
Name________________________________________ 

Physics 111 Quiz #4, October 24, 2014 

Please show all work, thoughts and/or reasoning in order to receive partial credit.  The quiz is 
worth 10 points total. 

I affirm that I have carried out my academic endeavors with full academic honesty. 

____________________________ 

Light from an unpolarized light source with intensity S0 , is incident on a polarizer with its transmission 
axis vertically oriented.  The light that passes through the polarizer is then passed through a second 
polarizer (an analyzer).  It is noted that the light that emerges from the analyzer is only 20%of the light 
that entered the analyzer.   

a. At what angle was the analyzer set with respect to the first polarizer? 
 
Through the first polarizer the intensity is 12 S0 .  Through the second polarizer (the analyzer) the 

intensity varies as Sout = Sin cos
2θ →θ = cos−1 Sout

Sin

⎛

⎝⎜
⎞

⎠⎟
= cos−1 0.2Sin

Sin

⎛

⎝⎜
⎞

⎠⎟
= 63.40 . 

 

Suppose that the light from the analyzer is incident on a cubical sample of material with an unknown 
index of refraction nmat .  This material is surrounded on all sides by air ( nair = 1.00 ) and the incident 

light ray is shown below.  The light is incident on the left side of the cube at an angle of θ = 700 with 
respect to the normal to the surface and emerges from the bottom surface at an angle φ = 510 with respect 
to the normal to the surface. 

b. What is the value of the angle α ?  (Hint:  sin(90 − β ) = cosβ ) 
 
 
On the left surface the law of refraction looks like nair sinθ = nmat sinα while on the lower 
surface we have (defining the angle of incidence to be β )
nmat sinβ = nmat sin 90 −α( ) = nmat cosα = nair sinϕ .  Dividing the two expressions we can 
determine the angle of refraction α .  We have 
nair sinθ
nair sinϕ

= nmat sinα
nmat cosα

→ tanα = sinθ
sinϕ

→α = tan−1 sin 70
sin51

⎛
⎝⎜

⎞
⎠⎟ = 50.4

0 . 

 
 
 
 
 
 
 

 

θ 
α 

φ 



c. What is the index of refraction nmat of the material? 
 
 
Using the law of refraction applied to one of the surfaces we can determine the index of 

refraction.  We have nair sinθ = nmat sinα → nmat = nair
sinθ
sinα

⎛
⎝⎜

⎞
⎠⎟ = 1.00

sin70
sin50.4

⎛
⎝⎜

⎞
⎠⎟ = 1.22 . 

 
 
 
 
 
 
 
 
 
 
 

d. Suppose that you were given the following situation in which light is incident at an angleθ1  with 
respect to the normal to the surface.  If θ1were to increase, which of the following is (are) true?  
(Note:  This is worth 4 points and there may be more than one correct answer. Partial credit will 
be given for each answer you select that is correct and for each answer that you don’t select that 
is incorrect.) 

1.   θ2 ↑ and θ3 ↑  

2.   θ2 ↑ and θ3 ↓  

3.   θ2 ↓ and θ3 ↑  

4.   θ2 ↓ and θ3 ↓  

5.   θ2 ↓  and θ3 remains constant 

6.   θ2 ↑  and θ3 remains constant 

7.   θ2  remains constant and θ3 ↑  

8.   θ2  remains constant and θ3 ↓  

 
By the law of reflection as θ1 increases so too must θ2 independent of the material.  If n2 > n1
then by the law of refraction, as θ1 increases so to will θ3 .  Here I assumed (although not 
explicitly stated) that n2 > n1 .  However, if n1 > n2 then as θ1 increases θ3will decrease.  So 
since it was not explicitly stated which way the indices of refraction were, everyone gets credit 
for choice 2.   
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