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1. ELECTROSTATIC  

 

 

By the end of this chapter you show be able to: 

❶ Define and apply Coulomb’s law 

❷ Define and apply the concept of electric field strength 

❸ Draw electric field lines for (point charges, identical charges, different charges, and between 
parallel plates) 

❹ Define and apply Faraday’s law 

❺ Define and apply Ohm’s law 

❻ Distinguish between non Ohmic and Ohmic conductors 

1.1 Introduction 

Electrostatics is a branch of physics that deals with the phenomena and properties of stationary or 
slow-moving electric charges.  

We have learned in grade 10 that there are two types of charges, that is, positive charges called 
protons, and negative charges called electrons.  

A neutral object is there that has equal number of protons and electrons, resulting in a zero net 
charge. 

A positively charged object is an object that is electron deficient, while a negatively charged object 
has excess electrons. 

We have learned that like charges repel each other and unlike charges attract each other. This is 
evidence that two charges exert a force on each other. This force is called an electrostatic force. 

The charge of an electron is 𝑞𝑒 = −1.6 × 10−19𝐶. A proton has the same charge, but with the 
opposite sign. This is the smallest value a charge can have. All other charges are an integer multiple 
of this elementary charge (that is the charge of an electron). Mathematically this relation can be 
expressed as 𝑄 = 𝑛𝑞𝑒. Here n represent the number of electrons in excess (for a negative charge), 
or deficient (for a positive charge).  

 

LIKE CHARGES REPELLING EACH OTHER 

 

Objectives 

https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Electric_charge
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UNLIKE CHARGES ATTRACTING EACH OTHER 

We learned further that the total charge of an isolated system will remain constant during any 
physical process. This statement is referred to as the law of conservation of charge. Note that the 
forces exerted by each charge on the other obeys Newton’s Third Law.  

1.2 Coulomb’s law 

Coulomb's law describes the relationship between the force exerted by one charge on another. The 
magnitude of charges themselves and the distance separating the centre of the charges.  In 1785, 
Charles Austin de Coulomb published a paper describing the torsion balance.  This paper become 
the first of a series of seven papers that Coulomb published on magnetism and electricity.  The 
torsion balance allowed Coulomb to make more precise measurements of electrostatic force than 
anyone prior to that time.  Several other researchers, including Henry Cavendish, Joseph Priestly, 
and Charles Stanhope did similar work related to electrostatics.  In fact, independently Henry 
Cavendish had determined experimentally the electric force was an inverse square law around the 
same time.  However, Cavendish never published his results or experiments, so it was not until 1879 
that this fact was discovered by James Maxwell. Priestly’s work with electrical repulsion served as 
the basis for Coulomb's research.   

The interaction between charges and the dependence of the electrostatic force on the magnitude of 
the charges and on the distance between them was investigated by Charles Austin de Coulomb. 
The results of his investigation culminated in a scientific law named after him, known as Coulomb’s 
law. 

Coulomb’s law states that: 

The magnitude of the electrostatic force (F) that a charged particle exerts on another charged particle 
is:  

directly proportional to the product of their charges 𝑄1𝑎𝑛𝑑 𝑄2 𝑎𝑛𝑑 inversely proportional to the square 
of the distance (r) between their centres. . 

Mathematically this relation can be expressed as: 

𝑭 𝜶 𝑸𝟏𝑸𝟐 … … … … … … . (1) 

𝑭 𝜶
𝟏

𝒓𝟐……………………(2) 

Combining the two yields: 

𝑭 𝜶 
𝑸𝟏𝑸𝟐

𝒓𝟐
… … … … … … (𝟑) 

http://ffden-2.phys.uaf.edu/212_fall2003.web.dir/don_bahls/coulombs_law.html#Torsion Balance
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This can be written as a mathematical equation by introducing the proportionality constant k, as 
follows: 

𝑭 =
𝒌𝑸𝟏𝑸𝟐

𝒓𝟐 … … … … … (𝟒)Where:  

𝑄1 𝑎𝑛𝑑 𝑄2  = 𝑡ℎ𝑒 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑐ℎ𝑎𝑟𝑔𝑒 𝑖𝑛 𝐶𝑜𝑙𝑜𝑢𝑚𝑏𝑠 (𝐶) 
𝑟 = 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑟𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝑝𝑜𝑖𝑛𝑡 𝑐ℎ𝑎𝑟𝑔𝑒𝑠 𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠 (𝑚) 
𝑘 = 𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑎𝑛𝑑 ℎ𝑎𝑠 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝒌 = 𝟗 × 𝟏𝟎𝟗𝑵. 𝒎𝟐. 𝑪−𝟐  

𝐹 = 𝑡ℎ𝑒 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑠𝑡𝑎𝑡𝑖𝑐 𝑓𝑜𝑟𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑄1𝑎𝑛𝑑 𝑄2 𝑖𝑛 𝑁𝑒𝑤𝑡𝑜𝑛𝑠 (𝑁) 

 

Conditions for Coulomb’s Law validity: 

It should be noted that there are certain conditions that must be kept constant in order for the 
Coulomb’s Law to hold true. These conditions are: 

The charges under investigation must be point charges 

The charges must be stationary relative to each other 

CALCULATIONS USING COULOMB’S LAW: 

Before we do any calculations, it is important that we look at how to do unit conversions, especially 
for electric charges. The table below summarises typical units used to express the units measure of 
electric charge: 

𝑺𝒚𝒎𝒃𝒐𝒍 𝑫𝒆𝒇𝒊𝒏𝒊𝒕𝒊𝒐𝒏  𝑽𝒂𝒍𝒖𝒆 
𝜇 𝑀𝑖𝑐𝑟𝑜 × 10−6 

𝑛 𝑁𝑎𝑛𝑜 × 10−9 

𝑝 𝑃𝑖𝑐𝑜 × 10−12 

𝑓 𝐹𝑒𝑚𝑡𝑜 × 10−15 

 

For example:  

A charge of 6𝜇𝐶 in SI units is 6 × 10−6𝐶. 

