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THE USE IN EXTRAGALACTIC ASTRON-
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OF LIGHT RAYS IN THE GRAVITATIONAL
FIELDS OF GALAXIES

(Presented by Academician A. P. Aleksandrov on 11 XII 1962)

The effect of the deflection of light rays in the gravitational field of some body,
known from the general theory of relativity, may find a number of practical
applications in extragalactic astronomy. In paper (1) the possibility was consid-
ered of observing the deflection of light rays in the gravitational fields of galaxies.
As one of the possible applications of this phenomenon in astronomy, one may
point to its use for increasing the penetrating power of a telescope.

Let us agree to call axial screened galaxies the galaxies G, that lie on the
extension of the ray joining the observation point P with the center of the
screening galaxy G, (Fig. 1). All screened galaxies that do not lie on the ray
S P will be called non-axial.

Fig. 1

The illumination produced by an axial screened galaxy at the observation point
exceeds the illumination that the same galaxy would produce in the absence of
screening. The illumination from an unscreened galaxy is determined by the
expression (2)

o Ran?
E, = nBsin” §;,

where B is the brightness of the surface of the galaxy, and J; is the angular
radius of the galaxy. For small d,,

E, = nBé&3.
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An axial screened galaxy G, from the point P, will be observed in the form of
a ring around the screening galaxy G, (1) (Fig. 1).

Dividing the area of the ring into narrow annular zones with radii  and z +
dx, and then integrating over the entire area of the ring, we find the total
illumination produced by an axial screened galaxy at the point P:

p3 —pi
(a2 + p?)(a® + p3)’

b, = wBa?

where a is the distance from the screened galaxy to the point P; p; and p, are
the inner and outer radii of the ring.

Since a > p; and py, the formula for E, may be written as

where ¢ is the angular width of the ring, and J, is the mean angular radius of
the ring.

Carrying out the necessary calculations, it can be shown that, for an axial
arrangement of the screened galaxy, § = d; (0; is the angular radius of the
screened galaxy).

The ratio of the illuminances produced at P by the screened and the unscreened
galaxies will be equal to

Ek 61@
B 23, (1)

Thus, the screening galaxy G, by exerting a focusing action on the radiation
of the screened galaxy (1, increases the illuminance per unit area located at P
perpendicular to the axis by a factor of 24, /4;.

When a screened galaxy is observed through a telescope, its ring-shaped image
is formed in the focal plane of the telescope; moreover, rays of only one direction
will take part in the construction of each point of the ring-shaped image. As a
result, the illuminance produced in the focal plane of the telescope by the galaxy
G, will be determined, as in the ordinary case, by its stellar magnitude. There-
fore, when photographing screened galaxies, the focusing effect of the galaxy G,
will not appear. To observe distant screened galaxies with a stellar magnitude
exceeding the limiting magnitude for a given telescope, one should use radia-
tion receivers that make it possible to sum the light energy falling on some area.
Photomultipliers or photoelectric cells may be used as such receivers.

Having determined from (1) the ratio of the illuminances E,/FE; and using
Pogson’ s formula, we find the difference between the apparent magnitudes of
the unscreened and the screened galaxy:
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Am20.75+2.51g§—k. (2)
1

For the galaxies G and G, located respectively at distances 1.9-10° and 7-108
pe, Am = 2™.09. Thus, screened galaxies whose stellar magnitude exceeds
the limiting stellar magnitude of the telescope by 2.09 will be accessible to
observation. To obtain the corresponding increase in penetrating power, for
example, of a 5-meter telescope, it would be necessary to increase the diameter
of its mirror to ~ 13 m.

For practical use of the focusing effect, the following basic scheme for observing
very faint screened galaxies may be proposed. A galaxy is selected that satisfies
the conditions necessary for observing screened galaxies (1), and the total radi-
ation from ring-shaped regions of various radii (smaller than the radius of the
avoidance region (1)) surrounding the galaxy under consideration is measured.
In the absence of screened galaxies, the radiation from the ring-shaped regions
should decrease as the radius of the region increases. If, on the contrary, an
increase is observed in the radiation intensity from some ring-shaped region,
then, consequently, an axial or off-axis screened galaxy is located in that region.
The deflection of light rays in the gravitational fields of galaxies must be taken
into account when estimating the brightness of distant galaxies. As a result of
illumination by screened galaxies, the observed brightness of galaxies may ex-
ceed their actual brightness. If the angular distance between the ring from the
screened galaxy and the screening galaxy is smaller than the minimum angular
distance resolved by the given telescope, then both galaxies will be perceived
by the observer as merged. Thus, for example, if the absolute integral stellar
magnitude of the axial screened galaxy is —19™.0, and that of the screening
galaxy is —18™.0, then, taking the distances to the galaxies and their diameters
to be the same as in the preceding example, we find that the brightness of the
screening galaxy increases

in this case by 0.62 stellar magnitude. The indicated increase in the brightness
of galaxies should be taken into account beginning with distances determined
by expression (1) a, = r3/4a, where r, is the radius of the screening galaxy;
a = yM/c?; ~ is the gravitational constant; M is the mass of the screening
galaxy; c is the speed of light.

