
Chapter 24 – Capacitance and Dielectrics

- Capacitors and capacitance

- Capacitors in series and parallel

- Energy storage in capacitors and electric field energy

- Dielectrics

- Molecular model of induced charge

- Gauss law in dielectrics



1. Capacitors and Capacitance

Capacitor: device that stores electric potential energy and electric charge. 

- Two conductors separated by an insulator form a capacitor. 

- The net charge on a capacitor is zero. 

- To charge a capacitor -| |-, wires are 

connected to the opposite sides of a battery.

The battery is disconnected once the 

charges Q and –Q are established on 

the conductors. This gives a fixed potential

difference Vab = voltage of battery.

Capacitance: constant equal to the ratio of the 
charge on each conductor to the potential difference
between them.
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C = Units: 1 Farad (F) = Q/V = C2/J = C2/N m



- Capacitance is a measurement of the ability of capacitor to store energy
(V = U / q).

Capacitors in Vacuum

- Parallel Plate Capacitor: uniform electric field between the plates, charge
uniformly distributed over opposite surfaces
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ε0 = 8.85 x 10-12 F/m



- The capacitance depends only on the geometry of the capacitor.

2. Capacitors in Series and Parallel

Capacitors in Series:

- Same charge (Q).        Vab = Vac + Vcb

Equivalent capacitor
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Capacitors in Parallel:

- Same potential V, different charge.         Q1 = C1 V1 Q2 = C2 V2
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Equivalent capacitor

Q = Q1+Q2



3. Energy Stored in Capacitors and Electric-Field Energy

- The electric potential energy stored in a charged capacitor is equal to the
amount of work required to charge it.
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Work to charge a capacitor:

- Work done by the electric field on the charge when the capacitor discharges.

- If U = 0 for uncharged capacitor � W = U of charged capacitor
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Electric-Field Energy:

- A capacitor is charged by moving electrons from one plate to another.
This requires doing work against the electric field between the plates.   

Energy density: energy per unit volume stored in the space between the 
plates of a parallel-plate capacitor.
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Electric Energy Density (vacuum):

- Non-conducting materials between the plates of a capacitor. They change 
the potential difference between the plates of the capacitor.  

4. Dielectrics



-The dielectric layer increases the 
maximum potential difference between 
the plates of a capacitor and allows to 
store more Q.

Dielectric breakdown: partial ionization of an 
insulating material subjected to a large electric field.

Dielectric constant (K):
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C = capacitance with the dielectric inside the plates of the capacitor

C0 = capacitance with vacuum between the plates



- If Q = constant � Q = C0 V0 = C V � C/C0 = V0/V
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- No real dielectric is a perfect insulator � always leakage current 
between charged plates of a capacitor with a dielectric.



Induced Charge and Polarization:

Field lines change in the presence

of dielectrics.
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E = field with the dielectric between plates

E0 = field with vacuum between the plates

- E is smaller when the dielectric is 
present �surface charge density smaller. 
The surface charge on conducting plates 
does not change, but an induced charge
of opposite sign appears on each surface 
of the dielectric. The dielectric remains 
electrically neutral (only charge 
redistribution).

Polarization: redistribution of charge within
a dielectric.



-The induced surface density in the dielectric of a capacitor is directly 
proportional to the electric field magnitude in the material. 

Net charge on capacitor plates: (σ-σi)    (with σi = induced surface charge               

density)
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Capacitance of parallel plate
capacitor (dielectric present):

Electric energy density (dielectric present):
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A very strong electrical field can exceed the strength of the dielectric to 

contain it.

Dielectric breakdown:



5. Molecular Model of Induced Charge

Polar molecule

Non-polar molecule

Induced dipole 



Polarization and Electric Field Lines

Polarization of a dielectric in electric field gives rise 
to bound charges on the surfaces, creating σi, - σi.



A neutral sphere B in the radial electric field of 

a positively charged sphere A is attracted to 

the charge because of polarization.
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6. Gauss’s Law in Dielectrics
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Flux through Gaussian surface (enclosed free charge / ε0)

Gauss Law in a dielectric: 
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