Coulomb’s Law | Chapter One

Coulomb’s Law sl ¢ysild

In 1785, Coulomb estatlished the fundamental law of electric force .
between two stationary, charged particles. Experiments show that an
electric force has the following properties:
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(1) The force is inversely proportional to the square of separation, 12,
bl 30 il i (i€l (piind between the two charged particles.
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(2) The force is proportional to the product of charge g\1\ and the charge
g \2 \ on the particles.
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(3) The force is aftractive if the charges are of opposite sign and repulsive
if the charges have the same sign.

We conclude that the electric force between two electric charges is directly
proportional to the product of the product the two charges are inversely with

the square of the distance between them
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Coulomb’s Law Chapter One

where K is the coulomb constant = 9 x 10° P N.m* P/ICP’P.

The above equation is called Coulomb’s law, which is used to calculate the
force between electric charges. In that equation F' is measured in Newton
(N), g is measured in unit of coulomb (C) and » in meter (m).

The constant K can be written as where

K =

de,

where ¢, is known as the Permittivity constant of free space.

g,= 8.85 x 10"2C%N.m?

K= 1 : =9x10°N.m*/ C*

" 47e  47x8.85x10°1

Calculation of the electric force

Electrical forces are caused by the effect of one charge on another,
or from the effect of a particular distribution of several charges on
For example, to calculate the electrical force affecting that charge,
ql, we follow the following steps
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Electric force between two electric charges
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And its direction

That is, the two forces are equal in magnitude and opposite in
direction.

The same applies to the figure (b), which represents two
different charges, where mutual force is attractive.

Example 1

Calculate the value of two equal charges if they repel one another with a
force of 0.IN when situated 50cm apart in a vacuum.

Solution
F=pg 9%
Since q1=q2 e
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9% 10" x ¢*

0.1 .
(0.5)°

q=1.7x10°C =1.7uC

Example 2

What must be the distance between point charge q1 = 26.0 pC and point
charge q, = —47.0 uC for the electrostatic force between them to have a

magnitude of 5.70 N?

Solution

We are given the charges and the magnitude of the (attractive) force between
them. We can use Coulomb’s law to solve for r, the distance between the

charges:
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Electric force between more than two electric charges

In case of dealing with more than two charges, the s GD gs
total electrical forces affecting the Q1 charge are @ o

calculated as shown in the figure this force is F, %
which is the directional addition of all forces @
exchanged with the charge, meaning that: ks
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The result of these forces is F 1, but, as is evident from the figure, the line of

action of the forces is different the method of analyzing vectors into two
components is as follows |
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Fix= Fiax+ F1ax+ Figx
Fiy= Fizy+ Fray+ Figy + ¥y

The resultant of the forces

H :\fl'(E): +(E)3

and its direction
& =tan = —
Example (1)

In figure, two equal positive charges q=2x107°C interact with a third charge
Q=4x10"°C. Find the magnitude and direction of the resultant force on Q.

Solution

To find the resultant of the electric forces affecting the charge Q, we apply
Coulomb's law to calculate how much force each affects charge on charge Q.
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Since the two charges ql & 2 are equal and they are the same distance from
charge Q, the two forces are equal in magnitude and value of force.
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By analyzing the force vector of two components, it produces:

F,=-Fsng=-02 221 g17n
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Example (2)

In this figure what is the resultant force on the charge in the lower left corner
of the square? Assume that g=1x10" C and a = 5cm.

Solution

For simplicity we number the charges as
shown in above figure, and then we
determine the direction of the electric forces
acted on the charge in the lower left corner
of the square g1

= -y "y -y T
F=F,+F;+F, T:Q*O\
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By substituting in the equations it results that:

F12=0.072 N
F13=10.036 N
F14=0.144 N

We notice here that we cannot directly add the three forces because the
action line of the powers is different, so we calculate the outcome the two
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axes are orthogonal X and Y, and we analyze the forces that do not fall on
these two axes, that is, the vector of F13 to become
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F13x=F13sin 45=0.025N &

F13y = F13 cos 45 = 0.025 N

Fx=F13x + F14=0.025 + 0.144 = 0.169 N
Fy=F13y - F12 =0.025 - 0.072 =-0.047 N

The negative signal indicates that the direction of the
force vehicle is in the direction of the y axis negative.

The resultant force equals

Fi=0.175N

The direction with respect to the x-axis equals

E -\ _ o oM
¢ =tan” — — Mo e ————

F, T
=-15.5°
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axes are orthogonal X and Y, and we analyze the forces that do not fall on
these two axes, that is, the vector of F13 to become
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F13x=F13sin45=0.025N &

F13y = F13 cos 45=0.025 N

Fx=F13x+ F14=0.025+ 0.144 = 0.169 N
Fy =F13y - F12=0.025 - 0.072 =-0.047 N

The negative signal indicates that the direction of the
force vehicle is in the direction of the y axis negative.

The resultant force equals

F,=0.175 N

The direction with respect to the x-axis equals
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Example (3) s Ppind
X 73510

A charge Q is fixed at each of two opposite Fj;cos0 A1 g

=

corners of a square as shown in figure is below. g
A charge ¢ is placed at each of the other two Y
corners. (a) If the resultant electrical force on 0
is Zero, how are Q and q related.

Solution
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Fx=0= Fu- Fix=0
Then

Fi12= Fi3cos 45
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KEL=g=X = = T
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F::-=0=> F;i;.-"F‘;'.'.=O

F_f. sin 45 =F'_4
Q_Q___]:_.=K-_q. = q= Q —
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Chapter One

Two fixed charges,

L€ and -3, C are separated by 10cm as shown in
figure, (a) where ma

iere. y a third charge be located so that no force acts on it?
(b) Is Fhe equilibrium stable or unstable for the third charge?

- 3 1 b
3 .% Fy .5 -
% d >< 10cm >

Solution
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Example (5)

Two charges are located on the tive xeqyi )
. . -axis o
shown in below figure, Charge 4 nC a coo

: > 5 is 2cm from t
g2=-3nC is 4em from the origin, Wi, is he

the total force
. - e
charges on a charge ¢3=5nC locateq 4 the origin? "

posi |
1=2 rdinate system, as
origin, and charge
erted by these two

Solution

The total force on g3 is the vector sum of the forces due to ql and q2
individually.

Fo_ (010°)2x107)(5x107) _ 235107 N
(0.02)°
F, = (9x10°)(3x107)(5x107) _ =o 10N L .
) (0.04)° _Y RV
- Kl ,\/IO =
Fy=Fy+F, L2.25X1° -f-Dg*/

LF=084x107 - 225x107F = -1.41x107N

-4
. ende 1.41x107°N.
The tota) force is directed to the left, with magnitu
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