1. WX} p. 28, Prob. 2-11.

P(fx. fv) = G(fx. fy) XYcomb(X fx)comb(Y fy).

where we have used the similarity theorem and the fact that the Fourier transform of a comb
function 1s another comb function. Further simplification results from the following relation;

XYeomb( X fy)comb(Y fy) XY i i HXfy —nYfyr—m)

= X X dUx- = fr =),

where we have used the fact that §(az, by) = -Iu—lﬂ-ﬂ.r._ y). We have assumed in the above that
X>0.Y >0
{b) The Fourier transform of the given g(x, i) 1s found as follows:

Flglr, )} = l:i—};sinc (%fx) sine (I—;fy) \

where the similarity theorem has been used. The figure below shows sketches of g{z,0) and
plx, ) in this case.
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2. WX} p. 29, Prob. 2-13.

2-13. The object [7,(x, y) has a band-unlimited spectrum, while the transfer function H( fy, fy') of the
system is bandlimited to the region | fx| < By, |fy| < By. Because of the bandlimitation on H, it is
possible to write

H(fx. fy) = H(fx, fy)rect (z’fé{x) rect (;Tvy) '

Since the imaging system is both linear and invariant, the image and object spectra, 5; and (7, respec-
tively, can be related by

Gl ) = H(Fx. ) Gol i ) = Hfx. ) [rct (g ) et (55 Gt ).

From this equation we can see directly that the output spectrum can be viewed as resulting from the
application of a new fictitious object with spectrum

Golfx. fy) = rect (?gv ) rect (9'2 ) Golfx. fr).
In the space domain, the relation between the fictitious object and the actual object is

Uz, vl Uz, y) ® ABx Bysine(2 By r)sinc(2Byy)

4By By / / Usl€, ) sinc [2Bx (x — £)] sine [2By (y — n)] dédn.

Since [7) is bandlimited, it can be reconstructed from samples taken at the Nyquist rate, i.e. samples
taken at coordinates 2, = sp—. ¥m = 35, The sampled object which will yield [ after low pass
filtering 15 given by

Ulz.y) = cumh{EBx:I:]lcumh{EByy]IU;{:l:,y]l
- 5 Y () (o)
= = '38_}{.1.' E'EyJ 98\ 2By

Substituting the expression derived above for [7),
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[ f/f,u{x y)sinc(n — 28 x &) sinc(m — 2Byn) dfdn
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This array of point sources will vield the same image as the original object [7,(x, y).



3. WX} p. 61, Prob. 3-5.

3-5. Using Eq. (3-63) we have the following:

{a) For a circular aperture of diameter o:

1 (349)-efe(3)

Using the similarity theorem for Fourier-Bessel transforms (Eq. (2-34)) and the Fourier-Bessel
transform pair of Eq. (2-35),
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(b) A circular opaque disk of diameter d can be modeled by the following amplitude transmittance
function:

2r
talz.y)=1—circ (F) .

From the lineanty theorem of Fourier analysis it follows that the angular spectrum of this structure
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