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Physics 315 Homework #6 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. 

Special Problem 

 a) The dissipation in this circuit is controlled by the longer of the two possible time constants— !C ~ RC = 60 µs  or 

! L ~ L / R = 167 µs .  The fact that !
L

> !
C

 means that the LC oscillations (at frequency ! = 1 / LC = 1 / "
L
"

C
) 

are underdamped and will die out with a time constant determined by ! L .  Thus, “a long time” means, anything 

greater than about half a millisecond or perhaps a “full” millisecond! 

b) You should be able to bootstrap your way through the circuit using Kirchhoff’s junction and loop rules and the fact 
that VC  and IL  don’t change instantaneously to show that  VA = VB = 36 V and VC = VD = 0 V  and that a current of 

6.0 A flows around a single loop. 

c) Similarly you should be able to bootstrap your way through the circuit using Kirchhoff’s junction and loop rules 
and the fact that, at steady state, no current flows to a capacitor and no voltage drop appears across an inductor to 
show that  VA = 36 V and VB = VC = VD = 24 V , that a current of 4.0 A flows through the battery and that it splits 

into equal amounts through the top two resistors.  

d) Similarly you should be able to show that  VA = 12 V, VB = 0 V, and VC = VD = 24 V , that no current flows through 

the battery, 2.0 A flows through to the right through the top resistor and also through the middle wire, and that 
4.0 A flows to the left through the bottom resistor. 

8.4 a) Put the charges on the z axis and let the xy-plane be the perpendicular bisecting plane. Explain why we must 

integrate  
!
T !d"

a  over the perpendicular bisecting plane with 
 
d

!
a = ! da ẑ  in order to find the force on the upper 

charge.  Show that the electric field in the xy-plane at a distance s from the z-axis is given by 

 

!
E =

q

2!"o

s ŝ

a2 + s2( )3/2
.  Now explain why 

 
Fx =

!
T !d

"
a( )

x
= Txxdax + Txyday + Txzdaz( ) = Txzdaz""" .  Next show that 

Txz = ! oExEz  and explain clearly and precisely why integrating over the xy-plane will produce Fx = 0 .  Do the 

same for Fy .  Now explain clearly and precisely how we get Fz =
! o

2
Ez

2 " Ex
2 " Ey

2( )daz# = +
! o

2
E2da# , explain 

why we can now let da = 2! s ds , and show clearly that Fz =
q2

4! " o

s3ds

a2 + s2( )3
0

#

$ .  Finally, to perform the integral, 

either look it up or perform the variable substitution u = s2  to get  

 Fz =
1

2

q2
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#
$%

&
'(
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0

)
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1
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,

-
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0
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+
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+
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-
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0

1
1

0

)

= +
q2

4!"o 2a( )2  

as expected! 

b) Let the lower charge be the negative charge and, again, find the force on the upper charge.  Be clear about which 
parts of the argument are the same as before.  Show, however, that this time Ex = Ey = 0  and 

 

!
E = !

q

2" #o

a ẑ

a2 + s2( )3/2 .  Thus show that Fz =
! o

2
Ez

2 " Ex
2 " Ey

2( )daz# = –
! o

2
E2da# .  (Be especially certain to 

explain why you get a negative sign this time, that you didn’t last time!)   Now show that 

Fz = !
q

2
a

2
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 again as expected! 
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8.6 a) It should be simple to show that, neglecting the fringing field, the Poynting vector is uniform between the plates so 
that the electromagnetic momentum in the space between the plates is  

!
pem = ! oµo

!
S Ad( ) = ! oEBAd ŷ . 

b) The current flows along a length d in the +z direction (since the bottom plate is the positive plate.)  Thus, show that 

the impulse is 
 

!
Fdt! = IBd ŷ( )dt! = Bd ŷ I dt! = Bd Q ŷ  where Q is the original charge on the capacitor.  Finally 

show that Q = ! oAE  (where E is the original field) so that the impulse is ! oEBAdŷ  as expected.  (This impulse 

will be delivered to the wire causing it and the capacitor plates to gain a momentum equal to that originally in the 
electromagnetic field.) 

c) Now one must consider rectangular loops with long sides along the plates and area vectors in the x direction.  Show 
that, neglecting fringing fields (which is the same thing as neglecting the portion of the loop along the small 

distance between the plates), Faraday’s law applied to one of these loops gives ! Eydy
top
" + Eydy

bottom
" = ! wd

dB

dt
.  

Now show that the force on the top plate is Fy,top = ! topEyda
top
" = #

Q

A
l Eydy

top
"  where l is the length of the plate in 

the x direction.  Similarly show that the force on the bottom plate is Fy,bottom = ! bottomEyda
bottom
" = +

Q

A
l Eydy

bottom
"  so 

that the impulse applied to the capacitor is  

Fy,bottom + Fy,top( ) ŷ! dt =
Ql

A
" Eydy

top
! + Eydy

bottom
!

#

$
%

&

'
( ŷ dt =

Qlwd ŷ

A
"
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dt
#
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&
'(
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&
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= +Qd Bŷ! = )oEBA d ŷ , 

 again as expected!  (Be sure to pay very careful attention to the algebraic signs.) 

 


