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AREA OF STUDY 2
HOW DO ELECTRIC CIRCUITS WORK?

4 Circuit analysis

4.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, eBookPLUS and learnON at www.jacplus.com.au.

4.1.1 Introduction
In topic 3, an electric circuit was described as a number of electrical conductors connected to form a
conducting path. A circuit can contain one or more sources of emf (electromotive force) to provide energy
to the circuit.

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. The current
flowing in these circuits depends on the resistance of the loads. The torch globe, the heating element in the
toaster and other loads make it difficult for a current to flow.

In this topic you will look at what happens in different types of electric circuits and in the devices within
these circuits.

FIGURE 4.1 Decorative lights that are connected in series, such as those
on the Melbourne Star Observation Wheel, can contain shunts which allow
the circuit to remain closed if the filament breaks.

Pdf_Folio:1

TOPIC 4 Circuit analysis 1

UNCORRECTED PAGE PROOFS



“c04CircuitAnalysis_print” — 2019/6/15 — 11:39 — page 2 — #2

4.1.2 What you will learn

KEY KNOWLEDGE
After completing this topic, you will be able to:
• model resistance in series and parallel circuits using
• current versus potential difference (I − V ) graphs
• resistance as the potential difference to current ratio, including R = constant for ohmic devices
• equivalent effective resistance in arrangements in
– series: RT = R1 + R2 + ... + Rn

– parallel:
1

RT

=
1

R1

+
1

R2

+ ... +
1

Rn

• calculate and analyse the effective resistance of circuits comprising parallel and series resistance and
voltage dividers

• model household (AC) electrical systems as simple direct current (DC) circuits
• compare power transfers in series and parallel circuits
• explain why the circuits in homes are mostly parallel circuits.

Source: VCE Physics Study Design (2016–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Digital documents Units 1–4: Key science skills (doc-#####)

Key terms glossary (doc-#####)

Practical investigation logbook (doc-#####)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-#####).

4.2 Electric circuit rules

BACKGROUND INFORMATION
When analysing electrical circuits, it’s important to understand:
• the sum of the currents flowing into a junction is equal in magnitude to the sum of the currents flowing out
of that junction: Iin = Iout

• in any closed loop of an electrical circuit, the sum of the voltage drops must equal the sum of the emfs in
that loop.
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4.2.1 Circuit diagrams

FIGURE 4.2
A circuit
diagram

A circuit diagram (see figure 4.2) shows schematically the devices used in constructing
an electrical circuit. Table 4.1 shows the symbols commonly used in drawing circuits.

TABLE 4.1 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 V

Battery Ammeter A

Variable power
supply*

or Incandescent lamp* or

Resistor

or

Light-dependent resistor
(LDR)

Variable resistor*
or

Thermistor (heat-
dependent resistor)

*The first of the two alternative symbols is used in this book.

4.2.2 Circuit rules
Accounting for electrons
Electric charge is conserved. At any point in a conductor, the amount of charge (usually electrons) flowing
into that point must equal the amount of charge flowing out of that point. Electrons do not build up at a
point in a conductor, nor will they magically disappear. You don’t get traffic jams in electric circuits.
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The sum of the currents flowing into a junction is equal in magnitude to the sum of the
currents flowing out of that junction:

I𝐢𝐧 = I𝐨𝐮𝐭

In figure 4.3, Ia + Ic = Ib + Id + Ie.

FIGURE 4.3 Five wires
soldered at a junction

Ia

Ib

Ic
Id

Ie

SAMPLE PROBLEM 1

Calculate the magnitude and direction of the unknown current in the following figure, showing
currents meeting at a junction.

1.0 A

2.5 A

1.3 A

4.0 A

I

Teacher-led video: SP1 (eles-XXXX)

THINK WRITE

1. From the diagram, calculate the total currents
flowing into the junction.

1.0A + 4.0A = 5.0A

2. From the diagram, calculate the total currents
flowing out of the junction.

2.5A + 1.3A = 3.8A

3. Recall that Iin = Iout. The unknown values must be
a flow out of the junction. Solve for the unknown
current out of the junction.

Iin = Iout
5.0A = 3.8A + x

x = 5.0A − 3.8A
= 1.2A

4. State the solution. The unknown current out of the
junction is 1.2 A.
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PRACTICE PROBLEM 1
Find the unknown current at the junction in the following figure. State the direction of the current in
each case.

