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2001 Higher School Certificate Specimen Examination Paper

Physics

Introduction

This booklet contains the specimen examination paper for the 2001 Higher School
Certificate examination in Physics. A mapping grid is also included, showing how each
question in the examination relates to the syllabus outcomes and content, and to the
performance bands.

The specimen paper shows the format of the New HSC examination. It has been printed
on A4 paper and side-stapled to make it convenient for use in schools. Actual
examination papers will be produced as A4 booklets. All New HSC papers will be
printed on white paper.

The 2001 HSC specimen papers have been produced in accordance with the BoardÕs
Principles for Setting HSC Examinations in a Standards-Referenced Framework,
published in Board Bulletin Volume 8 Number 9 (Nov/Dec 99). Questions are closely
related to the outcomes of the course, and the paper as a whole is structured to allow for
appropriate differentiation of student performance at all levels on the performance scale.

The papers have been designed so that students have a clear understanding of what they
are required to do in each question and in working through the paper. Instructions have
been standardised, and the demands of the questions have been made explicit. Key
words in questions, such as ÔdiscussÕ, ÔanalyseÕ, and ÔexplainÕ, have been used
consistently in accordance with the glossary published in the BoardÕs Assessment
Support Document.

This specimen paper is an example of the type of examination that could be prepared
within the examination specifications in the Physics syllabus. Examinations will be
based on the syllabus, and will test a representative sample of syllabus outcomes.
Therefore, the range and balance of outcomes tested in HSC examinations in 2001 and
subsequent years may differ from those addressed in the specimen paper.

The mapping grid is an important feature of the development of the examination. It aids
in ensuring that the examination as a whole samples a range of content and outcomes,
and allows all students the opportunity to demonstrate their level of achievement.
Where courses have components in the examination other than written papers, the grid
indicates the wider range of outcomes that are assessed by including these other
components.

There are a number of points to note in considering the Physics specimen paper:

•  There is a variety of question types. Some questions have parts while others ask a
single question that requires an integrated response. Together, these question types
provide candidates with opportunities to demonstrate a range of skills across
different levels of the performance scale.

•  The number of questions and the marks allocated to each question in Part B, and the
number of parts and the marks allocated to each part in the Option questions, may
vary from year to year.



•  All question parts are out of whole marks. This will assist candidates in determining
the relative value of questions and parts, and in allocating their time appropriately.

•  The number of Part B Answer Booklets and the number of questions to be answered
in each Answer Booklet may vary from year to year.

•  A physics data sheet, formulae sheets and periodic table will be provided in a
convenient form for candidates to use.



Physics
HSC Specimen Examination Mapping Grid

For each item in the examination, the grid shows the marks allocated, the syllabus content and syllabus
outcomes it relates to, and the bands on the performance scale it is targeting. The range of bands shown
indicates the performance candidates may be able to demonstrate in their responses. That is, if an item is
shown as targeting Bands 3 Ð 5, it indicates that candidates who demonstrate performance equivalent to the
Band 3 descriptions should be able to score some marks on the item, while those who perform at Band 5 or
above could reasonably be expected to gain high marks. In the case of one-mark items, candidates who
demonstrate performance at or above the bands shown generally could be expected to answer the item
correctly.

Question Marks Content Syllabus outcomes Targeted
performance

bands
1 1 9.2.3 H6, H7, H9 2 Ð 3
2 1 9.2.2 H4 3 Ð 4
3 1 9.1, 9.2.1 H9, H12, H14 4 Ð 5
4 1 9.1, 9.2.1, 9.2.2 H6, H12, H14 4 Ð 5
5 1 9.2.2 H6, H12 3 Ð 4
6 1 9.1, 9.4.2 H7, H14 4 Ð 5
7 1 9.3.1 H9, H12 3 Ð 4
8 1 9.1, 9.4.4 H10, H14 2 Ð 3
9 1 9.4.4 H10 2 Ð 3

