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Physics 2.2 Internally assessed 
3 credits

Demonstrate understanding of the physics  
relevant to a selected context

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.

Achievement Standard 91169 (Physics 2.2) requires you to develop an understanding of the physics of a selected 
context. Examples of a selected context could include:
•	 radiocarbon dating
•	 nuclear medicine
•	 sports science
•	 the motor car
•	 compact discs
•	 diagnostic X-rays
•	 maglev trains
•	 fibre-optic communication
•	 lenses in glasses.

Typically, you gather information and then interpret the information to produce a report which demonstrates your 
understanding of the physics relevant to a selected context. You record the sources of information in such a way 
that another person could find and use them.

The selected context may be general (e.g. nuclear medicine) or specific (e.g. diagnostic X-rays), but whatever 
the context chosen by you or your teacher, the focus of AS 91169 involves understanding the physics principles 
involved. The context chosen must either be technological or biological.

Gathering resources and referencing
When gathering resources and referencing, you should:
•	 use a wide range of sources
•	 record your sources so that another person could use them to find the information
•	 give a reference beside all pictures, diagrams, graphs, and maps
•	 use quote marks – ‘…’ – around any information copied directly from a source.

Using references
Write a reference list of all your sources on a separate page at the end of your report.

Recording a book
If you use a book as a source, record it like this:

Author(s) (Year). Title of book. Publisher and page reference(s).

Example

Housden, D (2011) NCEA Level 2 Physics, ESA Publications (NZ) Ltd, p. 41.
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Recording a magazine or newspaper article
If you use a magazine or newspaper as a source, record it like this:

Author A. Title of article. Title of magazine/newspaper, date published, page number(s).

Example

Abdul-Razzaq, W. Leakage of microwave ovens. Physics Education, July 2011, p. 417.

Recording a website
If you use a website as a source, record it like this:

Title of item. URL of the website. Date of the document or day you accessed it.

Example

Space shuttle: www.nasa.gov/mission_pages/shuttle/main/index.html. December 2015

Gathering resources and referencing
1. A student gave the following sources in a report:
 Wikipedia, school physics textbook, www.google.co.nz
 Give two reasons why this list is not satisfactory.

2. A student wrote the following in a report:
 ‘In 2011 D Housden in his book said that the 2011 Japanese earthquake and tsunami resulted in the failure 

of a nuclear reactor cooling system.’
 Rewrite the above so that the quote is written correctly.

3.  A student used the following book as a source. Rewrite the reference in the correct form.
 Page 165 in Year 12 Physics Study Guide NCEA Level Two, by A Binns, D Burchill, D Housden and P Kinsler 

published by ESA Publications in 2003.

4. A student used the following magazines and website as sources. Rewrite the references in the correct form.
	 •	 	Enter the thorium tiger, written by M Chalmers in October 2010 on page 40 of the Physics World 

magazine.
	 •	 	http://www.nobelprize.org/educational/physics/x-rays/ (see screenshot following). The site was accessed 

on 12 February 2011.

Answers
p.  57 
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Processing information
Processing information initially involves creating notes from the sources you have selected. The notes are then 
used to create paragraphs composed of coherent sentences.

Initially, it is useful to find the key words or phrases within a text that identify the main ideas. Identifying the key 
words will help answer the research question and help ensure you summarise the main ideas in your own words. 
Identify and record key words as you read information, by underlining, highlighting, or listing them.

Once the key words have been identified, processing information involves turning your notes into paragraphs 
using your own words. You should assign diagrams you have sourced with the relevant paragraph(s). The 
paragraphs will give an account of the physics related to the chosen context. Detailing how or why the physics 
knowledge applies to the context shows you can explain. By linking explanations and descriptions, you combine 
physics ideas and concepts from different sources, demonstrating comprehensive understanding of the physics 
related to the chosen context. Content must be accurate and give detail rather than general statements. For 
example, you must use correct physics terms and explain them carefully. The physics content must be at the level 
of Level 2 Physics.
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The following template is a useful way of recording researched information and processing it.

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.
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Physics 2.5 Internally assessed 
3 credits

Demonstrate understanding of  
atomic and nuclear physics

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.

Atomic models
John Dalton (1766–1844), an English chemist, proposed that all matter was made up of atoms (from the Greek 
atomos, meaning ‘indivisible’). Atoms were the smallest particles of matter and could not be broken down into 
smaller units. In chemical reactions, atoms simply rearranged themselves.

