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1.) A polarized plane wave illuminates a mirror, as shown below. The angle of incidence on the

mirror is 45°. Parameters of the problem include:

1 (1 state of
\/f or E ; incident plane wave

Parameter | Value Description Units
El k.2 wave vector m’
k, 21/, wave vector amplitude m"
X 550e-9 free-space wavelength m
i y-2 surface normal unit vector | -

J2
n, 1 refractive index of air -
N, . 1+6.6j complex refractive index | -

of the mirror

4 £+ jp polarization for | -

/\T:i/
|/ m

dringe plomes

irror

y

a.) (2.5 pts) Determine the orientation of the wave reflected from the mirror.
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b.) (3 pts) Determine the state of polarization of the reflected beam using the convention

found from the “Chapter 3 - Polarization Convention for ps and TR Jones Matrices”
link on the 505R class web site. Express your answer as a Jones vector with respect

to the xy coordinates of the reflected beam. T = M T
y #ﬂ.a{ \Z) z !
{ USel Cowpifer progicm a e
= ~0.9467 - 0.2, T - (— 0.670%- O.1414 ¢ )
r,= -08co - 0.33%4¢ — 6.2683+ 0:6082C
. [ s ° —_ Y A 25~ 0. 1480L
M= (o«rfj ‘Jz/lJ;_\ - (0'70 .
~0.2509 +0. £36%¢
/
{

-
~

c.) (2.5pts) Write the answer for part (b) in terms of unit vector d, of the reflected

beam. That is, the y component of part (b) becomes the —z component of the new
vector, and the x component remains the same. Be sure to normalize the unit vector.

&, = (-paoes-anfx )x « 0 §=(~0.280% rogeti)2

d.) (5Spts) Find the reduction in visibility due to polarization of the resulting fringe
pattern by taking the absolute value of the dot product of 4, and 4, . [Remember that

&\ - 1 )/(\ the dot (or scalar) product for complex vectors is defined as
2 d, ¢4, = aj,a, +a,a,, +a,a,, , where the asterisk (*) denotes complex conjugate.
+y D Note: This calculation is a little different than the way I used the dot product on
vy ‘] slides 4A-10 and 4A-11. It is more mathematically correct here.]
4 A M\ /- . o
sof & &) (oams - os0C ) t 0¥

= O,’. Sfe‘%z'

e.) (2.5pts) Determine the orientation of the fringe pattern with respect to the mirror
surface. Draw the fringes on the figure above in their correct orientation.

” o mivter sartoce

f.) (2.5pts) What is the minimum spacing of the fringes?

P
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thetai=45*pi/180;
Nt=1+6.63;

Ni=1;
Jl=1/sqrt(2)*[1;3];

thetat=asin (Ni/Nt*sin(thetai));

rg = (Ni*cos(thetai)-Nt*cos(thetat))/ (Ni*cos(thetail) +Nt*cos (thetat))
rp = (-Nt*cos(thetai)+Ni*cos(thetat))/ (Nt*cos (thetail) +Ni*cos (thetat))
disp(['rs = ' num2str(rs) ' Rs = ' num2str{abs(rs).”*2)])

disp(['rp = ' num2str(rp) ' Rp = ' num2str(abs(rp).”*2)1)

M=[rs 0;0 -rpl;

J2=M*J1

J2 _norm= J2./sqgrt (sum(abs(J2).%2));

disp(['magnitude of J2(2): ' num2str(abs(J2 norm(2))) ' angle of J2(2)/pi:
(J2_norm(2))/pi) 1)

disp(['Reflected power = ' num2str(sum{abs(J2).%2))]1)

J2_3D = [J2_norm(l) 0 -J2 norm(2)];

J1l_3D [J1(1) J1(2) 0];

abs_dot procduct

abs (dot (J2_3D,J1_3D})

' num2str (angle¥
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2.) The fringe pattern of problem (1) is observed as the mirror is moved along the +z direction.

a.) (5 pts) Do the fringes move relative to the global coordinates (xyz)? - 7 es.

b.) (Spts) Do the fringes move relative to the mirror surface? ‘7) 9

y Fo [ative T+
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3.) Define the following terms mathematically and describe how the terms are used to determine
properties of a light field.