1.5 A3.0 A

Ia

SAMPLE PROBLEM 2

Find the values of currents a, b, c, d, e and f as marked in the following figure .

6.5 mA

2.1 mA

7.9 mA

15.3 mA

c

e

d

b

a

f

A

B

CD

E

Teacher-led video: SP2 (eles-XXXX)

THINK WRITE

1. Recall the formula Iin = Iout. Iin = Iout
2. Determine the current at each juncture. 15.3mA = 7.9mA + a

a = 15.3mA − 7.9mA
a = 7.4mA

7.9mA + 7.4mA = b
b = 15.3mA

15.3mA = c + 2.1mA
c = 15.3mA − 2.1mA
c = 13.2mA

13.2mA = d + 6.5mA
d = 13.2mA − 6.5mA
d = 6.7mA

2.1mA = e
e = 2.1mA

d + 6.5mA + e = f
f = 6.7mA + 6.5mA + 2.1mA
f = 15.3mA

3. State the solution. The values of the currents are:
a = 7.4mA, b = 15.3mA, c = 13.2mA,
d = 6.7mA, e = 2.1mA, f = 15.3mA.
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PRACTICE PROBLEM 2
Find the values of currents a and b as marked in the following figure.

b

a

B

30A 5.7A

11.1A

4.2.3 Conservation of electrical energy
Around a circuit electrical energy must be conserved.

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 3

Calculate the unknown voltage drop Vbc in the following figure.

V = 9.0 V

Vab = 5.2 V

Vbc

a

b

c

Teacher-led video: SP3 (eles-XXXX)

THINK WRITE

1. This circuit is a closed loop and the sum of the
voltage drops within it must equal the voltage
supplied by the battery.

V = the sumof the voltage drops
V = 9.0V

9.0V = Vab + Vbc

= 5.2V + Vbc

Vbc = 3.8V
2. State the solution. The unknown voltage drop is 3.8 V.
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PRACTICE PROBLEM 3
Calculate the unknown voltage drop Vab in the following figure.

V
4.8B

12V

V
ab

4.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. Explain what is meant by the following terms, as they relate to electric circuits.
(a) Junction
(b) Current
(c) Voltage drop
(d) Conductor

2. Find the in the following figure. State the direction of the current in each case.

(b)

3.7 A

4.2 A

1.3 A

2.9 A

Ic

(a)

7.3 AIb

2.8 A

3. Calculate the voltages Vcd and Vef in the following figure.

24 V

a

b

e

f

g

c

d

V
ef

V
cd

V
ab 

= 8 V
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To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.3 Series and parallel circuits

KEY CONCEPTS
• Model resistance in series and parallel circuits using:
• current versus potential difference (I − V ) graphs
• resistance as the potential difference to current ratio, including R = constant for ohmic devices
• equivalent effective resistance in arrangements in
– series: RT = R1 + R2 + ... + Rn

– parallel:
1

RT

=
1

R1

+
1

R2

+ ... +
1

Rn

• calculate and analyse the effective resistance of circuits comprising parallel and series resistance and
voltage dividers.

There are two ways in which circuit elements can be connected: in series and in parallel.
When devices are connected in series, they are joined together one after the other. There 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 flow through.
Many devices can be connected in series and parallel. These include resistors and cells.

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

There is only one path for the current to flow through. Therefore, in figure 4.4, 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, and so on. Similarly, V1 is
the voltage drop across R1; V2 is the voltage drop across R2, and so on.

I = I1 = I2 = I3
Since V = IR:

V1 = IR1

V2 = IR2

V3 = IR3

FIGURE 4.4 Resistors
connected in series

R1

I

R2 R3

The 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 = IR1 + IR2 + IR3

⇒ VT = I(R1 + R2 + R3)
Pdf_Folio:8
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Since VT = IRT (where RT is the effective resistance of all three resistors), the effective resistance offered
by resistors in series is found by obtaining the sum of the individual resistances.

RT = R1 + R2 + R3

This means that the effective resistance of a circuit is increased by adding an extra resistor in series with
the others. The resistance of a series circuit is greater than that for any individual resistor.

