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1.3 Vtotal = V1 + Vparallel      ✓ 

24 = 6 + Vparallel     ✓ 

Vparallel = 18 V ✓  

 
 
(3) 

1.4 𝐼 =
𝑄

𝑡
  ✓ 

𝐼 =
18𝐶

6𝑠
 ✓ 

I = 3 A ✓ 

 
 
 
(3) 

  
 
Worked example 2 
A battery is made of an unknown number of cells. Each of cells in the battery is labelled 3V. The battery is connected 
in a circuit as shown. Ignore the resistance of the battery and the wires. Initially switch S1 is open, and the voltmeter 
connected across the ends of the battery reads 24V. 
 

 
 
2.1 Does the reading of 24V represent emf or the terminal potential difference? Give a reason for your 

answer. 
(1) 

2.2 Determine the number of cells in the battery (1) 
                   When switch S1 is now closed, the ammeter A1 reads 2 A and V3 reads 20V.  
                   What will be the reading on  
2.3 2.3.1 V1 (1) 
 2.3.2 V2 (1) 
2.4 What will the reading on A2 be if 1,33 A of current flows through the 3 Ω resistor? (1) 
2.5 How many coulombs of charge flows through A1 in 1 second? (1) 
2.6 Calculate the total resistance in the circuit. (4) 
2.7 How long (in minutes) will it take 4 800J of electrical energy to flow though the 10 Ω resistor? (5) 
2.8 If switch S2 is now opened (while S1 remains closed) how will this affect the reading on V3? Explain. 

(Choose from INCREASES, DECREASES or REMAINS THE SAME) 
(4) 
 

   
SOLUTION  
Worked example 2 (1) 
2.1 Emf ✓ (1) 

2.2 8 cells ✓ (1) 

2.3.1 4V  ✓ (1) 

2.3.2 4V ✓ (1) 

2.4 0,67A ✓ (1) 

2.5 2 C ✓ (1) 

2.6 1

RP
=

1

R1
+

1

R2
+

1

R3
 ✓ 

1

RP
=

1

3
+

1

6
 ✓ 

Rp = 2 Ω ✓ 

 

 
 
 
 
(3) 
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2.7 𝑉 =
𝑊

𝑄
 ✓ 

20 =
4800

𝑄
 ✓ 

Q = 240 C ✓ 

Q = I∆t 

240 = 2∆t ✓ 

∆t = 120 seconds 

∆t = 2 minutes ✓ 

 
 
 
 
 
 
 
(5) 
 

2.8 • Decreases ✓ 

• total resistance will increase ✓ 

• causing total current to decrease✓ 

• which causes V3 to decrease since V3  I    ✓ 

 
 
 
(4) 

 
 

ACTIVITIES  
QUESTION   1 – MULTIPLE CHOICE TYPE QUESTIONS   
1.1 Which one of the following statements regarding conventional current is TRUE?  
 A The direction of current is the same as the direction of flow of electrons.  
 B The direction current is perpendicular to the direction of flow of electrons.  
 C The direction of current is opposite to the direction of flow of electrons.  
 D The direction of current is from positive to negative (2) 
    
1.2 Which one of the following is a unit of measurement of electric current?  
 A Volt   
 B Coulomb   
 C Ohm  
 D Ampere  (2) 
    
    
1.3 Two identical light bulbs are connected in parallel, as shown in the circuit diagram below. Voltmeters 

V1 and V2 are connected across each light bulb. 
 
 
 
 
 
 
 
 
 
 
 

 

   
 Which ONE of the following voltmeter readings is CORRECT?  
 A V1 = V2  
 B V1 = 2V2  

 C V1 = ½V2  
 D V1 = ¼V2 (2) 

 
1.4 Consider the circuit diagram below. 

 
 
 
 
 
 
 
 
 

 

  

 
How will the readings on ammeters A1, A2 and A3 compare with each other? 
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A A1 = A2 = A3 
 B A1 = A2 + A3  
 C (A2 + A3) > A1  
 D A2 < A3< A1 (2) 
    
STRUCTURED QUESTIONS  
QUESTION 2  
2.1 A learner connects a battery, a wire, a voltmeter, and an ammeter to form a circuit. 

The reading on the voltmeter is 4 V and the reading on the ammeter is 3 A. 
 

 2.1.1 How must the learner connect the ammeter in the circuit? (1) 

 2.1.2 How must the learner connect the voltmeter to measure the potential difference between 
the ends of the wire? 

(1) 

 2.1.3 Calculate the total resistance of the circuit. (3) 
2.2  Study the circuit diagram below.  
 

 

 

 2.2.1 Define the term resistance. (2) 
 2.2.2 Calculate the total resistance of the circuit. (3) 
   [10] 
QUESTION 3  
 Two IDENTICAL bulbs, M and N and devices A and V, are connected as shown in the circuit below. 

Switch S is initially open. 
 

 

 

 

3.1 Define the term emf. (2) 
3.2 Which physical quantity do the following devices measure when the switch is closed?  
 3.2.1 Device A (1) 
 3.2.2 Device V (1) 
3.3 Device V and component R are connected in the circuit as shown below.  
3.3 

 

 

 Switch s is now closed.  
 3.3.1 Define the term potential difference. (2) 
 3.3.2 Calculate the current flowing through the circuit if electric charge of 6 C passes through 

component A in 2 s. 
 
(3) 

 3.3.3 The potential difference across resistor R is 4 V when a charge of 6 C flows through it. 
Calculate the energy transferred in resistor R. 

 
(3) 

   [12] 
QUESTION 4  

 Consider the circuit diagram below.  
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 Switch S is OPEN.  

4.1 Write down the reading on the following:  
 4.1.1 Voltmeter (V1) (1) 

 4.1.2 Ammeter (A1) (1) 
 Switch S is now CLOSED.  

4.2 Calculate the:  
 4.2.1 Equivalent resistance of the circuit. (4) 
 4.2.2 Voltmeter reading on V2. (3) 
4.3 How do the readings on ammeters A2 and A3 compare with each other? (1) 
4.4 The graph below shows the relationship between the resistance and the length of the conducting 

wire. 
 

  
 

 
 

 

 4.4.1 Write down the relationship between the resistance and the length of the conducting wire. (1) 
 4.4.2 Use the graph to determine the resistance of wire with a length of 30 mm. (1) 
 
 

   

QUESTION 5 
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5.1 State Ohm’s law in words. (2) 

5.2 When ONLY switch S1 is closed, the current in the ammeter is 0,9 A.  

 5.2.1 Calculate the resistance of resistor X. (3) 

 5.2.2 Calculate the potential difference V1 across the 3 Ω resistor. (3) 

5.3  Switch S2 is now CLOSED as well. Calculate the: 
 

 5.3.1 Equivalent resistance of the parallel combination (3) 

 5.3.2 Total resistance of the circuit (2) 

 5.3.3 Total current in the circuit (3) 

 5.3.4 Current in the 6 Ω resistor (3) 

   [20] 

QUESTION 6  
 The following circuit consists of three resistors, an ammeter, a voltmeter and a 

switch. Study the circuit and answer the QUESTIONs. 

  
6.1 Define the term resistance. (2) 
6.2 Calculate the total resistance of the circuit. (4) 
6.3 If the battery can transfer a total of 120J of energy to 10C of charge, calculate the following:  
6.3.1 Voltmeter reading (3) 
6.3.2 The ammeter reading when 10C of charges passes through the ammeter in 5,18s. (3) 
  [12] 
QUESTION 7  
7.1 In the circuit diagram below, each cell has a voltage of 3V. 

 
Switch S, is initially open.  

7.1 Write down the readings on:  
7.1.1 V (1) 
7.1.2 V2 (1) 
7.2 Calculate the reading on the ammeter. (3) 
7.3 Determine the amount of charge passing through the 4Ω resistor in 6 minutes. (4) 
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7.4 Switch S is now closed.  
7.4.1 Define the term current. (2) 
7.4.2 Calculate the current flowing through the 12Ω resistor. (6) 
  [17] 
QUESTION 8  
 Consider the following series circuit that consists of a 12V battery, two resistors R1 (4Ω) and R2 

(2Ω), an ammeter, and voltmeters VT, V1 and V2 are connected across the battery and resistors. 

  
8.1 Calculate the total resistance of the circuit. (2) 
8.2 Calculate the current through the ammeter. (3) 
8.3 Calculate the reading on V1. (3) 
8.4 Calculate the reading on V2. (2) 
  [10] 
   
  
MATTER AND MATERIALS 

Matter and its classifications  
The Material(s) of Which an Object is Composed 

• Materials can be divided into mixtures and pure substances 

• Pure substances can be elements which consist of only one type of atom, or compounds which 

consist of more than one type of atom, bonded together in definite proportions. 

• Elements can be metals, metalloids or non-metals. 

• Metals are usually solids at room temperature.  They are shiny, malleable and ductile and are good 

conductors of heat and electricity. 

• Malleable substances can be hammered or pressed into shape without breaking or cracking. 

• Ductile substances can be stretched into a wire. 

• Non-metals are often gases at room temperature or soft or brittle elements. 

• They are insulators of both heat and electricity. 

• Metalloids have some properties of metals and some properties of non-metals. 

• Magnetic materials are attracted by magnets. The only three magnetic elements are:  iron, cobalt 

and nickel. 

• Brittle substances are hard but likely to break easily. 

• Density is the mass of a substance divided by its volume. Units are g.cm-3. 

• Boiling point of a substance is the temperature of a liquid at which its vapour pressure equals the 

external (atmospheric pressure). 

• Melting point is the temperature at which a solid, given sufficient heat, becomes a liquid. 

Pure Substances: Elements and Compounds 

• Pure substances can be either elements or compounds 

• Elements are pure substances which cannot be broken down into simpler substances by chemical 

methods. 

• A compound is defined as a pure substance consisting of two or more different elements. 

• Compounds contain more than one type of atom.   They can be broken down into simpler 

substances by chemical methods. 

 
  

Downloaded from Stanmorephysics.com



28 
 

 
 
Properties of Elements, Compounds and Mixtures 
 

Elements Compounds Mixture 
Consist of one kind of atom Composition is constant  

 
Composition can vary and 
consists of two or more 
elements or compounds 

   
 

 

  

  
Elements 

• Elements can be metals, non-metals or metalloids. 

• Scientists use symbols to represent elements. 

• Elements are made up of individual particles called atoms.  The atom is the basic unit of matter 

 

 

Compounds 

• When two or more elements react compounds are formed. 

• When carbon burns in oxygen for example, a compound called carbon dioxide is formed. 

• The properties of carbon dioxide are different from those of oxygen and carbon. 

• The formula of a compound tells us the elements which are found in that compound and the number 

of atoms of each element that are in each molecule or unit of the compound 

The following table gives examples of compounds with their formulae:  

Compound Formula Elements making up the 
compound 

Water  H2O Hydrogen; Oxygen 
Carbon dioxide CO2 Carbon, Oxygen 
Sodium nitrate NaNO3 Sodium, Nitrogen, 

Oxygen 
 

 
Metals, Metalloids and Non-metals 

• Substances can be classified as metals, metalloids and non-metals using their properties. 

• Metals are found on the left hand side of the Periodic Table. 

• Non-metals are found on the top right hand side of the Periodic Table 

• Metalloids have properties of metals and non-metals. 

