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Electrostatic
21-2  Electric Charge 

• Introduction

The word Electricity may call to our mind an image
of complex modern technology; computers , light,
motors and electric power., but it plays actually an
even deeper role in our daily life, which we can see
its importance in every thing for example in
cooking, drinking and is also considered as a main
factor of our relaxation.
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Electrostatic
21-2  Electric Charge

• Electric Charge

Charge is a property of matter that causes it to
produce electrical and magnetic effects . The
subject of the electrical effects of charges at rest is
called electrostatics.



Electrostatic
21-2  Electric Charge

• There are two kinds of electric charges ; Positive 
and negative, where like charges repel and unlike 
charges attract. A particle is called neutral if it has 
the same number of positive and negative charges , 
for example, a neutral atom (electrons (-e) = 
protons (+p))
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Electrostatic
21-2  Electric Charge

• The SI unit of charge is the coulomb (C). It is defined in terms of
electric current, which is the rate of flow of charge.

i = q/t (coulomb / sec ) or Ampere

(One coulomb is the amount of charge that is transferred through
the cross section of a wire in one second when there is a current
of one ampere in the wire).

If the rate of flow of charge with time is not constant, then at any
instant t, current is defiend as:

i = dq / dt





21-3  Conductors and Insulators
• 1- Conductors are materials through which charge can move rather freely;

examples include metals (such as copper in common lamp wire), the human body,
and tap water

• 2- Nonconductors—also called insulators—are materials through which charge
cannot move freely; examples include rubber (such as the insulation on common
lamp wire), plastic, glass, and chemically pure water

• 3- Semiconductors are materials that are intermediate between
conductors and insulators; examples include silicon and germanium in
computer chips

• 4- Superconductors are materials that are perfect conductors
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Electrostatic
21.4    Coulomb’s  Law

 The electrostatic force is directed along the line 
joining the charges, and it is attractive if the charges 
have unlike signs and repulsive if the charges have 
like signs.

 The magnitude F of the electrostatic force exerted by 
one point charge q1 on another point charge q2 is 
directly proportional to the magnitudes |q1| and 
|q2| of the charges and inversely proportional to the 
square of the distance r between them.
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The quantity ε0 , called the permittivity constant, sometimes 
appears separately in equations and is 
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F1x = F12x + F13x + F14x

F1y = F12y + F13y + F14y
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Electrostatic
21. 5  Charge Quantisation

• Any charge (q) is an integer multiplied by the 
charge on the electron. Thus the charge exist 
in discrete packet rather than in continuous 
amounts and hence is said to be quantised.

The quantum of charge has magnitude e where





shell theorem 
 A shell of uniform charge attracts or repels a 

charged particle that is outside the shell as if 
all the shell's charge were concentrated at its 
center.

 If a charged particle is located inside a shell 
of uniform charge, there is no net 
electrostatic force on the particle from the 
shell.



Answer: (a) left towards the electron

(b) left away from the other proton

(c) left



1- In the Fig. if  q1 =q2 =2x10-6C and Q=4x10-6C 

What the net force on Q from q1 and q2?







The net force is 0.46 N on the x axis .



8/16/2024 8

Sample Problem 21.01 
Finding the net force due to two other particles

□ (a) Two positively charged particles fixed in place on an 𝑥 −axis. The charges are 𝑞1 = 1.60 × 10−19𝐶 and 𝑞2 =
3.2 × 10−19𝐶, and the particle separation is 𝑅 = 0.0200 𝑚. What are the magnitude and direction of the 

electrostatic force Ԧ𝐹12 on particle 1 from particle 2?

Solution: 

𝐹12 =
1

4𝜋𝜀𝑜

𝑞1 𝑞2

𝑅2
= 8.99 × 109 𝑁. 𝑚2/𝐶2 ×

1.6 × 10−19𝐶 3.20 × 10−19𝐶

0.0200 𝑚 2
= 1.15 × 10−24𝑁

□ The particle 1 is pushed away from particle 2, so, the force Ԧ𝐹12 has the following magnitude and direction 
(relative to the positive direction of the 𝑥 −axis):

1.15 × 10−24 𝑁 and 180o

□ Or in unit-vector notation:

Ԧ𝐹12 = − 1.15 × 10−24 𝑁  Ƹ𝑖

+
𝑞1 𝑞2

x

R

+ +
𝑞1 𝑞2

x

R

+
𝑭𝟏𝟐
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Sample Problem 21.01 
Finding the net force due to two other particles

□ (b) The particle 3 now lies on the 𝑥 −axis between particles 1 and 2. Particle 3 has charge 𝑞3 = −3.20

× 10−19𝐶 and is at a distance
3

4
𝑅 from particle 1. what is the net electrostatic force Ԧ𝐹1,𝑛𝑒𝑡 on particle 1 

due to particles 2 and 3?

