
Physics 4B 
Chapter 22: Electric Fields 

 
 
“Whether you think you can or think you can’t, you’re usually right.” – Henry Ford 
 
“It is our attitude at the beginning of a difficult task which, more than anything else, will affect it’s 
successful outcome.” –William James 
 
“The first and most important step toward success is the feeling that we can succeed.”   
Nelson Boswell 
 
 
Reading: pages 580 – 596  
 
Outline: 
 
⇒ electric field 
 introduction 
⇒ electric field of a point charge 
⇒ electric field lines (PowerPoint) 
⇒ electric field from a dipole 
 binomial expansion 
⇒ electric field calculations 
 continuous charge distribution 
 line of charge 
 charged disk 
⇒ point charge in an electric field 
⇒ dipole in an electric field (Read on your own) 
 
 
Problem Solving Techniques 
 
You should know how to compute the electric field of a collection of point charges. Remember that 
the sum of the individual fields is a vector sum. Add the x components to get the x component of the 
sum; add the y components to get the y component of the sum. The magnitude of the electric field 
produced by a single point charge q, at a point a distance r away, is given by E = |q|/4πε0r2. This 
must be multiplied by the sine or cosine of an angle to obtain a component. You must also determine 
the sign of the component. 
 
Some problems deal with electric field lines. You should know that the electric field at any point is 
tangent to the line through that point, that the number of lines per unit area passing through an area 
perpendicular to the lines is proportional to the magnitude of the field, and that lines emanate from 
positive charge and end at negative charge. 
 
You will also need to know that the force on a charge in an electric field is given by the product of 
the charge and the field. For a positive charge, it is in the direction of the field while for a negative 
charge it is directed opposite to the field. 



You should know how to calculate the electric field of a continuous distribution of charge. Use the 
linear or area charge density to write an expression for the charge in an infinitesimal region, then 
carry out an integration over the entire charge distribution. Don't forget that the field is a vector and 
you must evaluate an integral for each component or, in special cases, use symmetry to show a field 
component vanishes. 
 
Some problems deal with the trajectories of charges in electric fields. If the field is uniform, the 
acceleration of the charge is constant and you may use the kinematic equations of constant motion. 
The problems are quite similar to projectile motion problems; however, the acceleration is now due 
to the force of electric field rather than to gravity. 
 
You should know how to calculate the torque of a uniform electric field on an electric dipole and the 
potential energy of a dipole in an electric field. In some cases, you are asked for the work that is 
done by the field on a dipole when the dipole turns. This is the negative of the change in the 
potential energy. 
 
 

Questions and Example Problems from Chapter 22 
 
Question 1  
The figure below shows two protons and an electron that are evenly spaced on an axis. Where on the 
axis (other than at an infinite distance) is there a point at which their net electric field is zero: to the 
left of the particles, to their right, between the two protons, or between the electron and the nearer 
proton? 
 
 

 
 
 
 
Question 2    
In the figure below, two particles of charge -q are arranged symmetrically about the y axis; each 
produces an electric field at point P on that axis. (a) Are the magnitudes of the fields at P equal?  
(b) Is each electric field directed toward or away from the charge producing it? (c) Is the magnitude 
of the net electric field at P equal to the sum of the magnitudes E of the two field vectors (is it equal 
to 2E)? (d) Do the x components of those two field vectors add or cancel? (e) Do their y components 
add or cancel? (f) Is the direction of the net field at P that of the canceling components or the adding 
components? (g) What is the direction of the net field? 
 

 
 
 



Question 3   
The figure below shows three nonconducting rods, one circular and two straight. Each has a uniform 
charge of magnitude Q along its top half and another along its bottom half. For each rod, what is the 
direction of the net electric field at point P?  
 

  
  
 
Question 4   
The figure below shows two disks and a flat ring, each with the same uniform charge Q. Rank the 
objects according to the magnitude of the electric field they create at points P, greatest first. 
 

 
 
Problem 1 
In the figure below, the four particles are fixed in place and have charges q1 = q2 = +5e, q3 = +3e, 
and q4 = -12e. Distance d = 5.0 µm. What is the magnitude of the net electric field at point P due to 
the particles? 
 
 

 
 



Problem 2  
In the figure below, the three particles are fixed in place and have charges q1 = q2 = +e and q3 = +2e. 
Distance a = 6.00 µm. What are the (a) magnitude and (b) direction of the net electric field at point P 
due to the particles? 
 

 
 
 
 
Problem 3 
The figure below shows an electric dipole. What are the (a) magnitude and (b) direction (relative to 
the positive direction of the x axis) of the dipole’s electric field at point P, located a distance r >> d? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Problem 4  
In the figure below, two curved plastic rods, one of charge +q and the other of charge -q, form a 
circle of radius R = 8.50 cm in an xy plane. The x axis passes through both of the connecting points, 
and the charge is distributed uniformly on both rods. If q = 15.0 pC, what are the (a) magnitude and 
(b) direction (relative to the positive direction of the x axis) of the electric field produced at P, the 
center of the circle? 
 

 
 
 
 
 
 



Problem 5  
In the figure below, positive charge q = 7.81 pC is spread uniformly along a thin nonconducting rod 
of length L = 14.5 cm. What are the (a) magnitude and (b) direction (relative to the positive direction 
of the x axis) of the electric field at point P, at distance R = 6.00 cm from the rod along its 
perpendicular bisector? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Problem 6  
A disk of radius 2.5 cm has a surface charge density of 5.3 µC/m2 on its upper face. What is the 
magnitude of the electric field produced by the disk at a point on its central axis at distance  
z = 12 cm from the disk? 
 
 
 
 
 
 
 
 
 
 
 
Problem 7 
At what distance along the central perpendicular axis of a uniformly charged plastic disk of radius 
0.600 m is the magnitude of the electric field equal to one-half the magnitude of the field at the 
center of the surface of the disk. 
 
 
 
 
 
 
 
 
 
 
 
Problem 8  
A charged cloud system produces an electric field in the air near Earth's surface. A particle of charge 
-2.0 × 10-9 C is acted on by a downward electrostatic force of 3.0 × 10-6 N when placed in this field. 
(a) What is the magnitude of the electric field? What are the (b) magnitude and (c) direction of the 
electrostatic force Fel exerted on a proton placed in this field? (d) What is the magnitude of the 
gravitational force Fg on the proton? (e) What is the ratio of Fel/Fg in this case? 
 
 
 
 
 
 
 
 
 
 
 
 
 



Problem 9 
A 10.0 g block with a charge of +8.00 × 10-5 C is placed in electric field   ˆ ˆ(3000 600 ) /E i j N C= −



. 
What are the (a) magnitude and (b) direction (relative to the positive direction of the x axis) of the 
force on the block? If the block is released from rest at the origin at t = 0, what are its (c) x and (d) y 
coordinates at t = 3.00 s? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problem 10 
An electron with a speed of 5.00 × 108 cm/s enters an electric field of magnitude 1.00 × 103 N/C, 
traveling along the field lines in the direction that retards its motion. (a) How far will the electron 
travel in the field before stopping momentarily and (b) how much time will have elapsed? (c) If the 
region with the electric field is only 8.00 mm long (too short for the electron to stop within it), what 
fraction of the electron's initial kinetic energy will be lost in that region? 
   
 
 
 
 
 
 
 


	Problem Solving Techniques
	Questions and Example Problems from Chapter 22

	Problem 7

