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1. Safety 

When working on electronic circuits, personal safety (both yours and of those around you)
should be paramount in everything that you do. Hazards can exist within many circuits—
even those that, on the face of it, may appear to be totally safe. Inadvertent misconnection
of a supply, incorrect earthing, reverse connection of a high-value electrolytic capacitor, and
incorrect component substitution can all result in serious hazards to personal safety as a
consequence of fire, explosion or the generation of toxic fumes. 

Potential hazards can be easily recognized and it is well worth making yourself familiar
with them but perhaps the most important point to make is that electricity acts very quickly
and you should always think carefully before working on circuits where mains or  high
voltages (i.e. those over 50 V, or so) are present. Failure to observe this simple precaution
can result in the very real risk of electric shock. 

Voltages in many items of electronic equipment, including all items which derive their power
from the a.c. mains supply, are at a level which can cause sufficient current flow in the body
to disrupt normal operation of the heart. The threshold will be even lower for anyone with a
defective heart. Bodily contact with mains or high-voltage circuits can thus be lethal. The
most critical path for electric current within the body (i.e. the one that is most likely to stop
the heart) is that which exists from one hand to the other. The hand-to-foot path is also
dangerous but somewhat less dangerous than the hand-to-hand path.

So, before you start to work on an item of electronic equipment, it is essential not only to
switch off but to disconnect the equipment at the mains by removing the mains plug. If you
have to  make measurements or  carry  out  adjustments on a  piece of  working (or  ‘live’)
equipment, a useful precaution is that of using one hand only to perform the adjustment or to
make the measurement. Your ‘spare’ hand should be placed safely away from contact with
anything metal (including the chassis of the equipment which may, or may not, be earthed).

The severity of electric shock depends upon several factors including the magnitude of the
current, whether it is alternating or direct current, and its precise path through the body. The
magnitude of the current depends upon the voltage which is applied and the resistance of
the body. The electrical energy developed in the body will depend upon the time for which
the  current  flows.  The  duration  of  contact  is  also  crucial  in  determining  the  eventual
physiological effects of the shock. As a rough guide, and assuming that the voltage applied
is from the 250 V 50 Hz a.c. mains supply, the following effects are typical:

Current Physiological effect

Less than 1 mA Not usually noticeable

1 mA to 2 mA Threshold of perception (a slight tingle may be felt)

2 mA to 4 mA Mild shock (effects of current flow are felt)

4 mA to 10 mA Serious shock (shock is felt as pain)

10 mA to 20 mA Motor nerve paralysis may occur (unable to let go)

20 mA to 50 mA Respiratory control inhibited (breathing may stop)

More than 50 mA Ventricular fibrillation of heart muscle (heart failure)
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It is important to note that the figures are quoted as a guide—there have been cases of
lethal  shocks  resulting  from contact  with  much  lower  voltages  and  at  relatively  small
values of current. The upshot of all this is simply that  any potential in excess of 50 V
should be considered dangerous. Lesser potentials may, under unusual circumstances,
also be dangerous. As such, it is wise to get into the habit of treating all electrical and
electronic circuits with great care.

The above notes on Safety have been sourced from Electronic Circuits Fundamentals and
Applications Third Edition 2006 by Michael Tooley page ix.

There are many safety hazards in the Engineering room. These include hand tools, power
tools  (especially  drills  –  both  fixed  and  portable),  power  points,  electrical  cables,
chemicals, soldering irons and the laser cutting machine. 

Do you know how to use these? If you inspect a piece of equipment and discover that it is
unsafe  what  should  you  do?  Are  you  wearing  the  appropriate  personal  protective
equipment? 

If  you are unable  to answer  any of  these questions  correctly,  then  DO NOT use the
equipment. See the teacher for more information and/or instruction.
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2. Electrical quantities 

Throughout this course of study there will be references to electrical quantities like volts,
amperes (more commonly called ‘amps’),  ohms and others.   Most  people have some
familiarity with these terms but when studying Engineering Studies there is a need to be
more precise.  

The table shown below summarizes the key electrical quantities required for this subject.

Derived 
quantity

Unit Abbreviation Symbol
Expression
in terms of

other SI units

Voltage volt V V W A-1

Current ampere A I W V-1

Resistance ohm Ω R V A-1

Charge coulomb C Q A s

Capacitance farad F C A s V-1

Power watt W P J s-1

Energy joule J W N m

Frequency hertz Hz f s-1

 

Often the quantities are much smaller or much larger than the units and so the following
multiples and sub-multiples are used.

Prefix Abbreviation Multiplier

tetra T 1012 = 1 000 000 000 000

giga G 109 = 1 000 000 000

mega M 106 = 1000 000

kilo k 103 = 1000

(none) (none) 100 = 1

milli m 10-3 = 0.001

micro µ 10-6 = 0.000 001

nano n 10-9 = 0.000 000 001

pico p 10-12 = 0.000 000 000 001
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3. Electrical fundamentals

Conductors and insulators1

Electric current is the name given to the flow of electrons (or negative charge carriers).
Electrons orbit around the nucleus of atoms just as the earth orbits around the sun (see
Fig. 1.3). Electrons are held in one or more shells,  constrained to their orbital paths by
virtue of a force of attraction towards the nucleus which contains an equal number of
protons  (positive charge carriers). Since like charges repel and unlike charges attract,
negatively charged electrons are attracted to the positively  charged nucleus.  A similar
principle  can  be  demonstrated  by  observing  the  attraction  between  two  permanent
magnets; the two North poles of the magnets will  repel each other,  while a North and
South pole will attract. In the same way, the unlike charges of the negative electron and
the positive proton experience a force of mutual attraction.