□ Solution: 

□ The force Ԧ𝐹12 acts on particle 1 due to particle 2, is  Ԧ𝐹12 = − 1.15 × 10−24 𝑁  Ƹ𝑖.

□ The force Ԧ𝐹13 that acts on particle 1 due to particle 3 is directed toward particle 3 with magnitude

□ 𝐹13 = 8.99 × 109𝑁.
𝑚2

𝐶2 ×
1.60×10−19𝐶 3.20×10−19𝐶

3

4

2
0.0200 𝑚 2

= 2.05 × 10−24𝑁

□ We can write the force Ԧ𝐹13 in unit-vector notation:
Ԧ𝐹13 = 2.05 × 10−24𝑁  Ƹ𝑖

□ The net force Ԧ𝐹1,𝑛𝑒𝑡 on particle 1 is the vector sum of Ԧ𝐹12 and Ԧ𝐹13, so

Ԧ𝐹1,𝑛𝑒𝑡 = Ԧ𝐹12 + Ԧ𝐹13 = −1.15 × 10−24 𝑁 Ƹ𝑖 + 2.05 × 10−24 𝑁 Ƹ𝑖 = 9.00 × 10−25𝑁 Ƹ𝑖

+
𝑞1 𝑞2

x
3

4
𝑅

+-
𝑞3

+
𝑞1 𝑞2

x
3

4
𝑅

+-
𝑞3𝑭𝟏𝟐 𝑭𝟏𝟑
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Sample Problem 21.01 
Finding the net force due to two other particles

□ (c) The particle 4 is now included, it has charge 𝑞4 = −3.20

× 10−19𝐶, is at a distance
3

4
𝑅 from particle 1, and lies on a line that 

makes an angle 𝜃 = 60𝑜  with the 𝑥 − axis. What is the net 

electrostatic force Ԧ𝐹1,𝑛𝑒𝑡 on particle 1 due to particles 2 and 4? 

Solution: 

□ The net force Ԧ𝐹1,𝑛𝑒𝑡 is the vector sum of Ԧ𝐹12 and a new force Ԧ𝐹14 

acting on particle 1 due to particle 4. Because particles 1 and 4 have 
charge of opposite signs, particle 1 is attracted to particle 4. so, 

force Ԧ𝐹14 on particle 1 is directed toward particle 4, at angle 𝜃
= 60𝑜.

□ 𝐹14 =
1

4𝜋𝜀𝑜

𝑞1 𝑞2

3

4
𝑅

2 = 8.99 × 109𝑁.
𝑚2

𝐶2 ×
1.60×10−19𝐶 3.20×10−19𝐶

3

4

2
0.0200 𝑚 2

□ 𝐹14  = 2.05 × 10−24𝑁

□ The net force Ԧ𝐹1,𝑛𝑒𝑡 on particle 1 is

□ Ԧ𝐹1,𝑛𝑒𝑡 = Ԧ𝐹12 + Ԧ𝐹14

+
𝑞1

𝑞2

x

3

4
𝑅

+

𝑞4-

𝜃

-

+
𝑞1

𝑞2

x+

𝑞4-

𝜃𝑭𝟏𝟐

𝑭𝟏𝟒
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Sample Problem 21.01 
Finding the net force due to two other particles

□ Because the forces Ԧ𝐹12 and Ԧ𝐹14 are not directed along the same axis, we cannot sum simply by 
combining their magnitudes. We use the summing in unit-vector notation

Ԧ𝐹14 = 𝐹14 cos 𝜃 Ƹ𝑖 + 𝐹14 sin 𝜃 Ƹ𝑗 = 2.05 × 10−24 cos 60𝑜 Ƹ𝑖 + 2.05 × 10−24 sin 60𝑜 Ƹ𝑗

= 1.025 × 10−24 𝑁 Ƹ𝑖 + 1.775 × 10−24 𝑁 Ƹ𝑗

□ Then we sum:

Ԧ𝐹1,𝑛𝑒𝑡 = Ԧ𝐹12 + Ԧ𝐹14 = −1.15 × 10−24𝑁 Ƹ𝑖 + 1.025 × 10−24 𝑁 Ƹ𝑖 + 1.775 × 10−24 𝑁 Ƹ𝑗

= −1.25 × 10−25𝑁 Ƹ𝑖 + (1.78 × 10−24𝑁) Ƹ𝑗
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Sample Problem 21.02 
Equilibrium of two forces on a particle

+ -
𝑞2𝑞1

x

y

𝑃
+ -

𝑞2𝑞1

x

y

𝑭𝟐

𝑭𝟏

+
Fig. (a)

□ Two particles fixed in place: a particle of charge 𝑞1 = +8𝑞 at the origin and a particle of charge 
𝑞2 = −2𝑞 at 𝑥 = 𝐿. At what point (other than infinitely far away) can a proton be placed so 
that it is in equilibrium (the net force on it is zero)? Is that equilibrium stable or unstable? 
(That is, if the proton is displaced, do the forces drive it back to the point of equilibrium or 
drive it farther away?

