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Physics 91521 (3.1) Internally assessed 
4 credits

Carry out a practical investigation to test a physics theory relating 
two variables in a non-linear relationship

A full description of Achievement Standard 91521 (Physics 3.1) can be found at ESA 

Assessment
The assessment of AS91521 (Physics 3.1) is likely to be a practical experiment that is carried out over a period of 
3 hours.

The aim of the experiment will be given, and this will include a theoretical relationship between the two variables. 
The aim of the experiment will give a clear indication of what the dependent and independent variables should 
be. The dependent variable is the variable whose value is changed by the experimenter and the independent 
variable is the variable whose value is measured each time the dependent variable value is changed.

The aim of the experiment will be either to verify the given theoretical relationship between the dependent 
variable and the independent variable or to verify the value of a quantity that can be determined from the 
relationship between the dependent variable and the independent variable. Either way, the data values that are 
collected will need to be used to draw an appropriate graph.

The experimental process will involve:
• deciding which quantity should be the independent variable, 

and which quantity should be the dependent variable
• deciding how the value of the independent variable will be 

set, and how the value of the dependent variable will be 
measured

• deciding what process will ensure each measurement of 
the independent and dependent variables is as accurate as 
possible

• deciding which quantities, other than the dependent variable 
and the independent variable, could have an effect on the 
results and establishing what must be done to prevent these 
quantities from changing

• writing a valid method for collecting the data
• establishing what values the independent variable should be set to
• taking measurements of the dependent variable, with units, for each of the established values of the 

independent variable
• deciding on, and carrying out, the transformation that needs to be applied in order to draw a straight-line 

graph
• determining a numerical value that indicates the degree of accuracy of each of the raw measurements
• plotting a graph using the transformed variable values, and drawing a graph line that is a reasonable fit to 

the plotted points
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• determining a numerical value that indicates the degree of accuracy of the gradient of the graph line
• writing the equation of the relationship and, if required, using the equation to identify the value of a physics 

quantity
• giving a quantitative comparison between the relationship equation / value of the physics quantity and the 

theoretical equation / value that has been given
• writing a discussion that enables someone who was not involved in carrying out the experiment to judge the 

reliability of the conclusion that has been made.

Making measurements and gathering data
Before a graph can be drawn, measurements must be made of the values of the variables to be graphed. 
No measuring instrument can be absolutely accurate and measurements may be inaccurate because of other 
factors such as the need to use judgement when deciding on the value of a measurement. Therefore, when 
a measurement is recorded, there must also be an estimate of its accuracy. A measurement that is inaccurate 
because a mistake was made when carrying out the measurement does not fall into this category. Such 
measurements should be ignored and redone using the correct measurement technique. 

Raw measurements
All measuring instruments have a scale interval. This means a judgement has to be made about which of the 
two scale markings on either side of the scale interval should be chosen as giving the measurement value. The 
true measurement value will, in most cases, be somewhere in between the two scale marking values. So that 
a measurement value reflects the accuracy of the instrument that made it, it is very important to express all 
measurements to the number of significant figures that the scale indicates. For example, measurements made by 
a metre ruler, which has a scale interval of 1 mm, should be expressed to the nearest millimetre – this means that 
a measurement that appeared to be exactly 19 cm should be written as 19.0 cm (or 0.190 m), not 19 cm (0.19 m).

The uncertainty in a raw measurement is ± the scale 
interval of the instrument used to make the measurement. This 
is the minimum uncertainty a raw measurement can have, 
and provided the instrument has been used accurately, this is 
the uncertainty that should be quoted with the measurement.

Sometimes, it is not possible to use an instrument accurately. 
For example, the length of a pendulum should be taken to the 
centre of mass of the bob. The exact position of the centre of 
mass has to be estimated, and so it might be reasonable to 
increase the uncertainty in the raw measurement to ± twice 
the scale interval.

The uncertainty in a measurement can be quoted as an absolute uncertainty or a percentage uncertainty. 
Absolute uncertainties are always given as one significant figure numbers. For example, a length, L, measured 
using a metre rule could be (75 ± 1) mm (1 mm is the scale interval of a metre rule, and is therefore the absolute 
uncertainty), or 75 mm ± 1.3% (the absolute uncertainty, 1, is 1.3% of 75). More often than not, an absolute 
uncertainty is simply called an uncertainty.

