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On the Detection of Black Holes

C. LEBOVITZ

Theoretical Physics Institute
University of Alberta

D.P. HusE

Department of Physics
University of Alberta

Received July 6, 1971

It is shown that in principle the gravitational lens effect may lead to significant light variations when a
collapsed object such as a black hole passes between the observer and a normal star. Light curves characteristic
of such an event are computed, and the possibility of observing such an event is discussed.
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1. Introduction

The General Theory of Relativity coupled with
reasonable assumptions concerning the equation of
state for matter with over-nuclear density points
to the possible existence of “black holes”, that is to
say, to bodies which have undergone complete
gravitational collapse, have zero luminosity and
have radii determined by their masses (Oppenheimer
et al.,1939). The radii are given by r=2GM/c*
where M is the mass of the body, G the gravitational
constant and ¢ the speed of light. This value of r is
very small indeed : it would be about 3 km for a mass
equal to that of the sun.

With zero luminosity and such small dimensions,
black holes can be detected only through the effects
they have on nearby matter and radiation. Specifi-
cally, the gravitational field of a black hole will alter
the trajectory of neighboring bodies and light.
However, any dark body acts in this respect in an
identical way provided the neighboring bodies or
light are at appropriate distances. The recent
discussion by Cameron (1971) as to the nature of
the invisible companion of ¢ Aurigae, demonstrates
the need for a characteristic criterion distinguishing
black hole behaviour. In the absence of such a
criterion, one cannot avoid the natural temptation
to associate little-understood phenomena with black
holes (Hawking, 1971). The accretion of neighboring
matter by a black hole could produce X-radiation
(Zeldovich et al., 1964) but this radiation could also

be produced in other processes not related to black
holes. In this respect, it would be helpful to be able
to determine a small enough upper limit to the
dimension of an invisible object to permit distin-
guishing a black hole from the smallest known
“normal” stars.

The lens effect arising from the bending of light
in the neighborhood of a massive body could be
useful since the strength of the effect depends on the
proximity of the light trajectory to the body. It has
recently been stated by Trimble and Thorne (1969)
that the gravitational lens effect produced by a
collapsed star or neutron star would be too small to
be measured. We do not agree with this conclusion,
and in what follows we present the results of an
analysis that demonstrates the possibility of detect-
ing black holes through their lens effect with parti-
cular reference to binary systems in which one
component is a normal star while its companion is a
collapsed star.

II. The Gravitational Lens Effect

Consider the situation in which a small, dense,
dark possibly collapsed star (the “lens-star’) is seen
by an observer to be projected onto the disk of a
normal star. The lens effect on an infinitesimal part
of the normal star located at a projected radial
distance r from the lens-star is given by
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where L is the luminosity as affected by the lens
effect, L, is the luminosity in the absence of the lens
effect, M is the mass of the lens-star and z is the
separation of the two stars. When the two stars are
perfectly aligned, the integrated effect for the whole
star is found by integrating Eq. (1) from =0 to
r = R, the radius of the star, and is given by
16 Mz )1/2

LjL,= (1+- = @)

where L and L, now refer to the entire star. We are

not._giving _the details_of the derivation for_the
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star can give rise to detectable light changes, and
recognizing that such an event is most likely to
occur in a binary system, we now examine the light
variation to be expected during an eclipse in such
a system. The lens effect when the eclipse is non-
central, i.e., when the two stars and the observer
are not aligned, can be calculated according to the
following expression
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could exceed 5%, and includes possible cases in
which the light amplification may have very large
values.
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