OPTI 505 TEST #2 SPRING 2008

1) (10 pts) The diffraction pattern below results from a A = 532 nm collimated laser beam
passing through a 1.0 mm diameter round hole. What is the distance between the aperture and the
plane of observation? State any assumptions that you make.
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OPTI 505 TEST #2 SPRING 2008

2.) (15 pts) Describe the three free-space point spread function (fsPSF) techniques, when it is
appropriate to use them, and any limitations implied in their use.

Acsume Plane -te - plane pro pdCﬁ@A\(mf\ )
I} l—(wj (ens - '
/\(V‘ P) _ m)l )/ e] [ﬂ&\’t&n (/(%‘5]
€y .21_”,‘6'2 Z' B .
T’/\?s -/; FSE  can be oued c,/?/cc H7 ou[ ter T‘u
CLVQ‘\"&\H\Q &\r\i Fheoawheult CL/( c')"( +ha @b&e(\fd\{m‘q

SFQ(‘G- TAQI’LQ e~ NO C‘(ﬂ//bk(\d\/\of‘f\é}m’g od
[ro Fatioes ﬂgSoc(‘q\(e.Q/ coctH  Fs wle |

2) Feecmel = pubobic wsesebets

. . VAR 4 . u\. _
W) -3 0 o) B )
,RY= "4 o . |
e AL ]
2
Thie fePSE is stretly use

von 350 [ (597 L

L%C\" in jS\o\cjftt'@fé (N be OUQQ’ o M“\L(\ ,
(_\OSE(‘ 46&‘(‘CLV\LG5 Q{b\t_ *(-o T‘/\Q Pd\:‘\CIP(E D+
é'(’UL }OO\O\J U) ?mﬁﬁ & o
\\ L _ P(a'w@,[‘ wuu&_\Q,J{s P
5) Frocwn hete ¢ . j‘ézc ‘)z%(‘(bz"‘(ﬁz) _ )zlg(’(b‘(»"‘f"‘{ls
hiph="Le e €.

\[% [ on (7 il ea

5“rr‘<c£\4\'\ usewlu( When 2,77 '(ZCQ(’(‘Z*%)M&K‘

Alse cuan ég‘éz\maﬁe (u@é/. Jistan ce éu/

2




OPTI 505 TEST #2 SPRING 2008

3.) (20 pts.) The square aperture below is placed in an otherwise opaque screen. The aperture is
divided into four equal-area squares, where the amplitude transmission of each square is
shown. The width of each square is 0.5 mm. (The shading represents part of the opaque

_ screen.) What is the value of the Fraunhofer pattern at (x, , y,) = (0,0) and a distance of 2
m if the aperture is illuminated with a collimated, on axis plane wave of amplitude A with
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OPTI 505 TEST #2 SPRING 2008

4.) A Fresnel zone plate with primary focal length 200mm and diameter 10mm is illuminated
with a collimated, on-axis A= 500 nm laser beam and an irradiance of 1W/cm’. The even
Fresnel zones in the plate are blocked in order to make the lens.

a.) (5 pts.) What is the width of the outmost Fresnel zone?
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An opaque mask is placed over ¥2 of the zone plate, as shown below.

Fresnel zone plate

Opaque mask

b.) (5 pts.) What is the on-axis irradiance at the primary focus?
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c.) (5 pts.) What is the location of the +3" order focus?
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d.) (5 pts.) What is the on-axis irradiance at the +3" order focus?
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5.) A grating with amplitude transmittance t(x) = 0.5 + 0.5cos(2n€ x) is illuminated by an on-
axis monochromatic plane wave with A = 500 nm. The grating is imaged with a simple
lens as shown below, where f = 50 mm. The diameter of the stop is 2 mm. You may
assume that the illuminated portion of the grating is very large with respect to the period
of the grating. State any other assumptions that you make.
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a.) (5 pts.) Calculate the angular spectrum of the light transmitted through the
grating.
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b.) (5 pts.) How many plane waves are contained in the angular spectrum of part

(a)?

c.) (5 pts.) Derive an expression for the base Talbot distance between the grating
and the lens in terms of the grating frequency &o. OC—"
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OPTI 505 TEST #2 SPRING 2008

5.) (Continued)

d.) (5 pts.) For & = 20000 m’}, sketch an irradiance profile along the x axis in the
back focal plane of the lens, indicating the locations and approximate
separations of the diffraction orders. You may assume that the diffraction
orders are separated far enough so as not to interfere with each other. You
may normalize irradiance.
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e.) (5 pts.) Plot the contrast (visibility) of the grating image as a function of &.
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f.) (5 pts.) What is the cutoff spatial frequency &c, where no contrast is observed
in the image? iJhoof 'S < P /‘c(cﬂd e
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