
ReMeMbeR

Before beginning this chapter, you should be able to:
■ identify a range of common components of simple

electric circuits
■ recognise the circuit symbols for common components

of simple electric circuits
■ connect components into simple circuits following a

circuit diagram.

KeY IDeaS

After completing this chapter, you should be able to:
■ use the principles of conservation of charge and

conservation of energy to analyse current and voltage
in series and parallel circuits

■ model resistance in series and parallel circuits using
voltage-versus-current graphs

■ fi nd the effective resistance of series arrangements using
the relationship

RT = R1 + R2 +  .  .  .  + Rn

■ fi nd the effective resistance of parallel arrangements
using the relationship

R R R R
1 1 1

. . .
1

T 1 2 n
= + + +

■ present data obtained from electric circuit investigations
in tables and graphs

■ describe energy changes in transducers
■ analyse voltage divider circuits using transducers such as

LDRs and thermistors.

Decorative lights that are connected 
in series can contain shunts that 
allow the circuit to remain closed if 
the fi lament breaks.
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Unit 1 70

What happens in an electric circuit?
In chapter 4, an electric circuit was described as a number of electrical con-
ductors connected together to form a conducting path. A circuit can contain 
one or more sources of emf (electromotive force) to provide energy to the cir-
cuit. If the conductors form a continuous closed path through which a current 
can circulate, the circuit is said to be a closed circuit. If there is a break in the 
path so that charge cannot flow, for example at a switch, the circuit is said to 
be an open circuit.

In many simple electric circuits, electrical energy is used for heating one 
or more loads. The temperature increase in a load occurs because the charge 
carriers make repeated collisions with the atoms in the load. This increases 
the internal energy of the load and its temperature rises. The electrical energy 
transformed in the load originally came from some source of emf, for example 
a battery, laboratory power pack or power point in the home. Examples of this 
type of circuit include a torch (where the conductor in the filament gets so hot 
that it emits light), a toaster plugged into a power point and a car demister 
circuit.

Circuit diagrams
A circuit diagram shows schematically the devices used in constructing an 
electrical circuit. The table below shows the symbols commonly used in 
drawing circuits.

Table 5.1 Symbols used in circuit diagrams

Circuit component Symbol Circuit component Symbol

Connection between 
conductors

Resistor with sliding 
contact to give a 
variable resistance

Terminal Semiconductor diode* or

Conductors not
connected*

or Single pole switch 
(open)

Conductors
connected* or

Button switch (open)

Earth*
or

Voltmeter

Battery Ammeter

Variable power supply* or Incandescent lamp* or

Resistor

or

Light-dependent 
resistor (LDR)

Variable resistor*
or

Heat-dependent resistor 
(thermistor)

*The first of the two alternative symbols is used in this book.
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71CHAPtER 5 Circuit analysis

Circuit rules
Accounting for electrons
Electric charge is conserved. At any point in a conductor, the amount of charge 
(usually electrons) fl owing into that point must equal the amount of charge 
fl owing out of that point. Electrons do not build up at a point in a conductor, 
nor will they magically disappear. You don’t get traffi  c jams in electric circuits.

Th e sum of the currents fl owing into a junction is equal in magnitude to the sum of the 
currents fl owing out of that junction: Iin = Iout.

In the fi gure at left, Ia + Ic = Ib + Id + Ie.

Sample problem 5.1

Calculate the magnitude and direction of 
the unknown current in the fi gure at right, 
showing currents meeting at a junction.

Currents fl owing into the junction equal
1.0 + 4.0 = 5.0 A.

Currents fl owing out of the junction equal 
2.5 + 1.3 = 3.8 A.

Th erefore the unknown current must be 
5.0 − 3.8 = 1.2 A out of the junction.

Sample problem 5.2

Find the values of currents a, b, c, d, e and f as marked in the fi gure below.

At junction A,
Iin = Iout

⇒ 15.3 = 7.9 + a
⇒ a = 7.4 mA.

At junction B,
 Iin = Iout

⇒ 7.9 + 7.4 = b
 ⇒ b = 15.3 mA.

At junction C,
Iin = Iout

⇒ 15.3 = c + 2.1
⇒ c = 13.2 mA.

At junction D,
Iin = Iout

⇒ c = d + 6.5
⇒ 13.2 = d + 6.5

⇒ d = 6.7 mA.

At the resistor,
e = 2.1 mA, as Iin = Iout for the resistor.

