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A solution of the gravitational field equations is found by using an axially
symmetric metric which is asymptotically a de Sitter space metric. We use
the general approach of Bondi, van der Burg, and Metzner as applied to the
asymptotic flat-space case and search for the necessary conditions for
gravitational radiation in asymptotic de Sitter space. We find that the
character of the gravitational radiation, if it exists at all, is considerably
different from that obtained in the case of asymptotic flat space.

1. INTRODUCTION

The investigation and analysis of gravitational radiation in different
gravitational theories and in conventional theories with alternate boundary
conditions have received indirectly a new impetus from the parametrized
post-Newtonian (PPN) analyses of gravitational theories (Will, 1974a).
Although an investigation of gravitational radiation seems somewhat remote
from the PPN analysis of gravitational theories, its importance as a definitive
test between theories is just now being recognized. Part of the reason for this
budding importance comes from a partial failure at the level of the PPN
approximation to distinguish between alternate and viable theories of gravita-
tion (Will, 1974b). One should point out that recent experiments tend to
favor the Einsteinian theory over alternate macroscopic gravitational theory
(Shapiro et al., 1976; Williams et al., 1976). Nevertheless, attempts to firmly
root Einstein’s general theory to experimental results has resulted in a
plethora of theories that agree experimentally in the PPN approximation.
Deviations between some of the theories are expected only in the “post”
PPN approximation (Lee and Lightman, 1973). According to Will (1974a)
it is in these higher orders that one begins to expect contributions to gravita-
tional radiation.
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In general, the PPN approximation is an expansion of the metric
(Lagrangian) to fourth order in the velocity which is small in the neighbor-
hood of the solar system. In fact, near the sun one expects that the quantities

p(x) ~ 07 ~ T(x) ~ ‘B(P—")

where p is the density, U is the potential, and p is the pressure, are all of the
same order of magnitude. Far from the solar system, we expect the metric to
take its Minkowskiian form: g,, = (—1, 1, 1, 1). (Greek symbols represent
the space-time components 0, 1, 2, 3, whereas Latin symbols represent spatial
components 1,2, 3.) Thus if one carried out a consistent approximation
scheme to successively higher orders, gravitational radiation effects would
occur in the seventh order (Will, 1974c). At this point we must ask the ques-
tion: to what order is the PPN approximation still valid (i.e., does not diverge).
At present, this remains an open question. Thus we are forced to check directly
the contributions from gravitational radiation. A clear understanding of
gravitational radiation seems necessary in order to interpret such an
expansion.

A general unsolved problem exists with the understanding of gravita-
tional radiation in the interpretation of coordinates in relativistic theories.
Although the covariance of the equations seems to indicate an independence
of the choice of coordinates in calculations, it does make a difference when
one obtains the “physical components” necessary for comparison with
experiment (Truesdell, 1953). For instance, the formulation of gravitational
radiation in one frame of reference (theory) may parrot the properties of
gravitational radiation, but in the end, fail the test of coordinate indepen-
dence. This might occur if, for instance, a spacelike coordinate could become
timelike and vice versa as inside the horizon of a blackhole (Misner, Thorne,
and Wheeler, 1973).

In order to shed some light on these questions, we have investigated the
gravitational radiation conditions in an asymptotic de Sitter space, a theory
conformally equivalent to general relativity. Physically, this is an interesting
problem for at least two reasons:

(i) The results will help demonstrate the coordinate independence of gravita-
tional radiation, i.e., a physical interpretation useful in the detection of
gravitational radiation.

(i) It leads directly to an investigation of the group structure imposed on
space-time by an asymptotic de Sitter universe.

The second case has its importance in the possible classification schemes for
elementary particles (cf. Aghassi, Roman, and Santille, 1970; Tait and
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Cornwell, 1971). Ironically, the importance of de Sitter space considerations
may be in the small, i.e., for microscopic theories of gravitation in which one
considers the gauge formalism of gravitation with local de Sitter invariance
(Hsu, 1977). The former is a necessary step towards correctly quantizing the
gravitational field (Sachs, 1962; Pirani, 1964).

