Physics 410 HW Chapter 21 RON RAHAV

21-1 A parallel plate capacitor consists of two H

i i A
circular plates of area § with vacuum between Ty

them. It is connected to a battery of constant emf

&. The plates are then slowly oscillated so that _A—i’

they remain parallel but the separation d be- — —=d»
tween them is varied as d = d + d, sin wt. Find — i >

the magnetic field H between the plates produced i >

by the displacement current. Similarly, find H if Ampérian A
the capacitor is first disconnected from the bat- ! } ¢
tery and then the plates are oscillated in the same oop

manner, d

The relationship between € and E in a parallele plate capacitor is given by € = Ed

E o E &
d  dy+dgsinot
JE Ediw coswt

a (dy + d;isinwt)?
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e Ae]de 4, Ot " (do + dysinwt)? (dy + dysinwt)?

€ Edynr?w coswt
(dy + dysinwt)?

de —

Magetic field around a current

( € Edynriw coswt)

= de - lge "~ (dy + dysinwt)? _ € Edyrw coswt
2nr 4 2nr ¢ 2nr ¢ = 2(dy + dysinwt)? ¢
— € Edyrw coswt

B 2(dy + dysinwt)? ¢
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21-9 Find the Poynting vector on the bounding E
surface of region 1 of Figure 21-3. Find the total B
rate at which energy is entering region 1 and then vy
show that it equals the rate at which the energy of — }—
the capacitor is changing. f —
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S=IExB I
u — —
Amperian
. loop
In a parallel plater capacitor
+—>
= 0'2 9., 4 7 d
€ Ae nrie
Magetic field around a current
_B, _ Wenclosed _ wy _ Illf R in a charging parallel plate capacitor fd = ff
20r 20Tr 20r ¢ (see derivation at the end )
2 == q . Hf q Ml ql
§=lExB=1 " ax- L= " T(p=-_L_¢
H Brrie 2nr Kmr?e 2mr 2m?r3e
§_ s
2m%rie
f points out of the volume.
So the negative sign means power is going in.
Total Poynting vector power through the area is
S qls . ql ql qled
W= [§-di= | - - t-dat = - 250 [ da = - 2wy = 2L
4 4 2meriE 2meroe Jy 2meroe ree
WP = 2
IIr-e

Power of charging capacitor

dU; d (1 d (q? q\dq q Irq Irqd Irqd
W, = — = —[=C¢?) = —|—) = 2([—=)— = =, = — = 21— =
€7 at dt<2 d’) dt<2C> (zc) ad — ¢’ ¢ €A emr?

Chain Rule c= €A
q=f@® T d
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21-11 A conducting sphere of radius a is uni-
formly magnetized with a magnetization of mag-
nitude M. It also has a net charge Q. Find—the

£ sl ] i

tal

Fretdoi-thissysrem— Find the Poynting vector

I choose the z axis and Z to
coincide with direction of M

Inside the sphere

1 +
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E=0

> 1. 1.

S=—ExXxB=—0xB =0
Ho Ho

S=0

Outside the sphere

Y

. 1

F=— 2
ATrey T2

The magnetic field everywhere outside the sphere

corresponds to the total dipole moment of the sphere
(page 321 of the book)

The total diploe moment of the sphere is

m= §na3ﬁ (Equation 20—23 in the book)

The magnetic field from a dipole moment is given by:

- (@) 2cos6 B, — (M) sing (Equations 19—24 in the book)
r A ) 13 0 A ) 13
4 4
B UMy 2c0S60 4 Uom sin@,é _ (Mo (§7T03M)) 2cos0 4 (Mo (g”ClSM))sinG 5
(4-7'[) r3 r (47T)r3 B 41 r3 " 41 r3
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Note that when =0 this reduces to B = 373

- 2upa®Mcost . ugadMsind
B r+ 0 which is the book's 20 — 22. For B along the Z axis only.

3r3 3r3

s . = 1 2upa®Mcosf a3Msinf _ a®Msinf
S=ExB = %fx Ho R g| = Yor Msind o
4dmtey T 3r3 3r3 12meyr>
g _ QuoaMsinf _
 12meyr®

At the surface

At the surface r = a so
2 Quoa3Msinf _ _ QuoMsing _
~ 12meya’ ?= 12meya? ¢




