
Electricity & Magnetism  
Lecture 9: Conductors and Capacitance

Today’s	
  Concept:	
  

	
   A)	
  Conductors	
  

	
   B)	
  Capacitance	
  

(	
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Stuff you asked about:
! “They	
  never	
  said	
  what	
  capacitance	
  is	
  or	
  what	
  its	
  used	
  for”	
  
! “The	
  charged	
  plate	
  ques<ons	
  were	
  the	
  most	
  difficult,	
  especially	
  with	
  the	
  green	
  

conductor	
  plates	
  in	
  the	
  middle.	
  I	
  don't	
  know	
  how	
  to	
  account	
  for	
  that.	
   ”	
  
! “What	
  is	
  the	
  difference	
  between	
  capacitors	
  and	
  baReries,	
  although	
  they	
  both	
  

stores	
  energy,	
  can	
  we	
  say	
  that	
  capacitors	
  are	
  a	
  kind	
  a	
  baReries	
  or	
  vice	
  versa?”
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N2-2 Class 2: Capacitors & RC Circuits 33 

This statement just defines the notion of capacitance. It is a Physicist's way of describing 
how a cap behaves, and rarely will we use it again. Instead, we use a dynamic 
description-a statement of how things change with time: 

I= C dV/dt 
This is just the time derivative of the "static" description. C is constant with time; I is 
defined as the rate at which charge flows. This equation isn't hard to grasp: it says 'The 
bigger the current, the faster the cap's voltage changes.' 

Again, flowing water helps intuition: think of the cap (with one end grounded) as a tub 
that can hold charge: 

I 

1 c.T 
fub 
/s ''C)) 

Figure N2.2: A cap with one end grounded works a lot like a tub of water 

A tub of large diameter (cap) holds a lot of water (charge), for a given height (V). If you fill 
the tub through a thin straw (small I), the water level-V-will rise slowly; if you fill or 
drain through a fire hose (big I) the tub will fill ("charge") or drain ("discharge") quickly. A 
tub of large diameter (large capacitor) takes longer to fill or drain than a small tub. Self-
evident, isn't it? 

Time-domain Description 
Text sec.l.l3 

Now let's leave tubs of water, and anticipate what we will see when we watch the voltage 
on a cap change with time: when we look on a scope screen, as you will do in Lab 2. 
An easy case: constant I 

Text sec.1.15; 
see Fig. 1.43 

Vcap 

Figure N23: Easy case: constant 1-> constant dV/dt 

This tidy waveform, called a ramp, is useful, and you will come to recognize it as the 
signature of this circuit fragment: capacitor driven by constant current (or "current source"). 



Capacitors vs. Batteries

‣ A	
  baRery	
  uses	
  an	
  electrochemical	
  reac<on	
  to	
  separate	
  
charges.	
  ΔV	
  between	
  terminals	
  is	
  called	
  “EMF”,	
  
symbol:	
  	
  	
  	
  	
  ,	
  E or	
  E.	
  

‣ A	
  Capacitor	
  stores	
  charge	
  on	
  its	
  plates.

Capacitance and Capacitors (30.5)

We have been using capacitors a lot without defining capacitance
or describing how to charge-up these devices.

A battery will create a potential difference across a capacitor
which is equal to the potential difference in the battery.
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Some capacitors
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WE BELIEVE THERE ARE ONLY THREE THINGS 
YOU NEED TO KNOW TO DO ALL OF HOMEWORK!

1.  E = 0 within	
  the	
  material	
  of	
  a	
  conductor:	
  	
  (at	
  sta<c	
  equilibrium)	
  

Charges	
  move	
  inside	
  a	
  conductor	
  in	
  order	
  to	
  cancel	
  out	
  the	
  fields	
  that	
  would	
  be	
  there	
  in	
  the	
  
absence	
  of	
  the	
  conductor.	
  	
  This	
  principle	
  determines	
  the	
  induced	
  charge	
  densi<es	
  on	
  
the	
  surfaces	
  of	
  conductors.	
  	
  

CONCEPTS	
  DETERMINE	
  THE	
  CALCULATION	
  !	
  

Our Comments

2.	
  	
