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or, equivalently, 

Zn - S1 
n = N. 

S2 - S1 

(All) 

(A12) 

To provide the illumination that is consistent with inten
sity dropping naturally at larger object distances, the lens 
is separated into N rings with the area of the nth ring, 
an , inversely proportional to the object distance z" 
squared, i.e., ( 1/z n)2

. The rays from point S refracted by 
the nth ring of the lens converge to point P at the image 
plane. Hence, by Eq. (All), one can show that 

(A13) 

where c is a constant. 
From Eq. (A12), the total area within the nth ring is 

given by 
[(x.-s1)/(s2-s1)JN 

'TTrn
2 = C L [s1 + (s2 - S1)n!Nr2

, 
n = l 

(A14) 

and the total area of the lens is 
N 

'TT(R2 
-

oR2) = CL [s1 + (s2 - S1)n!Nr2
• 

n = l 

(A15) 
Combining Eqs. (A14) and (A15) to eliminate c, we have 

r,.

2 
= (R2 

[(xn -s 1)f(s2-s1)]N 
L [s1 + (s2 - s1)n/N]-2 

- oR2)---
N
.,.,...-----------

L [s1 + (s2 - S1)n/Nr2 

n =l 

(A16) 

Since the focal length varies continuously, we can obtain 
an integral form of Eq. (A16) by defining g = n/N. One 
can readily find the following form: 

f 
(s-s1)f(s2-•1) 

0 
[s1 + (s2 - s1)t]-2dg 

r
0

2 
= (R2 

- oR 2)------------

fo
1 

[s1 + (Sz - S1)tr2dg 

(A17) 
Integration of Eq. (Al 7) yields the final expression for the 
/30 lens, as follows: 

Vol. 20, No. 12/December 2003/J. Opt. Soc. Am. A 2273 

S1S2(R2 - 8R2) 
s =

Sz(R2 - oR2 ) - (s2 - S 1)r2 ' 
8R,,;;; r,,;;; R. 

(Al8) 

Expression (A18) is the relation between object distance 
and the best focal ring of the lens if we want to make the 
on-axis point-spread function intensity decrease inversely 
proportional to the object distance squared. Note that in 
this ray-optics derivation, we did not consider the effect of 
inclination angles for rays from rings of different radius. 
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