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PHYS 507 
HANDOUT 10 - Questions on Electromotive Force 

 
10.1 A cylindrical resistor of cross-sectional area A and length L is made from 
material with conductivity σ. If the potential is constant over each end, and the 
potential difference between the ends is V, what current flows?  

 

10.2 Two long cylinders (radii a and b) are separated by material conductivity σ. If 
they are maintained at a potential difference V, what current flows from one to the 
other in a length L. 

 

10.3 In question 10.1 we asserted that the field inside the resistor is uniform. Prove 
this assertion.  

10.4 Prove the relation E = − dΦ
dt

. 

10.5 A metal disk of radius a rotates with angular velocity ω about a vertical axis, 
through a uniform field B, pointing up. A circuit is made by connecting one end of a 
resistor to the axle and the other end to a sliding contact, which touches the outer edge 
of the disk. Find the current in the resistor. 

 

 

10.6 A long cylinder magnet of length L, and radius a carries a uniform magnetization 
M parallel to its axis. It passes at constant velocity v through a circular wire ring of 
slightly larger diameter. Graph the emf induced in the ring, as a function of time. 
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10.7 A uniform magnetic field B(t), pointing straight up, fills the shaded circular 
region. If B is changing with time, what is the induced electric field?  
 

 
 

10.8 A line charge λ is glued onto the rim of a wheel of radius b, which is then 
suspended horizontally as shown in figure, so that it is free to rotate (the spokes are 
made of some non-conducting material – wood, maybe). In the central region, out to 
radius a, there is a uniform magnetic field B0 pointing up. Now someone turns the 
field off. What happens?  
 

 
 

10.9 An infinitely long straight wire carries a slowly varying current I(t). Determine 
the induced electric field, as a function of the distance s from the wire.  
 

 
 

10.10 A short solenoid (length l and radius a, with n1 turns per unit length) lies on the 
axis of a very long solenoid (radius b, n2 turns per unit length as shown in figure). 
What is the flux through the long solenoid? 
 

 

10.11 Find the self-inductance of a toroidal coil with rectangular cross section (inner 
radius a, outer radius b, height h), which carries a total of N turns.  
 
10.12 Find the current as a function of time in the following circuit: 
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10.13 A small loop of wire of radius a lies a distance z above the center of a large 
loop of radius b as shown in the figure. The planes of the two loops are parallel and 
perpendicular to the common axis. 
 
(a) Suppose current I flows in the big loop. Find the flux through the little loop. (The 
little loop is so small that you may consider the field of the big loop to be essentially 
constant. 
 
(b) Suppose current I flows in the small loop. Find the flux through the big loop. (The 
little loop is so small that you may consider it as a magnetic dipole). 
 
(c) Find the mutual inductances, and confirm that M12 = M21 
 
 

 

10.14 Prove the relation W =
1

2µ0

B2 dτ
all space
!∫ . 

10.15 A long coaxial cable carries current I (the current flows down the surface of the 
inner cylinder, radius a, and back along the outer cylinder, radius b. Find the magnetic 
energy stored in a section of length l. 

 

 

 


