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1. Introduction  

 

The declaration of COVID-19 as a global pandemic by the World Health Organisation led to the 

disruption of effective teaching and learning in many schools in South Africa. The majority of learners 

in various grades spent less time in class due to the phased-in approach and rotational/ alternate 

attendance system that was implemented by various provinces. Consequently, the majority of schools 

were not able to complete all the relevant content designed for specific grades in accordance with the 

Curriculum and Assessment Policy Statements in most subjects. 

 

As part of mitigating against the impact of COVID-19 on the current Grade 12, the Department of 

Basic Education (DBE) worked in collaboration with subject specialists from various Provincial 

Education Departments (PEDs) developed this Self-Study Guide. The Study Guide covers those 

topics, skills and concepts that are located in Grade 12, that are critical to lay the foundation for Grade 

12. The main aim is to close the pre-existing content gaps in order to strengthen the mastery of 

subject knowledge in Grade 12. More importantly, the Study Guide will engender the attitudes in the 

learners to learning independently while mastering the core cross-cutting concepts. 
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2. How to use this Self Study Guide? 
 

This booklet is aimed at summarising important aspects in the study of Electrostatics. It is not aimed 

at replacing the prescribed textbook and it must be used in conjunction with the textbook and other 

relevant study materials. The booklet combines the definitions that have been provided since Grade 

10, to show how the topic progresses up to Grade 12. It includes the examination guidelines, to 

provide guidance on how far the learner should go in terms of mastering the content. Additionally, 

misconceptions are clarified for ease of understanding. The exercises provided in this booklet will not 

ensure sufficient practise; therefore, the learner should supplement them with additional practise.  

Also read the side notes as they assist in clarifying the content. 
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 3. ELECTROSTATICS (Charges at rest) 

3.1 Mind map   
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DEFINITIONS 

Charge 
It is a physical property of matter that causes it to experience a force 
when kept in electromagnetic field.  

Principle of 
conservation of 
charge 

The net charge of an isolated system remains constant during any 

physical process e.g. two charges making contact and then separating. 

The total (net) electric charge of an isolated system remains constant in 

any physical process. 

 

Principle of charge 
quantization 

All charges in the universe consist of an integer multiple of the charge 
on one electron, i.e. 1,6 x 10-19 C 

Polarization The partial or complete polar separation of positive and negative electric 
charge in a system. A dipole. 

Electric field lines 
A way of representing an electric field.   Arrows on the field lines indicate 
the direction of the field 

Electric field Is the region of space in which an electric charge experiences a force. 

The direction of the 
electric field 
at a point 

The direction that a positive test charge (+1C) would move if placed at 
that point 

Electric field at a 
point (E) 

The electrostatic force experienced per unit positive test charge placed 
at a point. 

Coulomb’s law 

The magnitude of the electrostatic force exerted by one point charge Q1 
on another point charge Q2 is directly proportional to the product of the 
two charges and inversely proportional to the square of the distance r 
between them. 
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3.2 Definitions and Objectives 
 

Objectives  
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3.3 Content 

3.3.1  Study tips 
Electrostatics requires a thorough revision of Vectors. You must be able to identify the forces that are 

acting on the charges and draw free body diagrams. Newton’s third law applies in all force 

interactions. It is important to master Mathematical calculation of Trigonometric ratio of sin, cos and 

tan as Electrostatics involves triangles. You will be required to use Pythagoras theorem. Understand 

fields from grade 10 Magnetism. 

3.3.2 Charge  
An atom is the basic unit of matter, it contains charges (protons and electrons). 

Protons are positively charged, and electrons are negatively charged.  

 

Charge is the fundamental quantities of electricity. It is fundamental to electricity as mass is to 

mechanics. It is associated with the atom and subatomic particles of material substances.  

All matter contains charges.  

The symbol of charge is (Q).  

The SI unit of charge is coulomb (C). 

Charge is conserved - the net charge in an isolated system remains constant during any physical 

interactions. 