Gravitational radiation in asymptotic spaces has been investigated by
many, notably the works of Bondi, Van der Burg and Metzner (BVM) (1962)
in an empty, asymptotically flat space (i.e., asymptotically Minkowskiian) and
of Hawking in a dust-filled, asymptotic conformally flat Friedmann universe
with negative curvature (Hawking, 1968). Here we investigate a matterless
but asymptotic de Sitter universe. For completeness, we include the effect of
the cosmological constant. We use the method of the BVM empty-space
approach, which is well suited for this type of investigation.

In Section 2 we develop the Ricci tensor in de Sitter space. In Section 3
the de Sitter space field equations are developed in terms of a “natural” set of
coordinates and then are solved in Section 4 by series expansion. In Section 5
we discuss the asymptotic de Sitter space constraints on our solution and give
our conclusions in Section 6.

2. RICCI TENSOR IN DE SITTER SPACE

To use the BVM method, it is necessary to transform their metric into a
de Sitter space metric. This can be done through a conformal transformation
of the metric (Eisenhart, 1926; Giirsey, 1964)

8as = €%8up 2.1
where
4R?

where R is the “radius™ of de Sitter space, u = ¢ — r is the null coordinate,
and r is the ordinary radial coordinate. Since the BVM metric is axially
symmetric, so will the de Sitter space metric be axially symmetric. Following
the method of BVM, we obtain the main field equations®

— 2
R, = _ﬂ@l_(:/z)_rzl_l + 20y; — 4By0, — 20,2 (2.3)

! The following misprints or omissions occur in Bondi et al. (1962). In the list of three
index symbols: I'9, let 24~ — g20-8 T'Z; let e 27~ 8 — ¢~20+M and the correct
order of expansions for T3 = —(c,fr) — (Co — ic2c,)/r®, Ths = r(c, — 1) +
(2M — ¢22 — 2¢cot 8 + 2¢ cot? 8 + 2cc,). In the supplementary condition for Ry,
replace the term B.UV;/r — B, U,V [r. The constant of integration in equation (3.21)
is N + £cca + %2 cot 8 instead of the N discussed in the text. The term 8¢(3cc,) should
be replaced by 8c(3cc; cot ) in equation (3.22).
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—2r2Ry, = (FeX-PU), — 22 (,812 — 12 + 2Zy1ys — -2—% — 2y, cot 9)

+ 4r2(B, + 1r%e2-OU)o, (2.4)
. . e2BEm
R2292(ﬁ‘7) + R33m = 2V]_ + %r4e2('y—ﬂ)U12 - I'2U12 - 4rU2

— 12U, cot 6 — 4rU cot 0 + 2e%4-7
X [=1 — (Bys — Ba)cot 0 — ygg + Baa + B5°
+ 2ys(y2 — Bo)] — 8royg
+ (2rVy + 6V — 4r2U, — 4r2U cot O)o,
+ 6rV0'11 — 4r20'10 — 8"20'00'1 (2.5)
278 _
—sinTBRaa =2r(ryo)s + (1 — ry)Vy — (ryas + y)V — r(1 — ry1) U,
— r*(cot § — y)U; + r(2ry;5 + 2y, + ry; cot 6 — 3 cot O)U
X e N[ —1 — (3yy — 2B5) cot & — yap + 2y5(ys — Ba)]
— o,(4r — 2r%y)) + 3Vroy; — 2r%0, — 4ric,o,
— 03(—2r%, + 3r2Ucot 8 — 2r¥y,U — 3V
+ 2r‘)’1V'— er -+ r2U2) (2.6)
The supplementary field equations become

Ros = Boz — Yoo + 2v4ys — 2y,cot 0 — U(Byy + 285% — 2B5ys + B cot )