  Gauss’	
  Law:	
  	
  
	
  	
  
If	
  charge	
  distribu<ons	
  have	
  sufficient	
  symmetry	
  (spherical,	
  

cylindrical,	
  planar),	
  then	
  Gauss’	
  law	
  can	
  be	
  used	
  to	
  determine	
  
the	
  electric	
  field	
  everywhere.	
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Conductors

! Charges	
  free	
  to	
  move	
  
! E	
  =	
  0	
  in	
  a	
  conductor	
  
! Surface	
  =	
  Equipoten<al	
  
! E	
  at	
  surface	
  perpendicular	
  to	
  
surface

The	
  Main	
  Points
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CheckPoint: Two Spherical Conductors 1
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Two	
  spherical	
  conductors	
  are	
  separated	
  by	
  a	
  large	
  distance.	
  They	
  each	
  carry	
  the	
  same	
  
posi<ve	
  charge	
  Q.	
  Conductor	
  A	
  has	
  a	
  larger	
  radius	
  than	
  conductor	
  B.	
  

Compare	
  the	
  poten<al	
  at	
  the	
  surface	
  of	
  conductor	
  A	
  with	
  the	
  poten<al	
  at	
  the	
  surface	
  
of	
  conductor	
  B.

A.	
  VA	
  >	
  VB	
  

B.	
  VA	
  =	
  VB	
  

C.	
  VA	
  <	
  VB

“The	
  poten<al	
  is	
  the	
  same	
  as	
  from	
  a	
  point	
  
charge	
  at	
  the	
  center	
  of	
  A	
  or	
  B.	
  So,	
  following	
  
V=kQ/r,	
  A	
  would	
  have	
  a	
  smaller	
  poten<al	
  “



CheckPoint: Two Spherical Conductors 2

Electricity	
  &	
  Magne<sm	
  	
  Lecture	
  7,	
  Slide	
  6

Two	
  spherical	
  conductors	
  are	
  separated	
  by	
  a	
  large	
  distance.	
  They	
  each	
  carry	
  the	
  same	
  
posi<ve	
  charge	
  Q.	
  Conductor	
  A	
  has	
  a	
  larger	
  radius	
  than	
  conductor	
  B.	
  

The	
  two	
  conductors	
  are	
  now	
  connected	
  by	
  a	
  wire.	
  How	
  do	
  the	
  poten<als	
  at	
  the	
  
conductor	
  surfaces	
  compare	
  now?

A.	
  VA	
  >	
  VB	
  

B.	
  VA	
  =	
  VB	
  

C.	
  VA	
  <	
  VB

“The	
  poten<als	
  will	
  become	
  equal	
  since	
  the	
  
charges	
  will	
  want	
  to	
  go	
  to	
  places	
  of	
  lower	
  
poten<al,	
  un<l	
  it	
  balances	
  out.	
  “



CheckPoint: Two Spherical Conductors 3
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Two	
  spherical	
  conductors	
  are	
  separated	
  by	
  a	
  large	
  distance.	
  They	
  each	
  carry	
  the	
  same	
  
posi<ve	
  charge	
  Q.	
  Conductor	
  A	
  has	
  a	
  larger	
  radius	
  than	
  conductor	
  B.	
  

What	
  happens	
  to	
  the	
  charge	
  on	
  conductor	
  A	
  ajer	
  it	
  is	
  connected	
  to	
  conductor	
  B	
  by	
  the	
  
wire?

A.	
  QA	
  increases	
  
B.	
  QA	
  decreases	
  
C.	
  QA	
  does	
  not	
  change

“Since B initially has a higher potential, 
charges move from B to A. “





786 | C H A P T E R  2 3 Electric Potential

Example 23-15 Two Charged Spherical Conductors

Two uncharged spherical conductors of radius and
(Figure 23-26) and separated by a distance much greater than

are connected by a long, very thin conducting wire. A total charge
is placed on one of the spheres and the system is allowed to

reach electrostatic equilibrium. (a) What is the charge on each sphere?
(b) What is the electric field strength at the surface of each sphere?
(c) What is the electric potential of each sphere? (Assume that the charge
on the connecting wire is negligible.)

PICTURE The total charge will be distributed with on sphere 1 and 
on sphere 2 so that the spheres will be at the same potential. We can use

for the potential of each sphere.

