OPTI 505 TEST #2 FALL 2003
!
{ KEY

a.) (5 pts.) Determine the refractive index and thickness of a thin film to be deposited on
a glass surface with n = 1.5 such that no normally incident light of wavelength

600 nm 1is reflected.
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b.) (5 pts.) If a white-light source is used to illuminate the surface, what color is observed
in transmission after the film is deposited? Choose between red, green and blue.
Justify your answer.
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c.) (5 pts.) If the light illuminating the surface id incident at 45 degrees, what is the

wavelength at which reflection occurs?
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OPTI 505 TEST #2 FALL 2003-

2.) Consider diffraction by a plane screen.

a.) (3 pts.) Write the Green’s function G associated with each boundary condition named

below.
1.) Kirchhoff
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b.) (3 pts.) In order to find the diffraction at an observation point to the right of the
screen, what conditions must be placed on U and —aaij- in the open part of the

n
aperture for each G in (a)?
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¢.) (3 pts.) In order to find the diffraction at an observation point to the right of the
» ouU .
screen, what conditions must be placed on U and Y in the shadow of the

n
screen for each G in (a)?
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OPTI 505 TEST #2

FALL 2003

3.) A grating with amplitude transmittance #(x) =1+ cos (—Z[— aoxj is illuminated from the left
by an on-axis monochromatic plane wave with A = 0.5 pm.

a.) (5 pts.) Find the angular spectrum A4 (&, ) of the electric field immediately behind
the grating.
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b.) (5pts.) Give a physical interpretation of the result you found in (a).

7’/\P‘€€.

pla.me wayes One eon —axis, Tausrs
5j YV\M‘Q_('(\\\CCL“j ,0 r@()&.cicetﬁ \kb sz—{'V\ dW‘EEC‘\rTOV\
(osiwes Tol,
Lo{,@y’: _—

plere. Wraveg

c.) (5 pts.) If ¢, = 0.01, what is the electric field distribution a distance z = 5 mm from
the grating? ¥z
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d.) (5 pts.) A simple lens is placed a distance 10 mm to the right of the grating. Assume

that the lens is perfect and is infinitely large. The focal length of the lens is 50
Iens?

mm. What is the relative distribution of the irradiance in the focal plane of the
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e.) (5 pts.) How does the irradiance pattern in part (d) change if the grating frequency
%o increases?
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OPTI 505 TEST #2 FALL 2003

4.) A 1 mm diameter hole is illuminated with a A = 600 nm normally incident plane wave.

a.) (10 pts.) Sketch the on-axis irradiance from z= 0.1 m to z = 0.25 m, indicating the
positions of odd and even Fresnel numbers
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b.) (5 pts.) Sketch the transverse irradiance profiles at each integer Fresnel number in part
(a). Indicate the geometrical boundary in your sketch.

T o Y
lon&\

N

o N . Ldzlﬂ"{/*-b

c.) (6 pts.) How would the the on-axis irradiance of part{a) change for the following
cases. Draw a rough sketch indicating the envelope of the modulation. Also

indicate whether the peak locations shift toward the hole or away from it. l/ >
1.) diverging illumination (z; = 10 m)? 21 ( lt 7=
11.) converging illumination (z,=-10 m)?
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5.) Consider the 1 mm diameter hole of Problem (4), where a A/2 plate is placed so that it covers
exactly half of the open area, as shown below.
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b.) (5 pts.) Draw a rough sketch of the transverse irradiance profile along y = 0 atz = 0.1
m.
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6.) A collimated 1 W/cm? laser beam of wavelength 632.8 nm illuminates a Fresnel zone plate.

a.) (5 pts.) The primary focus occurs at z= 100 mm. What is the radius of the first open
area in the zone plate?

