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2.3 

Prob. 2.3.l (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 

(�) 

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

quantities. (Gauss'law and Ampere's law). With E1s, 7 used to recover the time 

dependence, what have been found to second order in /3 are the normalized fields 

E� = �l1-\(ic
1.
-1),8+�(� 0 c4

- �c1. +i)f31 1� t = '1 (�) 

H1 = [ 1- �(t
1.
-1)'5 + �(ic� - c�+ �)l-3z 1 c:.,k..t = \-{� (�) 

The dimensioned forms follow by identifying 

E :_,P'0 w) Io 
� w 

(24) 

e) Now, consider the exact solutions. Eqs. 7 substituted into Eqs. 5 and 6 

give 

Solutions 

These can 

t• 

� +!-3 Hl4 o 
d-l_L ti 

E = i J "� " fl° di 
that satisfy these expressions as well as Eqs. 13 are ... 
H

e;)
-= �(� l)/ � � 

E� =-i �(�i)/ �$ 
ti' d d . /2 b� expanded to secon or er in � as follows. 

I '2. I 'Z. � 1-J:,->� +4�(3 l -\ · · · 

I - � f3 +- �'fl
.,_

.\--· · · 

( 25) 

(�) 

( 27) 

(� 

(�) 

- ( I - -h-/9 / +{/l')(1- H�. �l)+ (-1� + �!13')') 
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Prob. 2.16.1 (cont.) 

2.23 

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 

so 

\ ,. I 
D et = - c. 0+ n  '( t:,  + t S i h h  )(O 

"' ol  - c o+h ¥ �  

"' Ci  €.� - 1  
S i n h  � b  

- c. o.s. h� 'lfb -= - I 
s ·• h \.,?. b' �-

c.. o t h 'rb 

(7) 

(8)  

Prob. 2.16.2 For the limit m=O,k=O, solutions are combined to satisfy the 

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

placement is N 

N - - f'� � 
D't' - d Y' 

This is evaluated at 

= - ( + E er ( i) 
� (�) 

the respective boundaries to give Eq. (a) of Table 

with f and g as defined for k=O, m=O. 
m m 

( 1) 

2 . 16.2 

For k=O ,m jl! 0, the correct combination of potentials is given by Eq . 2 .16. 21. 

It follows that + I  m ( Jm - I ol. WI � I  c{ wH I 

J N ri�l (�) + �  1 si l (7) + (;:) l 
D .. = G m  l /3 (tr- ( � r ] - -; (1 f - ( � r J 

(2) 

Evaluation of this expression at the respective boundaries gives Eas. (a) of 

Table 2.16.2 with entries f
m 

and g
m as defined for the case k=O, m=O. 

For k ;t O ,m i:  0, the potential is given by Eq. 2.16.25. Thus, the electric 

Dr = -alle �
d 

! H.(i��J :r. (i � r) - :r.(j �/1) 1-l: (
ri

� rJ1 
displacement is 

1 
1 

l 1-1 ... <a le�) "3 ... <a � «> -::r ... < a 'W � � ca fi o1) 1 

-+ ii' L J. (jl!�) �..: (jle•) - H. (a .� J.) 3 ..'. ( .�r )1 l 
[ H,.. Ca�fl) 3 ... C a�) - -:!.., (a �t1) H .... (3 �o1 )1 j 

(3) 

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

f and g as defined in terms of H and J .  To obtain g in the form aiven, 
m m m m m · 
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Prob • 3 . 10. 6 

3.9 

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 identity to write JxB where J = VxH. 

F, : ;} \.\� B, -� B. + t � � d ei  - � (f cJ �'w \ 
" .� � d � )(� d i :  I cl�� a� �  d )l.i. i = I l ";}d� ) 

In the first term, B ,  is moved inside the derivative and the condition 
J 

exploited . The third term is replaced by the 

magnetic analogue of Eq. 3 . . 7 . 26. 