Joseph Thomson (1856–1940), a British physicist, discovered and experimented with cathode rays. It was 
discovered that these rays consisted of negatively charged particles which were later called electrons by Thomson. 
Thomson proposed that an atom is a ball of positive charge with electrons dotted evenly through it like currants 
in a plum pudding. Overall, the atom is electrically neutral. Thomson’s model is often referred to as the plum-
pudding model.

- 
- - 

- 
positive charge

- 
electrons

Thomson’s model

Ernest Rutherford (1871–1937), a New Zealand physicist, attempted to prove Thomson’s model of the atom was 
correct and designed an experiment in which he fired tiny, dense, alpha particles at a thin gold foil, known to be 
only a few hundred atoms thick.

Ernest Rutherford

Rutherford’s gold foil experiment
As predicted by Thomson’s model, most alpha particles passed straight through the foil but, significantly, about  
1 in every 10 000 was deflected at a large angle. Some were even knocked backwards from the foil.
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These observations suggested that the alpha particles were being deflected by a heavy mass concentrated at the 
centre of the atom, whereas Thomson’s model suggested a uniform distribution of mass throughout the atom. 
Rutherford called this mass at the centre of the atom the nucleus. Rutherford’s measurements confirmed that the 
diameter of the atom’s nucleus is much smaller than the diameter of the whole atom and 99.95% of the mass of 
the whole atom is located in the nucleus. It was only those few alpha particles which came close to the nucleus 
that were deflected. Further experiments showed that the nucleus itself contains positively charged particles 
called protons.

Rutherford proposed a model for the atom which showed that the atom is mainly empty space with a tiny, dense, 
positive nucleus at the centre. Electrons must be very light since most of the mass is in the nucleus and they must 
orbit the nucleus in some way.

gold foil

vacuum

rotatable microscope

zinc sulfide screen

alpha 
particles

radium 
in box

deflected alpha 
particles produce 
flashes of light on 

a screen

+

+

+

+

+ α-particle+

+

+

gold atom 
in the foil nucleus of 

gold atom

Most α-particles passed 
straight through gold foil

Atomic models
1. The diagram shows the various parts which make up an atom. State the names of the various parts.

a. 

b. 

c. 

d.  
}

a.  b.

c.  d.

2. Explain how the discovery that atoms can be made to emit negatively charged particles allowed Thomson to 
develop his model.

Answers
p.  58 
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3. The diagram following represents the Rutherford gold foil experiment and shows the approach paths of three 
alpha particles towards a gold nucleus. Continue the paths of the alpha particles to show how the alpha 
particles are affected by the positive nucleus.

4. A particle is fired at a nucleus. The diagram shows  
some possible paths for the particle. 

 Which of the paths is possible if the charge on the 
particle is:

a. positively charged? 

b. negatively charged? 

c. neutral? 

5. Rutherford carried out experiments in which alpha particles were fired at thin gold foil.
a. What happened to the alpha particles when they reached the foil?

b. Rutherford proposed that a gold atom contained a nucleus surrounded by electrons.
  i.  What conclusions did Rutherford make about the size and mass of the nucleus compared with the size 

and mass of the atom?

 ii. What experimental evidence could be collected to confirm that the nucleus was positively charged?

6. For thousands of years, atoms were thought to be tiny solid spheres. Following his discovery of the electron 
in 1897, J J Thomson proposed a new model of the atom. A few years later, as a result of his ‘alpha particle 
scattering’ experiment, Rutherford proposed an improved model.
a. Describe the one way in which Thomson’s and Rutherford’s models of the atom were similar.

b. Describe the key difference between Thomson’s and Rutherford’s models of the atom.

A
B
C
D
E
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7. Rutherford’s famous ‘alpha particle scattering’ experiment fired alpha (α) particles at gold foil.
 As predicted, most of the alpha particles were 

observed to go straight through the gold foil or 
were deflected only very slightly as they passed 
through. A very small percentage of the alpha 
particles bounced back towards the source or 
were deflected at very large angles.

 Explain why only a very small percentage of the 
alpha particles bounced back or were deflected at 
very large angles.