• There are seven elements that are classified as metalloids on the Periodic Table and they are:  

boron, silicon, germanium, arsenic, antimony, tellurium and polonium. 

• Metalloids have increasing conductivity with increasing temperature (the reverse of metals), e.g. 

silicon. 

• Metals have a decreasing conductivity with an increase in temperature. 

Electrical Conductors, Semiconductors and Insulators 

• Electrical conductors are materials that allow the flow of charge.  
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• Semiconductors are substances that can conduct electricity under some conditions, but not others, 

making them a good medium for the control of electrical current. 

• Electrical insulator: is a material that prevents the flow of charge. 

• All materials fall under one of the following categories: electrical conductors, semiconductors or 

insulators. 

Thermal Conductors and Insulators 

• A thermal conductor is a material that allows heat to pass through easily, whilst a thermal insulator 

does not allow heat to pass through it. 

• The following materials are examples of thermal insulators:  Air, cork, wool rubber wood, 

polystyrene. 

• The following materials are examples of thermal conductors: silver, copper, aluminium, steel. 

State of matter and kinetic molecular theory 

• Matter consists of small particles. 

• Particles of matter are in a constant state of random motion called Brownian motion. 

• This random movement of microscopic particles suspended in a liquid or gas, caused by collisions 

between these particles and the molecules of the liquid or gas. 

• Particles collide (with the sides of the container and with each other) and exert pressure 

• Diffusion is the movement of atoms or molecules from an area of higher concentration to an area 

of lower concentration. 

• Matter exists in any one of the following three states i.e. liquids, solids and gases 

• The properties of the states are summarised in the following table: 

 
 Solids Liquids  Gases 

Forces Strong forces between 
the particles 

Forces between 
particles are weaker 
than in solids 

Virtually no forces 
between particles 

Space Small spaces between 
particles i.e. particle 
density is high  

Spaces between 
particles slightly 
larger than in solids 
i.e. particle density is 
lower  

Large spaces 
between particles 
i.e. particle density 
is very low 

Movement Particles vibrate in their 
fixed positions 

Particles move about 
more vigorously 

Particles move 
about at high 
speed. 

 

 

  

  

• Liquids and solids are called condensed states because particles are very close together. 

• Liquids and gases are called fluids because particles can move past one another. 

• Temperature is a measure of the average kinetic energy of a substance. 

• A phase change may occur when the energy of particles changes 

• Boiling point is the temperature at which the vapour pressure of a substance equals the atmospheric 

pressure 

• Freezing point is the temperature at which a liquid changes to a solid by the removal of heat. 

• Melting point is the temperature at which a solid, given sufficient heat, becomes a liquid. 

• Melting is the process during which a solid changes to a liquid by the application of heat. 

• Evaporation is the change of a liquid into a vapour at any temperature below the boiling point. 

• Evaporation takes place at the surface of a liquid, where molecules with the highest kinetic energy 

are able to escape. 

• When evaporation happens, the average kinetic energy of the liquid is lowered, and its temperature 

decreases. 

• Freezing is the process during which a liquid change to a solid by the removal of heat.  

Downloaded from Stanmorephysics.com



30 
 

• Sublimation is the process during which a solid changes directly into a gas without passing through 

an intermediate liquid phase. 

Condensation is the process during which a gas or vapour changes to a liquid, either by cooling or by being 

subjected to increased pressure. 
 

  
Atomic structure 

• When one or more electrons are removed from an atom, the atom becomes positively charged 

(cation). 

• When one or more electrons are added to an atom, it becomes negatively charged (anion). 

Isotopes 

• Isotopes are atoms of the same element having the same number of protons, but different numbers 

of neutrons. 

• Relative atomic mass is the mass of a particle on a scale where an atom of carbon-12 has a mass 

of 12. 

• The atomic number (Z) is the number of protons in the nucleus of an atom 

• The mass number (A) is the number of protons and neutrons in the nucleus of an atom 

•    The notation 
EA

Z  is used to represent an isotope of an element where E is the symbol of the 

element, Z is the atomic number and A is the mass number. 

Example: write down the EZ
A  notation of lithium  

Solution: Li3
7  

 

  
Electron configuration 

• The term electron configuration refers to the way that electrons are arranged around the nucleus. 

• Electrons move around the nucleus in specific energy areas that are called energy levels. 

• Atomic orbitals are the most probable regions in space where electrons that have the specific 

energy corresponding to the orbital are found. 

• The arrangement of electrons, neutrons and protons of Lithium are shown below.  
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• The following rules are used in order to distribute electrons into energy levels 

➢ Energy levels are filled from the lowest energy to the highest energy        (Aufbau Principle). 

➢ There can only be two electrons of opposite spin in any one orbital (this is called Pauli’s 

exclusion principle). 

➢ When there is more than one orbital of the same energy, each orbital must be filled singly 

before it can be occupied by two electrons (this is called Hund’s rule). 

• The electron configurations of a few elements are shown below: 

 Hydrogen (H):  1s1 

            Helium (He):  1s2 

            Oxygen (O): 1s2 2s2 2p4 

            Sodium (Na): 1s2 2s2 2p6 3s1 

 

Example: write down the sp notation for neon (Ne) 

Solution: (Ne) 1s2 2s2 2p6 
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The Periodic Table of elements 

The positions of the elements in the periodic table related to their electronic arrangements 

• The periodic table display the elements in order of increasing atomic number. 

• The periodic table shows how periodicity of the physical and chemical properties of the elements relates 

to atomic structure. 

• Groups are the vertical columns in the periodic table. 

• Some groups have names, e.g. alkali metals (group I), earth-alkaline metals (group 2), halogens (group 

17) and noble gases (group18). 

• Periods are the horizontal rows in the periodic table. 

• The position of an element in the periodic table is related to its electronic structure and vice versa. 

• Periodicity is the repetition of similar properties in chemical elements, as indicated by their positioning in 

the periodic table 

• Moving from Li to Ne, properties of elements in terms of atomic radius, ionisation energy, electron affinity 

and electronegativity are repeated from Na to Ar. 

• Atomic radius is the mean distance from the nucleus to the border of the outer orbital. 

• Ionisation energy is the energy needed per mole to remove an electron(s) from an atom in the gaseous 

phase 

• First ionisation energy is the energy needed per mole to remove the first electron from an atom in the 

gaseous phase. 

• Electron affinity is the energy released when an electron is attached to an atom or molecule to form a 

negative ion 

• Electronegativity is a measure of the tendency of an atom in a molecule to attract bonding electrons 

• Metals are found on the left-hand side of the periodic table 

• Non-metals are found on the right-hand side of the periodic table. 

• Group 1 elements are called alkali metals.  They form positive ions, and they react strongly with oxygen 

and water. 

• Group 2 elements are called alkaline-earth metals.  They form positive ions with a +2 charge, and they 

react with oxygen and water. 

• Group 1 oxides are soluble in water, but group 2 oxides are not. 

• Group 17 elements are called halogens.  They are the most reactive non-metals, and they form an ion 

with a charge of -1. 

• Group 18 elements are called noble gases, and they are unreactive. 

• In groups 1 and 2, chemical reactivity increases from top to bottom. 

• In group 17, chemical reactivity decreases from top to bottom. 

• Elements in the same group have the same number of electrons in their outer energy levels 

• Elements in the same period have their outer electrons in the same energy level 

 

 Across the period Down the group 
Atomic radius Decreases Increases 
Ionisation energy Increases Decreases 
Electron affinity Increases Decreases 
Electronegativity Increases Decreases 

 
Chemical bonding 

• Define a chemical bond as a mutual attraction between two atoms resulting from the simultaneous 

attraction between their nuclei and the outer electrons. 

•   There are three types of chemical bonding: 

Non-metal + non-metal = covalent bond 

Non-metal + metal = Ionic bond 

Metal +metal = metallic bond 

• The energy of the combined atoms is lower than that of the individual atoms resulting in higher stability. 

• A Lewis dot diagram is a structural formula in which valence electrons are represented by dots or crosses. 

It is also known as an electron dot formula, a Lewis formula, or an electron diagram. 

• The following are examples of Lewis structures of two elements: 
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Oxygen: 

 

Hydrogen: 
 

Covalent bonding 

• A covalent bond is the sharing of electrons between atoms to form molecules 

• A molecule is a group of two or more atoms that are covalently bonded and that functions as a unit. 

• In a Lewis dot diagram two dots between atoms represent a covalent bond. These two electrons are known 

as a bonding pair, whilst non-binding electron pairs are called lone pairs. 

• The formation of a covalent bond between two hydrogen atoms and one oxygen atom can be represented 

by means of Lewis structures as follows: 

 
             

• The bonding pair of electrons between each hydrogen atom and the oxygen atom, are share by 
hydrogen and oxygen. 

Ionic bonding 
• Ionic bonding is the transfer of electrons to form cations (positive ions) and anions (negative ions) 

that attract each other to form a formula-unit 
• The formation of an ionic bond between sodium and chlorine can be represented by means of Lewis 

structures as follows: 
 

 
• A formula-unit is the simplest empirical formula that represents the compound. 

• An ion is a charged particle made from an atom by the loss or gain of electrons 

• A crystal lattice is an orderly three-dimensional arrangement of particles (ions, molecules or atoms) in a 

solid structure. 

• In a crystal of sodium chloride each sodium ion is surrounded by six chloride ions to form a cubic structure. 

Each chloride ion is also surrounded by six sodium ions. 
 
 

Metallic bonding 

• Metallic bonding is the bond between positive ions and delocalised valence electrons in a metal. 

• Valence electrons or outer electrons are the electrons in the highest energy level of an atom in which there 

are electrons. 
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Worked Example: 1 (heating and cooling curve) 
1. The grade 10 learners conducted an experiment to investigate the effect of the increase in 

temperature on ethanol over a period of time at standard pressure.  

 

    

 
 
The graph below was drawn using the results obtained 

 
 

 
1.1 Define the term melting point. (2) 

1.2 Write down the value of standard pressure.  (1) 

1.3 Give the name of apparatus X.  (1) 

1.4 In what phase is ethanol at 0 °C?  (1) 

1.5 Explain, using the kinetic molecular theory, what is happening at section D. (3) 

1.6 Will water or ethanol boil first at standard pressure? Explain the answer. (3) 

 [11] 

Worked Example 1 solutions  
1.1 The temperature at which a solid, given sufficient heat, becomes a liquid. ✓✓ (2) 

1.2 1,013 x 105 Pa or 101,3 kPa or 1 atm or 1 bar or pressure at sea level ✓ (1) 

1.3 Thermometer ✓ (1) 

1.4 Liquid ✓ (1) 

1.5 • Temperature remains constant, phase change is taking place (liquid to gas). ✓ 

• All the heat absorbed is used to weaken the intermolecular forces. ✓ 

• Kinetic energy remains constant, but potential energy increases. ✓ 

 

 

 

Water bath  

Ethanol 

X 

Heat 

T
e

m
p

e
ra

tu
re

 (
°C

) 

 

Heating curve of ethanol 
 

Time (s) 
Ethanol 
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(3) 

1.6 • Ethanol will boil faster than water. ✓ 

• Ethanol boils at 78 °C and water boils at a higher temperature, 100 °C at standard 

pressure. ✓ 

• The water molecules need more energy to overcome the stronger forces. ✓ 

 

 

 

 

(3) 

   [12] 

Worked example 2 (Isotopes)  
2.1 Describe the difference between atomic mass and relative atomic mass. (2) 
2.2 The element potassium has three naturally occurring isotopes with the following abundance: 

93,26%=K39
 

0,2%=K40
 

6,57%=K41
 

Calculate the relative atomic mass of potassium. 

