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6.3	 Coulomb’s Law
Coloumb’s Law is the electrostatic force of attraction or repulsion between 
two charged objects is directly proportional to the product of the charges 
and inversely proportional to the square of the distance between their 
centres.

For any two charges, where F is electrostatic force (N), Q is charge (C), r is the distance 
between the centres of the objects (m), and k is Coulomb’s constant (9 x 109 Nm2C–2) 	      

F ∝ Q1 · Q2  and   F ∝ ​ 1 __ 
r2 ​

∴ F = ​ 
kQ1Q2 ____ 

r2  ​
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6.3.1	 Using Coulomb’s Law
We apply Coulomb’s Law to determine how the electrostatic force between 
two charged objects (or point charges) changes when the charge on one or 
both of the objects changes and when the distance between their centres 
changes.

We can also use Coulomb’s Law to calculate the electrostatic force between 
two charges, the distance between them, or the magnitudes (sizes) of the 
charges.
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Worked example 2

The original force between two charges is F. If both charges are doubled and the 
distance is a third of the original distance, what is the magnitude of the new force 
relative to the original force?

Solution

Foriginal	 =  ​ 
kQ1Q2 _____ r2  ​

Fnew	 = ​ 
k(2Q1)(2Q2) _________ 

(​ 1 __ 3 ​r)2
  ​ 

Fnew	 = ​ 
4kQ1Q2 ______ 

​ 1 __ 9 ​r2
  ​ = ​ 

36kQ1Q2 _______ r2  ​ = 36 Foriginal

Remember to square the 
distance.

PAY SPECIAL ATTENTION

ACTIVITIES boy 
and girl-left and 
right of page

Step by step comment

EG - worked examples

HINT!

e.g.

NB NB

hint

activity

activity

comment

exams



94  UNIT  6  ELECTROSTATICS � © Department of Basic Education 2015 
	�  Mind the Gap Physics

Unit6

PAY SPECIAL ATTENTION

ACTIVITIES boy 
and girl-left and 
right of page

Step by step comment

EG - worked examples

HINT!

e.g.

NB NB

hint

activity

activity

comment

exams

Worked example 3

Two small identical metal spheres carry equal but opposite charges. If their centres are 
30mm apart, and the electrostatic force between them is 2.56 × 10–3N. Calculate:

1.	 The magnitude (size) of the charge on each sphere

2.	 The number of electrons that would flow from the negatively charged sphere to the 
positively charged sphere if they were brought into contact. 

Solutions

1.	 F = ​ 
kQ1Q2 _____ r2  ​

	 2,56 × 10–3 × 0,0009 (9 × 10–4) = 9 × 109 × Q × Q
	 2,304 × 10–6 / ( 9 × 109) = Q2

	 Q2 = ​√
___________

  2,56 × 10–16 ​ ; Q = 1,6 × 10–8C

2.	 number of electrons = ​ 
total charge

  _________________  charge on one electron ​

	  			      = (1,6 × 10–8) / (1,6 × 10–19) 
	 			      = 1 × 1011 electrons

‘Charges are 
unknown’ this means I 
need to calculate them. 
I must remember just 
not forget to convert 

mm to m.
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 Activity 1

Two small identical metal spheres, A and B carrying charge of –4 × 10–12C 
and –3 × 10–12C respectively, are mounted on insulated stands as shown. 
The distance between the centres of the spheres is 5 cm.

1.	 Calculate the magnitude and direction of the force that  
A exerts on B.                     	� (6)
Sphere A is moved and makes contact with sphere B. It is then 
moved back to its original position.

2.	 Calculate the new charge on each of the spheres.	� (3)
3.	 How does the magnitude of the force that the sphere A exerts  

on sphere B change? Answer by writing ONLY increases,  
decreases or remains the same.                                 � (2)  

[11]

Solutions

1.	 F	 = ​ 
kQ1Q2 _____ r2  ​  3	        

3 

3
	 	 = ​ 

(9 × 109) × (–4 × 10–12) × (3 × 10–12)
   __________________________   (0,05)2  ​

     	 	 = ​ –1,08 × 10–13

 ___________ 0,0025  ​

         	 = –4,32 × 10–11 N 3

         	 =  4,32 × 10–11 N 3  Force of attraction 3	 (6)

2.	 Q	= ​ 
(Q1 + Q2) _______ 2   ​     3

  	 	 = ​ 
(–4 × 10–12) + (3 × 10–12)

  __________________ 2  ​         3                  

     	 	 = –5 × 10–13C 3
	 	     This is a new charge	 (3)

3.	 Increases 3 3	 (2)
� [11]

Start by converting the 
distance 5cm to m. Look at 
the conversion table.  
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6.4	 Electric fields around charged 
objects

•	 Electric fields are represented by field lines as illustrated in the 
diagrams below.

•	 Electric field is a vector quantity.
•	 An electric field line indicates the direction in which a positive test 

charge would move if placed at a point in the electric field.

6.4.1 Properties of electric field lines
Electric field lines:
•	 start and end perpendicular to the surface of a charged object
•	 never cross each other
•	 are closer where the electric field is stronger
•	 are directed from positive to negative

6.4.2	 Representing electric fields
You must be able to draw simple diagrams to show the electric fields 
around charged objects.

a)	 Around a positive point 
charge

b)	 Around a negative point 
charge

c)	 Between two like point 
charges of equal magnitude 
(both positive or both 
negative)

	 If the point charges are 
negative, the arrows point 
inwards, towards the point 
charges.

d)	 Between two like point 
charges that are not equal in 
magnitude

	 The field lines are closer 
together when the electric 
field is stronger (around the 
greater charge).

Remember: 
The arrows representing 

electric field lines 
ALWAYS point away from 

a positive charge and 
towards a 

negative charge.

Definition

An electric field is a region 
or space in which an electric 
charge experiences an 
electric force. 
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e)	 Between two unlike (opposite) 
point charges (one positive 
and the other negative) 

f)	 Between two oppositely 
charged(one positive and one 
negative) parallel plates

	 This electric field is uniform – 
it is equally strong everywhere 
between the two plates, so 
the electric field lines are 
equally spaced and parallel.      
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6.5	 Electric field strength

Formula

The electric field strength at a point is the electric force per unit positive charge 
experienced at a point in an electric field.

For any charge:

E = ​ F __ 
Q
 ​ and ∴ E = ​ kQ __ 

r2 ​
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Worked example 4

Two point charges, Q1 and Q2, at a distance of 3 m apart, are shown below. The charge 
on Q1 is –14 µC and the charge on Q2 is +20 µC. 

Remember:

First convert µC to C: –14 µC = –14 × 10–6 C   and 20 µC = 20 × 10–6 C

a)	 Define the electric field strength at a point. 

b)	 Calculate the net (resultant) electric field at point P situated 2 m from Q2.

Solutions
a)	 Electric field strength at a point is the electric force per unit 

positive charge experienced at the point.

b)	 Electric field at P due to Q1:	

	 E = ​ 
kQ

 ___ r2 ​ = ​ 
(9 × 109)(14 × 10–6)

  _______________ 12  ​  	

                   = 1,26 × 105 N·C–1 to the left          

	 Electric field at P due to Q2:

	 E = ​ 
kQ

 ___ r2 ​ = ​ 
(9 × 109)(20 × 10–6)

  _______________ 12  ​  

                       = 4,5 × 104 N·C–1 to the left

	 Let ← E+

	 Enet = EQ1 + EQ2

	       = (+1,26 × 105) + (+4,5 × 104 N·C–1)
	       = +1,71 × 105 N·C–1

	       ∴ 1,71 × 105 N·C–1 to the left

The values substituted 
are positive (+), because 
left is chosen as positive 

and both the electric fields 
are directed to the left.

  

Step by step 	
Step 1.	 �ALWAYS calculate 

the electric field 
strength at the 
given point (P in 
this case) due to 
each of the point 
charges first. The 
negative sign for 
a negative charge 
is NOT used in 
this equation.

Step 2.	 �Then choose 
an electric field 
direction as 
positive and state 
this clearly.

Step 3.	 �Then find the 
resultant (or 
net) electric 
field strength by 
adding the two 
field strength 
values. Lastly, 
remember the 
signs for the 
directions!
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 Activity 2

Multiple Choice Questions:
1. 	 The sketch below shows two small metal spheres, A and B, on 

insulated stands carrying charges of magnitude q and 2q respectively. 
The distance between the centres of the two spheres is r.

   
	 Sphere A exerts a force of magnitude F on sphere B. What is the 

magnitude of the force that sphere B exerts on sphere A?
	 A  	​  1 __ 2 ​F
	 B  	 F
	 C  	 2F
	 D  	 4	 (2)

2.	 Two identical small metal spheres on insulated stands carry  
equal charges and are a distance d apart. Each sphere experiences 
an electrostatic force of magnitude F.

	 The spheres are now placed a distance ½ d apart.
	 The magnitude of the electrostatic force each spheres now 

experience is..
	 A	​  1 __ 2 ​F

	 B	 F​ 1 __ 2 ​

	 C	 2​ 1 __ 2 ​F

	 D	 4F	 (2)

3.	 Three identical point charges, q1, q2 and q3, are placed in a straight 
line, as shown below. Point charge q2 is placed midway between 
point charges q1 and q3. X and Y are two points on the straight line 
as shown. 

X Y
q1

q2 q3
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	 Which ONE of the following best describes how the electric field E at 
a point X compares to that at point Y?

