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1.2 Electrostatic Forces : Coulomb’'s Law

The electrical force exerted by the point charge (4:h& 4:s3) g; on the point charge

q,, both placed in free space (¢!'4), is given by the law

174
= ql qZ — 17 7
Fi2=K—5"u1 I T 0
9 72
Kis the Coulomb's constant, K = —— = 9 x 10°Nm?/C?

41TE 0

r: is the distance between the two charges.

U, /7 is a unit vector pointing outwards from the charge causing the force g, towards
the affected g,. (cause towards effect)
10~

61
is the relative permittivity of the material compared to free space).

Eo = is the electric permittivity of free space (in matter, € = €,€,. is used where &,
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e Ifqiand qz are of different nature: the force exerted by q: on gz is

attractive. Therefore, ﬁl pand U 1, have opposite directions

a1
— 9192 .
Fi/ =K 2 U1y2
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e [f g1 et g2 are of the same nature : : the force exerted by qi sur gz is repulsive.

Therefore F,;,, have same direction ;.
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Note: If charge q, exerts a force on charge q,, according to the principle of action and
reaction, g, will exert an equal and opposite force on q;.

q, N
I-]Z.-’l
ﬁ2/1 @ ------------------- q,
— qq
Fi/0=—Fy/
911192

[Firal| = [Fonl| = K=
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Example
Calculate the electric force exerted by the charge g1 on the charge g», given that:

g, =3.102C, g, = —5.10* Cand r = 20 mm

|7, || = K Dlldal _ g o310 8107 _ 5355106 ¢

r (20.10~3)2

q1 and gz have opposite signs ﬁ1/2 is in opposite direction to ﬁl/z, therefore the

two charges attract each other (attractive force).
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- Superposition principle
The force applied by multiple point charges g; on another point charge q is
equal to the sum of all the forces exerted by the individual charges, one by one, as

if the others do not exist.

n
= q4qi .
Figisurq) = Kz: -2 i
1
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Exercise
Let's consider the system of point charges as represented in the figure below. The
charges qiand Qg are fixed at positions O and A, respectively, with a separation

distance of d. A third charge qs, is placed between them.

m=q Q=q q2=q/9
- @ >
O X LY | (?A
- > :
* >
: d

1. Find the expression for the force F exerted on q3 at position M.

2. At what abscissa X is the charge g3 in an equilibrium position? d = 4 cm.
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Solution

—

1-Expression of F

- -
uy3 ?2/3 Fis3

o — -
O M

F3 =F )3+ Fy3

193 ., . q°

Fo.=K I=K—1
1/3 7,123 x2
N 4293 q*
Fy3 =K (-0) =—K l
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Uy/3

4—@A >

By = kq? | :

3 1 x%  9(d — x)?
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2. Calculate x: At equilibrium

F;=0 - - 0= — .
= - — — E—
3 x%  9(d — x)? x%  9(d — x)?
x> =9(d—-x)"= x=%3(d—x)
(x; = 3cm
Two solutions: < or
(X2 = 6cm

The second solution x, is rejected because it is greater than d. Then the equilibrium
isatx; = 3cm
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