 

 

 

 

 

 

(4) 

 

2.3 

 

What is meant by an atomic orbital, and how does it differ from an orbit? 

 

(4) 

2.4 Naturally occurring neon has three isotopes with following abundance: 

90,48%=Ne20
 

0,233%=Nex
 

9,25%=Ne22
 

By means of a calculation, determine the mass number x, if the relative atomic mass of neon 

is 20,18 

 

 

 

 

 

 

(5) 

   
Worked Example 2 solutions  
2.1 Relative atomic mass is the mass of a particle on a scale where an atom of carbon-12 has a 

mass of 12g while atomic mass is the sum of the number of protons and neutrons in the 

atom. ✓✓ 

 

 

(2) 

2.2                        ✓                   ✓                   ✓           

𝑅𝐴𝑀 =
(39 × 93.26) + (40 × 0.2) + (41 × 6.57)

100
 

         = 39.15g ✓ 

 
 
 
(4) 

2.3 Atomic orbitals are the most probable regions in space where electrons that have the specific 

energy corresponding to the orbital are found✓✓ while an orbit is a fixed path along which 

electrons move around the atom’s nucleus. ✓✓ 

 

 

 

(4) 

2.4                       ✓                     ✓                     ✓ 

20.18 =
(20 × 90.48) + (𝑥 × 0.233) + (22 × 9.25)

100
 

         x = 21.03g ✓ 

 

 

 

(4) 

   
Matter and materials activities 

QUESTION 1: Multiple-choice QUESTIONs 

 

1.1 From which of these atoms in the ground state can a valence electron be removed using the 

least amount of energy? 

 

 A Nitrogen  
 B Oxygen  
 C Carbon  
 D Fluorine (2) 
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1.2 Which one of the following is an unreactive gas?  

 A O2  

 B He  

 C H2  

 D CO (2) 

    

1.3 Covalent bonding is the ...  

 A sharing of protons between atoms to form molecules.  

 B transfer of electrons to form cations and anions.  

 C sharing of electrons between atoms to form molecules.  

 D transfer of protons to form cations and anions. (2) 

    

1.4 A neutral atom of an element has an electron configuration of 1s22s22p5. 

In which group and period of the periodic table is this element located? 

 

 A Group II, Period 7  

 B Group V, Period 2  

 C Group VII, Period 2  

 D Group VII, Period 5 (2) 

    

1.5 Which of the following statements best describes the forces found in metallic lattices?  

 A Electrostatic forces between positive ions and electrons.  

 B Electrostatic forces between positive ions and negative ions.  

 C London forces between non-polar molecules.  

 D Hydrogen bonds between (2) 

    

1.6 Which one of the following statements about the trends down Group VII (lowest to highest 

atomic number) in the Periodic Table is correct? 

 

 A The atomic size increases  

 B The ionisation energy increases  

 C The non-metallic character increases  

 D The number of valence electrons (2) 

    

1.7 Consider the following elements:  

potassium (K); zinc (Zn); phosphorous (P); antimony (Sb); argon (Ar) 

 

Which of the following statements is true? 

 

 A All are metals.  

 B All are non-metals.  

 C All are chemically reactive.  

 D One is a metalloid (semi-conductor). (2) 

    

1.8 What is the percent by mass of oxygen in H2SO4?  

 A 16%  

 B 33%  

 C 65%  

 D 98% (2) 

    

1.9 The electron configuration of sodium ion (Na+) is:  

 A 1s22s22p6  

 B 1s22s22p63s1  

 C 1s22s22p63s2  

 D 1s22s22p63s23p6 (2) 

   [18] 
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QUESTION 2 
Consider the graph of the first ionisation energy and answer the QUESTIONs that follow. 

 
2.1 Define the term ionisation energy.  (2) 

2.2 State the general trend in ionisation energy from left to right across a period on the periodic 

table.  

 

(1) 

2.3 There is a drop in ionisation energy from beryllium to boron.  

 2.3.1 Write down the sp- notation for beryllium AND boron. (2) 

 2.3.2 Explain this drop in ionisation energy.  (2) 

2.4 Is the following statement TRUE or FALSE? If false, rewrite the statement correctly.  
The ionisation energy of noble gases is high because of the half- filled s- and p- orbitals.  

 

 

(2) 

2.5 Study the ionisation energy of the group (I) elements in the graph above and answer the 

QUESTIONs that follow. 

 

 2.5.1 Give the general name of the group (I) elements.  (1) 

 2.5.2 State the trend in the reactivity of elements in group (I).  (1) 

 2.5.2 Explain the reason for the trend in QUESTION 2.5.2 by using the graph of ionisation 

energy 

 

(2) 

   [13] 

    

QUESTION 3 

Grade 10 learners conducted an experiment to determine the heating curve of water by using crushed ice at 

standard pressure, as shown in the figure below 

 
3.1 define the boiling point            (2) 

3.2 Write down the name of an instrument labelled W (1) 

3.3 Explain why crushed ice was used instead of ice cubes? (2) 
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3.4 The graph below, not drawn into scale, shows the results obtained.  

    

 
 3.4.1 Write down the value represented by X (1) 

 3.4.2 Name the predominantly phase of this substance between t2 and t3. (1) 

 3.4.3 Write down the process taking place between t3 and t4. (1) 

 3.4.4 Explain increase in temperature between t2 and t3. (2) 

 3.4.5 How will the above graph be affected if a larger quantity of crushed ice was used? (2) 

   [12] 
QUESTION 4 

4.1 Calcium (Ca) reacts with Chlorine (Cl) to form Calcium Chloride.  

 4.1.1 Write down the number of electrons in Ca2+ ion. (1) 

 4.1.2 Draw the Aufbau diagram and provide the electron configuration (sp-notation) for 

chlorine. 

 

(3) 

 4.1.3 Identify the type of bond that forms when calcium and chlorine combine.  

(1) 

 4.1.4 Draw the Lewis structure for calcium chloride. (2) 

    

4.2 Copper (Cu) has two stable isotopes. Copper – 65 has percentage abundance of 25%. The 

relative atomic mass of copper is 63.5 amu. Determine the number of neutrons in the most 

abundant isotope of copper. 

 

 

 

(6) 

4.3 Write down the chemical formula for:  

 4.3.1 Magnesium oxide (2) 

 4.3.2 Ammonium dichromate (2) 

    

4.4 Write down the chemical name of Cu(NO3)2. (2) 

   [17] 

 

    
QUESTION 5  
Magnesium metal reacts readily with oxygen when it is burned in air.  

5.1 Write down a word equation for the reaction of magnesium with oxygen (3) 

5.2 Write down the chemical formula for the substance formed in QUESTION 6.1 (2) 

5.3 Write down the valence electron configuration for magnesium. (2) 

5.4 Write down the valence electron configuration for oxygen. (2) 

5.5 Write down the symbol for the cation formed when magnesium loses its valence electrons. (1) 

5.6 Write down the symbol for the anion formed when oxygen accepts two electrons into its 

valence shell 

(1) 

  [11] 
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PHYSICAL AND CHEMICAL CHANGE 
Physical change: No new substances are formed, mass, numbers of atoms and molecules are conserved 

• A change in the form of the substance but not the substance itself 
• In other words: a change in the property of matter but not a change in the matter itself 

Example of Physical Changes 
 
 

 
 

 

Chemical change: Involves change of materials into another, new materials with different properties and one or 
more than one substance formed 
Chemical change: Involves change of materials into another, new materials with different properties and one or 
more than one substance formed 

  

 

 

  Differences between physical and Chemical Change 
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 Water can undergo chemical and physical changes as shown below. 
 
CHEMICAL CHANGE 

 
 
PHYSICAL CHANGE 

 
 
 

 

Representing Chemical Change 
 

• Phases in a chemical reaction: (g) Gas; (s) Solid; (l) liquid; (aq) aqueous  
A typical aqueous solution involves ions dissolved in water. 
e.g. Na+ and Cl-  ions in water is referred to as Cl-(aq) and Na+(aq) 
 

• Word equations  
Sodium + water  sodium hydroxide + hydrogen  
  Reactants Products 
 

• Symbolic representation 
Na + H2O   NaOH + H2 
 

• Balancing the equation 
The number of atoms on the RHS should balance those on the LHS. 

  2Na +  2H2O      →     2NaOH  +  H2 
 
Law of conservation of matter 

In a chemical reaction, the sum of the mass of the reactants equal the sum of the mass of the products. Total mass 

of reactants = total mass of products. 

This can also be expressed as "Matter is neither created nor destroyed in a chemical reaction." 

Another name for the "law of indestructible of matter" is the law of conservation of mass. 

Worked example: Verify the law of conservation of mass in a reaction between Nitrogen reacting 

with Hydrogen to form Ammonia solutions. 

Answer:  
The reaction must be balanced. 
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Total relative mass before and after the reaction: 
 
Pb(NO3)2(aq) + 2NaI(aq) PbI2(s) + 2NaNO3(aq)  
331,2 + (2 x 149,9)       461,0 + (2 x 85) 
 631,0      631,0 
 
The mass of the reactants is equal to the mass of the products. 
Matter (in this case atoms) are neither created nor destroyed but they are simply combined or arranged differently. 

Mass of reactants = mass of products. 

The law of Constant Composition 

 

 

 

No matter how a chemical compound is prepared, it always contains the same elements in the same ratio. 

Synthesis- means to make something or build 

Decomposition- means to break something down 
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS  
Four options are provided as possible answers to the following QUESTIONs. Each QUESTION has only 

ONE correct answer. 

 

   

1.1 A physical change is a change in which...  

 A New chemical substances are formed  

 B Mass and atoms are conserved; number of molecules is not  

 C Mass, numbers of atoms and molecules are conserved  

 D A large amount of energy is absorbed or released (2) 

    

1.2 Which one of the following is an indication that a chemical change is taking place?  

 A Salt dissolves in water and becomes invisible.  

 B Chocolate is heated until it melts.  

 C The temperature remains constant during the change.  

 D A gas is released while the change is occurring (2) 

    

1.3 Which ONE of the following is true for a physical change?  

 A 2Hg + O2  →  HgO  

 B 2Hg + 2O2 → 4 HgO  

 C Hg + O2  → HgO  

 D 2Hg  + O2 → 2HgO (2) 

    

1.4 The law of constant composition states that:  

 A Molecules combine in a specific ratio in any chemical reaction.  

 B Atoms combine in a fixed ratio to form a specific compound.  

 C Atoms combine in a specific mass ratio when they react.  

 D The number of molecules in a specific reaction is conserved. (2) 

    

1.5 The law of conservation of mass states that  

 A the mass of the reactants is equal to the mass of the products.  

 B the number of molecules of reactants is equal to the number of molecules of  

 C the number of atoms of reactants is equal to the number of atoms in the      products.  

