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SESSION 16 

TOPIC: CONSOLIDATION EXERCISES ON RATES, CHEMICAL EQUILIBRIUM AND 
   ELECTROCHEMISTRY 

QUESTION 1: 20 minutes 

In order to investigate the rate at which a reaction proceeds, a learner places a beaker 
containing concentrated nitric acid on a sensitive balance. A few pieces of copper metal are 
dropped into the nitric acid. Mass readings of the beaker and its contents are recorded every 
15 s, from the moment the copper metal is dropped into the acid until shortly after there is no 
more copper metal present. 

The mass readings taken during the investigation are given in the table below. The time at 
which the copper is dropped into the acid is recorded as 0 seconds. 

Time (s) Mass of beaker and contents (g) Decrease in mass (g) 

0 114,6 0 

15 113,0 0,6 

30 111,6 2,2 

45 110,4 4,2 

60 109,4 5,2 

75 108,7 5,9 

90 108,4 6,2 

105 108,3 6,3 

120 108,3 6,3 

135 108,3 6,3 

150 108,3 6,3 

1.1 Which of the two physical quantities, time or mass, is the independent variable in 
this investigation. Explain your answer.  (3) 

SECTION A:  TYPICAL EXAM QUESTIONS 
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1.2. Using the readings given in the table, plot a graph on this page of decrease mass 

  versus time.   

(7) 

1.3. From the gradient of the graph it can be seen that the rate of the reaction change 
  with time. Explain why the following changes in rate occur. 

1.3.1 Reaction rate increases between 0 and 30s.  (2) 

1.3.2 Reaction rate decreases between 45 and 105s.         (2) 

1.3.3 After 105 s the rate becomes zero.  (2) 

1.4    State two ways in which the rate of this reaction could be increased.  (4) 
 [20] 

QUESTION 2:  20 minutes 

A small quantity of cobalt chloride powder is dissolved in ethanol resulting in a blue solution. 
When a few drops of water are carefully added to the blue solution the colour changes to 
pink. The following equilibrium has been established: 

CoCl42-(aq)   +   6H2O(l) Co(H2O)6
2+(aq)   +   4Cl-(aq)    

blue    pink 

To investigate the factors which affect this equilibrium, the following experiments were 
performed: 
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Experiment 1: A small quantity of concentrated HCl is added to the solution. 

2.1 Observation:……………………………………     (1)

Experiment 2: The test tube with the solution is cooled by immersing it in ice water. 

2.2 Observation:……………………………………     (1) 

Experiment 3: A few drops of silver nitrate are added to the solution. 

2.3 Observation:………………………………………………..       (2)

2.4  Tabulate your observations: (3) 

2.5 Name the effect that is illustrated in experiment 1. (1) 

2.6 Was the forward or reverse reaction favoured as a result of the addition of the 
  concentrated HCl? (1) 

2.7 Use your observation in experiment 2 to state whether the forward reaction is 
 exothermic or endothermic. (1) 

2.8 Make use of Le Chatelier’s principle to justify your answer in 2.7. (4) 

2.9 In experiment 3, a white precipitate is formed when the silver nitrate is added. 
2.9.1 Give the name of the white solid.  (1) 
2.9.2 Give the balanced chemical equation to explain the formation of the white 

precipitate.  (3) 
2.9.3 Explain how the addition of the silver nitrate affected the equilibrium. (3) 

[21] 

QUESTION 3: 15 minutes 

Two half-cells, Pb2+/Pb and O2/H20, in an acid solution are used to set up an electrochemical
cell. The cell operates under standard conditions. 

3.1  Give the standard conditions that apply to this electrochemical cell. (4) 
3.2 Which half-cell represents the anode?  (2) 
3.3 Give the equation for the oxidation half-reaction. (2) 
3.4  Give the equation for the reduction half-reaction. (2) 
3.5 Give the balanced equation for the net reaction. (2) 
3.6 Calculate the emf of the cell. (4) 

[16] 
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QUESTION 1 

1.1 Time. √ It was decided to measure mass at predetermined times. √√  (3) 

1.2 

     (7) 

1.3.1  Cu and HNO3 reacting together initially and rate is quick√√ (2) 
1.3.2 HNO3 concentration and Cu surface area decreasing√√ (2) 
1.3.3 reaction has reached completion. √√ (2) 

1.4.    heated, √√copper surface area increased, √√ concentration of nitric acid 
increased √√       (Any two) (4) 

[20] 

QUESTION 2 

2.1 Clear pink solution turns blue√ (1) 
2.2 Clear blue solution turns pink√ (1) 
2.3 Clear blue solution turns opaque pink solution (pink with white ppt) √√ (2) 
2.4. 
Equilibrium disturbance Observation 
Addition of HCl Pink to blue√ 
Cooling of solution Blue to pink√ 
Addition of AgNO3 Blue to opaque pink√ 

 (3) 

SECTION B:  SOLUTIONS AND HINTS TO SECTION A 
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2.5.  Common ion effect √ (1) 
2.6.  Reverse reaction √ (1) 
2.7.  Exothermic √ (1) 
2.8.  The decrease in temperature favours the exothermic reaction√.  The solution 

Went from blue to pink √  forward reaction favoured. √ So forward reaction 
 is exothermic√. (4) 

2.9.1.  Silver chloride √ (1) 
2.9.2.  Ag+ (aq)√+ Cl- (aq)√ AgCl (s)√  (3) 
2.9.3.  Silver nitrate reacts with Cl- ions thus removing them from the solution. √The 

concentration of chloride ions decreases so the equilibrium shifts so as to 
accommodate that change. The forward reaction is thus favoured√. and the 
solution turns pink. √. (3) 

[21] 

QUESTION 3 

3.1 Concentration of Pb2+(1M) √; H+(1M) √; pressure of O2 1 atm√; Temperature 25°C√

(4) 