Note: when using the Coulomb’s law equation, learners must be reminded that we only consider that 
magnitude, and not the nature, of the charges. 

 

 

Coulomb's law states that the  magnitude of the electrostatic force exerted by one point charge 

(Q
1
) on another point charge (Q

2
) is directly proportional to the product of the magnitudes of the 

charges and inversely proportional to the square of the distance (r) between their centres:  

 

Coulomb’s law 
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Example 1: Calculations for electrostatic force 

Two identical spheres A and B carrying charges of 𝑄𝐴 = +8𝑛𝐶 𝑎𝑛𝑑 𝑄𝐵 =  −12𝑛𝐶, 

respectively, are placed positioned a distance 10𝑚𝑚 apart. Calculate the electrostatic 

force that the charges exert on one another. 

 ANALYSE 

Given:  𝑄𝐴 = +8𝑛𝐶 ; 𝑄𝐵 =  −12𝑛𝐶; 𝑟 = 10𝑚𝑚 
Convert all the given variables to their SI units. 

In our case charges must be in 𝐶, 𝑎𝑛𝑑 𝑛𝑜𝑡 𝜇𝐶, 
and the distance be in 𝑚 𝑛𝑜𝑡 𝑚𝑚. 
𝑄𝐴 = +8 × 10−9𝐶, 𝑄𝐵 = −12 × 10−9𝐶,  
𝑟 = 10 × 10−3𝑚 

Unknown: 𝐹 =? 

 SOLVE Use the Coulomb’s law formula 

𝐹 =
𝑘𝑄1𝑄2

𝑟2
 

𝐹 =
(9 × 109)(8 × 10−9)(12 × 10−9)

(10 × 10−3)2
 

𝐹 = 8.64 × 10−4𝑁 

Because the charges are oppositely charged, the force on them is attractive. 

 

Example 2: Calculations for electrostatic force using ratios 

Two identical spheres carrying charges 𝑄𝐴 𝑎𝑛𝑑 𝑄𝐵 are placed a distance 𝑟 apart, and 

exert a force 𝐹 on each other. If the distance separating the charges is halved, what will 

the new force be, in terms of F? 

 ANALYSE 

Given:  The force that the charges initially exert on 
each other is given by: 

𝐹 =
𝑘𝑄1𝑄2

𝑟2
 

Halving the distance will result in new distance 

(𝑟𝑛𝑒𝑤 =
1

2
𝑟) 

Unknown: 𝐹𝑛𝑒𝑤 =? 

 SOLVE Use the Coulomb’s law formula 

𝐹𝑛𝑒𝑤 =
𝑘𝑄1𝑄2

(
1

2
𝑟)

2  

𝐹𝑛𝑒𝑤 =
𝑘𝑄1𝑄2

1

4
𝑟2

 

𝐹𝑛𝑒𝑤 =
4𝑘𝑄1𝑄2

𝑟2
 

∴ 𝐹𝑛𝑒𝑤 = 4𝐹 

Halving the distance between the charges increases the force they exert on each other 
by the factor of 4. 
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Activity   

1. Use your understanding of relation between two variables to plot the generic 

graphs of:  

a. 𝐹 𝑣𝑒𝑟𝑠𝑢𝑠 𝑄1𝑄2 

b. 𝐹 𝑣𝑒𝑟𝑠𝑢𝑠 𝑟2 

c. 𝐹 𝑣𝑒𝑟𝑠𝑢𝑠
1

𝑟2  

2. Two charged spheres carrying charges 𝑄𝐴 𝑎𝑛𝑑 𝑄𝐵 are a distance 𝑟 apart, exert a 

force 𝐹 on another. If the distance between the charges is doubled, and the 

charge on one of the two spheres is doubled,  

(i) what will be the new force that the charges exert on each other, in 

terms of F?   

(ii) By what factor will the force that the two charges exert on each other 

change, if the charges are both doubled?  

(iii) If the distance between the charges is decreased by the factor of 3, by 

what factor will the force the charges exert on each other change? 

3. Calculate the electrostatic force between two point charges of 4.00 𝜇𝐶 and 

3.00𝜇𝐶 when they are 2.00 cm apart. 

 

2. ELECTRIC FIELD 

The previous section described the interaction between charges in terms of the force between the 
charges, the distance between them and their magnitudes. According to this description, the force 
between charges acts over a distance, with no intervening medium – the so-called “action-at-a-
distance”. However, in 1838, Michael Faraday introduced another description of interaction between 
charges, according to which there exists “something” around charges which he referred to as an 
Electric field. This electric field has similar features to the gravitational field which exists around the 
Earth. Another type of field that we will learn more about later on is the Magnetic field, which exists 
around magnetised objects and magnets. The common characteristics amongst all fields is that the 
field is strong closer to its source (e.g. charge, Earth, magnet) and gets weaker further away from its 
source.  

