
General Optics – 2010 

Do any 10 of the 13 problems. All problems count equally. Begin each problem on a 

new page. Put your ID# (not name) on the top of each page. Most problems can be 

done in less than one page.  

 

1. Describe Q-switching and typical characteristics of a Q-switched laser output.  Give 

one example each for both active and passive Q-switching techniques. Do not exceed 1 

page. 

 

2. Describe modelocking and give typical characteristics of modelocked laser output.  

Give one example each for both active and passive modelocking techniques.  Do not 

exceed 1 page. 

 

3. Assuming reasonable dimensions and temperatures, estimate the power radiated by a 

human body.  What is the net loss of Calories from the human body (through radiation) 

from standing in the cold (2 
o
C) naked for 1 hour (assume an ideal blackbody)?  Give 

your answer in terms of the number of brownies: each brownie has about 100 Calories 

and each (food) Calorie is 4.18 kilojoules).  

 

4. Give the essential characteristics of single mode and multimode fibers.  Discuss the 

implications for long haul optical communications?  Do not exceed 1 page. 

 

5. Describe the basic principles of  an LCD display (such as a computer laptop screen). 

Do not exceed 1 page. 

 

6. An astronaut is looking at point source in a training pool (filled with water, n=1.33). If 

the point source is 100 cm from the vertex of the transparent hemispherical shield in front 

of the helmet, find how much and in what direction (closer or farther) the observed image 

is displaced relative to the actual point source (Radius of curvature of the shield = 20 cm; 

you may assume the shield is infinitely thin.) 

 

 

 

 

 

 

 

 

 

 

 

7. A binary star system in the constellation Orion has an angular interstellar separation of 

10
-5

 rad. If λ = 500nm, what is the smallest diameter the telescope can have to just 

resolve the two stars? 

 



8.  A coherent line source S (perpendicular to the page) is placed behind an aperture 

screen (A). The vectors on the Cornu spiral represent the diffracted optical fields at point 

O. Roughly sketch the location and the width of the slit(s) in the aperture screen.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. A Faraday and a Kerr modulator are to be used to transform a linearly polarized beam 

to a circularly polarized beam. Find the relation between the electric field and the 

magnetic field applied to the modulators (as shown), in terms of the Verdet constant V, 

Kerr constant K, and the lengths of the modulators D and d.  

 

 

  

 

 

 

10. A plane wave with a wavelength of λ = 500 nm illuminates an opaque screen having 

an aperture shown below (where R1=2 mm and R2=1.414 mm): 

 

 

 

 

 

 

 

Estimate the irradiance at an axial point 4 m from the screen.  
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11. A Gaussian TEM00 beam coming out of a beam expander is used to illuminate a 

target at a distance L= 500 m. The beam has a waist at the output of the expander. 

If the beam has a wavelength of 500 nm and total power of 1 Watt: (a) find the waist (at 

the expander output) that guarantees the highest peak intensity on the target. (b) Calculate 

this intensity. 

 

12. An image of an object is formed on a screen by a lens. Leaving the lens fixed, the 

object is moved to a new position and the screen is moved until again a sharp image 

appears. If the two object positions are s1 and s2 and if the transverse magnification of the 

two images is m1 and m2, respectively, show that the focal length of the lens is given by  
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13. Linearly polarized light (a plane wave of irradiance I0) is incident on a sequence of 

two crossed polarizers, see figure. The pass direction of the first polarizer, P1, is at an 

angle of β = 22.5° with respect to the  polarization of the incident light.  

 

a) You have two quarter wave plates (QWPs). Where should you place them and what 

should be their orientation to maximize the irradiance at the detector?  

 

b) Now, in addition to the QWPs, you have one polarizer at your disposal. Where should 

you place the QWPs and the polarizer to obtain maximum irradiance at the detector? 

What is the maximum irradiance at the detector plane, in terms of I0 ? 

 

 



Advanced Optics 2010 

Answer all 5 questions. Each counts equally. Begin each question on a new sheet of 

paper, put your ID# (not your name) at the top of each page. Staple all pages of each 

problem together, but do not staple your entire exam together.  

 

1-(a) Derive the relation between blaze angle, diffraction order and grating period for a 

Littrow configuration (blazed grating where light is normally incident to the groove face). 

(b) Determine the blaze angle for a 4-cm long Littrow mount with 1000 grooves to 

maximize the reflected energy at λ=500 nm in the 3
nd

 order. (c) Estimate the resolving 

power of the grating in the same order.     

 

2-A double-slit aperture is illuminated by a coherent planar wavefront with λ = 600 nm. 

The width of each slit is w, the distance between the slits (center-to-center) is a = 0.6 mm. 