At junction E,
 Iin = Iout

⇒ d + 6.5 + e = f
⇒ 6.7 + 6.5 + 2.1 = f

 ⇒ f = 15.3 mA.

Ia
Ib

Ic
Id

Ie

Five wires soldered at a junction

1.0 A
2.5 A

1.3 A

4.0 A

I
Solution:

6.5 mA

2.1 mA

7.9 mA

15.3 mA

c

e

d

b

a

f

A

B

CD

E

Solution:
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Unit 1 72

Conservation of electrical energy
Around a circuit electrical energy must be conserved. Th is can be stated as:

 In any closed loop of a circuit, the sum of the voltage drops must equal the sum of the emfs 
in that loop.

Sample problem 5.3

Calculate the unknown voltage drop Vbc 
in the fi gure on the right.

 V = the sum of the voltage drops
V = 9.0 V

⇒ 9.0 V = 5.2 V + Vbc
⇒ Vbc = 3.8 V

Series and parallel 
circuits
Th ere are two ways in which circuit elements can be connected. Th ese are 
called in series and in parallel.

When devices are connected in series, they are joined together one after the 
other. Th ere is only one path for the current to take. 

When devices are connected in parallel, they are joined together so that 
there is more than one path for the current to fl ow through.

Many devices can be connected in series and parallel. Th ese include resis-
tors and cells.

Resistors in series
When a number of resistors are placed in series, some basic rules can be 
derived.

Th ere is only one path for the current to fl ow through. Th erefore in the fi gure 
below left, the current in R1 equals the current in R2 and in R3. I1 refers to the 
current in R1; I2 to the current in R2 etc. Similarly V1 is the voltage drop across 
R1; V2 is the voltage drop across R2 etc.

 I = I1 = I2 = I3

Since V = I R,
 V1 = I R1
 V2 = I R2
 V3 = I R3.

Th e total voltage drop, VT, across resistors in series is equal to the sum of the 
voltage drops across each individual resistor.

 VT = V1 + V2 + V3
⇒ VT = I R1 + I R2 + I R3
⇒ VT = I (R1 + R2 + R3)

Since VT = I RT (where RT is the eff ective resistance of all three resistors), the 
eff ective resistance off ered by resistors in series is found by obtaining the sum 
of the individual resistances:

RT = R1 + R2 + R3.

Th is means that the eff ective resistance of a circuit is increased by adding 
an extra resistor in series with the others. Th e resistance of a series circuit is 
greater than that for any individual resistor.

V = 9.0 V

Vab = 5.2 V

Vbc

a

b

c

Solution:

Unit 1 Series circuits
Concept summary 
and practice 
questions

aOS 2

Topic 2

Concept 1

Devices connected in series are 
joined together one after the other.

Devices connected in parallel 
are joined together so that one 
end of each device is joined at a 
common point and the other end 
of each device is joined at another 
common point.

R1

I

R2 R3

Resistors connected in series
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73CHAPtER 5 Circuit analysis

Sample problem 5.4

Find the effective resistance of a circuit comprising three resistors, having 
resistance values of 15 W, 25 W and 34 W, connected in series.

RT = R1 + R2 + R3
= 15 W + 25 W + 34 W
= 74 W

Sample problem 5.5

In the series circuit shown in the figure on the 
right, the emf of the power supply is 100 V, the 
current at point a, Ia, equals 1.0 A, and the value 
of R2 is 60 W. Find the following quantities:
(a) the current at point b
(b) the voltage drop across R2
(c) the voltage drop across R1
(d) the value of R1.

(a) The current is the same at all points of a series circuit. Therefore the cur-
rent at point b, Ib, is 1.0 A.

(b) V2 = IR2
= 1.0 A × 60 W
= 60 V

(c) ε = V1 + V2
⇒ 100 V = V1 + 60 V

V1 = 40 V
(d) V1 = IR1

 40 V = 1.0 A × R1
 R1 = 40 W

Revision question 5.1

Find the effective resistance of three resistors in series if they have the following 
values: 1.2 kW, 5.6 kW and 7.1 kW.

Resistors in parallel
In a parallel branch of a circuit, there is more than one path for the current to 
flow through.

The total current flowing into the parallel section of a circuit equals the sum 
of the individual currents flowing through each resistor.

IT = I1 + I2 + I3

As can be seen in the following figure, the left-hand sides of all the resis-
tors are connected to point A, so they are all at the same voltage. This means 
that all charges on that side of the resistors have the same amount of elec-
trical potential energy. Similarly, the right-hand sides of the resistors are 
connected to point B, therefore they also are at the same voltage. This means 
that each resistor in a parallel section of a circuit has the same voltage drop 
across it.