e, = Jaif = ﬁ.zsz mr:]

b.) (5 pts.) If the zone plate is heated, it uniformly expands so that the open and closed
areas of the plate increase their diameter. If the plate is heated so that the

diameter of the first area increases by 1% , where is the new position of the
primary focus?
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c.) (5 pts.) If the x-angle of the illuminating plane wave is changed to 5 degrees with

respect to the z axis in part (a), sketch the transverse irradiance at z= 100 mm
along the x axis.
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A

1.) A round hole of diameter 2 mm is 111ummated with an on-axis A = 0.667 pm plane wave as
shown below.

hole
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a.) (10 pts.) Sketch the on-axis irradiance from z= 0.15 m to z = 0.3 m, indicating the
positions of odd and even Fresnel numbers.
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b.) (5 pts.) Sketch the transverse irradiance profiles at each integer Fresnel number in pax“t
(a). Indicate the geometrical boundary in your sketch.
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2.) A lens is positioned in back of the hole of Problem (1) as shown below. The focal length bf
the ideal thin lens is 15 mm. Other parameters are the same as Problem ( 1).

Image
hole . - lens stop plane

(The drawing is not to scale) -

a.) (5 pts) Sketch the irradiance profile at the lens.
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b.) (5 pts) Sketch the irradiance profile in the back focal plane at distance fbehind the lens in the
x direction if the lens diameter is much greater than the irradiance boundary in part (a). Label the
width of any primary features and their positions. (Hint: Treat this problem like a converging
wave incident on an aperture, where the width of the irradiance in part (a) defines the aperture.)
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3.) The hole of problem (2) is filled with a simple cosine grating that has an amplitude

2 1
7,0_ =V, = 3 x10°m™ . That is, the grating

period is 5 um. Other parameters are identical to those for problem (2).

- . a
transmission function #(x) =1+ cos (2757:)—x :

a.) (5 pts) Find an expression for the angular spectrum in the x direction of the transmitted light
immediately behind the grating. You simplify the problem by assuming a one-dimensional
geometry with the transmission of the aperture represented by a rect function.

py 5(0
Vo= 55

b.) (5 pts) Find an expression for the angular spectrum in the x direction of the light incident onto

the lens. _
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¢.) (5 pts) Accurately graph the amplitude and phase of (b) in the regions of non-zero amplitude.
There should be three such regions (-1 order, zero order and +1 order). Limit the range of v, to .
+/- 4000 m™ around each maximum amplitude. Notice that the phases around the +/- 1 orders are
well represented by straight lines.

(Use an additional page)

N ' 2
d.) (5 pts) Find the coefficients for the approximation of the phase of H(y;z) = ) g

expressed below around v, = v, = 2x10° m™ with z= 30 mm and A = 0.667 pm.(Hint: Remember
that the Taylor series approximation of function f{x) around x = a is given by
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e.) (5 pts) Plot the difference between the true phase kz, 1- (?»vx )2 and the linear approximation

2nz [co +¢ (v v )] in regions of the +/- 1¥ orders, and compare the residual phase with the

phase of the zero order found in part (c). Notice that this phase distribution causes the diffraction
effects observed in Problem 2(a).

(Use an additional page)

£.) (5 pts) Show through mathematical development or reasoning that the field incident onto the
lens can be approximated by
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M(x)+ -2—M(x +c z)elte P 4 —2—M(x —cz)e’*e*™ " where M(x) is the field that
pfoduces the irradiance pattern of Problem 2(a).
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g.) (5 pts) Sketch the irradiance profile at the lens in the x direction.

AT
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h.) (5 pts) Sketch the irradiance profile in the back focal plane at distance f'behind the lens in the

x direction if the lens diameter is much greater than the irradiance in part (g). Label the width of
any primary features and their positions.
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i) (5 pts) If a round hole of diameter 5 mm is used as a stop in the back focal plane, what is the
minimum grating period that can be imaged by the lens?
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j-) (5 pts) For grating periods less than the minimum period found in part (i), describe the
irradiance in the image plane by making a simple sketch of the irradiance in the x direction.