 D the number of atoms of each element in the reactants is equal to the number of 

atoms of each element in the product. (2) 

1.6 What are the missing coefficients for the following equation? 
Al(SO4)3(aq) +  KOH(aq) → Al(OH)3(aq) +  K2SO4(aq) 

 

 A 1, 3, 2, 3  

 B 2, 12, 4, 6  

 C 4, 6, 2, 3  

 D 1, 6, 2, 3 (2) 

 [12] 
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QUESTION 2  
2.1 Study the illustration below and answer the QUESTIONs that follow.  
 

 
 2.1.1 Is process A showing a physical or chemical change? (1) 

 2.1.2 Give 2 reasons for the answer to QUESTION 2.1.1. (2) 

 2.1.3 Is process B showing a physical or chemical change? (1) 

 2.1.4 Is process C showing a physical or chemical change? (1) 

 2.1.5 Give a reason for the answer to QUESTION 2.1.4 (1) 

    

2.2 A chemical reaction is carried out in the laboratory. The chemical equation for the reaction is 

AgNO3  +   KI  →   AgI  +  KNO3 

What mass of silver nitrate reacts completely with potassium iodide, when 16,6 g of KI reacts 

to form 23,5 g of AgI and 10,1 g of KNO3? 

 (3) 

2.3 Consider the following chemical reaction: 

  4NH3  +  5O2  →  4NO + 6H2O  

 2.3.1 Show, by using relative atomic masses that mass is conserved during the reaction (7) 

 2.3.2 Show by using relative atomic masses that mass is conserved during the reaction (7) 

2.4 Explain why the number of molecules is not conserved during a chemical change (3) 

   [26] 
QUESTION 3 
3.1 Sulfur consists of S8 molecules. Describe the rearrangement of molecules that occurs in each 

of the following changes:  

    

 3.1.1 sulfur is heated until it melts. (3) 

 3.1.2 liquid sulfur is heated until it boils. (4) 

   

3.2 For each of the changes mentioned in QUESTION 4, state whether a physical or 

chemical change is happening (2) 

3.3 Compare the energy required to bring about these changes with the energy needed to break 

the covalent bonds between sulphur atoms in S8 molecules. Explain your answer (4) 

  [13] 

QUESTION 4 
Balance the following reactions and describe each reactions whether is synthesis or decomposition  

   

4.1 2Na  +Cℓ2  →  2NaCℓ (2) 

4.2 KClO3 → KCl +  O2 (2) 

   [4] 
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QUANTITATIVE ASPECTS OF CHEMICAL CHANGE 

 knowledge base: 

• Writing chemical formula 

• Calculation of Relative Formula Mass 

• Balancing chemical equations 

 

 

Atomic mass and the mole concept  

• one mole refers to the amount of substance having the same number of particles as there are 

atoms in 12 g carbon-12.  

• Relative atomic mass (RAM) is the mass of a particle on a scale where an atom of carbon-12 has 

a mass of 12  

 

This is the number of particles (atoms, molecules, formula units) present in one mole of a substance. 

(𝑵𝑨 = 6,02 x 1023 𝐦𝐨𝐥−𝟏)  

Converting a given number of particles of a substance to moles: 𝒏 =  
𝑵

𝑵𝑨
 

n:  number of moles  

N:  number of particles (atoms, molecules, formula-units) 

𝐍𝐀:  Avogadro’s Number 

 

 

Worked examples   
1. Determine the number of moles of H2O in 1,806 x 1024 molecules of water.  
  Solution:  n = 

N

NA
 

  n = 
1,806 × 10

24

6,02 × 10
23  = 3 mol 

 

 

2. Calculate the total number of atoms in 0,5 moles of CO2.  
 Solution: 

 Number of CO2 molecules: = n x NA = 0,5 x 6,02x1023 = 3,01 x 1023. 

 BUT each CO2 has 1 Carbon atom and 2 Oxygen atoms 

 Number of C atoms = 1 x 3,01x1023 = 3,01x1023 atoms 

 Number of O atoms = 2 x 3,01x1023 = 6,02x1023 atoms 

 Total number of atoms = 3,01x1023 + 6,02x1023 = 9,03x1023 atoms 

     OR 

 Total number of atoms = 3 x 3,01x1023 = 9,03x1023 atoms 

 

                             1 C atom + 2 O atoms 

 Molar mass: The mass of one mole of a substance measured in gmol-1 

                    Formula :  n = 
m

M
   

                       n: number of moles of a substance in moles (mol) 

                       m: mass of substance in grams(g) 

            M: molar mass of substance in grams per mole (g ∙ mol− 1) 

 

 Calculating the molar mass  
 The molar mass is calculated using the atomic mass numbers in the periodic table  

Example  

 

M(Ne)=  20  g ∙ mol− 1 

M(NaCl) = 23+35,5 = 58,5 g ∙ mol− 1 
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Worked Examples  
 Calculate the Molar mass of each of the following   

1. Copper (Cu) 

2. Oxygen gas (O2) 

3. Carbon dioxide gas (CO2) 

4. Sulphuric acid (H2SO4) 

5. Sucrose (C12H22O11) 

6. Copper Sulphate crystals (CuSO4.5H2O) 

 

 

 Solutions   
 1. Cu = 63,5 g ∙ mol− 1  
 2. O2 2(16) = 32 g ∙ mol− 1  
 3. CO2 12 + 2(16) = 44 g ∙ mol− 1  
 4. H2SO4 2(1)+32+4(16) = 92 g ∙ mol− 1  
 5. C12H22O11 12(12)+22(1)+11(16) = 342 g ∙ mol− 1  
 6    CuSO4.5H2O 63,5 +32+4(16) + 5[ 2(1)+16)] = 249,5 g ∙

mol− 1 

 

 7.   Mg3(PO4)2 3(24)+[ 31+4(16)]2 = 262 g ∙ mol− 1  
    
   
 NB*    (1) In CuSO4.5H2O , the dot(.) does not mean multiplication. It means addition.  

          (2 ) In Mg3(PO4)2  the “2” outside the bracket is ONLY used to find the number of each 

atom within the bracket. 

 

 Relationship between number of moles (n), mass (m) and molar mass(M) 

Formula: n = 
m

M
     

n: number of moles 

m: mass in g 

M: molar mass in g.mol−1 (obtained by adding the atomic masses (A) of each element from periodic 

table) 

 

Mass conversions  

1000 mg = 1 g  

1000g = 1 kg  

 Example   

840 mg = 840 ÷ 1000  

             = 0,84 g 

1,5 Kg = 1,5 × 1000 

= 1500 g 

 

   
 Worked Example 1 

1. Calculate the number of moles of water in 100 g of water 

Solution 

Chemical formula of water is H2O  

                                                Mr(H2O)  =  2(1)+16 = 18 g ∙ mol− 1 

                      𝑛 =
𝑚

𝑀
 = 100

18
= 5,56 𝑚𝑜𝑙 

Worked Example 2 
1. What is the molar mass of a substance if 5 moles of the substance have a mass of 295, 

5 g? 

Solution  

𝑛 =
𝑚

𝑀
 

                   5 =  
295,5

𝑀
       (Cross multiply and let M be the subject of the formula) 
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       M = 
295

5
  = 58, 5 g ∙ mol− 1 

 
Worked Example 3 
Calculate the mass of 0,2 mol of NH3  

 

             n = 
𝑚

𝑀
    

             0,2 = 
𝑚

17
 

             m = 3,4 g 

 
.   
Molar Volume of Gases 

 
 Avogadro’s Law: One mole of any gas occupies the same volume at the same temperature and 

pressure 
 

 

  

 

   
 We refer to the volume of 1 mole of a gas as the Molar Volume (Vm). 

Therefore, the Molar Volume of a gas depends on the Temperature and Pressure. 

 

Standard Temperature and Pressure (STP) 

Standard Temperature: 273 K or 0oC 

Standard Pressure: 1atm or 101,3 kPa 

The Molar Volume (Vm) of any gas at STP is 22,4 dm3. 

 

Note: If the temperature is not 273 K or pressure is not 101,3 kPa, the Vm cannot be taken as 22,4 

dm3. 

 

The volume of a gas at STP can be obtained from the Molar Volume using the formula below: 

 

𝑉 = 𝑛 ×  𝑉𝑚 = n x 22,4 (Gases at STP ONLY) 

  

V: volume of the gas in dm3 

n: number of moles of the gas. 

Vm: Molar Volume of the gas in dm3   

 

Worked Example 1 

Determine the volume of 2 moles of Oxygen gas at STP 

 

Solution: 

V = n x Vm = 2 x 22.4 = 44.8 dm3 

 

The Volume of the gas sample (V) must always be measured in 

           dm3  ( 1 dm3  = 1000 cm3 = dm3 1000ml = 1 litre ) 

           1 Litre = 1 dm3  
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Worked Example 2 

1. Determine the volume of 0,2 moles of H2 at STP. 

2. Determine the mass of 60 cm3 of NH3 at STP.       

Solutions 

1. 𝑛 =
𝑉

𝑉𝑚
 = 0,2 × 22.4 = 0,448 dm3 

2. [convert units first] 

V=60/1000 =0.06dm3 

𝑛 =
𝑉

𝑉𝑚
=

0.06

22.4
= 0.0027 𝑚𝑜𝑙 

𝑛 =
𝑚

𝑀
 

𝑚 = 0.0027 × 17.03 = 0.046𝑔 

   
Concentration  

Concentration is defined as the number of moles of solute per cubic decimetre of solution. 

 

Concentration is calculated using one of the following formulae: 

 

c = 
n

V
    ……(1)  c = 

m

MV
   ……(2) 

 

c: concentration in mol.dm-3  

n: number of moles of solute. 

m: mass of solute in g 

M: molar mass of solute in 𝐠 ∙ 𝐦𝐨𝐥− 𝟏 

V: final volume of solution in dm3 

 

Formula 1 above is useful when working with concentration and number of moles. 

Formula 2 above is useful when working with mass and concentration. 

 

Common volume conversions: 

    1 m3 = 1000 dm3 

    1 dm3 =1000 cm3           

    1 litre = 1dm3 

    1000 ml = 1000 cm3 = 1dm3 (convert ml or cm3 to dm3 by dividing by 1000) 

   
Worked Example   
1 Calculate the concentration of 2 mol of HCl dissolved in a volume of 5 dm3 of water. 

  

Solution: 

c = 
n

V
 

 

c = 
2

5
  = 0.4 mol·dm-3 

 

   
2. 32g of ammonium nitrate (NH4NO3) is added to sufficient water to obtain a 250 cm3 solution. 

Calculate the concentration of the solution. 

 

Solution: 

M(NH4NO3) = 14 + 4x1 + 14 + 3x16 = 80 g ∙ mol− 1  

c = 
m

MV
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𝑐 =  
32

80×0.25
  = 1.6 mol.dm-3 

   
Percentage Composition  

This is the mass of each atom present in a compound expressed as a percentage of the total mass of 

the compound. (Note: Remember to take into account the number of times the atom appears in 

the compound). 

 

𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝑪𝒐𝒎𝒑𝒐𝒔𝒊𝒕𝒊𝒐𝒏 𝒐𝒇 𝑨𝒕𝒐𝒎 =  
𝑨𝒕𝒐𝒎𝒊𝒄 𝑴𝒂𝒔𝒔 𝒐𝒇 𝑨𝒕𝒐𝒎𝒔

𝑴𝒐𝒍𝒂𝒓 𝑴𝒂𝒔𝒔 𝒐𝒇 𝑪𝒐𝒎𝒑𝒐𝒖𝒏𝒅 
× 𝟏𝟎𝟎 

 
 Worked Example  
 Find the percentage composition of each atom in Na2SO4. 