DIRECTION OF E MAGNITUDE OF E

A Same EX > EY

B Same EX < EY

C Opposite EX > EY

D Opposite EX < EY

(2)
[6]

Solutions
1.	 B  33	 (2)�
2. 	 D  33	 (2)
3. 	 D  33	 (2)
	  [6]

 Activity 3

A negative charge of 2 µC is positioned 10 cm from point P, as shown 
below.

                                               

1.	 Define the electric field at point P in words.	��  (2)
2.	 Draw the electric field lines associated with this charge.	�  (2)
3.	 A positive charge of 5 µC is now positioned 15 cm from  

point P, as showed in the diagram below.     

                            

	 Calculate the magnitude of the electric field at point P due  
to both charges.		�   (12)

                                                                                                                                               [16]
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Solutions

1.	 The force per unit charge.	 				               (2)�
2.

	 				�   
 

Marking criteria

Shape of field lines 3

Direction of field lines (towards charge) 3

(2)

3.	

 
 E 2 µC	= ​ 

kQ
 ___ r2 ​

             	= ​ 
(9 × 109)(2 × 10–6)

  ______________ (0,1)2  ​

              = 1,8 × 106 N·C–1 3  towards the 2 µC 

E 5 µC	 = ​ 
kQ

 ___ r2 ​

	 = ​ 
(9 × 109)(5 × 10–6)

  ______________ (0,15)2  ​

	 = 2 × 106 N·C–1 3  away from the 5 µC charge

         Eresultant =  ​√
_____________________

  (1,8 × 106)2 + (2 × 106)2 ​ 3    pythagoras	            (12)
                     =  2,69 × N·C–1 3   �                                                                                
                                                                                                                                                 [16]

3 3

3
3

3

3

3

3

3

3

3

3
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 Activity 4

The centres of two small, charged conducting spheres, X and Y, on insulated 
stands, are separated by a distance of 60 mm. Sphere X initially carries a 
charge of +12 × 10–9 C.

X and Y are brought into contact with each other and are separated again. 
After separation, each sphere carries EQUAL charges of +5 × 10–9 C.          

1.	 Draw a neat diagram of the resultant electric field pattern that 
surrounds X and Y. 	�  (4)

2.	 Calculate the number of electrons that must be added to Y to  
make it neutral. 	�  (3)

3.	 Calculate the magnitude of the force which X exerts on Y once  
they are back in their original positions (after separation). 	� (4)

4. 	 Calculate the original charge on sphere Y. 	� (4) 
	 [15]

Solutions
1.   The field is curved; lines on the outside are important.

 

Marks for: field lines between charges (3); field lines outside the charges 
(3); direction: away from X and Y (3); field lines not going into spheres 
but touching surface and not touching each other. (3)� (4)

2.	 Number of electrons on Y	 = ​ 
Q

 __ qe
 ​ 

	 	 = ​  –5 × 10–9 

 __________ –1,6 × 10–19 ​   

	 	 = 3,125 × 1010 electrons (3)	 (3)

3.	 Force                                F	= ​ 
kq1q2 _____ r2  ​  (3)

	 	 = ​ 
(9 × 109)(5 × 10–9)(5 × 10–9)

  _____________________  (0,06)2  ​

	 	 = 6,25 × 10–5 N (3)
	 If you forget to convert mm to metres, or forget to square the 

distance between the two (r2) you will lose a mark.� (4)

4.	 Total charge                    Q	= ​ 
(Q1 + Q2) _______ 2  ​   3

	                                          Q	= ​ 
(12 × 10–9) QY ___________ 2  ​   (where QY is the 		

			               	charge on sphere Y)
	                                          2(5 × 109 C) = (12 × 10–9) QY

	                                          ​ 
2(5 × 109 C)

 _________ 12 × 10–9  ​ = QY = 8,3 × 1017 C� (4)
[15]

(3)
(3)

(3)
(3)

3

3 3Keep going!
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Electric circuits
Summary

You must remember:
•	 For a current to flow, we need a source of electrical energy (cell or battery) 

and a closed circuit (or at least a magnetic field moving near a conductor).
•	 The direction of the conventional current is from the positive pole or 

terminal of the cell through the circuit to the negative pole or terminal of the 
cell. This flow in one direction is called Direct Current.

•	 The potential difference between two points in a conductor is the work 
done per unit charge to move a positive charge from one point to another. 
Potential difference is measured in volts (V) with a voltmeter which is 
connected in parallel in a circuit.

Potential difference = ​ work done ________ 
charge

  ​

                                      V = ​ W __ 
Q
 ​

                                      E = ​ W __ 
Q
 ​

Electric current is the amount of charge per second which flows past a point. It is measured in 
amperes (A) with an ammeter which is connected in series in a circuit.

                                       I = ​ Q __ t ​

Resistance is a measure of how much a conductor opposes the flow of charge through it.  It is 
measured in Ohms (Ω). A resistor is a component in a circuit that resists (opposes) the flow of 
current.
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7.1	 Factors influencing the 
resistance of a wire conductor

•	 The length of the resistor (the longer the wire, the greater the 
resistance)

•	 The diameter (thickness) of the resistor (the thinner the wire, the 
greater the resistance)

•	 The temperature of the resistor (the higher the temperature, the 
greater the resistance)

•	 The type of material that the resistor is made from. Different 
substances have different resistances, e.g. tungsten (W) has a very 
high resistance  
but copper (Cu) has a very low resistance.

7.2	 Ohm’s Law
•	 Potential difference across a conductor is directly proportional to the 

current in the conductor at constant temperature.

•	 The mathematical formula of Ohm’s Law

R = ​  V __ I ​

Definition of the ohm:

A conductor has a resistance of 1 ohm (1 Ω) if the potential difference of 1 volt

(1 V) applied across its ends, causes a current of 1 ampere (1 A) to flow through it.
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7.2.1    Circuit connection
Circuits can be connected into two ways:  Series and Parallel. A series 
circuit requires the electricity to travel one path that does not split. A 
parallel circuit allows the electricity to go down different paths (there’s a 
split in the circuit). See the diagrams below showing resistors in series and 
parallel for an illustration.

Resistors in a circuit

•	 Resistors are connected in series or in parallel.
•	 Resistors, rheostats and light bulbs resist the flow of current. 

Learn the factors
influencing the resistance
of a wire conductor. It will 
help when explaining your 

answer in an exam.
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•	 Resistors are connected in series or in parallel.
•	 Resistors, rheostats and light bulbs resist the flow of current. 

•	 Work is done in a resistor when the electric energy is transformed 
to heat energy or to light energy.

•	 Resistors in series are 
potential (voltage) dividers.

•	 The total resistance in a 
circuit increases when more 
resistors are added in series.

•	 The current through all 
resistors in series is the 
same.

•	 The total current in a circuit 
decreases when more 
resistors are added in series.

•	 If one resistor burns out, 
the circuit is broken and no 
current flows (in a series 
circuit).

•	 The total current in a circuit 
increases when more 
resistors are added in 
parallel.

•	 If one resistor burns out, 
current still flows through the 
other resistor (in a parallel 
circuit).

•	 Resistors in parallel are 
current (amperage) dividers.

•	 The total resistance in a 
circuit decreases when 
more resistors are added in 
parallel.

7.2.2	 Comparison between series and 
parallel circuits

Series connection Parallel connection

I1 = I2 = I3…

The total current across the series 
is the same.

V1 = V2 = V3…  

The total voltage across the 
parallel component is the same.

VT = V1 + V2 + V3…

This is a potential divider.

IT = I1 + I2 + I3…

This is a current divider.

RT = r1 + r2 + r3…

Addition of resistors.	

​ 1 __ RT
 ​ = ​ 1 __ r1

 ​ + ​ 1 __ r2
 ​ + ...

Addition of the ratio of resistors.
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7.3 	 Voltage (Potential Difference) 
and Electromotive Force (emf)

	  

•	 Voltage in which the charge is losing energy is a potential  
difference, V. 

•	 Voltage in which the charge is gaining energy is an electromotive 
force (emf), ε

•	 Therefore the voltage across the battery is an electromotive force 
(emf), while the voltage across each resistor is potential difference 
(p.d).

7.4	 Internal Resistance
•	 When the switch is open, the voltmeter reads the emf of the battery 

which is 12,5 V. This means the battery can transfer 12,5 J of energy 
for every 1 C of charge.

•	 When the switch is closed, the voltmeter reads the p.d of the 
external circuit.

•	 Internal resistance is found inside the cell or battery, which is the 
small amount of energy that is used up inside the cell or battery.

•	 An ideal cell would have zero internal resistance, r = 0 Ω.
•	 The volts used inside the cell are referred to as the lost volts, V’.    
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7.4.1  emf
The emf (ε) of a cell is:

•	 the electrical potential difference across the terminals (poles) of a 
cell while no current flows

•	 the total amount of electric energy supplied by the cell per coulomb 
of charge

•	 measured with a voltmeter connected in parallel over a cell or battery 
when no current flows (the switch is open)(see diagram below)

•	 measured in volts (V).

                                    

Formula to calculate the emf 

Derivation: since R = V/I, V = IR, so if emf = V + V' (the sum of the two voltage 
measurements), then emf = IR + IR'. For convenience, we write IR' as Ir. Now, since 
I is common to both factors IR and Ir, we can take it out as a multiplier, like so: I(R+r). 
Hence, emf = I(R+r).

	 given:	 emf = V + V’

	 ∴	 emf = IR + Ir

	 ∴	 emf = I (R + r)
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7.4.2	 Ohmic and non-ohmic conductors: 
differences and examples

Ohmic conductor Non-ohmic conductor

Obeys Ohm’s Law or 
not? 