SOLVE

V ! kQ>R Q2Q1

Q ! "80 nC
6.0 cm
R2 ! 2.0 cm

R1 ! 6.0 cm

(a) 1. Conservation of charge gives us one relation between the
charges and Q2:Q1

Q1 " Q2 ! Q

2. Equating the potential of the spheres gives us a second
relation for the charges and Q2:Q1

kQ1

R1
!
kQ2

R2
⇒ Q2 !

R2

R1
Q1

3. Combine the results from steps 1 and 2 and solve for and
Q2:

Q1 so

20 nCQ2 ! Q # Q1 !

60 nCQ1 !
R1

R1 " R2
Q !

6.0 cm
8.0 cm

(80 nC) !

Q1 "
R1

R2
Q1 ! Q

(b) Use these results to calculate the electric field strengths at the
surface of the spheres:

450 kN>C!

E2 !
kQ2

R2
2

!
(8.99 $ 109 N # m2>C2)(20 $ 10#9 C)

(0.020 m)2

150 kN>C!

E1 !
kQ1

R2
1

!
(8.99 $ 109 N # m2>C2)(60 $ 10#9 C)

(0.060 m)2

(c) Calculate the common potential from for either sphere:kQ>R
9.0 kV!

V1 !
kQ1

R1
!

(8.99 $ 109 N # m2>C2)(60 $ 10#9 C)
0.060 m

CHECK If we use sphere 2 to calculate we obtain 
An additional check is available, be-

cause the electric field strength at the surface of each sphere is proportional to its charge
density. The radius of sphere 1 is three times the radius of sphere 2, so its surface area is
nine times the surface area of sphere 2. And because sphere 1 has three times the charge,
its charge density is one-third the charge density of sphere 2. Therefore, the electric field
strength at the surface of sphere 1 should be one-third of the electric field strength at the
surface of sphere 2, which is what we found in Part (b).

TAKING IT FURTHER The presence of the long, very thin wire connecting the spheres
makes the result of this example only approximate because the potential function 
is valid for the region outside an isolated conducting sphere. With the wire in place the
spheres cannot accurately be modeled as isolated spheres.

V ! kQ>r

109 N # m2>C2)(20 $ 10#9 C)>0.020 m ! 9.0 $ 103 V.
V2 ! kQ2 >R2 ! (8.99 $V,

R1
R2

F I G U R E  2 3 - 2 6



CheckPoint: Charged Parallel Plates 1
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Two	
  parallel	
  plates	
  of	
  equal	
  area	
  carry	
  equal	
  and	
  opposite	
  charge	
  Q0.	
  The	
  poten<al	
  
difference	
  between	
  the	
  two	
  plates	
  is	
  measured	
  to	
  be	
  V0.	
  An	
  uncharged	
  conduc<ng	
  
plate	
  (the	
  green	
  thing	
  in	
  the	
  picture	
  below)	
  is	
  slipped	
  into	
  the	
  space	
  between	
  the	
  
plates	
  without	
  touching	
  either	
  one.	
  The	
  charge	
  on	
  the	
  plates	
  is	
  adjusted	
  to	
  a	
  new	
  
value	
  Q1	
  such	
  that	
  the	
  poten<al	
  difference	
  between	
  the	
  plates	
  remains	
  the	
  same.	
  

Compare	
  Q1	
  and	
  Q0.	
  
o	
  Q1	
  <	
  Q0	
  

o	
  Q1	
  =	
  Q0	
  

o	
  Q1	
  >	
  Q0

THE	
  CAP
ACITOR	
  Q

UESTION
S	
  WERE	
  TOU

GH!

THE	
  PLA
N:	
  

	
  	
  	
  
We’ll	
  work

	
  through
	
  the	
  exam

ple	
  in	
  th
e	
  

PreLectu
re	
  and	
  th

en	
  do	
  th
e	
  preflig

ht	
  ques<
ons.



Capacitance	
  is	
  defined	
  for	
  any	
  pair	
  of	
  spa<ally	
  separated	
  conductors.

How	
  do	
  we	
  understand	
  this	
  defini<on	
  ?

+Q

−Q
d

!	
  	
  Consider	
  two	
  conductors,	
  one	
  with	
  excess	
  charge	
  =	
  +Q	
  	
  
	
  	
  	
  and	
  the	
  other	
  with	
  excess	
  charge	
  =	
  −Q

!	
  	
  These	
  charges	
  create	
  an	
  electric	
  field	
  in	
  the	
  space	
  between	
  them

E

!	
  	
