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Question 4 

 
15 points total Distribution of 
 points 
(a)    4 points 

         
For any two correct rays through the lens 2 points 

Two of the three principal rays shown on the diagram above were expected.  
One point was subtracted for additional incorrect rays. No credit was awarded for 
reflected rays. 

 

For correct extension of the rays backward 1 point 
For showing the image with correct size, position, and orientation 1 point 

 
(b)    2 points 

For stating that the image is virtual, or for stating a choice consistent with the ray  
diagram in part (a) 

1 point 

 If there were no supporting diagrams or calculations, virtual was the only  
accepted answer. 

 

For a correct explanation consistent with the choice given, such as: 
The light rays diverge on the left side of the lens, but appear to come from a point  

behind the object. OR The image is on the same side of the lens as the object.  
OR The object is placed between the converging lens and the focal point. 

1 point 

This point was not awarded if additional wrong statements were part of the response.  
 
(c)    3 points 

For the lens equation OR for the lens equation with substituted quantities 1 point 
1 1 1    
o is s f� �    OR   1 1 1    10 cm 6 cmis � �   

For the correct solution 2 points 
15 cmis � �   (Minus sign was not necessary to receive full credit.)  

Only 1 of the 2 answer points was awarded for the correct number without units.  
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Question 4 (cont’d.) 

 
 Distribution of 
 points 
(c)     continued 

 
Alternate Solution 

Alternate 
points 

Let ox = distance from object to focal point and ix  = distance from image to focal point.  
For the correct formula 1 point 

i

o

x f
f x�  

 

For correct substitutions 1 point 
10 cm

10 cm 10 cm 6 cm
ix

�

�

 
 

� �
210 cm

25 cm4 cmix � �  
 

25 cm 10 cmis � �   
For the correct answer 1 point 

15 cmis �   
 
(d)    2 points 
 

For the correct image size to object size ratio with no units, or with units that cancel 2 points 
15 cm 5
6 cm 2

i i

o o

h s
h s� � �  

 

Notes:  
Students could use either a calculation or a ray diagram to arrive at the final answer. 
1 point only was awarded if the correct ratio was imbedded in extra calculations or if  

units were provided for the answer (for example, 2.5 cm). 

 

No points were given for giving the object size to image size ratio.  
 
(e)    4 points 

 
Since the question asked for a description, a verbal response was expected, although  

the image position, size, and orientation could be determined from either a calculation 
or a ray diagram. 

 

For the correct position:  
    Image on the opposite side of the lens from the object 1 point 
    Distance from the image to the lens in the range 20 cm ± 3 cm 1 point 
For the correct size: image size same as object size, or for size consistent with value  

for position 
1 point 

For the correct orientation: image is inverted 1 point 
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Question 4 

15 points total       Distribution 
 of points 
(a) 2 points 
 

Trial qi  qr  sinqi  sinqr  

1 30o 20o 0.50 0.34 

2 40o 27o 0.64 0.45 

3 50o 32o 0.77 0.53 

4 60o 37o 0.87 0.60 

5 70o 40o 0.94 0.64 

 
For identifying that both quantities to be graphed are the sines of the angles 1 point 
For correctly calculating the sines using degrees 1 point 

 
 
(b) 4 points 
 
 Example: 

 
 

For correctly labeling both axes with the sines of the angles 1 point 
For correctly labeling both axes with appropriate numerical scales 1 point 
For plotting the five points 1 point 
For correctly drawing a best fit line that includes the entire range of data points and may 

extend beyond them 
1 point 
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Question 4 (continued) 

        Distribution 
 of points 
(c) 4 points 
 

For a statement or implicit use of Snell’s Law 1 point 

1 2sin sinq q=i rn n  (or  since ) 2sin sinq q=i rn 1 1= =airn n  

For indicating that the index of refraction n can be obtained from the slope or inverse  
of the slope depending on choice of variable plotted on each axis 

1 point 

Example using graph above 
sin 1
sin slope

q
q

= =i

r
n  

 

For using two sets of points directly from the line to find the slope 1 point 
0.53 0.41slope 0.67
0.78 0.60

-= =
-

 
 

For a correct calculation of the index of refraction consistent with the slope of the graph 1 point 
1 0.67 1.5n = =   

 
(d) 1 point 
 

For checking “The air-oil interface only” 1 point 
 
(e) 4 points 
 

For indicating that the optical path difference between the waves reflecting off the air-oil 
interface and the oil-water interface is one-half wavelength 

1 point 

2lD =   

For indicating that the wave reflecting off the oil-water interface travels a distance equal  
to twice the thickness of the oil 

1 point 

2D = t   
For indicating that the wavelength of the light in the oil film is different from the 

wavelength of the light in air 
1 point 

film air filmnl l=   

The three equations above are combined to relate the film thickness to the wavelength.  
2 2 2film air filmt nl l= =   

4air filmt nl=   

76.0 10 m 4(1.43)t -= ¥   

For the correct answer with appropriate units 1 point 
71.05 10 m 105 nmt -= ¥ =   

Notes: 
A student who checked “The oil-water interface only” in part (d) and then correctly 

calculated a wavelength of 105 nm for the thickness of the oil was awarded full credit. 