The outer shell electrons of a conductor can be reasonably easily interchanged between
adjacent  atoms within the  lattice  of atoms of  which the substance is  composed.  This
makes it possible for the material to conduct electricity. Typical examples of conductors
are  metals  such  as  copper,  silver,  iron  and  aluminium.  By  contrast,  the  outer  shell
electrons  of  an  insulator  are  firmly  bound  to  their  parent  atoms  and  virtually  no
interchange of electrons is possible. Typical examples of insulators are plastics, rubber
and ceramic materials.

Illustrated above is a single atom of helium (He) showing 
its two electrons in orbit around its nucleus.

1. Notes on Conductors and insulators are taken from Electronic Circuits Fundamentals
and Applications Third Edition 2006 by Michael Tooley pages 5 – 6.
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Voltage and resistance2

The ability of an energy source (e.g. a battery) to produce a current within a conductor
may be expressed in terms of electromotive force (e.m.f.). Whenever an e.m.f. is applied
to a circuit a potential difference (p.d.) exists. Both e.m.f. and p.d. are measured in volts
(V).  In  many practical  circuits  there is  only  one e.m.f.  present  (the battery or  supply)
whereas a p.d. will be developed across each component present in the circuit.

The conventional flow of current in a circuit is from the point of more positive potential to
the  point  of  greatest  negative  potential  (note  that  electrons  move  in  the  opposite
direction!).  Direct  current  results from the application of  a direct  e.m.f.  (derived from
batteries or a d.c. power supply). An essential characteristic of these supplies is that the
applied e.m.f. does not change its polarity (even though its value might be subject to some
fluctuation).

For any conductor, the current flowing is directly proportional to the e.m.f. applied. The
current  flowing will  also be dependent  on the physical  dimensions (length and cross-
sectional area) and material of which the conductor is composed.

The amount  of  current  that  will  flow in a conductor when a given e.m.f.  is  applied is
inversely proportional to its  resistance.  Resistance, therefore, may be thought of as an
opposition to current flow; the higher the resistance the lower the current that will flow
(assuming that the applied e.m.f. remains constant).

2. Notes on Voltage and resistance are taken from Electronic Circuits Fundamentals and
Applications Third Edition 2006 by Michael Tooley page 6.

Ohm’s Law3

Provided that temperature does not vary, the ratio of p.d. across the ends of a conductor to
the current flowing in the conductor is a constant. This relationship is known as Ohm’s Law
and it leads to the relationship: V / I = a constant = R where V is the potential difference (or
voltage drop) in Volts (V), I is the current in Amperes (A), and R is the resistance in Ohms (Ω).

Simple circuit to illustrate the relationship between voltage (V), current (I) 
and resistance (R). Note that the direction of conventional 

current flow is from positive to negative.
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The formula may be arranged to make V, I or R the subject, as follows: V = I × R, I = V /
R and R = V / I. These are illustrated in the diagram below.

 
3. Notes  on  Ohm’s  Law are  largely  taken  from Electronic  Circuits  Fundamentals  and

Applications Third Edition 2006 by Michael Tooley pages 6 – 7.

Energy and power4

At first you may be a little confused about the difference between energy and power. Put
simply, energy is the ability to do work while power is the rate at which work is done. In
electrical circuits, energy is supplied by batteries or generators. It may also be stored in
components such as capacitors and inductors. Electrical energy is converted into various
other forms of energy by components such as resistors (producing heat), loudspeakers
(producing sound energy) and light emitting diodes (producing light).

The unit of energy is the Joule (J). Power is the rate of use of energy and it is measured in
Watts (W). A power of 1 W results from energy being used at the rate of 1 J per second.
Thus: P = W / t where P is the power in Watts (W), W is the energy in Joules (J), and t is
the time in seconds (s).

The power in a circuit is equivalent to the product of voltage and current. Hence: P = I × V
where P is the power in Watts (W), I is the current. The formula may be arranged to make
P, I or V the subject, as follows: P = I × P, I = P / V and V = P / I. These are illustrated in
the diagram below.

4. Notes on  Energy and power are largely taken from Electronic Circuits Fundamentals
and Applications Third Edition 2006 by Michael Tooley pages 8 – 9.
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The relationship, P = I × V, may be combined with that which results from Ohm’s Law 
(V = I × R) to produce two further relationships. 

First, substituting for V gives: P = I × (I × R) = I 2 R. 

Secondly, substituting for I gives: P = (V / R) × V = V 2 / R

These and other relationships are given in the following diagram: 
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4. Components and associated equipment

8

Cell.  Sometimes referred to as a battery cell.  Voltage 
will vary depending on the type.  

Battery.  A collection of cells joined in series.  Output 
voltage is the sum of the individual cells.  

Battery

Cell batteries

Negative terminal of battery or ground of D.C. power
 supply unit.

Positive terminal of a battery or D.C. power supply unit. 
Often a voltage is specified e.g. 9 V.

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=QNC8V8ZW5eDeMM&tbnid=_0fZuo_GHUG1eM:&ved=0CAUQjRw&url=http://klelectrics.com.au/shop/index.php?route=product/product&product_id=57&ei=m687UoTeMsb1lAWA04GICg&bvm=bv.52434380,d.dGI&psig=AFQjCNH8OY8h3twQ-vAn__7J-bmZSXHRVg&ust=1379729568325749
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Fuse. Essentially a fine wire that will conduct current. 
However, if the current becomes excessive or dangerous
then it will overheat and melt and thus produce a break in
the circuit and the current will stop flowing.

Voltage  regulator.   In  this  case  a  7805  where  the
output voltage is 5 V.  Note: 7806 = 6 V, 7809 = 9 V,
7812  =  12  V  etc.   There  are  also  variable  and
negative voltage versions.

