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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:

Parameter VaIue Description Units
Iq ko2 wave vector m

ko 2nl)"0 wave vector amplitude m

t 0 550e-9 free-space wavelength m

n y - z
42

surface normal unit vector

fr", 1 ¡efractive index of air
N .

ffi
l+6.6j complex refractive index

of the mirror
q î+ iî'

42 ", +ftl
42\j )

state of polarization for
incident plane wave

f roo=  1

a.) (2.5 pts) Determine the orientation of the wave reflected from the mirror.
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(5 pts) Determine the state of polarizarion of the reflected beam using the convention
found from the "Chapter 3 - Polarization Con '
link on the 505R class web site. Express your answer as a Jones vector with respect
to the ry coordinates of the reflected beam. 1z= t4 ît
( úr5rn5 <eno¡,l*n 'rr*óî-on u#'nltJ )

G -- *ô.9497 - o.zL
fp -- - ó8gol - o,2714î

J z - f 
- o,ø+01' 0,t4lç ¿ |

(. - o .¿bas-t o,6ogzL J

5. / tSÅ = [ 
^o1oz{- Ô" t't?o¿

\ -o.zæ9 * 0,63&"
J\(: f Ô ;)

â , =
I ¡
Vzr

ú î
Y > '

A I
+ o è  t

c.) (2.5pts) Write the answer for part ft) in terms of unit vector à, of the reflected
beam. That is, the y component of part (b) becomes the -z component of the new
vector, and the-r component remains the same. Be sure to normalize the unit vecûor.

â" = (-t ,nozf-aßsði ); ' r  o i  
-(  *a23W 4'é36?ðâ

d.) (Spts) Find the reduction in visibility due to polarizafion of the resulting fringe
pattern by taking the absoluæ value of the dot product of q andâr. [Rememberthat
the dot (or scalar) product for complex vectors is defined as
âr. 4 = Q*dz, * firar, * 4,a2", where the asterisk (*) denotes complex conjugate.

Note: This calculation is a liÍle different than the way I used the dot product on
slides 4A-10 and 4A-11. It is more mathematically conect here.l

A .  ^ l  l - l \ /  ^ ^ - -  
r  I

â,. izl=l6r)(oJvzr- a.t+6Òi ) { o + o I

= p, {o7?

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.
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f.) (2.5pts) What is the minimum spacing of the fringes?
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t h e t a i = 4 5 * p i l 1 8 0 ;
w t = 1 + 6 .  6 j ;
r r i  - T  .

, f  1 = 1 / s q r t  ( 2 )  *  1 7 ;  j l  ;

t he taL=as in  (N i /N t *s in  ( t he ta i )  )  ;

r s  :  (N i * cos  ( t he ta i )  -N t *cos  ( t he ta t )  )  /  (N i * cos  ( t he ta i )  +N t . * cos  ( t he ta t )  )
r p  =  (  -N t *cos  ( t he ta i )  +N i *cos  ( t he ta t )  )  /  (N t *cos  ( t he ta i )  +N i *cos  ( t he ta t )  )
d i s p ( [ ' r s  =  ' n u m 2 s t r ( r s )  ' R s  =  ' n u m 2 s t r ( a b s ( r s ) . ^ 2 ) ] )

d i s p ( [ ' r p  =  ' n u m 2 s t r ( r p )  ' R p  =  ' n u m 2 s t r ( a b s ( r p ) . ^ 2 ) ] )

¡ 4 = [ r s  0 ; 0  - r p ] ;

,f2=M*,f 1

.T2_norm= ,J2 .  /  sqrL (sum (abs (J2)  .  ̂ 2)  
)  ì

d i s p (  [ ' m a g n i t u d e  o f  J 2 ( 2 )  z  '  n u m 2 s t r ( a b s ( J 2  n o r m ( 2 ) ) )  '  a n g l e  o f  J 2 ( Z )  / p t :  '  n u m 2 s t r ( a n g l e r /
( , f2_norm fz)  )  /p i )  I  )
d i s p (  [ ' R e f l e c t e d  p o w e r  = '  n u m 2 s t r ( s u m ( a b s ( r T 2 )  . ^ 2 )  )  ]  )

J2_3D =  [ J2_no rm(1 )  0  - .T2_no rm(2 ) ] ;