2.) (2.5 pts) PSF of free space % /g}_ )= /_ % ‘. ;L'; | ) !
’ 4]

%[’f,lb,) /fs 5&6‘60/ Cal"‘///l. Coﬁe/‘m'f‘ /f b ﬂfﬂ& l'n a .
&cerpie Pos on )'17(2? ral o relate tha O [d A istebuation

between Two planes,

b.) (2.5 pts) CoherentPinng A[)(OJ 79) - @ @g H{;} K)} - FZQ @[P(J'Zzg —32-2@
where P[’(s 7&) s The eqt fgf‘f);%aiwé H(f\ﬁ) ;J?«szzmkwu+

Trensfer function,
’?Z“ “ LSI jmaging system and monochometic pot-gource

(uuw?m&?am e PsF thae y/ 5o
; S e e ld o istedation . .
e SF cau be used ré £nd —ff*ﬁfj;a—‘gf Lreld 'Fé'f‘&an Axts, pus

Humination by lwtion coth A .
c.) (2.5[pt5lincohérentP g eten o F&0mefric {1deal) rmage [iold,

CPSF = /i(;{v (/b)]zg (_qu,me maéwﬂ—u/e_ 5“( c_PéF)
Object must e luminsus o iHambnated o th o
wide Zpectrum of ®&s Moo cArdmatic plane waveg,

For an LST (el ia ,s;osslewﬁ a pinkole o«é)"ec+ Produces e JPsr‘i
5)D:5Fc‘m cée PLéE'-JS 1o wéfflr:_[ 1419 ,tma_é-e M/‘a.eff'omce é o qg_;zp@/p{,fm

,‘ﬂ“f%rw\ with e Uﬂ.’eame%.‘cm( (tdewl) fmage Jrradiznce, Sz;&$
d.) (2.5 pts) Transfer function of free space kY X A0S
re = { £ @) » pI*'T et o
FS TF = f%u,rher Free v oéon @ @* =

M
MSQJ with coharecst ’%M, frelds 4o rctéxg +L@,A—¢[:‘@{<(_S
on, tfwo planes that are 59/4»4)‘9(/ 57 Jistane &,

| kg

Y <

——

-) (2.5 pts) Coherent transfer functi -

e —ps oLe:n -ra‘nser ‘nclon CTF = H(g?l) > P[—Zg—,f) —7?2_‘70
For a gJ'I‘ wwams sYéﬁen'*; the CTF relabes The sF“-"“Q'(
’f“‘—’}‘\e“’?"s ok he “Mbe and tJLJ‘ed- Belds when +ha
o ‘)ed' s Hlumd weth,  an N - axie P\a,we wWaLe ,

£ (2.5 pts) Incoherent transfer function g - e - Xl/ ?‘/7[): HE f}ﬂ)*ﬁ' fﬁi g7)

\ ‘ ¢ con be norma.\"f%eul)
For @ LST rmag fag .Sys‘}fmf ™ TTF rolates, wrha £ patial

frefuencreg o e imune and object tteadiauce when tha
OL?J‘EC‘!‘ s fu.M.‘v\aa,_g er |"um:ua;(a.4 wt‘#\ 1] wa‘o[e %DeCH‘qm 87(
ﬁadat‘mowc‘wmwc Flane wawnec, .
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ke 1S




OPTI 505 FINAL SPRING 2007

4.) A 1 mm diameter hole is illuminated with a unit amplitude A = 500 nm normally incident
plane wave.

a.) (2.5 pts) Graph the on-axis irradiance of the Fresnel diffraction pattern as a function
of Fresnel number for observation distances from 0.5 m to 50 m. Use a log-log
scale for the axes, and the horizontal axis should show lower Fresnel numbers
(farther observation distanc right side. Use separate paier for your

graph. (see ala ed ﬂ(‘oém axnd ¢

b.) (2.5 pts) Graph the on-axis irradiance of the diffraction pattern assuming Fraunhofer
diffraction (even though the calculation may not be valid) as a function of
Fresnel number for observation distances from 0.5 m to 50 m. Use a log-log
scale for the axes, and the horizontal axis should show lower Fresnel numbers
(farther observation distances) on the right side. Plot the graph overlaiion top of

the graph for part (2).  /see @ #e cheo proglam au ot

¢.) (2.5 pts) Graph the percentage difference between part (a) and part (b) as a function
of Fresnel number for observation distances from 0.5 m to 50 m. Use a log-log
scale for the axes, and the horizontal axis should show lower Fresnel numbers
(farther observation distances) on the right side. Percentage difference is defined

I Lpresner =1 Fraunhofer
as l

x100% . Use separate paper for your graph.

Ipresnel I ¢ see Q}([ac&ei F/qd,fam &(UL Cﬁﬂ.f’(’)

d.) (2.5 pts) Based on the graph in part (c), approximately what Fresnel number is
required before the error in on-axis irradiance reduces to 1%7

aécw(,'f' o (see cheert)

e.) (5 pts) Your graphs for parts (a) and (b) should decrease with decreasing Fresnel
number. If this trend continues for increasing observation distances, the limit
will approach zero. Describe physically how this result is consistent with
conservation of power.

