
Advanced Optics 2008 
Please start each problem on a new page. Put your BannerID on each page. 
DO ANY THREE OF THE FOUR PROBLEMS. 
Some of the formulas you may need may be on the equation sheet, and do not need 
to be rederived.  
 
1. Near-field Diffraction.  
A small round hole, radius = 200 microns, in a thin opaque screen is illuminated by plane 
waves of wavelength 1 micron. 
 
 
a) (5 pt) Using the concept of Fresnel Zones, find how far behind the center of the hole is 
the farthest (local) minimum in intensity (closer than infinity)? What is the approximate 
intensity here, compared with the intensity if there were no screen? 
 
 
b) (5 pt) Show that the intensity approximately 24 mm behind the center of the hole (on 
axis) is the same as if no screen were present. You should ignore the inclination factor.  
 
 
c) (10 pt) Now consider that the hole is not in an opaque screen, but in a screen that 
reduces the intensity of light by 1/√2 (everywhere except where the hole is.) What is the 
intensity 24 mm behind the center of the hole, compared with the incident intensity? 
(Hint: you may separate the light into a diffracted component and an undiffracted plane 
wave, and add them appropriately at the point of interest.) 
 
 



2. Polarization 
Consider a beam of light consisting of an unpolarized component and an elliptically 
polarized component. The polarization state of the beam is uniform across it.  
 
Using a rotatable perfect, ideal polarizer, it is found that the maximum transmitted 
intensity is at 0° (or 180°) and is 4 W/cm2.  
 
 

a) (3 pt) Is there enough information to determine the angle for minimum 
transmission? If not, what other information do you need? If so, what angles give 
the minimum transmission? 

 
 
 

b) (3 pt) The minimum transmission is measured to be 2 W/cm2.  What is the total 
intensity of the original beam? 

 
 
 
c) (6 pt) Next, a quarter wave plate is inserted before the polarizer/ analyzer, with its 

fast axis at 0°. The maximum transmission intensity, 5.5 W/cm2, is now obtained 
with the analyzer at 30°. What intensity of the original beam is unpolarized? 

 
 
 

d) (8 pt) Describe the elliptically polarized component (of the original beam): 
(major) axis direction, E field amplitude along major axis, the ellipticity, and the 
handedness.  



3. Gratings 
(a) Obtain the angle of incidence θ at which a reflection grating (grating period = a) 
retro-reflects (reflects back) the m-th order of a monochromatic incident beam at 
wavelength λ0. (See figure below). (3  points) 
 
 
 
 
 
 
 
 
(b) For a  Nd:YAG laser at λ0=1.06 µm, which of the following gratings is suitable for 
the above experiment: (1) 5000 lines/mm, (2) 3000 lines/mm, and (3) 500 lines/mm? 
Explain.   
What is (are) the order (m≠0) and the incidence angle(s) at which retro-reflection occurs?   
(3  points) 
 
 
(c) In part (b), what is the highest resolution (Δλ) attainable if the YAG laser beam has a 
diameter of 10 mm and the grating is 30 mm square?  (3  points) 
 
 
 
 
(d) First, describe the principle of “blazing” for a reflection grating. Second, find the 
blazing condition (angle) for the retro-reflecting grating of Part (a).  Make a clear 
drawing of the grooves’ orientation with respect to the light paths. (6 points) 
 
 
(e) Describe a scanning monochromator that uses a flat reflection grating (use drawings).  
What are the other factors (in addition to part (c)) that limit the resolution of such a 
monochromator. (5 points) 
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General Optics- 2008 
Please begin each problem on a separate sheet. Put your BannerID on each page. 
Attempt all problems. Some of the equations you need may be on the equation sheet, 
and do not need to be rederived. 
 

1. Consider an assembly of atoms that have energy levels separated by an energy 
corresponding to a wavelength of 500 nm. In thermal equilibrium, what is the ratio of 
the population densities in these energy levels at room temperature and at the 
temperature of liquid Helium? (6 pt) 

 
2. Consider two identical lasers with a beam waist of 1 mm at the outcoupler and 

emitting light at wavelength λ. A pinhole of 100 micron diameter is centered on the 
beam just after the outcoupler (outside the cavity) of one of the lasers. Estimate the 
distance from the outcoupler to a screen at which both laser beams have 
approximately the same diameter. (6 pt) 

 
3. Describe the operational principle of a Q-switched solid state laser. Sketch a graph 

that schematically shows as a function of time (use the same time axis) the (a) laser 
Q, (b) the population inversion, (c) the laser output power, and (d) the emitted energy. 
Label and explain important points on your graphs. For example, mark the population 
inversion at laser threshold. (14 pt) 

 
4. A modelocked laser emits a continuous train of 1 ps pulses 10 ns apart. Estimate the 

number of longitudinal modes that oscillate. (6 pt) 
 

5. Consider a coherent monochromatic beam. 
(a) Assume the beam is linearly polarized in horizontal direction. How can the 

polarization direction be rotated by 20 degrees? Explain how the optical 
component that you want to use works. (7 pt) 

 
(b) The beam is elliptically polarized with the major axis in horizontal direction. 