In determining distances to remote galaxies from the integral brightness of galax-
ies, the possible illumination by screened galaxies should be taken into account.

The curvature of the trajectory of light rays in the gravitational fields of galaxies
can be used to determine the masses of galaxies. It is known (!) that the
observation of screened galaxies is possible in the case when the distance to the
galaxies, the mass of the screening galaxy, and the angles of observation ¢ are
related by
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aay

where 6 is the angle at which the galaxy G; would be seen in the absence of
screening; a, is the distance from the observer to the screening galaxy; a, is the
distance between the screening and the screened galaxies; a = a; + a,.

If the screened galaxy is an axial galaxy, then from expression (3) it is easy to
find the mass of the screening galaxy

ayc25?

M=——
4ya,

When observing an off-axis screened galaxy,

aayc?6

dya,

M =

)

where § and §” are the angles at which the images of the off-axis screened galaxy
will be observed.

The distances to galaxies may be determined from radial velocity or by some
other method. § and 0" are found directly from observations.

The observation of screened galaxies will give astronomers a new method for
measuring distances to remote (screened) galaxies. Suppose that the space
surrounding us is homogeneous (Galilean) space. A violation of the homogeneity
of space will occur only in regions in which gravitational masses are located.
Since the path traversed by a ray of light from the screened galaxy to the
observer is large in comparison with the region in which the homogeneity of
space is violated, we may consider that the change in the direction of the light
ray occurs at one point. In this case the distance between the screened and
screening galaxies is written as

L
4o ’
a56 &’

a1=

Thus, in order to determine the distance to remote screened galaxies it is suf-
ficient to know the mass and the distance of the screening galaxy from the
observer.

The existing method for determining distances to remote galaxies from the inte-
gral brightness of galaxies requires knowledge of the absolute stellar magnitude
of the galaxies. Estimating the absolute magnitude of galaxies presents consid-
erable difficulties. These difficulties are due to the dispersion of the absolute
magnitudes of galaxies and to photometric “distance effects,” such as-
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--such as redshift and metagalactic absorption of light. Therefore, a large el-
ement of uncertainty arises in estimating the absolute magnitude of galaxies,
which is one of the sources of errors in determining distances to remote galax-
ies.

The proposed method of measuring distances is free from the indicated difficul-
ties, since in this case determining distances does not require knowledge of the
absolute magnitude of galaxies. This circumstance may be used to measure the
metagalactic absorption of light, to refine the form of the dependence of the
redshift on distance, and also to determine the luminosity function of galaxies.

To determine the metagalactic absorption of light, let us find from expression (2)
the “apparent” stellar magnitude of the screened galaxy m. Then we determine
the radius of the screened galaxy and its stellar surface-brightness magnitude

m, =m-+2,51g9,

where S is the area of the screened galaxy. It is known that m, is constant for
structurally similar galaxies. Comparing the values of m, for nearby galaxies
with the values of m, found for remote screened galaxies and studying the cor-
relation between the distance to galaxies and the surface brightness of galaxies,
one can estimate the magnitude of the metagalactic absorption of light.

In conclusion it should be noted that even qualitative observation of screened
galaxies will make it possible to obtain much new data on the structure of the
metagalaxy and its dimensions. Thus, for example, observation of axial screened
galaxies will make it possible to refine the scale of extragalactic distances. At
present three scales of extragalactic distances have been proposed: Hubble’ s
scale, the doubled Lundmark—Mineur—Baade scale, and Sandage’ s scale, which
exceeds Hubble’ s scale by a factor of 4-5.

Carrying out the calculations, one can show that the minimum distance from
which observation of axial screened galaxies is possible (without using the focus-
ing effect discussed above) is equal to 1,9 - 10° pc when observations are made
outside the Earth’ s atmosphere and 5,4-10° pc when observing under terrestrial
conditions (1).

If Hubble’ s distance scale is valid, the maximum distance accessible to a 5-
meter telescope, taking into account observational selection, is 1-10° pc. Conse-
quently, if Hubble’s scale is valid, axial screened galaxies should not be observed.
When axial screened galaxies are observed in telescopes installed on the Earth,
Sandage’ s scale must be valid; when observing only outside the Earth’ s atmo-
sphere, Baade’ s scale must be valid.
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