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Physics 315 Homework #8 Guide Professor Mallinckrodt 

Please note that these “Guides” are intended to go only part way toward a properly “presented” set of solutions.  You should 
be able to fill in the blanks with drawings, equations, and additional explanation as necessary.  If you can’t, do not hesitate to 
come see me. 

9.18 a) Pretty much a plug and chug.  Recall that ! = !
r
!

o
 and that n = ! r  and then use easily found values for the index 

of refraction and the conductivity of glass (the latter in a table in the text) to show that the time constant ought to be 
somewhere in the range of one second to one hour. 

b) First show that silver is a “good conductor” at this frequency and that, as a result the skin depth is given by 

d !
2

"#µ
.  Assuming that µ ! µ

o
 show that the skin depth is about 600 nanometers and explain why a coating of 

a couple of micrometers of silver ought to prevent the fields from penetrating beyond the coating. 

c) Again show that copper is a “good conductor” at this frequency and that, as a result, k =
!"µ

2
.  Assuming that 

µ ! µ
o

, show that the wavelength is about 0.4 mm and the propagation speed is about 400 m/s (!!)  Show that this 
remarkably slow propagation speed can be attributed to the fact that the wavelength is reduced enormorusly from 
its value of 300 m (!!) in a vacuum.   
(Note that the concepts of “wavelength” and “propagation speed” are essentially meaningless within a good 
conductor since the wave amplitude decreases to essentially zero within less than one wavelength.)   

9.19 a) Use the fact !
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Thus, the skin depth is d !
2

"

#

µ
 which is manifestly independent of frequency.  For pure water, 

( ! = 2.5 "105  #$m, µ % µo , & = 80.1&
o

 as shown in various tables in the text), find that d = 11.9 km .  (Note that 

water is only a poor conductor for frequencies f !
"
2#

>>
$

2#%
&1 kHz .  Note also that seawater has a significantly 

higher conductivity ranging from 3 to 6 ! "m( )
#1  so that its skin depth is less than a meter for frequencies above 

about a GHz where it “becomes a poor conductor.”) 

b) Use the fact that !
"#

>> 1  along with an appropriate approximation to show that ! " k "
#µ$
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 in the material.  

Thus, the skin depth is d !
"

in the conductor
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.  For a typical metal with ! = 107  "-1

#m-1  in the visible range 

at ! = 1015  s-1  show that d ! 13 nm .  Also, verify that metals are good conductors even at this frequency.  (You 
might also note that metals start becoming relatively poor conductors at frequencies about a thousand times higher 
than the visible range in the X-ray region of the EM spectrum and that, at that point the skin depth becomes a 
relatively constant 0.5 nm.  Note also that, even at frequencies as low as 100 Hz, seawater has a skin depth of only 
about 20 m.  The high conductivity of seawater makes it very difficult to communicate with submerged 
submarines.) 

c) Since you have already shown that k ! "  in a good conductor, it should be trivial to show that ! " 45° .  It is also 

easy to show that Bo

Eo

!
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#

 which, for the values used in part b, becomes  ! 1.1 ! 10
" 7

 s/m  or 
 
! 9 !10

6
 m/s( )

"1

. 