10 1 9.4.2 H2 3 Ð 4
11 1 9.3.1 H9 3 Ð 4
12 1 9.1, 9.3.2 H9, H14 3 Ð 4
13 1 9.3.2 H2 3 Ð 4
14 1 9.1, 9.4.2 H9, H14 4 Ð 5
15 1 9.4.2 H7, H10, H12 5 Ð 6

16(a) 1 9.1, 9.2.2 H6, H12, H14 2 Ð 3
16(b) 2 9.1, 9.2.2 H6, H12, H14 3 Ð 4
16(c) 2 9.1, 9.2.2 H6, H12, H13, H14 4 Ð 5

17 2 9.1, 9.2.1, 9.2.2 H2, H6, H14 5 Ð 6
18 4 9.1, 9.2.4 H2, H6, H13 2 Ð 5

19(a) 1 9.1, 9.2.2 H2, H9, H12 3 Ð 4
19(b) 2 9.1, 9.2.2 H9, H12 3 Ð 4
20(a) 3 9.1, 9.2.2 H1, H4, H13 2 Ð 3
20(b) 4 9.1, 9.2.2 H4, H6, H7, H8, H9, H13 2 Ð 5
21(a) 2 9.1, 9.3.1 H9, H11, H12, H13, H14 2 Ð 3
21(b) 4 9.1, 9.3.1 H9, H11, H12, H13, H14 2 Ð 4
21(c) 2 9.1, 9.3.1 H9, H11, H12, H13, H14 4 Ð 5
21(d) 1 9.1, 9.3.1 H9, H11, H12, H14 5 Ð 6
22(a) 4 9.1, 9.3.3 H7, H9, H12, H13 2 Ð 4
22(b) 4 9.1, 9.3.3 H7, H9, H12, H13 4 Ð 5
23(a) 2 9.1, 9.3.4 H7, H9, H13 2 Ð 4
23(b) 1 9.1, 9.3.4 H7 2 Ð 3
23(c) 2 9.1, 9.3.4 H7, H9, H13 4 Ð 5
24(a) 2 9.1, 9.4.3 H9, H10, H12, H13 3 Ð 4
24(b) 3 9.1, 9.4.3 H9, H10, H12, H13 2 Ð 4
25(a) 2 9.1, 9.4.1 H9, H10, H13 3 Ð 4
25(b) 2 9.1, 9.4.1 H9, H10, H13 3 Ð 4
25(c) 2 9.1, 9.4.1 H3, H9, H10, H13 3 Ð 4

26 6 9.4.4 H3, H4, H5, H10, H13 2 Ð 6



Question Marks Content Syllabus outcomes Targeted
performance

bands
Option 1: Geophysics

27(a)(i) 2 9.5.3 H8, H12 2 Ð 3
27(a)(ii) 2 9.5.3 H8, H12 3 Ð 4
27(a)(iii) 2 9.5.3 H8, H12, H14 4 Ð 5

27(b) 5 9.5.4 H3, H9 3 Ð 6
27(c)(i) 3 9.1, 9.5.2, 9.5.3, 9.5.4, 9.5.5 H9, H12, H14 2 Ð 4
27(c)(ii) 2 9.1, 9.5.2, 9.5.3, 9.5.4, 9.5.5 H9, H13, H14 4 Ð 5
27(d)(i) 1 9.5.2 H8, H10 2 Ð 3
27(d)(ii) 3 9.5.2 H8, H10 3 Ð 4
27(d)(iii) 5 9.5.2 H1, H4, H8, H10, H13 2 Ð 6

Option 2: Medical Physics
28(a)(i) 1 9.1, 9.6.1 H10 2 Ð 3
28(a)(ii) 2 9.1, 9.6.1 H10, H13 3 Ð 4
28(a)(iii) 3 9.1, 9.6.1 H4, H10, H13, H14 3 Ð 5

