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In this appendix we will derive one of the most important results of the 
theory of coherent optics, which deals with the transformation of a coherent 
monochromatic field by a lens. A special case of this derivation was stated 
as Equation (17.10-3).

Consider the propagation of an optical beam 

from an "input" plane z = 0 through a lens at z and then to the back focal 
"output" plane at z + f as shown in Figure E-1. u(x) is thus the complex 
amplitude of the field, and f is the focal length of the lens.

We use Equation (4.9-2) to transform the input beam at z = 0 to the 
plane 1.
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Figure E-1 A lens at z transforms an "input" beam u(x, y) at z = 0 to an "output" 
at z + f. The lens plane is designated as ∑1 and assumed infinite in its transverse 
dimensions so that truncation effects are neglected.

In (E-2) and the rest of this appendix, s.y. stands for "similar terms with x 
→ y." As an example [(x1 - x)2 + s.y.] ≡ [(x1 - x)2 + (y1 - y)2]. Relation 
(E-3), which results from using the approximate form of (E-2), is called the 
Kirchhoff diffraction integral. The approximation is valid when the neglected 
terms in (E-2) multiplied by k( = 2π/λ) are small compared to 2π. The field 
at plane Σ2 is obtained by multiplying the field at u1 at 1 by the lens transfer 
function (2.3-1)

(E-4)

Next we apply (E-3) again to "propagate" from plane 2 to 3

(E-5)

We rearrange the sum of all of the terms in the exponents of (E-5). The 
result is
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Changing the order of integration, we rewrite (E-5) as

(E-6)

Considering the apertures Σ0, Σ2 as infinite and using the definite integral 

the integral over Σ2 is equal to -i2πz/k so that recalling that kλ = 2π, 
(E-6) becomes

(E-7)

Recalling the definition (17.10-1) of the Fourier transform, we can rewrite 
(E-7) as

(E-8)

F{u(x, y)} is the double (x, y) Fourier transform of u(x, y) and is a function 
of the variables p and q. An especially simple form results if the plane Σ0 
is the front focal plane, i.e., z = f. In this case

(E-9)

The output field u3(x3, y3, 2f ) is thus the (scaled) Fourier transform of 
the input field u(x, y). Equation (E-9) was stated in the book as Equation 
(17.10-3).