V; V. V. _»l3 30U,
- gh - )2+ o] S, 4 20

+ 2U(')’o1 + %) + 3Un + 271202 + (vo — Bo)U; + v, UU,
UnV UV, +2UV
2r r2

_ UV + (g = B)UV + 7 UV, UV " 2y, U?
r 2 r

+ Ry, — BHUU;, + U U, —

+ U L + v + y1U) cot 8| — Lrtetr—-DUU,2
2 r

— 200[32 - r2e2(v—ﬁ)(£]2_1_ + g+ le)]

V. V uv
- 20’1{2_’2’ + rzez(y_ﬁ)[U(ﬁ + leV_ Yo — U2 it ‘)’zU) + 2:;‘ ]}

+ Ue2Y=B[—3Vro,2 + 2r0y, + 41?040, + 2ro,
+ oi(—rVy — V + r2U; + r?U cot 6)] @7
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Roo =

where

BV VVu  BuV®  BVE BV Vo= 28V

r 2r? r r r? re

281UV + BUV + B UV + 28, UV,  28,UV U,V | U Vs
+ r TR T %R + 2r

_ 20V UiV 2nUVa  gp - 28,Us + 290U + 20Us

¥ 2r r
2 UV12
+ Uy + UUzs + U2 + Ay, — B)UU; + ;
+ (282 — 2Bays + va2)U? + 29,7
vv uv, BUV
_ [2] —_ - — —_ 2 MY _Zry _mEr
cot (ZBDU 29, U— U, — UU, — yU? + o o ; )

+ rzez<y~ﬁ)[,_ uu,, — 2(y01 + 2’;’.) U2 — 2y, — B)UU, — 2U%U,,

— 20U, U, — 2y1,U° — %yzus — 3y,UU; + 28,U%U; + UUr”V

4UU 2 2 2
WV + 20y, — BY) UU1 ‘)’11U V+ y1U2V; + 71(]2 vV
r r ¥
302U Uzv. 2
- 2—’)/1U2U2+ r21 +y‘é_rz_ Uz(U1+7U+’YlU)COt0}

1
YU — 52 OV, + sV + 2By + 2y

+ cot O)(Vy + 28,7)] + & '260(230 toa Bl—V)

- 2aor292<7“3)U(U1 + 7U + 7 U) — 204

LB UV BUV ,zem_m[__U_U;Z
r 2r r r

VooV Ve2s ~28
+ UZ(U2 + 79U -5 - B2y 70)]} + (——i- — PU% 27) s

x [=3Vro,? + 2r%ey, + 4r%0,0, + 2ro,
+ 0‘1(—er + r2U2 - V + I‘zUCOt 0)] (28)

¢ = ¢ = BJ(B — u? — 2ur) 2.9
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and
B = 4R? (2.10)

For completeness we list the consistency field equation
R01=2/910"'27"‘———_——— +ﬁ12U+l32U1

U | e, Vs

+ r 2

+ v12U + v1Us + 2717,

U, 2B
i (—2_ Tty T le) cot § — —5—[Bas + 2B2(B2 — v2) + Bg cot 0]

+ rzez(y—B)(U_g__ll + _.[121_2 + 2UU1

+ v UU; — :BlUUl)

+ 4o,y + 2050, + -2%3 - 3-r1f01 + 01(U; + Ucot 6)
_ 0'1<2—’I,/£ + %__ _ 2'3 U — r2e2- B)UUl) (211)

The origin of the names for the various field equations comes from the way
in which a solution for the functions v, 8, U, and ¥ occur. An expansion is
assumed for y at some instant in retarded time ». Equations (2.3)~(2.5) then
yield solutjons for 8, U, and V at the same time. Equation (2.6) then gives the
time development of y from which 8, U, and ¥ can be found for all time.
Equations (2.7) and (2.8) then represent relations between the expansion
parameters and initial conditions (integration constants), and finally equation
(2.11) must be trivially satisfied provided the solution for y, 8, U, and V' is
correct.