28(b) 5 9.6.2 H4, H8, H10, H14 2 Ð 5
28(c)(i) 1 9.6.3 H10 2 Ð 3
28(c)(ii) 1 9.6.3 H10, H14 2 Ð 3
28(c)(iii) 2 9.6.3 H10, H11 3 Ð 4
28(c)(iv) 5 9.6.3 H10, H14 2 Ð 5

28(d) 5 9.6.3, 9.6.4 H4, H8, H10, H13 2 Ð 6

Option 3: Astrophysics
29(a)(i) 2 9.1, 9.7.4, 9.7.5, 9.7.6 H8, H13, H14 2 Ð 3
29(a)(ii) 1 9.1, 9.7.4, 9.7.5, 9.7.6 H12, H14 3 Ð 4
29(a)(iii) 3 9.1, 9.7.4, 9.7.5, 9.7.6 H9, H12, H14 3 Ð 5
29(b)(i) 2 9.1, 9.7.1 H8, H12, H14 2 Ð 3
29(b)(ii) 2 9.1, 9.7.1 H4, H8, H12, H14 3 Ð 4
29(b)(iii) 5 9.1, 9.7.1 H4, H12, H14 2 Ð 5
29(c)(i) 1 9.1, 9.7.2, 9.7.5 H12, H14 2 Ð 3
29(c)(ii) 1 9.1, 9.7.2, 9.7.5 H9, H14 2 Ð 3
29(c)(iii) 3 9.1, 9.7.2, 9.7.5 H3, H14 2 Ð 3

29(d) 5 9.1, 9.7.3 H1, H5, H8, H10, H13 2 Ð 6

Option 4: Quantum to Quarks
30(a)(i) 1 9.1, 9.8.1 H8, H10 2 Ð 3
30(a)(ii) 2 9.1, 9.8.1 H8, H10, H14 3 Ð 4
30(a)(iii) 3 9.1, 9.8.1 H8, H10, H14 3 Ð 5

30(b) 5 9.8.3, 9.8.4 H1, H2, H10 2 Ð 6
30(c)(i) 2 9.1, 9.8.3 H10, H14 3 Ð 4
30(c)(ii) 1 9.1, 9.8.3 H10, H14 3 Ð 4
30(c)(iii) 1 9.1, 9.8.3 H10, H14 4 Ð 5
30(c)(iv) 5 9.1, 9.8.3 H3, H7, H10, H13, H14 2 Ð 6

30(d) 5 9.8.6 H2, H5, H10, H13 2 Ð 5

Option 5: Age of Silicon
31(a)(i) 1 9.1, 9.9.3 H7, H13 2 Ð 3
31(a)(ii) 2 9.1, 9.9.3 H13, H14 3 Ð 4
31(a)(iii) 3 9.1, 9.9.3 H9, H12, H13, H14 4 Ð 6
31(b)(i) 5 9.1, 9.9.2 H7, H13 2 Ð 6
31(c)(i) 2 9.1, 9.9.6 H7, H14 2 Ð 3
31(c)(ii) 2 9.1, 9.9.6 H7, H13, H14 2 Ð 3
31(c)(iii) 5 9.1, 9.9.6 H7, H13, H14 2 Ð 5

31(d) 5 9.9.1, 9.9.2, 9.9.3, 9.9.4, 9.9.5,
9.9.6

H3, H4, H7, H13 2 Ð 6
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H I G H E R  S C H O O L  C E R T I F I C AT E

S P E C I M E N  E X A M I N AT I O N

Pages 2–25

Total marks (75)
This section has two parts, Part A and
Part B

Part A

Total marks (15)

• Attempt Questions 1–15

• Allow about 30 minutes for this part

Part B

Total marks (60)

• Attempt Questions 16–26

• Allow about 1 hour and 45 minutes for
this part

Pages 29–37

Total marks (25)

• Attempt ONE question from
Questions 27–31

• Allow about 45 minutes for this section

Section II

Section I

General Instructions
• Reading time – 5 minutes

• Working time – 3 hours

• Board-approved calculators may be
used

• Write using black or blue pen

• Draw diagrams using pencil

• A Data Sheet, Formulae Sheets and
a Periodic Table are provided at the
back of this paper

• Write your Centre Number and
Student Number at the top of
page 13
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Use the multiple-choice answer sheet.