VT = V1 = V2 = V3

In a parallel section of a circuit, the total current equals the sum of the indi-
vidual currents, and the voltage drops across each resistor are the same. It is 

Solution:

c

b

a

R1

R2ε

Solution:

Unit 1 Parallel circuits
Concept summary 
and practice 
questions

aOS 2

Topic 2

Concept 2
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Unit 1 74

possible to derive an expression for the eff ective resistance, RT, of a parallel 
section of a circuit.

  IT = I1 + I2 + I3

⇒  V

RT

 = V

R

V

R

V

R1 2 3

+ +

(since I = V
R

 for each resistor and the whole section of the circuit)

⇒ 
R

1

T

 = 
R R R

V
1 1 1

(dividing both sides by )
1 2 3

+ +

A parallel branch of a circuit

R1

R2

R3I3

I2

I1

IT IT

A B

Th is means that the reciprocal of the eff ective resistance is equal to 
the sum of the reciprocals of the individual resistances. Th e eff ective 
resistance is less than the smallest individual resistance. Th e more resis-
tors there are added in parallel, the more paths there are for the current to 
fl ow through, and the easier it is for the current to fl ow through the parallel 
section.

Modelling resistors in parallel
One way to help understand this concept is to use the hydraulic model. Cur-
rent is represented by water fl owing in a pipe. Resistors are represented as thin 
pipes. Th e thinner the pipe, the greater the resistance and therefore less water 
can fl ow in the circuit. A conductor is represented by a large pipe through 
which water fl ows easily. Th e source of emf is represented by a pump that sup-
plies energy to the circuit.

If there is only one thin pipe, it limits the fl ow of water. Adding another 
thin pipe beside the fi rst allows more water to fl ow. Th e total resistance 
off ered by the two thin pipes in parallel is less than that off ered by an indi-
vidual thin pipe.

The hydraulic model for resistors in parallel showing (a) a circuit with one ‘resistor’ 
and (b) a second ‘resistor’ added in parallel, which allows more current to fl ow and 
reduces the effective resistance

pump

(b)

pump

(a)

Weblinks
DC circuit water analogy
Simple electric circuits
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75CHAPtER 5 Circuit analysis

Sample problem 5.6

What is the effective resistance of three resistors connected in parallel if they 
have resistance values of 5.0 W, 10 W and 20 W respectively?

 
R

1

T

 = 
R R R

1 1 1

1 2 3

+ +

 
R

1

T

 = 
1

5.0

1

10

1

20W
+

W
+

W

 ⇒ 
R

1

T

 = 
4

20

2

20

1

20W
+

W
+

W

 ⇒ 
R

1

T

 = 
7

20 W

 ⇒ RT = 20

7
2.9

W
= W

Note that the effective resistance of a set of resistors connected in parallel 
is always less than the value of the smallest resistor used. Adding resistors in 
parallel increases the number of paths for current to flow through, so more 
current can flow and the resistance is reduced.

If there are n resistors of equal value, R, the effective resistance will be R
n

.

RT = R
n

Sample problem 5.7

Consider the parallel circuit shown in the figure below.
The emf of the power supply is 9.0 V, R2 has a resistance of 10 W, and 

the current flowing through the power supply is 1.35 A. Find the following 
quantities:
(a) the voltage drop across R1 and R2
(b) I2, the current flowing through R2
(c) I1, the current flowing through R1
(d) the resistance of R1
(e) the effective resistance of the circuit.

(a) For a parallel circuit, V1 = V2, which in this case is 9.0 V.

(b) I2 = 
V

R2

 ⇒ I2 = 
9.0 V

10
0.90 A

W
=

(c) IT = I1 + I2

 ⇒ I1 = IT − I2

 = 1.35 A − 0.9 A
 = 0.45 A

(d) R1 = 
V

I1

 ⇒ R1 = 
9.0 V

0.45 A

 ⇒ R1 = 20 W

Solution:

Solution:

IT = 1.35 A

I2

I1

R1

R2 = 10 Ω

V = 9.0 V
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Unit 1 76

(e) 
R

1

T
 = 

R R

1 1

1 2

+

 ⇒ 
R

1

T

 = 
1

10

1

20W
+

W

⇒ 
R

1

T

 = 
3

20 W

⇒ RT = 
20

3

W

 = 6.7 W

Sample problem 5.8

Find the effective resistance when a 10 W resistor is placed in parallel with a  
10 kW resistor.