We have seen in the previous section that the strength of the electrostatic force between two point 
charges decreases as the distance separating the charges increases. So evidently at a certain point, 
the force the charges exert on each other will be significantly small such that it can be approximated 
to zero. This tells us that there must be a region within which two charged particles will experience 
the force due to the charges they carry. That region is referred to as the electric field. 

 

In terms of this description, a charge gives rise to an electric field that permeates the space around 
it, which in turn exerts a force on other charges. Therefore, a charge A in the vicinity of another 

Electric Field is a region of space in which an electric charge experiences a force. The 
direction of the electric field at a point is the direction that a positive test charge would 
move if placed at that point. 

Electric field 
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charge B; will experience a force exerted on it by the electric field of charge B. Electric fields act in 
a particular direction  and are therefore vector quantities. Like all other fields in Physics, Electric 
fields do exist in reality, although they are invisible. They are physical qualities whose effects can be 
measured.  

 

2.1 Electric field strength 

The electric field strength at a point is defined as the force experience by a Coulomb of charge placed 
at the point. This is to say that: 

𝑬 =
𝑭

𝒒
 

Where:  
𝐸 = 𝑡ℎ𝑒 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑓𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑁𝑒𝑤𝑡𝑜𝑛𝑠 𝑝𝑒𝑟 𝐶𝑜𝑢𝑙𝑜𝑚𝑏 (𝑁. 𝐶−1) 
𝑞 = 𝑡𝑒𝑠𝑡 𝑐ℎ𝑎𝑟𝑔𝑒 𝑖𝑛 𝐶𝑜𝑢𝑙𝑜𝑚𝑏𝑠 (𝐶) 
𝐹 = 𝑇ℎ𝑒 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑠𝑡𝑎𝑡𝑖𝑐 𝑓𝑜𝑟𝑐𝑒 𝑒𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑐ℎ𝑎𝑟𝑔𝑒 𝑞, 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝑁𝑒𝑤𝑡𝑜𝑛𝑠 (𝑁) 
 

 

Example 3: Calculations for electric field strength  

A +9𝑛𝐶 test charge experiences a force of 2.7 × 10−5𝑁. Calculate the magnitude of the 

electric field strength on the charge 𝑞. 

 ANALYSE 

Given:  𝐹 = 2.7 × 10−5𝐶  

𝑞 = +9𝑛𝐶 = 9 × 10−9𝐶 
 

Unknown: 𝐸 =? 

 SOLVE Use the formula for electric field strength 

𝐸 =
𝐹

𝑞
 

𝐸 =
2.7 × 10−5

9 × 10−9
 

𝐸 = 3000𝑁 ∙ 𝐶−1 

The magnitude electric field strength that the test charge  experience = 3000𝑁. 𝐶−1 

  

The direction of the electric field at a point is the direction of the force that a 
positive test charge (+1C) would experience if placed at that point 

Electric field direction 

The electric field strength at a point is defined as the force experience by a 
Coulomb of charge placed at that point. 

𝑬 =
𝑭

𝒒
 

Electric field strength  
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Example 4: Calculations for electric field strength  

If the electric field of magnitude 2500𝑁. 𝐶−1 causes a charge 𝑄 to experience a force of  

1.25 × 10−5𝑁, calculate the charge 𝑞. 

 ANALYSE 

Given:  𝐸 = 2500𝑁 ∙ 𝐶−1  

𝐹 = 1.25 × 10−5𝑁 
 

Unknown: 𝑞 =? 

 SOLVE Use the formula for electric field strength 

𝐸 =
𝐹

𝑞
 

2500 = 1.25 ×
10−5

𝑞
 

∴𝑞 = 5 ×  10−9𝐶 

The electric charge 𝑄 = 5 × 10−9𝐶 

 

Activity 2: Application of electric field strength 

1. Define the following terms: 

a. Electric field 

b. Electric field strength 

2.  A charge of −5𝑛𝐶 experiences an upward force of 4 × 10−6𝑁 at a point in an 

electric field. At that point calculate the electric field strength.  

 

3. Given that there is the electric field of 300𝑁. 𝐶−1. Calculate the magnitude of the 

force that the field will exert on an Alpha particle. An alpha particle is a helium 

nucleus with a charge of two protons. (charge of a proton = +1.6 × 10−19𝐶). 
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Example 6: Electric force and Newton’s laws 

1. An electron is released above the surface of the earth. A second electron is directly below it 

exerts an electrostatic force on the first electron just great enough to cancel out the 

gravitational force on it. How far below the first electron is the second electron? 

