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I. Introduction:

The imaging properties of optical system with square pupils have received a
great deal of attention [1]. This is due to the fact that the square pupil design
stands out for another optical design like circular pupil in comparison best
performance and simplicity [2]. The present project deals with the theoretical
study of the intensity distribution within the image. In this work, a special
formula has been de derived called the point spread function (P.S.F.) by using
pupil function technique. The work contained here deals with the evaluation of
aberration free diffraction patterns. Finally some typical numerical results are
presented and discussed.

2. Mathematical Formulation:

Consider a spherical wave which emerges from a square aperture and
converges toward the focal plane. The complex amplitude at any point in the
image plane [3] is given by:

1 i
F(u,v):Xjjf(x,y)e'”(“-‘““ R el

where:
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(u, v) = entrance pupil coordinate.

(X, y) = exit pupil coordinate.

A = Area of exit pupil.

f(x, y) is the pupil function [4], which has the form:
f(x,y)=1(x,y)e"™ ™"

where t(X, y) is the real amplitude distribution across wave front. In most

cases this is uniform and is therefore put equal to unity.

k, the propagation constant, is 27w/A.

w (X, y) [1] is the wave aberration function

w2=w('x,y)=§ W AT st aiviessadd)

n=1
where w;, is the aberration function.
The spread function (distribution of illuminance in image plane due to point
source) G(u,v) is given by the squared modulus of the complex amplitude [5]
IS:

G (w¥) = N| [ [ £(x,y)e? ™ dxdy
y X
Put z=2ru , m= 2nv

11 ‘
.. G (z,m)= N| f ff(x,y)c‘(“’““” dx dy |

-1-1

N = normalizing constant.
When m = 0.

11 ,
G @=N| | [ B0 [* o vvnmmmimiinesrmsmmmmll)

-1-]
For a diffraction - limited system, where w(x, y)=0.

11
Gzy=N| | JeSBAFIF o o)

-1-1
The normalizing constant N is such that G(0)=I
11
1=N|[[ dxdy[

-1-1

228



JOURNAL OF COLLEGE OF EDUCATION -+ 2016 - NO.5
Substituting N in eq.(5), we obtain

~ 1 et 17X
G(2)= ——.J.je * dx dy |2
1677

111 2
G(z):%[jjcos(zx)dxdy] TR s D)

-1 <1

Now consider the same aberration-free system, this time having a longitudinal
focal shift w(x, y) = w, (x*+ y?). Following the procedures outlined for the un
aberated case, the intensity is therefore given by:

11 %
G(2)= 116{“ [ cos(27r-Wz(X2+Y2)+ZX)dXdy:} +

=] =1

11 2
{jj'sin(27t.w2(x2+y2)+zx)dxdy] } e eerannen (D)

-1-1

3. Numerical Results and Discussion:

24-point Gains quadrature has been used to evaluate the integral in eq. (6).
The result thus obtained for the normalized intensity are given in table 1. (Fig.
I) show how the integrity distribution in the diffraction pattern for square pupil
varies with the distance from image center (z).

A comparison between the intensity distribution for system having circular
pupil [5,6] and those obtained here from Fig. (1), we note that the radius of the
intensity distribution for square pupil is smaller than for circular pupil. Thus
the central peak of the intensity is sharper for the square than for the circular
pupil. Therefore, we conclude that the resolution of the square pupil should be
better than of the circular pupil.

The manner in which the P.S.F. of an ideal system having square pupil varies
with focal shift is illustrated in figures 2 (a), (b), (c), (d). Even as small an
amount of w; as 0.51 has an appreciable influence on the intensity distribution
[7]. On the focal plane (z = 0), the second term of the integral in eq. (7) has
vanish. Therefore the intensity on the focal plane is given by:

[11 “
G(@)- 1%{“ J cos(zn.wz<x2+y2”d"dy} ’

1-1

[} j sin (2w, (x? +y?))dx dyH.

=1.=1

229



JOURNAL OF COLLEGE OF EDUCATION -+ 2016 - NO.5

Figure (3) shows the variation of the central intensity with shift of focus.
Table 1: Intensity distribution for aberration free square aperture.
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0.1 0.997
0.2 0.987
0.3 0.97
0.4 0.918
0.5 0.919
0.6 0.886
0.7 0.847
0.8 0.804
0.9 0.758
1 0.708
1.1 0.656
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1.7 0.34
1.9 0.248
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Fig. (1): Variation of the intensity distribution for system having square aperture.
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Fig. (3): The axial intensity distribution for aberration — free system.
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4. Conclusion
We have derived a formalism to obtain a suitable expression for the

intensity distribution in the diffraction pattern due to an optical system that
uses a square pupil.

Examining the numerous graphical illustrations many in interesting
conclusions have been drawn. The system having square pupil have a higher
resolving power than the system contained circular pupil. It may be noted that,
for higher values of 2 there is no much variation of the intensity. The intensity
distribution diffraction pattern appears to be much effected by the defocus.
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