂ& cotsldde a Spiwn'cd‘ o];]‘-ec{: with
haas M and electrie o‘v\rge. Q I{'; is al\(ars Aﬂ
Cin GR unibs\: . a2t
alSls.—(lﬂ_'?:—(\({:\—i'”;_‘i}C[t ‘\‘(l“—%—lr\_ﬂ‘ Tg_}

st AT

rrtdet +
Lt Sur—Caces,

03 Ca\co\a(:& We radil of the i[\‘(lil\iéc red shi

lo) Khat are He radi ol the enent horizons 7

) For what wale L Q the radivs o Hhe event /vo{*}zm7
ey eo\ua.( fIc -H\a manS z:-c Jf\a Sc]'\warzsa/tlu M‘f }\oﬂzon i

g) \N‘\a‘l: Aoes cosmic C&MWSI\TP rca‘u;r(, Ql' ’l‘D 62- ?



i é) Write doun Max we \l's ec‘mffvﬂs in Elec‘(:ronag\eﬁsm.‘

L) Weite down +the correstm?ncbl\ﬁ ec{ua‘éians In Sravitation,

dowsn dhe Lorentz (e equation Gora far—kcle,
113_7 moving ina :sopar'}mposecl @wiioale«:lﬁc

Y QeUs .

c) Wri'(’z
of mass M }\lelooi
04\0\\ @'x\h £01Mﬁne

1) Whet is dhe QFAV?"@ZleG’(ﬂc feld 2

é) \&a avSeope (s Pué in an eﬂua-éarl‘a‘, orbi € aroond
Ihe. Ear—M/\) thA‘{Z e-c—Cea‘éS is it 8013—:(6(:‘)5 £o ?



?- SUF’FOSQ the rie'ome\':r\!j ouf:t\c‘e. a 3F/\e{'l\ca( OAJ:ev{’
with mass M s described é‘j

-~ + 5
ds*= —e S/Plcll’:q'-r@ /:lrl PP rz‘sinz'&c’gﬁj‘)

wl-\e.re '} = A,
Cb X hat 15 the condidion Hat s medric QPFUX.'/M‘ILes
He Scl*\uJarz.sc}\'lu meric ?

US ls there an event Aorizon 7 Explain.

e) Are Hhere  black holes accorJin\g) b Hhis metic 7
Explin

o [C an akj-ecf Qal\Z(\j wward Joward r=0 crosses
"‘rs; can Jhis olz-j'ec‘é [edvrn /Aa.ak7 B'X;ﬂl“}ﬂ-

PA £ an olajec{: at r=lg enits a 143,1\75 3‘5M1J is
1t possihle for dhe sigpdl 4o e infindely red shif'ted



3,'Consa‘cler two ElacL /valas with Mmasses M"""(‘MG.

ad Mz = BMp ,where Mg Is e solar mass.

5 What 18 the ratic  Ti oCthe temperatores ot

«Mvc b‘dok Able.s ? —G-

L holks ore surr eonded éj dhe

b) SOPFDS@ J"\,e AIAG
atfon whose ‘éem[oerxéur‘e is 24K

an(cQ ound  radi

Co s

Sup pose a'é 1éO

Descri‘w, (U(m{; /\a(l(aghs o "H\-e Jmflera-évfes 3‘€

e Al e i e, e, T .

c) Can & AI&IcL Avle be TN%&PML eq()‘l(]‘;n‘um w,_“\

. heat reservir 1



9.0\ #he weak -Geld limit , = + hyy
o Ly 15 Ko Minkowski b . & s
F\,w sabrsSies ( /\/fy [4 1. The inverse metric Y
con he wri-"\tet\ As ﬁNP = 'QNP,I,A}U)/ w/tar‘e/
lglw/@f - Fid 6/\”/ in ferms ne WY 4o Gt

arAer In Jhe m&-(ﬁc f)epfur&ohb/*- Sflow LSOUI' Sfaps,

Q Coh%}alﬁr a me"\l:fic— ﬂ‘l\fef\ 'lz’j :
J OA_tfc"J'ﬁL & 3LC dxb dxe

cuch that Hhe proper

Eind e vaue o T
ome- \Aﬁd’fca(_

Line and Me coodirate time e



lo.%wm’ce down e stress-earergy (or Wrﬂﬂ’momlu§
Jens*or* ‘?br O Per(zo{: —QIUIC‘ iIn & curved spa,c,e-érM‘

T cu\servwéb/\ a€

]CD U()riéz down Yhe @gflres-ﬂol\ Q

Eher 44 and mw"‘l‘um.

é) Weite down e @\Przssfm {}71‘ the Sﬂlfzss—-

v
ol] \Write down dhe E tnetein Henr GF

e) \What 78 VNGW);—'?, W‘v\ﬁ ?