 
R

1

T

 = 
R R

1 1

1 2

+

 = 
1

10 Ω

1

10 000 Ω
+

 = 
1000

10 000Ω

1

10 000 Ω
+

 = 
1001

10 000 W

 ⇒ RT = 
10 000

1001

W

 = 9.99W

Revision question 5.2

Find the effective resistance of two resistors in parallel if they have resistance 
values of 1.2 kW and 4.8 kW.

Note: Adding a large resistance in parallel with a small resistance slightly 
reduces the effective resistance of that part of a circuit.

Parallel circuits are used extensively. Australian households are wired in parallel 
with an AC voltage of 230 V. This is equivalent to a DC voltage of 230 V, and all the 
formulae that have been presented so far can be used for analysing AC circuits.

The advantage of having parallel circuits is that all appliances have the same 
voltage across them and the appliances can be switched on indepen dently. If 
appliances were connected in series, they would all be on or off at the same 
time; and they would share the voltage between them, so no appliance would 
receive the full voltage. This would present problems when designing the 
devices, as it would not be known what voltage to allow for.

Car lights, front and rear, are wired in parallel for the same reason. If one 
lamp ‘blows’, the other lamps will continue functioning normally.

Short circuits
A short circuit occurs in a circuit when a conductor of negligible resistance is 
placed in parallel with a circuit element. This element may be a resistor or a 
globe. The result of a short circuit is that virtually all the current flows through 
the conductor and practically none flows through the circuit element. Because 
there is effectively no voltage drop across the wire, there is also no voltage drop 

eModelling
Exploring resistors in parallel with a 
spreadsheet 
doc-0047

Solution:

Digital docs
Investigation 5.1: 
Series circuits
doc-16177

Investigation 5.2: 
Parallel circuits
doc-16178
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77CHAPtER 5 Circuit analysis

across the circuit element, and no current fl ows through it. Th ink of what 
would happen in the hydraulic model if a conducting pipe were placed beside 
a thin pipe. Th is situation is represented in both ways in the fi gures below.

In this case, the current through the power supply passes through R1, but 
then fl ows through the short circuit, eff ectively avoiding R2 and R3.

Sample problem 5.9

Th e fi gure below shows a 10 kW resistor which has been short circuited 
with a conductor of 0 W resistance. Calculate the eff ective resistance of this 
arrangement.

  
R

1

T
 = 

R R

1 1

1 2

+

  = 
1

0

1

10 000W
+

W
  = ∞
 ⇒ RT = 0 W

non-ohmic devices in series 
and parallel
Non-ohmic devices do not obey Ohm’s Law. Th eir current-versus-voltage char-
acteristics can be presented graphically.

Th e value of V
I

 is not constant for non-ohmic devices.

Th e rules for series and parallel circuits still apply when analysing circuits 
containing non-ohmic devices. Devices in series have the same current and 
share the voltage. Devices in parallel have the same voltage and the current is 
shared between them. Th e actual values of the voltage or current are obtained 
from the V–I graphs for the devices.

0.2 0.4 0.6 0.8

C
ur

re
nt

 (m
A

)

Voltage drop across diode

80

60

40

20

1.0 1.2
0V– I characteristic for a silicon 

diode

R2

R1

R3

(a)

R2

R1

R3

(b)

short
circuitpump(a) Circuit diagram showing 

a short circuit (b) Hydraulic 
model of a short circuit

Solution:

R2 = 10 kΩR1 = 0

UNCORRECTED P
AGE P

ROOFS



Unit 1 78

Sample problem 5.10

The figure below shows the current-versus-voltage graph for two electrical 
devices.

If X and Y are in parallel, and the current through X is 2.0 A, calculate:
(a) the voltage across Y
(b) the current through Y.

(a) As X and Y are in parallel, the 
voltage across X equals the voltage 
across Y. From the graph, when the 
current through X is 2.0 A, the vol-
tage is 10 V, so the voltage across Y is 
10 V also.

(b) When the voltage across Y is 10 V, 
the current through Y is seen to be 
3.0 A.

Power in circuits
Recall that the power being used in a circuit element is the product of the vol-
tage drop across it and the current through it: P = VI. The total power being 
provided to a circuit is the sum of the power being used in, or ‘dissipated by’, 
the individual elements in that circuit. It does not matter if the elements are 
connected in series or in parallel.

 PT = P1 + P2 + P3 =  .  .  .