Obeys Ohm’s Law when voltage  
or current is varied

Does not obeys Ohm’s Law when 
voltage or current is varied

Graph of the voltage 
vs. the current 
across conductors

Shape: Straight line from the origin

V / I = R Shape: Curve

V / I ≠ R

Examples circuit resistors 
nichrome wire. 

light bulb
diodes
transistors

emf = 1 (R + r) is the 
final formula to use

when calculating emf



108  UNIT  7  ELECTRIC CIRCUIT S � © Department of Basic Education 2015 
	�  Mind the Gap Physics

Unit7

7.5	 Electric energy
When current flows or charges move through a resistor:

•	 electric energy is transferred from the moving charges to the 
particles in the resistor

•	 the particles in the resistor gain kinetic energy
•	 the temperature of the resistor increases as the kinetic energy of the 

particles increases.

Formulas
The work done (W) is equal to the energy (E) transferred. 

W = E (in joule J)

W = VQ = VIt = I2Rt = ​ V
2t ___ R ​

W:	 work done		  (J) joule
V:	 potential difference 	 (V) volt
I:	 current			  (A) ampere
R:	 resistance 		  (Ω) ohm
t:	 time			   (s) seconds

If you are asked to calculate the amount of energy transferred, use the 
correct formula to calculate the work done

7.6	 Power

Definition

Power is the rate at which work is done or energy is transferred.

P = ​ W __ ∆t
 ​ = VI = I2R = ​ V

2

 __ 
R
 ​  

P:	 power	 (W) watt
W:	 work done	 (J) joule
V:	 potential difference	 (V) volt
I:	 current	 (A) ampere
R:	 resistance 	 (Ω) ohm
t :	 time	 (s) seconds
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7.6.1	 The brightness of light bulbs
The brightness of a light bulb is determined by the rate at which energy is 
transformed in the bulb, that is, by the power (P).

•	 As the power increases, the brightness increases.
•	 For bulbs in series: 	

P ∝ R   (power is directly proportional to the resistance of the bulb) 
∴	 if the resistance increases, the power increases and   
∴	 the brightness increases.
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•	 For bulbs in parallel: 	
P ∝​ 1 __ R ​    (power is inversely proportional to the resistance of the bulb)  
∴	 if the resistance decreases, the power increases and   
∴	 the brightness increases.

Note: the above applies to incandescent bulbs only (the type with a filament 
of wire).

Compact Fluorescent Lights (CFL) come in a range of power/wattages but 
they will simply blow if overpowered by a significant increase in voltage/
amperage.
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Worked example 1

In this circuit the battery has an emf of 24 V and an internal resistance of 2 Ω. Voltmeter 
V1 is connected as shown and voltmeter V2 is connected over the three resistors in 
parallel. The resistance of the connectors and of the ammeter may be ignored.	  

1.	 Switch S is open. 

a)	 What is the reading on V1?

b)	 What is the reading on V2?

2.	 Switch S is now closed. Calculate:

a)	 the total resistance in the circuit.

b)	 the current that flows through the 8 Ω resistor.

c)	 the charge that flows past a cross section of the 8 Ω resistor in one minute.

Solutions
1a)	 V1 = 24 V  (when S is open, no current flows and V1 is connected 

across the battery)

1b)	 V2 = 0 V  (S is open, no current flows, V is connected on one side 
of the switch, ∴ only to one pole of the battery

​ 1 ___ R||
 ​  =  ​ 1 __ R1

 ​  +  ​ 1 __ R2
 ​ +  ​ 1 __ R3

 ​  =  ​ 1 __ 3 ​ + ​ 1 __ 9 ​ + ​ 1 ___ 18 ​  =  ​ 6 + 2 + 1 _______ 18  ​  =  ​ 9 ___ 18 ​

∴ R|| = 18/9 = 2 Ω
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Solutions
2a) 	Rexternal = Rseries + R|| = 8 + 2 = 10 Ω  and  

Rexternal = Rext + rint = 10 + 2 = 12 Ω

2b) 	The 8 Ω resistor is connected in series ∴ the total current  
flows through it 

	 ∴ calculate the total current (I) that flows through the circuit. 

	 Rtot = ​ 
Vtot  ___ Itot

 ​ 

	 ∴ 12 = ​ 24 ___ Itot
 ​

	 ∴ Itot = ​ 24 ___ 12 ​ = 2 A	   

2c) 	I = ​ 
Q

 __ ∆t ​

	 ∴ 2 = ​ 
Q
 ______ (1)(60) ​

	 ∴ Q = (2)(1)(60) = 120 C

Remember: Convert
minutes to seconds: x 60 or 
hours to seconds: x 3600 

Remember: Current is the rate at 
which electric charge passes a fixed 

point in a conductor.
I ∝ Q
I = ​ Q ___ ∆t ​

This is a 
current 
that flows 
through all 
the circuits.
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 Activity 1

In the circuit below the battery has an emf of 24 V and an unknown internal 
resistance. Voltmeter V1 is connected across the battery. The resistance of 
the connectors and of the ammeter may be ignored. When switch S is 
closed, voltmeter V2 reads 4 V and voltmeter V1 reads 20 V. 

1.	 Calculate: 

	 a) 	 The reading on ammeter A2.� (2)
	 b) 	 The reading on ammeter A1.� (5)
	 c) 	 The resistance of resistor R.� (4)
	 d) 	 The internal resistance of the battery.� (3)
	 e) 	 The energy converted in resistor R in 10 minutes.� (3)
2.	 Switch S is now opened. Will the reading on voltmeter V1 increase, 

decrease or remain constant?  Explain.� (6)
� [23]

Solutions
1a.	 Ammeter A2 reads the current that flows through the 4 Ω resistor.  

	 R4Ω = ​ 
V4Ω ___ I4Ω

 ​  ∴ ​ 4 __ Itot
 ​ ∴ Itot = ​ 4 __ 4 ​ = 1 A	 (2)

1b.	 The resistance of the 16 Ω resistor is DOUBLE the resistance of the (4 + 4) = 8 Ω resistors  
∴ the current that flows through the 16 Ω resistor is HALF the current that flows though the 

	 (4 + 4) = 8 Ω resistor.  1 A flows through the (4 + 4) = 8 Ω resistor 

	 ∴ 0,5 A flows through the 16 Ω resistor  
∴ Itotal = 1 + 0,5 = 1,5 A	 (5)

1c.	 ​ 1 __ R||
 ​ = ​ 1 __ R1

 ​ + ​ 1 __ R2
 ​ = ​ 1 ___ 16 ​ + ​  1 ______ (4 + 4) ​ = 1 + ​ 2 ___ 16 ​ = ​ 3 ___ 16 ​

	 R|| = ​ 16 ___ 3 ​ = 5,33 Ω

	 and Rext = ​ 
Vext ___ Iext

 ​ ∴ Rext = ​ 20 ___ 1,5 ​ = 13,33 Ω	 (4)

1d.	 emf = Vtot = Vexternal + Vinternal  ∴ 24 = 20 + Vinternal  
∴ Vinternal = 24 – 20 = 4 V	 (3)

1e.	 Energy transferred (or transformed) = E = work done = W
	 W = I2RΔt 3 = (1,5)2(8)(10)(60) 3 = 10 800 J 3	 (3)

2.	 When current flows, V1 reads the external potential difference: when S is opened there are fewer 
resistors in parallel

	 ∴ Rexternal increases     ∴ Itotal decreases      ∴ Vint decreases    
and emf is constant ∴ Vexternal increases	 (6)

[23]
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 Activity 2

Multiple Choice questions:
1.	 Which ONE of the following is the unit of measurement for the rate of 

flow of charge?
	 A	 watt
	 B	 coulomb
	 C	 volt
	 D	 ampere� (2)

2.	 The two resistors in circuit 1 below are identical. They are connected 
in series to a cell of emf V and negligible internal resistance. The 
power dissipated by each resistor is P.

 
	 The two resistors are now connected in parallel, as shown in circuit 2 

below.

 
	 The power dissipated by each resistor in the circuit 2 is...
	 A	 2P
	 B	 4P
	 C	 8P
	 D	 16P� (2)

[4]

Solutions
1. D 3 3	  (2)
2. B 3 3	 		  (2)

[4]
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 Activity 3

In the circuit represented below, the battery has an emf of 10 V and an 
unknown internal resistance. Voltmeter V1 is connected across the battery 
and voltmeter V2 is connected across the open switch S. The resistance of 
the connecting wires and ammeter can be ignored.

 

Switch S is open

1.	 What is the reading on V1?					     (2)
2.	 What is the reading on V2?					     (2)

When Switch S is closed, the reading on V1 drops to 7,5 V.	

3.	 What is the reading on V2?					     (2)
4.	 Calculate the reading on the ammeter.				    (8)
5.	 Calculate the internal resistance of the battery.			   (5)

[19]

Solutions
1.	 10 V	 3 3	 (2)

2.	 10 V	 3 3	 (2)

3.	 Zero or 0 V	3 3	 (2)

4. 	 ​ 1 __ Rp
 ​ = ​ 1 __ R1

 ​ + ​ 1 __ R2
 ​	 3

	 ​ 1 __ Rp
 ​ = ​ 1 __ 6 ​ (3) + ​ 1 __ 3 ​ (3) = ​ 1 __ 2 ​	

	 Rp = 2 Ω  (3)
	 Now use 2 Ω in the next calculation...
	 Rext = 2 Ω + 1 Ω = 3 Ω

	 I = ​ V __ R ​ (3)

	 = 7,5 (3) / 3  (3)
	 = 2,5 A (3)                           				               (8)
5.	 emf = Vcirc + Vlost	 (3)
	 10 (3) = (7,5 + 2,5)r  3 3

	 r = 1 Ω (3)                                 				               (5)
[19]

OR	 Rp = ​ 
product

 ______ sum  ​ (3)

	 Rp = ​ 
(6 × 3)

 ______ (6 + 3) ​ 

	 Rp = 2 Ω (3)
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 Activity 4

The headlights of a car are connected in parallel to a 12 V battery, as 
shown in the simplified circuit diagram below.  The internal resistance of 
the battery is 0,1 Ω and each headlight has a resistance of 1,4 Ω.  The 
starter motor is connected in parallel with the headlights and controlled 
by the ignition switch, S2.  The resistance of the connecting wires may be 
ignored.