Input    0 V    Output

Single pole single throw switch i.e. SPST

Rocker SlideToggle

Single pole double throw switch i.e. SPDT

SlideRockerToggle

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=z1uJqU2jqwmhWM&tbnid=u3LTimpvirGJJM:&ved=0CAUQjRw&url=http://www.ebay.com/bhp/spst-switch&ei=srI7UvO6BcWKkAXx0IDIAg&bvm=bv.52434380,d.dGI&psig=AFQjCNGSYP8dXWhbbociEw7RCAx8ELD74A&ust=1379730460639611
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=SQ0_Y0mNBl44vM&tbnid=afUslub0QszgWM:&ved=0CAUQjRw&url=http://www.popscreen.com/p/MTI3OTU5MDkz/Cole-Hersee-5582-Heavy-Duty-Toggle-Switch&ei=BLI7UtOQNcKBkgXvrYCACw&bvm=bv.52434380,d.dGI&psig=AFQjCNEMfj1wCrn4p5ZHRGcQYEugYmdYGQ&ust=1379730068922856
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=xre05QPNQBEwjM&tbnid=4WDWQ1F2OxRcQM:&ved=0CAUQjRw&url=http://solarbotics.com/product/swt10/&ei=2LI7UvH5F4_OkgXOoYDoCg&bvm=bv.52434380,d.dGI&psig=AFQjCNGSYP8dXWhbbociEw7RCAx8ELD74A&ust=1379730460639611


10

Double pole double throw switch i.e. DPDT

Toggle SlideRocker

Push to make and push to break switches.

Resistor, fixed value.  

Potentiometer.  Adjusted by twisting a spindle using
fingers or  rotating  a  slot  using a  screwdriver.   The
lower symbols represent a potentiometer connected
as a variable resistor.  

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=mj827v_VWpcIkM&tbnid=cpDE3YvyBtY6aM:&ved=0CAUQjRw&url=http://pui.chorwong.com/devry/index.php/?p=91&ei=57M7UpjWIcKmlQWX2YDYBg&bvm=bv.52434380,d.dGI&psig=AFQjCNHmGGdOSrYgK0PAZWa3af9uGKUYjQ&ust=1379730689102307
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=VxtSqpZMaPP6DM&tbnid=gglcz3L7xxdqKM:&ved=0CAUQjRw&url=http://www.bakatronics.com/shop/item.aspx?itemid=393&ei=LLQ7UrzXHsOTkQX1o4DgDg&bvm=bv.52434380,d.dGI&psig=AFQjCNHmGGdOSrYgK0PAZWa3af9uGKUYjQ&ust=1379730689102307
http://www.google.com.au/imgres?um=1&safe=active&sa=N&rlz=1T4GGIE_enAU416AU423&hl=en&tbm=isch&tbnid=ydhUU6ctcrZJEM:&imgrefurl=http://www.digikey.com/product-detail/en/GRS-4023A-1300/SW309-ND/81504&docid=vhh-0jRbjg57nM&imgurl=http://media.digikey.com/photos/CW%20Ind%20Photos/GRS-4023A-1300.jpg&w=640&h=640&ei=FbU7Usr7JoqmkAWPuICYAQ&zoom=1&ved=1t:3588,r:71,s:0,i:300&iact=rc&page=4&tbnh=181&tbnw=170&start=58&ndsp=21&tx=135&ty=140
http://lms.innovus.org/mod/page/view.php?id=74
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Light dependent resistor i.e. LDR. As 
the intensity of light increases then the
resistance of the LDR decreases and 
vice-versa.

Thermistor,  usually  a  negative  thermal  co-efficient
type  i.e.  NTC.  As  temperature  increases  then  the
resistance of the NTC thermistor deceases and vice-
versa.

Capacitor, polarized

Capacitor, non-polarized

Diode – rectifier or signal.  

Light emitting diode i.e. LED. 

http://www.google.com.au/imgres?start=159&um=1&safe=active&sa=N&rlz=1T4GGIE_enAU416AU423&hl=en&tbm=isch&tbnid=aNKgnxCXsitr8M:&imgrefurl=http://www.conrad.com/ce/en/product/468053/Epcos-B57237-S220-M-NTC-Thermistor-R-25-22-S2372220-Nominal-temperature-25-C-Tolerance-20-&docid=iXGlHARZkrG7hM&imgurl=http://www.conrad.com/medias/global/ce/5000_5999/5000/5000/5007/500717_BB_00_FB.EPS_1000.jpg&w=1000&h=1000&ei=mrU7UtznCpGmkgWH54GgAw&zoom=1&ved=1t:3588,r:62,s:100,i:190&iact=rc&page=9&tbnh=176&tbnw=132&ndsp=23&tx=71&ty=105
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Bulb or lamp.  The former indicates that it is used to
produce  light  for  illumination  of  an  area  whilst  the
latter  is  acting  as  a  visual  signal  e.g.  on  a  control
panel.

Electric motor.   D.C. is the usual type used for  this
course of study.  Direction of rotation is controlled by
changing the polarity of its power supply.  Speed can
be varied using pulse width modulation (p.w.m.).

Servo motors can rotate continuously like a DC motor
or  can rotate  sharply  between positions  on  an arc.
Inside the servo is a DC motor, gears, a potentiometer
and control circuitry.
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Stepper  motors  (unipolar).  These  rotate  in  distinct
steps  and  are  a  means  for  obtaining  precise  and
repeatable  positional  control.  Steps  for  a  unipolar
stepper motor are typically 48 (7.5º). There are five
wires: one for the positive power supply and 4 for the
coils  that  are  switched  on  and  off  in  specific
sequences.

Stepper motors (bipolar). Typically these have much
higher torque than unipolar stepper motors and the
steps are much finer with 200 (1.8º) being the norm
for school projects. Another difference is that bipolar
stepper motors only have 4 wires. These are used to
reverse the polarity of the coils and hence the name
– bipolar.