3. DE SITTER SPACE FIELD EQUATIONS

Since we are working in a cosmological space, in particular de Sitter
space, the field equations take the generalized form (Weinberg, 1972)

Ruv - %g—uvR + ’\guv = Tuv (31)

where A is the cosmological constant and 7, is the energy-momentum
tensor. In empty space, they become

Ruv = )‘guv (32)

so that, in general, the Ricci tensors of Section 2 are not set equal to zero as in
the BVM case. In order to see how the field equations are solved, we note that
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the metric is now

1

¢2I:eza — 22U 2% PPPRUH 0
guv = ¢2guv = ¢2e2ﬁ 0 0 0
r22Ue? 0 —rigZe” 0
0 0 0 —r22e~ %7 sin? @
(3.3)
Since g;; = 0, then
Ry = Mg =0 3.4
Thus (2.3) becomes
_ 2
0= - URMA 4 a0, — 410y - 20,7 (3.5)
From the definition of ¢ = In ¢, then
2
oy = 7,{-" ¢ (3.6)
and then
G311 = 0'12 (3.7)
Also
B 42
Lro =225 ¢ (3.8)
Then (3.5) now becomes
0 = (1 + roy) ~ Jrys®
B — u?
=773 $B1 — Frys® (3.9)
In terms of the variables
= r¢
v = (3.10)
(3.9) finally becomes (after dropping primes)
B — 12
N (3.11)
where derivatives are with respect to g except for the function
& B — u?
n=g =24 (3.12)
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which occurs in the change of variables

After using (3.12) in (3.11), we get finally

Br = 3qv.?

Smalley

(3.13)

(3.14)

It should be noted that this equation is identical in form to the corre~
sponding BVM equation except that it is now a function of the new coor-
dinates g and . The formal simplicity in comparison with the BVM case has
directly motivated our choice of “natural” de Sitter space coordinates. Since
Ry, = Agy; = 0, then in terms of the variables ¢ and #, equation (2.4) now

becomes

B — 12
(B55) @m0, = 202rars = 72a = 2y ot 0) + 20°(%)

Since
5 og-n o p CotP 2,28
Rype®P77 + Rog gy = —297¢%A
then (2.5) becomes
B —u?\2  _
—2g%*)\ = 2( . ) @ V) + (T) =02

qz

gy=
o G o)

4 2e26-N[—1 — Bys — By cot 8 — yay + Bas
+ Ba® + 2ya(ya — Ba)l

)(Q'“"U)m L (B ;’, uz)(q4U)1 cot 0

Since

XD _ 3,8
o = - e
sin? § * q

(3.15)

(3.16)

(3.17)

(3.18)
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then (2.6) becomes

B — u? B—u\[ 2u 2 (B + v*\ 1(g*v:
2028 — -
q2e®f X 2( 5 )q(qyo)l+2( B )[B_u2+B(B—u2)q] q
4u (B — u? B -
TE-@\F )int
2

B — 12 -
—q( B”)(U2+3Ucote)+2q(BB”)y2U

”2)2[(1 — ) # N

B — u? B — u? - u?
X q2< B )Ul cot 8 -+ q2< B “ )’}’2U1 + 2q2(B B “ )’)’120

+ ¢ (E55 s + Ueot0) - 2255 gt
+ e[ —1 — (3y, — 2B5) cot 8 — yao + 2y5(y: — Bx)] (3.19)
Since R,; = Ag2Ue?, then (2.7) becomes
Ag?Ue* = By, + qsoo(gz)l = qooy21 — Yao + 2y2(q0cys + ¥.)
2

— 2qogys + vo) cot 8 — U(Bag + 2B5% + 2B4ys + By cot 6)