3.2 Pb√√ (2) 

3.3 2Pb (s)  2Pb2+  (aq)  + 4e-√√ (2) 

3.4 O2 + 4H+ + 4e-  2 H2O√√ (2) 

3.5 2Pb + O2 + 4H+  2 H2O + 2Pb2+√√ (2) 

3.6 Eθ
cell = Eθ

cathode  -  E
θ

anode √
  = 1,23 √  – (-0,13)√  

Eθ
cell   = 1,36 V   √ (4) 

[16] 
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QUESTION 1:   15 minutes 

A si!ver-nickel voltaic cell is made under standard conditions. 
1.1 Give the reduction half-reaction.  (2) 
1.2 Write the half-reaction that occurs at the anode. (2) 
1.3 Which electrode increases in mass when the cell is used? (2) 
1.4 Give the cell notation for this cell.  (3) 
1.5 What is the emf of this cell? (4) 

[13]  

QUESTION 2: 16 minutes 

2.1   Lowering the temperature of an equilibrium reaction will: 

A decrease the rate of the forward reaction only. 
B decrease the rate of the reverse reaction only. 
C decrease the rate of both the forward and reverse reactions. 
D have no effect on the rate of reaction. 

2.2 Assuming equilibrium is reached in the reaction: 

2CO(g) O2 (g) 2CO2 (g)  ; ΔH = -565kJ 

A greater yield of carbon dioxide can be obtained by … 

A raising the temperature and pressure. 
B raising the temperature and lowering the pressure. 
C lowering the temperature and pressure. 
D lowering the temperature and raising the pressure. 

2.3 Carbon, carbon dioxide and carbon monoxide are in equilibrium in a container of 
which the volume can change.  The balanced equation for the equilibrium reaction is 
as follows: 
C(s) + CO2 (g)                            2CO(g) 

While the temperature is kept constant, the volume of the container is decreased and 
a new equilibrium is established.  Which one of the following statements regarding the 
number of moles of CO and the concentration of CO at the new equilibrium condition 
is correct? 

Number of moles of CO [CO] 
A the same greater 
B Less greater 
C Less less 
D More the same 

SECTION C:  HOMEWORK 
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2.4 A saturated solution of NaCl in water is prepared at 60oC.  The equation for this 
solubility equilibrium is: 
NaCl(s)    Na+ (aq)      +      Cl- (aq) ΔH > 0 

Which one of the following changes will cause more NaCl(s) to form? 

A add H2O. 
B add a catalyst. 
C increase temperature.  
D decrease temperature. 

2.5 Two substances, A and B, are in equilibrium with their product, AB, at a 
temperature of 10oC as indicated by the following equation: 
A(g) + B(g)  AB(g) ΔH > 0 

At 10oC the rate of the forward reaction is equal to x mol∙s-1. 

The temperature is then increased.  Which statement regarding the forward and reverse 
reaction rates is correct at the higher temperature? 

2.6. When an amount of sulphur and oxygen are sealed in a container at 700K, an 
equilibrium is established according to the following equation: 

S(s)   +   O2(g)   SO2(g)    H < 0 
If the pressure is increased, while the temperature of 700K is maintained, the: 
A value of Kc increase 
B volume of the gases increase 
C amount of SO2 decreases 
D amount of O2 remains the same. 

2.7. The following equilibrium exists in a saturated salt solution. 
NaCl (s)    Na+(aq)  +  Cl  - (aq) 

What can be done in order to obtain a precipitate of NaCl ? 
A Increase the pressure on the system 
B Heat the solution 
C Add concentrated Hydrochloric acid (HCl) 
D Bubble chlorine (Cl2) through the solution. 

Forward rate Reverse rate 
A equal to x equal to x 
B less than x less than x 
C greater than x greater than x 
D less than x greater than x 
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2.8. In which of the following reactions will a decrease in pressure cause the yield of the 
product(s) to increase? 

A 2 SO2(g)  +  O2(g)  2SO3(g)

B 2 H2O(g)  2H2 (g)  +  O2(g)

C 2 NO2(g)  N2O4(g)

 D 2 HI(g)  H2 (g) +  I2 (g)

2.9. Consider the following system which is in equilibrium: 

4HCl (g)  +  O2(g)       2Cl2(g)  +  2H2O(l )    (H  < 0) 

The yield of chlorine gas can best be increased by the following combination 
of changes in temperature and pressure: 

Temperature Pressure 

A Increase Decrease 

B decrease Decrease 

C decrease Increase 

D increase Increase 

2.10. The following reversible reaction is used in the production of hydrogen iodide 
gas: 

H2 (g) + I2 (g)  2HI (g)  H < 0 
The graph X of amount of reagents against time was obtained when the 
reaction was carried out under certain conditions.  

The graph Y was obtained for the same experiment using the same amount of 
H2 (g), but certain changes were made to the conditions affecting the system.  
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2.11  Which one of the following sets of changes could have been introduced to the 
system to obtain graph Y? 

A More I2(g) was added and the temperature was decreased.  
B The temperature and pressure was decreased.  
C A catalyst was added and the temperature was increased.  
D A catalyst was added and the temperature was decreased. 

2.12.  Assuming equilibrium is reached in the reaction: 

2CO(g) + O2(g) 2CO2(g) ∆H = -565 kJ 

A greater yield of carbon dioxide can be obtained by: 
A raising the temperature and pressure. 
B raising the temperature and lowering the pressure. 
C lowering the temperature and the pressure. 
D lowering the temperature and raising the pressure. 

2.13.  Consider the following equilibrium reaction: 

2N2(g) + O2(g)  2N2O(g) ∆H = 160 kJ∙mol-1

Which ONE of the following changes gives the greatest increase in the equilibrium 
yield of N2O? 