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwif7fKo9_TQAhUBmpQKHbkSCUgQjRwIBw&url=http://robotechshop.com/shop/robotics/drivers/unipolar-stepper-motor-driver/&bvm=bv.141536425,d.dGo&psig=AFQjCNFNVFTKhWJI6ys_0jm1Q_Vceba9iQ&ust=1481847370529507
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Relay.   SPDT  and  DPDT  changeovers.   A  relay
enables a low voltage control circuit to activate high
voltage/high power circuits.  The output circuit may
even be an A.C. circuit.  

NPN  and  PNP  transistors.   These  belong  to  the
group known as bipolar junction transistors i.e. BJT.
NPN transistors are the type listed in the syllabus but
it is useful to be aware of PNP transistors and it may
be  the  case  that  you  might  use  these  for  project
work.
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I

Piezo sounder 

Integrated circuit (IC).  It is usual to show an IC as a
rectangular box.  This example has 16 pins.  On the
actual  component  #1 pin  is  located at  the top left
corner  and  the  rest  follow  in  an  anti-clockwise
direction.  

Ammeter. Used to 
measure current. Must 
be placed in series with 
the part of the circuit 
being measured. 
Typically this is achieved
in this subject by 
selecting the appropriate
setting of a digital 
multimeter.

Voltmeter. Used to 
measure voltage. Must 
be placed in parallel 
with the part of the 
circuit being measured.
Again, this will usually 
be done by selecting 
the appropriate setting 
of a digital multimeter.

http://www.google.com.au/imgres?start=129&safe=active&sa=X&rlz=1T4GGIE_enAU416AU423&biw=1280&bih=618&tbm=isch&tbnid=T3F_FLosSkHBCM:&imgrefurl=http://www.digikey.com/product-detail/en/AI-3245-TF-LW95-R/668-1033-ND/1464772&docid=MwmwVTUa-oBNxM&imgurl=http://media.digikey.com/photos/Projects%20Unlimited%20Photos/AI-3245-TF-LW95-R.jpg&w=640&h=640&ei=MMk7UvGTEcrckAXbmIHgBQ&zoom=1&ved=1t:3588,r:48,s:100,i:148&iact=rc&page=7&tbnh=177&tbnw=177&ndsp=24&tx=72&ty=104
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Ohmmeter.  Used  to  measure  resistance.  Must  be
placed  in  parallel  with  the  component  being
measured. Ideally the measurement is made before
installing the component in a circuit otherwise a false
reading may result due to interaction with other circuit
elements. It is normal practice to select the ohmmeter
setting  on  a  digital  multimeter  when  measuring
resistance.

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=xabCyLPVEyqmkM&tbnid=M4zgj6lGefECtM:&ved=0CAUQjRw&url=http://www.ebay.de/itm/Drehspulinstrument-analog-Voltmeter-0-30V-DC-Anzeige-Einbau-Messinstrument-/270924696588&ei=XKppU-WFFIbkkgXlmoCQBA&bvm=bv.66111022,d.dGI&psig=AFQjCNG1-ouVvB2enGIMCa8wMg5ZvE-odQ&ust=1399520146673126


Multimeter

As the name suggests, this piece of equipment is used to measure a number of different
factors. A multimeter will typically be used instead of discrete meters like voltmeters and
ammeters. 

As has been already mentioned, in this course of study a digital multimeter is the norm.
These are very accurate and are suitable for most measurements that need to be taken.
However, it is useful to be aware that analogue meters also exist and these used to be the
usual form of multimeter.  Analogue meter are superior for measuring a ‘trend’ but  are
easily damaged if the needle moves beyond its prescribed ‘full scale deflection’.

17

Analogue multimeter   Digital multimeter

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwik7szd-vTQAhXFE7wKHQKWCfsQjRwIBw&url=http://www.ecutool.com/Handheld-Digital-Multimeters-UT55_4452.html&bvm=bv.141536425,d.dGc&psig=AFQjCNHsuwMBEYHbZjWaas1K2YT4UBTzYg&ust=1481848691197799
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List the names of the components that appear in the circuit diagram on page 17.  

SW1 & SW2

SW3 & SW4

D1

D2 & D3

C1 & C2

C3

IC1

IC2

IC3

R1 & R3

R2

R4 

R5 – R9

RV

CT 3.5 mm stereo socket

LDR

M1 & M2
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More questions

WACE 2009 multiple-choice question 9 (relay)

WACE 2016 multiple-choice questions 32, 35, 37; question 43 (a), (b), (c)(i), (c)(ii) and (d)

WACE 2017 multiple-choice questions 31, 32, 35 and 37; question 42 (b), (c), (d), (e) and 
(f); question 44 (d), (f), (h) and (i); and question 45 (b).
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5. Measuring voltage, resistance and current

Voltage

Voltmeter circuit

1. Sketch the circuit symbol for a voltmeter.

How to measure voltage using a digital multimeter.

(a) Plug the black lead into the COM socket and the red lead into the V – Ω socket.

(b) Turn the range selector to the appropriate voltage (for most projects this will be
the 20 V setting).  Check that the range is for the correct type of voltage i.e. DC
or AC.  On the example illustrated above there is a mode switch but on many
multimeters there are separate ranges that are clearly indicated.

(c) Connect the circuit to its power supply.

(d) Place the red probe and black probe on either side of the component or place
the red probe on the test point and the black probe on 0 V (negative power rail).

(e) Record the reading.  

21



Voltmeter loading

If  the resistance of the load being measured is very high then the reading will  not be
accurate due to voltmeter loading. This is less likely to be significant with modern digital
meters due to their very high internal resistance but is a problem with analogue meters
which usually have relatively low internal resistance.

