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INSTRUCTIONS:  Choose the best answer and shade the corresponding circle on your 
answer sheet. To change your answer, cross-out and sign your original answer and then 
shade your new answer. No computational devices allowed (e.g. calculators, mobile 
phones). Following instructions is part of the exam. 
 
Useful formulas: 
 
 Area Volume 

Sphere (radius = r) 

€ 

4πr2 

€ 

4
3
πr3 

Cylinder (radius =r, 
height = h) 

€ 

2πrh  

€ 

πr2h  

 
 
Useful constants: 
e   -1.60 x 10-19 C 
me  9.1 x 10-31 kg 
εo 8.854 x 10-12 C2/Nm2 
k 8.988 x 109 Nm2/C2 

 
 

1. Max’s.  Which of the following statement/s does/do NOT conform to Maxwell’s 
equations? 

I. Electric field can exist in space even without magnetic field 
II. The induced electric field should be perpendicular to changing magnetic 

field that produces it. 
III. The point charge moving parallel to another moving point charge 

experiences a magnetic field that is parallel to its direction of motion 
 

A. I only 
B. II only 
C. III only 
D. II and III 
E. I, II and III 

 
 

2. Generator. Which of the following situations would result to the production of 
an electromagnetic wave? 

A. A resistor connected to a dc source. 
B. A charged ball falling without air resistance 
C. Concentric spheres at electrostatic equilibrium 
D. A magnetic dipole moving with constant velocity 
E. An unpowered dipole antenna 
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For the next three numbers, consider an electromagnetic wave with wave equation E 
= E0 cos(-(12π Hz) t + (4/m) z) j already travelling in a medium with index of 
refraction n.  Let c be the speed of light in vacuum. 
 
3. B mag. Which is a possible equation of the B field magnitude? 

A. B = (nE0/c) cos(-(12π Hz) t + (4/m) z) 
B. B = (cE0/n) cos(-(12π Hz) t + (4/m) z) 
C. B = (nE0/c) sin(-(12π Hz) t + (4/m) z) 
D. B = (cE0/n) sin(-(12π Hz) t + (4/m) z)  
E. B = (-nE0/c) cos(-(12π Hz) t - (4/m) z) 

 
 

4. Genesis.  What is the direction of the B field at z = 0 and t = 0? 
A. i  
B. - i 
C. j 
D. -j  
E. k 

 
 

5. Pointer. What is the direction of the Poynting vector? 
A. i  
B. - i 
C. j 
D. -j  
E. k 

 
6. (Regular) Permi. Water is a very polar material, such that it is more affected by 

electric than magnetic fields. Under normal conditions, the permeability of water 
is µ = µ0 while its permittivity is ε = 80ε0. What is the speed of light in water 
under normal conditions? 
 

 

A. 54/c  

B. 80/c  
C. c  

D. c54  

E. c80  
 

7. TeeVee. A newly-founded TV station, BU HAO, wanted to operate with the 
same speed as its rival station, MEILI. Except that BU HAO uses a signal 
frequency that is twice than MEILI. As a result, in a single cycle the EM waves 
coming from _____ will travel farther than those from ____ by a factor of 
____. 

A. BU HAO, MEILI; 2 
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B. BU HAO, MEILI; 4 
C. MEILI, BU HAO; 2 
D. MEILI, BU HAO; 4 
E. Both waves from the two stations will travel with the same distance. 

 
For the next two questions, consider an electromagnetic wave maximum values 

of electric field and magnetic fields as Emax and Bmax, respectively. 

 
 
8. Intense. What is the intensity of the EM wave? 

A. 0 
B. 2EmaxBmax/µo 
C. EmaxBmax /µo 
D. EmaxBmax /2µo 
E. EmaxBmax /4µo  

 
 

9. Flip-flop. Consider a rectangular 
surface of length L and width W which 
can rotate on the given axis. The left 
half is 50% reflecting and 50% 
absorbing, while the right side is 70% 
reflecting and 30% transmitting. 
Which way will the surface likely turn if 
illuminated from the bottom?  

A. Clockwise 
B. Counterclockwise 
C. No turning 
D. Front over back 
E. Back over front 

 
10. Ray. Which of the following is/are FALSE? 

I. Rays and wavefronts are mutually-perpendicular. 
II. The distance between two wavefronts is half a wavelength. 
III. Wavefronts travel at the speed of light in vacuum. 