 
Solution: 
M(Na2SO4) = 2(23) + 1(32) + 4(16) = 142 g ∙ mol− 1 

%𝑁𝑎 =  
23 × 2

142
× 100 =  32.39% 

%𝑆 =  
32

142
× 100 =  22.54% 

%𝑂 =  
16 × 4

142
× 100 =  45.07% 

(Note: The sum of the percentage of all atoms in the compound is 100) 

 

 

 Worked example 2   
 Determine the percentage composition of water (H2O) in hydrated copper sulphate CuSO4.5H2O  

Solution  

M (CuSO4.5H2O) = 63,5+32+4(16)+ 5(18)  

                              = 249,5 g ∙ mol− 1 

% H2O =  
90

249,5
 × 100 

            = 36,07% 

 

 

 Empirical formula  

 It is the simplest whole number ratio of atoms in a compound  

Steps to determine the Empirical formula from percentage composition 

Step 1: Take 100 g of the substance, so that the mass of each element is the given percentage.   

Step 2: Calculate the number of moles using the formula 𝑛 = 
𝑚

𝑀
 

Step 3: Determine the simplest ratio by dividing the number of moles of each element by the 

smallest number from step 2. If all values are not whole numbers, multiply throughout by a 

suitable constant to obtain whole numbers. 

Step 4: Write the empirical formula. 

 

    

 Worked Example   

 An organic acid made up Carbon(C), hydrogen(H), and oxygen(O) only has the following 

percentage composition by mass.  Determine the empirical formula of the compound 

 

 
 

Element  Percentage Composition  

Carbon(C) 48,65% 

Hydrogen(H) 8,11% 

Oxygen(O) 43,24% 
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Solution 

 
Element 

Mass 

100(g) 
n = 

𝑚

𝑀
 Simplest ratio  Simplest ratio x 2 

C 46,65 
48,65

12
 = 4,05  

3,8875

2,7025
= 1,5 1,5 (× 2 ) = 3 

H 8,11 
8,11

1
 = 8,11 

8,11

2,7025
= 3,0 3,0  (× 2 ) = 6 

O 43,24 
43,24

16
 = 2,7 

2,7025

2,7025
= 1            (1  ×   2 ) = 2 

 

 

  

Empirical formula C3H6O2 

 

 

 Example 2  

 An unknown organic compound, with a perfume like smell has a 

formula of CxHyOz. The molar mass of this compound is 88 gmol− 1 

 

 

 A  2 g sample of this compound contains 1,09 g carbon and 0,18 g hydrogen   

 1. Calculate the mass of oxygen in the sample  

2. Determine the empirical formula for the compound  

3. Determine the molecular formula for the compound 

 

 

 Solution  

 1. Mass of oxygen  = 2 – ( 1,09+ 0,18) 

                           =  0,73 g  

 

 

 2.  

Element  Mass in (g) n = 
𝑚

𝑀
 Simplest ratio  

C 1,09 
1,09

12
 = 0,0908 

0,0908

0,04563
 = 2 

H 0,18 
0,18

1
= 0,18 

0,04563

0,18
= 4 

O 0,73 
0,73

16
 = 0,04563 

0,04563

0,04563
=1 

 

 

 The empirical formula is C2H4O  

   

 3. n = 
𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 

𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑚𝑜𝑙𝑎𝑟 𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 
 

 

n is an integer that is used to multiply the number of atoms in the empirical formula to get 

the molecular formula  

 

    n = 
88

44
 = 2  

 

           therefore, the molecular formula is C4H8O2 

 

 

Hydrated salts 

Water of crystallisation:  water that is stoichiometrically bound into a crystal, e.g. the H2O in CuSO4·5H2O. 

   

Worked Example 1 

 The experimental setup below is used to dry 10 g of blue hydrated copper (II) sulphate crystals, 

CuSO4.xH2O, to form 6,4 g of anhydrous salt. 
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 Determine the number of moles of  x, of waters of crystallization  

 Solution:  

CuSO4.xH2O  →  CuSO4  +  xH2O  

m( CuSO4∙x H2O) = 10 g  

m( CuSO4) = 6,4 g 

m( xH2O) = 10 – 6,4  

                = 3,6g  

 

n( H2O) = 
𝑚

𝑀 
 

              = 
3,6

18
 

              = 0,2 mol  

n( CuSO4) = 
𝑚

𝑀
 

                  = 
6,4

159
 

                   = 0,04 mol  

 

Simplest mol ratio  

CuSO4 : H2O 

 0,04 : 0,2  

       1: 5  

∴ x = 5  

 

 

  

 

BASIC STOICHIOMETRIC CALCULATIONS 

 

    

 Stoichiometric Calculations 
 
1. Ensure that the chemical equation is balanced. 
 
2. Identify the substances for which information is given. Use the given information to calculate the 

number of moles of this component, 
 
3. Use the ratio from the balanced equation to calculate the number of  moles of the substance 

that you are required to calculate. 
 3.1 Apply the ratio to the number of moles regardless of the phases. 

3.2 ONLY when comparing 2 gases, can we take the ratio of the moles to be the ratio of the 
volume. 

3.3 DO NOT apply the stoichiometric coefficients (balancing numbers) as a ratio of masses. 
This ratio is strictly for the ratio of the moles. 

 
4. Use that number of moles calculated from the ratio to calculate the required quantity. 
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Worked example   

   

  
50 g Nitrogen (N2) is added to Hydrogen (H2) to form Ammonia (NH3).  
 
The balanced chemical equation for the reaction is: 
 
                𝑁2(𝑔) + 3𝐻2(𝑔) → 2𝑁𝐻3(𝑔) 

 
Determine: 

       1. The mass of NH3 formed. 
       2. The number of NH3 molecules formed. 
       3. The volume of H2 required at STP. 
 
Solution: 
 
1. Since the mass of N2 is given, first calculate the n(N2). 

     𝑛(𝑁2) =  
𝑚

𝑀
  

     =  
50

2×14
 = 1,79 moles 

 
Apply the mole ratio from the balanced reaction to the given information and the required 
information. 
 
        Given Info  N2      : NH3                 Required Info 
         1        :  2                 Stoichiometric coefficients (ratio) 
                                                 
                                     1,79     :  x 
                                      x = 2x1,79 =  3,58 moles of NH3 
 
Use the number of moles of NH3 to calculate the mass. 
m (NH3) = n x M = 3,58 x (14+3) = 60,86 g 
 
 
2. number of NH3 molecules = n x NA  
                                              = 3,58 x 6,02x1023 = 2,16 x 1024 molecules 
 
3.       Given Info       N2     : H2               Required Info 
                1      :  3                Stoichiometric coefficients (ratio) 
                                             1,79    :x 
   x = 3x1,79 =  5,37 moles of H2 
 
Since we are working at STP: Vm = 22,4 dm3 
 
V (H2) = n x Vm = 5,37 x 22,4  = 120,29 dm3 
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Percentage Yield 
 

• Using stoichiometric calculations, we can predict the amount of product we expect to obtain. 
This amount is known as the theoretical yield. 

• The actual amount obtained may not be the same as the theoretical yield. This amount is 
known as the actual yield. 

• The actual yield may be as calculated as a percentage of the theoretical yield. This is known 
as the percentage yield. 

 

% 𝒀𝒊𝒆𝒍𝒅 =  
𝑨𝒄𝒕𝒖𝒂𝒍 𝒀𝒊𝒆𝒍𝒅 

𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒀𝒊𝒆𝒍𝒅
 × 𝟏𝟎𝟎 

 
 
Worked Example 
A learner reacts 12g of Mg with excess oxygen to obtain 15g of MgO , 
Calculate the percentage yield of MgO 
Step 1 : Calculate the number of moles of Mg 

𝑛 =
𝑚

𝑀
  =

12

24
=0.5 mol 

Step 2 : Use mole ratio from the balanced equation 
2Mg :2 MgO 
Ratio 1:1 
So n(MgO) = 0.5 mol 
Step 3 convert moles MgO to mass (theoretical yield) 
 M  =n×M 
  m(MgO) =0,5 ×40= 20g (theoretical yield: what you should get) 

Percentage yield 
15

20
× 100 = 75% 

 

 

   

ACTIVITIES : QUESTION 1  

1.1 Which ONE of the following expressions is correct for the percentage nitrogen (N) in Calcium 

Nitrate, Ca(NO3)2? 

  

 A 

 

 

B 

 

 

C 

 

 

D 

14

164
 ×100 

 

28

164
 ×100 

 

14

102
 ×100 

 

28

102
 ×100 

 
 

 

 

 

 

 

 

 

 

(2) 

 

1.2 

 

Consider the balanced chemical equation below: 

                             N2(g)  +  3H2(g)   →  2NH3(g) 

What volume of NH3(g) will be produced when 2 dm3 of N2(g) reacts completely with excess 

H2(g) at STP? 

  

 

 

 

 

 

A 

B 

C 

D 

2 dm3 

4 dm3 

22,4 dm3 

44,8 dm3 

  

 

 

(2) 

 

1.3 Which ONE of the samples of gases below will have the largest number of molecules if the 

mass of each of the samples is the same? 
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A 

 

B 

 

C 

 

D 

 

 
H2O 

 

N2 

 

CO2 

 

Cl2 

  

 

 

 

 

 

 

(2) 

 

1.4. 

 

Which one of the following numbers is equal to Avogadro’s number 

  

  A Number of atoms in one mole of H2O   

 B Number of atoms in one mole of Cl2   

 C Number of atoms in 2 moles in Cl2   

 D Number of atoms in 0.5 moles of N2  (2) 

1.5 If each of the sample of gases below has a mass of 20g , Which sample has the greatest 

number of moles ? 

  

 A NH3   

 B N2   

 C H2   

 D CO2  (2) 

    [10] 

LONG QUESTIONS   

QUESTION 2 (Concentration and Stoichiometry)   

2.1 Magnesium nitride (Mg3N2) reacts with hydrochloric acid (HCl) according to the balanced 

equation below: 

Mg3N2(s)+ 6HCl(aq)  →  3MgCl2(aq) + 2NH3(g) 

 

In one such reaction a learner completely reacts 10 g magnesium nitride (Mg3N2) with 1,2 

dm3 hydrochloric acid (HCl) at standard temperature and pressure (STP). 