Essentially, this is due to the fact that the voltmeter is connected in parallel to the circuit
element being measured.  The internal  multiplier  resistor  (Rm)  is  meant to reduce to a
minimum the current that is diverted through the meter. However, if the load has a very
high resistance then, obeying Kirchhoff’s Current Law, increased current will flow into the
meter.

Also, by having two resistances in parallel then the net resistance will be effected and thus
the voltage held  across  that  part  of  the  circuit.  The effect  of  this  is  illustrated  in  the
diagram and chart shown below.  

In both scenarios the expected readings for an ideal voltmeter would be 5.0 V. However,
as the resistance of the load, R2, becomes greater then it has an increased impact on the
accuracy of the reading. The most dramatic effect occurs when the load resistance is high
and the internal resistance of the meter is low.

(a)
(b)

(a)
(b)
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Resistance

Ohmmeter circuit

2. Sketch the circuit symbol for an ohmmeter.

How to measure resistance using a digital multimeter.

(a) Plug the black lead into the COM socket and the red lead into the V – Ω socket.

(b) Turn the range selector to the appropriate resistance setting.  This should
be the nearest setting that is larger than the anticipated value.  If there is a
mode switch then check that this is set to DC.

(c) Ideally the component should be removed from the circuit  or have one leg
disconnected so that no current can flow through the component other than that
supplied by the multimeter.  If this is not possible then disconnect the circuit’s
power supply (but even so, charged capacitors on the circuit might supply an
unexpected  current  that  will  give  a  false  reading  or  even  damage  the
multimeter).

(d) Place the red probe and black probe on either side of the component.

(e) Record the reading.  
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Current

Ammeter circuit

3. Sketch the circuit symbol for an ammeter.

How to measure current using a digital multimeter.

(a) Plug the black lead into the COM socket and the red lead into the mA socket for
currents that are typically less than 200 mA or the 10 A socket for larger currents.

 (b) Turn the range selector to the appropriate current setting.  This should be the
nearest setting that is larger than the anticipated value.  Check that the range is for
the correct type of current i.e. DC or AC.  On the example illustrated above there is a
mode switch but on many multimeters there are separate ranges that are clearly
indicated. 

(c) The meter must be connected in series in that part of the circuit being measured.
This may involve making a deliberate break in the circuit by disconnecting one leg
of an appropriate component so that it is in open circuit.  On some circuits there
are links that can be removed for the purpose of making readings of current.

(d) Place the red probe and black probe on either side of the open circuit.

(e) Record the reading.  

Note: If the meter is set to measure current but used to measure voltage
then it will create a short-circuit across the points where it is connected.
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4. The circuit shown above uses IC, a microcontroller, to control two 12 V bulbs to
turn on automatically when conditions become dark enough and to turn off when
conditions becomes bright enough not to require the illumination of the bulbs.  The
light sensor is the potential divider shown to the left of the microcontroller.

(a) A series of voltage readings are required. These are listed in the table given
below. On the diagram indicate where the probes of a voltmeter would be

placed to measure by using a small labelled crosses e.g. x 
1

Voltage reading Positive probe Negative probe
VRV 1 2
IC output 3 4
VR 5 6
VCE 7 8
VRLY 9 10

(b) Explain how to measure the resistance of R.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________
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_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________
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(c) In the space below redraw the circuit  with the addition  of  the  standard
symbol for an ammeter to provide the following measurements:

ILDR, ITOTAL, IB and IL1.

Hint: It will be best to draw the diagram sideways along this page rather
than across it. The 12 V and 5 V terminals have been supplied.
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More questions

WACE 2015 question 57 (f).

WACE 2016 multiple-choice question 39.
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6. Cells, batteries and power supplies

1. Sketch and label the symbol for a cell (sometimes known as a cell battery). 

2. What are the typical voltages for the following cell types?

(a) Alkaline (primary)

(b) Ni-Cd (rechargeable)

(c) Lead acid (rechargeable)

(d) Silver oxide (primary)

(e) Lithium (primary)

(f) Li-ion (rechargeable)
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3. In the space below sketch a labelled diagram of six 1.5 V cells in series.

4. What will be the total voltage across this arrangement?

5. Sketch and label the symbol for a battery. 

6. In the space below sketch a labelled diagram of two 6 V batteries in parallel.

7. What will be the total voltage across this arrangement?

8. What advantage is gained by joining cells or batteries in parallel?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Markings on batteries

Note: These tend to appear on secondary (rechargeable) forms of batteries.

B

A

C
D
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9. Using calculations, demonstrate that the Ah capacity of battery A is 2.1 Ah.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

10. If battery A is fully charged then demonstrate by calculation that the current draw that
would result in it being fully discharged over a period of 90 minutes is 1.4 A.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

11. If battery B is fully charged then use calculations to demonstrate that the current 
draw that would result in it being fully discharged over a period of 45 minutes is 2 A.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

    

12. Confirm, using calculations, that the energy transferred by fully discharging battery 
B is 0.0111 kWh. 

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

13. Calculate the energy transferred by fully discharging battery C. Answer in units of 
joules. Show all workings.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

(Answer 23 043.6 J or 23 040 J)      

14. Assuming the load is consistent with the 20 hour rating, show that the current draw
of battery D is 0.35 A.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

15. Following on from question 14, demonstrate that the power being supplied by 
battery D is 4.2 W.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The batteries used in the previous examples are theoretical or ideal models.  The terminal
voltage is exactly as stated, there is no internal resistance and the current always remains
constant  depending  on  the  draw of  the  circuit.   Real  or  practical  batteries  are  more
complex.