 

𝐹𝑒 = 𝐹𝑔 

⟹ 𝑚𝑔 = 𝑘
𝑄𝑞

𝑟2
 

⟹ 9.11 × 10−31 × 9.8 = 9 × 109 (
1.6 × 10−19 × 1.6 × 10−19

𝑟2 )  

∴ 𝑟 = 5.11𝑚 

Electric forces and vectors 

Electric field and forces are all vectors, thus rules applying to vectors must be followed when 
dealing with these quantities. 
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Example 7: Consider three point charges at the corners of a triangle, as shown below, where  
𝑄1 = +12.00 × 10−9𝐶, 𝑄2 = −4.00 × 10−9𝐶, 𝑄3 = +10.00 × 10−9𝐶, 𝜃 = 37°, 𝑟2,1 = 3.00𝑚 

𝑟3,2 = 4.00𝑚, 𝑟3,1 = 5.00𝑚 

 
Define the problem ,and 
identify the known 
variables 

Given: 

𝑄1 = +12.00 × 10−9𝐶 

𝑄2 = −4.00 × 10−9𝐶 

𝑄3 = +10.00 × 10−9𝐶 

𝑟2,1 = 3.00𝑚 

𝑟3,2 = 4.00𝑚 

𝑟3,1 = 5.00𝑚 

𝜃 = 37° 

 

Determine the direction of the forces by analysing the charges. 

The force 𝐹3,1 is a repulsive because 𝑄1 and 𝑄3 have the same sign. The force 𝐹3,2 is attractive 

because 𝑄2 and 𝑄3 have opposite signs.  

Calculate the magnitude of the forces with Coulomb’s law. 

𝐹3,1 = 𝑘
𝑄1𝑄3

𝑟3,1
2 = (9,00 × 109)

(12.00 × 10−9)(10.00 × 10−9)

(5.00)2
= 4.3 × 10−8𝑁 
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𝐹3,2 = 𝑘
𝑄2𝑄3

𝑟3,2
2 = (9,00 × 109)

(4.00 × 10−9)(10.00 × 10−9)

(4.00)2
= 2.70 × 10−8𝑁 

Find the x and the y component of each force. 

                                             
For 𝑭𝟑,𝟏: 

 

For 𝑭𝟑,𝟐: 

𝐹𝑥 = 𝐹3,1cos (37°) = (4.3 × 10−8)cos (37°) = 3.43 × 10−8𝑁 

𝐹𝑦 = 𝐹3,1sin (37°) = (4.3 × 10−8)sin (37°) = 2.59 × 10−8𝑁 

𝐹𝑥 = −𝐹3,2 = −2.70 × 10−8𝑁 

𝐹𝑦 = 0𝑁 

Calculate the magnitude of the total force acting in both 
directions 

𝐹𝑥,𝑡𝑜𝑡 = 3.43 × 10−8 − 2.70 × 10−8 = 7.30 × 10−9𝑁 

𝐹𝑦,𝑡𝑜𝑡 = 2.59 × 10−8 + 0 = 2.59 × 10−8𝑁 

Use pythagoras theorem to find the magnitude of resultant 
force 

𝐹𝑅
2 = 𝐹𝑥,𝑡𝑜𝑡

2 + 𝐹𝑦,𝑡𝑜𝑡
2 = (7.30 × 10−9)2 + (2.59 × 10−8)2 

∴𝐹𝑅 = 7.74 × 10−8𝑁 

Use trignometric function to find the direction of the 
resultant force. In this case, you can use inverse tangent 
function 

𝑡𝑎𝑛𝛽 =
𝐹𝑦,𝑡𝑜𝑡

𝐹𝑥,𝑡𝑜𝑡
=

2.59 × 10−8

7.30 × 10−9
⟹ 𝛽 = 74,26° 
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2.2 Electric field lines 

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

Hints on drawing the electric field lines: 

 The electric field lines are perpendicular to the surface of the charged particle or object. 

 The do not cross or intersect with each. 

 They indicate the strength of the field. The closer they are to each other, the stronger the 

field strength.  

 The lines are merely a representation, they do not really exist. The electric field spreads 

everywhere around the charge, not only 2 dimensional as we drawn below.  

   

Positive charge Negative charge 

 

 
 

Two positive point charges: 

 
Two negative point charges 
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Positive and a negative point charges: 
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Two oppositely charged parallel plates 

 

 

4.1.3 The electric field between two parallel plates 

We have learned in grade 10 that the potential difference between two points is the work done per 
unit charge. 

𝑽 =
𝑾

𝑸
      (1) 

Work is done when the force displaces an object over a distance 𝑑. In our case when the positive 
test charge between the plates is moved through a distance d, electrostatic force does work on the 
charge. The work done (more on work done will be discussed in grade 12) on such a charge is define 
as  

𝑾 = 𝑭. 𝒅         (2) 

Substituting  (2) into (1) gives: 

𝑉 =
𝐹. 𝑑

𝑄
 

But we have already established that: 

𝐸 =
𝐹

𝑄
 

Therefore, we get that: 

𝑉 = 𝐸. 𝑑 

Therefore, the electric field between two charged parallel plates, having a potential difference𝑉, and 

are a distance 𝑑 apart is given by: 

𝐸 =
𝑉

𝑑
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From the equation above we can deduce that: 

The electric field strength between two charged parallel plates is: 

 Directly proportional to the potential difference across the plates given that the distance 

between the plates is kept constant 

 Inversely proportional to the distance between the plates, provided the potential 

difference across the plates is kept constant 

Example 6: Calculations and application of electric field strength formula 

Calculate the electric field strength between two charged parallel plates that have a 
potential difference of 3𝑉 and are 3𝑐𝑚 apart. Hence, calculate the force that the field will 
exert on a proton between the plates 

 ANALYSE 

Given:  𝑉 = 3𝑉  

𝑑 = 3𝑐𝑚 = 3 × 10−2𝑚 

Unknown: 𝐹 =? 

ensure all the variables are in their SI units 

 SOLVE 
𝐸 =

𝑉

𝑑
 

𝐸 =
3

0.03
 

𝐸 = 100𝑁. 𝐶−1 

The force that the proton will experience because of this 
field can be calculated from  

𝐸 =
𝐹

𝑞
 

Here the charge is the charge of the proton.  