  This	
  poten<al	
  difference	
  should	
  be	
  propor<onal	
  to	
  Q	
  !	
  
•	
  The	
  ra<o	
  of	
  Q	
  to	
  the	
  poten<al	
  difference	
  is	
  the	
  capacitance	
  	
  
and	
  only	
  depends	
  on	
  the	
  geometry	
  of	
  the	
  conductors

V

!	
  	
  We	
  can	
  integrate	
  the	
  electric	
  field	
  between	
  them	
  to	
  find	
  the	
  poten<al	
  
difference	
  between	
  the	
  conductor

Capacitance
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First determine E field produced by charged conductors: 

Second,	
  integrate	
  E	
  to	
  find	
  the	
  poten<al	
  difference	
  V

x

y

As	
  promised,	
  V	
  is	
  propor<onal	
  to	
  Q	
  !

C	
  	
  determined	
  by	
  
geometry	
  !

Example (done in Prelecture 7)

What	
  is	
  σ ?

A	
  =	
  area	
  of	
  plate

+Q

−Q
d E
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V = �
Z d

0
~E · d~y



+Q0

−Q0

dIni<al	
  charge	
  on	
  capacitor	
  	
  =	
  Q0

Plates	
  not	
  connected	
  to	
  anything
A)	
  	
  Q1	
  <	
  Q0 

B)	
  	
  Q1	
  =	
  Q0 

C)	
  	
  Q1	
  >	
  Q0	
  

How	
  is	
  Q1	
  related	
  to	
  Q0	
  ?

Clicker Question Related to CheckPoint

td

+Q1

−Q1

Insert	
  uncharged	
  conductor

Charge	
  on	
  capacitor	
  now	
  =	
  Q1

CHARGE	
  CANNOT	
  CHANGE	
  !
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td

+Q1

−Q1

A)	
  	
  +Q1 

B)	
  	
  −Q1 

C)	
   0 
D)	
  	
  Posi<ve	
  but	
  the	
  magnitude	
  unknown	
  
E)	
  	
  Nega<ve	
  but	
  the	
  magnitude	
  unknown

What	
  is	
  the	
  total	
  charge	
  induced	
  on	
  the	
  boRom	
  surface	
  of	
  the	
  conductor?

Where to Start ?
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E

+Q0

−Q0

E

WHAT	
  DO	
  WE	
  KNOW	
  ?	
  

E = 0

E	
  must	
  be	
  = 0	
  in	
  conductor	
  !	
  

Why ?

+Q0

−Q0

Charges	
  inside	
  conductor	
  move	
  to	
  cancel	
  E	
  field	
  from	
  top	
  &	
  boRom	
  plates.	
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Now	
  calculate	
  V	
  as	
  a	
  func<on	
  of	
  distance	
  from	
  
the	
  boRom	
  conductor.	
  

+Q0

−Q0

E = 0

y

V

y

d t

What	
  is	
  ΔV	
  =	
  V(d)?	
  
A)	
  ΔV	
  =	
  E0d 
B)	
  ΔV	
  =	
  E0(d	
  −	
  t)
C)	
  ΔV	
  =	
  E0(d	
  +	
  t)

d

tE
y

-E0

The	
  integral	
  =	
  area	
  under	
  the	
  curve

Calculate V
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V( y) = �
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CheckPoint Results: Charged Parallel Plates 1
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Two	
  parallel	
  plates	
  of	
  equal	
  area	
  carry	
  equal	
  and	
  opposite	
  charge	
  Q0.	
  The	
  poten<al	
  
difference	
  between	
  the	
  two	
  plates	
  is	
  measured	
  to	
  be	
  V0.	
  An	
  uncharged	
  conduc<ng	
  
plate	
  (the	
  green	
  thing	
  in	
  the	
  picture	
  below)	
  is	
  slipped	
  into	
  the	
  space	
  between	
  the	
  
plates	
  without	
  touching	
  either	
  one.	
  The	
  charge	
  on	
  the	
  plates	
  is	
  adjusted	
  to	
  a	
  new	
  
value	
  Q1	
  such	
  that	
  the	
  poten<al	
  difference	
  between	
  the	
  plates	
  remains	
  the	
  same.	
  

Compare	
  Q1	
  and	
  Q0.	
  