A. I only 
B. II only 
C. III only 
D. I and III 
E. II and III 
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medium X

boundary

medium Y

 
11. Path. Which of the following is/are TRUE for linear materials? 

I. Light speeds up when entering a region of high refractive index. 
II. Light frequency remains constant in materials. 

III. Light wavelength shortens when entering a region of high 
refractive index. 

A. I only 
B. II only 
C. III only 
D. I and III 
E. II and III 

 
12. Scatter. Three monochromatic light beams (one blue, one green and one red) 

enter glass from air. If the glass follows normal dispersion, rank the three 
according to increasing degree of bending. 

A. Red, green, blue 
B. Red, blue, green 
C. Green, red, blue 
D. Blue, green, red 
E. Blue, red, green 

 
13. Scatter around II. The ozone (O3) molecule has a length on the order of 0.1 

nm. Arrange the following light wavelengths in order of increasing scattering 
intensity: violet (400 nm), green (550 nm) and red (700 nm), if ozone is the 
scatterer. 

A. Violet < Green < Red 
B. Violet < Green = Red 
C. Violet = Green = Red 
D. Red < Green < Violet 
E. Red = Green < Violet 

 
14. Refraction. The diagram on the right shows plane 

wavefronts of a light wave that is approaching the 
boundary between two media, X and Y. The speed of 
the wave is greater in medium X than in medium Y. 
The wave crosses the boundary. Which of the following 
diagrams is correct?  
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medium X medium Y medium X medium Y

medium X medium Y medium X medium Y

A. B.

C. D.

 
 
E. All of the diagrams are incorrect

  
 

15. TeaR Here. In an aquarium, light traveling through water (n = 1.3) is 
incident upon the glass container (n = 1.5) at an angle of 30° from the 
normal. What is the angle of refraction in the glass? 

A. sin-1(0.23)  
B. sin-1(0.43) 
C. sin-1(0.75) 
D. sin-1(1.00) 
E. The light will not enter the glass because of total internal 

reflection. 
 

16. Colorful colors. A beam of light strikes a sheet of glass at an angle of 
60.0° with the normal in air. You observe that red light makes an angle of 
45.0° with the normal in the glass, while violet makes an angle of 30.0°. 
What are the indices of refraction of this glass for the red and violet 
colors of light, respectively?  

A. 
2 1;
3 3

 

B. 
3 ; 3
2

 

C. 
3 3;
2 4
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D. 
1 2;
3 3

 

E. 
33;
2

 

 
17. Ideal. A beam of light is linearly polarized. You wish to rotate its 

direction of polarization by 90° using one or more ideal polarizing 
sheets. To get maximum transmitted intensity, you should use how many 
sheets? 

A. 1 
B. 2 
C. 3 
D. as many as possible 
E. there is no way to rotate the direction of polarization 90° using 

polarizing sheets 
 

18. Polarizers. Unpolarized light of intensity 
I0 is incident on a polarizer. The 
transmitted light is then incident on a 
second polarizer. The axis of the second 
polarizer makes an angle of 60° to the 
axis of the first polarizer. What is the 
intensity of the light transmitted through 
the second polarizer? 

A. I0 
B. I0/2 
C. I0/4 
D. I0/8 
E. I0/16 

 
 
 
 
 
 
 
 
 
 
 
 
 
Consider an object placed at s = 1.5f in front of a convex mirror where f is its 
focal length equal to half of its radius of curvature R. 
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19. Image position. Where would the image form? 

A. In front of the mirror, at a distance greater than the center of 
curvature  

B. In between the center of curvature and the focal point 
C. At the focal point 
D. In between the focal point and the vertex 
E. At the back side of the mirror 

 
 

20. Vanishing act. Consider an object in front of a convex mirror. Where 
should the object be placed such that the image formed by the mirror will 
not be seen by the naked eye? 

A. In front of the mirror, at a distance greater than the center of 
curvature  

B. In between the center of curvature and the focal point 
C. At the focal point 
D. In between the focal point and the vertex 
E. At the back side of the mirror 

 
 

21. Ap-pear! Under the Atlantic ocean, Kung Fu Panda chased his enemy. 
The radius of a spherical diving mask of Kung Fu Panda is 0.25m. His 
enemy is located 4m in front of him. Describe where his enemy appears 
to be located. Use nwater=4/3 and nair=1.0 

A. 1 m from Panda’s mask 
B. -1 m, from Panda’s mask 
C. 3/5 m from Panda’s mask 
D. -3/5 m from Panda’s mask 
E. Enemy appears to be at infinity 
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22. Imahe. Consider the lens system in the following figure, where the 
magnitudes of the focal lengths of the concave and convex lenses are the 
same, which is equal to 20cm. The distance between the two lenses is 
60cm. If an object is located at 40cm in front of the first lens, where will 
the image due to the first lens be located? 

