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CapacitanceCapacitance

Isolated system Isolated system qq stays same so stays same so VV
decreases if decreases if CC increasesincreases

d
AC 0ε=

C
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!! ParallelParallel--plate capacitor charged plate capacitor charged 
to potential to potential V V by batteryby battery

!! Disconnect battery to have an Disconnect battery to have an 
isolated systemisolated system

!! If the distance, If the distance, dd, between the , between the 
plates is decreased what plates is decreased what 
happens to happens to C C ? ? 

LARGERLARGER
!! What happens to What happens to VV ??
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!! so so CC must increase must increase �� why?why?

V
qC =

!! Observe what happens if I put material Observe what happens if I put material 
between the plates?between the plates?

!! V  V  decreasesdecreases



Capacitance (Fig. 26Capacitance (Fig. 26--14)14)

!! Why does Why does CC increase if increase if 
add material?add material?

!! Material made up of Material made up of 
molecules which are molecules which are 
dipolesdipoles

!! Molecules align with Molecules align with EE
field from capacitorfield from capacitor



Capacitance (Fig. 26Capacitance (Fig. 26--15)15)

!! Dipoles set up field Dipoles set up field E�E�
which opposes capacitors  which opposes capacitors  
field field EEoo

!! Total field Total field EE is smaller is smaller 
than original than original EEoo

!! Material is called a   Material is called a   
dielectricdielectric



Capacitance (Fig. 26Capacitance (Fig. 26--13b)13b)

!! EE field is weaker so field is weaker so VV
decreasesdecreases

!! qq is constant so is constant so CC
INCREASESINCREASES

EdV =

V
qC =
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!! Place a dielectric in capacitor its capacitance Place a dielectric in capacitor its capacitance 
increases by numerical factor.increases by numerical factor.

!! Called Called dielectric constant, dielectric constant, κκ

!! If problem has dielectric replace If problem has dielectric replace CC with with KCKC

airdielectric CC κ=





Capacitance (Fig. 26Capacitance (Fig. 26--13)13)

!! If system is connected to a If system is connected to a 
battery, battery, VV is a constantis a constant

!! CC increases with dielectric increases with dielectric 
so so q q must increasemust increase

CVq =
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!! What is the potential energy, What is the potential energy, UU,  of a ,  of a 
charged capacitor?charged capacitor?

!! Think of Think of UU as being stored in as being stored in EE field field 
between platesbetween plates

!! Calculate Calculate WW required to charge plates to required to charge plates to 
potential potential VV

!! Recover energy by discharging capacitorRecover energy by discharging capacitor

VqWU ∆==∆
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!! Charge capacitor by transferring electrons Charge capacitor by transferring electrons 
with a batterywith a battery

!! More charge moved, More charge moved, E E field between field between 
plates gets bigger, harder to move plates gets bigger, harder to move 
charges so takes charges so takes positive workpositive work to charge to charge 
capacitor capacitor 
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!! At given instance potential across plates isAt given instance potential across plates is

!! Transfer increment of charge Transfer increment of charge dqdq´, work ´, work 
required isrequired is
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!! Work required from 0 to total charge Work required from 0 to total charge qq isis

!! Potential energy = workPotential energy = work

!! Or, use Or, use 
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!! Advantage of capacitorAdvantage of capacitor
!! Get more power than from just a battery Get more power than from just a battery 

!! Slowly charge capacitor with battery and then Slowly charge capacitor with battery and then 
discharge quicklydischarge quickly

!! Examples Examples �� photo flash, medical defibrillatorphoto flash, medical defibrillator
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!! Energy Density Energy Density uu -- potential energy per unit potential energy per unit 
volume between the platesvolume between the plates

!! Substituting for Substituting for U  U  and and CC
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