Select the alternative A, B, C or D that best answers the question. Fill in the response oval
completely.

Sample 2 + 4 = (A) 2 (B) 6 (C) 8 (D) 9

A B C D 

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.

A B C D 

If you change your mind and have crossed out what you consider to be the correct answer, then
indicate this by writing the word correct and drawing an arrow as follows:

correct
A B C D 

Section I
Total marks (75)

Part A
Total marks (15)
Attempt Questions 1–15
Allow about 30 minutes for this part



1 Which of the following can affect reliable communication between a satellite and the
Earth?

(A) The escape velocity of the satellite

(B) Activity in the Van Allen radiation belt

(C) The relativity of simultaneity

(D) Time dilation between the Earth and the satellite

2 Why are the ceramic tiles on the space shuttle made of porous material?

(A) To maximise their ability to act as shock absorbers on re-entry

(B) To minimise the aerodynamic drag experienced on re-entry

(C) To maximise the reflection of heat generated on re-entry

(D) To minimise the conduction of heat on re-entry

3 An astronaut weighs 800 N at the surface of the Earth. With the aid of the information
contained in the table, estimate the astronaut’s weight on the surface of Mars.

(A) 160 N

(B) 300 N

(C) 800 N

(D) 2100 N

Radius
(km)

6400

3400

Mass
(10

24
kg)

6.0

0.64

Planet

Earth

Mars

– 3 –
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4 During launch, the space shuttle burns fuel at a constant rate.

Which velocity/time graph best describes the motion of the shuttle while the rocket
motors are burning?

v

t

(A)

v

t

(B)

v(C)

t

v(D)

t



5 In 1895, Konstantin Tsiolkovsky thought about putting a Celestial Castle at the end of a
spindle shaped cable, with the Castle orbiting the Earth in a natural geosynchronous orbit
at an altitude of 35 800 km.

Konstantin Tsiolkovsky’s Celestial Castle

Assume the castle and cable have negligible mass relative to the Earth.

If a worker at the top of the castle were to let go of a hammer, what path would the
worker see the hammer follow?

6 Which one of the following applies to the energy of individual photoelectrons ejected
from different materials by monochromatic light?

(A) It has a maximum value.

(B) It is independent of the material.

(C) It is dependent on the light intensity.

(D) It is independent of the frequency of light.

(A)

(C) (D)

(B)

– 5 –



7 Two long parallel wires carry equal currents in the same direction. The magnitude of the
force between the wires due to the currents is F.

The separation between the wires is now doubled.

Which of the following describes the new force between the wires due to the same
currents?

(A) Magnitude and attractive

(B) Magnitude and repulsive

(C) Magnitude and attractive

(D) Magnitude and repulsive

8 Which of the following does the drift speed of electrons in a conducting wire depend on?

(A) The length of the wire

(B) The cross-sectional area of the wire

(C) The insulating material around the wire

(D) The straightness of the wire

9 Kamerlingh Onnes in 1911 discovered that when some metals are cooled below a critical
temperature their resistances fall abruptly to zero.

What name is given to this phenomenon?

(A) Black body radiation

(B) Electronic drift velocity

(C) Superconductivity

(D) Thermionic conduction

F

4

F

4

F

2

F

2

– 6 –



10 Which of the experiments illustrated represents Hertz’s experiment to investigate radio
waves?

(A)

(B)

(C)

(D)

Loudspeaker Detector
Metal grille

Transmitter

Induction
coil

Spark
gap

Receiver

Charged
plates  

Voltage
source  

To earth To electrometer 2

To 
electrometer 1

Spark

AC
P1

P2

Evacuated tube

Quartz
window

– 7 –



11 Pairs of wires carrying current into and out of various circuits are often twisted together.
Why is this effective?

(A) Magnetic field effects are reduced.

