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Physics 133 Problem Set #5 Guide and Answers Professor Mallinckrodt 

Please note that (except where otherwise noted) these are decidedly not intended to model “good” solutions; you would need 
to add figures and lots of words of explanation.  They are intended to help you work through problems that you may have had 
trouble with, not to demonstrate superior quality writeups.  Please come see me if you have further questions.  Thanks! 

5.1 a) Note that the number density n is just the number of atoms per unit volume which we can find from the molar mass 
M, the density ! , and Avogadro’s number.  Thus, find the speed of the charge carriers as, 
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e! NA( d 2 = 3.3 )  10-5  m/s  

 Therefore, t = L / v = 2.80 days (!!!)  

b) !V = IR =
I"L

# d / 2( )2
=

4I"L

#d 2
= 71.8 mV  

c) If d gets smaller, R clearly increases as shown by the formula in part b. 

d) It might seem that if R increases, then v must decrease, but that is not the case!  When R increases, then " V also has to 
increase.  Thus, the internal electric field increases and this increases the drift speed.  The result is that the time t 
decreases.   (This can also be seen directly from the formulae in part a.) 

5.2 a) The current flows a definite length through a constant cross sectional  

  area so R =
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b) A representative cylinder with a < r < b is shown at right.  Note that, by 
symmetry, the current density is everywhere perpendicular to the surface 
and constant in magnitude. 

c) Therefore, the current density (as a function of r) is just the total current 
divided by the cylindrical area (which is also a function of r), 
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d) Thus, E r( ) = ! j r( ) =
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e) Thus, !V = E r( )dr
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f) Thus, R =
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g) Note first that 
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.  Now, when b ! a << a , then we can use the fact  that ln 1+ !( ) " !  for 

small values of !  and obtain 
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area perpendicular to current( )  

5.3 a) Following the directions we have 
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!     #     ln R / Ro( ) = " $T     #     R = Roe
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b) Note that, in this case !T <<1 /" .  We find, as expected that the two results are very close.  That is, 

   Ro 1+0.1( )=1.100Ro     and    Roe
0.1

= 1.105Ro  

c) Note that, in this case !T  is not  <<1 /" .  We find, as expected that the two results are not very close.  That is, 

   Ro 1+2( )=3.00Ro     and    Roe
2 = 7.39Ro  
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5.4 a) r =
!L

A
= 2.16 m"  

b) I =
!V

R + 2r
= 499.3 mA  

c) Pbattery = I!V = 748.9 mW  

d) P
bulb

= I
2
R = 747.8 mW  

e) The difference is clearly (I hope) due to the fact that some power is lost in the wires.  We can check this my direct 
calculation to see if it accounts for the lost 1.1 mW.  Indeed, 

  Pwires = I 2 2r( ) = 1.1 mW  

f) If the length is 100 times as long, so is the resistance.  Therefore ... 

  r =
! L

A
= 216 m"  

  I =
!V

R + 2r
= 437 mA  

  Pbattery = I!V = 655 mW  

  Pbulb = I 2 R = 573 mW  

g) In the second case, the wires have distinctly nonnegligible resistance.  The battery doesn't work as hard because the 
total resistance is greater.  (Electrical engineers would say “the electrical load has been reduced”.)   As a result less 
power is produced.  But a far larger fraction of it is lost in the wires since their resistance is now becoming 
comparable to that of the bulb.  A lose-lose situation. 