/\I
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4.) Design a wavelength filter for a fiber communications network as shown below. Light from

_ the input fiber is collimated and passed through a Fabret-Perot resonator. The transmitted light is
collected by the output lens and coupled into the output fiber. By changing the distance between
the mirrors, one wavelength band is selected at a time. The bands are centered around a
wavelength of 1550 nm, they each have a bandw1dth of 10 GHz, they are separated by 100 GHz,
and there are 15 bands.

Input Fiber Output
1 —————1
d+ Ad
— f »
f, T/’ o,
mirrors

(a) (5 pts) What should be the nominal distance d and the distance Ad in order to change from
one band to the next?
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(b) (5 pts) What is the proper value for the reflectance of the mirrors?
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5.
a) (5 pts) Determine the refractive index and thickness of a thin film to be deposited on a glass
surface (n,=1.54.). Such that no normally incident light of wavelength 633nm is reflected.

N Visa = 1241

{

d= /0/0 = 12752 nm

b) (5 pts) Plot reflectance vs wavelength from 400nm to 1000nm at zero degrees and 45 degrees
angle of incidence. For the 45 degrees angle of incidence, plot both s and p polarization
responses. Assume that the indices of refraction for the film and the glass are not a function of
wavelength.
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%$solution to TEST2, Problem 5, Fall 2004
$AR coating on glass

el = 8.85e-12;

muo0 = pi*4e-7;

no = 1;

ns = 1.54;

lambda_design = 633e-9;

%Part a

$design thickness d for normal incidence at 633 nm.

nl = sqrt(ns);

d = lambda_design/4/nil;

disp(['***** AR Deisgn for lambda = ' num2str(lambda design*le9) ' nm'])
disp([® refractive index = ' num2str(nl) ' thickness = ' num2str(d*le9)

$now calculate reflectance versus wavelength at 0 degrees and 45 degrees
¢for s and p

lambdavec = linspace(400e-9,1000e-9,100) ;
k0 = 2*pi./lambdavec;

r s _vec = [1;

r_p_vec = [1;

thetalOvec = [0 45]*pi/180;

for theta0 = thetalvec

kOh = kO*d*nl*cos (theta0) ;

thetal = asin(n0/nl*sin(thetald)) ;

gammals = sqgrt(e0/mul)*nl*cos (thetal);

gammalp = sqrt(e0/mul) *nl/cos (thetal) ;

mll = cos (kOh) ;

ml2s = -i*sin(kOh)/gammals;

ml2p = -i*sin(kOh)/gammalp;

m2ls = -gammals*i*sin (kOh) ;

m21p = -gammalp*i*sin(kOh) ;

m22 = mll;

gammals = sqgrt(e0/mul) *n0*cos (thetao) ;

gammalp = sqgrt(e0/mul) *n0/cos (thetal) ;

thetas = asin(n0/ns*sin(thetal)) ;

gammass = sqgrt{e0/mul) *ns*cos (thetas) ;

gammasp = sqrt(e0/mu0) *ns/cos (thetas) ;

numrs = -m2ls+mll*gammals-m22*gammass+ml2s*gammads*gammass;
numrp = -m2lp+mll*gammaOp-m22*gammasp+ml2p*gammadp*gammasp;
denos = m2ls+mll*gammals+m22*gammass+ml2s*gammals*gammass;
denop = m21lp+mll*gammalp+m22*gammasp+ml2p*gammalp*gammasp;
r s = numrs./denos;

r p = numrp./denop;

r_s_vec = [r_s_vec {r_s}l;

nm'])
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r p_vec = [r_p vec {r_p}l;
end