SAMPLE PROBLEM 4

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

Teacher-led video: SP4 (eles-XXXX)

THINK WRITE

1. When connected in series the effective resistance of
the circuit is equal to the sum of the individual
resistors.

RT =
i

∑
1

Ri

2. Substitute the resistance values. RT = 15Ω+ 25Ω+ 34Ω
3. Calculate the effective resistance. RT = 74Ω
4. State the solution. The effective resistance of circuit is

74Ω.

PRACTICE PROBLEM 4
Find the effective resistance of a circuit comprising three resistors, having resistance values of 1.2 kΩ,
5.6 kΩ and 7.1 kΩ.

SAMPLE PROBLEM 5

c

b

a

R1

R2
ε

In the series circuit in the figure at right, the emf of the power
supply is 100 V; the current at point a, Ia, equals 1 A; and the
value of R2 is 60 Ω. Find the:
a. current at point b
b. voltage drop across R2

c. voltage drop across R1

d. value of R1.
Teacher-led video: SP5 (eles-XXXX)

THINK WRITE

a. The current is the same at all points along the series
circuit. Therefore, the current at point b, Ib, is 1A.

Ib = 1A

b. Substitute known values in the equation for the
voltage drop across the resistor, V2 = IR2.

V2 = IR2

= 1A × 60Ω
= 60V
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c. This is a series circuit so the voltage of the battery
equals the sum of the voltage drops around the
circuit. So 𝜀 = V1 + V2.

𝜀 = V1 + V2

100V = V1 + 60V

V1 = 40V
d. The resistance can be found using the relationship
V1 = IR1 and making R the subject.

V1 = IR1

40V = 1A × R1

R1 = 40Ω

PRACTICE PROBLEM 5
A 24 V battery supplies the energy to two objects connected in a series circuit as shown in the figure
at right.

24 V b

c

a

0.6 A
R

1

15 Ω

The current at point a, Ia, is 0.6 A and the value of the
known resistor is 15Ω. Find the:
a. current at point b
b. voltage drop across the known resistor
c. voltage drop across the unknown resistor, R
d. value of R1.

4.3.2 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 figure 4.5, the left-hand sides of all the resistors 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 electrical 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

FIGURE 4.5 A parallel branch of a circuit
R1

R2

R3I3

I2

I1

IT IT

A B
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In a parallel section of a circuit, the total current equals the sum of the individual currents and the voltage
drops across each resistor are the same. It is possible to derive an expression for the effective resistance, RT,
of a parallel section of a circuit.

IT = I1 + I2 + I3

⇒ V

RT

= V

R1

+ V

R2

+ V

R3

(since I = V

R
for each resistor and the whole section of the circuit)

⇒ 1

RT

= 1

R1

+ 1

R2

+ 1

R3

(dividing both sides byV)

This means that the reciprocal of the effective resistance is equal to the sum of the reciprocals of the
individual resistances. The effective resistance is less than the smallest individual resistance. The more
resistors there are added in parallel, the more paths there are for the current to flow through, and the easier it
is for the current to flow through the parallel section.

Modelling resistors in parallel
One way to help understand this concept is to use the hydraulic model. Current is represented by water
flowing in a pipe. Resistors are represented as thin pipes. The thinner the pipe, the greater the resistance;
therefore, less water can flow in the circuit. A conductor is represented by a large pipe through which water
flows easily. The source of emf is represented by a pump that supplies energy to the circuit.

If there is only one thin pipe, as in figure 4.6a, it limits the flow of water. Adding another thin pipe beside
the first, as in figure 4.6b, allows more water to flow. The total resistance offered by the two thin pipes in
parallel is less than that offered by an individual thin pipe.

FIGURE 4.6 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 flow and reduces the effective
resistance

Pump

(a)

Pump

(b)

Weblinks DC circuit water analogy

Simple electric circuits

Digital document eModelling: Exploring resistors in parallel with a spreadsheet (doc-0047)
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SAMPLE PROBLEM 6

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

Teacher-led video: SP6 (eles-XXXX)

THINK WRITE

1. The three resistors are connected in parallel, so

substitute their values in:
1

RT

= 1

R1

+ 1

R2

+ 1

R3

1

RT

= 1

5.0Ω
+ 1

10Ω
+ 1

20Ω

2. Solve for RT. ⇒ 1

RT

= 4

20Ω
+ 2

20Ω
+ 1

20Ω
⇒ 1

RT

= 7

20Ω
⇒ RT =

20Ω
7

= 2.9Ω

3. State the solution.
Note: 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

The effective resistance of the three
resistors connected in parallel
is 2.9 Ω.