There is always some internal resistance in a practical battery due to its chemistry and
this will alter the terminal voltage and, over time as charge begins to fall, there will be a
drop in cell voltage and therefore the current that can be drawn.  Without going into too
many of the complexities of how real batteries function, it is worthwhile to at least consider
the effects of its internal resistance.

16. A battery is rated at 12 V.  When a voltmeter is placed across its terminals the
reading is 12 V.  However, this reading is only true when there is no current draw.
When the battery is connected to an external circuit a current of 10 A flows and the
terminal voltage drops to 11.7 V.  What is the internal resistance of the battery?
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______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Internal resistance = __________________________________________________
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17. A flashlight has 4 AA 1.5 V battery cells connected in series as its power supply.
When switched on its bulb, rated at 1.2 W, glows at full brightness.

(a) Calculate the current draw of the bulb when glowing.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

Current draw = _________________________________________________________________

(b) Calculate the resistance of the bulb when glowing.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

Resistance of bulb = __________________________________________________

(c) Would the bulb’s resistance be the same when it is not glowing? 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

(d) Calculate the energy transferred by the batteries to the bulb in 15 minutes.
Answer in units of joules.

Note: E = P t and 1 J = 1 W  1 second

_________________________________________________________________________________________________________________________________________________________________________________________________________________________
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_________________________________________________________________________________________________________________________________________________________________________________________________________________________

Energy transferred = __________________________________________________________________

An alternative to cells and batteries is a PSU.  What is a PSU?

A PSU is a power supply unit.  PSU’s are often used instead of cells or batteries to power
an electronic/electrical circuit.  A PSU is plugged into a wall socket (240 VAC) and the
output is a much lower voltage.   This lower voltage is achieved through the use of  a
transformer.  The output voltage can be AC or DC – the latter will be the case if rectifying
circuitry is incorporated in the PSU.  High quality DC PSUs will also make use of voltage
regulators.

18. Sketch the symbol for an alternating current supply e.g. 240 VAC.

19. An aquarium tank uses a 24 VAC PSU connected to a 150 W heating element to
maintain optimum water temperature.   

(a) Calculate the current draw of the heating element when switched on.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

Current draw = _________________________________________________________________
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(b) Calculate  the  energy  transferred  by  the  power  supply  to  the  heating
element in 5 minutes.  Answer in units of joules.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

Energy transferred = __________________________________________________________________

More questions

WACE 2015 question 56 (a)
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7. Switches

1. Sketch the symbols for the following types of switches in the space to the right of
each description.

(a) Single pole single throw (SPST)

(b) Single pole double throw (SPDT)

(c) Double pole double throw (DPDT)

(d) Push to make (momentary action)

(e) Push to break (momentary action)

(f) Magnetic reed (normally open and 

normally closed) 
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2. Sketch a circuit that meets the following specifications:

(a) Power supply is a 4.5 V alkaline battery.
(b) A SPST switch, SW, when closed will cause an LED, D, to glow and when

open the LED will cease to glow.  
(c) A series resistor, R, is required to control current through the LED.

3. Sketch a circuit that meets the following specifications:

(a) Power supply is a 6 VDC PSU.
(b) The circuit incorporates two LEDs, D1and D2, with current limiting resistors,

R1 and R2.  
(c) A SPDT switch, SW, when thrown to the normally closed (N/C) terminal will

cause one of the LEDs to glow whilst the other is off. 
(d) When the switch is thrown to the normally open (N/O) terminal then the

LEDs will behave in the opposite manner. 
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4. Sketch and label a circuit diagram that meets the following specifications:

(a) Power supply is a 24 VDC PSU.
(b) The circuit incorporates a DPDT switch, SW1, which controls the direction of

rotation of an electric motor, M, which moves a roller door. 
(c) The door can only be fully open (up) or  closed (down).   The open and

closed positions are detected by  two  N/C push switches, SW2 and SW3.
When the N/C switch at the top (door up) is pressed the motor stops but it
can be reversed by the DPDT switch.  Similarly, when the N/C switch at the
bottom  (door  down)  is  pressed  the  motor  will  also  stop  but  it  can  be
reversed by the DPDT switch.

5. Sketch a circuit that meets the following specifications:

(a) Power supply is 240 VAC.
(b) Two SPDT switches, SW1 and SW2, control two bulbs connected in parallel,

L1 and L2.
(c) Either switch can turn the bulbs on and off  without  having to adjust  the

other switch.
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6. Sketch a circuit that meets the following specifications:

(a) Power supply is a 12 V battery.
(b) The circuit incorporates 4 push to break switches, SW1- SW4, and a bulb, L.
(c) Any single closed switch or combination of closed switches can turn the

bulb on but all 4 must be pressed to the open position for the bulb to turn
off. 

(d) There is also a SPST switch, SW5, which can turn the bulb on if all 4 push
to break switches are in open circuit.

More questions
Note: Some of the following have a focus on completing a circuit diagram that may not
include switches.

WACE 2010 question 53 (d).

WACE 2013 multiple-choice question 47 and question 55 (c).

WACE 2014 question 54 (d) and question 55 (e).

WACE 2015 multiple-choice question 44; question 57 (b) and (c); and question 53 (f).

WACE 2017 multiple-choice question 31; question 42 (e) and (f); and question 44 (i).
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8. Fixed value resistors

Coloured bands
Most resistors used in this course are  carbon film or  possibly carbon composition (a
mixture of carbon and ceramic material) and have four coloured bands used to identify
value and tolerance.  

The first two bands represent digits i.e. 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9. 

Note: 0 (black) is not used for the first band.   

The third band is the multiplier.  Normally these range from 100 (black) to 106 (blue).  Two
special multipliers for very small values are occasionally used.  These are 10-1 (gold) and
10-2 (silver).

