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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 x(z,y) in the regions <0 and 0 < x < d?
Solution:
A cos(ay)e™® x<0
x(@,y) =
Becos(ay)cosh (a(x —d)) 0<x<d
B

Question: What boundary conditions must be satisfied?

Solution:

Hy(x=04) — Hy(x =0-) = K,
pHy(z =0-) = poHy(z = 04)
H(x=d)=0

C

Question: Solve x(x,y) for z <0 and 0 < z < d.
Hint: To minimize algebraic complexity, think about the best way to write the general form
of the solution for y(z,y) to automatically satisfy one of the boundary conditions for part (b).

Solution:
o - ~Ox _ JaAsin(ay)e” x <0
Y7 8y |aBsin(ay)cosh(a(z —d)) 0<z<d
H - ~Ox _ | —aAcos(ay)e™® x <0
* 0z | —aBcos(ay)sinh(a(z —d)) 0<z<d
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Bsina cosh(ad) — f Asina) = s
— pg Acostay) = +pog Beostag) sinh(ad)
A= —%B sinh(ad)

B {cosh(ad) + & sinh(ad)} _ Ko
W a
K
B= .
a {cosh(ad) + L2 sinh(ad)}
. o sinh(ad) Ky

pa [cosh(ad) + L2 sinh(ad)}

_ poKosinh(ad) cos(ay)e®”

pa|cosh(ad)+£2 sinh(ad)

X(xa y) = Ko co[s(ay) cosh(:(xfd)) }
a[cosh(ad)%»“TO sinh(ad)]

<0

O<zx<d

D

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

Solution:
K.(x =d) = —Hy(x = d) = —Basin(ay)
— Ky sin(ay)
cosh(ad) + £2 sinh(ad)}

E

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

Solution:

S

area

1 .- _ 1 R
=3 [K x poH| |w:d = iuoKz(x =d)Hy(z =d)i, x iy

= —i, K. (2 = d)(~K.(a = d))
= —i-%Kf(x =d)i,
_ Ko K2 sin?(ay)

2
cosh(ad) + 2 sinh(ad)}
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Problem 2
A

Question: What is the general form of solution for the electric scalar potential ®(r, ¢) for r < R;
and Ry <7r < Ry?

Solution:

- Ar? sin(26) r< Ry
O(r,¢) = {(Br2 + T%) sin(2¢) Ry <r < Rs

B

Question: What boundary conditions must be satisfied?

Solution:
O(r =0, ¢) is finite
O(r=Ri_,0) = P(r = R4, ) = Vysin(2¢)
®(r= Ry, ¢) =0

C
Question: What is the potential distribution for r < Ry and Ry <7 < Ry?
Solution:
. . Ve
AR3sin(20] = Vosind20] = A = Rf
Cy . C
(BR§ + R%) sin(2¢) =0 = B = R
, O\ . . 1 Ri
BR? + — ) sin20) = Vsind26] = C (75 — 2+ | = Vo
Ry R Ry
v%? sin(2¢) r <Ry

(D(T, (b) =

Py . 2 p4 . 2
O~ + ) sin(20) = %% sin20) (5 - 37) Ri<r<B

D

Question: What are the surface charge distributions at » = R; and r = Ry?

Solution:
8<I> 8<I> EQVOR%R% 2 2R1 €1V02R1 .
= = — —_— —_ —_— = |—-— —_——_—— — —_— 2
A [ B ] e () e
~ 2Vpsin(2¢) e (Rt + R3)
TR PTR ORI Y RY
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