 

1.	 State Ohm’s Law in words.						     (2)
2.	 With only switch S1 closed, calculate the following:		

a)	 Effective resistance of the two headlights			   (3)
b)	 Potential difference across the two headlights			  (4)
c)	 Power dissipated by one of the headlights			   (3)

3.	 Ignition switch S2 is now closed (whilst S1 is also closed) for  
a short time and the starter motor, with VERY LOW  
RESISTANCE, rotates. 

	 How will the brightness of the headlights be affected while  
switch S2 is closed?  Write down only INCREASES,  
DECREASES or REMAINS THE SAME.				  
Fully explain how you arrived at the answer.     	 (9)

	           

 [21]
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Keep going!

Solutions
1.	 The current in a conductor is directly proportional to the potential 

difference across its ends at constant temperature. 33

OR

	 The ratio of potential difference to current is constant at  
constant temperature                          	�  (2)

        	  
2.a)		​  1 __ R ​ = ​ 1 __ R1

 ​ + ​ 1 __ R2
 ​	 3

	 	     = ​  1 ___ 1,4 ​ + ​  1 ___ 1,4 ​       3
              	     = 0,7 Ω    3	 (3)
    
2.b)		 emf = I(R + r)   3 
	 	   12 = I(0,7 + 0,1) 	 3

	 	       I = 15 A
	 	      R =  ​ V __ I ​
	 	      V = 0,7 × 15  3 = 10,5 V     3	 (4)

2.c)		 I(light) = 7,5 A (from 2b: 2 headlights = 15 A) 3
	 	        P  = VI 
	 	            = (10,5)(7,5) 3	 		     
	 	            = 78,75 W  3       	 (3)

3. 	 Decreases  3
   	 (Effective/total ) resistance decreases.  3
      	(Total) current increases.  	3
      	“Lost volts” / Vinternal / Ir increases, thus potential difference / V 

(across headlights) decreases.  3	
	 P = V / R decreases. 3	
	
	 P = W / Δt 	3
	 60 = W / 2(60)
	 W = 7200 J 	 3

	 Starter motor W = Vq	 3

	 q = 7200 / 12
	 q = 600 C		  3	 (9)
 	 [21]



116  UNIT  8  ELECTRODYNAMICS: ELECTRICAL MACHINES � © Department of Basic Education 2015 
	�  Mind the Gap Physics

Unit8

Electrodynamics: 
electrical machines  
(generators and motors)
Summary
•	 Definitions
•	 Faraday’s law of electromagnetic induction
•	 Differences between motors and generators.
•	 Operations of motors and generators.
•	 Differences between direct current (DC) and alternating current (AC) in the 

cases of both motors and generators.
•	 The graphs of AC and DC.
•	 Right hand rule to determine the direction of the force on the conductor.
•	 The use of motors in everyday life.
•	 Calculations of the Root Mean Square. 

DefinitionS AND LAWS YOU MUST REMEMBER

Magnetic flux (Φ) is the product of the strength of a magnetic field and the surface area the 
field cuts perpendicularly. It is measured in Wb (weber) units.

Electromagnetic induction is when a magnet moves relative to a conductor, and the magnet’s 
magnetic field is at right angles to the conductor, the maximum electric current is induced in 
the conductor.

PAY SPECIAL ATTENTION

ACTIVITIES boy 
and girl-left and 
right of page
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EG - worked examples

HINT!
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hint

activity
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comment
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•	 Faraday’s Law of Electromagnetic Induction
–– The induced emf in a conductor is directly proportional to the rate of 

change of the magnetic flux in the conductor.

–– So ε ∝ ​ ∆Φ ___ ∆t ​

–– ε = – N ​ ∆Φ ___ ∆t ​ where 

	 N is the number of turns in the coil
	 ε is emf in (V) volts
	 ∆Φ is change in magnetic flux in (Wb) weber
	 ∆t is change in time in (s) seconds

–– The negative sign shows that the emf creates a current and a magnetic 
field B that opposes the change in the magnetic flux Φ.

Electrodynamics 
is the study of the 

relationship between 
electricity, magnetism 

and mechanical 
phenomena.
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8.1	 Motors and generators

8.1.1.	 Alternating current generators
The principle of the AC generator
We know that, according to the phenomenon of electromagnetic induction:
•	 when an electric conductor moves in a magnetic field, there is a 

change in the magnetic flux which induces an emf that causes a 
current flow in the conductor;

•	 the magnetic field strength (B) that passes perpendicularly through 
a surface area A (in m2) is called the magnetic flux (Φ) and is 
measured in weber (Wb). 
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NB: Use the Right Hand Rule to determine the direction of the 
force on the charges (F) in the conductor of the generator – 
the conventional current direction (I) of the induced current. 
The magnetic field (B) is in the North to South direction. 
Remember it like so: First Finger is Field; SeCond finger is 
Current; ThuMb is Movement or Thrust. 

“Fleming’s left-hand rule is used for electric motors, while 
Fleming’s right-hand rule is used for electric generators. 
Different hands need to be used for motors and generators 
because of the differences between cause and effect.” 
(Wikipedia). So, if you’re trying to work out the direction of 
current in a generator, you need to use the Right Hand Rule, 
and, vice versa, if you’re trying to work out which way an 
electric motor will turn, you need to use the Left Hand Rule. 
The fingers are the same; just the hand changes. Note also 
that an alternative hand positioning is to place all four fingers 
forwards (Field), and then the thumb indicates the thrust or 
motion, and a line perpendicular to the palm indicates the 
current.

  Step-by-step: The AC Generator 			    	

 Suggestion: watch the video http://www.youtube.com/watch?v=wpCYiSFBQ0U (where 0 is zero)

Step I: Coil vertical: Step II: Coil horizontal:

•	 ab and cd are parallel to the normal to the 
magnetic field

•	 which is directed from N to S
•	 and is parallel to the motion of sides ab and cd
•	 there is no change in the magnetic flux

•  �∴ no emf is induced 
in the coil and 

•  �∴ no current flows in 
the coil

V = 0 V and I = 0 A

•	 Coil is rotated in a clockwise direction
•	 ab and cd cut through the magnetic field which is 

directed from N to S.

•  ∴ there is a change in the magnetic flux and ab 	      
     moves down and an emf is induced across the 
     ends of the coil which induces current in the coil. 

•  ∴ conventional current direction is from b to a, so 	
     a and A are – (negative) 
     AND
•	 cd moves up and an emf is induced across the 

ends of the coil which 
induces current in the 
coil. So conventional 
current direction is 
from d to c, so d and 
D are + (positive)

•	 V and I increase to 
Vmax and Imax when the 
coil is horizontal and 
it cuts the magnetic 
field perpendicularly

•	 V and I decrease from 
Vmax and Imax as the 
coil turns further.
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Step III: Coil vertical: 	 Step IV: Coil horizontal:

•	 ab and cd are again parallel to the normal to the 
magnetic field

•	 which is directed from N to S
•	 and is parallel to the 

motion of sides ab 
and cd

•  �∴ there is no change 
in the magnetic flux

•  �∴ no emf is induced 
in the coil and 

•  �∴ no current flows in 
the coil

V = 0 V and I = 0 A

Because each side of the coil or 
armature is always connected to 
the same slip ring and brush, the 
current changes direction. 
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•	 ab and cd again start to cut through the magnetic 
field which is directed from N to S.

•  ∴ there is again a change in the magnetic flux 		
as ab moves up (thumb points up) and an emf is 
induced across the ends of the coil which induces 
current in the coil. 

•  ∴ conventional current direction is from a to b, so 
a and A are + (positive)

    AND
•	 cd moves down 

(thumb points down) 
and an emf is induced 
across the ends 
of the coil which 
induces current in 
the coil. Palm faces 
forwards from c to d ∴ 
conventional current 
direction is from c to 
d, so d and D are – 
(negative)

•	 V and I increase to 
Vmax and Imax when 
the coil is horizontal and it cuts the magnetic field 
perpendicularly. V and I decrease from Vmax and 
Imax as the coil turns further.

The alternating current (AC) cycle
In AC (alternating current), the current changes 
voltage (and direction) every cycle; that is, every time 
the generator or dynamo turns over through one 
revolution (full cycle).

When the coil is vertical 
(in coil positions 1, 3 and 5)

When the coil is horizontal
(in coil positions 2 and 4)

•	 ab and cd are parallel to the normal to the 
magnetic field, and do not cut through the magnetic 
field

•	 There is no changing magnetic flux

•  ∴ no emf or current is induced in the coil

•  ∴ V = 0 V and I = 0 A

•	 ab and cd are perpendicular to the normal to 
the magnetic field, and therefore cut through the 
magnetic field

•	 There is a changing magnetic flux

•  ∴ emf and current are induced in the coil

•  ∴ V = Vmax and I = Imax

    but the emf and current are reversed.
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Increasing the induced emf and current

The induced emf (and therefore the amount of induced current) increases if:  

•	 The conductor (wire) is rotated faster so that the rate at which the magnetic flux changes, increases;

•	 the magnetic field is stronger (use stronger magnets);

•	 there are more turns (loops) on the coil, so that the length of the conductor (wire) moving through the field is increased.
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The direct current (DC) cycle
In DC (direct current), the current keeps the same voltage (and direction) in 
every cycle; that is, every time the generator or dynamo turns over through 
one revolution (full cycle).