The  last  band  is  the  tolerance  band.   This  is  a  quality  control  guarantee  from  the
manufacture and specifies the accuracy of the resistor.  Carbon film resistors are usually ±
5% (gold) and sometimes ± 10% (silver).

Band colour 1st band 2nd band Multiplier
Silver not used not used 0.01
Gold not used not used 0.1
Black not used 0 1
Brown 1 1 10
Red 2 2 100

Orange 3 3 1000
Yellow 4 4 10 000
Green 5 5 100 000
Blue 6 6 1 000 000
Violet 7 7 not used
Grey 8 8 not used
White 9 9 not used

Tolerance band
Brown  1%
Red  2%
Gold  5%
Silver  10%
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Five band metal film resistors (nickel chromium) are also commonly used.  The first
three bands are digits, the fourth a multiplier and the fifth is for tolerance.   As was the
case for four band resistors, 0 (black) is not used for the first band.  The tolerance band
for this type of resistor usually specifies ± 1% (brown) or ± 2% (red).

Power rating
The most common power ratings for fixed value resistors are 0.125W, 0.25W, 0.5W, 0.6
W, 1 W and 2 W with 0.25 W being the predominate rating used for most school projects.  

Note: When resistance values are very low (<10 ) and power requirements greater than
2 W then precision wire wound resistors are used.

Preferred values
Fixed value resistors are not available in an unlimited range of values – this would simply
not be feasible for suppliers to stock.  Therefore, a limited range of values is manufactured
using what is known as preferred values.  For this course of study E12 values are used.  

These use 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68 and 82 as the base numbers.  

Using the 4 band system, the first two bands determine the base number and the third
band the multiplier.   For  example,  if  47 is  used as the base number then the values
available are:
Value Band 1 Band 2 Band 3 (multiplier)
0.47 Ω Yellow Violet Silver
4.7 Ω or 4Ω7 Yellow Violet Gold
47 Ω Yellow Violet Black
470 Ω Yellow Violet Brown
4k7 Ω Yellow Violet Red
47 kΩ Yellow Violet Orange
470 kΩ Yellow Violet Yellow
4M7 Ω Yellow Violet Green

Note: The maximum value that is usually available from suppliers is 10 MΩ
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4 band resistors

Complete the following -

e.g. brown   black   red gold

1 0    00 ± 5%

         Ideal value = 1000 Ω or 1 k

 Maximum value = 1050 

  Minimum value = 950 

1. yellow violet black gold

   

    Ideal value = 

 Maximum value = 

  Minimum value = 

2. grey     red        red gold

   

    Ideal value = 

 Maximum value = 

  Minimum value = 

3. orange   white   orange   silver

    Ideal value = 

 Maximum value = 

  Minimum value = 
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4.     blue      grey  green gold

    Ideal value = 

 

 Maximum value = 

   Minimum value = 

5. brown  green  gold gold

    Ideal value = 

 Maximum value = 

  Minimum value = 

6. What are the colour codes for the following? 

 

82 kΩ 5% = 82 000 ±5%
grey  red  orange  gold

= 823 ±5%   

22 Ω 5%

2.7 Ω 5%

390 kΩ 5%

5M6 Ω 5%

6k8 Ω 10%
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Preferred values

7. What values can be derived from the E12 value of 68 as a result  of  using the
multiplier band?  Assume that these resistors are marked with 4 coloured bands.

Note: The maximum value listed in most supplier’s catalogues is 10 MΩ.

Power ratings

8. Given that the voltage held across a resistor is 2.35 V and its resistance is 270 Ω
then which of the above power ratings for a fixed value resistor should be used?  
Use calculations to support your answer.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Power rating = ___________________________________________________________________
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Value Band 1 Band 2 Band 3 (multiplier)

0.68 Ω
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More questions

WACE 2012 question 54 (a) (iv)

WACE 2013 question 59 (c)

WACE 2014 question 52 (d) and question 54 (e) 

WACE 2015 questions 53 (e) and 56 (c)
. 
WACE 2016 question 43 (b), (c)(i) and (c)(ii).

WACE 2017 multiple-choice question 39; and question 42 (g).
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9. Resistor networks

The problems that follow require students to apply the following:

Ohm’s Law V = IR and its variations V = voltage (volts, V)
I = current (amperes, A)
R = resistance (ohms, )

Power P = I V and its variations  P = power (watts, W)
 I = current (amperes, A)
V = voltage (volts, V)

Resistors in series RT = R1 + R2 + ……

Resistors in parallel RT = 2 resistors only

=   + +  + ….. 2 or more resistors

Kirchhoff’s Current Law ∑ I = 0 The sum of the currents 
(Kirchhoff’s First Law) entering a junction must 

equal the sum of the 
This conforms with the principles of the currents leaving that 
conservation of charge in a system. junction.

If the currents entering the 
junction are assigned 
positive values and those 
leaving the junction are 
negative, then the sum of 
all the currents will equal 0.

Kirchhoff’s Voltage Law ∑ ∆ V = 0 The sum of the voltage 
(Kirchhoff’s Second Law) drops in a loop will equal

the total voltage held 
This conforms with the principles of the across that loop.
conservation of energy in a system.

If the total voltage held 
across the loop is assigned 
a positive value and the 
individual voltage drops 
are considered to be 
negative, then the sum 
must equal 0.
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Observations about voltage and current in resistor networks

Voltage

1. Voltage will be dropped across resistors in series in the same relative proportions
as the individual resistances.  For example, if  R1 has a higher resistance than R2

then more voltage will be dropped across R1 compared to R2. 

2. Resistors in parallel share the same voltage drop.  R3 and R4 in the example above
will  have the same potential  difference (Kirchhoff’s Voltage Law).   This voltage
drop will  be the same for an equivalent resistor that replaces the resistors that
were in parallel.

