
Electric fields are 
responsible for the electric 
currents that flow through 
your computer and the 
nerves in your body. Electric 
fields also line up polymer 
molecules to form the 
images in a liquid crystal 
display (LCD).  
Chapter Goal: To learn how 
to calculate and use the 
electric field. 
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Topics: 
•  Electric Field Models   
•  The Electric Field of Multiple Point Charges   
•  The Electric Field of a Continuous Charge 

Distribution   
•  The Electric Fields of Rings, Disks, Planes, and 

Spheres   
•  The Parallel-Plate Capacitor   
•  Motion of a Charged Particle in an Electric 

Field   
•  Motion of a Dipole in an Electric Field 
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What device provides a practical 
way to produce a uniform electric 
field?  

A. A long thin resistor 
B. A Faraday cage 
C. A parallel plate capacitor 
D. A toroidal inductor 
E. An electric field uniformizer 
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For charged particles, what is the  
quantity q/m called? 

A. Linear charge density 
B. Charge-to-mass ratio 
C. Charged mass density 
D. Massive electric dipole 
E. Quadrupole moment 
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Which of these charge distributions did 
not have its electric field determined in 
Chapter 27? 
A. A line of charge 
B. A parallel-plate capacitor 
C. A ring of charge 
D. A plane of charge 
E. They were all determined 
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The worked examples of charged-
particle motion are relevant to 

A. a transistor. 
B. a cathode ray tube. 
C. magnetic resonance imaging. 
D. cosmic rays. 
E.  lasers. 
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Learning Objectives 
•  Here is what you should get out of this weeks 

lectures and Chapter 27 
– To use the principle of superposition to calculate 

the electric field of multiple charges and of 
continuous charge distributions 

– To learn the electric field of common charge 
distributions 

– To learn the electric field of a parallel-plate 
capacitor and some of its applications 

– To study the motion of charged particles and 
dipoles in simple electric fields  
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Physical Examples 
•  Last class we introduce the concept of electric fields to explain the interaction of 

charge at a distance 
–  Electric Fields are responsible for the functioning of your LCD monitor, stereo, 

heart, brain 
•  Last class we introduced the electric field of a point charge 

–  To make practical use of electric fields we need to calculate the electric field due 
to complicated distributions of charge - note that these are sources 

•  Primary goal today is to develop procedures for calculating the electric field for 
specific arrangements of charge 
–  After we know how to calculate electric field due to various source charge 

distributions we can compute the force on a test charge placed at some position 
in the resulting electric field 



Commonly Used Electric Field Models 

•  Electric Field of a point charge 
•  Electric Field of an infinite line of charge 
•  Electric Field of an infinite plan of charge 
•  Electric Field of a charged sphere 
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The electric field of a point charge q at the origin, r = 0, is 

where є0 = 8.85 × 10–12 C2/N m2 is the permittivity 
constant. 
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The net electric field due to a group of point charges is 

where Ei is the field from point charge i. 
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Electric Field of Common Charge Distributions 

•  The principle of superposition is used to obtain 
the electric field of 
– A dipole 
– A line of charge 
– A plane of charge 
– A parallel plate capacitor 
– A sphere of charge 
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Example 
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E What is net      at origin when   

q1=+2Q, q2=-2Q and  q3=-4Q 
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Example 

What is net      at origin when   
q1=+2Q, q2=-2Q and  q3=-4Q 

Key idea: Use symmetry 

E1, E2 exactly offset E3 in the y 
direction.  

We need to add up the x-
component of each of them. 
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Binomial Theorem: A useful mathematical tool 
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Electric field due to an electric dipole 
Dipole: 2 charged particles, magnitude q, 
distance d. 

Find electric field at point P at a distance z 
from the mid-point on the dipole axis. 
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Electric field due to an electric dipole(cont) 

=> use 2 terms of binomial theorem  
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We can represent an electric dipole by two opposite charges 
±q separated by the small distance s. 
The dipole moment is defined as the vector 

The dipole-moment magnitude p = qs determines the 
electric field strength. The SI units of the dipole moment 
are C m. 
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The electric field at a point on the axis of a dipole is 

where r is the distance measured from the center of the 
dipole. 
The electric field in the plane that bisects and is 
perpendicular to the dipole is 

This field is opposite to the dipole direction, and it is only 
half the strength of the on-axis field at the same distance. 
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Electric Field of Two Positive Charges   
  Not a Dipole 
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QUESTION: 
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A. Up. 
B. Down. 
C. Left. 
D. Right. 
E. The electric field is zero. 

At the 
position of 
the dot, the 
electric field 
points 
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A.  Up. 
B. Down. 
C. Left. 
D. Right. 
E. The electric field is zero. 

