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where Q is defined in Eq. (5). Equations (27b}, (24), and (28) vield:
(G*n,0")f =2y (dM,jdv)(defdT)?
Junction condition (26b) and Eq. (28) imply that?
8up, = —20,/B,

in tIIle .interior, with use of Egs. (5) and {7). the boundary is obtain
solution of (32). When heat flow ceases (@ —0), the boundary reve
4 zero-pressure surface with a Schwarzschild exterior.?
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6. CONCLUSION

In the presence of symmetries, conserved gquantifies can be obtained by con-
iracting the stress-energy tensor with a Killing vector. We generalize this result
to piecewise Killing vectors by giving sufficient conditions for the comstruction
of an associated conserved quantity. A typical example, namely, two stationary
space-times joined together in such a way that the Tesulting space-time is not
stationary, is treated in detail.

Exact collapse solutions with shear and heat flow have been gen
Tl_le boundary between the collapsing fluid 2nd the Vaidya regioﬁ i];ed'
mined from Eg. (32). Since the generating technique is naive, it is unle
that the equation of state, determined a posteriori, will be pI;yéicaH
Howe.ver, there are arbitrary radial and time functions in the en}c;r
tquations and generated solutions which can be constrained bygimpEl

physical validity. The physical i i
: properties of the solutions hi
and others, wﬂl‘be discussed elsewhere., " genorated B

INTRODUCTION

Given an #-dimensional space-time (M, g, ) with Killing vector £%, so that
gcfgabgf(a;b)-_*o (1)

hen it is well known that contracting &° with the stress-energy tensor 7%
yields a comserved quantity, i¢., the vector

P,:=T%, ' (2)
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is divergence-free. The associated integral conservation law is

SQP"dZa:O | 3)

where the integral is over any closed (n—1)-dimensional hypersurface
without boundary and where ' ' '

- b '
*An error in Ref, {21, wherein the dza'v - - V h
, There is a misprint in Eq. (6} of R,
The first match of an interior to th
Irish Acad. 594, 1. Tn this work a;

boundary was said to be at zero pressure, is correcte
el 2. In the last term, 24/% should read 25/B. §
B.Vzudya metric is given in J. L. Synge (1957). Proc. R
2t incoherent shell of radiation is Jjoined to Vaidya. :
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where ¢, denotes th i-Civi
) ¢ Levi-Civita tenso . . s ]
Tt is important to realize that g5 & Loy T (volume element) of (M As an example of ia Fecemse Killing vector, consider the vector

F=[1—-6()10,+0(r) 8, (8a)

dx, =n dx :‘Minkowski space, whg:r_e 2, is the usuval time translation and
8, =x0,+10, (8b)

‘the boost Killing vector associated with Rindler time. Similar con-
erations apply to the coordinate patches in de Sitter space-time
If we now define P? by (2), then

8 i iiti

ufficient condition for the vector analogous to (2) to be comserved dés:"p
1

Pa;az Tﬂbdébu’aé 7 (9)

the al
exzn:bfenc;j of a global sym_metry.- In Section 3 we present in detajl#
spacep tijn which led us to this result, namely, glueing two Schwarzl._j
ot [1] es( ;Ef?:sr ilcilng a null cylinder representing a shell of mass(;les
; : ull has recently been generaliz o
Relssner—NordstrQsm 5 : . generalized [27 to the cage
pace-times joined by charged shell ™
corresponding conserved i 5ec Shells of matter.) T
— v quantity turns out to be the tot
shell and is just the difference of the Schwarzschild massesal e (.)f‘th

‘that P? is conserved if and only if
TabAébu,a|u=u:=0 (10)

\ natural condition on ¢* at N is
Af,=hku, (atu=a) (11)

2. PIECEWISE KILLING VE
CTORS 3
o that the tangential components of % agree. Then condition (10)

W - - .
¢ consider the situation where Space-time is separated into becomes

regions by an (#—1)-dimensional h
: ypersur
ghbeiji*zj W0 space-times are glued together (31,
ability of the metric could be as low as C? (piccewise C?). Let u be

function such that N= {4 =
Yy t {u=«}, and denote by 8 the usual step functio

T yme=0 ' (12)

which says that the energy density at N as seen by an observer transverse
io N must vanish. (We use transverse to refer to the normal vector to ¥
less A is null, in which case we mean the dual null direction. When A is
mnot spacelike, the phrases “energy density” and “observer” are, of course,
inappropriate.) We have thus shown that (11) and (12) are sufficient
conditions for the quantity P® associated with the piecewise Killing vector
£ to be conserved.

fhrfiefewise Killing vector is a vector which satisfies Killing’s eguatio
Ost everywhere., If ¢% are Killing vectors on the regions { u>0} af

{u<0}, respectively, then . EXAMPLE
 We consider two Schwarzschild spacetimes with different masses
joined along a null cylinder X representing a spherical shell of massless

dust. The corresponding metric is {1]

§=(1-9)¢r +6¢2
is plecem§e Killing. £ 1s, in general, not itself a Killing vector, since

C 32m’

Stap) = AE 1 5y
(a.5) (72 e~ P "y di + r* dQ* (u<o)

32;/{3 . (13a)
e~ PMAU dV 4+ r* 4627 (uza)

¥

where § denotes the de}'ivative of 8, ie., the Dirac delta function, and ds* =

A= (g _ga)) b

#
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re the constants are chosen so that 2'is continuous and where ¢ and T
ote Schwarzschild time in the regions u<a and u>«, respectively. We
ain the conserved quantity

U= _(_’.’__1) e s ~0=[ [(-0) T{+6TF) 7 sin 8 dr db do @1)

Hough this integral appears to involve the distributional product g4, it
s out that starting from (15) yields
a(r-—rg)

Amp?

Continuity of the metric requires that on N we have 1]

_5 _
MU !

14
m TI=Ti=— (M —m) (22)

where we have used (13b) to express ¥ as a function of v at u=a. Th

honzero component of the stress-energy tensor is jhere rq is the radius of the shell where X intersects N and where we have

T =

U

(M —m) du u 1 (23)

2
. " r 4dmi— rf2m
Since the Schwarzschild timelike Killing vector is :
. o replace S(u—a) by &(r—ro). (This argument needs to be slightly
8,= vo, —ub, iodified if o= 0.) Inserting (22) into (21) finally leads to

Am

we obtain the piecewise Killing vector Og=M-—m (23)
ihich shows that the energy of the shell is precisely the difference of the

ud) Vé,—Ud, o Schwarzschild masses.

E=(1-) 2B g
4

. 4M
But (14) implies that on N
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and (11) is satisfied, while (12) is trivially satisfied by virtue of (15) and.

dual null form of the metric,

' Tlns }eads- to an integral conservation law of the form (3). Since
support-of T is on N, we obtain a conserved quantity O by integratingﬂ:
over gny hypersurface intersecting N only once. We choose |
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}::{{tzconstant} (u<a)
{T= comstant}  (uza)



