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 EMBED Word.Document.8 \s [image: image7.emf]  33.8   (a)             Apply Snell’s law at both interfaces.  



 EMBED Word.Document.8 \s [image: image8.emf]33.9:   a)   Let the light initially be in the material with refractive index  n a  and let the third  and final slab have refractive index  n b  Let the middle slab have refractive index  n 1  
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 EMBED Word.Document.8 \s [image: image10.emf]33.11:   As shown below, the angle between the beams and the prism is A/2 and the angle  between the beams and the vertical is A, so the total angle between the two beams is 2A.      
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 EMBED Word.Document.8 \s [image: image18.emf]33.19:   a)   The slower the speed  of the wave, the larger the index of refraction — so air has a larger index  of refraction than water.      
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     c)   Air. For total internal reflection, the wave must go from higher to lower index of refracti on — in this  case, from air to water.    
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 EMBED Word.Document.8 \s [image: image27.emf]33.28:   Let the intensity of the light that exits the first polarizer be  I 1 , then, according to repeated  application of Malus’ law, the intensity of light that exits the third polarizer is    
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 EMBED Word.Document.8 \s [image: image29.emf]33.30:   a)   All the electric field is in the plane perpendicular to the propagation direction,  and maximum intensity through the filters is at     to the filter orientation for the case of  minimum intensity. Therefore rotating the second filter by 90   when  the situation  originally showed the maximum intensity means one ends with a dark cell.      b)   If filter  P 1  is rotated by 90  , then the electric field oscillates in the direction pointing  toward the  P 2  filter, and hence no intensity passes through the second  filter: see a dark  cell.      c)   Even if  P 2  is rotated back to its original position, the new plane of oscillation of the  electric field, determined by the first filter, allows zero intensity to pass through the  second filter.    



 EMBED Word.Document.8 \s [image: image30.emf]33.31:   Consider three mirrors,  M 1  in the ( x,y) - plane,  M 2  in the ( y,z) - plane, and  M 3  in the  ( x,z) - plane. A light ray bouncing from  M 1  changes the sign of the  z - component of the  velocity, bouncing from  M 2  changes the  x - component, and from  M 3  changes the  y - co mponent. Thus the velocity, and hence also the path, of the light beam flips by 180     
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3 3 1 1 3 3 2 2 2 2 1 1

sin sin so , sin sin and sin sin

     

n n n n n n

      

 with material   in the   noral    the respect to  with  angle   same    the makes light     the and   sin

sin so , sin sin and sin sin    b)     / ) sin ( sin

3 3

1 1 1 1 2 2 2 2 3 3 3 1 1 3



      

n

n n n n n n n

   

   

1

n

 as it did in part (a).      c)   For reflection, 

.

a r

  

 These angles are still equal if 

r



 becomes the incident  angle; reflected rays are  also reversible.    



 EMBED Word.Document.8 \s [image: image33.emf]33.34:   It takes the light an additional 4.2 ns to travel 0.840 m after the glass slab is  inserted into the beam. Thus,  

ns. 4.2

m 0.840

) 1 (

m 0.840 m 0.840

   

c

n

c n c

  We can now solve for the index of refraction: 

2.50. 1

m 0.840

) s m 10 (3.00 s) 10 (4.2

8 9

 

 





n

  The wavelength inside of the glass is  

nm. 200 nm 196

2.50

nm 490

λ

  



   



 EMBED Word.Document.8 \s [image: image34.emf]33.35:  

. 6 . 43

38 . 1

00 . 1

arcsin 90 arcsin 90

 













  

















  

b

a

b

n

n



  But 

. 1 . 72

00 . 1

) 6 . 43 sin( 38 . 1

arcsin

sin

arcsin sin sin

 

































  

a

b b

a b b a a

n

n

n n



  

   



 EMBED Word.Document.8 \s [image: image35.emf]33.36:  













 

2

n n n

a

b b b a a



 

sin sin sin

 

. 51.7

2

1.80

arccos 2 ) 80 . 1 (

2

cos 2

2

sin (1.80)

2

cos

2

sin 2

2

2 sin sin (1.00)

 













  



































































 

a

a

a a a a

a





   



   



 EMBED Word.Document.8 \s [image: image36.emf]33.37:   The velocity vector “maps out” the path of the light beam, so the geometry as  shown below leads to:      
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 EMBED Word.Document.8 \s [image: image41.emf]33.42:   The beam of light will emerge at the same angle as it entered the fluid as seen by  following what happens via Snell’s Law at each of the interfaces. That is, the emergent  beam is at 
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 from the normal.    
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 EMBED Word.Document.8 \s [image: image47.emf]33.48:   a)   For light in air incident on a parallel - faced plate, Snell’s Law yields: 
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 EMBED Word.Document.8 \s [image: image48.emf]33.49:   a)   For sunlight entering the earth’s atmosphere from the sun BELOW the  horizon, we can calculate the angle 
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as follows:        
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 EMBED Word.Document.8 \s [image: image49.emf]33.50:   A quarter - wave plate shifts the phase of the light by 

