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Prob. 2.3.1(cont.)

Note that the surface charge on the lower electrode, as well as the surface

current density there, are related to the fields between the electrodes by

o, = E, 1 K, = Hy (21)

The respective quantities on the upper electrode are the negatives of these

quantities. (Gauss'law and Ampere's law). With Egs. 7 used to recover the time

dependence, what have been found to second order in /3 are the normalized fields
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The dimensioned forms follow by identifying
E 2o (24)
e) Now, consider the exact solutions. Egs. 7 substituted into Egs. 5 and 6
give Azﬁ -
e | 4./3 }‘ =0
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Solutions that satisfy these expressions as well as Egs. 13 are

= W(\T"i')/war (21
é = M(PQ/M\F ' (29

These can be expanded to second order in 3 as follows.
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Prob. 2.16.1 (cont.)

The second form, Eq. (b), is obtained by applying Cramer's rule to

the inversion of Eq. 8. Note that the determinant of the coefficients is

be
= -co sz S = | - cosh _- _ 7
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Prob. 2.16.2 For the limit m=0,k=0, solutions are combined to satisfy the

potential constraints by Eq. 2.16.20, and it follows that the electric dis-

placement is ~ _L) |

v €?)@_ éf (‘P éis (:ﬂ

D, = dY = -¢ g f_‘__) * € /A (1)
( A ,ﬂh (;5)

This is evaluated at the respective boundaries to give Eq. (a) of Table 2.16.2

with fm and g, as defined for k=0,m=0.

For k=0 ,m# 0, the correct combination of potentials is given by Eq. 2.16.21.

It follows that
mtl
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Evaluation of this expression at the respective boundaries gives Eas. (a) of

Table 2.16.2 with entries fm and gm as defined for the case k=0,m=0.
For k #0.m # 0, the potential is given by Eg. 2.16.25. Thus, the electric

displacement is

g‘ [H.GRATLGRD - 3. (DN, (R0

B, = -k
a [Hw(égﬁ)jm(é&d>-jm(a‘ﬁ(i> Ho(GR4)]

(3)
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and evaluation at the respective boundaries gives Egs. (a) of the table with

f and g as defined in terms of H and J . To obtain g in the form given,
m m m m m
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Prob. 3.10.6

Showing that the identity holds is a matter of simply writing out
the components in cartesian coordinates. The i'th component of the force
density is then written using the 1dentity to write JxB where 3 = VxH.
d
PR S *‘EW . - (Z ) (10
(5 .
éx ;x“ Bdh Dxu ;x R Sqs adk
In the first term, B, is moved 1n31de the derivative and the condition
J
DB§A>X3==V-E5 =0 exploited. The third term is replaced by the
magnetic analogue of Eq. 327.26.
Al [] )
F=2 (W8, -mmﬁ FB D (g )e ia
% 3 X; %, M Xz . " Dd,

The second and third terms cancel, so that this expression can be rewrltten

(T IH Bg 3t3<W+de3d )l W A -W (3)

and the stress tensor identified as the quantity in brackets.

Problem 3.10.7 The i'th component of the force density is written

using the identity of Prob. 2.10.5 to express Jf X U H = (VxH) x U, H

MR ;\-\ (1)
F. = ° -—-——-\"\
¢ =M <3*a )/u 9 X; \'\ ¥ Mo Ma > %y

This expression becomes

Fi=:§iﬁ9u°¥£‘¥9-¥&;lﬁ‘ﬂJ%§-EL;<§ALJA W \+;} AA H‘) FL)X )
where the first two terms result from the first term in F,, the third
term results from taking the Hj inside the derivative and the last two
terms are an expansion of the last term in Fi' The second and last term
combine to give V' Ao (l;l +1/A ):_.'V-é =0 . Thus, with B =/a°(H'+n7\) , the

expression takes the proper form for identifying the stress tensor.
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Prob. 7.19.2 The laws required to represent the elastic displacements

and stresses are given in Table P7.16.1. In terms of KS and 4 as

defined in Prob. 7.18.1, Eq. (e) becomes

7 X /Oiﬁ_f +G, Vv XA,]—VI[—‘DC)._TS_: —(ZGS-&)s)Vz(IUS]: o (D

. s - A — z . . .
Given that because V-A,-O,VXVY\A:, = -VA, , this expression is

satisfied if

321&5 _ 27 DA - Gs DA DA
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In the second equationms, A.s: A(‘K,'g,'nil , % = CV(X:‘J't) , to

represent the two-dimensional motions of interest.

Given solutions to Eqs. 2 and 3, ? is evaluated.

QA D
S =3 "3

TEREY 4)

_DA P_ﬁ‘f (5)
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The desired stress components then follow from Eqs. (a) and (b)

from Table P7.16.1.

%% X
g = (26, +?J-§; +?53£“ (6)
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A
In particular, solutions of the form A = Re A(X) e nd
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Prob. 9.18.2 Because the channel is designed to make the temperature

constant, it follows from the mechanical equation of state (Eq. 9.18.13)

that _ P - (1)
p=pPRT > 5 =7y

At the same time, it has been shown that the transition is adiabatic, so

Eq. 9.18.23 holds.

(2)
P - <4£'> X #1
Py 4
Thus, it follows that both the temperature and mass density must also be
constant
= : = (3)
P=% > /P = /4
In turn, Eq. 9.18.10, which expresses mass conservation, becomes
VvA = ﬂc(AJ (4)
and Eq. 9.18.20 can be used to show that the charge density is constant
/0 I (5)
f Ay 1/°°(
So, with the relation E "‘C—l-&/éi Eq. 9.18.9 is (Gauss' Law)
- ) (6)
In view of the isothermal condltlon, Eq. 9.18.22 requires that
2
| g2 I ~ T
_Z_\}+ = @——2_-1%’\"_&_————-@(\ (7)
Ay Ry vy 4 A Yy
The required relation of the velocity to the area is gotten from Eq. 3.
B =='UL £§éﬂ (8)
A

and substitution of this relation into Eq. 7 gives the required expression

for @ in terms of the area.

@2,1%(\-&9@‘ + By ©)

Substitution of this expression into Eq. 5 gives the differential equation

for the area dependence on z that must be used to secure a constant temperature.
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Prob. 11.12.2 The dispersion equation, without the long-wave approximation,

is given by Eq. 8. Solved for ww it gives one root
= @ + "3—% tanh @ L
v .

That is, there is only one temporal mode and it is stable. This is suffi-
cient condition to identify all spatial médes as evanescent.

The long-wave limit, if represented by Eq. 11, is not self-consistent.
This is evident from the fact that the expression is quadratic in ¢J and it
is clear that an extraneous root has been introduced by the polynomial
approximation to the transcendental functions. 1In fact, two higher order
terms must be omitted to make the -k relation self-consistent, and Eq. 5.7.11

becomes

g =i v |-U U @
4

+
Solved for @, this expression gives

w:%(l+f) (3)

which is directly evident from Eq. 1.

To plot the loci of k for fixed
/
Vs
values of ) as O goes from @ /
/
. . /
to zero, Eq. 2 is written as
LA "
- - 10 > ) T 0
%+ 3[2 - (4 U)tges
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—P
The loci of k are illustrated by Ny —~Wy =0
the figure with _U: o - N
\
\\
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