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______________________________________________________________________________ 

Massachusetts Institute of Technology 

Department of Electrical Engineering and Computer Science 


6.013 Electromagnetics and Applications 


Problem Set #2          Issued: 9/13/05 

Fall Term 2005  Due: 9/21/05


Reading Assignment: Sections 1.5, 2.1, 2.4, 2.5 of Electromagnetics and Applications. 
6.013 Formula Sheet attached. 

Problem 2.1 
The gradient, curl, and divergence operations have simple relationships that will be used 
throughout the subject. 

a.	 One might be tempted to apply the divergence theorem to the surface integral in Stokes’ 
theorem. However, the divergence theorem requires a closed surface while Stokes’ 
theorem is true in general for an open surface. Stokes’ theorem for a closed surface 
requires the contour to shrink to zero giving a zero result for the line integral. Use the G 
divergence theorem applied to the closed surface with vector ∇× A to prove thatG 
∇ • (∇× A) = 0 . 

b.	 Verify (a) by direct computation in cylindrical coordinates. 
(


theorem to show that 

c. Integrate the normal component of the vector ∇× ∇f ) over a surface and use Stokes’ 

∫ ( f ) •dS = v∫ f d A = v∫ df  ∇× ∇  ∇ •  = 0 
S	 C C 

where f(x, y, z) is an arbitrary scalar function. 

∂f ∂f ∂fHint: df = dx + dy + dz = f∇ •  d A 
∂x ∂y ∂z 

Since the equality is true for any surface dS  conclude that ( f ) = 0∇× ∇  . 

d.	 Verify the results of part (c) that ∇× ∇( f ) = 0  by direct computation in spherical 
coordinates. 
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Problem 2.2 

A cylinder of radius R1 has a volume current distribution  

( )  = ( /  R 2 < <J r  J r ) 0 r Rz 0 1 1 

The cylinder is surrounded by free space and a perfect conducting cylinder of radius R2 so that 
H = 0 for R > R2 . There is no surface current on the = 1r R surface. 

a. What is the total z directed current flowing through the cylinder? 
b. What is the magnetic field H for 0 < < 2 ?r R  
c. What is the surface current density on the cylinder of radius R2? 
d. What is the total z directed current flowing on the = 2r R  cylinder and how is it related to 

your answer in (a)? 

Problem 2.3 

A sphere of radius R1 and free space permittivity ε0  has a volume charge distribution 

ρ ( )  = ρ ( /  R ) 0 r R  f r 0 r 1
4 < <  1 

The sphere is surrounded by free space and a perfectly conducting sphere of radius R2 so that 
E = 0 for > 2 . r R1  surface.r R There is no surface charge on the =

a. What is the total charge on the sphere? 
b. What is the electric field E for 0 < < 2 ?r R  
c. What is the surface charge density on the perfectly conducting sphere of radius R2? 
d. What is the total charge on the = 2r R  spherical surface and how is it related to your 

answer in (a)? 
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Problem 2.4 

The N turn rectangular coil of height h and length l shown above is used to measure the magnetic 
field intensity H  due to the current i I0 sinωt in the infinitely long wire of height R=  above the 
coil. The N turn coil is open circuited and thus its current is zero. 

a.	 What is the total magnetic flux 

z+A R h  + 

f = 0 ∫ ∫ φdrλ μ  N dz  H
z R 

linked by the N turn coil? 

b.	 With wire current i I0 sinωt what is v t  across the terminals of the N turn coil?  =	 ( )

Evaluate for N=20 turns, h=8 cm, l=20cm, I = 6  amp peak, and ω =120π radians (60
0 

Hertz). 
c.	 How should the N turn coil be positioned with respect to the line current i so that 


v t( ) = 0 ? 
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Figure 1.6.4 in Electromagnetic Fields and Energy, by Hermann A. Haus and James R. Melcher, 1989.
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