+ -
𝑞2𝑞1

x

y

𝑭𝟐

𝑭𝟏

𝑆

+
+ -

𝑞2𝑞1

x

y

+
𝑭𝟏

𝑭𝟐 𝑅

Fig. (b)

Fig. (c)
Fig. (d)
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Sample Problem 21.02 
Equilibrium of two forces on a particle

□ If Ԧ𝐹1 is the force on the proton due to charge 𝑞1 and Ԧ𝐹2 is the force on the proton due to 
charge 𝑞2, then the point we seek is where

Ԧ𝐹1 + Ԧ𝐹2 = 0
□ Thus,

Ԧ𝐹1 = − Ԧ𝐹2

□ This tells us that at the point we seek, the forces acting on the proton due to the other two 
particles must be of equal magnitudes, 𝐹1 = 𝐹2, and that the forces must have opposite 
directions.
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Sample Problem 21.02 
Equilibrium of two forces on a particle

□ Because a proton has a positive charge, the proton and the particle of charge 𝑞1 are of the 

same sign, and force Ԧ𝐹1 on the proton must point away from 𝑞1. 

□ Also, the proton and the particle of charge 𝑞2 are of opposite signs, so force Ԧ𝐹2 on the proton 

must point toward 𝑞2. “away from 𝑞1 and toward 𝑞2” can be in opposite directions only if the 

proton is located on the 𝑥 −axis.

□ If the proton is on the 𝑥 −axis at any point between 𝑞1 and 𝑞2, (Point P in Figure b), then Ԧ𝐹1 

and Ԧ𝐹2 are in the same direction and not in opposite directions.
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Sample Problem 21.02 
Equilibrium of two forces on a particle

□ If the proton is at any point on the 𝑥 −axis to the left of 𝑞1, (Point S in Figure c), then Ԧ𝐹1 and 

Ԧ𝐹2 are in opposite directions. But Ԧ𝐹1 and Ԧ𝐹2 cannot have equal magnitudes there: Ԧ𝐹1 must be 

greater than Ԧ𝐹2 , because Ԧ𝐹1  is produced by a closer charge (with lesser 𝑟) of greater 

magnitude (8𝑞 versus 2𝑞).

□ Finally, if the proton is at any point on the 𝑥 −axis to the right of 𝑞2, (Point R in Figure d), 

then Ԧ𝐹1 and Ԧ𝐹2 are again opposite directions. However, because now the charge of greater 

magnitude (𝑞1) is farther away from the proton than the charge of lesser magnitude, there is 

a point at which Ԧ𝐹1 is equal to Ԧ𝐹2. 
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Sample Problem 21.02 
Equilibrium of two forces on a particle

□ Let 𝑥 be the coordinate of this point, and let 𝑞𝑝 be the charge of the proton. So

𝐹1 = 𝐹2

1

4𝜋𝜀𝑜

8𝑞 𝑞𝑝

𝑥2 =
1

4𝜋𝜀𝑜

2𝑞 𝑞𝑝

𝑥 − 𝐿 2

∴
𝑥

𝑥 − 𝐿

2

= 4

□ Taking the square roots of both sides, so

𝑥

𝑥 − 𝐿
= 2 ⇒  𝑥 = 2(𝑥 − 𝐿)

𝑥 = 2𝑥 − 2𝐿 ⇒  2𝑥 − 𝑥 = 2𝐿

∴ 𝑥 = 2𝐿
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Sample Problem 21.02 
Equilibrium of two forces on a particle

□ The equilibrium at 𝑥 = 2𝐿 is unstable; that is, if the proton is displaced leftward from the 

point 𝑅, then 𝐹1 and 𝐹2 both increase but 𝐹2 increase more (because 𝑞2 is closer than 𝑞1), and 

a net force will drive the proton farther leftward.

□ If the proton is displaced rightward, both 𝐹1 and 𝐹2 decrease but 𝐹2 decrease more, and a net 

force will then drive the proton farther rightward. 

□ In a stable equilibrium, if the proton is displaced slightly, it returns to the equilibrium 

position.







(1) Calculate the number of electrons that are found in a 1 C 
charge.

Ans q = ne       n= q/e = 1/1.6 x 10-19

= 6.25 x 1018 electrons

(2) How many electrons do pass through a wire has 1 mA
current in 20 second?

Ans

i=q/t    q = it    ne = it

n = it/e   = 1x10-3 x 20 / 1.6 x 10-19 



(3) If the charge that excess through a wire in an interval of time 
is given by 

q = q0 sin (60t), where q0 = 3 µC and t is measured by second. 
Find the current flows in the wire in the fifth second.

Ans

i = dq/dt

i ( in the fifth second ) = i (t=5) – i(t=4)

i= q0 (60) cos (60t) = 60 x 3x10-6 cos (60 (5-4))

i= 90x10-6 A

= 90 µA
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