TEMPERATURE PRESSURE 
A Decrease Increase 
B Decrease Decrease 
C Increase Increase 
D Increase Decrease 

   (13 x 2) [26] 
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QUESTION 1 

1.1 silver√√  (2) 

1.2 Ni (s)  Ni2+ (aq) + 2e- √√   (2) 

1.3 silver√√  (2) 

1.4 Ni(s)/Ni2+(aq), 1 mol∙dm-3      //   Ag+ (aq), 1 mol∙dm-3   /Ag 

  √                                 √  √  (3) 

1.5 Eθ
cell = Eθ

cathode  -  E
θ

anode √

  = 0,80 √  – (-0,25)√  

Eθ
cell   = 1,05 V   √  (4) 

 [13] 

QUESTION 2 

2.1 C 
2.2 D 
2.3 B 
2.4 D 
2.5 C 
2.6 D 
2.7 C 
2.8 B 
2.9 C 
2.10 C 
2.11 B 
2.12 C 
2.13 A      (13 x 2) [26] 

SECTION D: SOLUTIONS TO HOMEWORK 
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SESSION 17 

TOPIC: CHEMICAL CHANGE AND CHEMICAL SYSTEMS - EXTRACTION OF 
ALUMINIUM AND CHLORALKALI INDUSTRY 

SECTION A: TYPICAL EXAM QUESTIONS 

QUESTION 1:   10 minutes 
 (Taken from the DoE Physical Sciences Additional Exemplar Paper 2 2008) 

The diagram below shows a type of membrane cell used in the chloroalkali industry. 

 Cationic membrane 

1.1 Name the gases A and B.   (2) 

1.2 Why is the membrane called a cationic membrane? (1) 

1.3 Write down the half-reaction that takes place at electrode N. (2) 

1.4 Apart from its use in household products, name ONE industrial use of chlorine.  (1) 

1.5 Explain why this electrolytic process cannot be done in one large container 
without a membrane. (2) 

[8] 

QUESTION 2:   15 minutes 

 (Taken from the DoE Physical Sciences  Exemplar Paper 2 2008) 

The chloralkali (also called 'chlorine-caustic') industry is one of the largest 
electrochemical technologies in the world. Chlorine is produced using three types of 
electrolytic cells. The simplified diagram on the following page shows a membrane cell. 
Gas A Power supply Gas B. 
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Cationic membrane 

2.1 Give TWO reasons why the membrane cell is the preferred cell for the 
preparation of chlorine. (2) 

2.2 Why do you think it is advisable to use inert electrodes in this process? (2) 

2.3 Write down the equation for the half-reaction taking place at electrode M. (2) 

2.4 Which gas is chlorine gas? Write down only Gas A or Gas B. (2) 

2.5 Briefly explain how sodium hydroxide forms in this cell. (3) 
[11] 

QUESTION 3:   15 minutes 
(Taken from the DoE Physical Sciences  NSC November  Paper 2 2008) 

Aluminium is one of the most abundant metals on earth, yet it is expensive – largely 
because of the amount of electricity needed to extract it.  Aluminium ore is called 
bauxite.  The bauxite is purified to yield a white powder, aluminium oxide, from which 
aluminium can be extracted. 
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The diagram below shows an electrolytic cell used for the extraction of aluminium at 
temperatures as high as 1000° C. 

3.1 State the energy conversion that takes place in this electrolytic cell. (2) 
3.2 Is aluminium formed at the positive or negative electrode? Write down POSITIVE 

or NEGATIVE only.  (1) 
3.3 Use the Table of Standard Reduction Potentials (Table 4A or 4B) to write down 

the half-reaction for the formation of aluminium.  (2) 
3.4 Explain why carbon dioxide gas is formed at one of the electrodes. (2) 
3.5 Why should the carbon electrodes be replaced regularly? (2) 
3.6 Write down TWO negative effects that the extraction of aluminium can have on 

the environment. (2) 
[11] 

QUESTION 4: 15 minutes  

4.1. Which type of cell is most commonly used nowadays to produce chlorine? 
A. Castner cell 
B. Mercury cell 
C. Diaphragm cell 
D. Membrane cell 
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4.2. Which of the following are the final products of the electrolysis of sodium chloride? 
A. hydrogen, chlorine and sodium hydroxide 
B. mercury, sodium and chlorine 
C. mercury and brine 
D. sodium hydroxide and hydrogen chloride 

4.3. Aluminium is refined from bauxite. What is bauxite? 
A. Impure Aluminium  
B. Aluminium oxide ore 
C. Cryolite 
D. Used aluminium available for recycling 

4.4. Copper chloride can be decomposed into copper and chlorine using electrolysis. Which 
 statement is true about this reaction. 

A. the reaction is endothermic 
B. the reaction is exothermic 
C. Only oxidation occurs in this reaction 
D. Only reduction occurs in this reaction 

4.5. In an electrolytic cell, it is always true to say: 
A. reduction occurs at the anode 
B. oxidation occurs at the cathode 
C. ions conduct electricity in the electrolyte 
D. electrons conduct electricity in the solution 

4.6. Cryolite is added to the bauxite in the refining of aluminium to: 
A. allow the electrolyte to conduct electricity 
B. ensure that the anode and the cathode remain separate 
C. lower the melting point of the Bauxite ore 
D. prevent the carbon dioxide from escaping 
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4.7.  Lead(II)bromide can be melted and decomposed using an electric current. Which 
  combination is true of this half reaction 

2 Br-  Br2  + 2e-

A Oxidation Anode 

B Oxidation Cathode 

C Reduction Anode 

D reduction Cathode 

4.8. Where do you think you are most likely to find Chlorine production plants? 
A. Inner cities 
B. Remote mountainous areas 
C. At the coast 
D. In Gauteng’s industrial areas  (2 x 8) [16] 

QUESTION 1 

1.1 A: chlorine √ 
B: hydrogen √ (2) 

1.2. Allows only the cations (positive ions) to pass through it.  √ (1) 
1.3 2H2O  +  2e-   →    H2  +  2OH-   √√ (2) 

1.4 Any one: 
Manufacture of PVC √, paper, drugs, etc 
Disinfectant of water (1) 

1.5 In a single pot the chlorine will react with water to form chlorine water. √√ (2) 
OR  The chlorine will react with the OH- ions to form bleach. 
OR products formed will be contaminated.  [8] 

