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Abstract

This paper present studying the effect of gravitational lensing on magnification factor and the
location of image for distant object (quasar).We assume the lens to be point mass lens. The
cosmological parameters are represent by mathematical equations and programmed by mat lab
language to compute these parameters .The results show the mass lens a great effect on the image
position magnification and agreement with other models.

Introductions

The deflection of light by massive bodies,
and the phenomena, resulting there form, are
now referred to as Gravitational Lensing. It is an
important astrophysical tool because it directly
probes mass distribution and it brightens the
images of distant sources. The necessary parts of
a Gravitational Lens are
1. A luminous object called the source (S).

2. A massive object called the lens (L).

When light from the background source
passes by the foreground lens, it will be defected
and sometimes magnified. These effects result in
an object which appears to be a different shape
or brighter than it would ordinary appear (1).
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Fig.(1) : If the source, lens and the observer
located on the same optical axis, the image
seen as a (ring) which called (Einstein ring).

Lensing geometry and lens equation
The geometry of a typical gravitational lens
system is shown in Fig. (1).
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A light ray from a source S is deflected by the

N
angle o at the lens and reaches an observer O.

The angle between the (arbitrarily chosen) optic
axis and the true source position is B, and the
angle between the optic axis and the image | is
0. The (angular diameter) distances between
observer and lens, lens and source, and observer
and source are D, Dis, and Ds, respectively.
The angular separations of the source and the
image from the optic axis as seen by the
observer are  and 6, respectively. The actual

deflection angle a is related as follow [2]:

The position of the source and the image are
related through the simple equation

The above equation is called the lens
equation, It is nonlinear in the general case, and
so it is possible to have multiple images 0
corresponding to a single source position B.[3]

Einsten Radius
For a point mass lens M the lens equation is

given by
g Dy 4GM (6)
DD, C%
For a special case in which the source lies
exactly behind the lens (8 =0), due to the




symmetry a ring-like image occurs whose
angular radius is called Einstein radius 6g : [4]
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Where G=6.67*10"-8
dyne.cm.g”-2
and ¢c=3*10"10 cm/s

Image positions and magnifications
The lens equation (2) can be re-formulated in
the case of a single point lens [4]:

in this paper we will assume that the source
position is one half the Einstein radius

Solving this for the image positions 6 one
finds that an isolated point source always
produces two images of a background source. .
Any source is imaged twice by appoint mass
lens. The two images are on either side of the
source, with one image inside the Einstein rings
and the other outside, as the source moves away

from the lens (i.e. as S increases), one of the
images approaches the lens and becomes very
faint, while the other image approaches closer
and closer to the true position f the source and
ends towards a magnification of unity as the
Fig. (2).The positions of the images are given by
the two solutions [5]
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Fig.(2): (A) The gravitational lensing system
Q0957+561 as observed with Hubble
Space Telescope in the H band. The
two quasar images A and B are seen
through the lensing galaxy.

(B) The gravitational lensing
system Q2237+0305 four images
are seeing through the lensing
spiral galaxy. These pictures
were made available online by
the CASTLES Survey [6].

The magnification of an image is defined by
the ratio between the solid angles of the image
and the source, since the surface brightness is
conserved. For circularity symmetric lens, the
magnification factor y is given by[7]:

_9 déo
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In the symmetric case above, the magnification
of the images is given by the ratio of the surface
elements as in the last equation (by using the
lens equation). For a point mass lens, which is a
special case of circularity system lens, we can
substitute for S using lens equation (2) to

obtain the magnification factor of two
images.[8]
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Results and discussion

1- Table (1) Show the results of location of
image source, and magnification factories for
different values of lens mass (M).

2- Table (2) Show the result of images position
of the source using different value of angular
diameter distance of source Ds.
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3- Table (3) Shown in the result of images
position of the source using different value of
angular diameter distance of lens D,.

4- Fig (1-a) illustrates the relation between the
lens mass (M) and image of position
(64, ©2).

5. Fig (1-b): illustrates the relation between the
lens mass (M) and magnification factor

6. Fig (2-a): illustrates the relation of angular
diameter distance of the source Dsand image
position (01, ©2) with M=5*10"45gm and
D =1500cm.

7. Fig (2-b): illustrates the relation of different
values of angular diameter distance of the
source Ds and the magnification factor with
M=5*10"45gm and D =1500 Mpc.

8. Fig (3-a): show the relation between different
values of angular diameter distance of the
lens D_ and magnification factor with
M=5*10"45gm and Ds=2000 Mpc.

9. Fig (3-b) show the relation between different
values of angular diameter distance of the
lens D and image position (61,06,) with
M=5*10"45gm and Ds=2000 Mpc.

From the results any source is imaged twice
by a point mass lens, the two images are on
either side of the source. Further, we obtained
two values of magnification, first is negative this
means is very faint and located inside the
Einstein rings and other values is positive and it
is very clear and located outside the Einstein
rings. Finally the magnification factor depends
strongly on the mass lens .
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Table (1)
A analytical study for the image magnification and image location for values of lens mass

Ds(Mpc) 0,
3500 8.9E-14
4000 6.43E-14
5000 5.6E-14
10000 2.6E-14
15000 1.66E-14

25000 9.8E-15
50000 4.8E-15
100000 2.4E-15
200000 9.3E-16
250000 9.5E-16
500000 4.7E-16

10*1076 2.4E-17

15*10"6 1.6E-17

25*10"6 9.5E-18

5*1017 4.7E-18

10*1077 2.36E-18
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Fig(1) a)The relation between lens mass and the image positions of source.
b) The relation between lens mass and Magnification factor.
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Table (2)
A analytical study for the image location of the source using different values of angular diameter
distance of source DS
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-2.9E-14

4.80E-14

-4.11E-14

6.70E-14

-5.04E-14

8.27E-14

-5.8E-14

9.50E-14
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1.06E-13

-71.1E-14
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Fig (2):a) The relation between the angular diameter distance of source Ds and image position
b) The relation between the angular diameter distance of source Ds and Magnification factor.
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Table (3)
A analytical study for the image location of the source using different values of angular
diameter distance of lens D

DL(M pC) 01 (s })
3500 -6.60E-30 1.07E-29
4000 -5.80E-30 9.50E-30
5000 -4.80E-30 7.90E-30

10000 -4.60E-30 7.60E-30
15000 -4.50E-30 7.40E-30
25000 -4.40E-30 7.20E-30
100000 -4.30E-30 7.10E-30
200000 -4.30E-30 7.09E-30
250000 -4.30E-30 7.08E-30
500000 -4.30E-30 7.07E-30

10*10"6 -4.30E-30 7.06E-30

15*10"6 -4.30E-30 7.06E-30

25*10"6 -4.30E-30 7.06E-30

5*10"7 -4.30E-30 7.06E-30

10*1077 -4.30E-30 7.06E-30
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Fig (3):a) The relation between the angular diameter distance of lens D, and Magnification factor.
b) The relation between the angular diameter distance of lens D, and image position
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