A.	
  Q1	
  <	
  Q0	
  

B.	
  Q1	
  =	
  Q0	
  

C.	
  Q1	
  >	
  Q0

“The	
  distance	
  for	
  Q1	
  is	
  smaller	
  therefore	
  the	
  charge	
  must	
  decrease	
  to	
  
compensate	
  for	
  the	
  change	
  in	
  distance	
  “	
  
“Since	
  the	
  poten<al	
  remains	
  the	
  same,	
  there	
  is	
  no	
  change	
  in	
  the	
  charge	
  of	
  Q.	
  “	
  
“the	
  field	
  through	
  the	
  conductor	
  is	
  zero,	
  so	
  it	
  has	
  constant	
  poten<al.	
  Because	
  of	
  
this	
  it	
  must	
  have	
  greater	
  charge	
  so	
  the	
  total	
  V	
  is	
  that	
  same.	
  “



CheckPoint Results: Charged Parallel Plates 2
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Two	
  parallel	
  plates	
  of	
  equal	
  area	
  carry	
  equal	
  and	
  opposite	
  charge	
  Q0.	
  The	
  poten<al	
  
difference	
  between	
  the	
  two	
  plates	
  is	
  measured	
  to	
  be	
  V0.	
  An	
  uncharged	
  conduc<ng	
  
plate	
  (the	
  green	
  thing	
  in	
  the	
  picture	
  below)	
  is	
  slipped	
  into	
  the	
  space	
  between	
  the	
  
plates	
  without	
  touching	
  either	
  one.	
  The	
  charge	
  on	
  the	
  plates	
  is	
  adjusted	
  to	
  a	
  new	
  
value	
  Q1	
  such	
  that	
  the	
  poten<al	
  difference	
  between	
  the	
  plates	
  remains	
  the	
  same.	
  

Compare	
  the	
  capacitance	
  
of	
  the	
  two	
  configura<ons	
  
in	
  the	
  above	
  problem.	
  	
  
A.	
  C1	
  >	
  C0	
  
B.	
  C1	
  =	
  C0	
  
C.	
  C1	
  <	
  C0

“The	
  distance	
  for	
  Q1	
  is	
  smaller	
  therefore	
  the	
  charge	
  must	
  decrease	
  to	
  
compensate	
  for	
  the	
  change	
  in	
  distance	
  “	
  
“Since	
  the	
  poten<al	
  remains	
  the	
  same,	
  there	
  is	
  no	
  change	
  in	
  the	
  charge	
  of	
  Q.	
  “	
  
“the	
  field	
  through	
  the	
  conductor	
  is	
  zero,	
  so	
  it	
  has	
  constant	
  poten<al.	
  Because	
  of	
  
this	
  it	
  must	
  have	
  greater	
  charge	
  so	
  the	
  total	
  V	
  is	
  that	
  same.	
  “



CheckPoint Results: Charged Parallel Plates 2
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Two	
  parallel	
  plates	
  of	
  equal	
  area	
  carry	
  equal	
  and	
  opposite	
  charge	
  Q0.	
  The	
  poten<al	
  difference	
  between	
  the	
  
two	
  plates	
  is	
  measured	
  to	
  be	
  V0.	
  An	
  uncharged	
  conduc<ng	
  plate	
  (the	
  green	
  thing	
  in	
  the	
  picture	
  below)	
  is	
  
slipped	
  into	
  the	
  space	
  between	
  the	
  plates	
  without	
  touching	
  either	
  one.	
  The	
  charge	
  on	
  the	
  plates	
  is	
  
adjusted	
  to	
  a	
  new	
  value	
  Q1	
  such	
  that	
  the	
  poten<al	
  difference	
  between	
  the	
  plates	
  remains	
  the	
  same.	
  

Compare	
  the	
  capacitance	
  
of	
  the	
  two	
  configura<ons	
  
in	
  the	
  above	
  problem.	
  	
  
A.	
  C1	
  >	
  C0	
  
B.	
  C1	
  =	
  C0	
  
C.	
  C1	
  <	
  C0

We	
  can	
  determine	
  C	
  from	
  either	
  case	
  
	
   same	
  V	
  (preflight)	
  
	
   same	
  Q	
  (lecture)	
  
C	
  depends	
  only	
  on	
  geometry	
  ! E0 = Q0 /ε0A

C0 = Q0 /E0d 

C1 = Q0 /[E0(d − t)]

C0 = ε0A /d 

C1 = ε0A /(d − t)



Demo:	
  BANG

Energy in Capacitors
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https://youtu.be/PFf8FcWyZco


!	
  Conceptual	
  Analysis:	
  

But	
  what	
  is	
  Q and	
  what	
  is	
  V ?	
  	
