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Gravitational Wave Due to Explosion of SN 1987A

Zhang Junhao' and Chen Xiang®
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Observations of the gravitational waves from the explosion of SN 1987A are
shown to be more consistent with a new special relativistic theory of gravitation
than with predictions of general relativity.

The explosion of SN 1987 A affords a rare chance to observe the gravita-
tional field due to the action of extradense material. The observation proved
that there is a gravitational wave due to the explosion of SN 1987A. But
this has not been accepted extensively, because the strength of the gravita-
tional wave determined by the experiment is 1000 times the value predicted
by theory. Zhang Junhao and Chen Xiang (1990) showed how one can set
up a new gravitational theory based on special relativity. The purpose of
this paper is to show that the observational result of the gravitational wave
of SN 1987A is reasonable from the viewpoint of the new gravitational
theory.

From the new gravitational theory, the field equation is

PA,, 0A,, 0A,, 1 A, 0A., IA,, 87Gp
B a—= ( +A ) =——7

9%, 0X, ax, ax, 2 *\ax, ox, 89X, 90X,

U.U,
(1)

where A,, is a symmetric tensor, and p is the density in a static frame of
reference. The preceding work pointed out that A =6A, where A is the
relative error of the perihelion shift. It is defined as A= (A¢ —Ap,)/A¢,,
where Ag is the experimental value of the perihelion shift, and Ag, is
the expected value from general relativity. The present experiment allows
AL, <0.1; therefore A, <0.6.
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The first step is to simplify the problem. Suppose that the supernova
kept its spherical symmetry in the contractive process. Its radius may be
expressed by

R(t)=R,— vt (2)

where R, is the initial radius, and v is the velocity of contraction. In this
case, we can prove that the gravitational field has spherical symmetry. This
means that A, has the form

Auylr, t)=€(r, 1)
Auc(r, 1) = Apy(r, t) = n(r, )xi /7 (3)
Aulr, )y =L(r, )8+ 0(r, )xx,/ 1

Substituting (3) into (1), we get
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where B =v/c
Next, we use the fact that 8 is small. Suppose that each function in
(4) can be expanded in a B-power series, for example.

()= 0D+ BLVr )+ -+ BN )+ - (5)

Inserting the expansion of each function into (4), we can obtain a set of
approach equations, and get solutions

8 1)=6"(r,1)=7n""(r,1)=0 (6)

Further, if we take only the zeroth- and first-order approximations into
account, we have
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This set of equations is simpler than the original equations. The distinction
between (7) and (8) is only the sign on the right side. This characteristic is
important for the further discussion.
Suppose that
{(r,ty=A"In[Y(r,1)/r] (10)
then (7) becomes
Y(r, 1) _82 Y(r,t) —4mAGp(r, 1)
ar’ ar? c?

Y(r, 1) (11)

Obviously, if one changes the sign of the right side of (11), then (10)
is the expression for &
Let us introduce a new variable

7=1/R(t) (12)
Then, inside of the star, we have
az—yz)r(;’i)—ﬂz<7'4£;+273(%) YO(r, 1) = -0 Y, 1) (13)
where
0’ =3 AGM/c* (14)
Suppose that
YO(r, )= Y (r, )+ B2YS(r, 1)+ B YV (r, 1)+ - - - (15)
Then (13) becomes a set of approximate equations
FYVr, 1)/ orr = -0’ Y (r, 7) (16)

. . ER 8 .
PV, 1)or = =PVl )+ (2P ) Y7 (1)

The solution of the approximate equation (16) is
Y (r, )= Ao(7) sin(wr*?r) (18)

where we have used the condition that the limit of {(r, 7) is finite if r > 0.
Here Aq(7) is an arbitrary function of 7. As mentioned above, equation (8)
[or equation (13)] is a zeroth- and first-order approximate equation; there-
fore, we take only the same approximation of Y'”(r, ) into account.