(B) They are more flexible going round bends.

(C) It is easier to draw them through narrow tubes.

(D) If one is damaged, the other one will continue to work.

12 A magnet moving near a loop induces a current in the circuit. The current flows in the
direction shown. 

Which of the following pairs of motions will both produce this current?

(A) North pole closest to the loop, magnet moving towards the loop.
North pole closest to the loop, magnet moving away from the loop.

(B) South pole closest to the loop, magnet moving away from the loop.
North pole closest to the loop, magnet moving away from the loop.

(C) North pole closest to the loop, magnet moving away from the loop.
South pole closest to the loop, magnet moving towards the loop.

(D) South pole closest to the loop, magnet moving towards the loop.
South pole closest to the loop, magnet moving away from the loop.

Galvanometer

Magnet

– 8 –
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13 Which of the following is a correct statement about how Michael Faraday linked
electricity and magnetism?

(A) He showed that the same amount of electric charge, when passed through a salt
solution, deposited the same amount of material.

(B) He showed that the motion of a magnet near a conducting loop produced a current
in the loop.

(C) He showed that a time-varying current in a loop produced a magnetic field inside
the loop.

(D) He showed that moving a magnet in and out through the plane of a loop produced
a steady current.

14 A radio wave from space enters the Earth’s atmosphere. Compared with the radio wave
in space, which of the following is true of the radio wave in the atmosphere?

(A) The wavelength is the same and the frequency is smaller.

(B) The wavelength is the same and the frequency is the same.

(C) The wavelength is shorter and the frequency is smaller.

(D) The wavelength is shorter and the frequency is the same.

15 An experiment to study the photoelectric effect was carried out.

Which of the graphs shows the relationship between maximum kinetic energy (Ek) of

emitted electrons and incident radiation frequency ( f ) of two different metals?

EkEk

(A) (B)

(C) (D)

Ek

f f

f f

Ek
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Please turn over

Section I

Part B
Total marks (60)
Attempt Questions 16–26
Allow about 1 hour and 45 minutes for this part

Answer the questions in the spaces provided
Show all relevant working in questions involving calculations.

Student Number

Centre Number
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Question 16 (5 marks)

Before launch, the mass of a deep-space rocket and its fuel load is 2.2 × 106 kg. The
rocket engines develop 3.0 × 107 N of constant thrust.

A technician responsible for monitoring fuel use during flight observes the following
data during the first 2.0 minutes after lift-off from the launch pad.

(a) From the graph, calculate the rate of loss of fuel mass in kg min–1,
during the first 2.0 minutes.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

(b) Calculate the acceleration of the rocket at 2.0 minutes after lift-off.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

Question 16 continues on page 15

2

1

0 1 2

0.5

1.0

1.5

2.0

Time after lift-off (minutes)

M
as

s 
of

 f
ue

l r
em

ai
ni

ng

(×
 1

06  k
g)

Marks
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Question 16 (continued)

Once in deep space, a 1.0 minute fuel-burn was needed to accelerate the rocket to
match the velocity of another vehicle.

(c) Sketch a graph of the total momentum of the rocket plus burnt fuel during this
1.0 minute period. Explain your answer.

..............................................................................................................................

..............................................................................................................................

Question 17 (2 marks)

At one time it was proposed to launch satellites directly into a circular orbit at a
constant distance from the Earth using a giant World War I cannon. Assuming that the
cannon could give the satellite a sufficiently large velocity, explain why this proposal
would not work.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

2

2

Marks
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Question 18 (4 marks)

Describe a thought experiment that demonstrates the relativity of simultaneity. What
could be concluded from the experiment?

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

Question 19 (3 marks)

A planet in another solar system has three moons, all of which travel in circular orbits.
Some information about these moons is given in the table.

