
Chapter 20: Electric Charge, Force & Field 
Chapter 21: Gauss’ law 
Tuesday September 6th  

• Reminders and Brief Review 
• Coulomb’s law 
• Electric fields 

• Electric dipoles 
• Electric field due to a dipole 
• Some properties of dipoles 

• Continuous charge distributions  
• Electric field due to a line of charge 
• Charge densities 

• Intro. to Gauss’ law (if time) 

Reading: pages 335 – 354 in the text book (Chs. 20/21) 
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Electric fields 
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!
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Newton’s law for electrostatics: 

There’s really no need for the “test charge” 

   
!
F = q

!
E

This is the force on a charge q in an electric field   
!
E

Units for E are N/C in this chapter  
(later we shall use volts per meter) 



Units for E are N/C in this chapter  
(later we shall use volts per meter) 
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Electric fields 



Electric field lines 
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• Electric field lines start on positive charges and end on 
negative charges (can also start/end at infinity).  

• The symmetry of the problem dictates the directions in 
which field lines radiate from charges. 

Electric field lines 



Electric field lines 

• The tangent to an electric field line at a point in space 
gives the direction of the electric field at that point. 

• The magnitude of the electric field at any point is 
proportional to the number of field lines per unit cross-
sectional area perpendicular to the lines (tightness of 
their spacing). 

• Plus charges experience a force parallel to the field 
lines; negative charges in the opposite direction. 



Electric field lines 

• The number of field lines radiating from a charge is 
proportional to the charge. 

• Field lines cannot cross (why?) 



Superposition principle 
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The Electric Dipole 

Dipole moment:    p = qd or
!p = q

!
d

On the median plane (along x axis): 
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A Dipole in an Electric Field 
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Force = gradient in the potential energy 



Insulator 

Why do we care about electric dipoles? 
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Superposition principle 
(continuous charge distribution) 
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Superposition principle still holds: 



Line of Charge 

Line charge density, or charge per unit 
length,    , in Coulombs per meter. !
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Line of Charge 
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Charge densities 
In 1D (a line or wire): , orQ dQ

L dL
λ λ= =

     is the line charge density, or charge per unit length, in Coulombs 
per meter. L represents length, and Q is charge. 
!

In 2D (a surface or sheet): , orQ dQ
A dA

σ σ= =

    is the surface charge density, or charge per unit area in Coulombs 
per meter2; A represents area, and Q is charge. 
!

In 3D (a solid object): , orQ dQ
V dV

ρ ρ= =

         is the volume charge density, or charge per unit volume in 
Coulombs per meter3. V represents volume, and Q is charge. 
!