What can be done to flip the ellipse 90o without changing its aspect ratio? 
How would you produce circularly polarized light? (7 pt) 

 
6. (a) Fresnel (near-field) and Fraunhofer (far-field) diffraction theories are based on 

two different assumptions regarding the variation in the phase of light (at the 
observation point) originating from different points of the aperture. What are those 
assumptions? (3 pt) 

 
(b) If one wishes to calculate the diffracted intensity 10 cm past a 0.1 mm diameter 
hole illuminated with plane waves of wavelength 1 micron, is far-field diffraction 
theory appropriate? Show work (i.e. don’t guess.) (3 pt) 
 
(c) Does your answer to (b) change if the wavelength is 1 mm? (3 pt) 
 
(d) Does your answer to (b) change if the light is not a plane wave, but emitted from a 
point source 1 mm in front of the aperture? (3 pt)  
 



7. Describe a Fresnel rhomb. What is its use? (6 pt)  
 
8. A collimated beam of light hits a glass surface (n=1.5) at Brewster’s angle, from air (n=1.) 

Assume the beam has a cross-sectional area A0 (measured perpendicular to the direction of 
propagation, of course.) 

 
(a) What is the value of Brewster’s angle? (2 pt) 
 
(b) What polarization must the light have if there is no reflection (E parallel to the 

plane of incidence, or E perpendicular to the plane of incidence) ? (3 pt) 
 
(c) What is the area of the surface that is illuminated? (3 pt) 
 
(d) What is the cross-sectional area of the transmitted beam (in the glass)? (3 pt) 
 
(e) What is the intensity (or irradiance) of the transmitted beam, relative the incident 

beam? (3 pt) 
 

9. An object 3 cm high is placed 20 cm from (a) a convex mirror and (b) a concave mirror 
each of focal length = 10 cm. Determine the position and nature (inverted/upright) of the 
image in each case. (8 pt) 

 
10. On the following page, the dotted line on the top graph shows the single slit diffraction 
pattern, using an extended, quasimonochromatic source with λ ≅ 500 nm. The source is a 
short line segment perpendicular to the slits. The solid line shows the two-slit interference 
pattern, from slits of the same width, with a separation of 0.1 mm.   

 
a) Sketch on the middle graph the new interference pattern if the slits are made half as wide, 

but kept at the same separation. Be as quantitative as you can, both in terms of x and 
intensity. (4 pt) 

 
b) Sketch on the bottom graph the new pattern if the slits are kept the same, but the spectral 

width of the source is doubled. (4 pt) 
 

c) If the slit separation is doubled, the interference pattern disappears. (It is visible for all 
smaller separations.) Estimate the angular width of the source, as viewed from the slits. (3 
pt)  

 
d) Estimate the spectral width of the source. (3 pt) 

 



 
 

 



Lasers and Laser Optics – 2008 
Please begin each problem on a separate sheet of paper. Put your Banner ID on each 
sheet. Do all problems. Some of the equations you need may be on the equation 
sheet, and do not need to be rederived.  
 
Question 1. 
Consider the cavity shown below consisting of two curved mirror separated by a distance 
d. Assume |R1|= |R2|= 50 cm, and λ=1 µm.      
 

 
 
 
 

 
 
 
 

 
 
a) Find the range (d1<d<d2) for which the cavity is stable. (3 points) 
 
 
b) Choose d=30 cm and find the location and magnitude of the beam waist (which may or 
may not be inside the cavity) for λ=1 µm. Qualitatively indicate your answer on the 
above diagram as well.  (3 points).   
 
 
c) Derive an expression for the resonant frequencies (νl,m,n)  corresponding to TEMmn for 
this cavity (l is the longitudinal mode index). Calculate Δν=|νl,0,0-νl,1,1|. (5 points) 
 
 
d) An external laser beam is to be coupled (matched) into this cavity. This is done by 
matching the q-parameter (i.e. spot size and curvature) of the incident beam with that of 
the cavity.  If the incident beam is coupled from the left (i.e. mirror 1), what should be the 
incident beam spot size (w) and curvature (R) at the flat surface of  mirror 1. (Assume 
thin mirror substrates with index n=1.5). (5 points). 
 
e) Describe both active and passive modelocking and give examples for each technique. 
(4 points) 
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Question 2. 
 

(a) A laser resonator consists of two plane mirrors and one thin lens with focal length f 
= 10 m in front of one of the mirrors. What is the radius of curvature of the mirror 
that is equivalent to the lens – plane mirror sequence in the cavity? Calculate the 
position and size of the beam waist if the resonator length L = 2 m and the laser 
wavelength λ = 500 nm. 

              (8 points) 
 
 
 
 
 
(b) A thin active medium (n = 1) is inserted at the position of the beam waist and the 

pumping mechanism is turned on. The emitted beam has exactly the same beam 
parameters as one would expect from the cold (without active medium) resonator. 
Explain why a pump rate with a nonuniform radial distribution is necessary for this 
to happen.                   
                (2 points) 

(c)  
       (c1)  Write down the rate equations for the population number densities Ni [cm-3]  
    under lasing conditions assuming a certain pump rate Rp [s-1cm-3] and total  
               number density Nt. For the active medium assume a  three-level system, see    
               diagram below. The homogeneously broadened laser transition is from  level 2  
               to level 1 with cross section σ21 and is centered at frequency ν. For steady state,  
               calculate the population inversion density ΔNL =(N2 – N1). Neglect any  
               dependence on the  transverse (r) coordinate and ignore degeneracy factors.  
                              (6 points) 
 
       (c2)  Calculate the population inversion density ΔN0 assuming there is no lasing.  
               Sketch a graph showing ΔNL/ΔN0 as a function of the laser intensity.  
                                        (4 points) 
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