The direct current (DC) cycle

When the coil is vertical When the coil is horizontal

•	 ab and cd are parallel to the 
normal to the magnetic field, and 
do not cut through the magnetic 
field

•	 there is no changing magnetic flux
•	 ∴ no emf or current is induced in 

the coil
•	 ∴ V = 0 V and I = 0 A

•	 ab and cd are perpendicular to the 
normal to the magnetic field, and 
therefore cut through the magnetic 
field

•	 there is a changing magnetic flux
•	 ∴ emf and current are induced in 

the coil
•	 ∴ V = Vmax and I = Imax

•	 The emf and current are always 
positive.



© Department of Basic Education 2015� UNIT  8  ELECTRODYNAMICS: ELECTRICAL MACHINES   121
Mind the Gap Physics�

Unit 8

8.1.2	 The difference between AC and DC generators
A direct current generator (dynamo) generates direct current instead of alternating current. 

Alternating current (AC) generator Direct current (DC) generator

Similarities between AC and DC generators

•	 Both convert mechanical energy to electrical energy.
•	 The coils are turned mechanically (e.g. by steam, flowing water or wind).
•	 The induced emf increases and decreases during each cycle.
•	 When the coil cuts through the magnetic field, the changing magnetic flux induces an emf and electric 

current in the coil.
•	 The induced V and I have maximum values twice during every cycle.
•	 Carbon brushes collect the current.

Differences between AC and DC generators

AC generator
•	 The coil is connected to slip rings.
•	 The same part of the coil is always connected to the 

same slip ring.
•	 The current in the slip rings changes direction when 

the current in the coil reverses.
•	 The brushes collect the alternating current (AC) 

from the slip rings.

DC generator
•	 The coil is connected to a split ring commutator.
•	 A brush makes contact with a different half of 

the split ring commutator during each half of the 
rotation (cycle).

•	 One brush always makes contact with the positive 
half of the split ring commutator and the other 
brush always makes contact with the negative half 
of the split ring commutator.

•	 The brushes collect DC from the split ring 
commutator.
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8.1.3	 Electric motors 
Parts of the direct current (DC) motor

Use Fleming’s Right Hand Rule to determine the direction of the force on 
the conductor –the direction in which the coil turns. Remember: the current 
is in the direction of the middle finger or palm, whereas the magnetic field 
is in the direction of the fingers (or index finger), and the thrust (motion) is 
in the direction of the thumb. 
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8.1.4	 The working of a simple DC-motor

Step 1:  Coil horizontal at 0° Step 2:  Coil vertical at 90°

•	 the split ring commutator makes contact with the 
brushes ∴ current flows through the coil

•	 ab and cd are at 90° to the magnetic field
•	 the magnetic field is from N to S (fingers left to right)
•	 ab is connected to the + terminal

∴ conventional current  
from b to a (thumb from  
b to a)

•	 ∴ palm faces up ∴ 
DOWNWARD force on ab  

•	 cd is connected to the − 
terminal ∴ conventional 
current from d to c 
(thumb from d to c)

    ∴ palm faces down ∴ 
UPWARD force on cd

•	 the 2 forces cause a 
resultant torque (turning 
force) on the coil

•	 ∴ it rotates anticlockwise

•	 the openings in the split ring commutator are 
opposite the brushes 

•	 ∴ no current flows through the coil
•	 ∴ no resultant force on the coil 
•	 BUT coil’s momentum carries it past the vertical 

position

Step 3: Coil horizontal at 180° Step 4: Coil vertical at 270°

•	 The split ring commutator makes contact with the 
brushes again ∴ current flows through the coil

•	 ab and cd are at 90° to the magnetic field
•	 the magnetic field is from N to S (fingers left to 

right)
•	 ab is now connected to the − terminal 

∴ conventional current from a to b (thumb from a to 
b)

•	 ∴ palm faces down ∴ 
UPWARD force on ab

•	 cd is connected to the + 
terminal  ∴ conventional 
current from c to d (thumb 
from c to d)

•	 ∴ palm faces up ∴ 
DOWNWARD force on cd

•	 the 2 forces cause a 
resultant torque (turning 
force) on the coil

•	 ∴ it continues to rotate 
anticlockwise

•	 The openings in the split ring commutator are 
opposite the brushes again ∴ no current flows 
through the coil

•	 ∴ no resultant force on the coil 
•	 BUT coil’s momentum carries it past the vertical 

position back to the original position in Step 1
•	 the first cycle is complete and the process is 

repeated.

 Increasing the speed at which the DC motor rotates (turns)

The coil will turn faster if: 
•	 the current in the coil increases; 
•	 the number of turns on the coil increases;
•	 the strength of the magnetic field increases.
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8.1.5	 The differences between AC and DC 
motors

Alternating current (AC) motor Direct current (DC) motor

AC

Split ring

Carbon 
brush

Coil

Battery

•	 AC power supply •	 DC power supply (battery)

•	 Fixed magnets supply a fixed magnetic field from N 
to S and the brushes make contact with slip rings 
to supply the AC to the coil	    OR

•	 AC electromagnets supply a magnetic field that 
changes direction during each AC cycle and the 
brushes make contact with a split ring commutator 
to supply the AC to the coil 

•	 Brushes contact with split ring commutator to 
supply the DC to the coil

•	 Used for heavy loads e.g. washing machines, 
electric drills 

•	 Used for small loads e.g. hair dryers, toy cars
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8.1.6	 Differences between a motor and a 
generator

An electric motor and an electric generator are basically the same device. 
The primary difference is in the case of a motor, electricity is used to turn 
it, whereas in the case of a generator, turning it mechanically generates 
electricity.

Direct Current (DC) Motors Direct Current (DC) Generators

Split ring

Carbon 
brush

Coil

Battery

•	 Connected to a battery. The battery is a source of 
electric energy.

•	 NOT connected to a battery.

•	 Converts electrical energy to mechanical energy. •	 Converts mechanical energy to electrical energy.

•	 The magnetic fields of the magnets and those 
around the current-carrying conductor, interact.

•	 The resultant magnetic field exerts a magnetic force 
on the coil.

•	 The coil turns due to the resultant magnetic force 
acting on it. 

•	 The coil is turned mechanically (e.g. by steam, 
flowing water or wind).

•	 When the coil cuts through the magnetic field of the 
magnets, there is a change in the magnetic flux.

•	 According to Faraday’s Law of Electromagnetic 
Induction, a change in magnetic flux induces an 
emf across the ends of the coil and current is 
induced in the coil.

8.1.7	 Electrical motors in everyday life
In practice, motors turn evenly at a high speed. The coil in a motor consists 
of a soft iron core, surrounded by coils. This coil forms the armature. Most 
armatures have many coils, which are placed at different angles. Each coil 
in the armature has its own commutator. This results in a bigger turning 
effect which makes the motor turn evenly. A very important example of an 
electric motor is the starter motor of a car, which turns the car engine over 
in order to start it. The purpose of the car battery is to power the starter 
motor (and other things like lights). When the car is running, the petrol 
motor turns a generator over which then recharges the battery. 

Some motors, e.g. an electric drill, can also use alternating current 
because they contain electromagnets and not permanent magnets. As the 
alternating current flows in the coil, the magnetic field changes direction. 
Thus the motor continues to turn in the same direction. 
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8.2	Alternating current circuits
•	 Frequency: The frequency (f) of an alternating current supply is the 

number of complete cycles per second and is measured in hertz (Hz). 
In South Africa electricity is supplied by Eskom power stations and 
has a frequency of 50 Hz.

•	 Period: The period (T) of an alternating supply is the time taken to 
complete one cycle. If the frequency of the AC current is 50 Hz, 
T = ​ 1 __ f ​ = ​ 1 ___ 50 ​ = 0,02 s

8.2.1	 Voltage and current in an AC circuit

emf induced by an AC generator Current induced by an AC generator

V varies in cycles
–  between zero and Vmax

–  between + and – values
as a function of time (i.e. over time)
Voltage changes polarity twice in one AC cycle
Vmax is read at the crest (top) of the voltage curve and 
is the amplitude of the voltage curve
Vmax is reached twice in 1 AC cycle
Vrms is root mean squared voltage, measured in volts (V)
Vrms = ​ 

Vmax ___ 
​√

__
 2 ​
 ​

I varies in cycles
–  between zero and I max
–  between + and – values

as a function of time (i.e. over time)
Current changes direction twice in one AC cycle
Imax is read at the crest (top) of the current curve and is 
the amplitude of the current curve
Imax is reached twice in 1 AC cycle
Irms is root mean squared current
            measured in amperes (A)
Irms = ​ 

Imax ___ 
​√

__
 2 ​
 ​

Definition

Root mean squared voltage

The root mean squared voltage (Vrms) is the equivalent DC voltage value  that produces 
the same heating effect or power as the changing AC.

Vrms = ​ 
Vmax ___ 
​√

__
 2 ​
 ​        Irms = ​ 

Imax ___ 
​√

__
 2 ​
 ​

The root mean squared current (Irms) is the effective current value of alternating current.
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•	 Root mean square (rms) values are the AC equivalent of DC emf.
•	 If a DC circuit has an emf of 100 V and an AC circuit has a Vrms of  

100 V, the circuits would use the same amount of power.  
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8.2.2	 Electric power in an AC circuit

Definition

Electrical power (P) is the rate at which energy is transferred or transformed from one 
type to another.

