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76 Chapter 8 Solutions 

8.58 For right circularly polarized light Ey leads by /2.S  The quarter wave plate with a vertical fast axis 
introduces a shift of /2.S As a result, one has linearly polarized light in the 2nd and 4th quadrants, 
which means that the state shifted 1/4 of the way around the circle in figure 8.42. 

8.59 For right circularly polarized light xE  leads by 3 /2.S  The quarter wave plate with a horizontal fast axis 
introduces a shift of /2.S  As a result, one has linearly polarized light in the 1st and 3rd quadrants. 

8.60 The a half-wave plate with a fast vertical axis will introduce a shift of S, thus linear light in the1st and 
3rd quadrants will emerge. 

8.61 The half-wave plate with a fast vertical axis will introduce a shift of p, thus left circularly polarized light 
will emerge. 

8.62 The quarter-wave plate with a fast horizontal axis will introduce a shift of /2,S  thus left elliptically 
polarized light will emerge. 
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8.66 Emerging wave is elliptically polarized with ( /2 /4) /4.H S S S �   

8.67 The polarizers are aligned. The cellophane is a half wave plate, so is seen as “dark” (no beam passing 
through in this region). 

8.68 The R-state incident on the glass screen drives the electrons in circular orbits, and they reradiate 
reflected circular light whose -fieldE

G
 rotates in the same direction as that of the incoming beam. But the 

propagation direction has been reversed on reflection, so that although the incident light is in an R-state, 
the reflected light is left-handed. It will therefore be completely absorbed by the right-circular polarizer. 
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8.70 Yes. If the amplitudes of the P-states differ. The transmitted beam, in a pile-of-plates polarizer, 
especially for a small pile. 

8.71 Concentration is 3 310 g/1000 cm .01 g/cm ,  so rotatory power .01( 66.45 )/10 cm 0.06645 /cm. � q  q  
Light travels through 1 m = 100 cm,  so emerging light is at 6.645° from vertical (clockwise). 

8.72 Place the photoelastic material between circular polarizers with both retarders facing it. Under circular 
illumination no orientation of the stress axes is preferred over any other, and they will thus all be 
indistinguishable. Only the birefringence will have an effect, and so the isochromatics will be visible.  
If the two polarizers are different, that is, one an R, the other an L, regions where n'  leads to M S'   
will appear bright. If they are the same, such regions appear dark. 

8.73 From (8.40) (2 / ) (| |)o o el n nM S O'  �  so | | /2 .o e on n lO M S�  '  

(8.40) 2 2( / )o on KE K V dO O'    so 2/2 ( / ) ;o ol K V dO M S O'   22 ( / ) .lK V dM S'   
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124 Chapter 13 Solutions 

13.45 a   (1/50) cm: a sin T   mO, T T|sin ,  hence T   5000 mO and the distance between orders on the 
transform plane is fT   5000O f   2.7 mm. 

13.46 (a) As in Figure 11.10, the transform of the cosine function will be a pair of G-functions, at  
fx   r1/d, where d is the spatial period of the cosine plus a zero-order term at x   0. To pass 
only the first order terms, we need a filter with holes at these positions, for the specific 
wavelength, as given by x/f ≃ sin T1   O(1/d); x   fO/d   [(2.0 m)(5 u 10�7 m)/(1 u 10�5 m)]   
0.1 m, above and below center. (b) Any “DC” components, and all higher order components, 
are removed. A smoothly varying cosine function should be seen in the image. (c) A filter with 
a hole in the center would pass only the “DC” term, resulting in a lower intensity, uniform 
image. 

13.47 Each point on the diffraction pattern corresponds to a single spatial frequency, and if we consider the 
diffracted wave to be made up of plane waves, it also corresponds to a single-plane wave direction.  
Such waves, by themselves, carry no information about the periodicity of the object and produce a  
more or less uniform image. The periodicity of the source arises in the image when the component  
plane waves interfere. 

13.49 The relative field amplitudes are 1.00, 0.60, and 0.60; hence 
c c cv � � � �  �1 0.60cos( ) 0.60cos( ) 1 1.2cos .E ky ky ky  This is a cosine  

oscillating about a line equal to 1.0. It varies from +2.2 to –0.2. The square  
of this will correspond to the irradiance, arid it will be a series of tall peaks  
with a relative height of (2.2)2, between each pair of which there will be a  
short peak proportional to (0.2)2; notice the similarity with Fig. 11.32. 

13.50 a Sin T   O, here T O  50 0.20 cm;f f  hence O   0.20/50(100)   400 nm. The magnification  
is 1.0 when tile focal lengths are equal, hence the spacing is again 50 wires/cm. 

13.51 The random (dots will add considerable “noise” to the pattern. The spatial frequency  
is 1/(0.1 mm)   10 mm�1. A filter that is the transform of the regular pattern will  
remove the random dots. 

13.52 The array of top hats corresponds to the pixels, so that each “selects” the amplitude (density) of the 
picture within its radius. The transform will look like a regular array of dots of varying amplitude.  
As in Figure 13.39, filtering out the higher frequency components will yield a continuous image. 

13.53 The pinhole blocks the high-frequency components, which correspond to the rapid spatial variations in 
the beam. 

13.54 The randomly, but more or less uniformly, distributed particles in the milk will tend to block the 
“regular” part of the beam, and thus enhance the relative intensity of the speckle. 


