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ELECTRIC FORCES AND ELECTRIC FIELDS -Chapter 18
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Electric charge is the fundamental quantity that underlies all electrical phenomena. There are two types of charges, positive and negative, and like charges repel each other, and unlike charges attract each other. A conductor is a material through which charge can easily flow due to a large number of free electrons, whereas an insulator does not allow charge to flow freely through it. The force between charges can be found by applying Coulomb’s law. The electric field around a charge is the force per unit charge exerted on another charge in its vicinity. 
Important Terms
charging by conduction   
transfer of charge by actual contact between two objects

charging by induction   
transfer of charge by bringing a charged object near a conductor, then grounding 
the conductor

conservation of charge   
law that states that the total charge in a system must remain 
constant during any process

coulomb  
the unit for electric charge

Coulomb’s law   
the electric force between two charges is proportional to the product of 
the charges and inversely proportional to the square of the distance between them

electric charge   
the fundamental quantity which underlies all electrical phenomena

electric field   
the space around a charge in which another charge will experience a force; 
electric field lines always point from positive charge to negative charge
electron   
the smallest negatively charged particle

electrostatics   
the study of electric charge, field, and potential at rest
elementary charge   
the smallest existing charge; the charge on one electron  or one 
proton (1.6 x 10-19 C)
parallel plate capacitor


capacitor consisting of two oppositely charged parallel plates of equal area, and 

storing an electric field between the plates
neutral   
having no net charge

test charge   
the very small charge used to test the strength of an electric field

Equations and Symbols

[image: image20.bmp]
F = electric force

k = electric constant = 9x109  Nm2 / C2
ε0 = permittivity constant 
    = 8.85 x 10-12 C2 / Nm2
q (or Q) = charge

r = distance between charges

DISCUSSION OF SELECTED SECTIONS

Charged Objects and the Electric Force, Conductors and Insulators
Charge is the fundamental quantity that underlies all electrical phenomena. The symbol for charge is q, and the SI unit for charge is the Coulomb (C). The fundamental carrier of negative charge is the electron, with a charge of e =  – 1.6 x 10-19 C. The proton, found in the nucleus of any atom, carries exactly the same charge as the electron, but is positive. The neutron, also found in the nucleus of the atom, has no charge. When charge is transferred, only electrons move from one atom to another. Thus, the transfer of charge is really just the transfer of electrons. We say that an object with a surplus of electrons is negatively charged, and an object having a deficiency of electrons is positively charged. Charge is conserved during any process, and so any charge lost by one object must be gained by another object. 
The Law of Charges

The law of charges states that like charges repel each other and unlike charges attract each other. This law is fundamental to understanding all electrical phenomena.

Conductors, like metals, have electrons which are loosely bound to the outskirts of their atoms, and can therefore easily move from one atom to another. An insulator, like wood or glass, does not have many loosely bound electrons, and therefore cannot pass charge easily.

Coulomb’s Law

The force between any two charges follows the same basic form as Newton’s law of universal gravitation, that is, the electric force is proportional to the magnitude of the charges and inversely proportional to the square of the distance between the charges. 
The equation for Coulomb’s law is


[image: image2.wmf]2

2

1

r

q

Kq

F

E

=


where FE is the electric force, q1 and q2 are the charges, r is the distance between their centers, and K is a constant which equals 9 x 109 Nm2/C2. 
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Sometimes the constant K is written as 
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, where (o = 8.85 x 10-12 C2 / Nm2. 

Example 


Two point charges q1 = +2 μC  and q2 = - 4 μC are separated by a distance r, as shown above. 
(a) If the force between the charges is 2 N, what is the value of r?
(b) Where could you place a third charge  q3 = +1 μC on the horizontal axis so that there would be no net force acting on q3? Find an equation which could be solved for x, where x is the distance from the +2 μC charge to q3. It is not necessary to solve this equation.
Solution

(a)
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(b) For the force on the third charge to be zero, it would have to be placed to the left of the  +2 μC charge. Let x be the distance from the +2 μC charge to q3. Then the - 4 μC charge would be (x + r) from q3.
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This equation can be solved for x. 
The Electric Field

An electric field is the condition of space around a charge (or distribution of charges) in which another charge will experience a force. Electric field lines always point in the direction that a positive charge would experience a force. For example, if we take a charge Q to be the source of an electric field E, and we bring a very small positive “test” charge q nearby to test the strength and direction of the electric field, then q will experience a force which is directed radially away from Q. 

[image: image7]
The electric field is given by the equation 
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where electric field E is measured in Newtons per coulomb, and F is the force acting on the charge q which is experiencing the force in the electric field. Electric field is a vector which points in the same direction as the force acting on a positive charge in the electric field. The test charge q would experience a force radially outward anywhere around the source charge Q, so we would draw the electric field lines around the positive charge Q like this:

Electric field lines in a region can also represent the path a positive charge would follow in that region. 

Remember, electrons (negative charges) are moved when charge is transferred, but electric field lines are drawn in the direction a positive charge would move.

The electric field due to a point charge Q at a distance r away from the center of the charge can also be written using Coulomb’s law:
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where K is the electric constant, Q is the source of the electric field, and q is the small charge which feels the force in the electric field due to Q. 

Question

1. 

[image: image10]
Two charges each with charge +Q are located on the y – axis, each a distance a on either side of the origin. Point P is on the x – axis a distance 2a from the origin. 

(a) In terms of the given quantities, determine the magnitude and direction of the electric 

     field at 

      i. the origin

      ii. point P

      iii. a distance x on the x –axis a great distance from the origin (x >> 2a).

(b) On the axes below, sketch a graph of electric field Ex  vs. distance x on the +x – axis.



A small ball of mass m and charge +q is hung from a thread which is attached to the ceiling directly above the mark at a distance a from the origin. Charge +q is repelled away from the origin and comes to rest at a point of equilibrium at a distance 2a from the origin on the 

x – axis. 
(c) On the diagram below, draw a free-body diagram of the forces acting on the ball when it is in equilibrium at point P.


(d) Determine an expression for the tension FT in the string in terms of the given quantities and fundamental constants.

ANSWERS AND EXPLANATIONS TO CHAPTER 18 REVIEW QUESTIONS
Multiple Choice

1. A
When charge is transferred, electrons move from one object to another.

2. C

Conservation of charge: - 3 + 1 = - 2, which is divided evenly between the two charges, so each sphere gets – 1 C.

3.  B

In the equation for electric force, two positive or two negative charges multiplied by each other yields a positive force, indicating repulsion. 

4. E


[image: image11.wmf]F

r

q

q

K

F

16

)

2

1

(

)

2

)(

2

(

2

2

1

=

=


5. D

The far right side of sphere B is negative, since the negative charges in the sphere are pushed as far away as possible by the negative charges on the rod.

6. D

Electric field lines begin on positive charges and end on negative charges, thus A is negative and B is positive.

7. C
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8. D

Only the positively charged proton would move to the right, toward the negatively charged plate.

9. D

Since the neutron has no charge, it would not experience a force in an electric field.

Question Solution

(a) 

i. 1 point
The electric field at the origin is zero, since a positive test charge placed at the origin would experience no net force. 

ii. 4 points
The net electric field Ex at point P is equal to the sum of the x-components of the electric field vectors from each of the two charges, since the y-components cancel.
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Substituting for r:
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iii. 2 points
If we go out to a point very far away on the x – axis where x >> 2a, the two charges seem very close together such that they behave as one point charge of magnitude +2Q. Then the electric field a distance x away is 
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(b) 2 points

(c) 3 points

(d) 3 points
Since the system is in equilibrium, ΣF = 0.
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Then
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