Homework 12 solutions
Problem 1: 5.30

Problem 5.30 The x—y plane separates two magnetic media with magnetic
permeabilities g and go. as shown i Fig. 5-45 (P5.30). If there 1s no surface current
at the interface and the magnetic field i medmm 1 1s

H), = :—‘:Hh' T }"-H'.J + i'Hl::u

find:
(a) H,,
(b) ©; and A, and

(c) evaluate Hy, 6, and 6; for Hy, = 2 (A/m), Hy, = 0. Hi: = 4 (A'm), 1 = o,
and o = dup.
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Figure P5.30: Adjacent magnetic media (Problem 5.30).

Solution:
(a) From (5.80),
iy = oy,

and in the absence of surface currents at the interface, (5.85) states
Hyy — Hy.

In this case, Hy. = Hyy,. and H}, and A, are tangential fields. Hence,



and

22
(b)
2 2
Hyy = EHIIIH-_J." Hl‘r'
1._ E - H].t o E.'{ fx Hl_."
an0) = =— = FZi 3
H:  H?
Fr- Ix - 451
tan@y = —— = ,14'1}E - == tan &
> _Hl: 1
e
(c)
- -1 - ;
H>=—x2> II=4=12 s [iﬂ!'-"n‘-'-:':-
2
8, — tan ! (—) — 26.56°
4
1 2 -
B> — tan — ] = 63,44,
1)

Problem 2: 5.32

Problem 5.32 In Fig 5-46 (P5.32), the plane defined by x — v = 1 separates
medium 1 of permeability 4 from medium 2 of permeability g, If no surface current
exists on the boundary and

B = x2 5':3' (T:"-
find B, and then evaluate vour result for gy = 5. Hint: Start out by dermving the
equation for the umit vector normal to the grven plane.

Solution: We need to find n,. To do so, we start by finding any two vectors in the
plane x —y — 1, and to do that, we need three non-collinear points in that plane. We
choose (0, —1,0). (1,0,0). and (1,0,1.

Vector A 1s from (0,—1,0) to (1,0,0):

A %1.%1.
Vector A> 1s from (1,0,0) to (1,0,1):

A>==z1.

Hence, 1if we take the cross product Az x A;. we end up in a direction normal to the
given plane. from medmm 2 to mediom 1.
Axx A zlx(x1.%1) %1 x1 v X
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Figure P5.32: Magnetic media separated by the plane x — y = 1 (Problem 5.32).

In medim 1. normal component 1s

. x
Bp=m:-B1 = (l——

V2
. X 1 v X
B]n=n231n=(l——) %—E

Tangential component is

e - v X N .
By =B B, = (¥24+¥3)— (% . E) — %2.5472.5.

Boundary conditions:
¥y X
Bln_E?_“m or Bh_E_E’
By By
Hy=Hy, of —= —
A 4]
Hence,
By = 2By = 2 (32.5+§2.5).
Hl Hl
Finally,

X - =
By = Bya + By = G — E) i L—*‘f (£2.5+§2.5).
For i = 50,

By=y ().



Problems 3 and 4: see examples 1 and 6 in text book

Problem: 5 6.15
Problem 6.15 A coaxial capacitor of length [ = 6 cm uses an insulating dielectric
material with £, = 9. The radii of the cylindrical conductors are 0.5 cm and 1 em. If
the voltage applied across the capacitor 1s
(1) = 30sin(120m) (V).

what 15 the displacement current?

[

Solution: To find the displacement current, we need to know E in the dielectric space
between the cylindrical conductors. From Eqs. (4.114) and (4.115).
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Figure P6.15:

. Qo
E=-r
2nerl’
v= -2 Q (J
2 a
Hence,
A . 50sin(120nz) _ T2l -
E = ]m— i —— — sin{ 120wy (Wi,
a
D =E
= g50E

2
= - F9x8.85=x10 2 J::T;_lﬁm{l”ﬂm;-

s = )
i w sin(120m)  (C/m?).

The displacement current flows between the conductors through an imaginary
The current flowing from the outer

cylindrical surface of length [ and radius r.
conductor to the inner conductor along 1 crosses surface S where

5= 12nrl.
Hence,
adD _d (575 x107F -
—_ | = Y
I3 = -5 I— ( - sm(llﬂﬂ;ru (—r2mr,

— 5.75 x 10~ % 120m x 2ni cos(120mt)
= 0.82cos(120mf) (i),



Altemnatrvely, since the coaxial capacitor 1s lossless, 1fs displacement current has to
be equal to the conduction current flowing through the wires connected to the voltage

sources. The capacitance of a coaxial capacitor 15 grven by (4.118) as

2nel
%)

a

The current is
dli’ 2nel

I=C=—=
()

which 1s the same answer we obtained before.

|120m x 50cos{120mns)| = 0.82cos(120nt)  (uA).