F. = � (\.\/S·J -�"B. +1'·� - �(�.�\ .')+� - �  "- cti� ' ;)X� l d X, 1 d ))(,  aY., a d a X i  ;)X� f �d 9t rc:= I 
The second and third terms cancel, so that this expression can be rewritten 

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 J
f x µ

0
H = (VxH) x µ

0
H 

f. ': ll o ( c) \-L �\ i \ - Mt, �� \-\ • :>r- il0 M :., � " r 'a y.� o }  / o1 Xe: J I - o ';;) ')( � 
This expression becomes 

(1) 

( 2) 

(3)  

( 1)  

Fi =: � (fo �i�a·)- \\ � (µoH,,) -� (.t µo l� . \.\ .) �  l,4,1 M . L' .) -LI ,� ( 11 M�( 2) 
c,

Y.
j )X'a 

d dXc:. .l a 3 )Xj,� o J nt I"', �X
e) 

,...t, � J 

where the first two terms result from the first term in F , , the third 
l 

term results from taking the H .  inside the derivative and the last two 
J 

terms are an expansion of the last term in F . . The second and last term 
l 

combine to give V •)"o ( H -j-- 1\j\ ) ;: V•� = 0 Thus, with B �e{H-1-M) , the 

expression takes the proper form for identifying the stress tensor. 

( 3) 
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7. 24 

Prob. 7. 19. 2  The laws required to represent the elastic displacements 

and stresses are given in Table P7. 16. l. 

defined in Prob. 7. 18. 1, Eq. (e) becomes 

In terms of A and s 41, as 

Given that because 'v ,  A.�=O I V X. � )<. A!, , this expression is 

satisfied if 

}'A� 
6) t "L. 

�
'l.

t/1$ 

J -l' 

In the second equations, A� = A ( )( , 'cl , t) i
1 1  

(/IJ = q.,, (X , 'rJ ,
t ) , to 

represent the two-dimensional motions of interest. 

Given solutions to Eqs. 2 and 3, '1 is evaluated. 

The desired stress components then follow from Eqs. (a) and (b) 

from Table P7. 16. l. 

x x  

I n  particular, solutions of the form 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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9. 35 

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 = (.::> 'R T  => .E. : � 
Pc1 f'J 

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

Eq. 9. 18. 23 holds. � 

p - (:_t. \ - - OJ ) PJ ( C 
I 1( t 1 
) 

Thus, it follows that both the temperature and mass density must also be 

constant 

In turn, Eq. 9. 18. 10, which expresses mass conservation, becomes 

and Eq. 9. 18. 20 can be used to show that the charge density is constant 

ff = 
Acl -iJc4 

So, with the relation E = - J�/dr , Eq. 9. 18. 9 is (Gauss ' Law) 

_ d (A d i ) - A I 
da c\ e - Co Ad vd 

In view of the isothermal condition, Eq. 9. 18. 22 requires that 

_!_ \J-
-z. 

+ "I � = J_ -J
-z. 

+ I l> 
2. - \, 

2 d � � d 
fJ A:1 Vo t1c.\ f\J vd 

The required relation of the velocity to the area is gotten from Eq. 3. 

� = ,;" AJ 
A 

( 1) 

(2) 

(3) 

(4) 

(5) 

(6) 

( 7 )  

( 8) 

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

for � in terms of the area. ?. 

� _ J_ ,.9-z. ( I _ _&_ \ fd F\J °t9J 
.:t: - 2. d f\ 1.. ) \ 

+ (9) 

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. 

d - I  � - A  - i A = o 
J. iz 

) (10) 
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11 . 5 7 

Prob . 11 . 12 . 2 The dispersion equation, without the long-wave approximation, 

is given by Eq. 8. Solved for c::> it gives one root 

w =  ( 1) 

That is, there is only one temporal mode and it is stable. This is suffi-

cient condition to identify all spatial modes 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 c.....l and it 

is clear that an extraneous root has been introduced by the polynomial 

approximation to the transcendental functions. In fact, two higher order 

terms must be omitted to make the -k relation self-consistent, and Eq . 5. 7 . 11 

becomes 

� -

Solved for t.J ,  this expression gives 

w = � ( 1 + i) 
which is directly evident from Eq. 1 .  

To plot the loci of k for fixed 

values of Wy- as 0- goes from a, 

to zero, Eq . 2 is written as 

The loci of k are illustrated by 

the figure with lj = 0 •'- . 

(4) 

/ 

/ 
/ 

' ' 

�. ' 

o . l  

( 2) 

(3) 

/ 
/ 

W r : O 

, _wr :- 0 

\ 

�I' 
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