
© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-33-0  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

 PHYSICS 3.2 Internally assessed 
3 credits

Demonstrate understanding of the application 
of physics to a selected context

Achievement Standard 91522 (Physics 3.2) requires you to demonstrate understanding of the application of 
physics to a selected context. Demonstrating the required understanding will involve the production of a report 
on the specifi c context that has been selected either by you or by your teacher. To do this 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 fi ndings in a way that allows you to explain how the physics you have identifi ed 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 fi nal decision, check with your teacher that the context you 
propose to use is suitable.

The fi rst task is to fi nd sources of information that you are confi dent 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 identifi ed 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 fi nd 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.

Copy correctly
Up to 3% of a workbook
Copying or scanning from ESA workbooks 
is subject to the NZ Copyright Act which 
limits copying to 3% of this workbook.
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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

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

Write reference 
details here.

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.

AS 91522 (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.
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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.

Doppler ultrasound is a non-invasive test that can be used to measure your 
blood fl ow and blood pressure by bouncing high-frequency sound waves 
(ultrasound) off circulating red blood cells. A regular ultrasound uses sound 
waves to produce images, but can’t show blood fl ow.

A Doppler ultrasound may help diagnose many conditions, including:
• Blood clots
•  Poorly functioning valves in your leg veins, which can cause blood or 

other fl uids to pool in your legs (venous insuffi ciency)
• Heart valve defects and congenital heart disease
• A blocked artery (arterial occlusion)
• Decreased blood circulation into your legs (peripheral artery disease) 
• Bulging arteries (aneurysms)
• Narrowing of an artery, such as those in your neck (carotid artery stenosis)

A Doppler ultrasound can estimate how fast blood fl ows by measuring 
the rate of change in its pitch (frequency). During a Doppler ultrasound, a 
technician trained in ultrasound imaging (sonographer) presses a small hand-
held device (transducer), about the size of a bar of soap, against your skin 
over the area of your body being examined, moving from one area to another 
as necessary. This test may be done as an alternative to more-invasive 
procedures such as arteriography and venography, which involve injecting 
dye into the blood vessels so that they show up clearly on X-ray images.

A Doppler ultrasound test may also help your doctor check for injuries to 
your arteries or to monitor certain treatments to your veins and arteries.

Bulleted points not needed

Term not needed

Phrase not needed

Sentence not needed

Sentence not needed

The sentences / bullet points / terms / phrases indicated as not being needed are interesting but don’t contain any 
physics and are not essential in terms of ‘what Doppler ultrasound is all about’. If they are included in your report, they 
will not contribute any evidence towards your understanding of the physics of Doppler ultrasound, so will be ignored.

Processing information
As you are writing your notes, it is a good idea to go through them and highlight all the ‘physics’ words and phrases. 
The extract on Doppler ultrasound could be marked as follows:

Doppler ultrasound is a non-invasive test that can be used to measure your blood fl ow and blood 
pressure by bouncing high-frequency sound waves (ultrasound) off circulating red blood cells. 
A regular ultrasound uses sound waves to produce images, but can’t show blood fl ow.

A Doppler ultrasound can estimate how fast blood fl ows by measuring the rate of change in its pitch 
(frequency). During a Doppler ultrasound, a technician trained in ultrasound imaging presses a small 
hand-held device (transducer) against your skin over the area of your body being examined, moving 
from one area to another as necessary.

You know, from what you have been taught, that the Doppler effect involves a moving source of waves. The 
extract states that Doppler ultrasound can be used to measure how fast blood fl ows. It would appear that the 
moving blood must be linked to the moving source of waves, but the extract does not make this link clear. Other 
sources should be found that clarify this link.
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The process of fi nding sources that give the information you need should be continued until you feel confi dent 
that you understand the most relevant of the physics concepts that govern the context you have chosen. This 
does not mean you have to understand absolutely everything. There will be aspects of most contexts that involve 
physics that is beyond your level of understanding. However, these aspects must be relatively minor in terms of 
the ‘the way the context works’.