SECTION B SOLUTIONS AND HINTS TO SECTION A 
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QUESTION 2 

2.1 Any two√√: 
There will be less pollution√  / 
It is cheaper √  / 
The product obtained will be more pure √.  (2) 

2.2 It does not react √  and thus it can be re-used. √  (2) 

2.3 2Cl- ⇆ Cl2  + 2e- √√  (2) 
2.4 Gas A  √√  (2) 
2.5 Sodium ions migrate through the semi-permeable membrane to the cathode. √  

Hydrogen ions produced from the water are reduced to hydrogen gas. The  
hydroxide ions form from the water.  √ The sodium ions now combine with the 
hydroxide ions to form the sodium hydroxide product. √  (3) 

[11] 

QUESTION 3 

3.1 Electrical energy √ is converted to chemical energy. √  (2) 
3.2  negative  √  (1) 
3.3 Aℓ3+ + 3e- → Aℓ     √ √  (2) 
3.4 Carbon will burn in/react with O2 because of the high temperature 

to form CO2 √ √     
OR 
C(s) + O2(g) → CO2(g) 
OR 
The carbon is oxidised according to the following half-reaction: 
C(s) + 2O2-(g) → CO2(g) + 4 e-   (2) 

3.5  Carbon burns away/used up/oxidised / loses e- (and needs to be 
replenished) √ √      (2) 

3.6 Any two: √ √     
Ecological Impact 
• Loss of landscape due to the size of the chemical plant needed
• Disposal of red mud (iron(III) oxide formed during extraction of
aluminium oxide from bauxite) into lagoons causing them to become unsightly

Environmental Impact 
• Carbon dioxide from the burning of the anodes contributes to
the (enhanced) greenhouse effect (air pollution /global warming)

• Carbon monoxide is poisonous
• fluorine (and fluorine compounds) lost from the cryolite during
the electrolysis process is poisonous

• Alkali of red mud dams can drain into soil and contaminate  groundwater
• Pollution caused by power generation (for electrolytic process) using coal-fired
plants leads to acid rain/enhanced (greenhouse effect)

• Noise pollution  (2) 
[11] 
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QUESTION 4 

4.1. D  √√ 

4.2. A √√ 

4.3. B √√ 

4.4. A √√ 

4.5. C   √√ 

4.6. C √√ 

4.7. A √√ 

4.8. C   √√ 

(2 x 8)  [16] 

QUESTION 1: 12 minutes 
(Taken from the DoE NSC Physical Sciences Supplementary February-March 2010 Paper 2) 

The diagram below is a simplified version of a membrane cell, one of the electrolytic cells 
used in the chlor-alkali industry.  The letters P and Q represent the two gases formed 
during this process. 

1.1 Write down the letters P and Q. Next to each, write down the half-reaction that 
shows how gas P and gas Q are respectively formed.  (4) 

1.2 Water (H2O(ℓ)) and sodium ions (Na+(aq)) are both present in the cathode side of
the membrane cell.  Explain why hydrogen gas, and not sodium metal, is formed  
in the membrane cell.  Refer to the relative strengths of oxidising agents to explain 
your answer. (2) 

1.3 State ONE function of the membrane. (1) 
1.4 State TWO uses of chlorine. (2) 

[9]

 SECTION C: HOMEWORK 

+ 
_ 

membrane 
P 

Concentrated 

salt solution 

Used salt 
solution 

water 

NaOH(aq) 

Q 
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QUESTION 2: 13 minutes 

(Taken from the DoE NSC Physical Sciences November 2010 Paper 2) 

Industrially, chlorine gas is produced by the electrolysis of brine.  In addition to chlorine gas, 
hydrogen gas and sodium hydroxide are also produced.  C2(g) is produced at the positive 
electrode and H2(g) is produced at the negative electrode. 
2.1 Write the equation for the half-reaction that takes place at the cathode.   (2) 
2.2 Write the balanced overall (net) cell reaction, omitting spectator ions, for this 

electrolytic cell.   (3) 
2.3 State TWO functions of the membrane in the membrane cell.    (2) 
2.4 Use the relative strengths of oxidising agents present in a brine solution to 

explain why sodium metal is NOT one of the products in this process.   (2) 
2.5 Chlorine is used in many useful products such as plastics, drugs and  

disinfectants. Environmentalists are protesting against the large-scale  
production of chlorine.  They base their argument on the negative impact of 
chlorine on humans. 

Name ONE negative impact of chlorine on humans. (1) 
[10] 

QUESTION 1 

1.1 P:  
2Cℓ-   → Cℓ2(g) + 2e-    OR/OF Cℓ-(aq)→ ½Cℓ2(g) + e-

Q:  
2H2O(ℓ) + 2e- → H2(g) + 2OH-(aq)  (4) 

1.2 H2O is a stronger oxidising agent (than Na+) 


and is more readily reduced than the Na+. 
(2) 

1.3 Allows only the cation (Na+) to move across to the cathode 
compartment..  
OR 

To separate the Cℓ- ions from the OH-.. 
(1) 

SECTION D: SOLUTIONS TO HOMEWORK 
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1.4 Any TWO: 

As chemical reactant in the production of: 

 Medicines to cure diseases
 Polymers

o PVC to make plastic products e.g. pipes, insulation, handbags
o Nylon for carpeting, clothing, etc.

