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2. A soap bubble with a thickness 350.t nm  is show at right.  

Assume air to be inside and outside of the bubble and consider 

nearly normal incidence light rays. Take the index of refraction 

of the soap film to be 1.50. 

a. For an incidence light on the thin soap bubble, it will 

reflect back to your eyes from both the top and bottom 

interfaces of the soap film as indicated. Will the light reflecting back from the top 

of the soap film suffer a phase reversal upon reflection? 

 

 

 

b. Will the light reflecting back from the bottom interface of the soap film suffer a 

phase reversal upon reflection? 

 
 

 

 
c. Assuming almost normal incidence, write down the condition for constructive 

interference between the two reflected light waves. 
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d. Which wavelengths of light within the visible range ( 390nm  - 750nm 390) are 

strongly reflected (constructive interference) by this soap bubble (calculate all 

possible values within the given range)?   

 

Let t be the thickness of the soap film, the condition for constructive interference in this 
case is, 

1 1
2 ( ) 2 ( ) , 0,1,2,

2 2n soapt m or n t m m      
 

Note that the extra path difference occurs in the optical coating so that the relevant 

wavelength is n
soapn

   

 

This give 

2
, 0,1,2,

1
2

soapn t
m

m
  

  
 



 
 
Now, let see what wavelengths of light will be reflected constructively: 

3. 

    

    

    

    

2
0 : 4 1.5 350 2100

1/ 2

2 4
1: 1.5 350 700

3 / 2 3

2 4
2 : 1.5 350 420

5 / 2 5

2 4
3: 1.5 350 300

7 / 2 7

soap

soap

soap

soap

n t
m nm nm

n t
m nm nm

n t
m nm nm

n t
m nm nm









   

   

   

   

 
 
The first and the last wavelengths are outside of the visible range so that the ONLY 
answers should be: 
 

700. ( )

420. ( )

nm red

nm violet
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3. Newton’s rings are visible when a 

planoconvex lens is places on a flat glass 

surface. For a particular lens with an 

index of refraction of 1.50lensn   and a 

glass plate with an index of 1.80platen  , 

the m-th bright ring (mth order 

constructive inference) is observed at a 

distance of 0.650x mm  from the 

center. 

a. For a bright ring to be seen at C, write down the condition for a m-th order 

constructive interference in terms of the thickness of the air-gap between the lens 

and the glass t and the wavelength   of the light. 

Since (1.50) (1)lens airn n , the light ray reflecting off the top interface of the air-gap 

will NOT suffer a phase reversal upon reflection but since (1) (1.80)air platen n , the 

light ray reflecting off the bottom interface of the air-gap will suffer a phase 

reversal. 

So, for consideration of constructive interference for the two rays reflecting off the 

top and bottom interface of the air-gap, one must take an additional half of a 

wavelength   into account and this gives the condition, 2
1

2
t m    

 
. 
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b. Assuming the thickness t of the air gap is small as compared to R and x and the 

reflected rays are nearly normal incident, express t in terms of the other geometric 

variables R and x.  

 
Considering the right triangle formed by 

the dotted lines, y R t   and 

2 2 2 2 2 2x y R or y R x    . So, we 

can write down the following equation, 

2 2R t R x      or, 

2 2t R R x    
  

c. Assuming the curvature of the lens R  is much larger than the wavelength   of the 

incidence light, show that the location to a bright right x is proportional to R . 

Now, putting in the constructive inference into the above equation, we have, 

2 2 1 1
, 0, 1, 2,

2 2
R R x m m        

 
  

Moving terms around and squaring the equation gives, 

2 2

2

1 1

2 2
R x R m

R

     
 

2 2x R 
2

21 1 1

2 4 2
m R m          
   

 

Since ,R   we will also have 2 R  . So, for approximation, we can drop the 

2  term and keep the R  term only on the right side of the equation. 

Then, this gives the condition for the location x of the bright rings (constructive 

interference), 
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2 1

2
x m R   

 
 

Taking the square root, we have an equation for the location of the bright rings in 

terms of R , 

1
, 0, 1, 2,

2
x m R m      

 
 




