
1.  One joule of work is needed to move one coulomb of charge from one point to another with no change in 
velocity. Which of the following is true between the two points? 

 (A) The resistance is one ohm.   (B) The current is one ampere.  
 (C) The potential difference is one volt.  (D) The electric field strength is one newton per coulomb.  
 (E) The electric field strength is one joule per electron. 
 
Questions 2-3  Two positive charges of magnitude q are each a distance d from 

the origin A of a coordinate system as shown above. 
 
2.  At which of the following points is the electric field least in magnitude? 
 (A) A        (B) B        (C) C        (D) D        (E) E 
3.  At which of the following points is the electric potential greatest in 

magnitude? 
 (A) A        (B) B        (C) C        (D) D        (E) E 

  
4.  Two identical conducting spheres are charged to +2Q and -Q. respectively, and are separated by a distance d 

(much greater than the radii of the spheres) as shown above. The magnitude of the force of attraction on the left 
sphere is F1. After the two spheres are made to touch and then are reseparated by distance d, the magnitude of 
the force on the left sphere is F2. Which of the following relationships is correct? 

 (A) 2F1 = F2      (B) F1 = F2     (C) F1 = 2F2       (D) Fl=4F2         (E) F1 = 8 F2 
 
Questions 5-6 
An electron is accelerated from rest for a time of 10-9 second by a uniform electric field that exerts a force of  
8.0 x 10-15 newton on the electron. 
 
5.  What is the magnitude of the electric field?        (A) 8.0 x 10-24N/C        (B) 9.1 x 10-22 N/C  

(C) 8.0 x 10-6 N/C           (D) 2.0 x 10-5 N/C           (E) 5.0 x 104 N/C 
 
6. The speed of the electron after it has accelerated for the 10-9 second is most nearly  

(A) 101 m/s         (B) 103 m/s         (C) 105 m/s           (D) 107 m/s          (E) 109 m/s 
 
7.  Two large parallel conducting plates P and Q are connected to a battery of emf ε, 

as shown.  A test charge is placed successively at points I, II, and III.  If edge 
effects are negligible, the force on the charge when it is at point III is 
(A) of equal magnitude and in the same direction as the force on the charge when it is at point I 
(B) of equal magnitude and in the same direction as the force on the charge when it is at point II 
(C) equal in magnitude to the force on the charge when it is at point I, but in the opposite direction 
(D) much greater in magnitude than the force on the charge when it is at point II, but in the same direction 
(E) much less in magnitude than the force on the charge when it is at point II, but in the same direction 

 
8.  Two conducting spheres of different radii, as shown, each have charge -Q.   Which of the 

following occurs when the two spheres are connected with a conducting wire? 
(A) No charge flows. 
(B) Negative charge flows from the larger sphere to the smaller sphere until the electric 
field at the surface of each sphere is the same. 
(C) Negative charge flows from the larger sphere to the smaller sphere until the electric potential of each  
      sphere is the same. 
(D) Negative charge flows from the smaller sphere to the larger sphere until the electric field at the surface of  
       each sphere is the same. 
(E) Negative charge flows from the smaller sphere to the larger sphere until the electric potential of each  
      sphere is the same. 

9.  The product  2 amperes x 2 volts x 2 seconds        is equal to  
(A) 8 coulombs       (B) 8 newtons        (C) 8 joules        (D) 8 calories        (E) 8 newton-amperes 
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10.  Which of the paths to the right represents the path of an electron traveling without any loss 
of energy through a uniform magnetic field directed into the page? 
(A) A      (B) B        (C) C       (D) D       (E) E 

 
 

11. A wire in the plane of the page carries a current directed toward the top of the page as 
shown below.  If the wire is located in a uniform magnetic field B directed out of the page, 
the force on the wire resulting from the magnetic field is 
(A) directed into the page   

(B) directed out of the page   
(C) directed to the right  
(D) directed to the left   
(E) zero 
 
 

12.  The direction of the magnetic field at point R caused by the current I in the wire 
shown to the right is 

(A) to the left      (B) to the right      (C) toward the wire      (D) into the page      (E) out of the page 
 

 
13.  Two long, parallel wires are separated by a distance d, as shown 

above.  One wire carries a steady current I into the plane of the page 
while the other wire carries a steady current I out of the page.  At 
what points in the plane of the page and outside the wires, besides 
points at infinity, is the magnetic field due to the currents zero? 
(A) Only at point P 
(B) At all points on the line SS' 
(C) At all points on the line connecting the two wires 
(D) At all points on a circle of radius 2d centered on point P 

  (E) At no points 
 
14. An electron is in a uniform magnetic field B that is directed out of the plane of the page, as 

shown.  When the electron is moving in the plane of the page in the direction indicated by 
the arrow, the force on the electron is directed 
(A)  toward the right           (B) out of the page           (C) into the page           (D) toward the 
top of the page  
(E) toward the bottom of the page 

Questions 15-16 
A magnetic field of 0.1T forces a proton beam of 1.5 mA to move in a circle of radius 0.1 m.  The plane of the circle 
is perpendicular to the magnetic field. 
15. Of the following, which is the best estimate of the work done by the magnetic field on the protons during one 

complete orbit of the circle?   
 (A)  0 J          (B) 10-22 J          (C) 10-5 J          (D) 102 J          (E) 1020 J 
 
16.   Of the following, which is the best estimate of the speed of a proton in the beam as it moves in the circle? 
 (A)  10-2 m/s          (B) 103 m/s          (C) 106 m/s          (D) 108 m/s          (E) 1015 m/s 
 
17. The diagram shows the electric field lines produced by an electrostatic focusing device.  Which one of the 

following diagrams best shows the corresponding equipotential lines? the electric field lines are shown as 
broken lines on each of the diagrams. 

  

§B. An electric motor is used to raise a weight of 2·0 N. When connected to 
a 4·0 N supply, the current in the motor is 1·5 A. Assuming no energy 
losses, the best estimate for the maximum steady speed at which the 
weight can be raised is  

 A. 0·3 ms-1  
 B. 3·0 ms-1  
 C. 9·0 ms-1  
 D. 12·0 ms-1  
 
§C. The diagram shows the electric field lines produced by an electrostatic 

focusing device. 
 
 
 
 
 
 Which one of the following diagrams best shows the corresponding 

equipotential lines ? the electric field lines are shown as broken lines 
on each of the diagrams. 
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