 Household products, e.g. toiletries, cosmetics, CDs etc.
 Hydrochloric acid used in building industry and swimming pools
 Bromine used in photography
 Solvents, e.g. “tippex”

 Solvents used for dry cleaning
 Titanium dioxide used as white pigment in paint
 Dyes used in textile industry
 Pesticides used to protect crops
 Compounds that can be used to sterilise medical equipment, e.g. kidney dialysis

machines, wounds and work surfaces in medical labs 

 Extraction of titanium used in aircrafts
As disinfectant to: 

 Purify/sterilise drinking water
As bleaching agent in the: 

 Textile industry
 Paper industry (2) 

[9] 

QUESTION 2 

2.1 2H2O + 2e- → 2OH-(aq) + H2(g)  (2) 

2.2 2H2O(ℓ) + 2Cℓ-(aq)  →  2OH-(aq) + H2(g) + Cℓ2(g)          bal  (3) 

2.3  Allows the migration of positive ions from anode to cathode 
 Prevents mixing of products 

(2) 

2.4 H2O is a stronger oxidising agent than Na+ 
 and will be reduced. 

OR 

Na+ is a weaker oxidising agent than H2O  and will not be reduced.  (2) 

2.5 Any ONE: 

 Chlorine gas is poisonous – causes health problems/breathing
complications

 Chlorine gas is used to make drugs that can be dangerous when
overdosing

 Chlorine used as nerve gas. (1) 
[10] 

 
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SESSION 18 

TOPIC 1: ELECTROSTATICS - GRADE 11 REVISION 

QUESTION 1:    10 minutes  

(Taken from the DoE Physical Sciences Feb-March Paper 1 2010) 

Capacitors are circuit devices used to store electrical energy.  The capacitance of capacitors 
depends, amongst other factors, on the plate area.  The larger the plate area, the more the 
energy that can be stored. 

1.1 Apart from plate area, state TWO other factors that can influence the capacitance 
of a capacitor.  (2) 

1.2 A certain parallel plate capacitor consists of two plates, each having dimensions 
of 2cm by 10cm.  The plates are 0,2mm apart and are held at a potential  
difference of 20V.  The space between the plates is filled with air. 

1.2.1 Sketch the electric field pattern between the two oppositely charged 
parallel plates of the capacitor.  (3) 

1.2.2 Calculate the capacitance of this capacitor.  (5) 
[10] 

QUESTION 2:    30 minutes 

(Taken from the GDE Preliminary Examination September 2009 Paper 1) 

2.1 Capacitors are widely used in common household electrical appliances like 
television screens, computers, alarm systems etc.  

2.1.1 What is the function of a capacitor in an electrical appliance. (2) 

2.1.2 A specific capacitor stores a maximum of 30 nC of charge at a potential 
difference of 12 V across the ends. Calculate the capacitance of this 
capacitor. 

(3) 

2.1.3 During an electrical thunderstorm the potential difference between the 
earth and the bottom of the clouds can be 35 000 kV. If the surface area of 
the clouds is 1 x 108 m2 at a height of 1 200 m above the surface of the 
earth, calculate the capacitance of this gigantic “earth-cloud” capacitor. 
Take the permittivity of air to be the same as the permittivity of a vacuum.  

(4) 

SECTION A:  TYPICAL EXAM QUESTIONS 
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2.2 Two point charges with magnitudes of +50 μC and -40  μC respectively, 
are placed at a distance of 450 mm from each other on isolated stands as 
shown in the diagram below. The charges are allowed to touch each other 
and are then placed back at their original positions.  

2.2.1 Calculate the magnitude and nature of each of the charges after they have  
touched each other, and have been moved back to their original positions. (2) 

2.2.2 Draw a sketch of the electric field pattern which results after the two 
charges have touched each other. (4) 

2.2.3 Determine the magnitude and direction of the force which the charges exert 
on each other after touching each other. (4) 

2.2.4 The original force which existed between the two charges before touching
each other was 80 times greater than the final force between the two 
charges after touching. Explain why? (3) 

[22] 

TOPIC 2: ELECTRICITY - GRADE 11 REVISION 

QUESTION 3:    25 minutes 
(Taken from the GDE Preliminary Examination September 2009 Paper 1) 

3.1 The circuit on the following page shows a battery consisting of four 1.5 V 
cells connected in series. An ammeter with negligible resistance is 
connected in series to the battery. The reading on the ammeter is 0.5 A 
when the switch is closed. The connectors have negligible resistance and 
the voltmeters have very high resistance. Voltmeter V1 has a reading of 
5.5 V when the switch is closed. 

+50 μC     -40 μC 

450 mm
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3.1.1 Calculate the value of the internal resistance of a single cell. (4) 

3.1.2 Calculate the value of the resistance of the external circuit. (4) 

3.1.3 Calculate the value of the reading on voltmeter V2  (4) 

3.2 
3.2.1 A small submersible element takes a certain time to boil a single cup of 

water. If a similar element of lower resistance, plugged into the same plug, is 
also used to boil a single cup of water, it takes a shorter time. Explain, using 
electricity concepts (current, voltage, work done, heat and power), why the 
water boils faster when the resistance of the element is decreased.  (3) 

3.2.2 Two learners, namely Bongani and David, want to design an investigation to 
prove the assumption made in 3.2.1. 

3.2.2.1 Design a method that they will be able to use. List the most important steps 
– at least five steps – that they need to carry out in order to end up with
reliable results. Ensure that you mention in your steps at least one safety 
precaution that Bongani and David have to take. (3) 

3.2.2.2 List the controlled variables, the dependant variable and independent 
variable that Bongani and David have to consider to ensure that the results 
to their investigation is valid. (2) 

  [20] 

A 

V1

V2

5
Ω

 

6 Ω 4 Ω 

15 Ω 
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TOPIC 1 

QUESTION 1 

1.1 Dielectric   
Distance between plates   (2) 

1.2.1 

Checklist Mark 

Evenly spaced field lines. 

Direction of field lines from positive to negative. 

Field lines curved at the ends. 