For example, research into Doppler ultrasound will probably produce the information that:

‘ultrasound is typically produced by a piezoelectric transducer’.

You are not expected to attempt to gain an understanding of the physics of the piezoelectric effect, because it is 
not necessary to understand how ultrasound is produced in order to understand how effective it is in doing its job. 
However, if you do happen to have knowledge and understanding of the piezoelectric effect, then an explanation of 
how the transducer produces the ultrasound signal could provide evidence towards ‘Merit’ and ‘Excellence’.

It is unlikely that the sources you are using will give the physics explanations that AS 91522 (Physics 3.2) requires 
– the sources you use will identify the physics involved but they will assume the reader has suffi cient knowledge 
of physics to be able to understand why the identifi ed physics is relevant in the particular context being described. 
Your job is to rectify this defi ciency and produce a report that not only describes which physics concepts are 
related to the context but also gives a comprehensive explanation of how each physics concept identifi ed is 
related to the context.

It is most unlikely that you will be able to research material that will ‘teach’ you the physics understanding 
needed to explain the physics concepts identifi ed. You will need to draw on the knowledge and understanding 
you have gained from the physics teaching you have received during the year. This is why the choice of context is 
so important.

Producing the report
If you are able to choose how you present your report, remember that the method you choose must be capable 
of conveying a fairly substantial quantity of information. A written report or a PowerPoint™ presentation are the 
most likely methods you might choose. A poster is unlikely to be able to convey the required information in the 
space available.

Whatever method you choose, write your report as if it is intended as a teaching resource for a Level 2 Physics 
student. Don’t assume the Level 2 Physics student knows any physics other than the basic physics all Level 2 
Physics students should be familiar with. Your report should aim fi rstly to familiarise the Level 2 Physics student 
with the context itself, then to teach the Level 2 Physics student the physics of the context. If you write something 
that you don’t fully understand, your Level 2 Physics student won’t understand it either.

The part of your fi nal report that relates to Doppler ultrasound will:
• describe and explain the Doppler effect
• describe what ultrasound is
• explain in detail how moving blood can create a moving source of waves
• explain in detail how the speed of blood fl ow can be calculated.

The length of your report will depend a lot on the context you have chosen. Remember that AS 91522 (Physics 3.2) is 
worth 3 credits, so the quantity of physics understanding that should be shown could be considered to be equivalent 
to about three ‘Excellence’ and three ‘Merit’ explanations in an external exam. When choosing your context, you 
must be aware of this requirement and so you must make sure your context is suffi ciently broad to allow you 
to provide the evidence required. This is why a context ‘Physics in medicine’ is better than a context ‘Doppler 
ultrasound’. The former allows you to consider more than one medical application, thus giving you the opportunity 
to present suffi cient evidence of physics understanding to satisfy the requirements of AS 91522 (Physics 3.2).

L3 Physics LWB 2016.indb   44L3 Physics LWB 2016.indb   44 6/28/16   8:32 AM6/28/16   8:32 AM



© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-33-0  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

 

 PHYSICS 3.5 Internally assessed 
3 credits

Demonstrate understanding of Modern Physics

Achievement Standard 91525 (Physics 3.5) covers the following:
• the Bohr model of the hydrogen atom: the photon; the quantisation of energy; discrete atomic energy levels; 

electron transition between energy levels; ionisation; atomic line spectra; the electron volt
• the photoelectric effect
• wave / particle duality
• qualitative description of the effects of the strong interaction and Coulombic repulsion, binding energy and 

mass defi cit; conservation of mass-energy for nuclear reactions
• qualitative treatment of special and general relativity
• qualitative treatment of quarks and leptons.

Achievement Standard 91525 (Physics 3.5) could be assessed:
• using an internally assessed test that is similar to the type of test that is used to assess the externally 

assessed Level 3 Physics Achievement Standards
• through the production of a research- based report, similar in format to the types of report that would be 

produced to assess Achievement Standard 91522 (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.

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.

