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Chapter 26  
Capacitance and Dielectrics  
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26.1 Definition of Capacitance  
• Consider two conductors carrying charges 

of equal magnitude and opposite sign. 
• Such a combination of two conductors is 

called a capacitor.  
•  The conductors are called plates.  
• A potential difference ΔV exists between 

the conductors due to the presence of the 
charges.  
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26.1 Definition of Capacitance  
•  The SI unit of capacitance is the farad (F)  

1 F = 1 C/V  
•  The farad is a very large unit of capacitance. In practice, 

typical devices have capacitances ranging from 
microfarads (10-6 F) to picofarads (10-12 F).  
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26.1 Definition of Capacitance  
•  Let us consider a capacitor formed from a pair of parallel 

plates.  
•  Each plate is connected to one terminal of a battery, 

which acts as a source of potential difference.  
•  The plate connected to the negative terminal of the 

battery. The electric field applies a force on electrons in 
the wire. 

•  This force causes the electrons to move onto the plate. 
This movement continues until the plate, the wire, and 
the terminal are all at the same electric potential.  

•  Once this equilibrium point is attained, a potential 
difference no longer exists between the terminal and the 
plate, and as a result no electric field is present in the 
wire, and the movement of electrons stops.  

•  The plate now carries a negative charge.  
•  A similar process occurs at the other capacitor plate, 

with electrons moving from the plate to the wire  
•  Finally, the potential difference across the capacitor 

plates is the same as that between the terminals of the 
battery.  
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26.2 Calculating Capacitance  
•  For example, imagine a spherical charged conductor.  
•  The electric potential of the sphere of radius R is simply 

keQ/R, and setting V=0 for the infinitely large shell, we 
have 

•  This expression shows that the capacitance of an isolated 
charged sphere is proportional to its radius and is 
independent of both the charge on the sphere and the 
potential difference.  

•    
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Parallel-Plate Capacitors  
•  Two parallel metallic plates of equal area A are separated by a 

distance d. One plate carries a charge Q, and the other carries a 
charge -Q .  

•  The surface charge density on either plate is σ = Q /A.  
•  If the plates are very close together, we can assume that the electric 

field is uniform between the plates. 

•  The magnitude of the potential difference between the plates  

•  The capacitance is  

•  The capacitance of a parallel-plate capacitor is proportional to the area of its plates and 
inversely proportional to the plate separation.  
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Parallel-Plate Capacitors  
•    
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Parallel-Plate Capacitors  
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Example 26.2 The Cylindrical Capacitor  
•    
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Example 26.2 The Cylindrical Capacitor  
• We must first calculate the potential difference between 

the two cylinders, which is given in general by  

•  where E is the electric field in the region between the cylinders.  
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Example 26.3 The Spherical Capacitor  
•    
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Example 26.3 The Spherical Capacitor  
•   As we showed in Chapter 24, the field outside a 

spherically symmetric charge distribution is radial and 
given by the expression keQ /r 2.  
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26.3 Combinations of Capacitors  
•  The circuit diagram uses circuit symbols to represent 

various circuit elements.  
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Parallel Combination  
•   The individual potential 

differences across capacitors 
connected in parallel are the 
same and are equal to the 
potential difference applied 
across the combination.  

•  The total charge Q stored by the 
two capacitors is  

Q=Q1+Q2  
•  The total charge on capacitors 

connected in parallel is the sum 
of the charges on the individual 
capacitors.  

Q1=C1∆V and Q2=C2∆V  
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Parallel Combination  
•  The equivalent capacitor,  

Q = Ceq ∆V 
Ceq∆V = C1∆V + C2∆V  

Ceq = C1 + C2 (parallel combination)  
•   

 

•  The equivalent capacitance of a parallel combination of 
capacitors is the algebraic sum of the individual 
capacitances and is greater than any of the individual 
capacitances.  
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Series Combination  
•  The charges on capacitors connected in series are the 

same.  
•  The voltage ∆V across the battery terminals is split 

between the two capacitors:  
∆V = ∆V1 + ∆V2  

•  The total potential difference across any number of 
capacitors connected in series is the sum of the potential 
differences across the individual capacitors.  
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Series Combination  
•  The equivalent capacitor must have a charge of -Q on its right 

plate and a charge of +Q on its left plate.  
∆V= Q/Ceq 

•  The potential differences  
∆V1= Q/C1 and ∆V2 = Q/C2  

∆V = ∆V1 + ∆V2   
Q/Ceq=Q/C1 + Q/C2  

1/Ceq=1/C1 + 1/C2  (series combination) 

•  The inverse of the equivalent capacitance is the algebraic sum of the 
inverses of the individual capacitances and the equivalent 
capacitance of a series combination is always less than any individual 
capacitance in the combination.  
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26.3 Combinations of Capacitors  
•    
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•    

20 


