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Lecture 13 outline:

Behavior of conductors
 Charge distribution on “lumpy” conductors (for Isaac Edelman)

Definition of Capacitance
 General definition of capacitance (for Riley Wayne)

Capacitance of parallel plates
Coaxial capacitors
Potential of a Disk
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WHY DOES      VARY WITH CURVATURE?
The picture below is an exaggeration.
Charge only varies as the 4th root of curvature 

(and even that is an approximation for ellipsoids

 

σ

σ∼K1/4
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Any equipotential could be a metal surface.

 

 

σ=ϵ0ΔEn
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CAPACITANCE
Arbitrary conductors charged equal and opposite
Calculate potential:   C = Q / V
It is simpler when one conductor surrounds the other,
Gauss’s law forces the charges to be equal and opposite. 
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CAPACITANCE

 

It is NOT required to 
just have two 
conductors, or for 
them to all have the 
same charges.

See Purcell and Morin 
3rd edition, p 147.

But you can calculate 
or measure the 
capacitance for any 
pair of conductors.
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Parallel Plate Capacitor
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Parallel Plate Capacitor
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Parallel Plate Capacitor

 



10

A square plate has a total charge Q=18 nC and has sides of 
length 3 meters.   Assume the charge is uniformly 
distributed.  

What is the surface charge density    ?
     
A) 
B) 
C) 
D) 
E)   It depends on which surface the charge is on
 

 

σ

σ=18nC/m2

σ=6nC /m2

σ=2nC /m2

σ=1nC /m2
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Coaxial Cylindrical Capacitor
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C=
2πϵ0ϵrL

ln (R2/R1)

R2=1.5mm

R1=0.406mm

ϵr=2.3(polyethylene)

C=
2π8.85×10−122.3
ln(1.5 /0.4)

=97 pf /m

C=2.8m×97 pf /m=272 pf
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Conductors a and b are insulated from each other, forming a 
capacitor. You increase the charge on a to +2Q and increase 
the charge on b to –2Q, while keeping the conductors in the 
same positions. 
What effect does this have on the capacitance C?

A) C is multiplied by 4
B) C is multiplied by 2
C)  C remains the same
D)  C is multiplied by ½
E)  C is multiplied by ¼
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You reposition the two plates of a capacitor so that the 
capacitance doubles.  The charges +Q and –Q on the two 
plates are kept constant in this process.  
What happens to the potential difference V 
between the two plates?

A) V is multiplied by 4
B) V is multiplied by 2
C) V remains the same
D) V is multiplied by ½
E) V is multiplied by ¼
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Potential of a Disk

 



Conducting sphere of 
radius      has surface 
charge density

 It is then surrounded by 
a neutral spherical 
conductor.  What are the 
charge densities at

(A) σ0 and σ0

σ 0 .
r0

r0

r1 and r2
r1

r2

(B) σ0 r0 / r1 and σ0 r0/ r2
(C) σ0 r1

2
/ r0
2 and σ0 r1

2
/ r0
2

(D) σ0 r0
2
/ r1
2 and σ0 r0

2
/ r2
2
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