Sample problem 5.11

A household electrical circuit is wired in parallel. Find the total current flowing 
in the circuit if the following appliances are being used: a 600 W microwave 
oven, a 450 W toaster and a 1000 W electric kettle. Household circuits provide 
a voltage drop of 230 V across each appliance.

The total power being used in the circuit is 600 + 450 + 1000 = 2050 W.

IT = P

V
T

= 
2050 W

230 V

= 8.91 A

Revision question 5.3

Find the total current flowing through a household circuit when the following 
devices are being used: a 400 W computer, a 200 W DVD player, a 500 W tele
vision and a 60 W lamp.

the voltage divider
The voltage divider is an example of resistors in series. It is used to divide or 
reduce a voltage to a value needed for a part of the circuit. A voltage divider is 
used in many control circuits, for example, turning on the heating in a house 
when the temperature drops.

X

Y

5

4

3

2

1

0
5 10 15 20 25

Voltage drop (V)

C
ur

re
nt

 (A
)

Solution:

Solution:

Weblink
Careers in electrical engineering

The voltage divider is used to 
reduce, or divide, a voltage to 
a value needed for a part of the 
circuit.

UNCORRECTED P
AGE P

ROOFS



79CHAPtER 5 Circuit analysis

Th e voltage divider has an input voltage, Vin, and an output voltage, Vout. 
A general voltage divider is shown in the fi gure at right.

Th e current I fl owing through R1 and R2 is the same, since R1 and R2 are in 
series.

Vin = I(R1 + R2)

 ⇒ I = 
V

R R
in

1 2+

 Vout = IR2

⇒ Vout = V

R R
Rin

1 2
2+

×

Th is can be rewritten as:

 Vout = R

R R
V2

1 2
in+









 , or more generally, 

V
V

V
R

R
V

resistance across which is taken

sum of all resistances
.out

out
in

out

total
in=









 =

If R1 and R2 are equal in value, the voltage will be divided equally across 
both resistors. If R1 is much greater than R2, then most of the voltage drop will 
be across R1.

Sample problem 5.12

Calculate the value of the unknown resistor in the voltage divider shown in the 
fi gure below, if the output voltage is required to be 4.0 V.

 Vout = 
R V

R R
2 in

1 2+

 ⇒ 4.0 V = 
×

W +
R

R

6.0 V

2.2 k
2

2

⇒ 8.8 kWV + 4.0 V R2 = 6.0 V R2

 ⇒ 2.0 V R2 = 8.8 kWV

 ⇒ R2 = 4.4 kW

Revision question 5.4

Calculate the value of the unknown resistor in the voltage divider in sample 
problem 5.12 if the output voltage is to be 1.5 V.

transducers and sensors
Transducers are devices that convert energy from one form to another. Th ey 
can be aff ected by, or can aff ect, the environment. Th e word transducer comes 
from the Latin for ‘to lead across’. Table 5.2 following has a range of transducers 
and their energy conversions.

Sensors are a subset of transducers where the energy conversion is to elec-
trical, that is, to a variation in voltage. Some sensors generate the voltage 
directly, for example piezoelectric devices. Other sensors whose resistance 
changes, such as LDRs and thermistors, use a voltage divider circuit.

A general voltage 
divider

R1

R2

Vin

Vout

Unit 1 Voltage dividers
Concept summary 
and practice 
questions

aOS 2

Topic 2

Concept 3

Digital doc
Investigation 5.3:
Determining emf and internal 
resistance
doc-17056

Interactivity
Voltage dividers
int-6392

R1 = 2.2 kΩ

R2 Vout

0 V

6.0 VSolution:

Unit 1 Transducers
and sensors
Concept summary 
and practice 
questions

aOS 2

Topic 2

Concept 4
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Unit 1 80

Table 5.2 Examples of transducers

transducer

Energy conversion

From to

Solar cell Light Electrical

Loudspeaker Electrical Sound

Microphone Sound Electrical

LED Electrical Light

Antenna Electromagnetic Electrical

Thermocouple Heat energy  
(temp. difference)

Electrical

Peltier cooler Electrical Heat energy  
(temp. difference)

Piezoelectric gas 
lighter*

Stored mechanical energy 
due to pressure

Electrical

*The piezoelectric effect is also used in strain gauges to measure the stress in construction 
materials and in the accelerometers found in video game controllers and guidance systems.

Sample problem 5.13

The resistance of a thermistor changes with temperature as shown in the graph 
below left. In the voltage divider circuit shown, the thermistor is one of the two 
resistors; the other is a resistor with a fixed resistance value.