Copy correctly
Up to 3% of a workbook
Copying or scanning from ESA workbooks 
is subject to the NZ Copyright Act which 
limits copying to 3% of this workbook.
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 Atomic and nuclear physics – Level 2 revision
1. The diagram shows the parts of an atom.

a. State the name of each of the labelled parts.

i.  

ii.   

iii.  

iv.  
b. What is a nucleon?

2. Three types of radioactive emission are alpha, beta and gamma. Describe each of these types of emission.

3. Radioactive decay occurs when an atom of an unstable isotope of cobalt, Co-60, emits a radioactive particle.
a. What information does the number 60 in the name of the isotope tell you?

b. The atomic number of cobalt is 27.
i. What information does the atomic number tell you about Co-60?

ii. What further information can you now deduce?

c.  One of the products when Co-60 decays is a nickel atom, Ni-60. The atomic number of nickel is 28. 
Describe the structure of this nickel atom.

d. The other product when Co-60 decays is the radioactive particle.
i. Explain how you know how many nucleons there are in the radioactive particle.

ii. Explain how you know what charge there is on the radioactive particle.

e. The nuclear particle equation for the decay starts as 
27
60

28
60Co Ni

i. Name the radioactive particle emitted.

ii. Complete the equation.

Answers
p. 85

i. ii.

iv.iii.
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f. The previous questions refer to an isotope of cobalt. Describe what an isotope is.

4. A smoke detector contains radioactive americium, Am-241, which emits radiation according to the following 
reaction: 95

241
93

237Am Np radioactive particle

a. Explain the composition of the radioactive particle.

b. Identify the type of radiation emitted.

c. Write the completed equation.

5. Strontium-90 decays to yttrium, Y, by emitting a beta particle. The atomic number of strontium, Sr, is 38.
a. Explain the composition of the yttrium nucleus produced by the decay.

b. Write a balanced nuclear particle equation for the radioactive decay.

6. After a series of decays, radium-224 becomes lead-212. Each decay involves the emission of a radioactive 
particle and gamma radiation. The atomic number of radium, Ra, is 88.
a. Explain how the emission of gamma radiation affects how the composition of the decay products can be 

determined.

b. Explain the composition of the lead nucleus produced after the decay series.

c.  Write balanced nuclear particle equations for the decay series. The products of the interim decays are 
radon, Rn, and polonium, Po.

7. Copper-64 decays by beta emission to zinc. The atomic number of zinc is 30. Write a nuclear particle equation 
for the decay.
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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 refi ned 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 specifi c, discrete, values. His theory suggested that these values are

given by L =
nh
2

 , 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 specifi c, 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 = 
n
chR

2  , 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.)

n = 
n = 4
n = 3 E3 =      chR =    E1

n = 2 E2 =      chR =    E1

n = 1 E1 = –chR

1
9

1
9

1
4 

1
4

E  = 0 1
16

1
16

E4 =       chR =    E1

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 defi ned as 
being zero. This means that at lower levels the energy must be less than zero, i.e. negative.

The fi rst 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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Energy transitions
Electrons in excited states will tend to drop to lower energy levels. When they do so, their energy jumps from one 
value down to a lower value. The energy ‘lost’ in the jump cannot just disappear; it is given off as a quantum of 
electromagnetic radiation called a photon.

e−

n = 1

n = 2

n = 3

e−

Spectral lines
The regions of the electromagnetic spectrum are usually described in terms of their frequency. The relationship 
between frequency and energy is E = hf. This means that each electron drop to a lower energy level produces 
electromagnetic radiation of a particular frequency. The full range of electromagnetic radiation frequencies is 
called the electromagnetic spectrum. The particular frequency of a quantum of electromagnetic radiation is called 
a line in the spectrum.

Spectral line frequency and wavelength
The amount of energy in a photon is the difference between the energies of the two levels involved in the jump:

En2
 – En1

 = –[ chR
n2

2  – chR
n1

2  ] = chR
n1

2  – chR
n2

2  = chR [ 1
n1

2  – 1
n2

2  ]
The amount of energy in a photon is related to the frequency of the electromagnetic radiation by En2

 – En1
 = hf

Putting these two equations together gives:

f = cR [ 1
n1

2  – 1
n2

2  ] or
1 = R [ 1

n1
2  – 1

n2
2  ]

German theoretical physicist Max Karl 
Ernst Ludwig Planck (1858–1947)

Swedish physicist Johannes 
Robert Rydberg (1854–1919)
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 Energy levels

Use the following information to help you answer the following questions.