The symbol for uncertainty is ∆. In the preceding example, ∆L = 1 mm and ∆L% = 1.3%.

Problems that cannot be resolved when data are being gathered should be noted, and each of these problems 
included in the discussion section of a report. If a problem is encountered that can be resolved, usually it should 
simply be fixed and the experiment continued. Issues such as these should not be included in the discussion, 
because they do not have any effect on the reliability of the results. However, if the problem is unusual and 
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A full description of Achievement Standard 91522 (Physics 3.2) can be found at ESA 

Assessment
The assessment of Achievement Standard 91522 (Physics 3.2) will involve the production of a report on a specific 
context that has been selected either by your teacher or by you and approved by your teacher. The format of the 
report will need to be agreed between you and your teacher. To produce the report, you should:
• research the selected context that is to be the focus of your report and identify a selection of sources that 

describe how physics is related to your selected context
• make notes from each of your sources to describe what the selected context is about and to identify the part 

that physics plays in the selected context
• present your findings in a way that allows you to explain how the physics you have identified is relevant to 

the selected context.

Researching the context
If you are choosing your own context, you must make sure it relates to physics concepts which are all at Level 8 
of The New Zealand Curriculum. If your context is too narrow, you will not be able to give evidence of the breadth 
of physics understanding required. Before making a final decision, check with your teacher that the context you 
propose to use is suitable.

The first task is to find sources of information that you are confident will give reliable information. If you use 
several different sources and the same information is given in all of them, you can be reasonably sure that the 
information is correct.

When you have identified the sources that you think will be reliable and useful, write a list of them in such a way 
that your assessor will be able to find the information you have used.
• If a website is used as a source, the exact URL should be given.
• If a book is used as a source, the author, title, publisher and page reference(s) should be given.
• If a magazine or newspaper article is used as a source, the 

author, title of article, name of magazine or newspaper, 
publication date and page reference(s) should be given.

If you use a picture in your report, make sure you write a reference to 
identify the source of the picture. If you use sections of text from any 
of your sources without making any changes (this should be done 
very sparingly), enclose the text in quotation marks.

Read through each of your sources and make notes. Some people 
like to use a template to facilitate this procedure – an example of a 
possible template follows.

Physics 91522 (3.2) Internally assessed 
3 credits

Demonstrate understanding of the application of physics to 
a selected context
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Research question

Source

Information selected Key words Reworded information

Source

Information selected Key words Reworded information

Source

Information selected Key words Reworded information

Summary

AS91522 (Physics 3.2) is a physics AS, and so you will be assessed on your physics knowledge and understanding. 
The notes you write from your sources must describe the essential features of the context in terms of ‘what the 
context is all about’, but more importantly, the notes must identify all aspects of the context that relate to a 
physics concept.

Suppose the context you have chosen is physics in medicine and one of the aspects you have chosen to research is 
Doppler ultrasound. In your research, you have found the following extract.

Put the chosen question here. If the research question needs to be 
broken into smaller questions, use a new page for each question.

Record information from 
sources here. Only include 
what you need.

List the key words here. A key word is 
a word or a phrase that is important 
in answering the question and helps 
summarise what has been written.

Use the key words to help 
write new sentences in 
your own words here.

Summarise the reworded 
information here. The 
summary should answer 
the research question.

Write reference 
details here.
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A full description of Achievement Standard 91523 (Physics 3.3) can be found at ESA .

Standing waves and musical instruments

Waves – NCEA Level 2 Physics revision
1. a. What property of a sound wave determines its loudness? 

 b. How do we distinguish between sound waves of different frequencies? 

c. State why sound waves from the Sun do not reach the Earth.

d. Explain how the wavelength of sound waves changes as the pitch of the sound rises.

e. Describe the local movement of the medium as a sound wave travels through it.

f.  A metal railway line is hit with a hammer. Further down the line, a workman is taking a break and is 
lying down with his ear against the railway line. Explain whether he will hear the sound of the hammer 
blow through the air before or after he hears the sound through the railway line.

g. Describe how a sound wave is generated.

2. a. Calculate the wavelength of a radio wave that has frequency 9.4 MHz.

