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x Write your full name and student number  
x Write your answers in the designated area 
x Reversed sides of each page are left blank intentionally and could be used for draft answers 
x Read the questions carefully 
x Please, do not use a pencil 
x Books, notes, phones, and tablets are not allowed. Calculators and dictionaries are allowed. 

 
 
 
Exam drafted by (name first examiner) Maxim S. Pchenitchnikov 
Exam reviewed by (name second examiner) Steven Hoekstra 
 
__________________________________________________________________________________________ 
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Grade = 1 + 9 x (score/max score). 
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Question 1 10  

Question 2 13  

Question 3 10  
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Question 1. (10 points) 
 
A capacitor C has been charged up to potential V0; at 
time t = 0, it is connected to a resistor R (the switch is 
flipped on), and begins to discharge (see Figure).  
 

1. Determine the charge on the capacitor as a function 
of time, Q(t). (5 points) 

2. What is the current through the resistor, I (t)? 
(1 point) 

3. By integrating the Joule heating law, confirm that 
the heat delivered to the resistor is equal to the energy lost by the capacitor. (3 points) 

4. What was the original energy stored in the capacitor? (1 point) 

 
Model answers (Griffiths, Problem 7.2a,b) 
 
1.           (1 point) 
 
Because positive I means the charge on the capacitor is decreasing: 
 
          (1 point) 
 
          (1 point) 
  
          (1 point) 
 
          (1 point) 
 
 
2.            
 
          (1 point) 
 
 
 
3. The energy delivered to the resistor is 
 

(1 point) 
 
 
          (1 point) 
 
 
          (1 point) 
 
 
4.    (of course because energy is conserved!)  (1 point) 
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Question 2.  (13 points)  
 
A metal bar of mass m slides 
frictionlessly on two parallel conducting 
rails a distance l apart; the whole set is 
placed on a horizontal plane (See 
Figure). A resistor R is connected across 
the rails, and a uniform magnetic field B, 
pointing into the page, fills the entire 
region.  
 
1. If the bar moves to the right at speed v, what is the current in the resistor? In 
what direction does it flow? (2 points) 
2. What is the magnetic force on the bar? In what direction? (3 points) 
3. If the bar starts out with speed v0 at time t = 0, and is left to slide, what is its 
speed at a later time t? (3 points) 
4. Find the energy delivered to the resistor (Tip: make a substitution  𝛼 ≡ 𝐵2𝑙2

𝑚𝑅
) (4 points) 

5. Does the answer make any sense? Why? (1 point) 
 
Model answers (Problem 7.7): 
 
1.           (1 point)  
     (never mind the minus sign) 
Current flows anticlockwise (downward through the resistor)   (1 point) 
 

2. 𝐹 = 𝑞𝑢𝐵 = 𝐵 ∫ 𝐼𝑑𝑡 𝑑𝑙
𝑑𝑡

= 𝐵𝐼𝑙 (u is the charge speed along l) (1 point)  

   𝐹 = 𝐵2𝑙2𝑣
𝑅

         (1 point)  
    To the left direction (according to Lenz)      (1 point) 
 
3.           (1 point)  
 
          (2 points)  
 
 
 
4.           (1 point)  
 
 
          (1 point)  
 
 
          (2 points)  
 
 
5.              is the initial kinetic energy of the bar; it all has spent on heat  
    – so that the law of energy conservation works!     (1 point)   
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Question 3. (10 points)  
 
A long solenoid with radius a and n turns per unit length carries a time-dependent current I(t) 
in the direction 𝝋̂. Find the electric field E (magnitude and direction) in the quasistatic 
approximation (i.e. the magnetic field can be considered as produced by a constant current): 
 
1. At a distance s from the axis inside the solenoid (4 points) 
2. At a distance s from the axis outside the solenoid (3 points) 
3. Find the self-inductance ℒ per unit length of such a solenoid (3 points) 
 
Tip: the magnetic field of the solenoid is  
 
 
Model answers (Problem 7.15, 7.24): 
 
1. Faraday’s law 
 
For an “amperian loop” of radius s < a, 
 
          (1 point) 
 
          (2 points) 
 
 
          (1 point) 
 
 
2. For an “amperian loop” of radius s > a: 
 
          (1 point) 
 
          (1 point) 
 
          (1 point) 
 
 
3. Flux through a single turn Φ1 = 𝜇0𝑛𝐼𝜋𝑎2     (1 point) 
 
In a length l there are nl such turns, so the total flux is Φ = 𝜇0𝑛2𝜋𝑎2𝑙 𝐼 (1 point) 
 
The self-inductance is given by Φ = 𝐿 𝐼 
 
so the self-inductance per unit length is ℒ = 𝐿

𝑙
= 𝜇0𝑛2𝜋𝑎2    (1 point) 

 
  

∮ 𝐄 ∙ 𝑑𝐥
𝒫

= −
𝑑
𝑑𝑡

∫ 𝐁 ∙ 𝑑𝒂
𝑆
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Question 4. (7 points)  
 
Тhe constant current I runs through thin wires that connect to 
the centers of the plates that form a parallel-plate capacitor (see 
Figure). The radius of the capacitor is a, and the separation of 
the plates is w<<a. Assume that the current flows out over the 
plates in such a way that the surface charge is uniform, at any 
given time, and is zero at t = 0. 
 
1. Find the electric field between the plates, as a function of t. 
(3 points) 

2. Find the displacement current 𝐼𝑑 = 𝐽𝑑𝐴 (where A is the area) through a circle of radius s in 
the plane midway between the plates. (1 point) 

3. Using this circle as your "Amperian loop," and the flat surface that spans it, find the 
magnetic field at a distance s from the axis. (3 points) 

 
 
Model answers (Problem 7.35/7.34; also considered at lectures):  
  
1.           (1 point) 
 
          (1 point) 
 
 
          (1 point) 
 
 
 
2.           (1 point) 
 
 
3.             or      (1 point) 
        
 
          (1 point) 
 
          (1 point) 
 
 
Alternatively, in the cylindrical system of coordinates: 
 
          (1 point) 
   
 
          (1 point) 
 
 
          (1 point) 

1
𝑠

[
𝜕

𝜕𝑠
(𝑠𝐵𝜑)] 𝐳̂ =  𝜇0𝜖0

𝜕𝐄𝑧

𝜕𝑡
 

𝜕
𝜕𝑠

(𝑠𝐵𝜑) =
 𝜇0𝜖0𝐼
𝜖0𝜋𝑎2 𝑠 

 𝑠𝐵𝜑 =
 𝜇0𝛽
𝜋𝑎2

𝑠2

2
; 𝐁 =

 𝜇0𝐼
2𝜋𝑎2 𝑠𝛟̂ 

𝐁 =
 𝜇0𝐼

2𝜋𝑎2 𝑠 𝛟̂ 

∮ 𝐁 ∙ 𝑑𝐥 =  𝜇0𝜖0 ∫
𝜕𝐄
𝜕𝑡

∙ 𝑑𝒂 
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