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Abstract

In this work, optical system with elliptical aperture using point spread function was
studied. This is due to its comparison with an optical system with a circular aperture.
The present work deals with the theoretical study of intensity distribution within the image.
In this work, a special formula was derived which is called the point spread function
(PSF) by using a pupil function technique. The work deals with the limited optical system
diffraction only (ideal system), and the system with focal shift. Also a graphic relation
was founded between eccentricity and the best of focal depth given to at least (80%) of
intensity.

Theory

The complex amplitude at any point in the image plane [1] is given by:
_ 1 P27 (ux+vy)
F(u,v)= Z!!f(x,y)e Pdxdy ...(1)

Where

(u,v)= image plane coordinates

(x,y )= xit pupil coordinates

A= exit pupil area

f(x,y) is the pupil function [2], which has the form:

f(x,p)=1(x, ).

7(x, y) Is the real amplitude distribution across wave front which is equal to unity in most
cases. (k) The wave number and equals to (27/4).

w(x, y) is wave aberration function [3]:

w(x, p) =3 w,, (x*+ %) .(2)

Point spread function (distribution of illuminance in image plane due to p oint source)
G(u,v) is given by the squared modulus of complex amplitude [4]whichis:

Gu,v)= |F(u,v)|2

2

Guv) =[] £x, y)e ) ddy
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We have asymmetrical intensity distribution in image plane, so we can cancel one of the
image plane coordinates (v = 0):
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G(z) = N‘” fxy)e=dxdy| .4

y x

(z) is a disp lacement coordinate which equals to (z=2mu)
N is a normalizing constant, where G (0) =1
The pupil function condition using elliptical aperture equation [shown in fig(1)]

— az b2 5
f('x’y) x2 2 ..( )
0 —2+y—2>1
a

Where A= 7, and ellipse area (A=abm), so (ab=1)
Substitute eq (5) into eq (4):

y=b x:a—/]—azyz .
G(z)=N|] [ 7 (x.p).e™ dray
y=’bx:—am
y=b x=a«'17a2y2 2

G =N|[ [e= ady| (6
F‘b.m—am

for a diffraction — limited system (aberration free sy stem ), where w(x,y )=0

2
y=b x:a-‘ll 7a2y2

GO)=1=N|[ [ aa| .7
y=—b )Ffa‘Jlfa_zyz
When we solve equation [7] by (Gauss quadrrature method):
ol
Vs

We substitute N into eq (6):

1 y=b x=a 1’17112)/2 :
G(z2)=— J. J.eizx dxdy
T

J’:*bxzfa-"lfazy2

G@)=—| | [leos@)+isin(z0)] dxdy| —..(8)
T

_F_b X=— a«Jl 7a2y2

The term (isin (zx)) into eq (8) was canceled because (sin) is odd function.

1 y=b x:a1/l—a2y2
G@)=—| [ [eos(zx) dxdy (9
T

y==b x:—aa,,l —a’y?
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The equation (9) refers to ideal sy stem (free aberration sy stem).
Now consider having a lon gitudinal focal shift (aberrated sy stem):

w(x, y) =w, (x> +y?)

Following the same procedures; the intensity is given by:

2 2

1 y=b x:a\ll—azyz 5 9 y=b x:asll—a 2y2 2 2

G(z) = —- I i cos[zx 42y (x“+y7)] dxdy | H | | sin[zx+ 272w, (x“+y <)) dxdy (9
y==b, 4 ‘Il—azyz y==b, 4 Jl—azy2

T

Results and Discussion

Twenty point Gauss quadrature were used [5] to evaluate the integral in eq (8). The
results thus obtained for the normalized intensity are given in table (1), it shows the available
values of parameter (a) [consider area of aperture (A) which always equals to (m)] and
asymmetric intensity distribution for it, when (a=1) (circular aperture) and (1.5 , 2 , 2.5) for
elliptical aperture.
Fig (2) shows how the diffraction pattern for a circular aperture varies with a pattern of
elliptical aperture, so that the radius of the intensity distribution for elliptical aperture is
smaller than for a circular aperture. Thus the central peak of the intensity is sharper for
elliptical aperture, so the resolution of the elliptical aperture should be better than of the
circular aperture.
Fig. (3) shows the focal shift for a circular aperture which varies with an elliptical aperture,
that the depth of focus for a circular aperture is better than for the elliptical aperture.
Finally; fig (4) shows the relationship between eccentricity (e) for ellipse aperture and the best
of focal depth which gives (80%) of intensity, that the tolerance of focal shift was better when
decrease aperture flatting (approaches to a circular aperture), that means the eccentricity
approaches to zero

References

1 .Horitz, P. (1976).Appl. Opt. 15:167-171

2.Barakat, R. (1998). Opt. Commun. 156 (4):235-239

3 Kinter, E.C. J. Modern. (1999). Opt. 46:1031-1042

4.Refrgier, A. ; Mcmahon, R.G. and Helfand, D.J. (2000) J.Opt. Soc. Am. 17:1185-1191
5.Al-Jizany, A.B. (2001) M sc. Thesis (Baghdad University).