  

Bohrs’ atomic model of carbon 
Neutral atom 

 

                                              

Electrons are the 

ones which are 

removed and 

transferred to the 

other object. 

Example: 

6 µC means 6 X 10-6C 

Conversion scale: 

1 micro coulomb (µC)= 1x10-6C 

1nano Coulomb (nC)= 1x10-9C 

1pico coulomb (ρC) = 1x10-12C 

1 milli coulomb (mC) = 1x10-3C 
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3.3.3  Principle/law of conservation of charge- the total (net) 

charge of an isolated system remains constant in any physical process. 

Use the formula to apply the law of conservation of charge: 
2

21 QQ
Qnet ,  

Note: if there are three charges touching simultaneously, add them and divide by three (3) and not 

two (2) as in the given equation. 

Example: 

Three metal spheres of equal size carry charges of -2 x 10-11 C, 5 x 10-11 C and           -8 x 10-11 C 

respectively. They are brought into contact and then separated. What is the charge on each sphere 

after separation? 

Solution:  

  charge on each sphere 

CQ

Q

QQQ
Q

net

net

net

11

111111

321

1067.1

3

)108(105102

3
 

Charge is quantised same as light. Quantised means charge is found in packets as eggs are sold in 

dozens, cold drinks in crates, etc. all charges are the multiples of the smallest charge, i.e., the charge 

of one electron is -1,6 X 10-19 C. 

Getting the number of electrons transferred or added, we use the formula:         

     
ee
qnQ                                            

19106.1

Q
n
e

 

Using the previous example: Calculate the number of electrons transferred or removed from the 

charge. 

          

electronsn

n

qnQ

e

e

ee

7

1912-

1063.2

106.1103.30  

 

Neutral charge- is an/a atom/material with equal number of protons and electrons. 

Example:  

 

  

3

321 QQQ
Qnet  

In the diagram below the object contains four (4) protons and four (4) electrons 
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3.3.4 Types of charges 
 

 Positive charge-proton 

 Negative charge- electron 

A positively charged object has more protons than electrons and a negatively charged object has 

more electrons than protons. 

Example: 

                              
 Note: In figure A electrons have been transferred to the object, and in figure B      electrons have 
been removed. 

 

Charging involves the transference/movement of electrons from one object to another. 

 

3.3.5 How to charge 
 

 By contact (friction) and  

 Polarization or Induction. 

 

 

 

 

 

 

 

 

 

  
 

Van de Graaf 

generator 

Use to generate 

charges. 

Excess electrons Deficient electrons 
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Charging by contact 

 
Before 

 

 
Picture courtesy of pHet simulations 

 
 

After charging by contact 
 

 
Picture courtesy of pHet simulations 
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Polarization of charge 
Charging by induction 

 

 
             
Using the charged balloon to charge the neutral wall. 
          

 
https://phet.colorado.edu/sims/html/balloons-and-static-electricity/latest/balloons-and-static-
electricity_en.html use the link to download offline free simulations.  
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3.3.6 Coulomb’s law-Attraction and repulsion forces 
 

Like charges repel each other, i.e., positive and positive; or negative and negative. 

Diagram A 
Unlike charges attract each other, i.e., negative and positive.  

                                                  
Diagram B 

 

Coulomb’s law 

Coulomb’s forces/electric/electrostatic force is one of the four 

fundamental forces in nature. Others include: Electromagnetic 

forces, weak and strong nuclear forces and gravitational force.  

 

 

NB: In both diagrams A and B, the 

objects exert equal but opposite 

forces on each other. Newton’s 

third law. 

All the four forces are examples of 

conservative forces. Electromagnetic forces are 

combination of electric and magnetic 

forces. They act from a distance. 

We use an Electroscope:  

To detect whether an object is charged or 

not. 

And determine the sign of the charge on 

charged object. 

A  placed next to a 

metal causes the negative charges to be 

polarised to the gold leaf. Then the 

because of like charges. 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



13 
 

 

Difference: gravitational force is only an attractive force, but electrostatic force is both attractive and 

repulsive forces.  

