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6.641 — Electromagnetic Fields, Forces, and Motion Spring 2005 

Quiz 1 - Solutions 2004 

Prof. Markus Zahn MIT OpenCourseWare 

Problem 1 

A 

Question: What is the general form of the solution for χ(x, y) in the regions x < 0 and 0 < x < d? 

Solution: 

A cos(ay)e ax x < 0 
χ(x, y) = 

B cos(ay) cosh (a (x − d)) 0 < x < d 

B 

Question: What boundary conditions must be satisfied? 

Solution: 

Hy(x = 0+) − Hy(x = 0 
−

) = Kz


µHx(x = 0 
−

) = µ0Hx(x = 0+)


Hx(x = d) = 0


Question: Solve χ(x, y) for x < 0 and 0 < x < d.

Hint: To minimize algebraic complexity, think about the best way to write the general form

of the solution for χ(x, y) to automatically satisfy one of the boundary conditions for part (b).


Solution: 

∂χ aA sin(ay)eax x < 0 
Hy = − = 

∂y aB sin(ay) cosh(a(x − d)) 0 < x < d 

∂χ −aA cos(ay)eax x < 0 
Hx = − = 

∂x −aB cos(ay) sinh(a(x − d)) 0 < x < d 

1 



� � 

= � � 

Quiz l: 2004 6.641, Spring 2005 

� aA�sin(�ay��)
K0

�sin(�ay��)aB�sin(�ay��) cosh(ad) − � = 
a


− µ� = aB�cos(�ay��) sinh(ad)
aA�cos(�ay��) +µ0�

µ0


A = − B sinh(ad) 
µ 

µ0 K0
B cosh(ad) + sinh(ad) = 

µ a


K0

B = � �


a cosh(ad) + µ
µ 
0 sinh(ad)


µ0 sinh(ad)K0
A = − � �


µa cosh(ad) + µ
µ 
0 sinh(ad)


⎧ 

ax 

⎨− 
µ0K0 sinh(ad) cos(ay)e 

x < 0

µa[cosh(ad)+ µ

µ 

0 sinh(ad)]

χ(x, y) = 

⎩ 

K0 cos(ay) cosh(a(x−d)) 0 < x < d

a[cosh(ad)+ µ

µ 

0
 sinh(ad)] 

D 

Question: What is the surface current that flows on the x = d interface? 

Solution: 

Kz(x = d) = −Hy(x = d) = −Ba sin(ay) 

−K0 sin(ay) 

cosh(ad) + µ
µ 
0 sinh(ad) 

E 

Question: What is the force per unit y − z area on the x = d interface? 

Solution: 

f 1 � �
� 1 

= K̄ × µ0H̄ � = µ0Kz(x = d)Hy(x = d)īz × īy
area 2 x=d 2


¯ µ0

= −ix Kz(x = d)(−Kz(x = d))

2 

= +
µ0 

K2(x = d)īx
2 z 

µ0 K0
2 sin2(ay) 

= 
2 

� 

µ0 

�2 
cosh(ad) +

µ 
sinh(ad) 
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Problem 2 

A 

Question: What is the general form of solution for the electric scalar potential Φ(r, φ) for r < R1 

and R1 < r < R2? 

Solution: 

Ar2 sin(2φ) r < R1
Φ(r, φ) = � 

C 
� 

Br2 + sin(2φ) R1 < r < R22r

B 

Question: What boundary conditions must be satisfied? 

Solution: 

Φ(r = 0, φ) is finite


Φ(r = R1−, φ) = Φ(r = R1+, φ) = V0 sin(2φ)


Φ(r = R2, φ) = 0


C 

Question: What is the potential distribution for r < R1 and R1 < r < R2? 

Solution: 

AR2
1�sin(2���φ) = V0�sin(2���φ) ⇒ A = 

V0 

R2 
1 

BR2
2 + 

R

C 
2 R

C 
4sin(2φ) = 0 ⇒ B = − 

2 2 

1BR1
2 + 

R2 R2 − 
R4 = V0 

C 
�sin(2���φ) = V0�sin(2���φ) ⇒ C 

1 R2 

1 1 2 
⎧ 

V0r 2 
⎨ sin(2φ) r < R1R2 

Φ(r, φ) = 1 

r 2 1 V0R2R4 
1 r 2 

⎩C −
R4 + 

r2 sin(2φ) = 
R

2
4 
−

1

R4
2 sin(2φ) 

r2 − 
R4 R1 < r < R2 

2 1 2 

D 

Question: What are the surface charge distributions at r = R1 and r = R2? 

Solution: 

∂Φ 
�

� ∂Φ 
�

� �2V0R1
2R2

4 2 2R1 �1V02R1
σs(r = R1) = − �2 

� = − − − 
∂r � r=R1+ 

− �1 
∂r � r=R1− 

R2
4 
− R1

4 R3
1 R4

2 
+ 

R1
2 sin(2φ) 

2V0 sin(2φ) 
� 

(R4
1 + R4

2) 
� 

= �1 + �2
R1 −R1

4 + R4
2) 
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∂Φ �

� 

�2V0R
2
1R

4
2 2 2R2 −4�2V0R1

2R2
σ2(r = R2) = +�2 

� = − − = 
∂r r=R2 

R2
4 
− R1

4 R2
3 R2

4 R2
4 
− R4

1 
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