 

  

 2.1.1. Define the term concentration in words.  (2) 

 2.1.2 Calculate the number of moles of Mg3N2 that reacted.  (3) 

2.2. Determine the :   

 2.2.1. Concentration of HCl  (4) 

 2.2.2 Volume of NH3 gas (in dm3) that formed at STP  (4) 

 2.2.3 Number of chloride ions (Cl-) present in the MgCl2 produced  (4) 

   [17] 

QUESTION 3   

3.1 Iron(III) oxide (Fe2O3) reacts with carbon monoxide (CO) as represented in the balanced 

equation below: 

 

                           3Fe2O3(s) +  CO(g) → 2Fe3O4(s) + CO2(g) 

In one such reaction, 1,2 kg iron(III) oxide reacts with excess carbon monoxide at standard 

temperature and standard pressure (STP) 
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 3.1.1 Define the term molar mass in words.  (2) 

 

 

 

3.2 Calculate the:   

 3.2.1 Number of moles of Fe2O3 reacted.  (3) 

 3.2.2 Number of Fe3O4 formula units formed.  (4) 

 3.2.3. Volume of CO (in dm3) required to completely react with the 1,2 kg Fe2O3.  (4) 

 3.2.4 Calculate the percentage composition of Fe in Fe2O3  (2) 

   [15] 

QUESTION 4 Empirical formula   

4.1 An organic acid made up of carbon (C), hydrogen (H) and oxygen (O) only has the following 

percentage composition by mass: 

 

 
 
 
 
 

 

Element Percentage Composition 

Carbon (C) 48,65% 

Hydrogen (H) 8,11% 

Oxygen (O) 43,24% 

  

 4.1.1 Define the term empirical formula in words.  (2) 

 4.1.2 Determine the empirical formula of this compound.  (6) 

4.2. A compound is made up of Sodium (Na), Phosphorus (P) and Oxygen (O) only. A 10 g 

sample of this compound consists of 4,21 g Sodium (Na) and 1,89 g Phosphorus (P). 

Determine the empirical formula of this compound. 

 (6) 

4.3 15,75 g of hydrated oxalic acid, H2C2O4.xH2O is dissolved in water to make a  250 cm3 

solution of concentration 0,5 mol.dm-3. 

  

 4.3.1. Calculate the molar mass of H2C2O4.xH2O  (3) 

 4.3.2 Determine “x”, the number of moles of water of crystallization.  (3) 

    [20] 

Complex Stoichiometric Calculations   

QUESTION 5 : Percentage Yield   

5.1 The reaction between lead (II) nitrate (Pb(NO3)2) and potassium iodide(KI) is given by the 

balanced chemical equation below: 

 

Pb(NO3)2(s)+ 2KI(aq)  →  PbI2(s) + 2KNO3(aq) 

 

The percentage yield of lead (II) iodide (PbI2) is 75 %. 

 

Determine the mass of potassium iodide (KI) required to form 80 g of PbI2. 

 (6) 

5.2  In a reaction ,41.4 dm3 of methane was reacted with steam, producing 55,89 dm3 of 

hydrogen gas, H2(g) , The reaction is : CH4 (g) + H2O(g) → CO(g) + 3H2(g) 

Calculate the percentage yield of hydrogen gas  

 (6) 

5.3 Hydrochloric acid (HCl) reacts completely with excess magnesium (Mg) to form hydrogen 
(H2). The reaction is represented by the following balanced equation: 
                         Mg(s)  +  2HCl(aq)  →  MgCl2(aq)  +  H2(g) 

 

The percentage yield of H2 in the reaction is 80%. 
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Calculate the mass of Mg (in grams) required to form 1,2 grams of H2 at STP (6) 

   [18] 

 

 

QUESTION 6 Volume relationships 

  

6.1. An unknown metal Y reacts completely with sulphuric acid (H2SO4) according to the 

following balanced equation: 

2Y +  H2SO4 → Y2SO4 + H2 

13,8 grams of metal Y is required to completely react with 0,4 dm3 H2SO4 of concentration 

0,75 mol.dm-3. 

Use relevant calculations to determine the NAME of metal Y. 

 

(6) 

6.2. Propane(C3H8) reacts with oxygen (O2) to form carbon dioxide (CO2) and water (H2O), as 

indicated in the balanced equation below. 

 

C3H8 (g) + 5O2 (g) → 3CO2 (g) + 4H2O (g) 

 

In one such reaction 5 dm3 propane(C3H8) reacts with excess oxygen at standard 

temperature and standard pressure (STP).  

Calculate the TOTAL volume of gas (in dm3) formed at the end of the reaction 

 

 

(4) 

6.3 The graph below shows the volume of CO2 formed as the reaction progresses. The 

reaction has not reached completion. 

 

 
Determine the mass of C3H8 (in grams) that reacted after 6 minutes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(5) 

   
[15] 

QUESTION 7  Volume relationships   

7.1 Hydrogen gas (H2) is prepared from the reaction between methane (CH4) and  
steam (H2O).  
 
The reaction is represented by the following balanced equation: 
                         CH4(g)  +  H2O(g)  →  CO(g)  +  3H2(g) 
 
The graph below (not drawn to scale), shows the volume of hydrogen (H2) formed when 

different volumes of methane (CH4) reacts with excess steam (H2O) at STP. 
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 7.1.1  Calculate the gradient of the graph  (2) 

 7.1.2 What does the gradient of the graph represent?  (2) 

 7.1.3 Determine the volume of H2 (in cm3) formed when 72 cm3 of methane (CH4) reacted 

with excess steam. 

 (2) 

 7.1.4 The TOTAL VOLUME of gas formed when x cm3 of CH4 reacts with excess H2O to 

form y cm3 of H2 is 420 cm3. 

Determine the values of x and y on the graph. 

 (4) 

   [10] 

 

MECHANICS 

VECTORS AND SCALARS 

 

 

 

 

 

 

 

 

 

 

Vector quantities are represented by arrows called vectors. 

In a drawing to scale:  

• magnitude of a vector quantity is represented by length of vector 

• Direction is indicated by arrowhead. 

Equal vectors have the same length and direction. 

Negative vectors act in opposite direction to chosen positive direction. 

Scalar Quantity Vector Quantity 

A physical quantity with magnitude only A physical quantity with both magnitude and 

direction 

examples: 

mass (kg), distance (m), speed (m.s-1), time 

(s), energy (J), temperature (K) 

Examples: 

force (N), weight (N), displacement (m), velocity 

(m.s-1), acceleration (m.s-2) 

  
Worked example 1  

1. Find the resultant of two forces F1 = 50 N and F2 = 80 N graphically:  

 1.1 if they both act to the right 
(3) 

 1.2 if the 50 N vector acts to the right and the 80 N vector acts to the left 
(3) 

 1.3 if the 50 N vector acts to the left and the 80 N vector acts to the right (3) 
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Solutions 

1.1 

 (3) 

1.2 

 (3) 

1.3 

 (3) 

    

Worked example 2  

Two forces, F1 and F2 of magnitude 60 N and 20 N respectively act on a suspended box of weight 30 

N as shown in the diagram below. 

 

  
2.1 Using the tail to head and a scale of 1 cm represents 10 N, draw an accurate vector diagram 

to determine the magnitude of the resultant force acting on the box. (4) 

 SOLUTION:  

 

   

(4) 

ACTIVITIES   

1.1 Which ONE of the following physical quantities is a scalar?  

 A Weight  

 B Displacement  

 C Mass   

 D Velocity  (2) 

    

1.2 Which ONE of the following combinations includes TWO vector quantities and ONE scar 

quantity? 
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 A Displacement, time, speed.  

 B Velocity, distance, Force.  

 C Speed, time, acceleration.  

 D  Displacement, acceleration, velocity. (2) 

    

1.3 Two forces Y and Z act on an object which does not move. Which statement below is 

correct? The two forces: 

 

 A Are equal.  

 B Act in the same direction.  

 C Act in opposite directions.  

 D Are equal and act in opposite directions. (2) 

[6] 

   

QUESTION 2   

2.1 In the diagram below, a box which is on a smooth surface start moving when three forces F1, F2 and F3 
acts on it. 
 

 

    
 2.1.1 Define the term resultant of a number of forces. 

(2) 

 2.1.2 Calculate the magnitude and direction of the resultant force acting on the box. 
(3) 

 2.1.3 In which direction will the box move? Write only LEFT or RIGHT. 
(1) 

    

2.2 A rectangular block is vertically suspended by two forces F1 (300 N) and F2(300 N) in the 

strings as shown below. 

 

 The weight of the block lifted is 400 N.  

 2.2.1 Give a reason why the forces in the diagram above are referred to as vectors. 
(2) 

 2.2.2 Using a scale of 1cm representing 100 N, draw a scale diagram to determine the 

resultant of forces F1, F2 and W. 

Label all for forces clearly including the resultant force. 
(3) 
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2.3  The crate is lifted to a vertical height of 80 m above the ground and then lowered to 

a height of 20 m above the ground as shown in the diagram below. 

 

  

 

 

 2.3.1 Total distance travelled by the crate (2) 

 2.3.2 Displacement of the crate (2) 

   

 [15] 
MOTION IN ONE DIMENSION 

Frame of reference  

Coordinate system used to represent and measure properties of objects, such as position. 

A frame of reference has an origin and a set of directions, such as East and west, up and down … 

 

Position 

The location of an object relative to a reference point. 

Position is a vector. It will be denoted by x. 

Example: A ball, a boy and a box are stationary on straight horizontal floor. 

 
- Taking the ball as reference point (Zero position): 

The boy is 3 m to the right of the ball and the box is 10 m to the right of the box. 

- Taking the boy as zero position: 

The ball is 3 m to the left of the boy and the box is 7 m to the right of the boy. 

 

One-dimensional motion 

A motion along a straight line. The object may move forward or backward along this line. 

 

Distance 

The total path length travelled. 

Distance is a scalar quantity, expressed in metres (m). It is denoted by D. 

 

Displacement  

The change in position of an object. 

It is the length of a straight line joining the initial to the final position. 

Displacement is a vector quantity, also expressed in metres. It is denoted by Δx. 

Δx = xf – xi (xf: final position and xi: initial position). 

 

Average speed  

The total distance travelled per total time. 
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𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑡𝑖𝑚𝑒
 

Average speed is a scalar quantity, expressed in metres per second (m.s-1). 

 

Average velocity 

The rate of change of position. (vector quantity) 

   𝑣 =
∆𝑥

∆𝑡
 

Average velocity is a vector quantity, expressed in metres per second (m.s-1). 

Acceleration 

The rate of change of velocity.  

𝑎 =
∆𝑣

∆𝑡
 

Acceleration is a vector quantity, expressed in metres per second squared (m.s-2). 

Positive acceleration: 

An object moving in the positive direction is experiencing an increase in speed and an object moving in the 

negative direction is experiencing a decrease in speed. 

Negative acceleration:  

An object moving in the positive direction is experiencing a decrease in speed and an object moving in the 

negative direction is experiencing an increase in speed. 

Deceleration:  

An object is experiencing a decrease in speed. 

Conversion of units 

● Converting cm to m, divide by 100. 

● Converting mm to m, divide by 1000. 

● Converting minutes to seconds, divide by 60. 

● Converting hours to seconds, divide by 3600. 

● Converting km.h-1 to m.s-1, Multiply by 
1000

3600
 

E.g. 25 km.h-1= 25 𝑥 
1000

3600
= 6,94 𝑚 ∙ 𝑠−1 

● Converting m.s-1 to km.h-1, multiply by 
3600

1000
 

30 m.s-1= 30 𝑥 
3600

1000
= 108 𝑘𝑚 ∙ ℎ−1 

  

WORKED EXAMPLES [MOTION IN ONE DIMENSION]  

EXAMPLE 1  

An impatient businessman paces up and down while making a business call on his Cell phone. 

 
 

He starts at his desk and walks 5 m east (from A to B) and then walks 7 m west (from B to C). This 

process takes him 20 s. 