+ (B ;”2)4 o2~ ﬁ)[ k (‘I ;«;](2]1)1 2(‘];’0)1 + (U,

+ (qzzaz)lU + 2(‘]20;)’1)1(] + (qzo'o)l')q’;(qu)l + 3U(ZQ;2Uz)1

4U2 t@ 2772
+ Ui U, + (3, U),U + 4 4);400 + (yzqqu s + 9, U2cot 6

~ gooByUs — B,Uy — BuUU; + (B — uz) (_(Usfzr/)l

_ @UY) | (@nUV), | BLULSV)
20 T ¢ T g )}

(‘B 3 ) q4e4(7—B)UUl2

1
2
( )[(‘}’1 - Bql)(¢3 Va) % (953;/2) 1] (3.20)
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Since
3 28
R < A(ED2 _ )
then (2.8) becomes

3 28
)\(@ Z)e - q“’UZe”) - % (gizuuzq) — 4q0,’8, — 4o,

+ (B - uz) { _&N, 2(q2%);(¢3V) -G V)z(qﬁo)l G V)(fsl"coﬁl)l

B q* q q q
U ($*V U, (¢*V (q*UN($%V2) | U Vo)
+7(_—)1c°t9+_2_(7)1—q 2% ¢
 @BULEY) | BUFY) | BUGY)
q q q

_ 2p U@V, (B - uz) ((</’>3 V) ° V)1 + By V)2V )

q B 24° q°
n (41/31)1(353]/)2) + qzez(v—w[_ uvv,; — 2(420'02)1[]2

q q
_ U(g®o,Up)y — 2y, U? — 2U(UgPo,y1): _ 2U0(qU)y,

g o g q

U3, (q°U®), (g%y2U%) 2

- 2U(UU1)2 - T - "—3q—3—'COt 0 — T — (le)zU
ot + (B (CUMENY | LD, B

(riU%q4°V): 2B, UUL($°V) 2
+ G, BOBED) + 2o, + BT, + 20,0°0

— 2q0,(B1U)2 — 2(B,U)s + 2904(y1U)s + 2(y,U)2 + qo,Us2
+ Use 4+ 3 U2z + (¥2Uy — 28,UU, + (2857 — 2Bay)U?
+ 2(4‘70')’1 + '}’0)2 — cot H[Z(qaoﬁl + B, — qoy1 — yo)U

B — u?
B

2
- qooUl - Uo - UU2 b '}’zUz] + % ( ) q4e4(y-B)UzU12

o2B=7)

e [$2Vae + 2B22(A°V) + (2B, — 2y, + cot O)($°V, + 28,9°V)]

(3.21)
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And finally, since R,; = A$2e?s, then (2.11) becomes

B — u®\ (2Ag%s,)11 | (4%BU); | (q%Uy), | (PU)ycot 8
26 _
re ( B ) ( g T T T g

281, + 2goof + (al)s + yiUcot 6 + 2yaly, + q«wo)

b (B55) -0 - GBI o-n (€L

B 2q 2g*

X8V
+ - BoUUI)] = S s + 2B — ) + Pacot 0] (.22

Equations (3.14), (3.17), (3.19)-(3.22) are the required de Sitter space
field equations.

4. SOLUTION BY SERIES EXPANSION

The complex of equations (3.14), (3.15), and (3.17) for 8, U, and V,
respectively, can be solved if we assume a power series expansion in 1/g for
y of the form

y _fwo d(u;f)) + g(uase)
q q q

k(u, 6)

+ e + 0~ 4.1

The d term is dropped since it gives rise to a log term in the solution for U.
The solution for (3.14) then becomes

R R e i LE C BCE

where H is an integration constant. The H term is also dropped since it gives
rise to a log term in the solution for V. However, Bondi et al. show that this
term can be reduced to zero by a suitable coordinate transformation. Using
(4.1) and (4.2) in (3.15), we obtain

(B;uz)U=L - (fe + 2fcot0)515 + 2N + 3ff, + 4f2 cot 0)[}13_

— (2N + 1%, + 14f%cot 6 — 6g, — 12g ot 0)51;4- 6g°)

(4.3)

where L and /N are integration constants.
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Using (4.3) the solution for ¥ from (3.16) is