(3) 

1.2.2 

C = 
d
Aε 0
= 3

2212

102,0
)1010)(102)(1085,8(









  = 8,85 x 10-11 F  (5) 
[10] 

QUESTION 2 

2.1.1 It stores electrical charge OR electric potential energy  (2) 

2.1.2 
 nFF

V

Q
C 5.2105.2

12

1030 9
9




 




(3) 
2.1.3   

F
d

A
C 06.1

1200
1011085.8 812

0 





(4) 

SECTION B:  SOLUTIONS AND HINTS TO SECTION A 





+ 

-







 



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2.2.1 
New charge =    

C
CC


 5

2
4050




(2) 

2.2.2 

(4) 

2.2.3 

 
N 11.1245.0

261059109

2

2








 





 


r

kQ
F    repulsion 

(4) 

2.2.4 Charges of  +50 μC and -40 μC became smaller by factors of 10 and 
8 respectively. As F α Q1Q2 , it means that the original force was 10 
x 8 = 80 larger than the final force. 

(3) 
[22] 

TOPIC 2 

QUESTION 3 

3.1.1 

 1
5.0
5.0

total

eryusedinbatt

battery
I

V
r  thus each cell   = 1Ω/4 = 0.25Ω 

(4) 

3.1.2 
6
1

15
1

46
11





pR

    so  Rp = 6Ω    and 

 Rexternal = r1 + r2 = 5 + 6 = 11 Ω 

OR 

 11
5.0
5.5

total
I

external
V

external
R  (4) 

 +  + 

direction of lines 

shape of lines on 
outside 

shape of lines on 
inside 

symmetry of lines 

 



 

 

 









  









 

 







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3.1.3 

  VIRV 5.255.05     thus  

V2 = 5.5 – 2.5 = 3 V 

OR 

  VRIV ptotal 365.02  (4) 

3.2.1 
R

tV
W

2

  The same potential difference is applied so that V stays 

constant. The same amount of water is boiled so the energy W stays the 
same. This means that  R α t. It means that if the resistance decreases 
then the time to boil the water decreases and the water boils faster. 

OR 

R

V
P

2

      The same potential difference is applied so that V stays 

constant.  This means that P α !/R. If R decreases then P increases and 
the time taken to boil the water is less. (3) 

3.2.2.1  Measure identical amounts of water, and place in identical
containers at identical temperatures.

 Place the first submersible element into one of the containers,
taking care that there are no open wires in contact with water

 Start the current and the stopwatch at the same time
 Note the time it takes to boil the water.
 Make sure that you handle the hot container with suitable tongs

or gloves.
 Place the second element into the second container of water
 Start the current and the stopwatch at the same time
 Note the time it takes to boil the water.
 Compare the times


Identical amounts of water, Initial 
temperature the same 

 Name one safety measure 

 Measure the time to boil 
(3) 

  






 




  





27



GAUTENG DEPARTMENT OF EDUCATION SENIOR    SECONDARY INTERVENTION PROGRAMME 

PHYSICAL SCIENCES        GRADE 12   SESSION 18  (TEACHER NOTES) 

Any 

two 

3.2.2.2 Controlled variables: 

 Amount of water
 Same initial temperature
 Same voltage eg plug into 220 V
 Same type of container to control the heating

area as well as the conduction of heat.
 Water needs to reach boiling point

Independent variable: The type of element 

Dependant variable: Time it takes to boil the water (2) 

[20] 

TOPIC 1 

QUESTION 1:   15 minutes 
(Taken from the DoE Physical Sciences November Paper 1 2009) 

Two metal spheres on insulated stands carry charges of +4 μC and -6 μC respectively.  The 
spheres are arranged with their centres 40 cm apart, as shown below. 

1.1 Calculate the magnitude of the force exerted by each sphere on the other. (4) 

1.2 By what factor will the magnitude of the force in QUESTION 10.1 change if 
the distance between the spheres is halved?  (Do not calculate the new value 
of the force.) 

(1) 

1.3 Calculate the net electric field at point P as shown in the diagram above. (6) 

1.4 The spheres are now brought into contact with each other and then returned 
to their original positions.  Now calculate the potential energy of the system of 
two charges. (5) 

[16] 

 

SECTION C:  HOMEWORK 

+4 μC -6 μC 

P 

40 cm 20 cm 
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TOPIC 2: 

QUESTION 2: 15 minutes    (DoE Physical Sciences Feb – March Paper 1 2010) 

The circuit diagram below shows a battery with an internal resistance r, connected to three 
resistors, M, N na Y.  The resistance of N is 2Ω and the reading on voltmeter V is 14V.  The 
reading on ammeter A1 is 2A, and the reading on ammeter A2 is 1A.  (The resistance of the 
ammeters and the connecting wires may be ignored.) 

2.1 State Ohm’s law in words.                (2) 
2.2 How does the resistance of M compare with that of N?  Explain how you  

arrived at the answer.                (2) 
2.3 If the emf of the battery is 17V, calculate the internal resistance of the battery.   (5) 
2.4 Calculate the potential difference across resistor N.   (3) 
2.5 Calculate the resistance of Y.   (4) 

      [16] 
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QUESTION 1 

1.1  

 
N 35.1

24.0

10661049109

2

6

2
1 






 




 



x

r

QkQ
F    

(4) 

1.2 Four (1) 

1.3 E (6µC) = kQ/r2

 =  (9 x 109) (6 x 10-6)/(0.,2)2

= 1,35 x 106 N·C-1 to the left. 

E (4µC) = kQ/r2    
 =  (9 x 109) (4 x 10-6)/(0.,6)2       

= 1 x 106 N·C-1 to the right. 