𝑄 = +1.6 × 10−19𝐶 

𝐸 =
𝐹

𝑞
 

100 =
𝐹

1.6 × 10−19
 

∴ 𝐹 = 1.6 × 10−17𝑁, towards the negatively charged plate 
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Activity 3: Application of electric field strength 

1. Draw the following electric field diagrams: 

a. Surrounding a negative point charge 

b. Surrounding two positive point charges  

c. Surrounding two oppositely charged point charges 

2. Two parallel plates that are 2cm apart, and having a potential difference of 15V.  

a. Draw the electric field diagram of the two plates. 

b. Calculate the electric field between the two plates. 

c. If the distance between the plates is doubled, what will be the new field 

between the plates? (Don not do any calculations to answer this question) 

3. A distance between the parallel plates is varied at constant intervals, while 

keeping constant the potential difference. Draw a graph showing the variation 

between 𝐸 𝑎𝑛𝑑 𝑑. 

4. A distance of 32 mm separates the horizontal parallel plates A and B. B is at a 

potential of +1 000 V. 

 
a. Draw a sketch to show the electric field lines between the plates A 

and B. 

b. Calculate the magnitude of the electric field intensity (strength) 

between the plates.  

c. A tiny charged particle is stationary at S, 8 mm below plate A that is 

at zero electrical potential. It has a charge of 3.2 ×  10−12𝐶. 

i. State whether the charge on this particle is positive or 

negative. 

ii. Calculate the force due to the electric field on the charge. 

 

5. The electric force between two charged particles is 5.2𝑥10−4 𝑁 when the objects 
are 0.311 m apart.  What is the force between these objects if the distance changed 
to 0.404 m?  

 

 Three point charges are placed at the corner of a right angle triangle as shown. 
Calculate the magnitude of the net electric force on the object marked X due to the 
other two charges. 
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3 ELECTRIC CIRCUITS 

 

 

The study of electrical circuits is essential to understand the technology that uses electricity in the 

real-world. We rely on ELECTROSTATIC FORCE, electricity and electrical appliances to make many 

things possible in our daily lives. This became very clear when there was load shedding in the country 

when we could not use the kettle to boil water. We couldn’t use electric stove or oven; We couldn’t  

charge our cellphones nor watch a television. We were in the dark. In this chapter we will gain more 

insight about electric circuits, series and parallel combinations, and application of Ohm’s law.  

From grade 10 we have already established the following about resistors in series and in parallel: 

 

Resistance, Current and Potential 

Difference in Series Circuit 

Resistance, Current and Potential 

Difference in Parallel Circuit 

 

 
 

Effective/total Resistance:       R = R1 + R2 

The total resistance in a series circuit is 
worked out by calculating the sum of all the 
resistors in the circuit. 

Effective/total Resistance:   

1

𝑅𝑝
=

1

R1
+

1

R2
 

To calculate the total resistance of resistors 
connected in parallel, the equation above is 
used. The total resistance is always smaller 
than the smallest resistance in the circuit.  

For 2 resistors connected in parallel the 
following equation can also be used: 

𝑅𝑝 =
𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑠𝑢𝑚
 =

𝑅1 × 𝑅2

𝑅1 + 𝑅2
 

Current:        𝐼𝑇 = 𝐼1 + 𝐼2 

The current is the same anywhere in a series 
circuit. 

Current:          𝐼𝑇  =  𝐼1  +  𝐼2     

 Resistors in parallel are current dividers. 

Potential Difference:                 V = V1 + V2 

Resistors in series are voltage dividers. 

Potential Difference:      𝑉𝑇  =  𝑉1  =  𝑉2  =  𝑉3  

The potential difference across all resistors 
connected in parallel will always be the same. 
It will also be the same the potential difference 
across the whole parallel combination.  

3.1  Background 
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In grade 10 we defined the resistance as the opposition to the flow of electric current. We also 
learned that the unit to measure the resistance is Ohm (Ω). We have further seen that 1Ω = 1𝑉. 𝐴−1 

The slope of the graph in the practical activity 4 above, therefore represent the resistance.  

OHM’S LAW: 

Below is the summary of the results obtained in the experiment performed in the previous activity: 

 

From the results obtained above, one can therefore conclude that: 

 The current flowing through the conductor is directly proportional to the potential difference 

across the resistor.  

 𝑅 =
𝑉

𝐼
 

However, for the statement above to be true we must ascertain that the resistance of the conductor 
remains constant. To ensure this, we must ascertain that: 

 The length of the conductor remains constant 

 The thickness of the conductor remains constant  

 The material of which the conductor is made of remains unchanged 

3.2 Resistance 
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 The temperature of the conductor. 

The first three factors are almost always guaranteed. The one 
factor that needs to be closely monitored is the temperature of 
the conductor. Therefore, we can modify the statement initially 
drawn from the experimental results to be: 

 The current flowing through the conductor is directly 

proportional to the potential difference across the 

resistor, provided the temperature of the conductor 

remains constant. 