(B - ”2)2(9931/) -3 (%—2*—”‘2) - /\)q3 + (‘%’ 4+ L, + Lcot 9)q2
+ A +4f*0Ng — 2M — [N, + Ncot 8 — f,2 — 4ffocot 8
— 10+ Beot? ) + MG — AP
— 3[ge0 + 382 — 28 + 6N(fz + 2f cot 6) + 91,2
+ Yffoz + SMaf? cot 6 + 16f3 cot? § — 1f®

+ &fkA] q_12 + g ® 4.4)

If we replace the parameter f— C — ¢®/6, the solution represented by equa-
tions (4.1), (4.2), (4.3), and (4.4) will then reduce to the asymptotic flat-space
results in the limit B — co and A — 0 provided we put L = 0. In asymptotic
flat space, the constant of integration L in the equation for U [equation (4.3)]
must vanish in order to preserve the signature of the metric. In flat space
V ~rand U~ L. Thus
2

800 = l/‘i‘f — U?re? (45)
would eventually change sign for large enough r. But in asymptotic de Sitter
space, *V ~ 0(¢®) and U ~ L, so that g,, does not change sign for large ¢.
Thus we cannot a priori set L = 0 as in the flat-space case. The solution
represented by y, 8, U, and ¥ [equations (4.1)-(4.4)] is then substituted into
the time development equation (3.19). This yields the following conditions on
the expansion:

2fA =L, — Lcot¥é 4.6)

and

e
4(B Bu)go=2fM—N2+Ncot0+%k/\—6gL2——4g2L——6chot0

4.7

With these conditions, the form of y is preserved and the development of the
system is fully determined from initial conditions provided the functions
f. k, N, M, L are known. The consistency field equation (3.22) is trivially
satisfied to 6(g~*) by this solution for v, B, U, and V.

This solution, along with the constraints (4.6) and (4.7), reduces the
supplementary field equations (3.20) and (3.21) to inverse-square form.
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Setting these 6(q~2) terms equal to zero yields, respectively, the following
relations:

(5o (5 - (5

— ffoL cot 8 — 2f, foL — 2ff,L;] + 3MN, + N cot )

+ Ixg(L, — Leot 8) — SLQ2M, + 3M cot 6 — fys

— 2fas cot 8 + 2f, + 4f, cot? 6 + 2f cot 6 + 2f cot® 6)

— 3L (3M — 4fy, — 10f; cot 0 — 2fcot? 8 + 4f)

— 3L%(— UZffos + 2f5% + 2ffzcot 6 + 2 + 22 f? cot® 6)
— JLLy8N + 2ff5 + %f? cot 0) — §L%> + 3Laafy (4.8)

=3B w, = o+ (25 ) 0t + ot 0 4 11

— Mgz + gcot 6) + Ly(2N + ffy + 1% cot 6)
+ LB3N, + 3N cot 8 + 3ffas + f2° + 2ffacot 6
— 3% — Zf%cot? §) (4.9)

where (4.9) was used in equation (4.8) in order to remove the N, dependence
from Eq. (4.8) Thus the time development of M and N are known provided
the functions g, L, M, N are given for one value of u and fis given as a func-
tion of # and . Thus we are at the peculiar point that we need to know
f, k, and L as functions of u and 6. The reason we need to know L is that the
constraint between fand L from equation (4.6) still leaves L unknown up to
an arbitrary function of ». We can, however, obtain an equation for £k,
provided we carry out the expansion of the time development field equation
(3.19) to 6(g~*). But this would still leave L arbitrary. In the next section we
show how we can make sense of these parameters by considering the asymp-
totic de Sitter space limit.