Temperature (°C)

R
es

is
ta

nc
e 

(k
Ω

)

2

1

20 40 600

9.0 V

0 V

R

voltage
sensitive switch

 As the temperature drops, the resistance of the thermistor increases. As the 
thermistor’s resistance increases, its share of the voltage from the power supply 
also increases, while that of the fixed value resistor will decrease.
 A voltage sensitive switch is placed across the thermistor. It is built to turn 
on a heater when the voltage across the thermistor is greater than 6 V. Your 
task as the circuit designer is to determine the resistance value required for the 
fixed value resistor to turn on the heater at 19 °C.

From the graph, at 19 °C the thermistor has a resistance of 1.5 kΩ (1500 Ω). 
Substituting into the voltage divider equation gives:

V
R

R R
V

R
6V

1.5 k

1.5 kΩ
9V

out
2

1 2
in=

+










=
W

+








 ×

Solving for R gives: 
6 × (R + 1500) = 1500 × 9.0 V

6R + 9000 = 13  500
6R = 4500

R = 750 W

Solution:
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81CHAPtER 5 Circuit analysis

Sample problem  5.14

To reduce the heating bill from the heater in sample problem 5.13, it is decided 
that the heater should be turned on when the temperature is below 18 °C. 
Should the value of the fixed value resistor be increased or decreased? Explain.

The voltage to turn on the switch will still be 6 V, so the voltage across the two 
resistors will be unchanged. The ratio of their resistance values will therefore 
also be the same. From the previous graph, it can be seen that at 18 °C the 
thermistor’s resistance will be greater than it was at 19 °C. So to keep the ratio 
the same, R must increase.
 This can also be explained using current. As the resistance of the thermistor 
is higher at the lower temperature, there will be less current through both 
resistors. As the voltage drop across R is to remain the same, its resistance will 
need to be greater (V = IR).

Revision question 5.5

The thermistor and voltage sensitive switch from sample problem 5.13 are to be 
used for a cooling system. The cooling system is to turn on when the tempera
ture is greater than 24 °C. To which resistor, the thermistor or the fixed resistor, 
should the voltage sensitive switch be connected so that the voltage is greater 
than 6 V for temperatures greater than 24 °C? Explain. What should be the value 
of the fixed resistor?

Potentiometers
A potentiometer, called a ‘pot’ for short, is a variable voltage divider. It consists 
of a fixed resistor, usually a length of wire, with a contact that can slide up and 
down, varying the amount of resistance in each arm of the voltage divider. The 

symbol for a potentiometer is . Potentiometers are commonly used as 
controls in radio equipment, either as a slide control or in a rotary form. They 
are also the basis of joysticks in game controls.

Solution:
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Unit 1 Circuit analysis

Sit Topic test

aOS 2

Topic 2Chapter review

Summary
 ■ An electric circuit is a closed conducting path con-

taining a source of emf.
 ■ In a series circuit the components are placed one 

after the other. There is only one path for the charge 
carriers to flow through.

 ■ In a series circuit the current is the same at all points; 
the sum of the potential drops is equal to the emf of 
the circuit.

 ■ The effective resistance of resistors placed in series is 
equal to the sum of the individual resistances.

 ■ In a parallel circuit, there is more than one path for 
the current to flow through.

 ■ Resistors in parallel have the same potential differ-
ence across them; the current in each resistor adds up 
to the total current flowing into the parallel branch.

 ■ In a parallel arrangement of resistors, the reciprocal 
of the effective resistance is equal to the sum of the 
reciprocals of the individual resistances:

= +
R R R

1 1 1

T 1 2

 ■ A short circuit occurs when a conductor of negligible 
resistance is placed in parallel with a circuit element 
and stops current from flowing through it.

 ■ Circuits containing non-ohmic devices can be ana-
lysed using the rules for series and parallel circuits 
with their voltage–current characteristic graphs.

 ■ The total power used in a circuit equals the sum of 
the powers used in individual devices.

 ■ A voltage divider is used to reduce an input voltage to 
some required value.

 ■ A voltage divider consists of two or more resistors 
arranged in series to produce a smaller voltage at its 
output.

 ■ The output of a voltage divider can be calculated 
using the equation:

V
R

R R
Vout

2

1 2
in=

+










 ■ A transducer is a device that can be affected by, or 
affects, the environment.