Take to the right as positive: 

Enet   = - 1,35 x 106   +  1 x 105    = - 1,25 x 106 N·C-1

= 1,25 x 106 N·C-1  to the left   (6) 

1.4 New charge = (+4x10-6)  +  (-6x10-6)/2    =  -1 x 10-6 C        

U = kQ1Q2/r   
= (9 x 109 )(-1 x 10-6)2    /0,4  
= 2,25 x 10-2 J (5) 

[16] 

SECTION D: SOLUTIONS TO HOMEWORK 

 





 



 













 









 




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QUESTION 2 

2.1 The current through a conductor is directly proportional to the potential 
difference across its ends at constant temperature.  (2) 

2.2 Equal   

2 A divides equally at T (and since IM = 1 A it follows that IN = 1 A)  

OR 

I   
R
1 , RM = RN 

(2) 

2.3 emf = IR + Ir   17 = 14 + Ir  Ir = 3 V 

r = 
I

Vlost
=

2
3
 = 1,5 Ω  

(5) 

2.4 VN = IRN  = (1)(2) = 2 V  (3) 

2.5 VY = 14 – 2 = 12 V  

VY = IRY   12 = (2)RY  

 RY = 6 Ω  (4) 

[16] 
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SESSION 19 

TOPIC: ELECTRODYNAMICS - MOTORS AND GENERATORS AND ALTERNATING 
CURRENT 

 

SECTION A:  TYPICAL EXAM QUESTIONS 
 
QUESTION 1:    13 minutes  

(Taken from the DoE Physical Sciences Preparatory Examination Paper 1 2008) 
 

Electric motors are important components of many modern electrical appliances.  AC 
motors are used in washing machines and vacuum cleaners, and DC motors are used in 
toys and tools. 
1.1      What energy conversion takes place in electric motors?                                            (2) 
1.2 What is the essential difference in the design between DC and AC motors?             (2) 
1.3 List THREE ways in which the efficiency of the motor can be improved.               (3) 
1.4 Consider the diagram below.  The conventional current flows in the direction 

indicated by the arrows. 

    
                  -                       + 
                                ●  position A 
1.4.1 In which direction (clockwise or anti-clockwise), as seen from position A, will the  
 coiled armature rotate if the switch is closed?                                                           (1) 
1.4.2 Why does the armature continue moving in the same direction once it has  
 reached the vertical position?                                                                                    (2) 
                       [10] 
 

 

N 
S 
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QUESTION 2:    10 minutes 

(Taken from the DoE Physical Sciences Exemplar Paper 1 2008) 
 

The simplified sketch below shows the principle of operation of the alternating current 
(AC) generator. 

 
 
 
 
 
 
 
 
 
 
 
 

2.1 Name the parts labelled A and B respectively.            (2) 
2.2 In which direction does segment PQ of the coil have to be rotated in order to 

cause the current direction as shown in the diagram?  Write down only  
 clockwise or anticlockwise.              (1) 
2.3 Write down TWO changes that can be brought about to improve the output 
 of the generator.               (2) 
2.4 What changes must be made to the AC generator to make it function as a DC 

motor?                (2) 
      [7] 

 
QUESTION 3:    10 minutes  

(Taken from the DoE Physical Sciences Preparatory Examination Paper 1 2008) 

The waveform on the following page is a graphical representation of the variation of 
voltage (V) versus time (t) for an alternating current. 

   → 

N 
S 

A 

B 

X 

Y 

p 

Q 
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3.1 Explain the advantage of using alternating current at power stations.            (2) 
3.2 Calculate the average power dissipated by this generator if the rms current  
 produced is 13A.          (5) 
             [7] 
 

QUESTION 4:    7 minutes  
(Taken from the DoE Physical Sciences Exemplar Paper 1 2008) 

The induced emf versus time graph for an AC generator is shown below: 

 

4.1 Sketch a graph to show how the above waveform changes, if at all, after changing  
 this generator into a DC generator.         (2) 
4.2 State TWO advantages of using AC over DC for the long-distance transmission of 

electrical power.            (2) 
  [4] 

0 

Time (s) 

E (V) 

0 

-325 
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Time (s) 
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Difference 
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QUESTION 5:    15 minutes  

(Taken from the DoE Physical Sciences Additional Exemplar Paper 1 2008) 
 

The average power of a lamp is 15W.  This lamp can be used with either an AC supply or 
a DC supply.  The graph below shows the AC potential difference. 
 

 

5.1 Calculate the potential difference of a DC supply that will produce the same  
 brightness of the lamp.          (3) 
5.2 Calculate the peak current through the lamp when connected to a 12V AC supply.(4) 
5.3 Draw a sketch graph of current through the lamp against time when connected  
 to the AC supply.  Indicate the value of the peak current on the graph.  (3) 
             [10] 

0 

Time (s) 

12 

-12 

E (V) 
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SECTION B:  SOLUTIONS AND HINTS TO SECTION A 

 
QUESTION 1 

 
1.1 Electrical energy √ converted to rotational mechanical energy. √    (2) 
 

1.2. A DC motor reverses current direction with the aid of the commutator whenever  
 the coil is in the vertical √ position to ensure continuous rotation. 
 

An AC motor, with alternating current as input, works without commutators since  
the current alternates.√                                    (2) 

1.3 Increase the number of turns on each coil/increased number of coils √ 
Stronger magnets √ 
Bigger current √          (3) 

1.4.1 Clockwise  √            (1) 

1.4.2 Its own momentum, √ split ring commutator changes direction √ of current, every  
 time the coil reaches the vertical position.                                            (2) 
             [10]                    

 QUESTION 2 

2.1      A = slip rings √ 
           B = brushes  √                      (2) 
2.2 anti-clockwise √          (1) 

2.3      Any two: 
 Increase the number of turns of the coil √  
 Increase the magnetic field strength (stronger magnets) √ 
 Increase speed of rotation  
 Use horse-shoe magnet –(it helps to concentrate the field)    (2) 
 

2.5 Use split ring commutators instead of slip rings. √ 
Add a battery to provide electrical energy to drive motor. √    (2) 

             [7] 
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QUESTION 3 
 

3.1 The voltage can be altered by using transformers. √ Transformers only operate  
 on AC current.  Electrical energy can be transmitted over long distances at low  
 current √, and experience low energy loss.        (2) 
 