5. ASYMPTOTIC DE SITTER SPACE

An alternate approach to this problem is to require that the solution
have a definite form in the limit of ¢ — co. This would be, of course, the
“asymptotic” de Sitter space form of the metric

_ 442 4uB B2
g0°_>¢>2:(3—u2)2q2+(B~—u2)2q+(B-—u2)2 (5.1

But from the solution (4.1)-(4.4) and the form of g,, from the metric (3.3),
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we have
- B? 4B +u) A 2\ 2
oo = (B = uz)z{( BZ 3 L*)q
4u R 2 .,
+ §-+L2+Lcot0——2fL q + 1+§f/\

_ zfz(__f%_”f) ~ 22 + 2L(f; + foot 0)} + a(é)} .2)

Thus in the limit of large ¢, we must have

4w B (4Bt A,
G- P~ @ = PP ( 7 3L :3)
or
o4
s-3=L (5.4)
and similarly,
L% = L, + L cot 6 (5.5)
2, 2
- LX) s ong v ety =0 (5.6)

Equation (5.4) immediately implies that L is independent of the coordinates
and is therefore an invariant. But this implies with equation (5.5) that either
L =0 or foccot . The latter case does not have the correct regularity
properties (Bondi et al.) for y as § — 0. Thus

L=0 (5.7
A=12/B

Finally, equation (5.6) implies that either f = 0 or B = #?/3. Previously we
ruled out f oc cot 8 on the basis of regularity for y. But from equation (4.6)
we must now conclude that either f = 0 or A = 0. The consistent choice is

f=0 (5.9)

Thus by comparison with the asymptotic flat-space case, the character of the
solution is very different in asymptotic de Sitter space. Indeed, the mass
aspect [equation (4.8)] now depends on a different “news” function that
becomes, due to (4.7), (5.7), and (5.8),

6

M, = ‘(—E-_—-MZ)(NZ + Ncot §)

24 12 96
=—~§go+mNCOt9+mk (5.9)
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Similarly for ¥,, we find

- BM, 4
No = —3(B _ uz) + (B - u2) (gz + gCOt 0) (5.10)

On the other hand, the radiation condition? in asymptotic flat space
expressed in (g, #) coordinates becomes

o, , 0 B + 2uq 2ugy
5;(’7) = '37](47)(—3 ) -5 (5.11)

where 9’ is a function of 1/r; so in the limit of ¢ — 0, the right-hand side will
not vanish unless f = 0. Thus the condition for radiation in ¢ coordinates
seems to be satisfied if f = 0, and the description of mass or mass loss now
depends consistently on g, in the supplementary conditions, i.e., equation
(5.9). This unusual behavior for y is not totally surprising since here the
asymptotic limit cannot be described by an empty-space axially symmetric
static metric, and therefore related to Weyl’s form, from which Bondi et al.
could identify the mass function.

6. CONCLUSION

Provided that equation (5.11) is also a correct description for radiation
in asymptotic de Sitter space, we conclude that radiation will occur in an
asymptotic de Sitter space but that the nature of the solution requires that the
1/g dependence of the solution for y begin with the 0(g~%) term. This implies
that in the limit B - co, we do not obtain the radiative flat-space results.
That is, the requirement for radiation in asymptotic de Sitter space seems to
be more restrictive than in asymptotic flat space.

On the other band, equation (5.11) may not be an adequate description
for radiation in a de Sitter space, in which case our solution is an unusual
curiosity but does not represent radiation. Alternately, we could conclude
that de Sitter space is devoid of physical meaning.

We now are ready to return to the argument following equation (5.7) in
which we concluded that f = 0. This choice was, however, only consistent
with a solution in asymptotic de Sitter space. Instead, if we had chosen
A = 0, then B — oo, which would then automatically restrict our solution to

2 The form of the metric in de Sitter space does not seem to conform to the more general
“Sommerfeld radiation condition” described by A. Trautman, “Gravitational Waves
and Radiation,” presented at the London Conference on Theories of Gravitation, 1965
(unpublished), since the limiting metric is not Minkowskiian. We have therefore
attempted to describe radiation in the more general de Sitter space by carrying over
directly the form used by Bondi et al.
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flat space. Thus we are left with the unusual consequences of probable
radiation in de Sitter space or no de Sitter space solution at all.
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