In the region outside the star, (11) becomes

FYN(rt) Y1)
2 - s 2 =0
or c” ot
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(19)
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where f is an arbitrary function of (r—ct). The Y'(r,t) and Y'9(s, 1)
satisfy the boundary conditions

Yg)(", t)|r=R(r) = Y(e)(r, t)|r=R(r) (21)

Y (r, 1)/ 1], - rn =Y (r, 1)/37],-res) (22)

From these equations, we obtain

3AGM 1 3
f(r—ctl)=2—2<——1+—tanoz+——['i2tan2a—£tan3 ae) (23)
ca @ 2 20

3IGM 1 3
lim ¢“(r = ct,) =—2——2(—1+——tan o +—€tan2 a ——@—tan3 a) (24)
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where
a={3AGM/[(Ry— vt)]}'/* (25)

Suppose that r and t, are the distance from the star and the time of
observation. Then we have the relation

c(ty—t)=r—R(t)=r—(Ro—vt) (26)
and the expression for « may be rewritten
3AGM(1+B) }‘/2
et) = 27
atr-en = { e oA @n

Note that equation (24) contains the tangential function. If a celestial body
is of medium density, such as the sun, then « <0.15, and the expansion,

tan @ =a+ia’+a’+- - -

is enough to take account of the contribution of the nonlinear term in (1).
It is easy to prove that the correction due to the nonlinear term is very
weak. For an extradense body, such as a supernova, the result is totally
different. The mass of a supernova is roughly M = 2.8 x 10°° kg. The minimal
radius is approximate 800 m. While we do not yet know the exact value of
A from the experiment, A, <0.6 from the perihelion shift, and therefore
we can obtain a,,,~2> 7/2. If a tends to /2, then (24) becomes

1121/2 g(e)(r—ctl)zic;cj\;!n—%-a—(lﬂ—%tana—-gtanz a) (28)
It will exceed enormously the expected value of the other theory. Then
a. = /2 may be called the critical angle, and the corresponding radius

R.=12AGM/(cm)? (29)

may be called the critical radius.
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As mentioned above, if one changes the sign of the right side of (13),
then ¢'“)(r, t) changes into &“(r, 1),
3GM ( 1 3B B
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o
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The distinction of the sign of the field source term between (7) and (8) is
important. Because of this, if the expression for ¢‘)(r, ) contains tan a,
then the expression for £°)(, t) contains th a.

In the same manner, we obtain

lim 7'(r, 1) =3iBGM [ (4c*r) (31)

Zhang Junhao and Chen Xiang (1990) showed that, in the reference frame
where the center of mass of the supernova is static, the gravitational force
acting on a body is

F=m{[—cz<0—§—-§1]—>+ic(a—n—ﬂ—-a—0)u +(%——6>u2]r0
or icat ar r icat) " \or r
o[io(225) -G Jo e
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where m and u are the mass and velocity of the body, and r° is the unit
vector of the radial direction. From (28), we have
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Because r>» R(t), the contribution of the second term of (33) is greater
than that of the first term. So we have

ar ~_cat
-3GM B 1 ( 36, , )
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Further, we have
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where a is determined by A, M, and R. Since these values have not yet
been measured exactly, we do not know the exact value of a or (cos a)™.
But, as has been pointed out, it is possible that « tends to a, = #/2 for the
supernova explosion. Therefore, from the new gravitational theory, the
strength of the gravitational wave of SN 1987A (Geneva) is reasonable and
permissible. Conversely, we can deem that o tends to a, for the explosion
of SN 1987A, and determine further A or R from «..

However, in the different gravitational theories, all of the field equations
are nonlinear, but they take different forms. The distinction between the
results of different nonlinear equations is small if the gravitational field is
due to medium density material, but is obvious for extradense material.
Thus, the explosion of a supernova provides a rare chance to test different
gravitational theories. The observation of SN 1987A favors our gravitational
theory.
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