Eall 2012-18 GENERAL RELATWVITY

i FINAL E XAM
{natructor: Morat Ozer 9/() l/_ZOIX
Student's Name :

i‘. Cb Find  dhe volve oF SV gl’_)(f _C%)‘(__p
A TS

k} \What 75 dhe P}\%sl\m\ meanity oL dhe  above ex pression 7

C) E\"A\uajca M‘\@ t- COmPOh@(\"t o & dhe ‘\?UUF- V@‘DCMSV ,\U,
XU"' an Olﬁvl;ec‘é a’(’i (gs‘b T;\M\e Sc,.(\MFZ_S&]\]u SFMCQ éi{v\e .

A
Xf - 5,(’3y9%',~3__’é°( ;ws
2 . i
ﬁ(odgsl‘c, (eé-(u,,,.‘i.v‘.\ ,%pr r 1S J’f\f, Sc,/\(,t)ﬂrl\ I\lu

Obtain e
- spoce bitre .




o B or\sl\AM & {\gfv/ﬁ\@"?c@l SPAeffca‘ oéfec;é widh a

Mﬁa“l’wé POASS —"’N\,

% UJFT-(@ Aowh 44\@ Scz\b(.larzgcl’\blu line @‘%ﬁv‘{' (m@Jﬁs
outslc(p_ Jhis ob 1‘,@%, Lohen dbote 3 MO e
Ou«(ﬂo\z T _[, .



,.3,(33(\0(\3&:& Jhe «P)Hou)hzj e‘{”a‘éf@l\s
v EoREr (‘D PMNFPW-W’O?‘,—(Y

(i)
P
S
o) My = TN N 0y 3T AL 378,70
(V) ]?Hy o far’Ay,favAr)
that v\/[a\mée dhe roles léDf‘ wndices,

Cicle dhe eg{ua%(\or\s
E) '(\ 'PDUF Ckﬂ\c%ﬁé(\d( cur\/gd\ Sfaca
dla-iec‘és ‘krdr\SQUrm

Jhe Sollowing
%fwr\s-@?rnwﬁvr\, | k
() @E(XA )w/\@re § s a scawr /\b:ihm
(%) A¥Bw G AT (W) X
il

P



L. The whinifesimal  space time distance TR TR

ng/{ﬂf\‘t;orinﬂ Poini‘s can ke written as ah sPl\e{'(En( fsa(ar CoorA;na‘éesv

Jg = adly + c;lrgr + J@ge + 0195675 )
-Mle 000{‘4}\0«'&6 éxxSiS Vectors .
lomn \lechor —CD( m} -er

Hhe %F“s afe
Hee Lasis vectors (i

N CO

Jdoal  hasis Vectors % Hog B Hhe M?nlmwspt

S) What are dhe
o (6 O <EDIIEN)

C«w V\)(‘i*‘\e c:lowr\ M\AZ W%Prcz,ssim QDP ASL; A%o &,% in
i derms >4 the hasis Veetors .

coordipates

Sp\\ef\w\
M\ 31'3{\5(760( Potar coort(?ncr(és (\Q/N

( Want:




A> ""r‘\)\-}b\«?ﬁﬂlé cMe "H"@ IDC’\S;S VCC'EOFS %N “‘:Df' VH\@ SathZSCA;u
petric

[ hasis vec tors %V for the Schmzsc/\}(c(

&) What are the doa
w\e"“’ﬁc ,?

5, T\’\e e\ec-‘fmmaﬂne(ﬂc g,e,lé tensor FHV 1S Jegned oS

I AFAY- A
where AP (8 he glecfrowgneﬁc, —QDQF Fmé@ﬁjﬂ‘ql.

) Show Hhat FNY s a(\{:tstim

\::3 Cind Hhe valoe o %FQVF =

c> Fnr\A Jhe vawe J'C %«FHJ),‘,'EVFO(N_F%HFVO(



&, The Ker- Newman metric  tor o méq“hf\j e
and ci\arqecl 0(0;@0‘\[/ s quen A\Js

/A
ds ’”’(l" Ay det v pde”
‘er('asinz&c%“,c(
2 rra Yk O\ o Ap—
+<(¢+a+ Syz_ >3(\955 T fé)
79— % Z
whew 5= gemye , PET +a (:088“2
- 2 Zz
O\://[\/\C,D Aj("(\\sr’%a‘l’r&
" T
qfﬁ k. Q%" S a;xﬂu(ar pomen
n 2 that
(b From whefe o \\3‘\"‘7 ngml shouu 6@,, (iﬁ\n‘t{? d ::24.&{4
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