PRACTICE PROBLEM 6
Four resistors having values of 5 Ω, 5 Ω, 15 Ω and 20 Ω are connected in parallel. Calculate their
effective resistance.

SAMPLE PROBLEM 7

Consider the parallel circuit shown in the following figure.

IT = 1.35 A

I2

I1

R1

R2 = 10 Ω

V = 9 V
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The emf of the power supply is 9 V, R2 has a resistance of 10 Ω and the current flowing through
the power supply is 1.35 A. Find:
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.
Teacher-led video: SP7 (eles-XXXX)

THINK WRITE

a. 1. For a parallel circuit, V1 = V2. a. V1 = V2 = 9V

2. State the solution. The voltage drop across R1 and R2 is 9 V.

b. 1. Find the current in the resistor using the
relationship V=IR and making I the subject.

b. I2 =
V

R2

⇒ I2 =
9V

10Ω
= 0.9A

2. State the solution. I2, the current flowing through R2,
is 0.9 A.

c. 1. Recall the formula for the current leaving the
battery.

c. IT = I1 + I2

2. Make I1 the subject and substitute the known
values.

I1 = IT − I2
= 1.35A − 0.9A
= 0.45A

3. State the solution. I1, the current flowing through R1,
is 0.45 A.

d. 1. Find the resistance by transposing the formula
V= IR to make R the subject.

d. R1 =
V

I1

⇒ R1 =
9V

0.45A
R1 = 20Ω

2. State the solution. The resistance of R1 is 20 Ω.

e. 1. The resistors are in parallel. e.
1

RT

= 1

R1

+ 1

R2

2. Substitute the known values. ⇒ 1

RT

= 1

10Ω
+ 1

20Ω
⇒ 1

RT

= 3

20Ω
3. RT is the reciprocal. ⇒ RT =

20 Ω
3

= 6.7Ω
4. State the solution. The effective resistance of the circuit

is 6.7 Ω.
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PRACTICE PROBLEM 7
Consider the parallel circuit shown in the figure at right.

24 V

0.8 A

R
1
 = 40 Ω

R
2

I
1

I
2

The emf of the power supply is 24 V and the heater
R1 has a resistance of 40 Ω. When the switch is closed
the current flowing is 0.8 A. Find:
a. the voltage drop across R1 and R2

b. I1, the current flowing through R1

c. I2, the current flowing through R2

d. the resistance of R2

e. the effective resistance of the circuit.

SAMPLE PROBLEM 8

Find the effective resistance when a 10 Ω resistor is placed in parallel with a 10 kΩ resistor.

Teacher-led video: SP8 (eles-XXXX)

THINK WRITE

1. The two resistors are connected in parallel, so
substitute the known values in:
1

RT

= 1

R1

+ 1

R2

1

RT

= 1

R1

+ 1

R2

= 1

10Ω
+ 1

10 000Ω
= 1000

10 000Ω
+ 1

10 000Ω
= 1001

10 000Ω
2. The reciprocal gives the value of the resistance. RT =

10 000Ω
1001

= 9.99Ω
3. State the solution. The effective resistance is 9.99 Ω.

PRACTICE PROBLEM 8
Find the effective resistance when a 1.2 kΩ resistor is placed in parallel with a 4.8 kΩ resistor.

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 independently. 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
Pdf_Folio:14
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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.

Digital documents Investigation 4.1: Series circuits (doc-16177)

Investigation 4.2: Parallel circuits (doc-16178)

Teacher-led videos Investigation 4.1: Series circuits (eles-XXXX)

Investigation 4.2: Parallel circuits (eles-XXXX)

4.3.3 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 across the circuit element
and no current flows through it. Think of what would happen in the hydraulic model if a conducting pipe
were placed beside a thin pipe. This situation is represented in both ways in figure 4.7.

FIGURE 4.7 (a) Circuit diagram showing a short circuit (b)
Hydraulic model of a short circuit

R2

R1

R3

(a)

R2

R1

R3

(b)

Short

circuit
Pump

In this case, the current through the power supply passes through R1, but then flows through the short
circuit, effectively avoiding R2 and R3.