8. To find out more about the structure of the atom, Rutherford decided to fire alpha particles at a thin gold foil. 
The whole apparatus was in a vacuum.
a. Explain why the apparatus had to be in a vacuum.

b. What type of charge does an alpha particle have?
c.  When the experiment was carried out, it was found that most of the alpha particles passed straight 

through the gold atoms, but a few were deflected through very large angles.
 Describe two conclusions possible from these observations. Give an explanation for your answers.

  Conclusion 1 

  Explanation 

  Conclusion 2 

  Explanation 

α-particle source

container
gold foil
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Radioactivity
Isotopes
An atom’s nucleus is made of protons and neutrons. The number of protons is called the atomic number 
(symbol Z). The number of protons plus the number of neutrons in an atom is called the mass number (symbol 
A) or the nucleon number. A nucleon is another name for a proton or neutron. If X is the symbol for the element, 
the information about an atom can be written: Z

A X

Atoms with the same number of protons but different numbers of neutrons are called isotopes, e.g. the element 
hydrogen exists as three isotopes: 1

1 H, 1
2 H  and 1

3 H

Radioactive elements
Elements, usually those with an atomic number greater than that of lead, that spontaneously emit particles or 
radiation from their nuclei are said to be unstable and radioactive.

Types of radioactive decay emission

Alpha particle
This is a high-speed helium nucleus (written 2

4 He2+) and usually called an alpha particle (written α-particle or 

2
4α ). It is emitted from the nucleus of a larger atom. The helium nucleus can move at speeds of up to 10% of the 
speed of light. Alpha particles have a range of only a few centimetres in air, and most can be stopped by a sheet 
of paper.

Alpha particles are deflected by a magnetic field. They are the most ionising type of radiation.

Beta particle
This is a high-energy electron emitted from the nucleus with a speed up to 90% of the speed of light. β-particles 
are more penetrating than α-particles, travelling about 30 cm in air. They can be stopped by aluminium about 
5 mm thick. β-particles are negatively charged. A beta particle is written –1

0e  or –1
0β , since it is not a nucleon, 

has no mass number, and it has the opposite charge to a proton.

Beta particles are also deflected by a magnetic field. They are a moderately ionising form of radiation.
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Gamma radiation
This is electromagnetic radiation with a very short wavelength and high frequency. It occurs as a result of a 
nucleus being left in a very excited (high energy) state immediately following other types of radioactive decay. 
The nucleus emits the energy in the form of γ-rays. Being electromagnetic radiation, gamma rays travel at the 
speed of light. Gamma rays can penetrate through several centimetres of very dense substances, such as lead.

Due to their lack of charge, gamma particles are not deflected by a magnetic field. They are the least ionising of 
the three types of radiation.

lead

aluminium

paper

γ

α
β

γ γ
α

α (+ve)

β

β (–ve)

only a little 
γ radiation 
gets through

deflections not
to scale (β is
much greater

than α)

Deflection and penetration of the types of radiation

Background radiation
Some radioactive substances occur naturally, while others are produced artificially by humans. Radioactive 
substances we are exposed to make up the background radiation. About 90% of background radiation is 
produced naturally. Some is in the food we eat, in building materials such as bricks and concrete, in the soil and in 
the air in the form of gamma rays. Alpha and beta particles do not penetrate far enough to make up background 
radiation. High-energy cosmic rays reach the Earth from space, though most are absorbed by the atmosphere. 
Humans contribute to background radiation – about 8% of background radiation arises from medical uses and 
another 1% is from weapons-testing fallout, occupational sources, luminous dials and the nuclear power industry.
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Answers

Physics 2.1
Quantities and units (page 2)
1. a. 63.882 km

b. 41 µA

c. 2.8 Gs

2. a. 100 × 1 000
3 600

 = 100
3.6

 = 27.8 m s–1

b. 340 × 3 600
1 000

 = 340 × 3.6 = 1 224 km h–1

3. a.  Density is the ratio of an object’s mass to its volume. It is how 
massive an object is in relation to its size.

b. mass
volume  = kg

m3  = kg m–3

c. i. volume = 40.19438726 → 40.2 cm3

 ii. density = 1.113339525 → 1.11 g cm–3

 iii. 1.11 g cm–3 = 1 110 kg m–3

Significant figures (page 4)
1. a. 3  b. 4  c. 3  d. 2

2. 1 × 109

60 × 60 × 24 × 365.25 = 31.688 → 32 years

3. a. 1 cm3 = 10 × 10 × 10 = 103 mm3

b. 4.6 × 2.15 × 0.2003 = 1.980967 → 2.0 cm3 (2 sig. fig.)