  They	
  are	
  not	
  given?

!Important	
  Point:	
  	
  C is	
  a	
  property	
  of	
  the	
  object!	
  (concentric	
  cylinders	
  here)	
  
• Assume	
  some	
  Q  (i.e.,	
  +Q on	
  one	
  conductor	
  and	
  −Q on	
  the	
  other)	
  
• These	
  charges	
  create	
  E	
  field	
  in	
  region	
  between	
  conductors	
  
• This E field	
  determines	
  a	
  poten<al	
  difference	
  V between	
  the	
  conductors	
  
• V should	
  be	
  propor<onal	
  to	
  Q; the	
  ra<o	
  Q/V is	
  the	
  capacitance.	
  

	
   	
  

Calculation

metal

metal

a1

a2

a3
a4

cross-­‐sec<on A	
  capacitor	
  is	
  constructed	
  from	
  	
  two	
  conduc<ng	
  
cylindrical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  a4	
  and	
  length	
  	
  

L	
  	
  (L	
  >>	
  ai).	
  

What	
  is	
  the	
  capacitance	
  C	
  of	
  this	
  capacitor	
  ?
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  Magne<sm	
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!	
  Strategic	
  Analysis:	
  	
  
• Put	
  +Q	
  on	
  outer	
  shell	
  and −Q	
  on	
  inner	
  shell	
  

• Cylindrical	
  symmetry:	
  Use	
  Gauss’	
  Law	
  to	
  calculate	
  E	
  everywhere	
  	
  
• Integrate	
  E	
  to	
  get	
  V 
• Take	
  ra<o	
  Q/V:	
  	
  should	
  get	
  expression	
  only	
  using	
  geometric	
  parameters	
  (ai,	
  L)

Calculation
cross-­‐sec<on

metal

metal

a1

a2

a3
a4 A	
  capacitor	
  is	
  constructed	
  from	
  	
  two	
  conduc<ng	
  

cylindrical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  a4	
  and	
  length	
  	
  

L	
  	
  (L	
  >>	
  ai).	
  

What	
  is	
  the	
  capacitance	
  C	
  of	
  this	
  capacitor	
  ?

Electricity	
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  Magne<sm	
  	
  Lecture	
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Calculation

metal

metal

+Q

a1

a2

a3
a4

−Q

Why?

Where	
  is	
  +Q	
  on	
  outer	
  conductor	
  located?	
  

	
  A)	
  	
  	
  at	
  r	
  =	
  a4	
  	
  	
  	
  	
  	
  	
  B)	
  	
  at	
  r	
  =	
  a3	
  	
  	
  	
  	
  C)	
  	
  	
  both	
  surfaces	
  	
  	
  	
  	
  D)	
  	
  	
  throughout	
  shell 

We	
  know	
  that	
  E = 0 in	
  conductor	
  (between	
  a3	
  and	
  a4)

+
+

+

+

++
+

+

+

+
+

+

+

++
+

+

+

cross-­‐sec<on A	
  capacitor	
  is	
  constructed	
  from	
  	
  two	
  conduc<ng	
  
cylindrical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  a4	
  and	
  length	
  	
  

L	
  	
  (L	
  >>	
  ai).	
  

What	
  is	
  the	
  capacitance	
  C	
  of	
  this	
  capacitor	
  ?

+Q must	
  be	
  on	
  inside	
  surface	
  (a3), 
so	
  that Qenclosed = + Q − Q = 0

Electricity	
  &	
  Magne<sm	
  	
  Lecture	
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Gauss’	
  law:

I

surface

~E · d ~A = Q
enclosed

✏
0



Calculation

metal

+Q

a1

a2

a3
a4

−Q

Why?

+ +
+

+

+

+
+

+

+

+ +
+

+

+

++
+

+

+

We know that E = 0 in conductor (between a1 and a2)

−

metal

−
−
−−−

−
−− −

−
−
−−

−

−
−−

cross-­‐sec<on A	
  capacitor	
  is	
  constructed	
  from	
  	
  two	
  conduc<ng	
  
cylindrical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  a4	
  and	
  length	
  	
  

L	
  	
  (L	
  >>	
  ai).	
  