There is a screen a distance L =1 m (>> a
2
/λ) past the slits. 

   

(a) If the sixth peak (after the central peak) in the fringe pattern is missing, what is the 

width of each slit? 

(b) Sketch the fringe pattern observed on the screen up to the 12
th
 fringe. 

(c) If the point source has a finite coherence time of τ = 1 ps, how far from the center of 

the screen does the fringe visibility drop to 50%?    

(d) If we replace the plane wave with a transversely extended incoherent source at a large 

distance L’ (L’ >> a) in front of the slits, estimate the characteristic maximum source size 

that results in a non-zero fringe visibility.   

 

 

 

3 – Newton’s (interference) rings are formed between a spherical lens surface and an 

optical flat. If the 10
th

 bright ring of green light (520 nm) is 8 mm in diameter, what is the 

radius of curvature of the lens surface? 

 

 

 

4 – The indices of refraction for the fast and slow axes of quartz (with 546 nm light) are 

1.5462 and 1.5553, respectively.  

 

(a) What is the thickness of a zero-order quarter-wave plate (QWP)? 

(b) Estimate the bandwidth, Δλ, of light centered at 546 nm this zero-order QWP can 

handle, if the phase retardation must not deviate more than 5% of the desired value. You 

may assume the refractive indices are non-dispersive. 

(c) Repeat the estimation for a QWP of order m. 

 

 



5 – Consider a light source consisting of two monochromatic components with different 

wavelengths λ1 and λ2 . Let light from this source be normally incident on a scanning 

Fabry-Perot interferometer (FPI) of nominal length d=5 cm. The transmittance through 

the FPI as a function of change in the cavity length is shown in figure (a). Figure (b) is an 

expanded version showing only the first two transmission peaks. 

 

(a) What is the nominal (average) wavelength of the light source? 

 

(b) Estimate the difference λ1 - λ2 in wavelength of the two spectral components, 

assuming that the overlapping transmittance peaks belong to the same interference order 

m. 

 

(c) Estimate the difference λ1 - λ2 in wavelength of the two spectral components, 

assuming that the overlapping transmittance peaks belong to successive interference 

orders. 
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5. Consider a bianisotropic medium characterized by the constitutive relations D = "E+#H  

and B = "E + µH . 

 

Q1.a) Show that E  and H  satisfy the equation "2
F + j# $ %&( )" ' F +# 2 (µ %&$( )F = 0 . 

(NOTE: F  is not the electric vector potential.  Substitute E and H  for F .) [6 points] 

Q1.b) Show that the same equation is satisfied by the vector potential A , provided that the gauge 

condition is "# A + j$ %µ &'(( )) = 0 where "  is the scalar potential. [2 points] 

Q1.c) Show that the corresponding scalar potential satisfies "2# +$ 2 %µ &'(( )# = 0 . [2 points] 
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6. An airplane is f ly ing 1,000 m above the ocean, which has σ = 4 
S/m, ε r = 80, µ = µ0.  The airplane radiates 9,000 Watts at 10,000 
Hz in a uniform spherical wave (i.e. , the wave intensity is not a 
function of angle with respect to the airplane). 
 

(a) Find E incident at the surface of the ocean. 
(b) At 10 kHz, can you approximate the ocean as a good 

conductor, a low-loss medium, or neither? 
(c) Assume that the incident wave directly below the airplane 

is approximately a plane wave with an electric f ie ld given in 
(a).  Derive expressions for the E f ield as a function of depth 
in the ocean along a vertical l ine directly below the airplane.  
You may f ind the fol lowing useful (a ll units are SI): 
 

 
 

(d) A submarine receiver requires E ! 10
"10
V/m  to detect the 

radio signal from the airplane.  What is the maximum depth of 
the submarine that stil l a l lows it to hear the signal? 
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7. Two plane waves propagating in the z-direction in free space are normally incident on a 

birefringent dielectric slab that is infinite in the x-y plane, as shown below.  The incident waves 

are both right hand circularly polarized and have amplitude E0.  Wave 1 has frequency ω1, 

while wave 2 has frequency ω2 = ω1 + Δω, with Δω << ω1 (that is, ω1 and ω2 are close to each 

other).  The slab has εrx = 4.0, and εry = 9.0. 

 

a) Write down an expression for the total incident electric field, iE

r
 

b) Write down an expression for the total reflected electric field,
r
E

r
 

c) What is the polarization of the reflected wave? 

 

 

 

 
 

εrx = 4.0, εry = 9.0 
εr = 1.0 

Z = 0 

Z 

Plane wave 1, ω1 

Plane wave 2, ω2 = ω1 + Δω 

Reflected wave 
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