Definition in words: Coulomb’s law states that, the electrostatic force exerted by one point charge (Q1) 

on another point charge (Q2) is directly proportional to the product of the two charges and inversely 

proportional to the square of the distance (r) between them. 

    

 

 

 

 

F      

 

 

 

                                                                           

 

 

 

 

 

 

 

 

 

 

  

Mathematically 

 

F – magnitude of force 

r – distance between charges 

Q1 and Q2 – magnitude of 

charges 

 

 

Directly proportional: when magnitude 

of charges increases, the force 

increases, vice versa. 

Inversely proportional: when the 

distance between charges increases, 

the force decreases, vice versa 

Formular will 

help you to 

remember the 

definition. 

Coulomb’s law      

 

Newton law of universal gravitation 

 

Do not confuse this laws. 

Similarities: both product 

of the quantities, 

inversely proportional to 

the square of the distance 

Differences:  

Different constant- 

Coulomb is k and Newton 

is G 

Coulomb: attraction and 

repulsion. 

Newton is attraction 

only. 

Newton- masses 

Coulomb- charges 

 

Newton – attraction only 

                        Definition Graphically 

 

      F 

 

                 Q1 Q2  

21QQF   

 

                   F 

                                    

                                       r2  

2

1

r
F  

  

 

F 

 

                 
2

1

r
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Example 1: What will be the magnitude of the electrostatic force between two charges Q1 and Q2 

when the magnitude of both charges is doubled? 

    

 

 

 

 

Example 2: If charge Q1 is halved and charge Q2 is four times. What will be the magnitude of the 

electrostatic force? 

    

 

 

 

Example 3: If the distance between two charges Q1 and Q2 is halved. What will be the force on each 

charge? 

    

 

 

 

 

 

Example 4: one of the charges is doubled and the distance is made a third. What will be the force? 

            F
r

QQ

r

QQ
Fnew 18

2

)(

2
2

21

9
12

3
1

21  

Example 5: Two charges of magnitude +6nC and -3nC are placed 30mm apart. What is the 

magnitude and direction of the force acting on 6nC charge? 

                N
r

QkQ
F 4

2
1000

30

999

2

21 108.1
)(

103106109
Attraction to right 

 

 

FF

QQF

QQF

QQ

new

new

new

4

4

22

21

21

21F

 

FF

QQF

QQF

QQ

new

new

new

2

2

4

21

212
1

21F

 

FF

r
F

r
F

r
F

new

new

new

4

11

)(

1

1

2
4

1

2
2

1

2

 

 

Convert 30 mm to metres by 

dividing by 1000. 

When substituting the charges in 

the equation do not include the 

negative sign of the charge 

NB: Identify attraction and 

repulsion. Draw free body 

diagrams. 
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Charges in 1 dimension (1D): Identifying forces and free body diagram  

 
 

 

 

Charges in 2 dimension (2D): Identifying forces and free body diagram 

 
Use Pythagoras to resolve the forces.   

 

 

 

  

FA on B  

FC on B FA on C FB on C 

use Pythagoras 

or trigonometric 

ratio to calculate 

required value.  

FB on A  

FC on A 

FB on A 

             or                              or      

  or                      or  

 

Fnet 

Net force acting on A 

 

 

FC on A 

FB on A 

FC on A 

FB on A 

Use Pythagoras or trigonometric 

ratios to calculate.  

 
 

 

Fnet 

FC on A 

FB on A 

Net force acting on C 

 FA on 

FB on C 

FA on 

C FB on C 

Fnet 

Use sine rule. 

Net force acting on B 

FC on B 

FC on B 

FA on B 

FA on B 

Use sine rule to 

calculate the values. 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



16 
 

Example 6.1- Multiple Choice question 
 

 
 
 
Answer: P1 is charged, therefore when in contact with P2 the electrons are going to 
be transferred. Charging by contact is taking place. After charging, distribution of 

charges is going to take place according to this equation, 
2

21 QQ
Q meaning both 

will acquire same (positive or negative) and equal charge. Force of repulsion will take 
place. So option C, D and B are close, but option C has a different sign, therefore 
option D is the correct One. Option A the problem is the unequal magnitude. Option 
B, is also repulsion but the problem is the unequal part. 
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Example 6.2:  
 
Draw a free body diagram for all the forces acting on sphere P1 in diagram 2 above. 
 

