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1. Conceptual Questions (30 point) 
 

1.1. (6pts) A lens produces a sharply focused, inverted image on a screen. What will 
you see on the screen if the lens is covered by a dark mask having only a small 
hole in the center? 

 
A. An inverted but blurry image. 

B. An image that is dimmer but 

otherwise unchanged. 

C. Only the top half of the image.  

D. Only the bottom half of the 

image. 

E. No image at all. 

 

1.2.  (6pts) Figure is a snapshot graph of two plane waves passing through a region 
of space.  Each wave has a 2.0 mm amplitude and 
the same wavelength.  What is the net 
displacement of the medium at points A and B?  

 

 

 

 

 

1.3 (6pts) Four point charges are arranged at the corners of a square.  Find the 
electric field E and the potential V at the center of the square. 
 

A) E=0;  V=0 

B)  E=0;  V≠0 

C)  E≠0;  V≠0 

D)  E≠0;  V=0 

E)  E = V regardless of the value 
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1.4 (6pts) An extended light bulb (see the figure) illuminates a narrow vertical aperture 
in a dark screen. What do you see on the 
viewing screen? 
(Circle the right answer) 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5 (6pts) Two loops of wire are moving in the vicinity of a very long straight wire 
      carrying a steady current.  Find the direction of the induced current in each 
       loop. (CW stands for clockwise direction; CCW – counterclockwise) 

Loop A: 
A) CW 

B) CCW 

C) No current 

Loop B: 

A) CW 

B) CCW 

C) No current 
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Problem 2. (20 pts) 

A 0.1-m-tall cat is placed 20 cm from a 1-m-focal length converging lens.   
a) Determine the image position using ray tracing (draw it).  Identify if the image 

is upright/inverted and real/virtual. 
b) Calculate the image position and height.  
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Problem 3. (20 pts) 

Light strikes a glass plate at an angle of incidence of 60o; part of the beam is reflected 
and part is refracted.  It is observed that the reflected and refracted portions make an 
angle of 90o with each other (see the figure).  What is the index of refraction of the 
glass?  
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Problem 4. (20 pts) 

If the distance between the first and tenth maxima of a double-slit pattern is 18 mm 
and the slits are separated by 0.15 mm with the screen 50 cm from the slits, what is the 
wavelength of the light used?  
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Problem 5. (20 pts) 
 
The magnetic field of an electromagnetic wave in a vacuum is 

∙ ∙ ; ; 	  ,  
where x is in meters and t is in seconds. What are the wave’s 
 

a) (2pts) direction of propagation; 
 

 
b) (3pts) wavenumber; 

 
 

c) (3pts) wavelength; 
 

 
 

d) (3pts) frequency; 
 

 
 

e) (3pts) electric field amplitude? 
 
 
 
 

f) (3pts) mathematical expression for the electric field? 
 
 
 
 
 
 

g) (3pts) intensity of the electromagnetic wave? 
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Problem 6. (20 pts) 
A) (6 pts) The figure shows two points inside a 

capacitor.  Let V=0 V at the negative plate.  What 
is the ratio V2/V1 of the electric potential at these 
two points? 

 
 
 
 
 
 
 
 

B) (14 pts) An electron is accelerated from rest in a capacitor.  A potential difference 
between the plates is 5000 V.  What is the speed of the 
electron (m=9.1x10-31 kg, q= -1.6x10-19 C) as a result of 
this acceleration? 
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Problem 7. 

A) (10 pts) What is the magnetic field 
strength and direction at points a 
and b in the figure. Point b is the 
midpoint between the wires. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B) (10 pts) A proton moves in the magnetic 
field . ̂  with a speed of 1.0x107m/s 
in the direction shown in the figure.  What 
is the magnetic force on the proton? Give 
your answers in component form. 
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Formula Sheet:  
Electricity and Magnetism 
Coulomb’s law 

 

Electric Field 

 

Field of a point charge  	

 

Electric field inside a capacitor 

 

Principle of superposition 

 

Electric flux 

Φ ∙  

Gauss’s law 

Φ ∙  

Electric potential 

 

ΔV ∙  

For a point charge 		  

For a paralle-plate capacitor 
 

Potential Energy 
 

Two point charges 	

 

Capacitors 

Δ
 

Parallel-plate     

Capacitors connected in parallel 
																 ⋯ 

Capacitors connected in series 
1 1 1

⋯ 

Energy stored in a capacitor   

Ohm’s law 
 

 

 

 

Δ 0 

Power 
 

Resistors connected in series 
⋯ 

Resistors connected in parallel 
1 1 1 1

⋯ 
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The potential difference across a 
charging capacitor in RC circuit 

1  
 
A magnetic field exerts a force 

 

 

 
 
The Biot-Savart Law 

̂
4

 

̂
4

 

 
The magnetic field of:  
A straight line wire 

2
 

A solenoid 
 

Magnetic flux 

Φ ∙  

 
Inductance 

Φ
 

μ
 

 

 
 
 

Maxwell’s equations 

∙  

∙ 0 

Ɛ ∙
Φ

 

∙
Φ

 

 

The Poynting vector 

1
 

 

I
2

 

Malus’s Law 

 

Traveling Wave 

,  

2
; 	

2
; 	  

Interference 

Δ 2
Δ

Δ 2 	  

Δ 2
Δ

Δ

1
2
2 	  

2acos	
Δ
2
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Double Slit 

   

Diffraction grating 

sin  

tan  

Thin-lens equation: 

1 1 1
 

; 			 | |  

Snell’s Law: 

sin sin  

TIR:			sin  

 

 

 

 

 

 

 

 

 

 

 

 

 

Constants 
Charge on electron                             

1.60 ∙ 10 	  
Electron mass 9.11 ∙ 10 	  
Proton mass 1.67 ∙ 10 	  
Permittivity of free space 

8.85 ∙ 10 	 /  
Permeability of free space 

4 ∙ 10 	 /  
1

4
8.99 ∙ 109	 2/ 2 

 			 3.0 ∙ 10 /  

Kinematic eq-ns with const. Acc.: 

v(t) = v0x+at 
x(t) = x0+ v0xt +(1/2) at2  
v2 = v0x

2 + 2a(x – x0) 
Centripetal acceleration   ⁄  
L=2πR 
A=πR2 

V=(4/3)πR3 

 