What	
  is	
  the	
  capacitance	
  C	
  of	
  this	
  capacitor	
  ?

Where	
  is	
  −Q	
  on	
  inner	
  conductor	
  located?	
  

	
  A)	
  	
  	
  at	
  r	
  =	
  a2	
  	
  	
  	
  	
  	
  	
  B)	
  	
  at	
  r	
  = a1	
  	
  	
  	
  	
  C)	
  	
  	
  both	
  surfaces	
  	
  	
  	
  	
  D)	
  	
  	
  throughout	
  shell 

+Q must	
  be	
  on	
  outer	
  surface	
  (a2),	
  
so	
  that	
  Qenclosed = 0

Electricity	
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  Magne<sm	
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Gauss’	
  law:

I

surface

~E · d ~A = Q
enclosed

✏
0



Calculation

metal

+Q

a1

a2

a3
a4

−Q

+ +
+

+

+

+
+

+

+

+ +
+

+

+

+
+

+

+

−

metal

−
−
−−−

−
−− −

−
−
−−

−

−
−−

−
Why?

cross-­‐sec<on A	
  capacitor	
  is	
  constructed	
  from	
  	
  two	
  conduc<ng	
  
cylindrical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  a4	
  and	
  length	
  	
  

L	
  	
  (L	
  >>	
  ai).	
  

What	
  is	
  the	
  capacitance	
  C	
  of	
  this	
  capacitor	
  ?

a2	
  <	
  r	
  <	
  a3:	
  	
  What	
  is	
  E(r)?	
  

 A) 0             B)                C)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  D)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  E)

E(2⇡rL) =
Q
✏0

Direc<on:	
  Radially	
  in

Electricity	
  &	
  Magne<sm	
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Gauss’	
  law:

I

surface

~E · d ~A = Q
enclosed

✏
0

a2	
  <	
  r	
  <	
  a3:	
  	
  What	
  is	
  E(r)?



Calculation

r < a2:  E(r) = 0 

 since Qenclosed = 0

a2	
  <	
  r	
  <	
  a3:

What	
  is	
  V ?	
  
The	
  poten<al	
  difference	
  
between	
  the	
  
conductors.	
  

What	
  is	
  the	
  sign	
  of	
  V	
  =	
  Vouter	
  −	
  Vinner?	
  

A)	
  	
  	
  Vouter − Vinner	
  <	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  Vouter − Vinner	
  = 0	
  	
  	
  	
  	
  C)	
  	
  Vouter	
  −	
  Vinner	
  >	
  0	
  

Q 
(2πε0a2L)

metal

+Q

a1

a2

a3
a4

−Q

+ +
+

+

+

+
+

+

+

+ +
+

+

+

+
+

+

+

−

metal

−
−
−−−

−
−− −

−
−−

−

−
−−

−

cross-­‐sec<on A	
  capacitor	
  is	
  constructed	
  from	
  	
  two	
  conduc<ng	
  
cylindrical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  a4	
  and	
  length	
  	
  

L	
  	
  (L	
  >>	
  ai).	
  

What	
  is	
  the	
  capacitance	
  C	
  of	
  this	
  capacitor	
  ?
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Q 
(2πε0a2L)

What	
  is	
  V	
  ≡	
  Vouter	
  −	
  Vinner?	
  

	
  	
  	
  	
  	
  	
  	
  (A)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (B)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (C)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (D)	
  

Calculation

V propor<onal	
  to	
  Q,	
  as	
  promised

metal

+Q

a1

a2

a3
a4

−Q

+ +
+

+

+

+
+

+

+

+ +
+

+

+

+
+

+

+

−

metal

−
−
−−−

−
−− −

−
−−

−

−
−−

−

cross-­‐sec<on A	
  capacitor	
  is	
  constructed	
  from	
  	
  two	
  conduc<ng	
  
cylindrical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  a4	
  and	
  length	
  	
  

L	
  	
  (L	
  >>	
  ai).	
  

What	
  is	
  the	
  capacitance	
  C	
  of	
  this	
  capacitor	
  ?

a2	
  <	
  r	
  <	
  a3:
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C ⌘ Q
V
=

2⇡✏0L
ln(a3/a2)