Answers
p.  246

Physics 91523 (3.3) Externally assessed 
4 credits

Demonstrate understanding of wave systems
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b. Calculate the frequency of a microwave that has period 2.6 × 10–10 s.

c. Calculate the frequency of a light wave that has wavelength 5.4 × 10–7 m.

d. Calculate the speed of a wave that has wavelength 1.3 m and period 4.0 × 10–3 s.

3. A transverse wave is generated at one end of a very long spring that is made up from a large number of 
individual ‘turns’.
a. Describe the movement of each turn of the spring as the wave travels along it.

b.  By considering how a Mexican wave ‘moves’ around a sports stadium, explain why the wave on the 
spring appears to move.

4. Two transverse pulses travel through each other. The dashed lines on the diagram following show, at 
a particular instant, the way the medium would have been displaced by each of the two pulses if the other 
pulse had not been present.

a. Describe how the resultant displacement of the medium can be found.

b. On the diagram, draw the resultant displacement of the medium. 
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A full description of Achievement Standard 91525 (Physics 3.5) can be found at ESA 

The assessment of AS91525 (Physics 3.5) could 
be a test that is similar to the type of test used 
to assess the externally assessed Level 3 Physics 
Achievement Standards or it could be the 
production of a research-based report, similar 
in format to the types of report that would be 
produced to assess AS91522 (Physics 3.2).

Regardless of which method of assessment is 
used, it is essential that knowledge of the topic 
is acquired before the assessment is carried 
out. This chapter is designed to facilitate the 
acquisition of the knowledge that must be gained 
before the assessment is attempted.

Atomic physics
The Large Hadron Collider (LHC), built by the European 

Organization for Nuclear Research (CERN) to investigate sub-
atomic particles, is the world’s largest and most powerful 

particle collider, the largest, most complex experimental facility 
ever built, and the largest single machine in the world.

Physics 91525 (3.5) Internally assessed 
3 credits

Demonstrate understanding of Modern Physics

Atomic physics – NCEA Level 2 Physics revision
The diagram shows the parts of an atom.

1. State the name of each of the labelled parts.               
b.

d.c.

a.

 a.  

 b.   

 c.  

 d.  

2. What is a nucleon?

Answers
p. 261
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Energy levels of the hydrogen electron
According to Rutherford’s model, an atom comprises a nucleus (made up 
of protons and neutrons) and orbiting electrons. An accelerating charged 
particle emits electromagnetic radiation. An electron is a charged particle 
and it has centripetal acceleration as it orbits. An electron should gradually 
lose all its energy as it orbits and collapse into the nucleus, but it doesn’t. 
The physicist Niels Bohr suggested a refined model of the atom that 
overcomes this problem.

The Bohr model of the hydrogen atom
The main aspect of the model suggested by Niels Bohr was that the 
angular momentum of the orbiting electron is quantised – which means 
it can have only specific, discrete, values. His theory suggested that these 
values are given by L = nh

2π
 , where n is an integer and h is a constant 

called Planck’s constant.

Further analysis of this theory leads to the conclusion that the energy of the orbiting electron must also be 
quantised (i.e. have only specific, discrete, values). The electron can jump from one allowed energy value to 
another, but when it makes a jump it does not transition from one value to the other by going through all the 
values in between, it simply ceases to have its old energy value and commences to have its new energy value.

Using the formula for the quantised angular momentum of the hydrogen electron, it can be shown that the

allowed energies of a hydrogen electron are En = – chR
n2

 , where R is a constant called Rydberg’s constant.

Energy levels of the hydrogen electron
Below is a diagrammatic representation of the energy levels of the hydrogen electron. The physical gaps between 
the energy levels are to scale. (Keeping the diagram to scale and to make the diagram as understandable as possible 
has meant the energy levels have ended up being portrayed as different lengths – these varying lengths mean 
nothing – consider them all the same length.)
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The n = ∞ level is the level at which the electron is no longer bound to the atom. The atom has become an ion, 
and so this energy level is called the ionisation energy level. At this level, the energy of the electron is defined as 
being zero. This means that at lower levels the energy must be less than zero, i.e. negative.