 

 

1.1 What is the businessman's change in position at C relative to A? (2) 

1.2 Calculate the total distance the man covers. (2) 

1.3 Explain why the value calculated in QUESTION 1.1 differs from the one calculated in 

QUESTION 1.2 (2) 

1.4 Define the term velocity. (2) 

1.5 Calculate the man's average velocity. (4) 

                                                                                                                                                                           [12] 
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SOLUTIONS  

1.1 2 m ✔ to the left ✔ (2) 

1.2 Total distance = 5 + 7 ✔  

                       = 12 m ✔ (2) 

1.3 For the total distance, the whole path length travelled is considered.✔  

For change in position, only the original position and final position ✔ of the man are considered. (2) 

1.4 Velocity is the rate of change of displacement. ✔✔ (2) 

1.5 𝑣 =
∆𝑥

∆𝑡
 ✔ 

    =
2

20
 ✔ 

    = 0,1 𝑚 ∙ 𝑠−1 ✔ west / to left ✔ (4) 

 

 

EXAMPLE 2   
A girl walks from her home at point A to a shop located at point B. On her return she stops at a friend’s 

house at point C. 

The girl walks on a flat horizontal surface past houses with yards that are squares of 20 m length each, 

as shown in the diagram.  

 

 
She completes the motion from point A to point C in 300 s. 

 
Point B and C are both east of point A. 

2.1 Define the term distance (2) 

2.2. For the motion of the girl from point A to C, calculate the:  

 2.2.1 Total distance covered 

 (2) 

 2.2.2 

 

Girl’s average speed 

(3) 

 2.2.3 

                                           

Total displacement 

(2) 

   [9] 

 

SOLUTIONS   

2.1 The total path length travelled ✔✔ (2) 

2.2.1 Total distance = 160 m ✔✔ (2) 

2.2.2 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
✔ 

                              =
160

300
 ✔ 

                              = 0.53 𝑚 ∙ 𝑠−1✔ (3) 

2.2.3 Displacement = 4 x 20 ✔ 

                       = 80 m ✔ (2) 
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ACTIVITIES [MOTION IN ONE DIMENSION]  

QUESTION 1 [6 MARKS]  

1.1 A cricket ball is thrown vertically upwards and reaches a height of 18 m above the ground. On 

the way down it gets stuck in a tree 10 m above the ground. What is the resultant displacement 

of the ball? 

 

 A 10 m downwards  

 B 10 m upwards  

 C 8 m downwards  

 D 8 m upwards (2) 

    

1.2 A car sets out from town X and travels 40 km along a straight road to town Y. The driver turns 
around and immediately drives back to town X. The whole trip takes 2 hours. 
The magnitude of the average velocity for the whole journey, in kilometres per hour, will be … 

 

 A 0  

 B 20  

 C 40  

 D 80 (2) 

    

1.3 A trolley runs down a slope, pulling a ticker tape behind it through a ticker timer. A portion of 
the tape is shown below and represents the distances moved during equal time intervals. 

 
The ticker tape represents an acceleration that is … 

 

 A Zero  

 B Uniform  

 C Increasing  

 D Decreasing (2) 

    

QUESTION 2   

 

Two friends, Tom and James are training for athletics meeting on a sport field of length 200m. Both 

friends start from the middle of the field at point A  

 

 

 

Tom runs using two cones. The first cone is places 50 m east of the starting point (point A, while the 

second cone is placed 40 m east of cone 1. 

Tom runs along the following route: 

• From the starting point (point A) due east to Cone 1, and then turns around and return to the 

starting point running due east. 

• From point A due to east to Cone 2. He then turns around and runs due west ending at Cone 2 
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2.1 Write down the final position of Tom, relative to the starting point. (2) 

2.2  The complete route described above took Tom 30 seconds to complete. Determine his 

average speed in m.s-1. (4) 

2.3 James runs from the starting point (point A), due east to Cone 2. He immediately turns 

around and runs in a westerly direction until he reaches Point B. Point B lies on the boundary 

of the field, due west from the starting point.  

 2.3.1 Determine the total time taken by James if his average speed is 1 m.s-1 SLOWER 

THAN that of Tom’s. (3) 

 2.3.2 Calculate the average velocity of James for the entire motion.  (4) 

   [13] 

 

QUESTION 3    

A brother and sister walk home from school. After walking 500 m eastwards, the brother realises that he has left 

a book at school and he returns to school. His sister continues walking another 800 m to their home. She arrives 

home 30 minutes after leaving school. 

3.1 Define the term average speed. (2) 

3.2 Calculate the average speed of the girl from the school to her home. (4) 

3.3 Use a vector scale diagram and represent the displacement of the boy from the time he realised 

he left his book at school until he reached home. Include ALL relevant information in the 

diagram. 

Use scale 1 cm = 100 m for the diagram. (3) 

3.4 If the average speed of the boy is the same as that of the girl, calculate how long it would take 

the boy to reach home from the time they both left the school together. (3) 

   [12] 

QUESTION 4   

A baby leaves a bowl of food on the floor and crawls westwards to fetch a toy placed 5 m away. At the same 

time a dog walks eastwards towards the baby. It takes the baby 30 s to reach the toy. The dog walks past the toy 

to eat the baby's food in the bowl. 

4.1 Define the term displacement in words (2) 

4.2 Determine the position of the dog relative to the baby before they both moved. (2) 

4.3 Calculate the average velocity of the baby (4) 
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4.4 If the average speed of the dog is TWICE that of the baby, calculate how long it would take the 

dog to reach the food bowl from the moment the dog started moving. 

 

 

(4) 

4.5 Another dog’s average velocity changes from 3 m.s-1 to 5 m.s-1 in 0, 8 seconds. Calculate the 

dog’s acceleration. 

 

(4) 

   [16] 

 

INSTANTANEOUS VELOCITY AND INSTANTANEOUS SPEED 

Instantaneous velocity: The rate of change in position, i.e. the displacement divided by a very small time 

interval or the velocity at a particular time. Know that instantaneous velocity is a vector 

Instantaneous speed The magnitude of the instantaneous velocity. Know that instantaneous speed is a 

scalar 

DESCRIPTION OF MOTION IN WORDS, DIAGRAMS AND GRAPHS 

Uniform velocity Motion at constant velocity, i.e. no acceleration 

                    
Characteristics for 

velocity-time graph 

1. gradient = acceleration 

2. Area under the graph = position (distance / displacement) 

Characteristic of 

position-time graph 

1. Gradient = velocity 

Characteristic of 

acceleration-time 

graph 

1. Area under the graph = velocity 

    

WORKED EXAMPLE 1 

 

The engineers at a company conduct varies tests on their cars. During one of the test they measure the change 

in position during equal time intervals. The results obtained are recorded in the table below. 

TIME (s) POSITION (m) 

0 0 

1 5 

2 10 

3 15 

4 20 
 

1.1 Give the correct term for the change of position per unit time (1) 

1.2 For this test, write down the:  

 1.2.1 Independent variable (1) 

 1.2.2 Dependent variable (1) 

 Use the information in the table and draw an accurate position-time graph on the graph 

paper. (5) 

1.4 Calculate the gradient of the graph (4) 

1.5 Draw (NOT to scale) a corresponding velocity-time graph for the motion of the car. Label the 

axes. (2) 

1.6 Hence, deduce the magnitude of the acceleration of the car. (2) 

   [16] 
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WORKED EXAMPLE 1 (SOLUTIONS) 

1.1 (average) velocity ✓ (1) 

1.2.1 Time ✓ (1) 

1.2.2 Position ✓ (1) 

1.3 

✓✓✓✓✓ (5) 

1.4 
𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 =  

Δ𝑦

Δ𝑥
 

                   =
20−5

4−1
✓✓ 

                   = 5 𝑚. 𝑠−1 ✓ (3) 

1.5 

✓✓ (2) 

1.6 The car has zero acceleration as its velocity is constant ✓✓ (2) 

    

WORKED EXAMPLE 2  

Velocity 

(m.s-1) 

Time (s) 
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The following graph represents the motion of a train. 

 
 

2.1 Calculate the acceleration of the train between 20 and 28 s. (3) 

2.2 Calculate the distance travelled in the 44 s. (5) 

2.3 Draw an acceleration time graph from this velocity time graph. (5) 

   [13] 
WORKED EXAMPLE 2 (SOLUTIONS) 
2.1 

𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =  
Δ𝑦

Δ𝑥
 

                      = 30−15

28−20
✓✓ 

                      = 1.875 𝑚. 𝑠−2 ✓ (3) 
2.2 Displacement = 1

2
(15)(15) +  (13 × 15) +  1

2
(8)(15) +(12 × 30) +  1

2
(4)(30) 

                            ✓✓✓✓ 
                    = 787.50 𝑚 ✓ (5) 

2.3 

✓ ✓✓✓✓ (5) 
     
WORKED EXAMPLE 3 
 

 

Draw the velocity time graph for the motion described below:  

A lift accelerates from rest for 2 s and then moves at a constant velocity for 5 s before it slows down 

and comes to a standstill in 2 s. (3) 
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SOLUTION: 

✓✓✓  
    
 
 
ACTIVITIES (INSTANTANEOUS VELOCITY AND INSTANTANEOUS SPEED) 
QUESTION 1 

1.1 The velocity-time graph for the motion of an object is shown below. 

 

 

 The object changes direction at …  

 A 0,5 s  

 B 1 s  

 C 2 s  

 D 3 s (2) 

    

1.2 An object accelerates uniformly when the … of the object changes with the 

same amount in equal time intervals. 

 A velocity  

 B displacement  

 C speed  

 D mechanical energy  (2) 
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1.3 Consider the three velocity-time graphs P, Q and R shown below. 

 
 Which ONE(S) of the following velocity-time graphs represent the motion of an object whose velocity is 

decreasing uniformly? 

 A R only  
 B Q only  
 C P and Q  
 D P and R (2) 

    
  

1.4 A position-time graph for an object travelling along a straight horizontal surface is shown below: 

 

 Line PQ is a tangent to the curve at t1  

Which one of the following is equal to the gradient of PQ? 

 A Average velocity over the period 0 to t1  

 B Instantaneous velocity at t1  

 C Average acceleration over the period 0 to t1  

 D Instantaneous acceleration at t1 (2) 

   [8] 

QUESTION 2  

The Velocity-time graph below represents the motion of a car over a time period of 

12 seconds. The car initially moves NORTH. 
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2.1 Define the term instantaneous velocity. (2) 

2.2 Describe the motion of the car from C to E. (3) 

2.3 WITHOUT USING EQUATIONS OF MOTION, calculate the:  

 2.3.1 Distance that the car travels from A to C. (4) 

 2.3.2 Acceleration of the between B and C. (4) 

2.4 How does the magnitude of the acceleration of the car between B and C 

Compare to the magnitude of its acceleration between C and D? Choose from 

GREATER THAN, SMALLER THAN or EQUAL TO. (1) 

2.5 Refer to the graph and gives a reason for the answer to QUESTION 2.4. (1) 

2.6 Write down the direction of the resultant displacement of the car. (1) 

   [16] 

QUESTION 3 

Study the velocity versus time graph below for the motion of a car travelling east 

 
3.1 Define the term instantaneous speed (2) 

3.2 Use the graph to describe the motion of the car in the following sections:  

 3.2.1 AB (2) 

 3.2.2 CD (2) 

 3.2.3 EF (2) 
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3.4 In which section, AB or BC, is the acceleration of the car greatest? Give a reason for your 

answer. (2) 

   [10] 
   

EQUATIONS OF MOTION 

 

Worked example 1   
A space-rocket is launched and accelerates uniformly from rest to  576 km.h-1  in 4.5 s.  