3.2. VRMS = Vmax / 2        √ 

                      = 325/ 2 √ 

                        = 0,707 (325) = 230 V       

 Pave = VRMS IRMS  √ 

                  = 230 x 13 √ 

                   = 2990W √          (5) 
             [7] 

 QUESTION 4 

4.1 Correct shape √ √  

             (2) 
4.2      Any two: 

 Easier to generate and transmit from place to place √  
 Easier to convert from AC to DC than the reverse √ 
 Voltage can be easily changed by stepping it up or down 
 High frequency used in AC make it more suitable for electric motors                      (2) 
             [4] 
 
 
 
 
 

Time (s) 

E (V) 

0 
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QUESTION 5 
 

5.1 VRMS = Vmax / 2        √ 

                      = 12/ 2        √ 

                        = 8,49 V      √         (3) 

5.2 Pave = VRMS IRMS  √ 

              15    = 8,49 x  IRMS  √ 

            IRMS       = 1,77 A  

           IRMS = Imax / 2        

            Imax       = 1,77 2         √ 

                               = 2,5 A      √         (4) 

5.3 

 

Checklist Marks 

Axes drawn and correctly labelled √ 

Shape of graph as indicated √ 

Peak current correctly indicated on y-axis √ 

              (3) 
             [10] 
 

Time (s) 

Current (A) 

2,5 

-2,5 

38



GAUTENG DEPARTMENT OF EDUCATION SENIOR             SECONDARY INTERVENTION PROGRAMME 

PHYSICAL SCIENCES              GRADE 12             SESSION 19   (TEACHER NOTES) 

   
  Page 47 of 49 

 

 

 SECTION C:  HOMEWORK  

 
QUESTION 1:    7 minutes  

1.1  Conventional current flows from: 
A. North to South 
B. South to North 
C. Positive to negative 
D. Negative to positive 

1.2  Referring to the below aerial sketch of a section of a motor, predict the direction of 
 movement of the conducting wire. 

 

 

 

 

 

A. Towards P 
B. Towards Q 
C. Into the page 
D. Out of the page 

1.3 Which of the following is not a function of the commutator? 
A. Supplies electric current  
B. Reverses the current each half turn. 
C. Stops the current for a split second to allow the coil to rotate. 
D. Converts the current into AC 

1.4 Referring to the aerial sketch of a section of a dynamo below, predict the direction of 
 conventional current in the conducting wire. The arrow represents the applied force. 
 

 

 

 

 

A. Towards North 
B. Towards South 
C. Into the page 
D. Out of the page 

 

N S 

N S 

P 

Q 
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1.5 Which of the following energy conversion combinations is correct? 
 

 Motor Dynamo 
A Electrical to kinetic Electrical to kinetic 
B Kinetic to electrical Electrical to kinetic 
C Electrical to kinetic Kinetic to electrical 
D Kinetic to electrical Kinetic to electrical 

                      (5 x 2) [10]  
 
QUESTION 2:    13 minutes 
 
2.1  What is the advantage of using more than one coil in the rotor of any motor?   (2) 
2.2  In any motor, what is the function of:  

 2.2.1 commutators?            (1) 
 2.2.2 brushes?             (1) 

2.3  Can the speed of a motor be changed without making changes to the motor itself? 
 Explain your answer.            (2) 

 

2.4   Explain the basic difference between a motor and a generator.     (2) 
 

2.5   How does Faraday’s Law apply to a generator?        (2) 
             [10] 
 

QUESTION 3:    10 minutes  

(Taken from the DoE Physical Sciences Exemplar Paper 1 2008) 

The sine wavefront shown below represents the variation of current (I) with time (t) for a 
generator used by a man to light his home.  The current alternates between a maximum  
and a minimum. 

 

0 

Time (s) 

I (A) 
I0 

IRMS 
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In the diagram, I0 = the peak current, IRMS = root mean square current, IAVERAGE = average 
value of the current 
 

3.1 Write down an expression for the instantaneous current in terms of the frequency  
 of the source and the time.         (2) 
3.2 Write down a formula which represents the relationship between the maximum  
 peak current (I0 ) and the root mean square current (IRMS).    (2) 
3.3 The frequency of the AC generated by ESKOM is 50Hz.  A sub-station supplies  
 240V (RMS) to a house.  Calculate the peak voltage at a wall socket.  (3) 
3.4 Explain why it is of greater value to use RMS current than the average.  (2) 
             [9] 
 

 
QUESTION 1 
1.1 C 
1.2 B 
1.3 D 

1.4 D 
1.5 C

                             (5 x 2) [10] 
 

QUESTION 2 
 

2.1  There will be more current, more movement results. √ √    (2) 
 

2.2.1 To stop the current briefly every 180º and to swop the directon of the current  
 every 180º. √           (1) 
2.2.2 To allow for free rotation of the coil. √       (1) 

 

2.3  Yes. √ More current can be run through the coil. √ (Changing the number of  
 coils or the strength of the magnets would be changing the actual structure of 
  the motor.)           (2) 

 

2.4  A motor converts electrical energy into kinetic energy √  and a generator  
 converts kinetic energy into electrical energy. √ In a motor the current needs to  
 be provided and movement is created.  In a generator the movement needs to  
 be provided and a current is produced.        (2) 

 

2.5  More interaction of the magnetic field causes the conductor to have more current 
 induced in it. √ So the faster the movement, the greater the current. √  (2) 

[10] 
QUESTION 3 
 

3.1 I = I0 sinωt  √ √  or I = I0 sin2πft          (2) 
 

3.2 IRMS
  

=
    

I0  / √2  √ √           (2) 

3.3 V0 = √2  VRMS √ = 1,414 x 240 √ = 339,36V√      (3) 
3.4 The average value of the current over the cycle is zero and no useful power is 

delivered. √ √                                                                                                    (2) 
             [9] 

SECTION D: SOLUTIONS TO HOMEWORK 
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