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In this unit we will focus on the following concepts and skills:

- Coulomb’s Law

- Electrostatic Forces

Subject: Physical Science

Grade: 11

Content area: Electricity and Magnetism

Topic: Electrostatics

From grade 10 you should be familiar with positive and negative charges. Now, in grade 11, we learn 

how charged particles interact with one another. 

Coulomb’s Law

Like charges repel, and unlike charges are attracted to one another. The Electrostatic force is the 
force which attracts/repels them.

Coulomb’s Law says that this force is proportional to both charges, and inversely proportional to 
the square of the distance between them:

𝐹𝑒 ∝
𝑄1𝑄2

𝑟2
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In this unit we will focus on the following concepts and skills:

- Electrostatic forces

Subject: Physical Science

Grade: 11

Content area: Electricity and Magnetism

Topic: Electrostatics

We add a proportionality constant, 𝑘 = 9 × 109𝑁. 𝑚2. 𝐶−2, so that we can define the Electrostatic 

force as:

Electrostatic Force

𝐹𝑒 =
𝑘𝑄1𝑄2

𝑟2

Remember!
It’s important that we convert our values 

into SI units! (Coulombs [C] for charge and 

metres [m] for distance)

So, if you are given the distance is 3mm, 

convert it to 0.003m.

Using this formula will give us the magnitude of the force, but to get the direction we must see if the 

charges are like (repelling) or unlike (attracting). It won’t make sense if you get a negative answer for 

your magnitude, so double check your calculation!
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In this unit we will focus on the following concepts and skills:

- Electric Fields

Subject: Physical Science

Grade: 11

Content area: Electricity and Magnetism

Topic: Electrostatics

“ An Electric Field is a region of space in which an electric charge will 

experience a force. ”

Electric Fields

The direction of the electric field at a point represents the direction of the force a positive charge 

would experience (and the opposite direction for a negative charge). 

To calculate the electric field due to a 

particle, with charge Q, at a certain 

distance from the particle we use this 

formula:

𝐸 =
𝑘𝑄

𝑟2

If we want to determine the magnitude of the force a particle, with charge q, will experience in 

an electric field we would use the following formula:

𝐹 = 𝐸𝑞
Notice!

If you substitute the equation for E into this, we get 

the normal Electrostatic Force:

𝑭 =
𝒌𝑸𝒒

𝒓𝟐
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In this unit we will focus on the following concepts and skills:

- Drawing Electric Fields

Subject: Physical Science

Grade: 11

Content area: Electricity and Magnetism

Topic: Electrostatics

Drawing Electric Fields

Electric fields always go FROM a positive charge TO a negative charge. 

We draw more field lines closer 

together when the field is stronger, 

therefore increasing charge will give 

more field lines packed together.

When drawing the field lines, remember that the lines represent the force a particle charged 

with +1C would experience!



WORKED EXAM QUESTION                                                                                   Oct/Nov 2018 

QUESTION 1

1.8 Three charges of magnitudes +2q, +2q and -2q are shown in the sketch below. 

Which arrow CORRECTLY indicates the direction of the NET FORCE acting on the -2q 
charge?

Step 1: Identify the 
forces.

Answer: B

Step 2: Focus on the forces for the charge we 
are interested in (-2q), and add them
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WORKED EXAM QUESTION          Oct/Nov 2018 

QUESTION 9

A small isolated sphere A, with a mass of 0.2 g, carrying a charge of +7 x 10-9 C, is 
suspended from a horizontal surface by a string of negligible mass. A second sphere 
B, carrying a charge of -8 x 10-9 C, on an isolated stand, attracts sphere A so that the 
string forms an angle of 20º to the vertical. The horizontal distance between the 
centers of the two spheres is 3 cm. Refer to the diagram below.