                                        
 Exercise 6.3: do yourself: 
 
Draw a free body diagram for all the forces acting on sphere P2 in diagram 2 above. 
 
Answer: For you to do. 

 

Example 8: 

 
8.1 

 

 

                                        

NF

F

r

QkQ
F

8.10

)2.0(

108106109
2

669

2

21
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8.2 

 
 

Answer: 
 
Sphere Y has a positive charge and sphere Z is negative, therefore sphere Y 
will be attracted towards Z, downwards.  
 
Sphere X is positive; therefore, sphere Y will be repelled away from sphere X to the 
right. 
 
Vector diagram will be:     

 

Draw the vectors first. Show 

the correct direction. 

repulsion 

attraction 

resultant 

Like charges 

U
n
lik

e
 c

h
a
rg

e
s
 

FZ on Y 

FX on Y 

Fnet 
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8.3 

 
 

We use the Theorem of Pythagoras to calculate the force exerted by charge Z on 
sphere Y.  
 

                        

NF

F

FFF

YonZ

YonZ

YonXYonZnet

70.10

8.1020.15

..

22

..

2

2

..

2

..

2

 

 

CQ

Q

Q

r

QkQ
F

z

z

z

ZY

5

2

69

2

1034.1

50000133687.0

30.0

108109
70.10                  

 

 

 

 

 

 

 

 

  

FZ on Y 

FX on Y=10.8N 

 

is the force which 

sphere Y exert on sphere Z. 

When using Coulomb’s law, we 

must use the charge of Y with Z to 

get charge of Z. 

Complete a 

triangle of 

forces. 

FZ on 

FX on Y 
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3.3.7 Electric fields 
We know magnets have magnetic fields. We define magnetic fields as a region in which a magnetic 

object will experience a force. 

Gravitational field is a region in which a mass will experience a force. 

The force of attraction and repulsion charges exert on each other is because of the electric field 

interaction. 

Electric field is defined as the region in space in which an electric charge will experience a force. 

Electric fields like magnetic field are represented by a pattern of imaginary field lines. 

Properties of electric field lines 

Field lines start on positive charge and ends on negative charge. 

Fields lines never cross or touch each other. 

Field lines are closer together in regions where the field is stronger and further apart in regions where 

the field is weak (non-uniform fields). Field lines are parallel where the field is uniform. 

Electric fields are continuous. 

Field lines begin and end perpendicularly to the charged surface. 

drawing electric field lines 

Point charge     Positive point charge               negative point charge 
         
 
     
 
 
 
 

 

 

 

 

 

 

 

  

 

Do not forget to draw the 

arrows. 

Electric fields 

point AWAY 

from a point 

charge 

Electric fields 

point TOWARDS 

a point charge 
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Interaction of point charges due to their Electric fields 

Attraction-unlike charges 
 
 
 
 
 
 
 
 
 
 
                                                             Repulsion 
 

 

3.3.8 Electric field at a point 

Electric field at a point is the electrostatic force experienced per unit positive test 

charge placed at that point. 

Symbol E 

Unit is N.C-1 

E is a vector quantity 

 

 

 

 

 

 

 

  

 

 

 

Mathematically: 

           

 

                        When electric field at a point        

Increases, the force increases. 

Increasing the magnitude of a test            

charge, the electric field at a point 

decreases  

                          

F- the force 

experienced by q. 

q- the positive test 

charge. 

 

 

Electric fields are non-uniform. 

The Electric field decreases as the test 

charge moves away from the point charge. 

Test charge experiences different forces at 

different distances.  
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Example 9: 

Calculate the magnitude of the force exerted on a charge of 8   placed in an electric 

field at a point of 4 X 104N.C-1. 