The statement above is named after the German Physicist and 
Mathematician, Georg Ohm. Using equipment of his own 
creation, Ohm found that there is a direct proportionality between 
the potential difference (voltage) applied across a conductor and 
the resultant electric current. This relationship is known as Ohm's 
law. 

Example 7: Ohm’s law 

Calculate the resistance of a resistor if potential difference across the terminals of the 

resistor is 6𝑉 and current passing through is 1.5𝐴. 

 ANALYSE 

Given:  𝐼 = 1.5𝐴 

𝑉 = 6𝑉 

Unknown: 𝑅 =? 

 SOLVE From Ohm’s Law we know that 

𝑅 =
𝑉

𝐼
 

∴ 𝑅 =
6

1.5
 

𝑅 = 4Ω 

Therefore, the resistance of such a resistor is 4Ω. 

Example 8: Ohm’s law 

What is the current flowing through the resistor, if the potential difference across that 

resistor is 4V and the resistance of the resistor is 10Ω? 

 ANALYSE 

Given:  𝑅 = 10Ω 
𝑉 = 4𝑉 

Unknown: 𝐼 =? 

 SOLVE From the Ohm’s Law equation: 

𝑅 =
𝑉

𝐼
 

10 =
4

𝐼
 

∴ 𝐼 = 0.4𝐴 

The current passing through such a resistor is 0.4𝐴 

 

https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Ohm%27s_law
https://en.wikipedia.org/wiki/Ohm%27s_law
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Activity 4: Ohm’s Law 

1. The learners were investigating the relationship between the potential difference 

across the resistor and the current passing through it. To this they added cells in 

series, starting with one cell. Before adding a new cell, a switch was closed and 

the voltmeter and ammeter reading were taken. 

Use the results below to answer the following questions: 

Number of cells 𝑉 (𝑉) 𝐼 (𝐴) 

1 3.0 0.375 

2 6.0 0.75 

3 9.0 1.125 

4 12.0 1.50 
 

 1.1 Plot the graph of 𝑉 𝑣𝑠 𝐼 

 1.2 Explain how you would use the graph you have drawn to determine resistance 
of the resistor. 

 1.3 Hence, determine the resistance. 

 1.4 From the graph, what conclusion can be drawn about the relationship 
between 𝑉 𝑎𝑛𝑑 𝐼? 

3. Calculate the resistance, if the potential difference across the resistor’s terminals 

is 3𝑉, and the current passing through it is 0.4𝐴. 

4.1 What is the potential difference across 10Ω resistor if the current passing through 

is the resistor 0.21𝐴? 

4.2 If the switch was on for 10𝑠, while taking the measurements, what is the energy 

delivered to the resistor. (𝑟𝑒𝑐𝑎𝑙𝑙 𝑡ℎ𝑎𝑡 𝑉 =
𝑊

𝑄
). 

 

2.3.3 Series and parallel network 

In grade 10 we looked at how to calculate effective resistances of series parallel circuits. At the 
beginning of this chapter we summarized those results as a reminder of what we did. The following 
examples will still require us to apply such principles to which parallel and series circuits adhere. 

Example 9: 

Study the circuit diagram below and answer the questions that follow next: Assume the battery 
has no internal resistance 
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A. Calculate the total resistance of the circuit. 

B. Calculate the reading on the ammeter 𝐴1 

C. What is the reading on the voltmeter 𝑉? 

D. Hence calculate the reading on the ammeter 𝐴2. 

E. If 𝑅2 burned out what would happen to the reading on the ammeter 𝐴1? 

 
Solution: 
 
By tracing the path followed by the conventional current, we can see where the current divides, 
thereby telling which resistors are in parallel. Below is the presentation of the flow of current in 
the circuit above: 

 
 

We clearly see that at the junction of 𝑅1 𝑎𝑛𝑑 𝑅2 the current divides. We can therefore deduce 
that 𝑅1 𝑎𝑛𝑑 𝑅2 are parallel. To simplify of problem, we can replace the resistors with one resistor 

𝑅12 which has the same effect as the two resistors. 
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Now our problem has been simplified. We can see that the current flowing through 𝑅12 is the 
total current. Since this is now the only resistor in the circuit, the potential difference measured 
by the voltmeter is the total external voltage.  
 

A. Since we only have two resistors connected in parallel, therefore, the total resistance 

is: 

𝑅𝑇 =
𝑅1𝑅2

𝑅1 + 𝑅2
 

𝑅𝑇 =
4 × 12

4 + 12
 

𝑅𝑇 = 3Ω 
 

B. From the sketches, it is clear that 𝐴1 measures the total current flowing in the circuit. 

Since we know the total voltage and the total resistance, we can easily calculate the 

total current: 

𝐼𝑇 =
𝑉𝑇

𝑅𝑇
 

𝐼𝑇 =
12

3
 

𝐼𝑇 = 4𝐴 
 

C. As discussed above, the voltmeter 𝑉 measures the total voltage of the circuit, since 

𝑅12 = 𝑅𝑇. Therefore, the reading on the voltmeter is 12𝑉 

 
D. We already know that the resistors in parallel have the same voltage. Therefore, 

potential difference across 𝑅1 is also 12𝑉. From Ohm’s law, we can easily calculate 

the current through 𝑅1, which will be reading on the ammeter 𝐴1. 