Questions
Circuit rules
 1. Explain what is meant by the following terms, as 

they relate to electric circuits.
(a) junction (d) series
(b) open circuit (e) parallel
(c) voltage drop (f) short circuit

 2. Find the unknown current at each of the junctions 
in the figure below. State the direction of the 
current in each case.

(a) (c)

1.5 A3.0 A

Ia

3.7  A

4.2  A

1.3 A

2.9 A

Ic

(b)

7.3 AIb

2.8 A

Series and parallel circuits
 3. Find the voltage at the points a, b, c and d in the 

figure below, given that Vbc is 5.0 V. 

a

b

c

d

V = 9.0 V

 4. Find the effective resistance of the following sets of 
resistors if they are connected in series:
(a) 2.7 W, 9.8 W
(b) 12 W, 20 W, 30 W
(c) 1.2 kW, 3.2 kW, 11 kW.

 5. Find the unknown quantities in the series circuit 
shown in the following figure.

V2

V = 6.0 V

Ia

R1 = 4.0 Ω

R2

1.0 A

V1

 6. In the series circuit shown 
in the figure at right,  
Vab = 20 V, R2 = 30 W, and 
Ia = 2.0 A. Find values 
for the following:
(a) Ib
(b) Vbc
(c) R1
(d) R T
(e) E.

V
d

a

b

c

R2
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 7. A 20 W resistor and a 30 W resistor are connected 
in series in a circuit with a 100 V power supply.
(a) What is the effective resistance of the circuit?
(b) What current flows through the circuit?
(c) Calculate the voltage drop across each  

resistor.
(d) Sketch a diagram of this circuit, showing 

where you would place an ammeter to 
measure the current in the circuit and a 
voltmeter to measure the voltage across the  
30 W resistor.

 8. Three resistors of 3.0 W, 5.0 W and 4.0 W are 
connected in series across a 12 V battery.
(a) What is the effective resistance of the three 

resistors?
(b) What current flows in the circuit?
(c) What is the voltage drop across each resistor?
(d) What is the total voltage drop across the 

circuit?
 9. Consider two people connected in series with a 

25 V source across them. The first person, R1, has 
a resistance of 1000 W and the second person, R2, 
has a resistance of 1500 W.
(a) Determine the current through each person.
(b) What is the voltage drop across each person?

 10. Find the effective resistance when the following 
resistors are connected in parallel:
(a) 30 W, 20 W
(b) 5.0 W, 10 W, 30 W
(c) 15 W, 60 W, 60 W
(d) 20 W, 50 W, 80 W.

 11. Find the unknown quantities in the parallel circuit 
shown in the figure below.

Ia

R1 =
6.0 ΩV = 6.0 V

1.5 A

R2 V2V1

I1 I2

 12. In the parallel circuit shown in the figure below, 
I1 = 0.20 A, R1 = 60 W and IT = 0.50 A. Find values 
for the following:
(a) Vab
(b) Vcd
(c) ε
(d) I2
(e) R2.

ε
I1

IT

I2

R2

R1a

c

b

d

 13. Two 10 W resistors are connected in parallel across 
the terminals of a 15 V battery.
(a) What is the effective resistance of the circuit?
(b) What current flows in the circuit?
(c) What is the current through each resistor?

 14. Three resistors of 60 W, 30 W and 20 W are 
connected in parallel across a 90 V power source 
as shown in the following figure.

60 Ω 30 Ω 20 Ωε = 90 V

(a) Calculate the effective resistance of the  
circuit.

(b) Find the current flowing through the source.
(c) What is the current flowing through each 

resistor?
 15. A 6.0 W resistor, an 18 W resistor and a 9.0 W resistor 

are connected in parallel across a 36 V power supply.
(a) What current flows through each resistor?
(b) What total current flows in the circuit?
(c) What is the effective resistance of the  

circuit?
 16. The figure below shows an arrangement of 

switches and globes connected to a source  
of emf.

G2

G3

S3

S2

S1

S4

G1

Which globes would light up if the following sets 
of switches are closed:
(a) switch S2 only
(b) switch S3 only
(c) switches S3 and S4 only?

 17. Prove mathematically that the resistance of a 
short-circuited resistor branch is zero.

non-ohmic devices in series and parallel
 18. The voltage-versus-current characteristic graph for 

a non-ohmic device is shown in the figure on top 
of the following page.
(a) What is the device’s current when the voltage 

drop across it is 100 V?
(b) What is the voltage drop across the device 

when the current through it is 16 mA?
(c) What is the resistance of the device when it 

carries a current of 16 mA?
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19. The device described in question 18 is placed in 
series with a 5.0 kW resistor and a voltage drop is 
applied across the combination. This arrangement 
is shown in the following figure.