SAMPLE PROBLEM 9

The following figure shows a 10 kΩ resistor that has been short circuited with a conductor of 0 Ω
resistance. Calculate the effective resistance of this arrangement.

R2 = 10 kΩR1 = 0

Teacher-led video: SP9 (eles-XXXX)
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THINK WRITE

1. The two resistors are connected in parallel, so
substitute the known values in:
1

RT

= 1

R1

+ 1

R2

1

RT

= 1

R1

+ 1

R2

= 1

0Ω
+ 1

10 000Ω
=∞

2. The reciprocal gives the value of the resistance. ⇒ RT = 0Ω
3 State the solution. The effective resistance is 0 Ω.

PRACTICE PROBLEM 9
If a 500 Ω resistor is added to the circuit described in practice problem 8, so that there are now three
elements in parallel, what is the effective resistance of this new arrangement?

4.3.4 The voltage divider

FIGURE 4.8 A
general voltage
divider

R1

R2

Vin

Vout

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.

The voltage divider has an input voltage, Vin, and an output voltage, Vout.
A general voltage divider is shown in figure 4.8.
The current I flowing through R1 and R2 is the same since R1 and R2 are in series.

Vin = I (R1 + R2)

⇒ I = Vin

R1 + R2

Vout = IR2

⇒ Vout =
Vin

R1 + R2

× R2

This can be rewritten as:

Vout = [ R2

R1 + R2

]Vin

Or more generally:

Vout = [ resistance acrosswhichVout is taken

sumof all resistances
]Vin =

Rout

Rtotal

Vin

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.Pdf_Folio:16
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Digital document Investigation 4.3: Determining emf and internal resistance (doc-17056)

Teacher-led video Investigation 4.3: Determining emf and internal resistance (eles-XXXX)

Interactivity Voltage dividers (int-6392)

SAMPLE PROBLEM 10

Calculate the value of the unknown resistor in the voltage divider shown in the following figure, if
the output voltage is required to be 4 V.

R1 = 2.2 kΩ

R2 Vout

0 V

6.0 V

Teacher-led video: SP10 (eles-XXXX)

THINK WRITE

1. Substitute known values in the formula,

Vout =
R2Vin

R1 + R2

for a two resistor voltage divider.

Vout =
R2 Vin

R1 + R2

⇒ 4.0V = 6.0V × R2

2.2 kΩ+ R2

8.8 kΩV + 4VR2 = 6.0VR2

2. Solve by making R2 the subject. 2.0VR2 = 8.8 kΩV

R2 = 4.4 kΩ
3 State the solution. The value of the unknown resistor in

the voltage divider is 4.4 kΩ.

PRACTICE PROBLEM 10
Calculate the value of the unknown resistor in the voltage divider in sample problem 10 if the output
voltage is to be 1.5 V.

4.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. Find the effective resistance of the following sets of resistors if they are connected in series.
(a) 2.7 Ω, 9.8 Ω
(b) 12 Ω, 20 Ω, 30 Ω
(c) 1.2 kΩ, 3.2 kΩ, 11 kΩ
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2. Find the voltage at the points a, b, c and d in the following figure, given that Vbc is 5.0 V.

a

b

c

d

V = 9.0 V

3. 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

4. Find the effective resistance when the following resistors are connected in parallel.
(a) 30 Ω, 20 Ω
(b) 5.0 Ω, 10 Ω, 30 Ω
(c) 15 Ω, 60 Ω, 60 Ω

5. Two 10 Ω 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?

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

60 Ω 30 Ω 20 Ω
ε = 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?

7. Find the unknown quantities in the parallel circuit shown in the following figure.

Ia

R1 =

6.0 Ω
V = 6.0 V

1.5 A

R2
V2V1

I1 I2

8. Three resistors, having resistance values of 6 Ω, 18 Ω and 9 Ω ,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?
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9. The following figure 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

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

(a)

Vin = 6.0 V

R1 = 2.2 kΩ

R2 = 2.2 kΩ
Vout

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

(b)

Vin = 9.0 V

R1 = 2.2 kΩ

R2 = 4.4 kΩ
Vout

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.4 Non-ohmic devices in series and parallel

KEY CONCEPTS
• Calculate and analyse the effective resistance of circuits comprising parallel and series resistance and
voltage dividers.