Current 

1. Current through resistors in series will be the same e.g. the current through R1 is
the same current that flows through R2 (Kirchhoff’s Current Law).  In fact, for this
circuit ITotal = IR1 = IR2.

2. Current  through resistors in  parallel  will  be  greater  through the resistor(s)  with
lower  resistance and less  through the resistor(s)  with  higher  resistance.   Total
current flowing into or out of a network of resistors in parallel will equal the sum of
the currents flowing through each parallel arm (Kirchhoff’s Current Law).
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1. Examine the diagram and calculate the following:

(a) IR1, the current through R1.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

IR1 = ________________________________________________________________________________________________

(b) VR1, the voltage across R1.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________
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_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

VR1 = ______________________________________________________________________________________________

(c) IR3, the current through R3..

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

IR3 = ________________________________________________________________________________________________

(d) PR2, the power dissipated by R2.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

PR2 = ______________________________________________________________________________________________
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2. Examine the diagram and calculate the following:

(a) IR2, the current through R2

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

IR2 = ________________________________________________________________________________________________

(b) V R2, the voltage across R2. 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________
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_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

VR2 = ______________________________________________________________________________________________
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(c) VR4, the voltage across R4

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

VR4 = ______________________________________________________________________________________________

(d) PR3, the power dissipated by R3. 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

PR3 = ______________________________________________________________________________________________
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Note: The node voltage VC is the voltage drop from node C to 0 V; 
and node voltage VD is the voltage drop from node D to 0 V.

3. Examine the diagram and answer the questions that follow.

(a) If R3 = 100  then determine:

(i) RAB, the equivalent resistance between nodes A and B. 

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

RAB = ______________________________________________________________________________________________

(ii)  IS, the supply current. 

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________
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_________________________________________________________________________________________________________________________________________________________________________________________________________

IS = __________________________________________________________________________________________________
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(iii) PS, the power delivered by the power supply to the circuit.

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

PS = ________________________________________________________________________________________________

(iv) Node voltage VC.

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

VC = ________________________________________________________________________________________________

(v) Node voltage VD.

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

58



VD = ________________________________________________________________________________________________
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(b) If node voltage VD is now 6.4 V and the values of all circuit elements, with

the exception of R 3, remain the same then calculate the new value for that
resistor.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________

R3 = ________________________________________________________________________________
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4. Examine the diagram below and complete the table that  follows it  by applying
Kirchhoff’s Current Law.  Use the space provided below the table for completing
calculations. 

IA = IB = 2 A IC =

ID = 3 A IE = IF = 5 A

IA _____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

IC _____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________________________________________________________________________ 

IE _____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________
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Note: This 
example exceeds
the expectation of
the syllabus 
which limits 
examination 
network 
questions to 5 
resistors or less. 



_____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

5. Examine the diagram below and complete the table that  follows it  by applying
Kirchhoff’s Voltage Law.  Use the space provided below the table for completing
calculations. 

VC _____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

VD _____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

 

VG _____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________
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Note: This 
example exceeds
the expectation of
the syllabus 
which limits 
examination 
network 
questions to 5 
resistors or less. 

VA = -2 V VB = 10 V VC = VD = 

VE = 5 V VF = - 4 V VG = VH = 



_____________________________________________________________________________________________________________________________________________________________________________________________________________

VH _____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________
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6. A circuit is constructed, as shown below, with three resistors R1,  R2 and R3,  an
ideal switch SW, and two batteries  VS1 and  VS2.  The diagram also specifies the
direction of the current and the voltage polarity of each circuit element (excluding
the switch).

(a) Using Kirchhoff’s voltage law, Kirchhoff’s current law, Ohm’s law and the
power law, complete the following tables, to show the voltage, current and
power of each circuit element in the case when the switch SW is  closed.
Use the space inside the chart for calculations.

When the switch is closed

Circuit
Element

Voltage (V) Current (A) Power (W)

VS1 VS1 = 4.5 V PS1 = 0.09 W

VS2 VS2 = 3.0 V PS2 = 0.069 W

R1

R2

R3
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(b) Using Kirchhoff’s voltage law, Kirchhoff’s current law, Ohm’s law and the
power law, complete the following tables, to show the voltage, current and
power of each circuit element in the case when the switch SW is  open.
Use the space inside the chart for calculations. 

When the switch is open

Circuit
Element

Voltage (V) Current (A) Power (W)

VS1 VS1 = 4.5 V PS1 = 0.0945 W

VS2 VS2 = 3.0 V

R1 PR1 = 0.05 W

R2

R3
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More questions

WACE 2009 multiple-choice question 6, and electronics/electrical extended question 
1 (a), (b), (d) (i) - (iv), and (e) (i) - (iii).

WACE 2010 multiple-choice question 49, question 52 (b)(i), (ii), (iii) and (iv), and 
(c) (i) - (vi).

WACE 2011 multiple-choice question 41, question 51 (a) (i) - (iv), and question 52 (d)
(i) and (ii). 
Note: Question 51 (c) and (d) have been used as examples 4 and 5 on pages 51 and
52 of this workbook)

WACE 2012 multiple choice questions 43 and 49, question 53 (a),  (b)(i) - (iii) and (c)
(i) and (ii), and question 56 (a), (b), (c), (d) and (e) (i) and (ii).

WACE 2013 question 54 (a), (b), (c), and (d) (i) - (iii), and question 58 (a) and (b).

WACE 2014 question 54 (f). 

WACE 2015 question 54(b), (c) and (e).

WACE 2016 question 45 (a), (b), (c), (d), (e), (f) and (g).

WACE 2017 question multiple-choice questions 34 and 39; question 40 (a) – (g).
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