I = 6.0 mA

non-ohmic
device R = 5.0 kΩ

A

The current in the resistor is measured to be 6.0 mA.
(a) What is the voltage drop across the resistor?
(b) What is the current in the device?
(c) What is the voltage drop across the device?
(d) What is the total voltage drop across the 

device and the resistor?
 20. The device described in question 18 is now 

placed in parallel with a 5.0 kW resistor and a new 
voltage is applied across the combination. This 
arrangement is shown in the following figure.

IR = 20 mA

non-ohmic
device

R = 5.0 kΩ

The current in the resistor is measured to be 20 mA.
(a) Calculate the voltage drop across the resistor.
(b) What is the voltage drop across the device?
(c) What is the current in the device?
(d) What is the total current in the circuit?

Power in circuits
 21. Three resistors of value 25 W, 15 W and 10 W are 

connected in series to a 10 V power supply.
(a) Calculate the current in the circuit.
(b) What is the voltage drop across each resistor?

(c) At what rate is energy being transformed in 
each resistor?

(d) What is the total power rating of the circuit?
 22. Repeat question 21 with the resistors being 

connected in parallel.
 23. Two students are discussing how to produce more 

power in a circuit.
 ‘P = VI,’ says Tom. ‘Since V = IR, P = I 2R. This 
shows that power is proportional to resistance. 
Therefore, if I want more power from a supply I 
should use a bigger resistance.’
 ‘I don’t agree’, says Henrietta. ‘It is true that P = VI, 

but Ohm’s Law gives I = V
R

. This means that P = V
R

2
, 

in which case power is proportional to the inverse 
of resistance. If I want to draw more power from a 
supply, I would use a smaller resistance.’
 Which student is correct, and under what 
circumstances is he/she correct?

 24. Design a dimmer switch circuit for a light. Does 
the circuit consume more power when the light is 
bright or dull? Justify your answer.

 25. Some lighting circuits are controlled by two 
switches in different locations. Design a circuit to 
show how this could be achieved in a DC circuit.

transducers and voltage dividers
 26. A thermistor has the temperature–resistance 

characteristic shown by the bottom curve in the 
graph below. It is placed in the voltage divider 
shown in the following circuit diagram.

100 000

Temperature (°C)

R
es

is
ta

nc
e 

(Ω
)
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1000

10 000
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+9.0 V

0 V

R2 = Thermistor

R1

Vout

(a) What is the resistance of the thermistor when 
the temperature is 150 °C?

(b) What is the value of the variable resistor if the 
temperature is 200 °C and Vout is 6 V?

 27. The thermistor in question 26 is replaced with one 
that has the temperature–resistance characteristic 
shown by the top curve in the graph.
(a) What is the resistance of the thermistor when 

the temperature is 200 °C?
(b) Calculate the value of the variable resistor in 

the voltage divider if the temperature is 100 °C 
and the output voltage is 4.5 V.

 28. (a)  Find the output voltage for the voltage divider 
shown in circuit (a) below.

(a)

Vin = 6.0 V

R1 = 2.2 kΩ

R2 = 2.2 kΩ Vout

(b) What is the output voltage of circuit (b) below  
if a load of resistance 4.4 kW is connected across 
the output terminals of the voltage divider?

(b)

Vin = 9.0 V

R1 = 2.2 kΩ

R2 = 4.4 kΩ Vout

 29. Find the value of R2 in the voltage divider in the 
following figure which would give an output 
voltage of 2.0 V.

Vin = 6.0 V

R1 = 3.0 kΩ

R2
Vout = 2.0 V

 30. Find the voltage drop between A and B in each of 
the following voltage divider circuits.

40 Ω

60 Ω
10 V

A

B

(a)

30 Ω

40 Ω

20 Ω
9 V

A

B

(b)

(c)

4R

R
20 V

A

B

 31. What happens to the voltage drop across a 
variable resistor in a two-element voltage divider 
when its resistance decreases and the other 
resistance is unchanged?

 32. Find the value of the unknown resistor in the 
voltage dividers shown.

3.0 kΩ
6.0 V

4.0 V

(a)

R

(b)
660 Ω

12 V

6.0 VR

10 kΩ
10 V

2.5 V

(c)

R

(d)

5.0 kΩ

9.0 V

6.0 V
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