The first energy level (n = 1) is called the ground state energy, and more energy would have to be given to an 
electron in this level, in order to free it, than to an electron in any other level. An electron in the ground state is 
most tightly bound within the atom. The other energy states are called excited states.

Danish physicist 
Niels Henrik David Bohr (1885–1962)
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A full description of Achievement Standard 91526 (Physics 3.6) can be found at ESA 

Resistors in DC circuits

Voltage, current and resistance – NCEA Level 2 Physics revision
1. Charge flows through a 12 V battery and around a circuit.

a. As charge flows through the battery:
i. explain how much electric potential energy is gained by each coulomb of charge

ii. explain why the charge gains energy.

b. Explain what makes charge flow round the circuit.

2. A current of 2.0 A flows in a circuit when a lamp is connected across the terminals of a 6.0 V battery.
a. State how much electric charge flows through the battery each second.

b.  State how much energy is transferred to the lamp by each coulomb of charge that flows through it.

c.  Calculate how much energy is gained each second by the charge flowing through the battery.

d. i. Calculate the time it takes the battery to supply 480 J of energy to the lamp.

ii. How many coulombs of charge must pass through the battery in this time?

3. A 3.0 Ω resistor and a 6.0 Ω resistor are connected in series with a battery.
a.  Explain why the 6.0 Ω resistor produces twice as much heat as the 3.0 Ω resistor.

Answers
p.  265

Physics 91526 (3.6) Externally assessed 
6 credits

Demonstrate understanding of electrical systems
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b. The resistors are disconnected and then reconnected in parallel.
i.  Explain why the 6.0 Ω resistor produces half as much heat as the 3.0 Ω resistor.

ii.  Explain which of the two circuits, the circuit in series or the circuit in parallel, produces the most total 
heat.

4. a. Calculate the total resistance of the parallel resistors shown alongside.

b.  Calculate the total resistance of the circuit.

c. Calculate the total resistance of the circuit, if:
i.  another 4.0 Ω resistor was added in series with the battery

ii.  another 6.0 Ω resistor was added to the parallel branch in the original circuit.

5.  a.  Explain which resistor(s) has the greatest current, in the circuit 
shown in the diagram.

b.  Explain through which resistor(s) is the least current flowing.

c.  Explain across which resistor(s) is the voltage the greatest.

1.0 Ω

6.0 Ω

6.0 Ω

2.0 Ω

A B

3.0 Ω

D 4.0 Ω

E 4.0 Ω
C 4.0 Ω

F 4.0 Ω

G 2.0 Ω



© ESA Publications (NZ) Ltd, ISBN 978-0-947504-87-8 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Achievement Standard 91521 (Physics 3.1) 
Making measurements and gathering data (page 5)
1. a. i.  0.01 s 

 The difference between any two adjacent measurements. 

ii. T = 2.35 ± 0.01 s
iii. T = 2.35 ± 0.43%

b. i.  Tave = 2.328 = 2.33 s

   The average must have the same s.f. as the data. 

ii.  range = 2.35 – 2.30 = 0.05 ⇒ ∆T = 1
2
 × 0.05 = 0.025 = 

0.03 ⇒ T = 2.33 ± 0.03 s
  Absolute  uncertainties have 1 s.f. 

iii. T = 2.33 ± 1.3%

c. i. ∆t = ± 0.01 s

ii.  10Tave = 23.412 = 23.41 s (4 s.f.)

 range = 23.45 – 23.38 = 0.07 s ⇒ ∆10T = ½ × 0.07 
= 0.035 ⇒ 10T = 23.41 ± 0.04 s

iii. T = 1
10

 × 23.41 ± 0.04 = 2.341 ± 0.004 s

d. i. ∆t = 0.1 s

ii. 10Tave = 23.4 s      ∆10T = ± 0.1 ⇒ T = 2.34 ± 0.01 s 
 The minimum uncertainty is the instrument scale interval. 

iii. T = 2.34 ± 0.43%

e. i. 10Tave = 23.404 ⇒ Tave = 2.3404 = 2.340 s (4 s.f.)

ii. ∆10T = ½ × (23.46 – 23.31) = 0.075 ⇒ ∆T = ± 0.08 s
iii.  T = 2.34 ± 0.01 s 

The average period has to be rounded back another decimal 
place because the measurement  cannot have a greater 
accuracy than the uncertainty. 