%$Plot results

figure (3) ;
maxR = max(abs (cell2mat ([r_s_vec r p_vec]).”2));
subplot(lzl),plot(lambdavec*1e9,abs(cell2mat(r_s_vec(:))).‘2);axis([400 1000 0 maxR])
xlabel ('Wavelength in nm')
ylabel (‘Rs!')
Mvec = [1;
for ii = 1:length(thetalvec)
Mvec = [Mvec {['Theta_0 = ' num2str(thetaOvec(ii)*180/pi)l}1;
end
M = strvcat (Mvec) ;
legend (M) ;

subplot (122) ,plot (lambdavec*le9, abs (cell2mat (r_p vec(:)))."2);axis([400 1000 0 maxR])
xlabel ('Wavelength in nm')
ylabel ('Rp')
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1.) A glass (n = 1.514) window is used in an underwater experiment. The water has a
refractive index of nyaeer = 1.33. The wavelength of interest is A = 550 nm.

a.) (5pts) How much light is reflected from the water/glass interface at normal

N o
incidence? n, = /33 ns = £ $T4

R-= (.Hs*n ) = 9.004 o z'-eA\?Q (

b.) (5 pts) What are the thickness and refractive index of an appropriate thin-film
anti-reflection coating for the water/glass interface of the window?
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2.) In a particular FECO interferometer, the separation of the test and reference surfaces
is 2750 nm. If the test piece is perfectly flat, one wavelength passed through the
system is 500 nm.

a.) (5 pts) What is the next longest wavelength mode passed through the system
for a flat sample?

m = Zc(;/.AMz :2‘27;—0; S:S:Q?-; 0

SO
Ry = Z’:;‘L,T > gco 2 (§50nn
b.) (10 pts) Draw the output (wavelength on the horizontal axis and x dimension
on the vertical axis) of the interferometer versus wavelength if the 50 nm
deep trench shown below is in the test piece. Show the mode nominally at
500 nm and the next-longest wavelength mode. Label the critical
wavelengths.
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3.) (10pts) The following pattern is observed in the output of a 632.8 nm wavelength
laser beam. Assume that the pattern results from illuminating a 1.0 mm diameter circular
hole with a collimated and uniform laser beam. How far is the hole from the observation
screen?
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4.) A 1 mm diameter circular obstacle is illuminated with a spherical wave diverging
from a point source 1 meter to the left of the circular obstacle. In the plane of the circular
obstacle the irradiance of the illuminating beam is 1 watt/cm2. What is the on-axis
irradiance

a.) (10 pts) 1 meter to the right of the circular obstacle?

b.) (5 pts) 2 meters to the right of the circular obstacle?

Obstacle

Source
ot T
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5.) (10 pts) Sketch the Fresnel diffraction pattern of a knife edge where the knife
transmits 100 percent, but introduces a 180 degree phase change for the light transmitted

through the knife. \.)
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6.) A Fresnel zone plate has a +1 order focal length of 200 mm for a wavelength of 600
nm.
a) (5 pts) What is the diameter of the first Fresnel zone making up the Fresnel
Zone plate?
b) (10 pts) The zone plate is illuminated with a spherical wave of wavelength 500
nm coming from a source 200 mm to the left of the plate. Where do the +1
and +3 orders come to focus?
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7.) (15pts) A 100 pm pitch amplitude grating is illuminated by two collimated laser
beams at normal incidence. The laser wavelengths are 400 nm and 800 nm. What

observation is made at a distance of 12.5 mm from the grating? 1
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8.) (10pts) List two advantages and two disadvantages of Vertical Scanning
Interferometry compared to Phase Stepping Interferometry.
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1) a) (5 pts.) A single-layer anti-reflection coating is desired for a glass (n=1.52) and water
(n = 1.33) at A =550 nm. What is the ideal material refractive index and thickness for

normal incidence?
7= fis2)13» = 142

+ = A . SssonM. gp8am
4n 4142

b.) (5 pts.) If the coating is tilted by 30 degrees, what is the approximate wavelength for
minimum reflectance?

