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6.641, Electromagnetic Fields, Forces, and Motion
Prof. Markus Zahn
Quiz 2: Solution

1) (a) at 0<x<d H=H,i
at x<0 , powo H=0

atd<x , o> H=0

(b) atx=0 Hy (0%)-H, (07} =K, (0)
H, (0+) =K, cos ot

at x =d B, (d") =By (d")=0

(c) atO0O<x<d J=1i

zZ'z
at x =d E,(d")=E,(d")=0
_ _ _ oH, 5] _ 1 0]
d VZH-02euoH=0; VxH=1=1,=—"; = =0?c,E=E, = :
(d) ©p €0 Ho x 27 o "ot P Co z 02E, ot
2 2

H, = A, % + A, e °
—, O, , ,
1, = Be®¥ 4+ Be XC :TF’(A1 e _p,e PX/C)

E -C ewpx/c +C e—mpx/c _ 1 a"\;e(»px/c _ 6A2 e—mpx/c
2 ? @, C& | ot ot
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e—Zmp d/c

A1=17w K, cos ot
H, (x = 0) =K, cos ot +e
(e) =
E,(x=d)=0 1
A, =———— K, cos ot
27 a2mde 0 ©

H Ko cozs 0;’/[ (e‘z‘”Pd/C aone e_mpx/c) _ Kqcosot cosh(a, (x - d)/c)
1+e %% cosh(w, (d/c))

L _ % Kycosat (efzmpd/ce‘”px/c B e""PX/C) o Ko cos (e, d/c)sinh(aw, (x - d)/c)

fc 14emde C cosh (cop d/c)
£ __ —oKgsinot (e"z‘”vd/cempx/c B e—pr/C) Koo sin (o, d/c)sinh(w, (x —d)/c)
’ ®,C &g (1 +e 2% d/c) ©pEC cosh (cop (d/c))
() K(x —d) - 1 —Kp cosot | o dc _ T -K, cos ot
“ 14 emdc ‘ cosh(mp d/c)
= R X E 1 - s T
(9) f = > = EKZ i, X Mo Hy Iy e EXHO KZ2 g
x=d

2 2
21 Ky© cos” ot o-20pd/c
—2wm,d/c )2

X

(1+e

1o K% cos? ot
cosh? (a, d/c)

1
X2

2) (@ VeB=0 , B=pyH , H=-vy = V% =0, r<R
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(b) at r=R H, (R‘) =H, (R*) (no surface current)

B (R") =8 (R")

Arcos6 , r<R
c = H=-vy=-i 2%-i,=-=%
© x Ezcose,r>R )
r

~i,Acos® + iyAsin® , r<R

Tl
Il

Zﬂ%cose + E%sine , r>R
r r

use boundary conditions A = %, - Acoso = i—?cose + M, cos6

3
= A--th B = —R—M0
3 3
—mrcose,r<R Trmcose—TG& sin6, r<R
3 = 3 3
L7 mR3 =1 m R _ MyR3
-—2--cosf, r>R —i, =—25—cos0 - iy,——=—sin6, r>R
3r 3r 3r
(d) e] cos© ‘MOR3‘cose e — M 4R T
= — 2 —_—
4nr? 3r? € 0 3 =
. Ni ,
3) (a) H =% in air gap and the magnetic material gap, B, = HOTI, B, = %NI
Niw
@ = pHWx + pHw (D - x) = T(pox +u(D - x))
N2%iw
A =NO :(uox-i-u(D—X))
(b) dW'= Adi + f,dx
W' = [adi+ [fodx = (nox +u(D-x)) Nz—WIO2
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f = = Iy’
moodx |i 2g 0
i d , N
(c) Voo o = E(pD + (1o — 1) (X + X' cos wt))
N>,w_,

(d) In a cycle AW'=0 9Sxdi+<ﬁfmdx =0

total work ¢ f,dx =+ rdi
= _U iffm (Il)dx +J.>2fm (Iz)dx]

= __H;g“o N” w (X, —Xl)(I§ —If)
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