𝐼1 =
𝑉1

𝑅1
 

𝐼1 =
12

4
 

𝐼1 = 3𝐴 
 

E. If 𝑅2 burns, the total resistance of the circuit will increase. This will result in the total 

current, according Ohm’s law, decreasing. Therefore, the reading on 𝐴1 will decrease. 
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Example 2: 

Study the diagram below, the answer the question that follow. 

 
1. Calculate the following: 

a. 𝑅1 

b. The reading on A 

Solution: 
We are going to follow the same approach we used in the previous example. First trace 
the path of the current, thereby identifying the resistors that are parallel.  
 

 
From the diagram above, we can see that current dives at the 𝑅2 𝑎𝑛𝑑 𝑅3 junction. 
Therefore, the resistors are parallel to each other. This allows us to replace the two 
resistors with one resistor (𝑅23) which has the same effect as the two resistors.  

 
Now the sketch is simplified, we can answer the questions. 

A. We know the total current of the circuit, as well as the total voltage. We can 

therefore be able to calculate total resistance from which we will be able to 

calculate 𝑅1 
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𝑅𝑇 =
24

2
 

𝑅𝑇 = 12Ω 
But the three resistors, 𝑅1, 𝑅23 𝑎𝑛𝑑 𝑅4 are in series. So if we can calculate 𝑅23, the we 

can easily get 𝑅1. 

𝑅23 =
𝑅2𝑅3

𝑅2 + 𝑅3
 

𝑅23 =
15 × 10

15 + 10
 

𝑅23 = 6Ω 
 
Now for resistors in series we have: 

𝑅𝑇 = 𝑅1 + 𝑅23 + 𝑅4 
12 = 𝑅1 + 6 + 3 

∴ 𝑅1 = 3Ω 
B. Ammeter A, measures the current through 𝑅2. If we can find the potential 

difference of 𝑅23, then we ca solve the problem. 

For resistors in series current is the same as the total current. Therefore, we have: 
𝑉1 + 𝑉23 + 𝑉4 = 𝑉𝑇 

𝐼1𝑅1 + 𝑉23 + 𝐼4𝑅4 = 𝐼𝑇𝑅𝑇 
(2 × 3) + 𝑉23 + (2 × 3) = 24 

∴ 𝑉23 = 12𝑉 
 

∴ 𝐼1 =
𝑉23

𝑅2
 

𝐼2 =
12

15
 

𝐼2 = 0.8𝐴 
 

 

Ohmic and non-Ohmic conductors 

But what is deceptive about the Ohm’s Law equation? 

From the above experiment, it can be seen that resistance is defined by a deceptively simple 
relationship, which says that resistance is the ratio of potential difference across a circuit component 
and the current passing through it. This is so in spite of the fact that the actual resistance of materials 
does not depend on the potential difference across it, nor on the current through it. Resistance is an 
intrinsic property of material that only depends on the cross-sectional area and the length of the 
material.  

The second fact to note about Ohm’s law is that it is only valid for metallic conductors if the 
temperature of the conductors remains constant. You should recall from Grade 10 that we learned 
that when metallic conductors are heated, their resistance increases.  

Ohm’s law is also valid for the colour-coded ceramic resistors used in electronic equipment. 
Conductors that obey Ohm’s Law are referred to as Ohmic conductors and those that don’t are 
referred to as non-ohmic conductors. 
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Examples of ohmic conductors and non-ohmic conductors are given in the table below: 

Ohmic conductors Non-Ohmic conductors 

Copper Acid battery 

Nichrome  Semiconductors such as silicon and 
germanium  

Platinum  Ionized gases  

Carbon/graphite conductors Vacuum tubes  

The third point is the fact that when plotting the V versus I graph, we put the current readings on the 
horizontal axis, which gives a misleading impression that current in an electric circuit is an 
independent variable and gives rise to potential difference. The correct causal relationship between 
potential difference and current in an electric circuit is that potential difference gives rise to current 
and not the other way round. Current cannot flow through a conductor if potential difference does 
not exist between the ends of the conductor. The only reason why current and potential difference 
are plotted in this manner is to enable the calculation of the resistance from the gradient of the graph. 

 From the table above, it will be expected that the data for current and potential difference for listed 
examples of Ohmic conductors will give the same results as in the activity above. But how does the 
results for good conductors such as copper compare with that of semiconductors? We make this 
comparison in the next section.  