Speed of light = 3.00 × 108 m s–1 Planck’s constant = 6.63 × 10–34 Js 
Rydberg constant = 1.10 × 107 m–1

The frequency range for the visible region of the electromagnetic spectrum is 4 × 1014 Hz to 8 × 1014 Hz

1. a. Calculate the energy value of the hydrogen electron in:
i. the ground state

ii. each of the next three energy states.

b.  A photon is emitted when a hydrogen electron jumps from the 2nd excited state (n = 3) down to the 
ground state.
i. Calculate the energy of the photon.

ii. Calculate the frequency of the photon.

c. Calculate the energy a hydrogen electron would have to absorb to jump up from energy level 1 to energy 
level 2.

d. A photon is emitted when a hydrogen electron jumps down from energy level 4 to energy level 2.
i. Calculate the wavelength of the photon.

ii. State whether the photon is visible or not, and justify your answer.

e.  A photon has energy 2.5 × 10–18 J. Explain why it is impossible for this photon to have been emitted by 
an excited hydrogen electron.

Answers
p.  85
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 ANSWERS

Achievement Standard 91521 (Physics 3.1) 
 Uncertainties (page  4)
1. a.  (x + y) = (y – x) = x + y = 1.2 = 1 (1 s.f.) 

 x + y = 245.8 ± 1 = 246 ± 1 

  y – x = 48.2 ± 1 = 48 ± 1

Rounding the uncertainty to 1 s.f. gives a whole number, so 
both answers are rounded to the nearest whole number. 

b.  (x × y)% = 
x

y
% = x% + y% = 0.20% + 0.68% 

= 0.88%  x × y = 14 523.6 ± 0.88% = 14 523.6 ± 127.8 

  = 14 523.6 ± 100 =   14 500 ± 100   

Rounding the uncertainty to 1 s.f. gives a number to the 
nearest 100, so the  answer must be rounded to the nearest 
100. 

 x

y
 = 0.67211 ± 0.88% = 0.67211 ± 0.00591 

 = 0.67211 ± 0.006 =   0.672 ± 0.006

Rounding the uncertainty to 1 s.f. gives a 3 d.p. number, so the 
answer must be rounded to 3 d.p. 

c.  x% = 0.20%  x2% = 2 × 0.20% = 0.40% 
 x2 = 9 761.44 ± 39.0 = 9 761.44 ± 40 = 9 760 ± 40

Rounding the uncertainty to 1 s.f. gives a number to the 
nearest 10, so the answer must be rounded to the nearest 10. 

  x % = ½ × 0.20% = 0.10%  x  = 9.9398 ± 0.0099 
= 9.9398 ± 0.01 = 9.94 ± 0.01 

2. a. 15.5 ± 0.5 = 5.8 ± 0.2 + R2 ± R2  R2 = 15.5 − 5.8 = 9.7

  R2 = 0.5 + 0.2 R2 = 0.7  R2 = 9.7 ± 0.7 

b. 
1

15.5  ± 0.5
 = 2

R ± R
  1

15.5 ±  3.2%
 = 2

R ± R %
 

 R = 2 × 15.5 = 31.0

 R% = 3.2%  R = 3.2% of 31.0 = 0.992  R = 31 ± 1  

  Rounding the uncertainty to 1 s.f. and the answer to the same d.p. 

c. 
1

15.5  ± 0.5
 = 

1

22 ± 1
 + 1

R2  ±  R2

 

 
1

15.5 ±  3.2%
 = 

1

22  ±  4.5%
 + 

1

R2  ±  R2 %
 

 
1

R2

 = 
1

15.5
3.2%  – 

1

22
  4.5%

 = (0.06452 ± 0.00206) – (0.04545 ± 0.00205) 
= 0.01907 ± 0.00411= 0.01907 ± 21.6%

   R2 = 52.44 ± 21.6% = 50 ± 10 

   Rounding the uncertainty to 1 s.f. and the answer to the same d.p. 

