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For grading purposes (do not write here): 

Question       Problem 

1.        1. 

2.        2. 

3.        3.  
 

 

 

 

Sign here indicating you have followed the honor code and not cheated on this 

exam. 
_______________________________________ 

 

Answer each of the following questions and each of the problems.  Points for each 
question and problem are indicated in red with the amount being spread equally among 
parts (a,b,c etc).  Be sure to show all your work. 
Use the back of the pages if necessary. 
 
  



Question 1. (10 points) (a) Determine the direction of the force on a moving positive charge with 

velocity v as shown below in a magnetic field into the page.  Draw the force clearly in the 

diagram 
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(b) A positively charged particle is moving perpendicular to a magnetic field that is into the page 

and experiences an downward force as shown below.  What is the direction of the velocity?  

Draw it clearly on the diagram.    
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(c) A rectangular loop is placed in a uniform magnetic field with the plane of the loop 

parallel to the direction of the field. If a current is made to flow through the loop in 
the sense shown by the arrows.  
Does the field exert a net force on 
the loop?  Does it exert a  torque 
on the loop?  If it does exert either 
one, what is the direction of the 
net force or torque (clearly draw it 
on the picture).    
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Question 2. (10 points) (a) If the magnetic field a distance r away from a long current carrying 

wire is 20 T, what will be the net magnetic field at 2r if another long wire is placed a distance r 

from the original wire and has a current twice as strong flowing in the same direction.  In other 

words, Find the net magnetic field at point P which is a distance r from the wire carrying 2I and a 

distance of 2r from the wire carrying I.  

 

 

 

 

 

 

 

(b) There is a long wire carrying a current of 2 A out of the page as shown below.  (i) what is the 

magnitude of the sum (path integral)  ∮ 𝐵⃗ .ds  for the magnetic field produced by the wire around 

the path shown in red? 

 

 

 

 

 

 

(ii) Now suppose another wire carrying a current of 5 A out of the page is added as shown below.  

What is the magnitude of the sum (path integral)  ∮ 𝐵⃗ .ds  along the same path as before.  

 

the path shown in red?  Note the 2nd current is outside the path.   
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Question 3. (10 points)  

(a) A long wire carries a steady current below a metal ring as shown in the figure below. (i)  

Is there a magnetic field through the ring?  If so, what is the direction of that magnetic 

field? (ii) If the diameter of the ring suddenly begins to increase at a steady rate, will 

there be a current induced in the ring?  If so, what will the direction of that current be?  

Draw it clearly on the loop if there is a current.   

 

 

 

 

 

(b) What is the direction of the current induced in the resistor R (i)  immediately after the 

switch is closed in the diagram below?  Is it a to b, b to a, or is no current induced.  (ii) 

What about after the switch has been closed for a long time.  Is it a to b, b 

to a, or is no there no current? 

 

 

 

 

(c) In an AC generator, a coil with N turns of wire spins in a magnetic field. Of the following 

choices, which will not cause an increase in the emf generated in the coil?  Write yes or 

no next to each.  

 

-replacing the coil wire with one of lower resistance 

-spinning the coil faster 

 -increasing the magnetic field 

-increasing the number of turns of wire on the coil 

 

  



Problem 1. (15 points) A magnetic field is given by 𝐵⃗  = (3î + 3k̂)𝑇.  (a) A particle with a 

charge of 3 C is traveling through the field with a velocity given by 𝑣  = 

(2î + 3ĵ) m/s.  What is the force on the particle.  (b) Another particle with a charge 

of 2 C is travelling in the x-y plane in this same field and it experience a magnetic 

force of 𝐹  = (6î - 6k̂) N.  Determine the velocity of this particle – what are its x 

and y components (vz = 0) and if one of these is undetermined state so.   
  

  



Problem 2. (15 points).   A long wire with a ¾ circular diversion as shown below carries a 
current of 2 A.  The ¾ circle has a radius of 2 m.  (a) (5 points Can Ampere’s law be 
used to calculate the magnetic field at point P (at the center of the semi-circle)?  (b) (10 
points) Calculate the magnetic field at that point P by any means necessary.  Include 
the direction. 

  



 

Problem 3. (15 points) Within the black circle  of radius R = 1 m shown in the figure below, the 

magnetic field decreases at a constant rate of 4 Teslas/second (so the field is like that of an ideal 

solenoid pointing into the page).   

(a) (4 points) Calculate the electric field at point A which is 0.3 m from the center of the 

circle. (1 point) What is the direction of this electric field? 

(b) (4 points) Calculate the electric field at point B which is 1.5 m from the center of circle.  

(1 point) What is the direction of this electric field? 

(c) (4 points) If a circular wire of radius 1.5 m were placed concentrically with the field so 

that it intersects point B and the wire had a resistance of 10 , what would be the current 

in the wire?  (1 point) What would the direction of the current be (clockwise or 

counterclockwise.   
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