J 1 _ 3 D  =  t J 1 ( 1 )  J L ( 2 )  0 l  ;

abs_dot3roduct  = abs (dot  ( .12_3D,,J1_3D) )
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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 (rye)? n eS ,
I

b.) (5pts) Do the fringes move relarive ro the mirror surface? -/) 
O
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a.) Q.spts)psFoffreespace lft,,es= ( í r r*r)u t",
l(e;n) ,'3 ¿¿se/ ¿u;(À- ,

u,u/4n.po=&ìo-,;7g,;io-;7'l¡n",çøÇ:'î¿2,"o¡.ìbu.t;0,,
Aetweeh -J-L<)o p la.ne? ,

b.) (2.5 pts) Coherent I

,nr*r, p(r,,11är' /'k''7') = ç"q H(F'z[ = fu"t?=Y(w'u.fl'r.#*;:{,i,*:*:,,:f :::7:y:!,i!:""{u:,r*e**Ti(t,^t^Í.ff^ ?Kg, "yt=,Ã q J moaoclrtp,",,z-'tlc ¡a6)at-Êec¿¡reç F' Ë 4: ̂6í ã;ã',,,,,# 61zf[: !+=i,f,#g"jT";;, *., o.,jf,jt#fmi¿,.*, gg, îl*Li n Å ; .'il'r*' i eo^*rr ; "2, J=a(\, 0A aÞ e â* ó .
iPSF= lÉCn"r,/ò!^* (tpno.,< n.*|nì*nJ= o4 .psn)

3') Define the following terms mathematically and describe how the terms arc used to determinepropenies of a light field.

7

,'i'SF= lft,tn"r,/òl^* (4n",< n*5nì*"J= o4 .psn)
.,Òbjecf n^. rr-6,* ú *' lwmløant eU- ï ll,.r"lrrr¿{*Á ¿^,it| <

ä:-":Påd+ 
uyn o{ ç'+asìruorc chrøona,*iç i tq.-- Nevet

,. pt r, ;'n { ;* :J "t'l:* lr"1 : t!:',fr1r'[f;t ;: :y ;i:f^'tr¡'lqgra-\ '¡"'î\h ítÆ- f,eea,,.err*ìca-{ ,r¿"Å) )a^o5 * ;r*ni{n;;:"; Td.) (2.5 pts) Transfer function oif.." ,pu". 
' 

. , ,, _ ç*¿q6<l^.e_
|STF = fto,¡t"-. *ra,n-s{orr^- 

-r+ 
O) = e.¡ 

kfz 
. ,%".:"rÀri{ 

/(**

il s*t *X ;:,!i,";" rff "!¿"*r.:u "7, 
";; #_N:, ::

"'.;::':i";î-ïre¡tunction cr|= .t+(ñi.t) = p(_7t €,-1ú\/rrexrue,,r.,ì es : f ìä W$,rtr= -r¿:i:*_ :-íiIobù'L.+ ì, 
- 

tttrÄ^i",ú"f '.^rìt{* 
a¡\ ön_ooc}s prane v,ev&,

r.) (z.sprs) rncoherentrransrertunction 
fiT =oTF = ft(? rA)__ ll en)** frç,n)

tor a- LsT )*rø.5ij sTtteu* +å¿=.rr ret !cøå* norpra,\Þ+i
"efvre.rtc-tre3 a* írv- i,rua^.* a,.l .,hì-,+ t*-.^- lfs 
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çàeaiaato¿í ¡.o,r,ø( t. /t*ri],io,ræ- -
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íþiea Ot de oþJ'-cf,
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4.) AL mm diameter hole is illuminated with a unit amplitude À = 500 nm normally incident
plane wave.

u) (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 logJog
scale for the axes, and the horizontal a,ris

+-.,. --- -<--'--'-'=-----
numbers

graph. (Se* Q PÞårl'et'\

Use separate paper for your
a..rI- ¿hør+\

b.) (2.5 pts) Graph the on-a"tis ir¡adiance of the diffraction pattem assuming Frar¡nhofer
diffraction (even though the calculation may not be valiQ as a function of
Fresnel number for observation distances from 0.5 m to 50 m. Use a tog-log
scale for the axes, and the horizontal axis should show lower Fresnel numbers
(farther observation distances) on the right_sidg. Plot the graph overlai{ on top of
the graph for part (a). ( S¿e A{k cho-ú' prc yfcn - øwé- cÅa*f \

c.) Q.5 pts) Graph the percentage difference between part (a) and part @) 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 diffçrence is defined

llpn-rt-Ipr*rnø,|as l-::¡::-lxl00%;o. Use separate paper for your graph.
I Inun,t I c see *ç^¿"í (;";;;- aal- c[*t)

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 lTo?

a lo+t O, I ( see .ltort)

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 ofpower.

A(lho *5h 4\Þ peak tnlt¿ts Je"a"n, 
"1",

,* "?I h= tr*e-s ûa^rs Jt¡É¡lø4{.J avq-.-

O\ qft s[ eC æ lt e a,..