%1'@\9‘: ,4,4474&

A="r
7/9/.'7('2_
& >30° =) ﬂlz W(T‘L.Tz‘a‘;‘?’c )

= 20‘(926

o
A= Jcos® = sEO con 22

9‘ s 4.8 'Aml
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2.) a.) (5 pts.) Draw a Twyman-Green interferometer that is designed for phase-stepping

interferometry.
=1
SF = SPATIkL FILTER fo REFEQENCE
P27 = PIE2D-ELFCREC T2ANSDUCEL. nerOL
Bs = BEAm SPLITTER SF( . e
LASEL ’ | mieean.
b (mMAe NG LEAS
|MAGE of
TEST -
MIEZ RO ¢ch

b.) (5 pts.) What is the theoretical minimum number of measurements necessary in
phase-shifting interferometry?

c.) (5 pts.) List one advantage and one disadvantage of phase shifting interferometry
compared to vertical scanning interferometry (coherence probe).
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3.) The major difference in the point-spread function approximations for diffraction can
be thought of in terms of the shape each wavelet as it propagates to the observation point.
What are the shapes of the wavelets at the observation point for the following cases.
(Hint: I am looking for a simple geometric descriptor, like the word ‘ellipsoid’.)

a)(Spts) ro>>Aand y, =1?
SPHERICAL

b.) (5 pts.) Fresnel diffraction?

PACABOLA

c.) (5 pts.) Fraunhofer diffraction?

PLANE
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4.) (10 pts.) The following pattern is observed in the output of a 458 nm wavelength laser
beam. Assume that the pattern results from illuminating a 1.0 mm diameter circular hole
with a collimated and uniform laser beam. How far is the hole from the observation
screen?

1
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5.) (15pts) An amplitude grating is illuminated by two collimated laser beams at normal
incidence. The transmission function for both wavelengths is #(x,) =1+ cos(2mx, /T),

where 7 = 100 pum. The laser wavelengths are 400 nm and 800 nm. What irradiance
pattern is observed at a distance of 12.5 mm from the grating?
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6.) A collimated 0.1 W/cm? laser beam of wavelength 730 nm illuminates a binary amplitude
Fresnel zone plate.

a.) (5 pts.) The primary focus occurs at z = 100 mm. What is the radius of the first open
area in the zone plate?

2
a Z 3
S ;" Lo g2 (Af = (7on6" 1ov0
= 6270 MM

b.) (Spts.) What is the on-axis irradiance at the primary (1* order) focus if there are 50
open zones in the Fresnel zone plate?

T @) = 4N T,®

; F—Z
= 4 (50)2. DA W[ew = 10% Wlead

c.) (5pts.) What are the maximum on-axis irradiance at the 7* order focus?

LoD W Jem™

d.) (5 pts.) If the zone plate is heated, it uniformly expands so that the open and closed
areas of the plate increase their diameter. If the plate is heated so that the
diameter of the first area increases by 1% , where is the new position of the
primary focus?

-

- o
/ ( 6.270ki0™" - 1.01)
7( - 73ox (™7

z@-lOlq = ’DZMM
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7. (15 pts.) Find an expression for the irradiance distribution in the Fraunhofer diffraction
pattern of the aperture shown below. Assume unit-amplitude, 500 nm, normally incident
plane-wave illumination with L =4 mm and d =2 mm.

4
A opaque outside
L d ofsquare LxL
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< L >

BABINET's PRINUPLE: (APEZTURE Awﬁsm)

A7 s ) Y T
v '
/ A N
am oy T4 ¥
:L/‘(/// // 5/ i £ & ;9
“— d
L

FeAUNBOFEL & Xt

\ F [fo&‘* _’LEL(_{L)—— f\ec‘{'(dug,)

. - 1 -
\Mo (Ko, C(B)\ < j%o Yo _ﬁ’# '

7/" 1% AN & o
= J—\ [ ;S;A‘;(L%f?b) L%;"B - J 5"\6(%’4%%)]3
A2

g2
1 Yo ) o (o) CRITAPE
Tl [l .ZizLis?nc(%)L %)5'"{72;%%




