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23.1 Properties of Electric Charges
23.2 Charging Objects by Induction
A. Electrostatics   (30%)
! Electric Force! 56:18! 3 days
 *An atom is composed of a nucleus and a surrounding cloud of electrons. Electrons are negatively charged. The nucleus has 
 positively charged protons and neutral (uncharged) neutrons. The SI unit of charge is the Coulomb (C). 
 Charge of a proton =  +e = 1.6 x 10-19 C.              Charge of an electron = -e.

 *Like charges repel and unlike charges attract.

 *A conductor has many charge carriers that are free to move. Insulators do not have mobile charges.

 *It is possible to charge an object by contact or by induction.

23.3 Coulomb’s Law
! Coulomb’s Law! 87:18! 4 days
 * Coulomb’s law: if two charges q1 and q2 are separated by a distance r, the magnitude of the force between them is 
  F = k |q1| |q2| / r2; the force is repulsive if both charges are negative or both are positive, and is attractive otherwise.
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  *If the force is in Newtons, q1 and q2 in Coulombs, and r in meters, then the constant k that appears in Coulomb’s law is 
equal to k = 9 x 109  N m2 / C2 

1. Charge and Coulomb’s Law   
a) Students should understand the concept of electric charge, so they can: 
! (1) Describe the types of charge and the attraction and repulsion of charges.   
! (2) Describe polarization and induced charges.  
b) Students should understand Coulomb’s Law and the principle of superposition, so they can:  
! (1) Calculate the magnitude and direction of the force on a positive or negative charge due to other specified point 
! ! charges.  
! (2) Analyze the motion of a particle of specified charge and mass under the influence of an electrostatic force.  

  

23.4 The Electric Field
23.5 Electric Field of a Continuous Charge Distribution
23.6 Electric Field Lines
23.7 Motion of a Charged Particle in a Uniform Electric Field
! Electric Field ! 97:24! 5 days
  *Electric charges produce an electric field that fills the space. To find the value of the electric field E at a point, we place a 

very small point charge q at that point and measure the force F acting on the point charge; the electric field is then given by 

  E = F / q. Note that the electric field is a vector, since F is a vector.

  *The electric field produced by a point charge Q at a distance r has a magnitude E = kQ/r2. The field is directed radially 
outward if Q is positive and radially inward if Q is negative.

  *The electric field produced by a collection of point charges is equal to the vector sum of the fields produced by the 
individual point charges.

  *Between the plates of a charged parallel-plate capacitor, E = σ!  / ε0, where σ is the surface charge density on the plates 

and ε0 is the permittivity of free space.

  *Electric field lines are always tangent to the electric field at every point in space. The lines always begin at positive charge 
and end on negative charge, and their density is proportional to the field strength.

  *Under electrostatic conditions, any excess charge, added to a conductor, must reside on the conductor surface.

! Electric Field of a Continuous charge distribution!100:12! 5 days
  *We know that the E-field produced by a point charge q at a point P a distance r away is E = (kq/r2)ȓ, where ȓ is a unit 
 vector  along the direction from q to P. How can we use this knowledge to find the E-field for a charge distribution?

  * The answer is the following: Divide the charge into many, many small elements, each element being so small that it is 
essentially a point. Then, the E-field produced by each element dq is obtained by using the formula for the field of a point 
charge. The total E-field is obtained by adding all the fields produced by all the charge elements; in other words, the total E-
field is the integral over the charge distribution of  ∫Q (kdq/r2) ȓ.

  * Examples are given that show how to calculate the E-field produced by a charged rod, a charged ring, and a charged disk. 
In all these cases, the main issue is to set up the integral correctly, beyond which it becomes a problem in the calculus of 
integrations. In setting up the integral, we exploit the symmetry of the charge distribution to simplify the integral expression.
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2. Electric field and electric potential (including point charges) 
a) Students should understand the concept of electric field, so they can:  
! (1) Define it in terms of the force on a test charge.  
! (2) Describe and calculate the electric field of a single point charge.  
! (3) Calculate the magnitude and direction of the electric field produced by two or more point charges.  
! (4) Calculate the magnitude and direction of the force on a positive or negative charge placed in a specified field. 
! (5) Interpret an electric field diagram.  
! (6) Analyze the motion of a particle of specified charge and mass in a uniform electric field.  
b) Students should understand the concept of electric potential, so they can: 
! (1) Determine the electric potential in the vicinity of one or more point charges.  
! (2) Calculate the electrical work done on a charge or use conservation of energy to determine the speed of a 
! ! charge that moves through a specified potential difference. 
! (3) Determine the direction and approximate magnitude of the electric field at various positions given a sketch of 
! ! equipotentials.  
! (4) Calculate the potential difference between two points in a uniform electric field, and state which point is at the 
! ! higher potential.  
! (5) Calculate how much work is required to move a test charge from one location to another in the field of fixed 
! ! point charges.  
! (6) Calculate the electrostatic potential energy of a system of two or more point charges, and calculate how much 
! ! work is required to establish the charge system. 
! (7) Use integration to determine electric potential difference between two points on a line, given electric field 
! ! strength as a function of position along that line.   
! (8) State the general relationship between field and potential, and define and apply the concept of a conservative 
! ! electric field. 
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Conceptual Questions
4.) A student who grew up in a tropical country and is studying
in the United States may have no experience with static
electricity sparks and shocks until his or her first American
winter. Explain.

7. In fair weather, there is an electric field at the surface of
the Earth, pointing down into the ground. What is the sign
of the electric charge on the ground in this situation?

9. A balloon clings to a wall after it is negatively charged by
rubbing. (a) Does that occur because the wall is positively
charged? (b) Why does the balloon eventually fall?

10. Consider two electric dipoles in empty space. Each dipole
has zero net charge. (a) Does an electric force exist between
the dipoles; that is, can two objects with zero net charge
exert electric forces on each other? (b) If so, is the force
one of attraction or of repulsion?

11. (a) Would life be different if the electron were positively
charged and the proton were negatively charged? (b) Does
the choice of signs have any bearing on physical and chemical
interactions? Explain your answers.
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