Accuracy – improving techniques (page 6)
1. The estimations are inaccurate. An accurate measuring instrument that 

can measure down to hundredths of a cm should produce readings 
somewhere between 3.75 cm and 3.84 cm.

2. a.  The digital balance is sensitive since the mass reading is to 6 
significant figures.

b. mass = 226.010
5

 = 45.2020 g

The answer is expressed to 6 sig. figs. since 5 is a counting 
number and not an estimated measurement.

c. The method of multiple measurements gives a better estimation 
of the mass than simply measuring one ball since individual mass 
variations are averaged out. Also, the effect of any zero error 
would be reduced when the multiple measurements are divided 
by the number of items in the measurement. In this example, the 
zero error would be reduced by a factor of 5 times. 

d. 44.216 g

A precision of only 5 significant figures.
e. Sally’s method is more likely to give a more accurate value for 

the typical mass of a golf ball because her method averages the 
masses of several golf balls, and, as explained in c., the effect of 
zero error is reduced as well.

f. Norman could measure the masses of 5 different golf balls.

3. 1.45 – 0.08 = 1.37 A

Processing the data (page 12)
1. a.  Resistance is the independent variable and current is the 

dependent variable.

b.

0 20 40 60 80 100 120
0

0.5

1

1.5

2

2.5

3

Current vs resistance

Resistance (Ω)
140 160

Current
(A)

c. An inverse relationship exists between current and resistance.

d.

Current (A) Resistance (Ω) 1/Resistance (1/Ω)

2.4 10 0.1

0.8 30 0.033

0.48 50 0.02

0.34 70 0.014

0.27 90 0.011

0.22 110 0.0091
e.

1/resistance (1/Ω)

Current
(A)

0 0.02 0.04 0.06 0.08 0.1 0.12
0

0.5

1

1.5

2

2.5

3

I = 24/R

0.14 0.16

Current vs 1/resistance

f. Gradient is 24 V and intercept is 0.

g. I = 24/R

2. a.  Distance is the independent variable and light intensity is the 
dependent variable.
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b.

Distance (m)

Light 
intensity
(lumens)

0 0.05 1 0.15 0.2 0.25 0.3 0.35 0.4
0

40

20

60

80

100

120

140

Light intensity vs distance

c. An inverse squared relationship exists between light intensity 
and distance.

d. Light intensity 
(lumens) Distance (m) 1/distance2 (m–2)

120 0.1 100

55 0.15 44

31 0.20 25

20 0.25 16

13 0.30 11

10 0.35 8.2
e.

1/distance2 (m–2)

Light 
intensity
(lumens)

0 20 40 60 80 100 120
0

40

20

60

80

100

120

140

140 160

Light intensity vs 1/distance2

f. Gradient = 1.2. 

 y-intercept = 0.6

g. Light intensity = 1.2d –2 + 0.6

3. a. Time is independent, Distance is dependent

b.

0.20

0.16

0.12

0.08

0.04

 0.05  0.1  0.15  0.2
Time (s)

Distance 
(m)

Distance vs time

Make sure your graph has a correct title, labelled axes and 
units. Data points should be clear.

c. Distance is proportional to the square of the time elapsed,  
or d ∝ t2

d.

Distance (m) Time (s) Time squared

0.000 0.00 0

0.0064 0.04 0.0016

0.0256 0.08 0.0064

0.0576 0.12 0.0144

0.1024 0.16 0.0256

0.16 0.20 0.04
e. 

0.24

0.20

0.16

0.12

0.08

0.04

 0.01  0.02  0.03  0.04

Distance 
(m)

Distance vs time squared

Time (s2)

f. Gradient calculated from graph = 4 (m s–2)

 Intercept = 0 m

g. d = 4t2

h. 0.04 m

4. a.

4

3

2

1

 1  2  3  4
Period (s)

Length 
(m)

Length vs period

b. Length is proportional to the square of the period, or l ∝ T 2

c. Length (m) Period (s) Period squared

0.0 0.0 0

0.4 1.3 1.69

1.0 1.9 3.61

1.5 2.5 6.25

2.0 2.9 8.41

2.7 3.2 10.24

3.3 3.7 13.69
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