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for L. Here m is an integer. The result is L
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ANALYZE To find the least thickness for which destructive interference occurs, we take 

m = 0. Then, 
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LEARN A light ray reflected by a material changes phase by  rad (or 180°) if the 

refractive index of the material is greater than that of the medium in which the light is 

traveling.  

 

36. (a) On both sides of the soap is a medium with lower index (air) and we are 

examining the reflected light, so the condition for strong reflection is Eq. 35-36.  With 

lengths in nm, 
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3360    for m = 0

1120    for m = 1

672     for m = 2

480     for m = 3

373     for m = 4

305     for m = 5

 

 

from which we see the latter four values are in the given range. 

 

(b) We now turn to Eq. 35-37 and obtain 
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1680    for m = 1

840     for m = 2

560     for m = 3

420     for m = 4

336     for m = 5

 

 

from which we see the latter three values are in the given range. 

 

37. Light reflected from the front surface of the coating suffers a phase change of  rad 

while light reflected from the back surface does not change phase. If L is the thickness of 

the coating, light reflected from the back surface travels a distance 2L farther than light 

reflected from the front surface. The difference in phase of the two waves is 2L(2/c) – 

, where c is the wavelength in the coating. If  is the wavelength in vacuum, then c = 

/n, where n is the index of refraction of the coating. Thus, the phase difference is 
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2nL(2/) – . For fully constructive interference, this should be a multiple of 2. We 

solve 
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for L. Here m is an integer. The solution is 
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To find the smallest coating thickness, we take m = 0. Then, 
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38. (a)  We are dealing with a thin film (material 2) in a situation where n1 > n2 > n3, 

looking for strong reflections; the appropriate condition is the one expressed by Eq. 35-

37.  Therefore, with lengths in nm and L = 500 and n2 = 1.7, we have 
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1700    for m = 1

850     for m = 2

567     for m = 3

425     for m = 4

 

 

from which we see the latter two values are in the given range. The longer wavelength 

(m=3) is 567 nm.   

 

(b) The shorter wavelength (m = 4) is 425 nm.   

 

(c) We assume the temperature dependence of the refraction index is negligible.  From 

the proportionality evident in the part (a) equation, longer L means longer . 

 

39. For constructive interference, we use Eq. 35-36:  
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For the smallest value of L, let m = 0: 
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(b) For the second smallest value, we set m = 1 and obtain 

 



CHAPTER 35 1530 

 
 1 0

2 2

1 1 2 3
3 3 0.1173 m 0.352 m.

2 2
L L

n n
 

 


      

 

40. The incident light is in a low index medium, the thin film of acetone has somewhat 

higher n = n2, and the last layer (the glass plate) has the highest refractive index. To see 

very little or no reflection, the condition 
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must hold. This is the same as Eq. 35-36, which was developed for the opposite situation 

(constructive interference) regarding a thin film surrounded on both sides by air (a very 

different context from the one in this problem). By analogy, we expect Eq. 35-37 to apply 

in this problem to reflection maxima. Thus, using Eq. 35-37 with n2 = 1.25 and  = 700 

nm yields 

 

0, 280nm, 560nm, 840nm,1120nm,L   

 

for the first several m values. And the equation shown above (equivalent to Eq. 35-36) 

gives, with  = 600 nm, 

 
L 120nm,360nm,600nm,840nm,1080nm, 

 

for the first several m values. The lowest number these lists have in common is 

840 nm.L  

 

41. In this setup, we have 2 1n n and 2 3n n , and the condition for destructive 

interference is  
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The second least thickness is (m = 1)  
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42. In this setup, we have 2 1n n and 2 3n n , and the condition for constructive 

interference is  
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Thus, we get 
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Since the 2L factor is the same in both cases, we set the right-hand sides of these 

expressions equal to each other and cancel the wavelength. Finally, we obtain 
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We remark that this same result can be obtained starting with Eq. 35-43 (which is 

developed in the textbook for a somewhat different situation) and using Eq. 35-42 to 

eliminate the 2L/ term. 

 

73. THINK A light ray reflected by a material changes phase by  rad (or 180°) if the 

refractive index of the material is greater than that of the medium in which the light is 

traveling.  

 

EXPRESS Consider the interference of waves reflected from the top and bottom surfaces 

of the air film. The wave reflected from the upper surface does not change phase on 

reflection but the wave reflected from the bottom surface changes phase by  rad. At a 

place where the thickness of the air film is L, the condition for fully constructive 

interference is 2 1
2

L m b g  where  (= 683 nm) is the wavelength and m is an integer. 

 

ANALYZE For L = 48 m, we find the value of m to be 
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At the thin end of the air film, there is a bright fringe. It is associated with m = 0. There 

are, therefore, 140 bright fringes in all. 

 

LEARN The number of bright fringes increases with L, but decreases with . 

 

74. By the condition m = 2y where y is the thickness of the air film between the plates 

directly underneath the middle of a dark band), the edges of the plates (the edges where 

they are not touching) are y = 8/2 = 2400 nm apart (where we have assumed that the 

middle of the ninth dark band is at the edge).  Increasing that to y' = 3000 nm would 

correspond to m' = 2y'/ = 10 (counted as the eleventh dark band, since the first one 

corresponds to m = 0).  There are thus 11 dark fringes along the top plate. 

 

75. THINK The formation of Newton’s rings is due to the interference between the rays 

reflected from the flat glass plate and the curved lens surface.  

 

EXPRESS Consider the interference pattern formed by waves reflected from the upper 

and lower surfaces of the air wedge. The wave reflected from the lower surface 

undergoes a  rad phase change while the wave reflected from the upper surface does not. 
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At a place where the thickness of the wedge is d, the condition for a maximum in 

intensity is 2 1
2

d m b g  where  is the wavelength in air and m is an integer. Therefore,  

 

d = (2m + 1)/4. 

 

ANALYZE As the geometry of Fig. 35-46 shows, d R R r  2 2 ,  where R is the 

radius of curvature of the lens and r is the radius of a Newton’s ring. Thus, 

2 1 2 2m R R r   b g  .  First, we rearrange the terms so the equation becomes 
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Next, we square both sides, rearrange to solve for r2
, then take the square root. We get 

 

r
m R m





2 1

2

2 1

16

2b g b g 

.  

 

If R is much larger than a wavelength, the first term dominates the second and 
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LEARN Similarly, the radii of the dark fringes are given by 
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76. (a) We find m from the last formula obtained in Problem 35-75: 
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which (rounding down) yields m = 33. Since the first bright fringe corresponds to m = 0, 

m = 33 corresponds to the thirty-fourth bright fringe. 

 

(b) We now replace  by n = /nw. Thus, 
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