  90

 . Circularly polarized  light is out of phase by 



90

, so the use of a quarter - wave plate will bring it back into  phase, resulting in linearly polarized l ight.    
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 EMBED Word.Document.8 \s [image: image51.emf]33.52:   a)   The distance traveled by the light ray is the sum of the two diagonal segments:  
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 EMBED Word.Document.8 \s [image: image52.emf]33.53:   a)   The time taken to travel from point A to point B is just:                     
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    Taking the derivative with respect to  x  of the time and setting it to zero yields:           
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 EMBED Word.Document.8 \s [image: image53.emf]33.54:   a)   n  decreases with increasing 

λ

, so  n  is smaller for red than for blue. So beam  a  is the red one.      b)   The separation of the emerging beams is given by some elementary geometry.  

,

tan tan

tan tan

v r

v r v r

x

d d d x x x

 

 



     

 where  x  is the vertical  beam  separation as they emerge from the glass  

. mm 2.92

20 sin

mm 00 . 1







x

From the ray  geometry, we also have  

. cm 9

5 . 34 tan 7 . 35 tan

mm 92 . 2

tan tan

: so , 5 . 34

66 . 1

70 sin

arcsin and 7 . 35

61 . 1

70 sin

arcsin



  







 















  

















v r

v r

x

d

 

 

   



 EMBED Word.Document.8 \s [image: image54.emf]33.55:   a)  
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     c)   If two colors have different indices of ref raction for the glass, then the deflection  angles for them will differ:            

. 0 . 5 2 . 47 2 . 52 2 . 52 0 . 60

2

0 . 60

sin ) 66 . 1 ( arcsin 2

2 . 47 0 . 60

2

0 . 60

sin ) 61 . 1 ( arcsin 2

violet

red

           

















   

















 



   



 EMBED Word.Document.8 \s [image: image55.emf]33.56:                   Direction of ray A:
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 EMBED Word.Document.8 \s [image: image56.emf]33.57:     Both  l - leucine and  d - glutamic acid exhibit linear relationships between  concentration and rotation angle. The dependence for  l - leucine is:                Rotation angle 
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 EMBED Word.Document.8 \s [image: image57.emf]33.58:   a)   A birefringent material has different speeds (or equivalently, wavelengths) in  two different directions, so:          
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 EMBED Word.Document.8 \s [image: image58.emf]33.59:   a)   The maximum intensity from the table is at 
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    so the polarized  component of the wave is in that direction (or else we would not have maximum intensity  at that angle).        b)   At 
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 EMBED Word.Document.8 \s [image: image59.emf]33.60:   a)   To let the most light possible through  N  polarizers, with a total rotation of 
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   we need as little shift from one polarizer to the next. That is, the angle between  successive polarizers should be constant and equal to 
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 EMBED Word.Document.8 \s [image: image60.emf]33.61:   a)   Multiplying Eq.   (1)   by sin

  and Eq.   (2)   by sin 

  yields:          (1):
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            b)   Multiplying  Eq. (1)   by cos



 and Eq. (2)   by cos


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          (c)   Squaring and adding the results of parts  (a)   and  (b)   yields:           
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          (d)   Expanding the left - hand side, we have:           
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   The right - hand side can be rewritten: 
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            Or: 
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             (e)
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  which is a straight diagonal line.             

circle. a is which , :

2

. ellipse an is which ,

2

2 :

4

2 2 2

2

2 2

a y x

a

xy y x

  

   









               This pattern repeats for the remaining phase differences.    



 EMBED Word.Document.8 \s [image: image61.emf]33.62:   a)   By the symmetry of the triangles, 
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      b)   The total angular deflection of the ray is:      
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          c)   From Snell’s Law, sin
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      e)   For violet: 
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               For red: 

 

















 

















 

58 . 59 ) 1 330 . 1 (

3

1

arccos ) 1 (

3

1

arccos

2 2

1

n



     

. 5 . 42 5 . 137

red red

       

                 Therefore th e color that appears higher is red.    



 EMBED Word.Document.8 \s [image: image62.emf]33.63:   a)   For the secondary rainbow, we will follow similar steps to Pr. (34 - 51). The  total angular deflection of the ray is:         
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 where we have used  the fact from the previous problem that all the internal angles are equal and the  two  external equals are equal. Also using the Snell’s Law relationship, we have: 
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  c)   For violet: 
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    Therefore the color that appears higher is violet.    