• Investigate and apply theoretically and practically concepts of current, resistance, potential difference
(voltage drop) and power to the operation of electronic circuits comprising resistors, light bulbs, diodes,
thermistors, light dependent resistors (LDRs), light-emitting diodes (LEDs) and potentiometers (quantitative
analysis restricted to use of I = V/R and P = VI).

• Describe energy transfers and transformations with reference to transducers.

4.4.1 Non-ohmic devices
Non-ohmic devices do not obey Ohm’s Law. Their current-versus-voltage characteristics can be presented
graphically.
Pdf_Folio:19
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The value of
V

I
is not constant for non-ohmic devices.

The 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. The actual values of the voltage or current are obtained from the
current-versus-voltage (V–I) graphs for the devices.

FIGURE 4.9 Current-versus-voltage characteristic for a silicon diode
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SAMPLE PROBLEM 11

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

X

Y

5

4

3

2

1

0

5 10 15 20 25

Voltage drop (V)

C
u

rr
e

n
t 

(A
)

If X and Y are in parallel and the current through X is 2 A, calculate:
a. the voltage across Y
b. the current through Y.

Teacher-led video: SP11 (eles-XXXX)

THINK WRITE

a. As X and Y are in parallel, the voltage
across X equals the voltage across Y. Use
the graph to find the values.

When the current through X is 2 A, the
voltage is 10 V, so the voltage across Y is also
10 V.

b. Again use the graph. When the voltage across Y is 10 V, the
current through Y is seen to be 3 A.
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PRACTICE PROBLEM 11
The following figures show two electrical devices, A and B, connected in a simple circuit and the
current-versus-voltage graph for A and B.

A B

A

B

100

80

60

40

20

0
2 4 6 8 10

V

I 
(m

A
)

When the current through A is 80 mA, calculate:
a. the voltage across B
b. the current through B.

4.4.2 Transducers and sensors
Transducers are devices that convert energy from one form to another. They can be affected by, or can
affect, the environment. The word transducer comes from the Latin for ‘to lead across’. Table 4.2 lists a
range of transducers and their energy conversions.

TABLE 4.2 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.

Sensors are a subset of transducers where the energy conversion is to electrical, 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.
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SAMPLE PROBLEM 12

The resistance of a thermistor changes with temperature as shown in the following graph. 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
e

s
is

ta
n

c
e

 (
k

Ω
)

2

1

20 40 60

0

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.

Teacher-led video: SP12 (eles-XXXX)

THINK WRITE

1. Determine the resistance of the thermistor at 19 °C
using the graph.

From the graph, at 19 °C the
thermistor has a resistance of 1.5 kΩ
(1500 Ω).

2. Substitute the resistance into the voltage divider
equation.

Vout = [ R2

R1 + R2
]Vin

6V = [ 1.5 kΩ
R + 1.5 k

] × 9V

3. Solve for R. 6 × (R + 1500) = 1500 × 9V
6R + 9000 = 13 500

6R = 4500
R = 750Ω

4. State the solution. The resistance required for the
fixed-value resistor to turn on the
heater at 19 °C is 750 Ω.

PRACTICE PROBLEM 12
The resistance-versus-temperature characteristics of a thermistor are shown in the following graph.
The thermistor is connected in parallel with a fixed resistor similar to that shown in the circuit in
sample problem 12.
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3
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The switch across the thermistor is designed to turn on a warning light when the voltage across the
thermistor is 4 V or greater. Determine the resistance value required for the fixed value resistor to
turn on the warning light at 20 °C.

SAMPLE PROBLEM 13

To reduce the heating bill from the heater in sample problem 12, 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.

Teacher-led video: SP13 (eles-XXXX)

THINK WRITE

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 graph in sample problem 12 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.

The resistance must be
increased.

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).

PRACTICE PROBLEM 13
The thermistor and voltage sensitive switch from sample problem 12 are to be used for a cooling
system. The cooling system is to turn on when the temperature 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?
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4.4.3 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.

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.

FIGURE 4.10 (a) The symbol for a potentiometer
(b) A potentiometer

(b)

4.4 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. The voltage-versus-current characteristic graph for a non-ohmic
device is shown in the figure at right. 160

140

120

100

80

60

40

20

V
 (
V
)

2 4 6 8 10 12 14 16

I (mA)

(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?

