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L etters to the E ditor

E ffect of the interlens distance on the com plex am plitude distribution of the

coherent field™*

Institute of Physics, Technical University of W roclaw, W roclaw, Poland

Thesubjectofconsideration in [1]was the realizability of Fourier transform in the realtwo-lens system and
the com parison of the respective Fourier spectrum to that obtained by an analogical system com posed of

tw o infinitesim aly thin lenses. The remarks concern the influence of the interlens distance on the field distri-

bution in the output plane of the system (plane H "i, in fig. 1).
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Fig. 1.Principalplanes M 2, M2 oftwo lenses ofthe system distantby z with respectto each other

Consider (analogically as it was the case in [1,2]) an optical system com posed of two lenses of focal
lengthsftand /2, respectively; the interlens distance being z. Figure 1 show s the pricinpal planes ofthe first
and second lens ofthe system . UO(xo,J%)and Uq(x0,y0) are the respective com plex am plitudes of the field
in the object and image principal planes of the firstlens, while U (x,y) and U '(x,y) are the com plex am pli-
tudes in the object and image principal planes of the second lens.

Ifthe coherentplane wave enters the exam ined system parallely to its optical axis, then, for the com plex
am plitude distribution UO0(x0,y 0) in the object principal plane of the first lens, the field distribution in the

image principal plane of the second lens has the form

UxLy) — exple (T-;(r ) G:H X \]\] U, (x. ,y0)exp
iz

X exp |- i — (x0x + yoy)l dx0dyo . (1)
>]

Consider the following cases:

i) z = ft. The image focal plane of the first lens covers the object principal plane of the second lens.
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Then, the expression (1) takes the form

CXP[ 4 (~ -~ ) (* 2+H 00 \ k

U\x,y) = 2 s U(X7n exe J~ ¢ o+ voo; dx0dy0 (2)

Thus, we see that the com plex am plitude distribution of the field in the im age principal plane of the second

lensis directly proportionalto the Fourier transform ofthe signal UO(.. ,yo)in the system input. Ifthe focal

length ft is changed so thatthe condition z — fxis preserved, the scale ofthe spectrum is changed inaccor-

dance with the formula

2n In
m* = M xa' = M y <3>
i) z = f2.The object focal plane ofthe second lens covers the image principal plane of the first lens

The field distribution in the exitplane ofthe system is proportionalto the Fourier transform ofthe modified

complex am plitude at the input of the system

X o] lc \ \ Ic

U \x,y) = UO(xo,Jo)exp [,y - y -3 (*0+ ~ )] exP |y * dx0dyo0

(>

The optical system realizing the am plitude distribution defined by expression (4) is, thus, equivalent

to the system oftwo lenses, one ofwhich ofthe opticalpower (I//i— 1//2), being located in the object focal

plane of the second lens of the focal length f2 (fig. 2). This means that the system of two lenses of focal

lengths f[ = —/1/2/C/1—/2) and/2, respectively, and distant by f2 from each another may be replaced by

an equivalent system oftwo lenses of focallengths/l and/2 distant by f2 from each other. However, the

difference in the operation ofthese tw o system sconsists in the factthatin one ofthem thecomplex am plitude

distribution is described by the expression (4) and occurs at the distance twice as long (with respect to the

input signal) as that in the second case. If the focallength f2 fulfils the condition f i > /2, the lens of focal

length f[ is of negative power while for fx < f2 the same lens (//) is positive

Fig.2.System o f thin lenses equivalentto the system o flenses of focallengths/l and/2 and distantby z = f2 with respect to each
other

i z = /1 = /2 = /. The image principal plane of the first lens covers the object focal plane of the
second lens, while the object principal plane of the second lens covers the image focal plane of the first

lens. The field am plitude distribution at the output of the system represents then the Fourier transform of

the com plex am plitude distribution at the input

AN

U'(x,y)= -L j j uvuo(xo,yo0)exp [ -1 y t o +yo>o0j dx0dyo. (5a)



Letters to the Editor 615

Thus, if/0 is the focal length of an infinitesimaly thin lens of the sam e curvaturesand the refractive index
as those of the thick lenses considered in [2] and [3], the system of which realizes the com plex am plitude

distribution (5a), then we obtain

oo

ut(x,y) = f f Uo(xo,yo)exp ['/ (1“ N (*0*+.VO>Ojdxodyo, (5b)

ifdfol

nR|R2

iv) z = fo,and/i = /2.The principal planes of the lenses of the system do not cover the respec-
tive focal planes of the lenses, since the distance between the object principal plane of the second lens and
theimage principalplane ofthe firstlensisequalto the focallength ofthe thin lens. The com plex am plitude

at the output of the system is then proportional to the Fourier transform of the modified input signal [3]

0o
U \x ,y) = /I f UO0(xo, .vejexp | [ — (*§5+:823
ilb A
exp | — (xox+yoy) 1 dx0dyoO. (6)

The above distribution illustrates the influence ofthe lens thicknesses on thecom plex am plitudedistribution

at the output of this system . The Fourier transform of the function

may be realized also with the help of two lenses of focal lengths —fa and fO0, respectively, and located at
the distance offO0 from one another (fig. 3). Thus, if the lens of focallength —fj is placed close before the
objectfocalplane ofthelens offocallength fO then the field distribution described by the Fourier transform
(6) occurs in the image focal plane of the lens C/o) under assum ption that the com plex am plitude at the

system input is UO0(x0fyo0)

Fig.3. O ptical system realizing the com plex amplitude distribution proportional to the Fourier transform of the function

Final conclusions

The field distribution realized in a two-lens system of fixed construction param etersofthelensesdepends on
the distance between the lenses of the system . In the particular case, when the distance between the internal
principal planes ofthe lenses ofthe system is equalto the focallength ofthe firstlensthe Fourier transform

of the input signal is realized by the field distribution at the output of the system
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