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Electric Charge and Electric Field







When Benjamin Franklin demonstrated that 
lightning was related to static electricity, he made 
a connection that is now part of the evidence that 
all directly
experienced forces except the gravitational force 
are manifestations of the electromagnetic force.

• The image of American politician and scientist 
Benjamin Franklin (1706–1790) flying a kite in a 
thunderstorm is familiar to every schoolchild. (See
Figure) In this experiment, Franklin demonstrated 
a connection between lightning and static 
electricity. Sparks were drawn from a key hung
on a kite string during an electrical storm. These 
sparks were like those produced by static 
electricity, such as the spark that jumps from your 
finger to a metal doorknob after you walk across a 
wool carpet. What Franklin demonstrated in his 
dangerous experiment was a connection between
phenomena on two different scales: one the grand 
power of an electrical storm, the other an effect of 
more human proportions. Connections like this
one reveal the underlying unity of the laws of 
nature, an aspect we humans find particularly 
appealing.



In this chapter, we begin with the study of electric phenomena due to charges
that are at least temporarily stationary, called electrostatics, or static 
electricity.

•Static	Electricity	and	Charge:	Conservation	of	Charge
Borneo amber was mined in 
Sabah, Malaysia, from 
shale-sandstone-mudstone 
veins. When a piece of 
amber is rubbed with a piece 
of silk, the amber gains more
electrons, giving it a net 
negative charge. At the same 
time, the silk, having lost 
electrons, becomes 
positively charged. (credit: 
Sebakoamber, Wikimedia 
Commons)

What makes plastic wrap cling? 
Static electricity. Not only are 
applications of static electricity 
common these days, its existence 
has been known
since ancient times. The first 
record of its effects dates to 
ancient Greeks who noted more 
than 500 years B.C. that polishing 
amber temporarily
enabled it to attract bits of straw 
(see Figure ). The very word 
electric derives from the Greek 
word for amber (electron).



• Many of the characteristics of static electricity can be explored by rubbing things together. 
Rubbing creates the spark you get from walking across a wool carpet, for example. Static 
cling generated in a clothes dryer and the attraction of straw to recently polished amber 
also result from rubbing.

• Similarly, lightning results from air movements under certain weather conditions. You can 
also rub a balloon on your hair, and the static electricity created can then make the balloon 
cling to a wall. We also have to be cautious of static electricity, especially in dry climates. 

• When we pump gasoline, we are warned to discharge ourselves (after sliding across the 
seat) on a metal surface before grabbing the gas nozzle.

• Attendants in hospital operating rooms must wear booties with aluminum foil on the 
bottoms to avoid creating sparks which may ignite the oxygen being used.

• Some of the most basic characteristics of static electricity include:
• • The effects of static electricity are explained by a physical quantity not previously 

introduced, called electric charge.
• • There are only two types of charge, one called positive and the other called 

negative.
• • Like charges repel, whereas unlike charges attract.
• • The force between charges decreases with distance.



How do we know there are two 
types of electric charge?
•When	various	materials	are	rubbed	together	
in	controlled	ways,	certain	combinations	of
materials	always	produce	one	type	of	
charge	on	one	material	and	the	opposite	
type	on	the	other.	By	convention,	we	call	
one	type	of	charge	“positive”, and	the	other	
type	“negative.”



Fig.	1	(a)	The	two	glass	rods	were	
each rubbed	with	a	silk	cloth	and	one	
was	suspended by	thread.When they	
are	close	to each	other,	they	repel	
each	other.	(b)	The plastic	rod	was	
rubbed	with	fur. When brought	close	
to	the	glass	rod,	the	rods attract	each	
other.

Fig. 2 Particles with the 
same sign of electrical 
charge repel each other, 
and particles with 
opposite signs attract 
each other.







Coulomb’s Law
• If	two	charged	particles	are	brought	near	each	other,	they	each	exert	
an	electrostatic force	on	the	other.	The	direction	of	the	force	vectors	
depends	on	the signs	of	the	charges.

• The	electrostatic	ce	as	(Coulomb’s	law),	where	r	is	the	separation	
between	the	particles	and	k	is	a	positive	constant	called the	
electrostatic	constant	or	the	Coulomb	constant.





Example 1:
• The	electron	and	proton	of	a	hydrogen	atom	are	
separated	(on	the	average)	by	a	distance	of	
• Find	the	magnitudes	of	the	electric	force



Problem 1:



Electric Field



Example 2:

• Calculate	the	strength	and	direction	of	the	electric	field	E	
due	to	a	point	charge	of	2.00	nC (nano-Coulombs)	at	a	
distance	of	5.00	mm	from	the charge.



Example 3:
• Calculating	the	Force	Exerted	on	a	Point	Charge	by	an	
Electric	Field
•What	force	does	the	electric	field	found	in	the	previous	
example	exert	on	a	point	charge	of	–0.250	μC ?



Example 4



Solution of Example 4:



Example 5:



Example 6:
• Find	the	magnitude	and	direction	of	the	total	electric	field	due	to	the	
two	point	charges,	q1 with	+10	nC	at	4.00	cm	x	direction and	q2 with	
5	nC	at	2.00	cm	at	–y	direction ,	at	the	origin	of	the	coordinate	
system.





Problem 2:







Problem 4:


