4 Capacitors And Dielectrics
Capacitors
A capacitor is 2 conductors separated by an insulator / vacuum.  Place +Q on one, -Q on the other and measure the voltage between them.
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Define Capacitance as:  
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Find E

Find V

Find C
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Which only depends on geometry.

e.g Co-axial Cable




Place charge per unit length 
[image: image4.wmf]l

 on capacitor

And look at cable of length l.

Find E

Find V

Find C

Take Gaussian Cylinder, of radius r.

Gauss
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Thus 
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Thus C per unit length is 
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How Much Energy Is Stored In Capacitors
Take parallel plates and charge it up by moving pieces if charge dQ’, from bottom to top.

When we moved Q’ charge
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So moving dQ’ from bottom to top takes


[image: image11.wmf]C

Q

W

dQ

C

Q

dW

dQ

C

Q

dW

V

dQ

dW

Q

Q

2

'

'

'

'

'

'.

2

0

'

=

=

=

=

ò

ò

=


So we have put energy into the system.
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In case of parallel plates
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So 
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So energy stored is 
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Where Ad is volume between plates.
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So electric field has energy density

Dielectric
Some materials have molecules with intrinsic dipole moments. In the presence of an external electric field these tend to align with E due to the applied field.
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Typically, this tendency 
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Place dielectric in-between parallel plates.
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E is reduced due to polarisation and the induced charge at edges of the dielectric. In real medium 
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 i.e. can write that E is reduced by a factor 
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i.e.
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Where 
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>1 (The relative permittivity, dielectric constant)

Since V=Ed

V is also reduced by 
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So  
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i.e. 
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Hence the capacitance increases  
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 is normally in the range of 2 – 4

Similarly can calculate the energy taken to charge up Capacitor:
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The energy density stored in the capacitor is 
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Increases  
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 due to work done on aligning molecules in the dielectric.

Electric Displacement

Define D to recover Gauss’s Law for free charges on a capacitor:
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Then 
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e.g.
A spherical Capacitor:


                                       
2 conducting spheres separated by a dielectric






Inner sphere +Q, outer sphere –Q






Inner sphere radius a, outer sphere radius b

By symmetry 
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Taking a Gaussian sphere of radius r
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Then 
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Thus 
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Finally 
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