2. a.  diameter  = (11.2 ± 0.05) − (0.3 ± 0.05) 
= (11.2 − 0.3) ± (0.05 + 0.05) 
= 10.9 ± 0.1 mm

b. average = 1.92 + 1.91 + 1.92 + 1.90 + 1.89
5

 = 9.54
5  = 1.908

 ∆thickness  = ½(1.92 − 1.89) = 0.015 ⇒ thickness 
= 1.908 ± 0.015 = 1.91 ± 0.02 mm

c. mass of one washer  = 107.6
26  ± 0.1

26  = 4.13846 ± 0.0038

 = 4.138 ± 0.004 g
3. a. ∆hraw = ±0.1 cm

b. have = 52.06 + zero reading = 52.26 = 52.3 cm (3 s.f.)

c. ½ range = 0.5 × (53.0 – 51.1) = 0.95 = 1 (1 s.f.)

d. h = 52 ± 1 cm 
 Rounding the average to the same d.p. as the uncertainty. 

e. ∆h% = 0.95
52.26  = 1.8%

4.

d (cm)
d (m) ± 
0.001 m Repeats of t (s) t (s) ∆t (s)

12.3 0.123 2.45, 2.42, 2.47, 2.44, 2.46 2.45 0.03

14.5 0.145 2.90, 2.92, 2.87, 2.89, 2.93 2.90 0.03

16.2 0.162 3.23, 3.24, 3.25, 3.21, 3.22 3.23 0.02

18.4 0.184 3.67, 3.63, 3.70, 3.69, 3.68 3.67 0.04

20.6 0.206 4.10, 4.12, 4.13, 4.11, 4.15 4.12 0.03

Graphical analysis of data to find the relationship
 (page 10)

1. a. d (m) ± 0.01 m E (lux) 1
d2

 (m–2) ∆% in 1
d2

∆ ( 1
d2)

0.50 11.9 ± 0.2 4.0 4% 0.2

0.75 5.5 ± 0.2 1.8 2.7% 0.05

1.00 3.0 ± 0.3 1.0 2% 0.0

1.25 1.7 ± 0.3 0.64 1.6% Negligible

1.50 1.2 ± 0.4 0.44 1.3% Negligible

b. 

(m–2)
1

2

4

6

8

10

12
E (lux)

error best fit

0
0

2 3 4 5
1
d2

c. gradient (best fit) = 11.0 – 0
3.7 – 0

 = 2.973

 gradient (error) = 11.6 – 1.0
3.7 – 0.5  = 3.313

 ⇒ ∆gradient = 3.313 – 2.973 = 0.340 
⇒ gradient = 3.0 ± 0.3 lux m2

d. E = 3.0 ± 0.3
d2

Answers
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alternating current (through a 

resistor) 225
amplitude (of motion) 136
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capacitors (in series) 196
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centre of mass of a system 81
centripetal force 90, 94, 98
charged (capacitor) 181
charging (capacitor) 185
circular motion 90
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conservation of angular 

momentum 112
conservation of momentum 74
constant angular acceleration 

equations 104
constructive interference 59
constructive interference (lines 

of) 51

damping 136
dependent variable 1
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of) 51
dielectric 181
diffraction 52
diffraction grating 59
discharges (capacitor) 185
discharging (capacitor) 185
displacement phasor 126, 127
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eddy currents 206
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electron volt 162
e.m.f. 180
emission spectrum 147
error bars 9
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farad 182
Faraday’s law 199
fundamental (standing wave) 43

gravitational field 98
gravitational force 98

harmonic 44
harmonic number 44

ideal inductor 209, 223
ideal transformer 207
impedance 231
impulse 78
in phase 34
independent variable 1
induced voltage 199
inductor 209
inductor voltage 228
internal resistance 174

junctions (between resistor and 
current direction) 177

kinematic equations 104
Kirchhoff’s current law 178
Kirchhoff’s voltage law 177

lag (inductor-resistor circuit) 228
law of conservation of 

momentum 74
LCR circuit 230
Lenz’s law 203
leptons 165
linear inertia 109
linear motion 109
linear speed 102
linear velocity 102


