1. WX p. 168, Prob. 6-3.
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(a) The the fv-axisand fy-axis sectonsafﬂxGIanacleaIsqtmepupﬂarea]madi known to be
1dentical tnangle functions, droppmg linearly to zero at frequency 2, 42 from value unity
at the origin. Such a curve is included in part () of the figure. hMore mtmsh.ug 15 the case with
a central obscuration. We can calculate either the fy section or the fy- section, since they are
identical. Note that the total area of the obscured pupil is 4uw® — w? = 3w, which mmst be
used as a nommalizing factor for the autocomelation function. In calenlating the autocorrelation
fimetion of the pupil, we shift one version of the pupil n the - direction with respect to the other
version. As the shift takes place, the area of overlap drops from 31 with no shift, linearly fo
Juw? /2 at a shift of fp/2. With further shift, the curve changes slope, dropping linearly to value
w” at shift f,. Confimung shift results in no change of overlap until the shift is 3, /2, following
which the curve falls inearly to zero at 2f.. Part (a) of the figure shows the properly normalized

OTF that results.

(b Suppose that the width of the stop is 2w — 2. The total clear area of the pupil become 4u?

(2w — 2e)® = Bwe — 4¢? 2= Bwe. As the two pupils are shifted, the overlap area quickly drops
to 2{2w — e)e = dwe after a shift of . The overlap then continues to drop lmearly, but with a
challower slope, reaching vahie 4¢* for a shift of 2w — 2e. Continmed shifting results in a rapid
Linear rise m the overlap to a value of 2w« when the displacement is 2w — ¢, following which
it falls linearly to zero at displacement 2w, After proper normalization, the resulting OTF is as

shown in part () of the fimure.
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2. WX p. 170, Prob. 6-11.

The mtensity ransmittance 1s gven by
1 -
£, m) ;[l +m(2:j5)]
and the object has uniform. constant phase shift. To find the amplitude transmittance, we note

2 f
Ti£.7) = cos” [Err (E) E] .

talf,m) = V(.7 rua [2: (é) f}

mplying that
| ch

where # is a constant phase shift that will hereafter be dropped, and the absolute value signs are regquired
due to the fact that the amplitude ransmittance can not change sign if its phase 1= constant. It is clear
that for incoherent 1llumimation, the frequency of the vanations of object mtensity 1s f. For coherent
hmuination, we nmst use the fact that the fimdamental fraquency of the magnitde of a cosme 15 twice
the frequency of the cosine without absolute signs. Therefore the fimdamental frequency of amplitude
vaniations is f. The coherent cutoff frequency is f, = 33 = 5ty while the cutoff frequency i the
mecoherent case 1s 21, f—“ %.Tlnlsinthemhﬂem:asewemqmre
w
f —= m
while in the incoherent case we require
w
f= iVa
Thus the frequency f of the object can be twice as large in the incoherent case as it can be in the
coherent case.
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STED (Stimulated Emission Depletion Microscopy)
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