Activity    

1. Consider the circuit below and answer the questions that follow. The battery used 
has the negligible resistance. 

 
1.1 Calculate the effective resistance of the four resistors. 

1.2 What is the total current that flows in the circuit? 

1.3 Calculate the potential difference across the following resistors 

1.3.1 The 10Ω resistor 

1.3.2 The 35Ω resistor 

1.3.3 The 25Ω resistor 

1.3.4 The 20Ω resistor 
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2 In the circuit diagram below, the reading 𝑅1 = 5Ω, 𝑅2 = 10Ω, 𝑎𝑛𝑑 𝑅3 = 8Ω. The battery 
has a negligible resistance. When the switch is closed, calculate the following: 

 
2.1 The total resistance of the circuit. 

2.2 The reading on the ammeter 𝐴1 

2.3 The reading on 𝑉1 

2.4 The reading on 𝑉2 

2.5 The reading on 𝐴3 

2.6 The reading on 𝑉3 

2.7 The reading on 𝐴2 

 
3 Rank each of the following bulbs in each combination below in terms of their 

increasing brightness strength (that is, from the dimmest to the brightest). Assume 
that all the bulbs are identical. 

 
3.1  

 
3.2  
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3.3  

 
3.4  

 
4 .A group of learners conducted an experiment in which they wanted to determine the 

unknown resistance of a resistor. To achieve this, they set up an experiment add cells 
in series, while recording the voltmeter and ammeter readings. Below is the table 
summarising the results they obtained: 

 
Number of Cells V (V) I (A) 

𝑅 =
𝑉

𝐼
 (Ω)  

1 1.44 0.14  

2 2.88 0.29  

3 4.33 0.43  

a) Complete the table below by calculating R for each number of cells 

b) Calculate the average resistance 
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c) Plot the graph of V versus I 

d) Calculate the slope of the graph, and use the slope the determine the resistance 
of the resistor 

e) How does your answer to number b) compare to that of d) above? 

 

 

4.1 Do the calculations, and complete the table below: 

𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑅1 𝑅2 𝑅3 𝑅4 𝑅5 𝑇𝑜𝑡𝑎𝑙 
𝑉𝑜𝑙𝑡𝑎𝑔𝑒      9𝑉 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡       

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 2.2Ω 4.7Ω 4.7Ω 1Ω 3.3Ω  

  

 

5. ELECTROMAGNETIC INDUCTION 

The induced emf in a wire loop is proportion to the rate of change in magnetic flux through the look. 

Faraday law of induction  

= 𝜺 = −𝑵
∆𝝓𝑩

∆𝒕
  

 

EMF Induced in a moving Conductor 

𝜺 = −𝑵
∆𝛟

∆𝒕
=

∆

∆𝒕
=

𝑩∆𝝓𝑨

∆𝒕
=

𝑩𝒍𝒗∆𝒕

∆𝒕
= 

Velocity measurement of a conducting fluid (book flow) from an induced emf:   

Example 7: Ohm’s law 

Consider a flat square coil with N = 5 loops. The coil is 20 cm on each side, and has a 
magnetic field of 0.3 T passing through it. The plane of the coil is perpendicular to the 
magnetic field: the field points out of the page. 
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(a) If nothing is changed, what is the induced emf? 

There is only an induced emf when the magnetic flux changes, and while the change is taking place. 
If nothing changes, the induced emf is zero. 

(b) The magnetic field is increased uniformly from 0.3 T to 0.8 T in 1.0 seconds. While the change is 
taking place, what is the induced emf in the coil? 

Probably the most straight-forward way to approach this is to calculate the initial and final magnetic 
flux through the coil. 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑙𝑢𝑥: 𝜙𝑖 = 𝐵𝑖𝐴 = 0.3 × 0.22 = 0.012𝑇𝑚2 

𝐹𝑖𝑛𝑎𝑙 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑙𝑢𝑥: 𝜙𝑓 = 𝐵𝑓𝐴 = 0.8 × (0.2)2 = 0.032𝑇𝑚2 

The induced emf is then: 

𝜀 = −𝑁
∆𝜙

∆𝑡
= −

𝑁(𝜙𝑓 − 𝜙𝑖)

∆𝑡
=

−5(0.032 − 0.012)

0.1
= −0.1𝑉 

(c) While the magnetic field is changing, the emf induced in the coil causes a current to flow. Does 
the current flow clockwise or counter-clockwise around the coil? 

To answer this, apply Lenz's law, as well as the right-hand rule. While the magnetic field is being 
changed, the magnetic flux is being increased out of the page. According to Lenz's law, the emf 
induced in the loop by this changing flux produces a current that sets up a field opposing the change. 
The field set up by the current in the coil, then, points into the page, opposite to the direction of the 
increase in flux. To produce a field into the page, the current must flow clockwise around the loop. 
This can be found from the right hand rule. 

 

One way to apply the rule is this. Point the thumb on your right hand in the direction of the required 
field, into the page in this case. If you curl your fingers, they curl in the direction the current flows 
around the loop - clockwise. 
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Activity  

Complete the two (2) diagrams below for a bar magnet moving toward and away from each end of 
a coil. On each draw the following: 
 

 The direction of induced current, 𝐼𝑖𝑛𝑑 through the galvanometer 

 The direction of 𝐼𝑖𝑛𝑑 in the front of the coil 

 The direction of B on both poles of the magnet (labelled arrow) 

 The direction of 𝐵𝑖𝑛𝑑 on both ends of the coil (labelled arrow) 
 
Circles on the right indicating the direction of the bar magnet’s field, B whether the magnetic flux, is 
increasing or decreasing, the direction of the induced field, 𝐵𝑖𝑛𝑑 and the direction of current. 
 
The first diagram, with a south pole leaving the right side of the coil, is drawn for you. You should 
complete the other two. 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 


