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This equation has the solution , - , - , -2

0 0B 2 K ,: ! 9 0" : "  where K0 is a hyperbolic 

Bessel function
*
 infinite at the origin and zero at infinity: 
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The total flux is the flux quantum: 
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5. It is a standard result of mechanics that 1grad c t..! . =. 4 4E A  If grad = = 0, when 

we differentiate the London equation we obtain , -22

Lj t c 4 E.4 4 ! 0"  Now j = nqv and 

, -2j t nq v t nq m E.4 4 ! 4 4 !  Compare the two equations for 4j/4t to find 

22 2

Lc 4 nq m.0" !  

 
*
Handbook of mathematical functions, U.S. National Bureau of Standards AMS 55, sec. 

9.6. 

 

6. Let x be the coordinate in the plane of the junction and normal to B, with 

w 2 x w 2.. > >  The flux through a rectangle of width 2x and thickness T is 2xTB = 

; (x). The current through two elements at x and –x, each of width dx is 
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and the total current is 
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7a. For a sphere , - aH inside B 4 M 3;! . 0  for the Meissner effect  

whence 

, -H inside 4 M,! . 0

aB 8 M! . 0 3.  

b. The external field due to the sphere is that of a dipole of moment D = MV, when V is 

the volume. In the equatorial plane at the surface of the sphere the field of the sphere is 
3

aa 4 M 3 B.D ! . 0 ! 2.  The total field in this position is 3Ba/2. 
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x e , and at the boundary this is equal to Exi. The normal 

component of D at the boundary, but outside the medium, is %(&)kA cos kx, where for a 

plasma %(&) = 1 – &p
2
/&2

. The boundary condition is –kA cos kx = %(&)kA cos kx, or 

%(&) = –1, or &p
2
 = 2&2

. This frequency p 2&# &  is that of a surface plasmon. 

 

2. A solution below the interface is of the form , and above the 

interface , just as for Prob. (1). The condition that the normal 

component of D be continuous across the interface reduces to %

kz( ) A cos kx e" $ #
kz( ) A cos kx e$" ' #

1(&) = –%2(&), or 
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3. (a) The equation of motion of the electrons is 

 For the holes, 2 2

e e x e e e e y ex (e/m )E i y ; y (e/m )E i x$& # $ ' && $& # $ $ &&
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The result follows on forming (e = xe + iye and (h = xh + iyh. (b) Expand 
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4. From the solution to Problem 3 we have + 2 +

h hP pe E / m# & & , where we have dropped 

a term in &2
 in comparison with &h&. The dielectric constant 

, and the dispersion relation %(&)&+ + 2

h h( ) 1 4 P / E 4 pe / m% & # ' ) ) & &!
2
 = c

2
k

2
 becomes 

4)pe
2&/(eB/c) = c

2
k

2
. Numerically, . 

It is true that &* will be <<1 for any reasonable relaxation time, but &

3 10 22 10[(10 )(3 10 ) /(10)(3 10 )(5 10 )] 0.2 s$ $& + , , , + 1

r

c * > 1 can be 

shown to be the applicable criterion for helicon resonance. 

 

5. . Thus 2 2 2 2md /dt m e 4 e /3 4 ne /3# $ & # $ # ) # $ )r r E P
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6. 
22 2 ˆmd dt m (e c) ( B ) m ,-

.# $ & # $ , $ &r r v z r

.

 where &o
2
 = 4)ne

2
/3m, from the 

solution to A. Thus, with &c / eB/mc, 
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