 
A. s’= f12 beyond lens 1 
B. s’= f21 beyond lens 1 
C. s’= 0.5 f12 beyond lens 1 
D. s’= 1.5 f12 beyond lens 1 
E. s’= f22 beyond lens 2 
 

For the next two numbers, consider the refractive index of sugar water. The 
refractive index of sugar water increases proportional to the sugar concentration. 

23. Apparent Depth. If the refractive index of pure water is 4/3, what is 
the apparent depth of a swimming pool 8ft deep?  

A. 32/3ft 
B. 16ft 
C. 8ft 
D. 6ft 
E. 3ft 
 

24. Apparent Depth. If the refractive index of sugar increases by 5% for 
every 100g/L of sugar, how would the new apparent depth of the 
swimming pool compare to the previous apparent depth after addition of 
200g/L of sugar? 

A. Less 
B. Greater 
C. Equal 
D. Half 
E. Double 
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25. Fish Bowl. A gold fish is in the middle of a spherical fish bowl with radius 
6inches. The apparent height of the gold fish as seen from outside is 
4inches, what is the actual height of the gold fish? Use nwater = 4/3. 

a. 1inch 
b. 2inches 
c. 3inches 
d. 4inches 
e. 5inches 

  
For the next two numbers, consider a policeman using a magnifying lens to see 
the details of a fingerprint 
 

26. Distance. If the focal length of the magnifying lens is 30cm, and the 
policeman holds the lens 10cm away from the finger print, what is the 
distance of the image of the fingerprint from the magnifying glass 
as seen by the policeman?  

A. 10cm 
B. 15cm 
C. 20cm 
D. 25cm 
E. 30cm 

 
27. Magnification. What is the magnification of the image of the fingerprint? 

A. -2 
B. -1.5 
C. 1 
D. 1.5 
E. 2 

 
28. To construct! Two coherent sources S1 and S2 are 4.00m apart. Both 

sources emit 1.00m of wavelength. Point I, II and III are 1.50m, 
1.75m and 3.50m from S1 respectively. At which point/s will the two 
sources interfere constructively? 

A. I only 
B. II only 
C. III only 
D. I and III 
E. I, II and III 

29. To construct at x. Two lasers separated by a distance a, emit the 
same wavelength λo. At what distance x between the two speakers will 
it interfere constructively? (let m = 0,1,2,3,…)  

A. mλo 
B. (m+1/2)λo 
C. [(m + 1/2) + a]/2 
D. (mλo)/2a 
E. (mλo + a)/2 

 
30. Smallest lambda. Consider two coherent light sources that can be 

adjusted to emit any visible monochromatic light (400nm to 700nm). 
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The two sources are 2000nm apart and the observer is 2000nm to the 
right of source 2 as shown in the figure. What is the shortest visible 
wavelength that the observer can see constructively? 

A. 600nm 
B. 550nm 
C. 500nm 
D. 450nm 
E. 400nm 

 
 
For the next two numbers, consider three interference patterns as shown in the 
figure below. The distances from slit to screen for the three patterns are equal. 
 
 

 
 
 
 

 
 
31. Compare lambda. If in a first set-up the slit separation d was made 

constant, compare the wavelengths λ used to create the three 
patterns. 

A. λA<λB<λC 
B. λA>λB>λC 
C. λA=λB=λC 
D. Cannot be determined 
E. It does not depend on the wavelength 

 
32. Compare slit separation. If in a second set-up the wavelength λ was 

made constant, compare the slit separation d of the three patterns. 
A. dA<dB<dC 
B. dA>dB>dC 
C. dA=dB=dC 
D. Cannot be determined 
E. It does not depend on the wavelength 

 
33. (Regular) Path. Two monochromatic waves coming 

from the same source went through two different paths 
in vacuum but eventually meet at point P, as shown. 
During the course of their travel, the first wave has 
undergone 17λ, while the other has undergone 20λ. 
What is the phase difference between the waves 
when they meet at point P? 
 
 
 

A. 3 rad 
B. 6 rad 
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C. π rad 
D. 3π rad 
E. 6π rad 

 
34. (Regular) Interference. Which of the 

following is true if two monochromatic 
waves are to interfere constructively 
in a two-slit experiment? 

