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Introduction

Each book in the Surfing series contains a summary, with 
occasional more detailed sections, of all the mandatory 
sections of the syllabus, along with questions and answers.

It is envisaged this book will be useful in class for both 
initial understanding and revision, while the more 
traditional textbook can remain at home for more detailed 
analysis.
All types of questions – multiple choice, short response, 
structured response and free response – are provided. 
Questions are written in exam style and use the verbs 
specified by the Board of Studies so that you will become 
familiar with the concepts of the topic and answering 
questions in the required way.

Answers to all questions are included.

A topic test at the end of the book contains an extensive set 
of summary questions, including multiple choice and free 
response questions. These cover every aspect of the topic, 
and are useful for revision and exam practice. Marking 
guidelines are supplied where appropriate.

Note that in the HSC Physics examination there are no 
multiple choice questions for option topics; they are 
included here for quick revision.

Verbs To Watch

When you are answering questions in this book, your 
textbook or any examinations, make sure you answer what 
the question is asking. To do this you will have to know 
what each of the terms below means – they dictate what 
sort of an answer is required. It is essential that you learn 
their meanings as required by the Board of Studies. Your 
exam answers will be marked according to what these 
terms indicate your answer should be saying.

account, account for   State reasons for, report on, give an 
  account of, narrate a series of events or 

transactions.
analyse  Identify components and the relationships 

among them, draw out and relate 
implications.

apply Use, utilise, employ in a particular situation.
appreciate  Make a judgement about the value of 

something.
assess  Make a judgement of value, quality, outcomes, 

results or size.
calculate  Determine from given facts, figures or 

information.

clarify Make clear or plain.
classify Arrange into classes, groups or categories.
compare Show how things are similar or different.
construct Make, build, put together items or 
arguments.
contrast Show how things are different or opposite.
critically (analyse/evaluate)   Add a degree or level of 
   accuracy, depth, knowledge and understanding, 

logic, questioning, reflection and quality to an 
analysis or evaluation.

deduce Draw conclusions.
define  State the meaning of and identify essential 

qualities.
demonstrate Show by example.
describe Provide characteristics and features.
discuss  Identify issues and provide points for and 

against.
distinguish  Recognise or note/indicate as being distinct 

or different from, note difference between 
things.

evaluate Make a judgement based on criteria.
examine Inquire into.
explain  Relate cause and effect, make the relationship 

between things evident, provide why and/or 
how.

extract Choose relevant and/or appropriate details.
extrapolate Infer from what is known.
identify Recognise and name.
interpret Draw meaning from.
investigate  Plan, inquire into and draw conclusions 

about.
justify Support an argument or conclusion.
outline  Sketch in general terms; indicate the main 

features.
predict  Suggest what may happen based on available 

information.
propose  Put forward (a point of view, idea, argument 

or suggestion) for consideration or action.
recall  Present remembered ideas, facts or 

experiences.
recommend Provide reasons in favour.
recount Retell a series of events.
summarise Express concisely the relevant details.
synthesise  Put together various elements to make a 

whole.
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1 The Rutherford Atom

Timeline

1897   Thomson identifies the electron as part of 
the atom. The model changes from Dalton’s 
small indivisible sphere to Thomson’s plum 
pudding model – negative charges distributed 
throughout a positive sphere.

1898   Rutherford shows that alpha particles are 
deflected by a thin sheet of mica. He calculates 
that a relatively large electric repulsion field 
in the mica would be needed to do this.

1907   Geiger, Rutherford’s assistant, and Marsden, 
Geiger’s undergraduate student, investigate 
scattering of alpha particles by a thin gold foil. 
A small proportion were scattered through 
large angles.

1909   Rutherford explains Geiger and Marsden’s 
results by proposing a nuclear atom – an 
atom with a small dense nucleus, which 
he assumes to be positive, with negative 
electrons in orbit around it. He predicts the 
results of more careful scattering experiments 
mathematically.

1911   Geiger makes further observations of 
alpha scattering and confirms Rutherford’s 
predictions.

1911   Rutherford refines his nuclear model, 
proposing from scattering observations that 
the nucleus, containing most of the mass of 
the atom, occupies a very small space at the 
centre of the atom (it was later calculated to 
be about 10 000 times smaller than the radius 
of the atom).

