
Exam 03: Chapters 06–08 Spring 2008
Solution
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y PHYS 3345:   OPTICS
1. Describe longitudinal spherical aberration, and 

distinguish it from transverse spherical aberration.

See Figure 6.14 (p 254).  Rays parallel to the 
optic axis and very close to the center of 
the lens will focus further than parallel 
rays entering the lens near its edges.  The 
range of focal points on the optic axis is 
the longitudinal SA.
Transverse SA is measured in a plane 
perpendicular to the optic axis, as the 
distance from the axis which a ray strikes 
the plane.  An incident ray close to the 
optic axis will strike the screen closer to 
the axis than a ray incident nearer the edge 
of the lens (again, as per Fig 6.14).

2. How is coma a separate effect from spherical aberration?

See Figures 6.14 (p 254) and 6.21 (p 259).

3. Explain why the sunbathers in the photo seem to 
have red fringes. 

See Figure 6.37 (p 268).  For the 
photograph shown, the film was 
apparently located in the plane of focus 
for blue light.  Thus, blue objects are 
crisp and sharp.  Any object with a 
strong red color component will have 
the halo you see, because the plane of 
focus for red light will be behind the 
plane for blue.  Notice that the hot pink 
tank top fringes very strongly, but the 
green bikini not really at all.

4. Show how phasor addition can be used to illustrate the 
stationary nature of a standing wave.

See Figure 7.12 (p 291).  The fact that the 
resultant phasor does not rotate is what 
demonstrates the fact that the wave is 
stationary (does not propagate through 
space).

5. Is natural light actually unpolarized? Explain.

Not unpolarized, randomly polarized.  
natural light consists of multiple 
independent emitters (think e- oscillation 
model) that emit multiple photons.  Initial 
phase is random for any given emission.

6. Explain why a vertical wire-grid polarizer allows a 
horizontal E field to pass.

The vertical component will create current 
in the vertical grid wires.  Easier for the 
vertical oscillations to induce vertical 
oscillations in vertical wire than for 
horizontal oscillations to establish 
horizontal oscillations in vertical wires.  
Vertical oscillations mostly absorbed, 
horizontal mostly ignored.

7. If two polaroids are held so that their transmission axes are 
90° apart, no light is transmitted.  Explain why a third 
polaroid, inserted between the two sheets at an angle of 
45°, allows transmission.  A sketch may be very helpful 
here.

Vertically polarized light emerging from the 
first polaroid will have components parallel 
and perpendicular to the transmission axis 
of the second.  A beam polarized at 45° 
emerges from polaroid 2, and this will have a 
horizontal component parallel to the 
transmission axis of polaroid 3.
Alternatively, use Malus’ law to show the 
the intensity of the final emergent beam ≠ 
zero:

€ 

I1 = 1
2 Io

I2 = I1 cos
2 45°            

€ 

I3 = I2 cos
2 45°

I3 = 1
2 Io cos

4 45°

8. Define birefringence, relating it back to the idea of 
crystallographic anisotropy.

See p 337:  “An anisotropy in the binding 
force will be manifest in an anisotropy in 
the refractive index.”
The binding force can be different in 
different directions or multiple reasons: 
different atomic neighbors in different 
directions, different atomic distances in 
different directions, some combination of 
both.  So the crystal is not symmetric in all 
directions.
If randomly polarized light enters a 
birefringent crystal (let’s assume z-axis 
propagation, and axes parallel to the the 
crystallographic axes), its components will 
not all be transmitted identically.  See 
Figure 8.15 (p 337): the absorption band in 
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the y-direction does not correspond the 
the band in the x-direction.  If the 
incoming frequency is in the absorption 
band for one, it’s not for the other.  As 
shown in the figure, light oscillating 
parallel to the y-direction will be 
strongly absorbed, while the same 
frequency oscillating in the x-direction is 
transmitted.

9. Explain briefly how a retarder works.  How would you 
design a retarder to transform an incident linearly 
polarized beam into circularly polarized output?

See Figure 8.38 (p 353).  A retarder is a 
polarizer.  If the material is anisotropic 
so that the speed of the wave will be 
different in the x and y directions, then 
the components of an incoming wave will 

be traveling at different speeds.  This will 
create a relative phase difference as the 
wave passes through a retarder of 
thickness d.  Adjusting the thickness will 
adjust the amount of phase shift (also 
depends on wavelength and the material of 
the polarizer).  
See Figure 8.40 (p 355).  If the incoming 
beam is unpolarized natural light, first 
pass it through a polarizer with 
transmission axis at 45° to linearly 
polarize.  a relative phase shift of π/2 
changes linear to circular, so your 
retarder should be designed (choose 
material and thickness) to introduce a 
quarter-wavelength relative shift (hence 
the term quarter-wave  plate). 

1. Design a Fraunhofer cemented achromat with a focal length  of 50 cm.  Use Table 6.2 (page 270), and select a crown and a 
flint with V1D – V2D ≈ 40.  Do not copy the example in the textbook.

Each solution will be unique, assuming you did not communicate telepathically and all 
choose the same crown and flint.

2. Use phasor addition to add the following e·m waves:
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E4 = E1 + E2 + E3

E4 = 6.6sin ωt +1.16π( )

3. For the function shown below, derive the first term of the 
Fourier series, Ao.  Do not construct the entire series.
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4. Write the equation of a right-handed E–state propagating in 
the z–direction that makes an angle of 120° to the x–axis.

See Figure 8.7 (p 329).
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120° = 2π
3
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Ey leads Ex: ε = − 2π
3

Ex = Eox cos kz −ωt( )
Ey = Eoy cos kz −ωt − 2π

3( )
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Ex leads Ey: ε = + 4π
3

Ex = Eox cos kz −ωt( )
Ey = Eoy cos kz −ωt + 4π

3( )

5. Two ideal linear polarizers are positioned one behind the other.  What angle should the transmission axes make if an incident 
unpolarized beam (150 W/m2) is to be reduced to  an emergent 50 W/m2?
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I1 = 1
2 Io

I2 = I1 cos
2θ

I2 = 1
2 Io cos

2θ
                      

€ 

50 W
m2 = 1

2 150
W
m2( )cos2θ

2
3 = cos2θ
θ = 35.3°