1.1 What is the final speed of the rocket in m.s-1 ? (2) 

1.2 Calculate the acceleration of the rocket (3) 

1.3 How far does the rocket travel during the first 4.5 s? (3) 

  [8] 

SOLUTION  
1.1 576 km.h-1 ×1000/3600 = 160 m.s-1 ✓✓ (2) 

1.2 vf =vi + aΔt ✓ 

160 = 0 + a(4,5) ✓ 

a= 35,56 m.s-2 ✓ (3) 

1.3 Δx = viΔt + ½ aΔt2  ✓ 

      = 0×4,5 + ½(35,56)(4,5)2 ✓ 

     = 360,05 m ✓ (3) 

Worked example 2 [6 marks]  
A car is travelling along a straight road at 75 km.h–1. In an attempt to avoid an accident, the motorist 

has to brake to a sudden stop. 

 

2.1 If the reaction time of the motorist is 0.25 s, what distance does the car travel while the driver 

is reacting to apply the brakes? (3) 

2.3 What total distance does the car travel from when the driver notices the danger to when the 

car comes to a stop (3) 

  [6] 

Solution  
2.1 Δx = viΔt + ½ aΔt2 ✓ 

     = (20,83)(0,25)+½(0)(0,25)2 ✓ 

     = 5,21 m ✓ (3) 

2.2 vf
2 = vi

2 + 2aΔx ✓ 

(0)2 = (20,83)2 + 2(-6)Δx ✓ 

Δx = 36,16 m ✓ (3) 

  

LONG QUESTIONS – EQUATIONS OF MOTION  

QUESTION 1 [10 marks]  

In the diagram below, a robot (traffic light) and a sign board are 500 m apart. Two cars, Car A and Car B, both 

passes a robot at the same time. Car A takes off from rest at the robot and accelerate at 1,2 m.s-2. Car B travels 

at constant 27,78 m.s-1. Both cars are travelling in an easterly direction. 
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1.1 Use suitable calculations to determine which, Car A or Car B, will reach the sign board first. (6) 

1.2 Determine the velocity of Car A when it reaches sign board. (4) 

    
QUESTION 2  
 
A car C and a van V are both travelling at a constant velocity of 25 m.s-1 east, on different lanes along the same 

horizontal road. The driver of the car follows the van, keeping a distance of 5 metres between them. Seeing a 

box on his lane, the driver of the van brakes and slows down uniformly to stop in 5 seconds. 

2.1 Calculate the acceleration of the van whilst slowing down. (3) 

2.2 If the car continued at its original motion, how far ahead of the van will the car be when the 

van stops? (5) 

  [8] 
 

QUESTION 3   
Two cars, A and B, are moving at speeds of 15 m•s-1 and 30 m•s-1 in the same direction. They are side by side 

when both drivers observe an obstruction ahead of them, as shown in the diagram below. 

Both drivers apply their brakes and accelerate at –4,5 m·s-2 until both cars come to rest. Ignore the reaction time 

of the drivers. 

3.1 Define the term acceleration in words. (2) 

3.2 Calculate the:    

 3.2.1 Time it takes car A to come to rest (3) 

 3.2.2 Stopping distance of car A (3) 

3.3 Which car (A or B) has the longer stopping distance? Support the answer with a calculation. (4) 

3.4 What conclusion can be made about the relationship between speed and stopping distance? (2) 

   [14] 
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ENERGY 

In Grade 10 Mechanics we consider 3 forms of energy: gravitational potential energy, kinetic energy and 

mechanical energy. 

Gravitational potential energy – energy an object has because of its position in the gravitational field relative to 

some reference point 

● When the object moves up or down from the reference position its gravitational potential energy changes. 

● Potential energy is calculated using the formula: Ep = mgh 

Kinetic energy – energy an object possesses because of its motion 

● Any object which moves, possesses kinetic energy. 

A stationary object has no kinetic energy. 

● Kinetic energy is calculated using the formula: Ek = ½ mv2 

Mechanical energy – the sum of gravitational potential energy and kinetic energy. 

                             Equation: EM = Ek + Ep  

 

The Law of Conservation of Energy: The total energy of an isolated system remains constant. 

The Principle of Conservation of Mechanical Energy: The total mechanical energy in an isolated system remains 

constant. (Ek1 + Ep1 = Ek2 + Ep2) 

Isolated system – a system that does not interact with its surroundings (there is no transfer of energy or mass 

between the system and the surroundings). 

 

Worked example 1 (Gravitational Potential Energy) 

1.1 A netball player, who is 1,7 m tall, holds a 0,5 kg netball 0,5 m above her head and shoots for 

the goal net which is 2,5 m above the ground. What is the gravitational potential energy of the 

ball: 

 

 1.1.1 when she is about to shoot it into the net? (3) 

 1.1.2 when it gets right into the net? (3) 

 1.1.3 when it lands on the ground after the goal is scored? (3) 

 

SOLUTION 

[9] 

1.1.1 
 
 
 
 
1.1.3 

h = (1,7 + 0,5) = 2,2 m  (height of the ball 

above the ground)   

Ep = mgh ✓ 

     = (0,5) (9,8) (2,2) ✓ 

     = 10,78 J  

 

Ep = mgh ✓ 

    = (0,5) (9,8) (0) ✓ 

    = 0 J ✓ 

 

           1.1.2  

           Ep = mgh  ✓ 

               = (0,5) (9,8) (2,5) ✓ 

               = 12,25 J ✓ 

 

 

 

 

 

 

 

 

 

 

(9) 

Worked Example 2 (Kinetic energy) 

2.1 A bullet, having a mass of 150 g, is shot with a muzzle velocity of 960 m.s-1.  

Calculate its kinetic energy.                                                                                                             (3) 

Solution  

 Ek = ½ mv2 ✓ 

     = ½ (0,15)(960)2 ✓ 

     = 69 120 J ✓ 

Worked Example 3 (Mechanical Energy)  

3.1 Calculate the total mechanical energy for a ball of mass 0,15 kg which has a kinetic energy of 

20 J and is 2 m above the ground.                                                                                                      

(3) 

Solution  

 EM = Ep + Ek ✓ 
      = mgh + Ek 
      = (0,15) (9,8) (2) + 20 ✓ 
       = 22,94 J ✓  
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Worked Example 4 (Conservation of Mechanical Energy)  
4.       Object moving vertically downward 

 

     
 

During a flood a tree trunk of mass 100 kg falls down a waterfall. The waterfall is 5 m high. If 

air resistance is ignored, calculate: 

 

 4.1 the potential energy of the tree trunk at the top of the waterfall. (3) 

 4.2 the kinetic energy of the tree trunk at the bottom of the waterfall. (3) 

 4.3 the magnitude of the velocity of the tree trunk at the bottom of the waterfall. (3) 

 

SOLUTION 

    [9] 

4.1 Ep = mgh ✓ 

     = (100) (9,8) (5) ✓  

     = 4 900 J ✓ 

 

 

 

 

 

 

 

 

 

 

 

4.2 Total mechanical energy must be conserved, so:           

 

 Ek1 + Ep1 = Ek2 + Ep2 

Since the trunk’s velocity is zero at the top of the waterfall, Ek1 = 0 J 

At the bottom of the waterfall, h = 0 m, so Ep2 = 0 J 

Therefore Ek1 = Ep2, and so the kinetic energy of the tree trunk at the bottom of the waterfall 

equals the potential energy at the top of the waterfall. And so, Ek = 4 900J 

 (3) 

4.3 Since 

Ek = ½ mv2 ✓ 

4 900 = ½ .100.v2 ✓ 

v2 = 98 

v =  9,90 m.s-1 ✓ 

 (3) 

  
  
ACTIVITIES   
QUESTION 1  
1.1 A girl weighing 500 N takes 50 seconds to climb a flight of stairs 18 meters high. If her speed at the top 

of the stairs is 2 m·s-1, her potential energy at the top of the stairs is ____________J. 

 A 9 000  
 B 8 820  
 C 102,04  
 D 9 102,4 (2) 
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1.2 The SI unit for gravitational potential energy is … 

 A kg∙m∙s-1  

 B kg∙m∙s-2  

 C kg∙m2∙s-2  

 D kg∙m-1∙s-1 (2) 

    

1.3 A motorbike moving at a speed v, has a kinetic energy E. If the speed of the motorbike increases to 3v, 

the kinetic energy will be … 

 A 3E  

 B ⅓E  

 C 6E  

 D 9E (2) 

    

1.4 Ntsako rides an escalator that moves her downward at constant speed. Select the option that best 

describes the change in her gravitational potential energy and kinetic energy. 

  Gravitational Potential Energy Kinetic Energy 

A. Decreases Decreases 

B. Decreases Remains the same 

C. Increases Decreases 

D. Increases Remains the same 
 

(2) 

   
1.5 An object is released from the top of a frictionless inclined plane, AB, as shown below. 

 

 

 Which ONE of the following statements regarding the total mechanical energy of the object is 

CORRECT? 

 

 A (Ep + Ek)A > (Ep + Ek)B  
 B (Ep + Ek)A < (Ep + Ek)B  
 C (Ep + Ek)A = (Ep + Ek)B  
 D (Ep + Ek)A = - (Ep + Ek)B (2) 

[10] 

    
QUESTION 2 

A lift takes a man to a sky bridge, which is 100 m above the ground, as shown below. He makes a bungee 

jump from the sky bridge. Ignore the effects of air resistance. 
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2.1 Define the term kinetic energy. (2) 

2.2 The man and his gear have a mass of 72 kg. Calculate the gravitational potential energy of the 

man just before he jumps from the sky bridge.  

 

 

 

(3) 

2.3 State the law of conservation of mechanical energy.  (2) 

2.4 Use the law in QUESTION 2.3 to calculate the velocity of the man at a height of 50 m above 

the ground.  

(5) 

2.5 Draw a graph of Ep versus Ek for the motion of the man from the instant he jumps until he 

reaches the ground  

 

(3) 

[15] 

    

QUESTION 3  

A skateboarder, starting from the top of a ramp 4,5 m above the ground, skates down the ramp, as shown 

in the diagram below. The mass of the skateboarder and his board is 65 kg. Ignore the effects of friction.  

 

 

3.1 Define the term gravitational potential energy in words.  (2) 

3.2 Calculate the gravitational potential energy of the skater just before he skates down the ramp.  (3) 

3.3 Use the principle stated in QUESTION 3.3 to calculate the magnitude of the velocity of the 

skateboarder when he reaches the ground at point X.  

 

(4) 

3.4 Will the skateboarder be able to reach point Y if he were to remain on his skateboard? Write 

YES or NO and support the answer with a relevant calculation.  

 

(6) 

[15] 

QUESTION 4  
A rollercoaster cart of mass 2 kg is released from rest at point A, 30 metres above the ground. The cart moves 

along a frictionless surface ABC as shown below. 

 

4.1 Define the term mechanical energy. (2) 

4.2 Prove with calculations that the mechanical energy of the cart at point A is 588 J. (3) 

4.3 Calculate the velocity of the cart when it is at point B.( (3) 

4.4 How will the mechanical energy of the cart at point C compare with the mechanical energy of 

the cart at point B? Write only GREATER THAN, LESS THAN or EQUAL TO. Give a reason 

for your answer. 

(2) 

[10] 
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