2. The device described in question 1 is placed in series with a 5 kΩ
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 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?

3. The device described in question 1 is now placed in parallel with a
5 kΩ resistor and a new voltage is applied across the combination.
This arrangement is shown in the figure at right.

I
R
 = 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?

Pdf_Folio:24

24 Jacaranda Physics 1 VCE Units 1 & 2 Second Edition

(a)

UNCORRECTED PAGE PROOFS



“c04CircuitAnalysis_print” — 2019/6/15 — 11:39 — page 25 — #25

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.5 Power in circuits

KEY CONCEPT
• Compare power transfers in series and parallel circuits.

Recall that the power being used in a circuit element is the product of the voltage 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 14

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.

Teacher-led video: SP14 (eles-XXXX)

THINK WRITE

1. The total power being used in the circuit is the sum
of the power used in each component.

PT = 600 + 450 + 1000 = 2050W

2. Transpose the formula P = IV to make I the
subject, then substitute the known values.

IT =
PT

V

= 2050W

230V
= 8.91A

3. State the solution. The total current flowing in the circuit
is 8.91 A.

PRACTICE PROBLEM 14
A household electrical circuit is wired in parallel. Find the total current flowing through a household
circuit when the following devices are being used: a 400 W computer, a 200 W blender, a 500 W
television and a 60 W lamp.
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Weblink Careers in electrical engineering

4.5 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. Three resistors of value 25 Ω, 15 Ω and 10 Ω 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?

2. The three resistors in question 1 are connected in parallel.
(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?

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

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.6 Review
4.6.1 Summary
• An electric circuit is a closed conducting path containing 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 difference 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:

1

RT

= 1

R1

+ 1

R2

• 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 analysed using the rules for series and parallel circuits
with their current-versus-voltage 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.
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• 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:

Vout = [ R2

R1 + R2

]Vin

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

4.6.2 Key terms

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.

Devices connected in series are joined together one after the other.
The voltage divider is used to reduce, or divide, a voltage to a value needed for a part of the circuit.

Digital document Key terms glossary (doc-#####)

4.6.3 Practical work and investigations

FPO

Investigation 4.1
Series circuits
Aim: XXXX
Digital document: doc-16177
Teacher-led video: eles-#####

FPO

Investigation 4.2
Parallel circuits
Aim: XXXX
Digital document: doc-16178
Teacher-led video: eles-#####

FPO

Investigation 4.3
Determining emf and internal resistance
Aim: XXXX
Digital document: doc-17056
Teacher-led video: eles-#####

4.6 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question
go to your learnON title at www.jacplus.com.au.

4.6 Exercise 1: Multiple choice questions
Use the following information for questions 1–3.
Three resistors of 20Ω, 30Ω and 50Ω are connected in series across a 9 V battery.Pdf_Folio:27
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1. What is the effective resistance of the three resistors?
A. 0.01Ω
B. 0.33Ω
C. 100Ω
D. 330Ω

2. What current flows in the circuit?
A. 90 mA
B. 27 mA
C. 9 A
D. 27 A

3. What is the total voltage drop across the circuit?
A. 0 V
B. 0.09 V
C. 9 V
D. 900 V
Use the following information for questions 4–6.
Three resistors of 6Ω, 18Ω and 9Ω are connected in parallel across a 36 V power supply.

4. What current flows through the 9Ω resistor?
A. 2 A
B. 4 A
C. 6 A
D. 12 A

5. What total current flows in the circuit?
A. 2 A
B. 4 A
C. 6 A
D. 12 A

6. What is the effective resistance of the circuit?
A. 3Ω
B. 4.5Ω
C. 12Ω
D. 33Ω

7. Three resistors of value 25Ω, 15Ω and 10Ω are connected in series to a 10 V power supply. What is
the current in the circuit?
A. 0.2 A
B. 0.4 A
C. 0.7 A
D. 1.0 A

8. In the circuit at right what is the voltage drop between A and B?

4R

R

20 V

A

B

A. 0 V
B. 4 V
C. 16 V
D. 20 V

9. What is the value of the resistor shown in the circuit at right?

3.0 kΩ

6.0 V

4.0 VR

A. 3kΩ
B. 4kΩ
C. 6kΩ
D. 12kΩ
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10. Which behaviour is more likely when a thermistor is connected in an electrical circuit?
A. The resistance of the thermistor increases as the operating temperature increases.
B. The ratio of the voltage across the thermistor to the current flowing through it is constant.
C. When the potential difference across the thermistor is increased the current flowing through it is

also likely to increase.
D. The behaviour of the thermistor is not temperature dependent.