 

A student who checked “Both interfaces” or “Neither interface” in part (d) and then 
correctly calculated a wavelength of 210 nm for the thickness of the oil was awarded 
full credit. 
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1996 Q3 
Question 3 (15 points) 
 
 

Distribution 
of points 

(a) 2 points         
For indicating that interference demonstrates the wave 
property of light or diffraction, or constructive and 
destructive interference 

(b) 3 points 
For realizing that the distance of point P from the center 
of the in terference pattern is 3/2 the spacing of the 
pattern, and indicating that the path difference is 3/2 λ 
 
Note: An answer of simple 3/2 was awarded 2 points. 
 
(Alternate solution 1) 
 
For a diagram showing the path difference 

 
Path difference = =m dλ θsin  
For using sin tanθ θ≈ ≈ x L/  
Path difference = =dx L m m m/ ( )( . ) / ( )2 18 5 x 10  x 10-3 -3  
For the correct answer 
Path difference = 7 2.  x 10-7 m  
 
(Alternate solution 2) 
 
 
For using the Pythagorean theorem 

Using the geometry shown above 
a = + =( . ) ( ) , , .0 8 5000 25 000 000 642 2mm mm mm  
 
 

2 points 
 
 
 
3 points 
 
 
 
 
 
 
(Alternate points) 
 
1 point 
 
 
 
 
 
 
 
 
 
1 point 
1 point 
 
 
(Alternate points) 
 
 
1 point 
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For subtracting the two lengths 
Path difference = −b a  
For the correct answer 
Path difference = 7 2.  x 10 m-7  
 

(c) 4 points 
 
 

There are two methods for this solution corresponding to 
giving an answer of 3/2 λ in part (c). 
 
Method 1    Method 2 
Path difference = =m dλ θsin     
 
For correct substitution  For correctly substituting  
Using sinθ or tan x / Lθ ≈   L, d, a value of x that  

corresponds to a 
maximum or minimum in 
the interference pattern, 
and whole of half integer 
number for m 

Substituting the correct   Substituting the correct  
value of m corresponding  value of m corresponding  
to the value of x   to the value of x 

Choosing to make the    Choosing to make the 
substitutions for point P  substitutions for point P 

 
 
1 point 
 
1 point 
 
 
 
 
 
 
 
 
 
1 point

For a correct answer, in   For a correct answer in 
which the units match the  which the units match the 
magnitude λ = 4 8.  x 10 m-7   magnitude λ = 4 8.  x 10 m-7  
 
(Alternate solution) 
 
For setting a numerical answer to part (b) (or a newly 
calculated value) equal to 2/3 λ 
For a correct answer, in which the units match the magnitude 
 

(d)  
i. 2 points 

For indicating that the interference pattern will be compressed 
toward the central maximum 
 

 
 
 
1 point 
 
 
 
(Alternate points) 
 
3 points 
1 point 
 
 
 
 
1 point 
 
 

b = + =( . ( , , .2 8 5000 25 000 007 84mm) mm) mm2 2

λ =
d x
m L

λ =
d x
m L

λ =
( 2  x  1 0 m )(1 .8  x  1 0 m )

(3 / 2 ) (5 m )

-3 -3
λ =

( 2  x  1 0 m )(1 .8  x  1 0 m )
(3 / 2 ) (5 m )

-3 -3
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ii. 2 points 
 
For indicating that there will be a spreading of the pattern, or a 
larger central maximum in the pattern 
For indicating that the new pattern is a one-slit diffraction 
pattern. 
 

iii. 2 points 
 
For indicating that the interference pattern will be compressed 
toward the central maximum 
 

 
For referring to the equation  , and indicating that as d 
increases the pattern in compressed 
 
Note: Allowance was made in all calculations for the small 
discrepancies in the reading values from the graph 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
1 point 
1point 
 
 
 
 
 
1 point 
 
 
 
 
 
1 point 
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