A(f’/xau5lg ~r!\z/ pezk velues C{ecrww, “*“6\2
ener%., beiomes moere o(is‘H\:bw(o.J aver

a wWider atea,
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r = 0.5e-3;

z2min = 0.5;

z2max = 50;

zl = 1el0;

lambda = 500e-9;

Ngsamples = 2000;

z2_vec = linspace (z2min, z2max,Nsamples) ;
L_vec = zl*z2 vec./(21l+22_vec);
Nf_vec = r*2/lambda./L_vec;

I FN = 4*sin (pi*Nf_vec/2)."2;
I_Fraun = (pi*r”*2 /lambda./z2_vec)."2;

figure(10);loglog (Nf_vec,I FN,Nf vec,I Fraun);grid
legend('I\_Fresnel', 'I\_Fraunhofer?')

xlabel ('Fresnel Number (Nf)')

vlabel ('Axial Irradiance')

set (gea, 'Xdixr', 'reverse')

title('OPTI 505R Final 2007 - Problem 4a and b')

figure(11l);loglog (Nf_vec,abs(I_FN-I_Fraun)./I FN*100);grid;
xlabel ('Fresnel Number (N£)')

yvlabel('% Difference')

set(gca, 'Xdir’', 'reverse')

title('OPTI 505R Final 2007 - Problem 4c¢')




Axial Irradiance

Fresnel Number (Nf)




% Difference

OPTI 505R Final 2007 - Problem 4c

Fresnel Number (Nf)
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5.) (10 pts) A A = 488 nm collimated plane wave illuminates a prism as shown in A below. The
apex angle of the prism 6 = 30 degrees. Part of the beam is refracted by the prism, which
has refractive index n = 1.532. An amplitude-type holographic plate is placed in the
overlap region of the two beams. A hologram is recorded, and a A = 632 nm plane-wave
reconstruction beam is used to illuminate the processed hologram, where the
reconstruction geometry is shown in B below. Describe the angular orientation of the
beams that result from transmission through the hologram. State any assumptions that

you make.
PRISM
« O
. n Holographic Plate
Holographic Plate
A. Exposure B. Reconstruction
RErord (NG . 4-: 36°
- he PRI ("
T 0“5 ’P ' &’z,: S?&I.’(I.QZS;'U\?D&)
—_— - o
”~ L] ‘< - gD
20° 2 . - o _ o
Y --K%.A ) . e 8>@,30" =220
¢ kye -smoﬂr t (03202
z N A
k, =
A-T . T . A _
3 T s ~. \ A - L
j Ml ’;’\— "JTZI kl p?-\ lSM\'ZooY ¥+ (l /OD?O)—Z)
toA _ -6
Ao e = 14263 X160 = A - JtosK0
2.34¢>

P—ecor\s‘bud}e‘/} '
t (y)= I¢ (05(211‘}/_&)
I//Ccm.:\(\aofec( L77‘ ?\’; 633nm bea_w\ =)

o ﬁn«p\‘ﬂude 3”‘%“8

[ 257 - ag0-cos' ()
J& > ° == 3.66l° 6

g'; éSBH‘* . Q@.33qo /0
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6.) Imagine a monochromatic, coherent beam reflected off of a wall (i.e., a rough surface) and
illuminating onto a detector (see A below). A speckle pattern will emerge on this
detector. You may assume that the detector is in the far field (Fraunhofer region) of the
spot illuminating the wall.

(a) (5 pts) You take many images with the detector, each at a different distance away
from the wall. How does the speckle pattern change? Why?

(b) (5 pts) Now consider putting a lens with focal length f and radius R in between the
wall and the detector, as shown in B below. How does this lens affect the
speckle pattern? Compare the sizes of the speckles for two lenses of focal length
f, one with radius R, and one with radius 0.5R. You may assume that the lens is
in the Fraunhofer region of the spot illuminating the wall.

I Detecror Detector
y:
—h
e m———
Coherent, monochromatic source /Nzﬂ 2%
¥ rough surtace)
och .
Coherent, monochromatic source X wal
7 (rough surface)

A. First experimental setup. B. Second experimental setup

(@) [As the detector moves Harther "Ic‘OM the cwe //)
the gpeclile stve Inreases, since The spectle
Sitge 8 ,oropa/%}am.( fo the fewsrter Ttransdorm
o# e siee of Hee 5pa1‘ 1‘/(wm.«(m‘“né 1he wce/(
Tdo trauslorm variable Ko , where 2 s Tha
disfauce +o Ta O\JQ.(( -g\oja—rk&_ ohe Ffector,
@) The PsF of the (mea l\Aé 57&‘(&\« Nne w Q/G‘('ef‘m?wss_
Scee ot TQVQ %eck(e. 710- 57.5-!-95«\ wl“f’k
lens podius 74 cw‘/( ed\?lm\f Speckfe /la/ﬁ +ha Q/fal"\-ﬂjl"r/\
of +ha syctem. wh fens redias O.5R., '
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7.) (20pts) An almost flat surface has a hole defect as shown in the figure. A perfectly flat glass
plate is placed on top of the surface, and Fizeau fringes are observed in reflection. Draw
the fringes observed on the circular top view if the maximum wedge is 4) across the part
and the number of fringes decreases when light pressure is applied at the black dot.

Top view
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defect
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