At the 
position of 
the dot, the 
electric field 
points 
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The linear charge density of an 
object of length L and charge 
Q, is defined as 

Linear charge density, which 
has units of C/m, is the amount 
of charge per meter of length. 
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A very long, thin rod, with linear charge density λ, 
has an electric field 

Where r is the radial distance away from the rod. 
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The surface charge density of a 
two-dimensional distribution of 
charge across a surface of area 
A is defined as 

Surface charge density, with 
units C/m2, is the amount of 
charge per square meter.  
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The electric field of an infinite plane of charge with 
surface charge density η is: 

For a positively charged plane, with η > 0, the electric 
field points away from the plane on both sides of the 
plane. 
For a negatively charged plane, with η < 0, the electric 
field points towards the plane on both sides of the 
plane. 
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Example: Surface Charge Density 
•  Charge Q is spread uniformly 

on a rectangle of sides a & b.  
a)  What is the surface charge 

density? 
b)  The original rectangle, 

identified as number 1, is 
then broken into the 
smaller rectangles 2 & 3. 
Compare the surface 
charge densities               
η1, η2, & η3. 
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Example: Surface Charge Density 
•  Charge Q is spread uniformly 

on a rectangle of sides a & b.  
a)  What is the surface charge 

density? η = Q/(ab) 
b)  The original rectangle, 

identified as number 1, is 
then broken into the 
smaller rectangles 2 & 3. 
Compare the surface 
charge densities               
η1, η2, & η3. 

Answer: η1 = η2 = η3. 



A piece of plastic is uniformly charged with surface 
charge density   1. The plastic is then broken into a large 
piece with surface charge density   2 and a small piece 
with surface charge density   3. Rank in order, from largest 
to smallest, the surface charge densities   1 to   3. 

A.  η2  = η3 > η1 
B.  η1  > η2 > η3 
C.  η1  > η2 = η3 
D.  η3  > η2 > η1 
E.   η1  = η2 = η3 
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Derive Field of a line charge 

•  Figure show a uniformly 
charged rod of length L with 
total charge Q that can be 
either positive or negative. 
Find the electric field 
stength E at a point that 
bisects the rod. 
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Electric Field of Line Charge 
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Now do variation:Ring 

•  A thin ring of radius R is 
uniformly charged with total 
charge Q. Find the electric 
field at a point on the axis of 
the ring 



Which of the following 
actions will increase the 
electric field strength at 
the position of the dot? 

A. Make the rod longer without changing the charge.  
B. Make the rod fatter without changing the charge.  
C. Make the rod shorter without changing the charge.  
D. Remove charge from the rod. 
E. Make the rod narrower without changing the charge.  
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Which of the following 
actions will increase the 
electric field strength at 
the position of the dot? 

A. Make the rod longer without changing the charge.  
B. Make the rod fatter without changing the charge.  
C.  Make the rod shorter without changing the charge.  
D. Remove charge from the rod. 
E. Make the rod narrower without changing the charge.  
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The on-axis electric field of a charged disk of radius R, 
centered on the origin with axis parallel to z, and surface 
charge density η = Q/πR2 is 

NOTE: This expression is only valid for z > 0.  The field for 
z < 0 has the same magnitude but points in the opposite 
direction. 
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A sphere of charge Q and radius R, be it a uniformly charged 
sphere or just a spherical shell, has an electric field outside 
the sphere that is exactly the same as that of a point charge 
Q located at the center of the sphere: 
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•   The figure shows two     
electrodes, one with charge     
+Q and the other with –Q      
placed face-to-face a     
distance d apart.  
•   This arrangement of two     
electrodes, charged equally     
but oppositely, is called a     
parallel-plate capacitor.  
•   Capacitors play important     
roles in many electric     
circuits. 
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Rank in order, 
from largest to 
smallest, the 
electric field 
strengths Ea to Ee 
at these five points 
near a plane of 
charge. 

A.  Ea > Ec > Eb > Ee > Ed  
B.  Ea = Eb = Ec = Ed = Ee  
C.  Ea > Eb = Ec > Ed = Ee  
D.  Eb = Ec = Ed = Ee > Ea  
E.   Ee > Ed > Ec > Eb > Ea  
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A.  Ea > Ec > Eb > Ee > Ed  
B.  Ea = Eb = Ec = Ed = Ee  
C.  Ea > Eb = Ec > Ed = Ee  
D.  Eb = Ec = Ed = Ee > Ea  
E.   Ee > Ed > Ec > Eb > Ea  

Rank in order, 
from largest to 
smallest, the 
electric field 
strengths Ea to Ee 
at these five points 
near a plane of 
charge. 
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Chapter 27 – Part 2 
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The electric field inside a capacitor is 

where A is the surface area of each electrode. Outside the 
capacitor plates, where E+ and E– have equal magnitudes 
but opposite directions, the electric field is zero. 
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QUESTIONS: 
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The electric field exerts a force 

In a uniform field, the acceleration is constant: 

on a charged particle.  If this is the only force acting on q, it 
causes the charged particle to accelerate with 
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The torque on a dipole in an electric field is 

where θ is the angle the dipole makes with the electric field. 
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Electric dipole moment p of the dipole.  

Vector quantity 

Magnitude is product qd    [units C-m] 

Directed from negative to positive end of the 
dipole. 

Eqn holds only for distant points on axis of 
dipole.  

E for a dipole varies as 1/r3 for all distant points, 
even off the axis (not proven here) 

Electric field due to an electric dipole(cont) 

Direction of E on axis is same as p when outside  charges.  