 

 

 

 

Coulomb’s law and Electric field at a point both have forces, another formula to 

calculate Electric field at a point. 

 

 

 

 

 

 

 

 

 

Example 9: 

Calculate the electric field at a point at 5mm from a point of charge of C5 . 

      

 

 

 

 

 

 

  

NF

F

q

F
E

32.0

108
104

6

4
 

Convert into Coulomb  

19

23

69

2

.108.1

)105(

105109

CNE

E

r

kQ
E

 

Convert 5mm to m. 

1000/5  

Convert 

microcoulomb to 

Coulomb  

 

 
2r

kQq
F   

q

F
E  

All experiences the same Force (Newton’s 3rd 

law), therefore, equating the two equations: 

2

2

r

kQ
E

Eq
r

kQq

  test charge q is cancelling out.  

                         Q is the point charge. 

 

 

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



23 
 

 

 
Charges in 1 Dimension: for Electric field at a point  

Since 
q

F
E what happens in the Force also happens in the Electric field at a point. 

 
 
 
 
 
Not Examinable for enrichment purposes. Charges in 2 Dimension: for Electric field at a point:  

 
Use cosine and sine rule 

22

22

....

5,0)5,05,1(

)(

CatBAatC
net

BatCAatC
net

CatBCatAnet

kQkQ
E

r

kQ

r

kQ
E

EEE

 

22

22

....

)5,05,1(5,1

CatBAatB
net

CatABatA
net

AatCAatBnet

kQkQ
E

r

kQ

r

kQ
E

EEE

 

E of A is to the 

right 

and E of B is left 

Choose right as 

positive. 

 

E

EB 

EC 

EB 

Enet 

 

Distance between A and C, add 

AB and BC 

EA at B 

EC at B 

E of A and B are 

all to the right. 

EB at C  EA at C 

EC at A 

EB at A 
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Example 10 

 
 
10.1  

 
  Distance between sphere B and point P is 0.7 – 0.40= 0.3m  

Check: Sphere A field lines will be directed to the right, and sphere B field 
lines are to the right. Therefore, we choose right as positive  
 
            

rightCNE

E

r

kQ

r

kQ
E

EEE

net

net

BA
net

BAnet

1

2

69

2

69

22

.284375

3.0

102109

4.0

105.1109
           

 
10.2 

 
 

 

NF

F

q

F
E

4

9

1053.8

100.3
284375  

 
 

 

 

 

Remember not to substitute the 

negative sign in the formula. 

Direction of Fields of 

both A and B at point P 

are to the right. Choose 

Right as positive. 
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3.4 Questions  

3.4.1 Multiple Choice  
 
Question 1 
1.1 

 
 

1.2 
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1.3 

 
 

1.4 
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1.5 
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1.6 

 
 

1.7 
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1.8 

 
 

1.9 
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1.10 
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3.4.2 Structured Questions 
 
Question 2 
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Question 3 
 

 
 

 
 

  

ed
ur

es
ou

rc
ez

a.
co

m

Downloaded from eduresourceza.com

Downloaded from eduresourceza.com



33 
 

 
Question 4 
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Question 5 
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Question 6 
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Question 7 
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4. Solutions 

4.1 Multiple Choice 
Question 1 
 
1.1 A 

 
1.2 

A   E
rrr

E
4

1

4

1

)2(

11
222

 

 
1.3 A Newton’s third law.  

  
1.4 B 

 
1.5 C 

 
1.6 B 

 
1.7 C 

 
1.8 C   FQQF 422  

 

1.9 B    FFFqqFFqqF
3

1
.....111.......331  

1.10 D Newton’s third law 
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4.2 Structured Questions 
 

Question 2 
 

 
 

 
 

Right: both charges 

have equal magnitude 

but R has a smaller r 

therefore force exerted 

will be bigger. ed
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Question 3 
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Question 5 
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Question 6 
 

 
 

       

 Question 7 
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7.2.2 
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