b hbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbis
Department of biology

Department of biology
2025-2026

((Biophysics))

Stage 1

LEC (4)
Coulomb’s Law

By
M.SC. Mariam Hassan Abd Muslim

%WP'WP'%%%%%%%%%%%%%%%%%%%%%%%%%%%*%%%%%%%%%%%%%%MMMMM‘ =

I*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%w;ﬁ =

PR YTV VPP YYYY Y S



‘7f;4;4;4;444;4;;;;4&4&4&4&4&4&*&*&4&4
/ Department of biology

Coulomb’s L aw:

When 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. If the particles have the same sign of
charge, they repel each other, meaning that the force vector on each is
directed away from the other particle. Conversely, if the particles have
opposite signs of charge, they attract each other. Figure 1
Coulomb’s Law describes the force of interaction between two point
charges. It states that:

"The magnitude of the electrostatic force between two charges is
directly proportional to the product of their magnitudes and inversely
proportional to the square of the distance between them."

Figure 1

Mathematical Expression:

Coulomb’s law after Charles-Augustin de Coulomb, whose experiments in
1785 led him to it. Let’s write the equation in vector form and in terms of
the particles shown in Figure 2, where particle 1 has charge g: and particle
2 has charge Q2 .
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Where: _

e F: Magnitude of the electrostatic force (in Newtons, N).
e k: Coulomb’s constant (k=8.99x10° N.m?/C?) .

e (1,92 : Magnitudes of the charges (in Coulombs, C).

e r: Distance between the charges (in meters, m).
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Figure 2: The electrostatic force on particle 1 can be described in terms of
a unit vector along an axis through the two particles, radially away from
particle 2.

Coulomb’s Constant (k)

Coulomb’s constant, denoted by Kk, is a proportionality constant in
Coulomb’s Law, which relates the electrostatic force between two point
charges to the product of their charges and the inverse square of the
distance between them.
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Where:

e ¢0: Permittivity of free space, £€0=8.85x10? (C?%/N.m?)

e The factor 4x: arises due to the geometry of a spherical charge
distribution in three-dimensional space.

Examples(1) :

Two charges are placed 1 meter apart:
g:= —4 nC 2= +5 nC .Calculate the following: (a) The electric force
between the two charges? (b) The direction of the force acting on each
charge?

Solution:

q192

F=K-—

|4 x1076)(5 x1075)|

— 9

F = (8.99 x10°) D

£=(8.99 x 109) x (4 x 10-6) X (5 x 10-6)
£=(8.99 x 109) x 20 x 10-12

F=0.179 N

Final Answer:

e Electric Force: F~0.18 N
e Direction: The force is attractive. g is pulled towards gz, and g3 is
pulled towards q.
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Examples(2) :

Two charges are placed 0.5 meter apart: Charge g;=—7 uC , Charge
g2=-10 pC. Calculate the following: (a) The electric force between the
two charges? (b) The direction of the force acting on each charge?

Solution: Electric Force:

q192

F=K-—

| (=7 x10-6)(=10 x10-5)|
(0.5)2
70 x 10712
0.25

= (8.99 x 109) x 280 x 1012

F=(8.99x10°)

=(8.99 x 10°)

F=2.517 N Similarly

e On qi: Since both charges are positive, g is repelled away from g2
e On q2: Similarly, g, is repelled away from ql.

Examples(3) :

Three charges are placed in a straight line: (q; =+2uC), (g2 =+3uC), and (g3
=-1uC). The distance between (gi1) and (g2) is 1 meter, and the distance
between (g2) and (gs) is 2 meters. What is the net force on (q2)?

+2nC +3nC -1pC
Solution:

Here's how to calculate the net force on qq:

1. Define the forces:
» Fu: The force on gz due to qi. Since both are positive, this force is
repulsive (to the right).
» Fa3: The force on g2 due to gs. Since q: is positive and qs IS
negative, this force is attractive (to the left).
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2. Calculate Fi2:

Coulomb's Law: f = k 9192
2
r

* k (Coulomb's constant) = 8.99 x 10° N-m%/C?
e u=+t2uC=2x10°C
e 2=+t3uC=3x10°C

e r2=1m
e Fiz=(899x10°)x(2x10°x3x 107/ (1)?
* Fi2=0.05394 N (to the right)
3. Calculate F2s:
e =-1uC=-1x10°C
* r3=2m
e F23=(899x10°)x(3x10°x1x107°)/(2)?
* F2=0.006 N (to the left)

4. Calculate the net force on qa:

Since Fiz is to the right and F2s is to the left, we subtract the magnitudes:
* Fret=Fi2-Fas
* Fnee=0.053 N -0.006 N
* Fnet=0.047N

5. Direction of the net force:

Since Fi2 is larger than F2s, the net force is in the same direction as Fi,
which is to the right.

Final Answer:

The net force on qz is approximately 0.0472 N to the right.
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Question :

1- Two charges g:=+3 pC and q2=+5 uC are placed 2 meters apart. What
Is the magnitude of the electric force between them?
k=8.99x10° N-m?%/C?

A) 0.067 N0.067\ N B) 0.0337 N0.0337\ N
C) 0.1079 NO.1079\ N D) 0.2247 N0.2247\ N

2- Two charges q;=—2 pC and g,=+3 uC are placed 1 meter apart. What
is the nature of the force between them?

A) Repulsive B) Attractive
C) Zero force D) None of the above

3- What is the magnitude of the electrostatic force between two
charges q1=—4 puC and q2=—6 uC placed 0.3 meters apart?
k=8.99x10° N-m?%/C?

A) 2.4 N2.4\N B) 3.6 N3.6\ N
C) 4.8 N4.8\N D) 5.9 N5.9\ N

4- If the distance between two charges is doubled, what happens to the
force between them?

A) Doubled B) Halved
C) Quartered D) Tripled

5- Which of the following correctly describes Coulomb's Law?

A) The force is directly proportional to the product of the charges and
inversely proportional to the square of the distance between them.

B) The force is inversely proportional to the product of the charges.
C) The force depends on the mass of the charges.

D) The force is independent of distance.
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6- Two charges g:=+8 pC and gq=—8 uC are placed 0.5 meters apart.
What is the electric force between them?
k=8.99x10° N-m?/C?

A)115N11.5\N B) 14.4 N14.4\ N
C) 23.0 N23.0\ N D) 28.7 N28.7\ N

7- Three charges are placed in a straight line: g:=+2 uC, qz=13 uC,
and gs=—1 pC. The distance between g;and g is 1 meter, and the
distance between g, and qgs is 2 meters. What is the net force on q,?

A) 1.35 N1.35\ N B) 2.15 N2.15\ N
C) 1.80 N1.80\ N D) 2.75 N2.75\ N

8- If the magnitude of the charges is halved and the distance remains the
same, what happens to the force between them?

A) Force is halved B) Force is doubled
C) Force becomes one-fourth D) Force is unchanged

9- Two charges of +10 uC and —5 pC are placed 1.5 meters apart.
Calculate the force between them.
k=8.99x10° N-m?/C?

A) 2.0 N2.0\N B) 1.2 N1.2\ N
C)25N25\N D) 3.0 N3.0\N

10- Two point charges are placed such that they experience a repulsive

force of 0.3 NO.3\ N. If the distance between the charges is reduced to

A) 0.1 NO.1\ N B) 0.6 N0.6\ N
C) 0.9 NO.9\ N D) 2.7 N2.7\ N
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