9.1 State Coulomb's law in words. (2) 

The magnitude of the electrostatic force exerted by two point charges on each other 
is directly proportional to the product of the (magnitudes of the) charges and 
inversely proportional to the square of the distance between them

9.2 Draw a VECTOR DIAGRAM of the forces acting on sphere A. Indicate at least ONE 
angle. (4)
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WORKED EXAM QUESTION         Oct/Nov 2018 

9.3 Calculate the magnitude of the electrostatic force that sphere B exerts on sphere 
A. (4) 

F = k
Q1Q2

r2

F = (9.0 × 109)
(7.0 × 10−9)(8.0 × 10−9)

(0.03)2

F = 5.9 × 10−4 N

9.4 Calculate the magnitude of the tension force in the string. (3)

The vector diagram of the forces acting on sphere A form a right-angled triangle
We can determine the magnitude of the tension, by using Pythagoras

T2 = Fg
2 + FE

2 

The weight, Fg, is unknown so we solve for that using Fg = mg
Fg = mg = (0.2 x 10-3) (9.8) = 1.96 x 10-3 N

And now be substitute it into our equation
T2 = (1.96 x 10-3)2 + (5.9 x 10-4)2

T = 2.04 x 10-3 N

QUESTION 10

Two points, P and T, are situated 3 mm apart in the electric field of positive charge Q, 
as shown below.

10.1 Draw the electric field pattern around charge Q. (2)

Page Number 7



WORKED EXAM QUESTION         Oct/Nov 2018 

The magnitude of the electric field at point P is 4 x 106 N·C-1 and at point T the 
magnitude is 2.5 x 105 N·C-1

10.2 Calculate: 

10.2.1 The ratio of the electric field at point P to the electric field at point T. Write the 
answer as EP: ET.

4 × 106 ∶ 2.5 × 105

16 : 1

10.2.2 The distance between charge Q and point P (4)

We have determined the ratio of the electric fields as
EP:ET

16:1

Since 𝐸 ∝
1

𝑟2 , and using 𝐸 = 𝑘
𝑄

𝑟2 
we can write

𝐸𝑃

𝐸𝑇
=

𝑟𝑇

𝑟𝑃

2

⇒
16

1
=

𝑟𝑇

𝑟𝑃

2

⇒
16

1
=

𝑟𝑇

𝑟𝑃

2

⇒
4

1
=

𝑟𝑇

𝑟𝑃

Therefore,
rP:rT

1:4
Calculating rP:

rT = rP + 3 mm
rT = 4rP

4rP = rP + 3 mm
rP = 1 mm

𝐸𝑝 = 𝑘
𝑄

𝑟𝑃
2

4 × 106 = (9.0 × 109)
𝑄

(0.001)2

𝑄 =
(4 × 106)(0.001)2

(9.0 × 109)
𝑄 = 4.44 × 10−10𝐶

10.2.3 The magnitude of charge Q 

𝐸𝑇 = 𝑘
𝑄

𝑟𝑇
2

2.5 × 106 = (9.0 × 109)
𝑄

(0.004)2

𝑄 =
(2.5 × 106)(0.003)2

(9.0 × 109)
𝑄 = 4.44 × 10−10𝐶

Or 
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EXAM QUESTION           Oct/Nov 2016 

QUESTION 1

1.8 A negative charge Q is placed at a distance of 5d from another charge R.

If the net electric field at point P, at a distance of 2d from R, is ZERO, which ONE of the 
following combinations concerning the ratio of the charges Q and R and the charge on 
R, is CORRECT?

Ratios of the charges Q:R Charge on R
A 4:9 Positive
B 3:2 Negative
C 5:2 Positive
D 9:4 Negative

1.7 Which ONE of the graphs below represents the correct relationship between force 
F on a charge and the electric field E?
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EXAM QUESTION           Oct/Nov 2016 

A third sphere, Z, with a charge of -4 µC, is placed at right angles to sphere X and at a 
distance of 0.03 m from sphere X.

8.4 Calculate the magnitude of the net force on sphere X due to sphere Y and sphere Z.

8.1 Draw the resulting electric field pattern between the two charges. (3)

8.2 Calculate the electrostatic force sphere X experiences due to the charge on sphere Y. (4)

8.3

     8.3.1 If sphere Y is at a fixed position and sphere X is free to move, will the acceleration       

  experienced by sphere X towards sphere Y be constant? Write down YES or NO. (1)

     8.3.2 Explain the answer to QUESTION 8.3.1 by referring to the electric field and the force. (2) 

QUESTION 8

Two charged spheres, X and Y, are placed in a vacuum at a distance of 0.04 m apart. 
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