The Problems

An accelerating charged particle emits electromagnetic 
radiation. Travelling in a circular orbit, electrons should 
be emitting radiation, and should spiral into the nucleus. 
Atoms should be unstable based on Rutherford’s model.

Rutherford’s model also made no attempt to explain the 
spectral lines emitted by hot gases. Since the invention of 
the Geissler vacuum tube, spectral analysis had developed 
into a more and more important scientific tool despite 
the fact that it was not known why spectral lines were 
produced.

For You To Do

1.  Figure 1.1 shows Rutherford’s atomic model. Identify 
the labelled parts.
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 Figure 1.1 Rutherford’s model of an atom.

2.  Figure 1.2 shows results that Geiger may have 
observed with his alpha scattering.
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 Figure 1.2 Possible scattering results.

 (a) Identify A, B and C.

 (b)  Identify the particle which led to the 
conclusion that the atom had a small, dense 
nucleus. Account for your choice.

 (c)  Explain how the other observations of 
the experiment led to various aspects of 
Rutherford’s model.

 (d)  Explain what causes the deflection of the 
particle labelled X.

 (e)  Outline Rutherford’s explanation for most 
alpha particles passing through the gold foil 
undeflected.

3.  State two reasons gold was chosen as the metal used 
in alpha scattering experiments.

4.  Rutherford’s model is sometimes called a ‘solar 
system’ model. Account for this.

5.  Is it reasonable to expect Rutherford’s model to 
account for spectral lines? Explain.
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The Hydrogen Spectrum 

Figure 2.1 shows the hydrogen spectrum as it was  
known in 1885 – the Balmer series of lines in the  
visible spectrum. The lines become closer together as  
they approach the ultraviolet end of the spectrum,  
ending at the convergence limit at 364.6 nm.

Wavelength
cut-off Wavelength (nm)

410.120 434.010          486.074                            656.210

Hε     Hδ           Hγ                         Hβ                                                   H∝

Figure 2.1 The hydrogen spectrum.

For You To Do

1.  Figure 2.2 shows three different types of spectra. 
Identity the continuous, emission and absorption 
spectra.

 

X

Y

Z

Figure 2.2 Different spectra.

2. Account for the structure of each.

3. Identify the red end of each spectrum.

4.  The equation derived by Balmer for the hydrogen 
atom is:
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  (Note: This equation is not required by the syllabus; 
it is included for skills practice and to assist concept 
understanding only.)

  Use Balmer’s equation to calculate the wavelength 
(in nm) of the first 8 lines in the hydrogen spectrum 
and compare your values with the experimentally 
measured values in the table.

 

Spectral line n λ calculated λ experimental

Hα 3 656.21

Hβ 4 486.07

Hγ 5 434.01

Hδ 6 410.12

Hε 7 396.81

Hζ 8 388.75

Hη 9 383.40

Hθ 10 379.50

2 Spectra

In 1859 Gustav Kirchhoff was studying the spectrum formed when sunlight was passed through a prism. He (for some 
unknown reason) put the flame from burning sodium in front of the spectrum and observed that some colours went  
darker. He could not explain this. The scientific research that followed in order to explain this was the beginning of 
quantum physics. By the 1860s, three types of spectra had been observed by scientists – continuous, emission and 
absorption. Scientists knew that elements could be identified by their unique spectra, but could not explain why the  
spectra formed.

A continuous spectrum is produced when incandescent light and sunlight is refracted through a prism. Emission spectra 
result when gas molecules are excited by heating them in a vacuum tube and the resultant re-emitted light is refracted 
through a prism producing a spectrum of bright, coloured lines. Absorption spectra form when white light is passed  
through a pure gas before passing through a prism. The spectrum is complete except for the presence of black bands in  
the same positions (for each gas) as the emission spectrum lines. One of the triumphs of the scientific method in this era  
was the mathematical persistence of Balmer, a high school music teacher. By trial and error he developed an equation to 
predict the wavelengths of the spectral lines for hydrogen. Subsequent use of his equation predicted, and then discovered, 
additional lines.


