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Electric Charge and Coulomb’s Law

� Electric charge

� The positive charge 
and negative charge:

Matter is made of atoms. 

Inside an atom, there is the nucleus that is surrounded by electrons.
Inside the nucleus, there are two particles called proton and neutron. The 
smallest nucleus contains only one proton. This is the nucleus inside a 
hydrogen atom. 
Proton and electron attract each other. Proton and proton, electron and 
electron repel each other. This is a property of these matters (proton and 
electron) and we call it charge.

Electric charge is a property of matter that can cause attraction and 
repulsion. We call the charge carried by electrons “negative (-e) ” and the 
charge carried by protons “positive (+e)”. Charge is a value, or a scalar, 
not a vector. It is fully described by a number. 
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Electric Charge and Coulomb’s Law

� The unit of electric charge

The SI1 unit for charge is the coulomb. An electron or a proton has a 
charge of magnitude e = 1.602 18� 10� 19 C (coulombs). Some scientists, 
chemists in particular, use another unit, the esu or electrostatic unit. One 
esu equals 3.335 64� 10� 10 C. 

To provide you with an idea of the magnitude of a coulomb, 
approximately 0.8 C of charge flows through a 100 watt light bulb every 
second. Or about 5 million trillion electrons every second. The rate of 
charges flowing through a conductor is called a current. We will get to this 
a few chapters later. 

No one has ever seen the charge, but we sure all see its effect in 
everyday life: electrostatic discharge in dry winter days to all the 
appliances (lights to motors to cell phones) that are powered by electricity.

How much more do we know about the charge?

1. The International system of Units, more reading: http://physics.nist.gov/cuu/Units/index.html. 
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Electric Charge and Coulomb’s Law

� Charge and charge up

� When the numbers of electrons and 
protons in an object are the same, we 
say that this object is (electrically) 
neutral. When they are not, we call it 
charged. 

� There are many ways to charge up an 
object. A demo here:

In this demo, we rub away or rub in 
electrons to make an
object positively or negatively charged.
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Electric Charge and Coulomb’s Law

� Conservation of electric charges
� Electric charge is conserved. Charge can move between objects in the 

system, but the net charge of the system remains unchanged. Charges 
cannot be created or destroyed in the system, because charge is just a 
property of electrons and protons. They both are matter and matter 
conserves. A remark on anti-matter: matter and anti-matter annihilate into 
energy. So what’s more fundamental is the conservation of energy, but 
that’s beyond this class.

8 = 10 + (-2),    so O-21 decays to Ne-21 plus two electrons.
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Electric Charge and Coulomb’s Law

� Movement of electric charges in matter
� A conductor: An object or material in which charge can flow relatively 

freely. Example: metal, carbon, …

� An insulator: An object or material in which charge does not flow freely. 
Example: plastic, glass, …

� To ground: Charge flows from a charged object to the ground, leaving the 
object neutral. 

� The ground: A neutral object that can accept or supply an essentially 
unlimited number of charges. The Earth functions as an electric ground. 
Application based on these physics concepts: the lightning rod on tall 
buildings.
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Electric Charge and Coulomb’s Law

� Electrostatics – forces between charges
� Unlike charges attract; Like charges repel.
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Electric Charge and Coulomb’s Law

� Forces between charges – charge induction
� The force between charges provides a second way to charge up an 

object: This process is call induction.

� Charging an inductor:

� Charge rearrangement in insulators:
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Electric Charge and Coulomb’s Law

� To quantitatively study the forces between charges, we introduce the 
law of this chapter:
The Coulomb’s Law of forces between two point charges in vector 
form:
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Electric Charge and Coulomb’s Law

� Discussions about Coulomb’s Law
� The term point charge refers to a particle of zero size that carries an 

electric charge
� The force is inversely proportional to the square of the separation r 

between the charges and directed along the line joining them
� The force is proportional to the product of the charges, q1 and q2, on the 

two particles
� The force is attractive if the charges are of opposite sign
� The force is repulsive if the charges are of like sign
� Electrical forces obey Newton’s Third Law

The force on q1 is equal in magnitude and opposite in direction to the 
force on q2

� With like signs for the charges, 
the product q1q2 is positive and 
the force is repulsive

� With unlike signs for the charges, 
the product q1q2 is negative and 
the force is attractive
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Electric Charge and Coulomb’s Law

� The Superposition Principle
� The resultant force on any one charge equals the vector sum of 

the forces exerted by the other individual charges that are present
� If there are four charges from q1 to q4, the resultant force on q1 is 

the vector sum of all the forces exerted on it by other charges:
Remember to add forces as vectors: 

� Problem solving template
1 21 31 41= + +F F F F

� � � �

Template
Step 1, formulas or related concepts.
Step 2, known quantities.
Step 3, direct application of the formulas/concept or the 

condition to form an equation.
Step 4, vector involved?
Step 5, unit in the final answer correct? Answered all were 

asked?
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Electric Charge and Coulomb’s Law

� Example 1

X axis

Step 1, formula

Step 2, known quantities:
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Electric Charge and Coulomb’s Law

Step 3, direct application of the formula twice:

Step 4, vector involved? Yes, and the answer is 
given in vector form.

Step 5, unit?  Answered all asked? Yes. SI is used.
Unit Newton for force.
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Electric Charge and Coulomb’s Law

� Example 2

Particle 1 and 2 carry the same 
amount of charge. What is the 
value of q for the particles to 
balance under the electrical and 
gravitational forces?
Thegravitational constant 
G = 6.67� 10�11 N·m2/kg2

Step 1, formulas:

Step 2, known quantities:
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Electric Charge and Coulomb’s Law

Step 3, the condition to form an equation:
Gravitational forces are attraction only, so the electric force has to be repulsive to 
balance gravitational force. The charges are like sign. From the figure: q=q1=q2.
The equation:  

Step 4, vector involved? Yes, but only one dimension

Step 5, unit? Answered all questions?   Yes. SI is used. Unit 
Coulomb for charge.

C. 10618or    C, 10618  :isThat 

C 10618C 001001
1098768

10676
 so

   ,  :simplify

  F :magnitude or the  0

11
21

11
21

11
9

11

21

21
2

2
21

2
21

--

-
-

´-==´==

´±=´
´

´
±=±=

=

====+

.qq.qq

...
.
.

mm
k
G

q

mm
k
G

q

r

mm
G

r

qq
k,

e

e

e  F F F gege

��

Discussion: if                 , you can only find the product:           .
The value for r does not matter. 

21 qq ¹ 21qq



15

Superposition Principle, 
Example

� The force exerted by q1
on q3 is

� The force exerted by q2
on q3 is

� The resultant force
exerted on q3 is the 
vector sum of     and
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Zero Resultant Force, Example

� Where is the resultant 
force equal to zero?
� The magnitudes of the 

individual forces will be 
equal

� Directions will be 
opposite

� Will result in a quadratic
� Choose the root that 

gives the forces in 
opposite directions
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Electrical Force with Other 
Forces, Example

� The spheres are in 
equilibrium

� Since they are separated, 
they exert a repulsive force 
on each other
� Charges are like charges

� Proceed as usual with 
equilibrium problems, noting 
one force is an electrical 
force
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Electrical Force with Other 
Forces, Example cont.

� The free body diagram 
includes the 
components of the 
tension, the electrical 
force, and the weight

� Solve for |q| 
� You cannot determine 

the sign of q, only that 
they both have same 
sign


