
PHYS 122-Lecture 6:  
Capacitance and Dielectrics

• Capacitance [First half of Chap 24]

• Dielectrics [Second half of Chap 24]
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Introduction 

• How does a camera’s 
flash unit store 
energy? 

• Capacitors are 
devices that store 
electric potential 
energy. 

• The energy of a 
capacitor is actually 
stored in the electric 
field. 
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Capacitors and capacitance 
• Any two conductors separated by an insulator form a 

capacitor, as illustrated in Figure 24.1 below. 

• The definition of capacitance is C = Q/Vab. 
[C/V] = Farad [F]
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Parallel-plate capacitor 
• A parallel-plate capacitor consists of two parallel conducting 

plates separated by a distance that is small compared to their 
dimensions. (See Figure 24.2 below.) 

• The capacitance of a parallel-plate capacitor is C = H0A/d. 

• Follow Examples 24.1 and 24.2. 
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A spherical capacitor 
• Follow Example 24.3 using Figure 24.5 to consider a 

spherical capacitor. 
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A cylindrical capacitor 
• Follow Example 24.4 and Figure 24.6 to investigate a 

cylindrical capacitor. 
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Capacitors in series 
• Capacitors are in series if they are connected one after the 

other, as illustrated in Figure 24.8 below. 

• The equivalent capacitance of a series combination is given 
by 1/Ceq = 1/C1 + 1/C2 + 1/C3 + … 
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Capacitors in parallel 
• Capacitors are connected in parallel between a and b if the 

potential difference Vab is the same for all the capacitors. (See 
Figure 24.9 below.) 

• The equivalent capacitance of a parallel combination is the 
sum of the individual capacitances: Ceq = C1 + C2 + C3 + … . 



Copyright © 2012 Pearson Education Inc. 

Calculations of capacitance 
• Refer to Problem-Solving Strategy 24.1. 

• Follow Example 24.5. 

• Follow Example 24.6, a capacitor network, using Figure 24.10 
below. 
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Energy stored in a capacitor 
• The potential energy stored in a capacitor is  

U = Q2/2C = 1/2 CV2 = 1/2 QV. 

• The capacitor energy is stored in the electric field between the 
plates. The energy density is u = 1/2 H0E2. 

• The Z machine shown below can produce up to 2.9 u 1014 W 
using capacitors in parallel!  
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Dielectrics 
• A dielectric is a nonconducting 

material. Most capacitors have 
dielectric between their plates. (See 
Figure 24.13 at upper right.) 

• The dielectric constant of the 
material is K = C/C0 > 1. 

• Dielectric increases the capacitance 
and the energy density by a factor K. 

• Figure 24.15 (lower right) shows 
how the dielectric affects the electric 
field between the plates. 

• Table 24.1 on the next slide shows 
some values of the dielectric 
constant. 
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Molecular model of induced charge - I 

• Figures 24.17 (right) 
and 24.18 (below) 
show the effect of an 
applied electric field 
on polar and nonpolar 
molecules. 
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Molecular model of induced charge - II 
• Figure 24.20 below shows polarization of the dielectric and how the 

induced charges reduce the magnitude of the resultant electric field. 
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Gauss’ Law in a Material in
Differential Form for EE’s

EE’s often call D the 
“Electric Field!”
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𝝐 = 𝑲𝝐𝒐
K is the “dielectric constant”… also 
called the “relative permittivity.”
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Table 24.1—Some dielectric constants 
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Dielectric breakdown 
• If the electric field is strong enough, dielectric breakdown occurs 

and the dielectric becomes a conductor. 

• The dielectric strength is the maximum electric field the material 
can withstand before breakdown occurs. 

• Table 24.2 shows the dielectric strength of some insulators. 