Summary

vrms	= ​ 
vmax ___ 
​√

__
 2 ​
 ​ = 100 V	 V = 100 V

R	 = ​ 
Vrms ___ Irms

 ​ ∴ Vrms = IrmsR	 R = ​ V __ I ​ ∴ V = IR

Pavg	= VrmsIrms = I2
rmsR = ​ 

Rrms
2

 ____ R  ​	 P = VI - I2R = ​ V
2

 __ R ​

Pavg	 : 	 average power	 watt	 (W)

Vrms	 : 	 rms potential difference  	 volt	 (V) 

Irms	 : 	 rms current 	 ampere 	 (A)

R 	 :	 resistance 	 ohm 	 (Ω)
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Remember:
1 megavolt = 1 × 106 volt          

1 MV = 1 × 106 V
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8.2.3	 Advantages of alternating current
•	 The most important advantage of AC is the fact that the potential 

difference can be changed by using transformers. 
•	 Transformers can only function with alternating current.

•	 The power in a transformer remains constant and P = VI 	 ∴ V ∝ ​ 1 __ Ι ​
•	 At power stations step-up transformers are used to increase (step-up) 

the voltage which decreases the current.
•	 The voltage is increased to between 130 and 750 MV
•	 This allows electrical energy to be transmitted in electric cables over 

long distances while the current is low. 
•	 The loss in energy due to the heating effect of the cables is low when 

the current (Ι) is small:        
W = I2Rt ∴      Wtransformed to heat ∝ I2

•	 Conducting cables are thick to help decrease the energy lost as heat 
during transmission.

•	 Factories need high voltage (± 10 kV).
•	 In towns step-down transformers are used to decrease (step-down) 

the voltage to ± 220 V. You can see these at the side of the road in 
most suburbs; they are painted dark green.
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 Activity 1

A simplified sketch of a generator is shown below. 

1.	 Is the output voltage AC or DC?  Give a reason for your answer. � (2)
2.	 What type of energy conversion takes place in the above  

generator?� (2)
3.	 State TWO effects on the output voltage if the coil is made to  

turn faster.� (2)
4.	 What is the position of the coil relative to the magnetic field  

when the output voltage is a maximum?� (1)
� [7]

Solutions

1.	 AC — The generator has slip rings.  3 3			              (2)
2.	 Mechanical 3 energy is converted to electrical energy. 3	            (2)

3.	 Output voltage increases and the number of cycles per second 
increases.                

3                                    3

		             (2)
4.	 The coil position is parallel to the magnetic field.		             (1)
	 			        

3

					                [7]
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 Activity 2

Lights in most households are connected in parallel, as shown in the 
simplified circuit   below. Two light bulbs rated at 100 W; 220 V and 60 W; 
220 V respectively are connected to an AC source of rms value 220 V. The 
fuse in the circuit can allow a maximum current of 10 A. 

1.	 Calculate the peak voltage of the source.	�  (3)
2.	 Calculate the resistance of the 100 W light bulb when  

operating at optimal conditions.� (3)   
3.	 An electric iron, with a power rating of 2 200 W, is now  

connected across points a and b. Explain, with the aid of a 
calculation, why this is not advisable. � (5)

	 � [11]

Solutions

1.	 Vrms = ​ 
Vmax ___ 
​√

__
 2 ​
 ​ 3

	 220 = ​ 
Vmax ___ 
​√

__
 2 ​
 ​ ∴ Vmax = 311,1 V  3       � (3)

2.	 P = ​ 
V2

rms ____ R  ​ 3

	 100 = ​ 2202

 ____ R  ​ 
3

 ∴ R = 484 Ω3	�  (3) 

3.	 Pave = VrmsIrms 3	  2 200 = (220)Irms 3

	 Irms = ​ 2200 _____ 220 ​

	 Irms = 10 A 3                                                                         �
	 The iron draws 10 A of current. Together with the lights the  

total current will exceed 10 A causing the fuse to blow. 3 3� (5)
[11]

3
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 Activity 3

The essential components of a simplified DC motor are shown in the 
diagram below. 

When the motor is functioning, the coil rotates in a clockwise direction as 
shown. 

1.	 Write down the function of each of the following components: 	
	 a)   Split-ring commutator� (1)
	 b)   Brushes	�  (1)
2.	 What is the direction of the conventional current in the part of  

the coil labeled AB? Write down only FROM A TO B or FROM B  
TO A. 	�  (1)

3.	 Will the coil experience a maximum or minimum turning effect 
(torque) if the coil is in the position as shown in the diagram  
above? 	�  (1)

4.	 State ONE way in which this turning effect (torque) can be  
increased. 	� (1)

5.	 Alternating current (AC) is used for the long-distance  
transmission of electricity.

	 Give a reason why AC is preferred over DC for long-distance 
transmission of electricity. 	    	            			                 (2)

6.	 An electrical appliance with a power rating of 2 000 W is connected 
to a 230 V rms household mains supply.  
Calculate the: 

	 a)   Peak (maximum) voltage� (3)
	 b)   rms current passing through the appliance� (3)
� [13]
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Solutions
1.	 a)   Reverses 3 current direction in the coil every half cycle.   � (1)
	 b)   Connects external circuit 3 to split ring commutator.         � (1)
2.	 B to A  3� (1)
3.	 Maximum 3� (1)
4.	 Increase current strength 3/ Increase number of coils 3/  

Use stronger magnets. 3 (any one)	                                      (1)
5.	 AC can be stepped up to high voltages and low current. 3 

Less energy loss with low current (W = I2R∆t). 3� (2)

6.	 a)   Vrms = ​ 
Vmax ___ 
​√

__
 2 ​
 ​ 3 ∴ 230 3 = ​ 

Vmax ___ 
​√

__
 2 ​
 ​ ∴ Vmax = 325,27 V  3  � (3)

	 b)   Pave = VrmsIrms  3
	 	    2 000 = (230)Irms 3
	 	          Irms = 2000 / 230
	 	          Irms = 8,695 A       3  � (3)

[13]

 Activity 4

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 some tools.

1.	 What energy conversion takes place in electric motors?� (2)
2.	 What is the essential difference in the design between DC 	

motors and AC motors?� (4)
3.	 List THREE ways in which the efficiency of the motor can be 

improved.� (3)
4.	 Consider the diagram. The conventional current direction is  

indicated by the arrows.
	 a)	 In which direction (clockwise or anti-clockwise) will  

	 the coiled armature rotate if the switch is closed?� (1)
	 b)	 Why does the armature continue moving in the same  

	 direction once it has reached the vertical position?� (2)
[12]
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Keep going!

Solutions
1.	 Electric energy converted to mechanical energy.� (2)
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/slip rings  
can be used.� (4)

3.	 Increase the number of turns on each coil; increased  
current; stronger magnets.	            (3)

4.	 a)	 Anticlockwise � (1)
	 b)	 The armature’s own momentum 3/ the split ring  

	 commutator changes direction of current, every time  
	 the coil reaches the vertical position. 3� (2)

[12]

 Activity 5

In the circuit the AC source delivers alternating voltages at audio frequency 
to the speaker.

1.	 What is the peak voltage that the source can deliver?� (3)
2.	 Calculate the average power delivered to the speaker.� (7)

[10]

Solutions
1.	 Vrms = Vmax/​√

__
 2 ​ 3

	 ∴  Vmax = ​ 15 ___ 
​√

__
 2 ​
 ​ 3 = 21,21 V 3� (3)

2.	 Rtotal = 8,2 + 10,4 3 = 18,6 Ω 3
	  I = ​ V __ R ​ 3 = 15 / 18,6 = 0,81 A  3
	 P = I2R 3 = (0,81)2(10,4) 3 = 6,76 W    3 	� (7)

[10] 

3 3

3

3

3 3

3

3
3
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Optical phenomena 
and properties of 
materials
9.1	 Electromagnetic waves and 

visible light: Revision

9.1.1	 Electromagnetic waves	
Electromagnetic waves consist of electric and magnetic fields. These fields are 
perpendicular to each other and to the direction in which the wave is propagated 
(the direction in which it travels). 

You must remember:
•	 Electromagnetic waves travel through a vacuum at 3 × 108 m·s−1 
•	 They increase in frequency and energy from radio waves (lower frequency 

and less energy) to gamma rays (higher frequency and more energy)
•	 They increase in wavelength from gamma rays (shorter wavelength) to radio 

waves (longer wavelength)
•	 The visible light spectrum is part of the electromagnetic spectrum (shown 

below). 

 

The electromagnetic spectrum (Source:http://en.wikipedia.org/wiki/Electromagnetic_spectrum)
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9.1.2	 Visible light 
Visible light is part of the electromagnetic spectrum. You must remember:

•	 Visible light increases in frequency and energy from red (lower 
frequency, less energy) to violet (higher frequency, more energy)

•	 Visible light increases in wavelength from violet (shorter wavelength) 
to red (longer wavelength).

•	 Visible light has a dual nature because it has wave properties while 
it is propagated (transmitted) and it has particle properties when it 
strikes and interacts with other matter (the photoelectric effect). 

9.2	 The photoelectric effect
The photoelectric effect is used in solar panels to generate electricity. The 
photoelectric effect refers to the ability of light to cause metals to release 
electrons. You must remember:

•	 Light energy is transmitted in ‘packages’ which are called photons. 
•	 Each photon consists of a certain amount of energy which is called a 

quantum.
•	 The amount of energy (E) in a quantum is directly proportional to the 

frequency (f) of the light.
•	 An electron needs a minimum amount of energy to be released from 

an atom. So the photon providing this energy must have a minimum 
frequency before it will allow an electron to be released from the 
metal surface. 

