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ABSTRACT. The reduction of the ratio between specific angular 
momentum and mass (a/m) due to gravitational radiation has been 
investigated for a model of collapsing rotating stellar core in a 
post-newtonian scheme. Results show that if the initial value of 
the ratio is significantly greater than one, it tends towards one 
and if the initial ratio is nearly one, no sharp reduction happens 
as the core collapses to the neutron star or black hole size. 

It was pointed out that if one believes that neutron stars 
are the end product of massive stars of spectral type "Be and 0, 
then one needs to explain a reduction of the ratio between specific 
angular momentum and mass (a/m) of 3 or 4 orders of magnitude in 
the course of evolution from the main sequence to the neutron star 
stage. Recently we have investigated*" the effect of gravitational 
radiation to the reduction of the ratio a/m during the collapse of 
the stellar core. 

By the definition of the ratio, we have 

(i) &te>-&£)«&)t*S-£*S> 
where J is the angular momentum. Here c=G=l unit is used. For 
quadrupole gravitational wave emission, we haver 

(2) 4B«-l<-JkBS>> 

(3) 7 r = - T
6
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where Dy i s the reduced quadrupole moment of the r ad i a to r , a dot 
denotes d i f f e r en t i a t i on with respect to t and < > denotes a 
su i tab le averaging process . By defining J=(j* Jt-) a , formula (3) 
can be rewr i t t en as 

(4) £---|z^K<i>^> 
where zl is the unit direction vector of the angular momentum. 
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We consider the collapsing stellar core as a homogeneous 
ellipsoid with semiaxes a, ?• aa> a3 which is rotating around the z-
axis with uniform angular velocity co . It is reasonable to think 
the rotator is a fast one in the sense that the rotating period is 
shorter than the collapsing time scale. Keeping the post-newtonian 
approximation, we got a formula 

(5) 

where % = (a*-a* )/(a?-a*) is the ellipticity, r= ((a*+al)/?.) / l is the 
effective radius, rq=2m and 

(6) P—$•) 
04 1 

denotes the ratio between the free fall velocity of a non rotating 
sphere having the same mass and r, and the actual velocity of 
collapse. 

From the Bo.(3) we see that the value of L=% fi is relevent 
only for the last period of collapse. Therefore we can solve Eq.(5) 
numerically by taking L as a constant for the convenience in the 
calculations. The integration was started at r/r9 =300 and various 
initial values of a/m have been used. The Qualitative behavior of 
the solution is not sensitive to the parameter L. The following 
figure shows the results for a medial value L=5.0. 
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Figure 1. The reduction of the ratio a/m due to the gravitational 
radiation during the collapse period. 

The implication of the calculational results can be summarized 
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as follows: 
1) whenever the initial ratio a/m is significantly greater than one, 
the gravitational radiation will reduce the ratio towards about one. 
As a post-newtonian result, the solution for small value of r/r. is 
not consistent with our approximation. However, we feel that it may 
well give a qualitative indication of the behavior to be expected 
in the fully relativistic regime. 
2) if the initial ratio a/m is only just greater than one, no sharp 
reduction of the ratio happens. When our configuration reaches 
neutron star or black hole size, the value of the ratio a/m still 
remains nearly one. This appears as a curious stiffness of the ratio 
a/m at the value of one. 
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