
Physics 7B, Speliotopoulos 

Final Exam, Spring 2014 

Berkeley, CA 

 
Rules:  This final exam is closed book and closed notes. In particular, calculators are not allowed during 

this exam.  Cell phones must be turned off during the exam, and placed in your backpacks, or bags.  They 

cannot be on your person. 

 

Please make sure that you do the following during the midterm:  

 

- Show all your work in your blue book 
- Write your name, discussion number, ID number on all documents you hand in. 

- Make sure that the grader knows what s/he should grade by circling your final answer. 

- Cross out any parts of your solutions that you do not want the grader to grade.   

 

Each problem is worth 20 points.  We will give partial credit on this final, so if you are not altogether 

sure how to do a problem, or if you do not have time to complete a problem, be sure to write down as 

much information as you can on the problem.  This includes any or all of the following:  Drawing a clear 

diagram of the problem, telling us how you would do the problem if you had the time, telling us why you 

believe (in terms of physics) the answer you got to a problem is incorrect, and telling us how you would 

mathematically solve an equation or set of equations once the physics is given and the equations have 

been derived.  Don’t get too bogged down in the mathematics; we are looking to see how much physics 

you know, not how well you can solve math problems. 

 

If at any point in the exam you have any questions, just raise your hand, and we will see if we are able 

to answer them.   

 

Copy and fill in the following information on the front of your bluebook: 

 

Name:  ______________________________ Disc Sec Number: _______________________ 

Signature: ___________________________ Disc Sec GSI: __________________________ 

Student ID Number: ____________________  

 

 

 

  



1. Two particles move through a constant magnetic field,  , pointed into the page 

(see figure). The particle on the left has charge,     , and the one on the right 

has charge,     .  They both have a constant velocity,  ⃗, perpendicular to  . 

What is the separation,  , between the two charges?  All the forces on the 

charges are either electric or magnetic in nature. (Because the charges move 

much slower than the speed of light, you can neglect the magnetic fields 

generated by the moving charges.) 

 

(If you are bored over the summer (not now!), you can ask whether or not 

someone moving with the charges would conclude that their separation can be 

constant, and if not, how the electric and magnetic fields must change between 

moving and stationary reference frames. And that will lead you to special relativity.)  

 

 

 

 

2. The figure to the right shows a section of a wire with current,  , running through 

it. The arc has an opening angle,   , and radius,  . What is the magnetic field 

(direction and magnitude),  , at the point,  , shown? 

 

 

 

 

 

 

3. A wire with length,  , is made out of two concentric cylinders, one with radius,  , and the other with 

radius,  . (The two cylinders are separated by an insulator that has negligible thickness.) There is a 

constant current, I, flowing out of the page though the inner cylinder, while the same current, I, flows 

into the page between the inner and outer cylinders (see figure).  

a. Using the energy density of a magnetic field, what is the energy,  , stored in the wire? Take 

   , so that you can neglect end effects. 

b. Then what is the inductance per length,   ⁄ , of the wire?  
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End View



4. A resistor is made from two concentric spheres with radii   and   (see 

figure) between which there is a material with resistivity that varies with 

radius as, 

 ( )    (
 

 
)
 

  

Current is injected into the resistor from the inner sphere, and removed from 

the outer cylinder.  

a. What must the exponent,  , be if the electric field between the sphere is 

constant? 

b. What is the current,    in the circuit? (If you cannot get part a, take     

for this part.) 

 

 

 

5. The figure to the right shows two infinite sheets of 

current, each with surface charge density,  , (in amperes 

per meter), but flowing in opposite directions. The two 

sheets are separated by a distance,   .  The magnetic 

field  ⃗⃗( ) is zero for | |    

a. What is the magnetic field  ⃗⃗( ) for | |   ? 

b. If the surface current densities increase slowly with 

time as 

 ( )    (
 

 
)  

what is the electric field,  ⃗⃗, everywhere? 

 

 

 

6. The rail guns we looked at on the homework are limited 

by inductive effects. To include these effects, we 

consider the two long rails in a constant magnetic field, 

 , (see figure on right). A rod with mass,  , and length, 

   lies on top of the rails. The rod is initially at rest, and 

at     the switch is closed. The rails and the rod have 

negligible resistance. 

a. What is the velocity of the rod,  ( ), after the switch is closed? (Hint: You will have to use 

Kirchoff’s loop rule and Newton’s 2
nd

.) 

b. Eventually the velocity of the rod approaches a constant,   . What is   ?  Explain in physical 

terms the conditions under which this happens. (You can do this part of the problem without first 

doing part a.) 

 

 

 

7. While for an adiabatic processes,     , the figure on the right shows a gas 

of   moles of monatomic molecules that undergoes instead a process for 

which 

   
 

 
    

a. If the temperature at the beginning and end points of the process is    

and   , respectively, what is the change in entropy,      for the 

process? Express it in terms of        and   . 

b. For each point along the    diagram for the process,               
Using the first law of thermodynamics and the equation of state for the 

gas, determine  . 
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