•	 When light shines on a surface (like a metal), the photons collide 
with the atoms in the surface.

•	 All the energy of the photon (E = hf) is transferred to the atom with 
which the photon collides. 

•	 If an electron in an atom on the surface of the metal gains sufficient 
energy during the collision, it is ejected from the metal surface and is 
called a photoelectron.

DefinitionS

•	 The photoelectric effect is the process whereby electrons are ejected from a metal 
surface when light of suitable frequency is incident on (falls on) that surface.

•	 The work function (W0) of a metal is the minimum energy that is required to emit a 
photoelectron from the surface of the metal.

•	 The threshold frequency or cut-off frequency (f0) is the minimum frequency of 
the incident photons (light) that is required to emit a photoelectron from the surface 
of the metal.
energy ∝ frequency	 and	 work function ∝ threshold (cut-off) frequency
	 ∴	 E ∝  f	 and		  W0 ∝ fo

     ∴	 E = hf	 and		  W0 = hfo
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Dual nature of light: 

•	 Wave nature during 
propagation proved 
by diffraction and 
interference	

•	 Particle nature 
during interaction with 
matter proved by the 
photoelectric effect
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•	

•	 The formula c = fλ is 
used to calculate the 
speed of light, where c   
(3 × 108 m∙s–1) is 
the speed of light in 
metres per second, λ 
is the wavelength in 
meters (m) and f is the 
frequency in hertz (Hz).

•	 The formula E = hf is 
used to calculate the 
energy of radiation, 
where  
E is the energy of 
radiation in Joule (J), h 
is Planck's constant  
(6,63 × 10–34 J∙s–1) and 
f is the frequency in 
hertz (Hz).
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9.2.1	 Changing the frequency and intensity 
of the incident light

•	 The intensity of a light wave is measured by the power (wattage) of 
the light source. An 8 W (watt) CFL lamp is dim but a 16 W CFL lamp 
is bright. 

•	 It also depends on the type of light. So, for example, Light Emitting 
Diode (LED) lights use very little power but are very bright,  Compact 
Fluourescent Lights (CFLs) use a mid-range amount of power and are 
bright for the amount of power they use, and Tungsten Filament or 
Incandescent Lamps use a lot of power for the amount of light they 
provide E.G. 60 W, 100 W. 

•	 This means that the same type of light with a higher wattage will be 
brighter than the same type of light with a lower wattage.

When the frequency of the incident light (the light falling on the metal) 
is greater than the threshold frequency, changes to the intensity 
(brightness) and the frequency cause these changes: 

Increasing the frequency of 
incident light

Increasing the intensity of 
incident light

The frequency of the incident 
light is increased while its 
intensity (brightness) remains 
constant:

The intensity (brightness) of 
the incident light is increased 
while its frequency remains 
constant:

•	 The same number of 
photoelectrons are 
emitted from the surface 
of the metal

•	 the kinetic energy of the 
photoelectrons increases

•	 the speed at which the 
photoelectrons move 
away from the metal 
increases

BUT
•	 the same number of 

photons strike the metal 
surface per second and

•	 the same number of 
photoelectrons are 
emitted from the metal 
surface per second; 
i.e. the rate at which 
photoelectrons are 
emitted, remains 
constant.

•	 More photoelectrons are 
emitted from the surface of 
the metal

•	 the energy of each photon 
remains constant as the 
frequency is constant and 

•	 the kinetic energy and 
speed of the emitted 
photoelectrons remains 
constant so that 

•	 the speed at which the 
photoelectrons move away 
from the metal remains 
constant

BUT
•	 more photons strike the 

metal surface per second 
and

•	 more photoelectrons are 
emitted from the metal 
surface per second; i.e. the 
rate at which photoelectrons 
are emitted, increases. 
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9.2.2	 Calculating energy of photoelectrons

9.2.3	 Conditions for emission of photoelectrons
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1      f light < fo  
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2      f light = fo  
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3      f light > fo

Elight < W0

hflight < hfo

Elight = W0

hflight = hfo

Elight > Wo

hflight > hfo

Photoelectrons:

•	 are not emitted.

Photoelectrons:

•	 are emitted onto the surface of the 
metal 

•	 don’t have kinetic energy 

•	 don’t move away.

Photoelectrons:

•	 are emitted from the surface of the 
metal

•	 have kinetic energy

•	 move away.

E: 	 energy of light 	 (J)	  

h: 	 Planck’s constant           	 (6,63 × 10–34 J·s–1)

f: 	 frequency	 (Hz) 

W0: 	 work function	 (J)

Ek: 	 kinetic energy	 (J)

v: 	 velocity of electrons	 (m·s–1)

m: 	 mass of electron	 (9,11 × 10−31 kg)  
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9.2.4	 Another example of the photoelectric 
effect

A photoelectric diode in an electric circuit is another example of the 
application of the photoelectric effect. When photons (light) with a 
frequency higher than the cut-off frequency of the metal cathode shines 
on the cathode, photoelectrons are emitted. 

Photoelectric diodes are used in:

•	 smoke detectors
•	 light meters in cameras
•	 remote controls and
•	 CD players.

A photoelectric diode in an electric circuit
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Worked example 1

Calculate the energy of a light wave with a wavelength of 660 nm.

Solutions
c = λf 
∴ 3 × 108 = 660 × 10–9 f
f = 3 × 108 – 4,55 × 1014 Hz
E = hf
E = (6,63 × 10–34)(4,55 × 1014)
E = 3,02 × 10–19 J

When the wavelength  
is given, always calculate 

the frequency first.
Convert nm to m  

660 nm  =  660 × 10–9 m 
Use c = λf

Then calculate the  
energy using E = hf.
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Worked example 2

A learner wants to demonstrate the photoelectric effect. 

He uses a disk of zinc placed on an electroscope. 

The work function (W0) of zinc is 6,9 × 10–19 J. 

1.	 Define the concept work function.

2.	 Calculate the maximum wavelength of light that will eject electrons from the zinc.

3.	 The electroscope is negatively charged and then exposed to ultraviolet light from a 
mercury discharge lamp. One of the wavelengths of the light is 260 nm. Calculate 
the kinetic energy of an electron emitted from the zinc disk by a photon of this light.

Solutions
1.	 The work function (W0) of a metal is the minimum energy that is 

required to emit a photoelectron form the surface of the metal.
2. 	 E = hf 			          and        c = λf
	 6,9 × 10–19 = (6,63 × 10–34) f	          3 × 108 = λ (1,05 × 1015)
	 f = 1,04 × 1015 Hz			            λ = 2,88 × 10–7 m
     	              
3.	 E = W0 + Ek

	 	 E = hf
	 	 hf = W0 + Ek

	 	 (6,63 × 10–19)(1,15 × 1015) = 6,9 × 10–19 + Ek

	 	 Ek = (7,63 × 10–19) – (6,9 × 10–19)
	 	 Ek = 7,3 × 10–20 J
And         
	 c = λf
	 3 × 108 = (260 × 10–9) f
	 f = 3 × 108 / (260 × 10–9) 
	 f = 1,15 × 1015 Hz

Remember:
Convert nm to m

260 nm  
= 260 × 10–9 m
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 Activity 1

A metal surface is illuminated with ultraviolet light of wavelength  
330 nm. Electrons are emitted from the metal surface. The minimum 
amount of energy required to emit an electron from the surface of this 
metal is 3,5 × 10–19 J.

1.	 Name the phenomenon illustrated.� (1)

2.	 Give ONE word or term for the underlined sentence in the above 
paragraph.� (1)

3.	 Calculate the frequency of the ultraviolet light.� (3)

4.	 Calculate the kinetic energy of a photoelectron emitted from the 
surface of the metal when the ultraviolet light shines on it.� (3)

5.	 The intensity of the ultraviolet light illuminating the metal is now 
increased.

	 What effect will this change have on the following?
	 a)	 Kinetic energy of the emitted photoelectrons. (Write down only 	

	 INCREASES, DECREASES or REMAINS THE SAME.)� (1)
	 b)	 Number of photoelectrons emitted per second. (Write down  

	 only INCREASES, DECREASES or REMAINS THE SAME.)� (1)
� [10]

Solutions
1.	 Photoelectric effect.		  			              (1)
2.	 Work function.						                 (1)
3.	 c = λf
	 3 × 108 = (330 × 10–9) f
	           f = 9,09 × 1014 Hz					                (3)
4.	 Ek = hf – WO		  330 nm = 330 × 10–9 m
	      =  (6,6 × 10–34)(9,09 × 1014) – 3,5 × 10–19

	      =  6,0 × 10–19 – 3,5 × 10–19

	      =  2,5 × 0–19 J						                 (3)
5.	 a)	 Remains the same.					                (1)	

b)    Increases.						                 (1)
[10]

3
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 Activity 2

In the simplified diagram below, light is incident on the emitter of a 
photocell. The emitted photoelectrons move towards the collector and the 
ammeter registers a reading.