2009 (4) 22 il L)y Apal) aglall afigl) cl Alaa
Alalll) LAY Ay aladiuly 4y gday Aah g giad 4 pay daliie A

o as 4 Al Gua Ly sdle

duDAL

Aapa Gl ¢ 8)seall (i A 520wyl Ayl Ay ae ) s Jalaty o Agyila Aai (63 Ay peay G sl
Aldaill) Lo agally sanae dypeay dashie oo dhagd lalad ¢ 3%l 00 A Alaaiuly dypunpll Aanill Luals
C ok a5 daghieg ¢ ()

CaaY) Jale dayys dply ABle Caag lgtes o daidd mhlsi i Alb sa dygagl) damdll (g5 el DAY )
IR e sall e (80%) axs ) g ysd Uadd dalansy (€) @3Sl



IBN AL- HAITHAM J. FOR PURE & APPL. SCI

VOL22 (4) 2009

Table (1): Intensity distribution in a circular and elliptical aperture (PSF)

V4 a=1(circle) a=1.5 a=2 a=2.5
-10 0.0000768 | 0.000752 | 0.000046 | 0.000097
-9 0.0029791 | 0.000032 | 0.000432 | 0.000015
-8 0.0034486 | 0.001381 [ 0.00013 [ 0.000046
-7 0.0000016 | 0.000223 | 0.000366 [ 0.000345
-6 0.0084941 | 0.002979 | 0.001381 | 0.000752
-5 0.0171527 | 0.001306 | 0.000076 [ 0.000697
-4 0.0010863 | 0.008494 | 0.003449 | 0.000076
-3 0.0511216 | 0.010533 | 0.008494 | 0.001306
-2 0.3326821 | 0.051122 | 0.001086  0.017153
-1 0.7746855 | 0.553501 | 0.332682 | 0.158195
0 1.0001215 | 1.000122 | 1.000122 [ 1.000122
1 0.7746855 | 0.553501 | 0.332682 | 0.158195
2 0.3326821 | 0.051122 | 0.001086 [ 0.017153
3 0.0511216 | 0.010533 | 0.008494 | 0.001306
4 0.0010863 | 0.008494 | 0.003449 | 0.000076
5 0.0171527 | 0.001306 | 0.000076 | 0.000697
6 0.0084941 | 0.002979 | 0.001381 | 0.000752
7 0.0000016 | 0.000223 | 0.000366 | 0.000345
8 0.0034486 | 0.001381 | 0.00013 [ 0.000046
9 0.0029791 | 0.000032 | 0.000432 | 0.000015
10 0.0000768 | 0.000752 | 0.000046 | 0.000097

Table (2): Axial intensity for circular and elliptical aperture

w20 | a=l(circle) | a=1.5 a=2 a=2.5
0 1.000122 | 1.000122 | 1.000122 | 1.000122
0.2 0.875232 ] 0.636018 | 0.255324 | 0.161672
0.4 0.572814 | 0.200478 | 0.137527 | 0.085907
0.6 0.254552 ] 0.125858 | 0.083003 | 0.05337
0.8 0.054673 | 0.080299 | 0.054111 | 0.036835
1 0 0.042107 | 0.039839 | 0.030017
1.2 0.024324 ] 0.029903 | 0.030451 | 0.059813
1.4 0.046765 | 0.013408 | 0.032086 | 0.064329
1.6 0.035791 | 0.009179 | 0.021195 | 0.051075
1.8 0.010794 ] 0.004254 | 0.009275 | 0.002354
2 0 0.00365 | 0.032252 | 0.001014
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Fig.(1): Elliptical aperture

Fig. (2): Intensity distribution in a circular and elliptical aperture (PSF)
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Fig. (3): Axial intensity for a circular and elliptical aperture

1.2

1

T 0.8

T 0.6

+0.4

T 0.2

w20

+—t t t +—t +—t—t t +—t—t t +—t— 0
0.27 026 025 0.24 019 0.13 0.11 01 0.07 0.04

Fig. (4): Relationship between eccentricity (e) and the best focal depth which
gives (80%) of intensity