The radius of orbit and period of revolution are measured in orbs and reps
respectively, which are not metric units.

(a) Use the data to show that Kepler’s third law is obeyed for the moons Alpha and
Beta.

..............................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

Question 19 continues on page 17

1

Period of revolution
(reps)

16

54

–

Radius of orbit
(orbs)

4.0

9.0

2.5

Moon

Alpha

Beta

Gamma

4

Marks
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Question 19 (continued)

(b) Calculate the speed of moon Gamma in orbs/rep.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

Question 20 (7 marks)

(a) Outline the contribution to space exploration of ONE of the following:
Tsiolkovsky, Oberth, Goddard, Esnault-Petterie, O’Neill, von Braun.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

Question 20 continues on page 18

3

2

Marks
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Question 20 (continued)

(b) Explain TWO factors that need to be considered to ensure a space vehicle
carrying people re-enters the Earth’s atmosphere successfully.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

End of Question 20

4

Marks
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Question 21 (9 marks)

This question refers to the diagram.

In an experiment to determine the factors that influence the force between two
current-carrying wires, the apparatus is set up so that currents are passed through the
two wires ABCD and EFGH in the direction shown. The two wires are in the same
plane.

The results obtained by varying the different parameters show that

where:

• F is the force between the wires;

• I1 and I2 are the respective currents in the wires;

• l is the common length of wire; and

• d is the perpendicular distance between the wires.

(a) Sketch the graphs showing the relationship between I1I2 and l, if F and d are

kept constant; and I1I2 and d, if F and l are kept constant.

Question 21 continues on page 20

2

 
I1I2l

d
 F ,                     Equation 1

E

F

H

G

B C

D

d

A
I1

I2

l

Marks
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Question 21 (continued)

(b) Using diagrams to show the relevant magnetic fields and currents, account for 
the forces acting on the wires.

(c) Explain why the magnetic effects of the currents in AB, CD, EF and GH may
be disregarded in these results.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

(d) The wire section BC is made not parallel to FG but still remains in the same
plane, as shown.

Would Equation 1 be appropriate to this new situation? Explain your answer.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

End of Question 21

F

I2

G

B

A
D

HE

C

d

l

l

I1

2

1

4

Marks
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Question 22 (8 marks)

(a) Describe a first-hand investigation you have undertaken to demonstrate the
production of an alternating current.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

Question 22 continues on page 22

4

Marks
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Question 22 (continued)

(b) Explain the modifications that would be needed to convert an a.c. generator to
a d.c. generator.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

Question 23 (5 marks)

School power packs contain a transformer.

(a) Explain how the type of transformer in a school power pack works, making sure
that you clearly identify the parts of the transformer and relate these to the
conversion of 240 V a.c.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

(b) What name is given to this type of transformer?

..............................................................................................................................

(c) Assuming no energy is lost, explain the difference between the input and output
currents of the transformer.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

2

1

2

4

Marks
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Question 24 (5 marks)

An electric current can be thought of as the movement of either electrons or positive
holes through a solid.

(a) Sketch a labelled diagram showing how electrons moving from one hole to the
next in sequence can give the impression of a positive hole moving in the
opposite direction to the motion of the electrons.

(b) Describe in terms of band structures the difference between a conductor, a
semiconductor and an insulator.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................
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Question 25 (6 marks)

The diagram shows part of a cathode ray tube of an oscilloscope (CRO).

(a) Explain how a beam of electrons is produced in a CRO.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

(b) Describe the mechanism by which the electron beam is made to hit the screen
at A rather than at B.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

(c) In a television set a different principle is used to steer the electron beam from
B to A. Explain how the electron beam is steered in a television set.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................
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Question 26 (6 marks)

Explain what is meant by superconductivity, and discuss its application to emerging
technologies.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
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Question 27 — Geophysics (25 marks)

(a) The diagram is a seismic velocity–depth model for the Earth.