1.	 Name the phenomenon illustrated above.� (1)
2.	 The work function of the metal used as emitter is  

8,0 × 10–19 J. The incident light has a wavelength of  
200 nm. Calculate the maximum speed at which an electron 
can be emitted.� (6)

3.	 Incident light of a higher frequency is now used. 
	 How will this change affect the maximum kinetic  

energy of the electron emitted in the question above?  
Write down only INCREASES, DECREASES or REMAINS  
THE SAME. � (1)

4.	 The intensity of the incident light is now increased. 
	 How will this change affect the speed of the electron calculated in 

QUESTION 11.1.2? Write down INCREASES, DECREASES or REMAINS 
THE SAME. Give a reason for the answer.� (2) 

5.	 A metal worker places two iron rods, A and B, in a furnace.  
After a while he observes that A glows deep red while B glows 
orange. Which rod A or B has higher energy of radiation?  
Give a reason for your answer.� (2)

6.	 Neon signs illuminate many buildings. 
	 What type of spectrum is produced by neon signs?� (1)

[13]
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Solutions
1.	 Photo-electric effect 3	�  (1)

2.	 E = WO + Ek  3

	 hf = hfO + Ek  3

	 ​ hc __ λ ​ = WO + ​ 1 __ 2 ​mv2
  3

	 ​ 
(6,63 × 1034)(3 × 108)

  ________________  200 × 10–9  ​ 3 = 8 × 10–19 3 + ​ 1 __ 2 ​(9,11 × 10–31)v2 3� (6)

3.	 Increases 3� (1)

4.	 Remains the same 3
	 Intensity only affects number of photoelectrons emitted per 

second. 3	�  (2)

5.	 B 3
	 Orange light has a higher frequency than red light. 3	�  (2)

6.	 Line emission (spectra) 3	�  (1)
[13]

 Activity 3

During an investigation, light of different frequencies is shone onto 
the metal cathode of a photocell. The kinetic energy of the emitted 
photoelectrons is measured. The graph below shows the results 
obtained.		

1.	 For this investigation, write down the following:	
	 a)    Dependent variable� (1)
	 b)    Independent variable� (1)
	 c)    Controlled variable� (1)
2.	 Define the term threshold frequency.� (2)
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Keep going!

3.	 Use the graph to obtain the threshold frequency of the metal  
used as cathode in the photocell.� (1)

4.	 Calculate the kinetic energy at E1 shown on the graph.� (4)
5.	 How would the kinetic energy calculated in QUESTION 11.4 

be affected if light of higher intensity is used? Write down only 
INCREASES, DECREASES or REMAINS THE SAME.	�  (1)

[11]

Solutions
1.a)	 Kinetic energy 3	 (1)
   b)	 Frequency 3	 (1)
   c)	 (Type of) metal 3	 (1)	

	
2.	 The minimum frequency needed to emit electrons 3 from the 

surface of a metal. 3	 (2)

3.	 9 x 1014 Hz 3	 (1)

4.	 E = W0 + Ek 3
	 hf = hf0 + Ek
	 (6,63 × 10–34)(14 × 1014) 3 =
	 (6,63 × 10–34)(9 × 1014) + Ek 3
	 therefore Ek = 3,32 × 10–19 J 3	 (4)

5.	 Remains the same 3	 (1)
		  [11]
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Emission and 
absorption spectra
Summary
•	 When a light ray passes from one optical medium to another, the ray is 

refracted and its speed and direction change.
•	 The pattern which forms when a ray of light is broken up into its component 

frequencies is called a spectrum. The light is broken up by the individual 
rays of different frequencies being refracted or having their path “bent” 
as they go through optical (transparent) media of different optical density 
(different degrees of transparency/light conductivity).

•	 Spectra can be observed with a diffraction grating, a spectroscope or a 
prism, or in a rainbow after a storm.

(Source: http://en.wikipedia.org/wiki/Prism)

10.1	 Continuous emission spectra
•	 The spectrum produced when white light passes through a prism is called a 

continuous spectrum.  
•	 The spectrum emitted by the sun is a continuous emission spectrum. 
•	 The colours in the spectrum follow on each other without any gaps between 

them. A familiar example of a spectrum is a rainbow that one sees after a 
thunderstorm.  

All images on 
pages 144, 145 
and 146 are in 
colour on the 

inside front cover.
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10.2	 Atomic emission spectra
•	 Atomic emission spectra are produced when a gas is heated or by 

passing an electric current through it in a gas discharge tube. 
•	 The electrons in the atoms of the gas absorb the energy and become 

excited and move to a higher (excited) energy level. This high energy 
state is unstable.

•	 When excited electrons return to the ground state or a lower energy 
level, the energy is released in specific energy packets called 
“photons”, or light particles.  

•	 The gas becomes incandescent (glowing).   
•	 The energy of the emitted photon equals the energy difference 

between the two energy levels.   The energy of light is directly 
proportional to its frequency and the frequency of light determines 
its colour.

•	 Only the frequencies (colours) of light that are in the visible range, 
that are emitted by the atoms, are seen by the eye. Colours out of 
the visible range, such as ultraviolet and infrared are not seen. The 
range of frequencies emitted by a particular substance are called 
a line emission spectrum as most substances do not emit the full 
spectrum; instead, they emit a particular pattern of frequencies.

•	 The atoms of each element have a unique set of energy levels, so the 
line emission spectrum is a set of discrete coloured lines with dark 
spaces in between where those frequencies are not being emitted.

•	 The line emission spectrum for each element is unique to that 
element, and can be used to identify that element. For example, 
amber street lamps have a sodium lamp in them, and thus produce 
an amber light, as sodium emits primarily in the yellow band. 
Likewise, fireworks’ colours are determined by the chemicals used in 
them. So, for example, bright red is produced by strontium (Sr), blue-
green by copper (Cu), and so on. 

•	 Scientists are able to tell what elements are present on distant 
planets and stars by projecting their light through a prism and 
capturing the line emission spectrum.         



146  UNIT  10 EMISSION AND ABSORPTION SPECTRA � © Department of Basic Education 2015 
	�  Mind the Gap Physics

Unit10

10.3	 Atomic absorption spectra
An atomic absorption spectrum is a continuous spectrum where certain 
colours or frequencies are missing. These frequencies appear as dark 
lines in the spectrum. The region A-B in the diagram below is Infrared. The 
region B-C and part way to D is red. The region C-D is orange. The region 
D-E is green. The region E-F is cyan/light blue. The region around F is blue. 
The region F-G is indigo, and G-H violet. The region KH is ultraviolet. 

(Source: Wikimedia Commons)

You must remember:
•	 Atomic absorption spectra are produced when light passes through a 

cold gas. 
•	 The electrons in the atoms of the gas absorb energy from the light 

and become excited and move to a higher (excited) energy level.  
•	 The energy of the absorbed light energy equals the energy difference 

between the two energy levels.  
•	 The energy of light is directly proportional to its frequency and the 

frequency of light determines its colour.
•	 The light that has not been absorbed by the gas, reaches the eye and 

therefore shows the range of frequencies in the atomic absorption 
spectrum. 

•	 The atoms of each element have a unique set of energy levels, so 
the atomic absorption spectrum is a continuous spectrum with 
a few black lines. These lines represent the colours (and hence 
frequencies) of the light that were absorbed by the gas atoms’ 
electrons.  

•	 The atomic absorption spectrum for each element is unique to that 
element, and can be used to identify that element.

•	 The dark lines represent the same frequencies of light that are 
emitted in the same element’s atomic emission spectrum.  If an 
atomic emission spectrum and an atomic absorption spectrum are 
combined for a specific element, we see a continuous spectrum. 

DEFINITIONS

discrete: clear and individual, 
separate

incandescent: glowing

ground state: lowest stable 
energy state

excited state: high and 
unstable energy state 
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 Activity 1

1. 	 What is the approximate wavelength range of visible light?	� (2)
2. 	 Name five wavelength ranges and their uses.	�  (5)
3. 	 How can a scientist tell what elements are present on a star?	� (3)
4. 	 What is the approximate wavelength of red light? And violet?	� (2)
5. 	 What does the wavelength of UV tell you about its energy levels?	� (2)
6. 	 Does microwave radiation or gamma radiation have more energy  

per photon?	�  (1)
7. 	 Give one example of a colour in fireworks achieved through  

emission spectra.		�   (1)
� [16]

Solutions
1. 	 400 nm (3) to 700 nm (3) (One mark per correct value)              (2)
2. 	 Visbile light: to see (3); Xrays: to inspect bones without surgery 

(3); Gamma rays: to kill bacteria (3); UV: suntanning (3), helps 
bees navigate (3), powers photosynthesis (3); Infrared: night 
vision (3), heat radiation (3), some lasers (3); Microwaves: 
telecommunications (3), radar (3), ovens (3); Radio waves: 
telecommunications (3).	 (any 5)                                                   (5)

3.	 She can project the light from the star through a spectroscope  
(3) which splits it into its components (3). She can then  
compare the spectrum to known emission spectra of known 
elements (3).                                                                                     (3)

4. 	 Any value 700-600 nm (3) (it's continuous); Any value near  
400-450 nm (3).                                                                               (2)

5. 	 UV has a short wavelength (3) which means that it has  
high (3) energy levels.                                                                       (2)

6. 	 Gamma. (3)                                                                                        (1)
7. 	 Cu / Copper: blue / green / cyan / blue-green / turquoise (3); 

Strontium / Lithium: Red (3); Iron / Sodium / Calcium / Na / Fe / 
Ca: orange / yellow (3); Magnesium / Mg / Aluminium / Aℓ: White 
(3); Potassium/K: lilac / violet (3); Green: Barium / Ba (3) (light 
green), possibly Copper / Cu (darker green) (3). (any one)  (1)

[16]

Well done!



The Mind the Gap study guide series assists you to make the leap by studying 
hard to achieve success in the Grade 12 exam.

This publication is not for sale.
© Copyright Department of Basic Education www.education.gov.za
This publication has a Creative Commons Attribution NonCommercial Sharealike license.
Call Centre 0800 202 933