I. The phase difference of the 
waves should be an even 
multiple of π. 

II. The phase difference of the 
waves should be an odd 
multiple of π. 

III. The path difference should be an odd half-integer multiple of λ. 
A. I only 
B. II only 
C. I and III 
D. I and III 
E. I, II and III 

 
For the next two questions, please consider the 
following. 
Two very long dense flint slides (nglass = 1.60) are 
made into a wedge, forming thin film of air (nair = 
1.00) between them. The connected ends of the 
slides are magnified, as shown. A dark band is 
observed at the encircled location when 
monochromatic violet light is used (see ray 
tracing). At the given location, the thickness of 
the air film is d. 
 
35. (Regular) Thin Film 1. If orange (λorange = 600 nm) light is used instead 

for the same setup, at what film thickness will you find the dark band? 
A. d’ = d 
B. d’ = (2/3) d 
C. d’ = (3/2) d 
D. d’ = 2d 
E. d’ = 3d 

 
36. (Regular) Thin Film 2. If water (nwater = 1.33) is placed in the region 

between the slides, which of the following procedures will still produce a 
dark fringe at the given location? 

A. Lowering the top slide such that the new film thickness is d/1.33 
at the given location. 

B. Lifting the top slide such that the new film thickness is 1.33d at 
the given location. 

C. Using a source with wavelength 1.33λ. 
D. A or C 
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E. B or C 
 

37. Lambda. In a single-slit diffraction experiment, a beam of 
monochromatic light passes through a slit of width 8.0 µm. If the first 
order dark fringe of the resulting diffraction pattern is at an angle of 0.08 
radians°, what is the wavelength of light? 

A. 100 nm 
B. 300 nm 
C. 450 nm  
D. 640 nm 
E. 900 nm 

38. Slim. Suppose you have devices that can detect EM radiation beyond the 
visible regime and you want to produce the narrowest central bright 
fringe with diffraction from single slit. Which of the following should you 
use? 

A. ultraviolet light 
B. blue light 
C. yellow light 
D. red light 
E. infrared light 

39. Perfect Match. Suppose you want to produce the narrowest central 
bright fringe with diffraction from single slit. Which of the following 
combinations should you use then? 

A. λ=610 nm; a=2.0µm 
B. λ=700 nm; a=2.0µm  
C. λ=610 nm; a=5.0µm 
D. λ=400 nm; a=5.0µm 
E. λ=520 nm; a=3.0µm 

40. Distance. Light of wavelength 600 nm is incident on a slit having a 
width of 0.4 mm. The viewing screen is 2.0 m from the slit. How far 
from the center of the brightest band will the first dark fringe be?  

A. 1.2 mm 
B. 2.4 mm 
C. 3.0 mm 
D. 18 mm 
E. 6.0 mm 

41. Frequency. The same single slit diffraction setup is used on separate 
trials with three different light frequencies (f1=430 THz, f2=540 THz, 
f3=750 THz). Arrange the three in order of increasing width of the 
central bright fringe 

A. f1 < f2 < f3 
B. f1 < f3 < f2 
C. f2 < f1 < f3 
D. f3 < f2 < f1 
E. f3 = f1 = f2 

      
      

42. Fabe colours. Engineer Mae Tohyo experimented on diffraction using 
lasers of different wavelengths. Using similar diffraction setups, she used 
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her two favorite periwinkle and fuchsia laser sources with λfuch ≈ 2λperi. 
What major difference will she observe on the resulting diffraction 
patterns? 

A. The spacing between patterns for periwinkle is twice wider. 
B. The spacing between patterns for periwinkle is four times wider.   
C. The spacing between patterns for fuchsia is twice wider. 
D. The spacing between patterns for fuchsia is four times wider. 
E. The spacing between patterns for both laser sources is the 

same. 
 
 

43. Late Fringes. The late Carl the Great performed an experiment on 
diffraction and interference using two slits with d = 0.6mm and identical 
slit widths a = 0.1mm. How many interference bright fringes did he 
see inside the central diffraction maximum? 

A. Five 
B. Seven  
C. Nine 
D. Eleven 
E. Twelve 

     
 
For the next two numbers, consider the interference patterns below: 

 
44. Chick S-Little. How many slits could have produced the resulting 

pattern? And what is the intensity of the principal maxima if the 
intensity of the source is IO? 

A. Eight; 16Io 
B. Eight; 64Io 
C. Seven; 14Io 
D. Seven; 49Io 
E. Six; 12Io 

 
45. Juana change. If Juana changed the setup by making the slit widths 

wider, how would this change the above pattern? 
A. The intensity of the principal maxima will increase. 
B. The intensity of the principal maxima will decrease. 
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C. The distance between centers of principal maxima will increase. 
D. The distance between centers of principal maxima will decrease. 
E. The distance between centers of principal maxima will remain 

unchanged. 
 
 

 END OF PROBLEM SET   