(i) Why are no S wave velocities graphed in the area corresponding to the
outer core?

(ii) Calculate the average velocity of a wave in the outer core.

(iii) Explain TWO pieces of evidence that suggest that an inner core exists
in the Earth.

(b) Explain how magnetic anomalies are used to date the age of the oceanic crust.

Question 27 continues on page 31
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Question 27 (continued)

(c) The Earth’s acceleration due to gravity (g) can be determined experimentally by
measuring the period (T) and length (l) of several pendulums and using the
equation 

A student recorded the following data:

(i) Using these data, graphically determine a value for g.

(ii) Explain why the value for g is not the same at all points on the
Earth’s surface.

(d) (i) Define the term ‘remote sensing’.

(ii) Explain how the nature of a surface may affect radiation reflected from
it.

(iii) Assess the benefit to society of geophysical research.

End of Question 27
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Question 28 — Medical Physics (25 marks)

(a) A patient goes to hospital to have ultrasound tests on blood flow in the heart.

(i) What is ultrasound?

(ii) Describe the Doppler effect by using sound waves as an example.

(iii) Explain how Doppler ultrasound can be used to measure blood flow in
the heart.

(b) Explain how an endoscope works, by referring to total internal reflection and
the use of coherent and incoherent fibre optic bundles.

(c) Iodine-125 (125I) and iodine-131 (131I) are two radioactive isotopes used in
various medical applications.

125I has a half-life of 60.1 days. It decays by electron capture, emitting X-rays of
energy 27 keV. 125I is used in the treatment of prostate cancer by implanting a
number of seeds containing the isotope directly into the tumour.

The main decay mechanism of 131I involves the emission of a β-particle with a
maximum kinetic energy of 606 keV followed by a γ-ray of energy 364 keV. It
is commonly used to study the thyroid gland. The patient drinks a solution of
sodium iodide (NaI) containing 131I. A normal thyroid will take up 12% of the
iodine that has been administered.

(i) Name ONE other radioisotope that can be used to obtain scans of
organs.

Question 28 continues on page 33
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Question 28 (continued)

The decay curve for 131I is graphed below.

(ii) From the graph, determine the half-life of 131I.

(iii) How could the ability of the thyroid to take up the iodine be
determined?

(iv) Explain why it would NOT be suitable to interchange 131I and 125I
for the two medical applications described.

(d) There are increased costs associated with the use of advanced diagnostic
techniques. Present a case for using positron emission tomography (PET) by
comparing the information PET provides with that provided by other diagnostic
techniques.

End of Question 28
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Questions 29 — Astrophysics (25 marks)

(a) The bright star Sirius was classified as an astrometric binary system, Sirius A
and Sirius B, owing to the observations that Friedrich Bessel made in the 1830s
and 1840s.

(i) Describe how Bessel would have determined that Sirius was an
astrometric binary system.

(ii) Alvin Clark visually detected the companion star, Sirius B in 1862. It 
was found to have an absolute magnitude of 11.2, compared with 
Sirius A’s absolute magnitude of 1.42. How many times brighter is
Sirius A than Sirius B?

(iii) In 1915, Walter Adams deduced that Sirius B was actually hotter than
Sirius A. What does this indicate about the size of Sirius B and what
type of star it must be? Justify your answer.

(b) The Gemini telescopes are located at an altitude of 4200 m on Mauna Kea in
Hawaii and at a similar altitude in the Atacama desert in Chile. Each has an
8 m primary mirror and is used for optical and near-infra-red observations.

(i) Define the term ‘resolution’, and explain why the theoretical resolution
of a telescope is unlikely to be obtained.

(ii) Outline TWO technologies used to improve the resolution of modern,
large-aperture telescopes such as Gemini.

(iii) Explain differences in location requirements of different types of
land-based telescopes.