4.6 Exercise 2: Short answer questions
1. In the series circuit shown in the figure at right, Vab = 20 V, R2 = 30 Ω, and
Ia = 2.0 A.

V
d

a

b

c

R
2

R
1

Find values for:
a. Ib
b. Vbc

c. R1

d. RT, the effective resistance of the circuit
e. V, the emf of the battery.

2. In the parallel circuit shown in the following figure, I1 = 0.20 A,
R1 = 60 Ω and IT = 0.50 A.

ε

I
1

I
T

I
2

R
2

R
1a

c

b

d

Find values for:
a. Vab

b. Vcd

c. 𝜀
d. I2
e. R2.

3. When the following circuit is powered by an 18 V power supply, what is the current through the 6Ω
resistor?

6 Ω

3 Ω 12 Ω

18 V

4. Two lamps labelled as 12 V 9 W and 12 V 24 W are connected in parallel with a 12 V battery.
a. What is the effective resistance of the circuit?
b. Will the lamps be equally bright? Explain your answer.
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5. a. In the following circuit, what current passes through each globe when the switch is closed?

 20 W

60 W24 V

b. What current passes through each globe when the switch is open?
6. Some lighting circuits are controlled by two switches in different locations. Design a DC circuit to

show how this could be achieved.
7. 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)

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

10 kΩ

10 V

2.5 V

(a)

R

(b)

5.0 kΩ

9.0 V

6.0 V

R

9. A student connects a variable resistor and a lamp in series in a circuit to a fixed power supply.
a. What will happen in the lamp as the resistance of the variable resistor is increased?
b. As the resistance of the variable resistor is increased will the power consumed in the circuit change?

Justify your answer.
The lamp and the variable resistor are now connected in parallel.

c. What will happen in the lamp as the resistance of the variable resistor is increased?
d. What will happen to the power consumed in the circuit?

Pdf_Folio:30

30 Jacaranda Physics 1 VCE Units 1 & 2 Second Edition

UNCORRECTED PAGE PROOFS



“c04CircuitAnalysis_print” — 2019/6/15 — 11:39 — page 31 — #31

10. A thermistor has the temperature-versus-resistance characteristic shown by the bottom curve in the
following graph. It is placed in the voltage divider shown in the circuit diagram.
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Ω
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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?

4.6 Exercise 3: Exam practice questions
1. Consider two people connected in series with a 25 V source across them. The first person, R1, has a

resistance of 1000 Ω and the second person, R2, has a resistance of 1500 Ω. 4 marks
a. Determine the current through each person. 1 mark
b. What is the voltage drop across each person? 1 mark

The two people now connect themselves in parallel with the 25 V power source.
c. Determine the current through each person. 1 mark
d. What is the voltage drop across each person? 1 mark

2. Prove mathematically that the resistance of a short-circuited resistor branch is 0. 2 marks
3. a. Find the value of the unknown resistor in the following circuit. 1 mark

9V

R

5 kΩ

b

a

8 V
out
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b. What is the power of the circuit? 1 mark
The resistor is now replaced by a variable resistor as shown.

a

b

c. What happens to the voltage drop Vab, when the resistance of the variable resistor decreases and the
other resistance is unchanged? 1 mark

4. A thermistor has the temperature-versus-resistance characteristics shown by the top curve in the
following graph. It is placed in the voltage divider shown in circuit diagram. 2 marks
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a. What is the resistance of the thermistor when the temperature is 200 °C? 1 mark
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. 1 mark
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5. a. Find the value of R2 in the voltage divider in the following figure that would give
an output voltage of 2.0 V. 1 mark

Vin = 6.0 V

R1 = 3.0 kΩ

R2
Vout = 2.0 V

The resistor R2 is now replaced by the thermistor with a temperature-versus-resistance
curve as shown by the middle curve in the following graph.
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b. What is the value of Vout when the temperature of the thermistor is 100 °C? 1 mark

4.6 Exercise 4: studyON Topic Test
Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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