 Processing measurements (page 8)
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%
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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

5.

Mass 
(g)

Timings for 
10T (s)

Average 
for 10T 
(s)

T for 
10T 
(s) T (s)

20 ± 1 2.0 2.1 2.3 2.6 2.1 2.2 ±0.3 0.22 ± 0.03

40 ± 2 2.8 2.6 2.7 2.8 3.0 2.8 ±0.2 0.28 ± 0.02

60 ± 3 3.6 3.7 3.5 3.4 3.4 3.5 ±0.2 0.35 ± 0.02

a. 5% of 20 = 1, 5% of 40 = 2, 5% of 60 = 3

b. Starting and stopping the stopwatch involved making a 
judgement about the exact instant the procedure should be 
carried out. A judgement error would result in an incorrect time 
measurement. It was just as likely that a judgement error would 
make the time measurement too long as too short. Because 
the error is random, repeating and averaging leads to a more 
accurate time.

c. (10T timings for 20 g mass) = 11.1 

  average 10T = 
11.1

5
 = 2.22

 range = 2.6 – 2.0 = 0.6  10T = ½ × 0.6 = 0.3

  T = 
2.2 ± 0.3

10
 = 0.22 ± 0.03 s

 (10T timings for 40 g mass) = 13.9 

  average 10T = 
13.9

5
 = 2.78

 range = 3.0 – 2.6 = 0.4  10T = ½ × 0.4 = 0.2

  T = 
2.8 ± 0.2

10
 = 0.28 ± 0.02 s

 (10T timings for 60 g mass) = 17.6 

  average 10T = 
17.6

5
 = 3.52

 range = 3.7 – 3.4 = 0.3  10T = ½ × 0.3 = 0.15 = 0.2 (1 sf)

  T = 
3.5 ± 0.2

10
 = 0.35 ± 0.02 s

d. 0.22 ± 0.03 = 0.22 ± 14%, 0.28 ± 0.02 

 = 0.28 ± 7% 0.35 ± 0.02 = 0.35 ± 6%

 Measurements which have an uncertainty of more than 10% 
tend to be too inaccurate to be useful. The minimum mass used 
should be 40 g.

e. Using the same spring is defi nitely required because different 
springs will have different spring constants. As the period 
of the bounce depends on the value of the spring constant, 
changing the spring constant will change the measured period. 
It is possible that one stopwatch might be running slightly 
faster than another; but, as there is signifi cant inaccuracy in the 
measurements of time, any extra inaccuracy due to the difference 
in the stopwatches will be negligible. Therefore, the spring is a 
variable that needs to be controlled, but the stopwatch is not.

f. When the mass is hanging stationary, the spring is extended. If 
the mass is pulled down further than this initial extension, on the 
way up it will still be travelling upwards when the spring loses 
all its extension. For a brief period of time it will be only gravity 
that will be affecting its motion, and this is the when the ‘jump’ 

occurs. Callum should ignore the time value he obtained and 
repeat the measurement, making sure he does not pull the mass 
down as far.

 Relationship equations from straight-line graphs
 (page 15)

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.

c. gradient (best fi t) = 
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

2

. .

d
2. a. Inverse.

b. 

1

1

2

4

6

8

10

12

E (lux)
error best fit

0
0

2 3 4 5
(m–2)

d2

m (kg) ± 0.02 a (m s–2) ( 1m ) (kg–1) % in ( 1m ) ( 1m )
0.50 8.7 ± 0.2 2.0 4% 0.08

1.00 4.5 ± 0.2 1.00 2% 0.02

1.50 2.8 ± 0.2 0.67 1.3% 0.01

2.00 2.3 ± 0.2 0.50 1% 0.01

2.50 1.9 ± 0.2 0.40 0.8% 0.00
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