(c) The European astronomy satellite Hipparcos measures the parallax of stars to
positional accuracies of 1 milliarc second (mas). A few nearby variable stars can
now have their distances determined directly by Hipparcos.

(i) What is the distance of a star that has a parallax of 1 mas?

(ii) What is a periodic variable star?

(iii) How can the period–luminosity relationship, discovered by Henrietta
Leavitt, be used for distance measurement?

(d) Assess the role of spectroscopy as a tool in the study of stars.

End of Question 29
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Question 30 — Quantum to Quarks (25 marks)

(a) The wavelengths of lines in the hydrogen spectrum were found by Balmer and
Rydberg to be related by the empirical formula:

where RH is Rydberg’s constant; RH = 1.097 × 107 m–1.

(i) According to the Bohr theory of the atom, what do the terms ni and nf

refer to?

(ii) If an excited electron moved from ni = 4 to nf = 3, what would be the

change in energy of the electron?

(iii) A proton collides with an atom causing an electron to move from
ni = 1 to nf = 3. Calculate the theoretical minimum speed of the proton.

(b) Evaluate the importance of the work of Chadwick, Pauli and Fermi in
changing our understanding of the atom.

Question 30 continues on page 36
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Question 30 (continued)

(c) An electron microscope has a magnetic lens for focusing a wide beam of
electrons to a point. Theoretically, a beam of electrons can be focused to a point
by a magnetic field region with the shape shown in Diagram 1, on condition that
all the electrons are moving at the same speed.

(i) If the electrons have a velocity of 1.6 × 106 m s–1, and the magnetic field
strength of the magnetic lens is 0.12 T, what deflecting force acts on the
electrons?

(ii) Explain how the triangular shape of the magnetic field region in
Diagram 1 focuses the electrons.

(iii) If the magnetic field region were not triangular, but had the shape
shown in Diagram 2, how could you focus the electron beam?

(iv) Assess the relative impact of the development of the light and electron
microscopes on science.

(d) Describe, using examples, ways in which physicists continue to develop their
understanding of matter.

End of Question 30
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Questions 31 — Age of Silicon (25 marks)

(a) Light dependent resistors (LDRs) are used in cameras. A student obtained the
following data for an LDR in the presence of a small-diameter light source.

(i) Describe the role of LDRs in cameras.

(ii) Plot log RL against log IL on the graph paper provided.

(iii) Determine the relationship between RL and IL from your graph, and

explain its significance.

(b) Compare, using examples, the operation of digital and analogue systems.

(c) (i) Describe TWO applications of amplifiers in electronic devices.

(ii) Compare the input and output voltages of an amplifier when a voltage is
applied to an inverting input.

(iii) Explain the characteristics that an ideal amplifier should have in order to
form the basis of an amplifier used in a circuit.

(d) Assess the impact on society of the development of electronic circuits. In your
answer refer to specific devices.

End of paper
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PHYSICS DATA SHEET

Numerical values of several constants

Charge on the electron, qe –1.602 × 10–19 C

Mass of electron, me 9.109 × 10–31 kg

Mass of neutron, mn 1.675 × 10–27 kg

Mass of proton, mp 1.673 × 10–27 kg

Speed of sound in air 340 m s–1

Earth’s gravitational acceleration, g 9.8 m s–2

Speed of light (in vacuo), c 3.00 × 108 m s–1

Magnetic force constant, 2.0 × 10–7 N A–2

Universal gravitational constant, G 6.67 × 10–11 N m2 kg–2

Mass of Earth 6.0 × 1024 kg

Planck’s constant, h 6.626 × 10–34 J s

Rydberg’s constant, RH 1.097 × 107 m–1

Atomic mass unit, u 1.661 × 10–27 kg

931.5 MeV/c2

1 eV 1.602 × 10–19 J

Density of water, r 1.00 × 103 kg m–3

Specific heat capacity of water 4.18 × 103 J kg–1 K–1

k ≡





µ
π
0

2
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PHYSICS FORMULAE SHEET
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