/r
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r  =  0 . 5 e - 3 , .
zzni r :  = 0.5;
zzmax = 50, .
z L  =  1 e l 0 ;
lambda = 500e-9;
Nsamples = 2000;

z2_vec = l inspace (z2mín, z2max,Nsamples);
IJ_vec = z!*22_vec,  /  (z t+22_vec)  ;

Nf_vec = r^Z/lavlbda,,/L_vec;

I_FN = 4*sÍn(p i*Nf_vec/Z ' l  .^2;
I_Fraun = (p i* r^2 / lambda.  /zz_vec)  .^Z;

figure (10 ) ; log1og (lrf_vec, I_FN, Nf_vec, I_Fraun) ; grid
legend( '  I \_Fresnel ' , '  I \_Fraunhoferr  )
x label  ( 'Fresnel  Number (Nf)  ' )

ylabel ( 'Axial Irradia¡¡ce' )
Éet (gea, t Xdir '  , I reversê ' )
t i t le( 'OPTI 505R Final  2007 -  Problem 4a and b,)

f igure ( 11 ) ; 1oglog (Nf_vec, abs ( f_FN- I_Fraun) . / I_Fîr* 10 o ) ; grid;
x label  ( 'Fresnel  Number (Nf)  ' )

ylabe1 ( '? Ðif fererice I )
se t  ( gca ,  ¡Xd i r ' ,  t r eve rse  t  )
t i t l e (TOPTI  505R F ina l  2OO7 -  P rob lem 4c ' )



101

100

o 10-r
C)c
.gro
g
:
o

.7 -t-  1 0 -

1o-3

104

OPT|505R Final2007 - Problem 4a and b

100 10'1
Fresnel Number (Nf)

1o-2



OPTI 505R Final2007 - Problem 4c

10-1
Fresnel Number (N0



OPTI 505 FINAL SPRING 2OO7

5.) (10 pts) A À = 488 nm collimated plane wave illuminates a prism as shown in A below. The
apex angle of the prism 0 - 30 degrees. Paft of the beam is refracted by the prism, which
has refractive index n = I.532. An amplitude-type holographic plate is placed in the
overlap region of the two beams. A hologram is recorded, and a À =632wnplane-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.

I
Holographic Plate

Holographic Plate

A. Exposure B. Reconstruction

PF¿or¿bttú('ì
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o

= &ç33qo

I
4

7
-Sl"?o"f + c"ozooå

I

A = JT, -
)Ë^l

-q'Ðt -Lt
/( = *"= 1.4 ?-oîxrf6r.r

*Ap\'.nde 6rc*[^5

10' L-,îo-coi' (2úÒ
t4



OPTT 505 SPRING 2OO7

6.) Imagine a monoch¡omatic, coherent beam reflected off of a wall (i.e., a rough surface) and
illuminating onto a detpctor (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 pattem change? Why?

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

A. First experimental setup. B. Second experimental setup

(&) Ås rúþ- Jol*c-'l'.r twoves {-,..tú*¡r í]=* *lg *ql/.,

sÞee ìovreagts) glvtcz f* cp=c-Lk
(  -  r r  

t  t -  
- a  \  -  J - ^  l ^

ìs prbpe,*l'ø.1( fr> tlt"e 1e*1,i"t -({'a*su":f

s,Þ* õf & :po* ìlb^i"vtÍi n5 rø "r</(,
rlans{rn^ r"r.r;o6lc ,:; Xo . uleæ ? is fG

J tç-îo,^r= -fu -fl* *"(( qn":"rtn J,-l.cfor,f r i

G) Tt- Fsr o{ fte-
T{* çìz< ô{

Q¡ç ro/ó,*s lL wrl(
o{ da- Þlêtuøx

rfu , "4å.t (¿. Tf-
eKh.ìth sp-cl!<.

a \

lþeq r^\ S.(6{er* ftoq¿ Je'f 'e¡¿"[*tJ
!€ "%;.1.(¿. 7f. 4s4eç,. *ì!L

*Þ( leî9 roJl*s â.$-à,

l l t

fra âpeckle
glze ,'s Fr
o{ #* 5,Þ,
Tle- *îan.¡4

/ro
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7.) (20pts) An almost flat surface has a hole defect as shown in the figure. A perfectly flat glass
plaæ is placed on top of the surface, and Hzeau fringes are observed in reflection. Draw

the fringes observed on the circula¡ top view if the maximum wedge is 41. across the part
and the number of fringes decreases when light pressure is applied at the black dot.

f

Top view

q*&

t,


