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Section I
Total marks (75)

Part A

Total marks (15)

Attempt questions 1 — 15

Allow about 30 minutes for this part

Select the alternative A, B, C or D that best answers the question and indicat ur ch
with a cross (X) in the appropriate space on the grid below.
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1.  Planet X has twice the mass and half the radius of planet Y. What is the ratio of the
weight of a 10 kg mass on planet X to its weight on planet Y?

(A) 1
(B) 2
(C) 4:
(D) 8

how its acceleration and velocity change as it rises?

(A)

o |
o1

1

(B)

3. Consider the following planet Z.

mass = 4m

mass = 2m

ratio of the escape velocity of these planets?

(]
MR A
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Two astronauts landed on a very small asteroid orbiting the Sun between Mars and
Jupiter. They experienced almost negligible weight force. Which statement explains
this?

(A)
(B)

(©)
(D)

apparently be weightless.

Because the asteroid is very small it will have very small grayi

The gravitational force on the asteroid is balanced by an eq
gravitational force on the astronauts.

Michelson and Morley expected to see a shift in a rference pattern in their

experiment. They were destined to always null It. Why?

(A) A positive result would violate t e of relativity

(B) The Earth’s speed through space 1l compared to the speed of light for
the experiment to give a sig

(C) Any variation in thefspeed buld be explained by experimental errors.

(D) Einstein had pr th d of light was constant in a particular medium.

(D) Loudspeaker
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Three long parallel wires X, Y and Z are positioned in the same plane and conduct

different currents in the same direction as shown. The current in wire X is 3A,_in wire
Y is 2A and in wire Z is | A. Wires X and Y are separated by a distance dx
and Z are separated by a distance d;.

Wire X 7'y — 3
dx

Wire Y 4 S 2
dz

Wire 7, A e

What is the relationship between the distances if't wire Y 1s zero?

(A) 3dx = dz
(B) dx = 3d;

(C) Sdx =24y 0
(D) dx=dz
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A conductor ABCD is situated in a magnetic field directed out of the page. The
conductor has a galvanometer inserted in side BC and a conducting rod XY connects
the sides AB and CD as shown. The rod XY is able to slide and is moved Scm to the

left, then10Ocm to the right and back to its initial position.

A \/

s
D Y\ C

4
Which graph shows the possible voltage chang at e observed on the

galvanometer?

" g( Q " g
= =
& i 2 Time
(©) g D & ﬂ
3
Time 2 \ | Time
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A magnet is dropped so that it moves through a coil that is suspended vertically. The
coil is connected to a galvanometer.

S

Position P

Position Q
inside coil

S
Position R
Which alternative could ibe the galvanometer needle deflection as the magnet
moves from p throu to R?

Position Q Position R
No deflection To the right
To the right No deflection
No deflection To the left
To the right To the right
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10. Electrical power was first transmitted by Edison in 1882 and soon afterwards a
competition developed between Edison and Westinghouse to supply electricity to cities.

What is the main reason that Westinghouse was successful?

(A) He was able to use transformers to change the transmission voltage.
(B) He spent more money on advertising.

(C) He developed a safer system of electricity supply.

(D) The Westinghouse company was better known.

Use the following information to answer Questions 11 and 12.

The diagram shows a charged particle entering a magnetié ficld (B) aected into the page.

The charge 1s moving with a speed (v) perpendicular to ndary of the magnetic field
and moves in a semi-circle in time (T) before it leav e ma ¢ field.
X x 17 x

Exit speed

X X
B
into page
Charge & X X
Entry s
X X
11. ic ative describes the charge and exit speed of the particle?
Charge Exit speed
(A) Positive '
(B) Negative v
(O) Positive Less than v
(D) Negative Less than v
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Question 12 refers to the diagram on page 8.

12.  What will be the time to complete the semi-circular motion if the entry speed is

doubled?
(A) 05T
B) T
(C) 2T
(D) 4T
13 What is the energy (in joules) of a light photon with a wavele 0" m?

(A) 6.0x10"]
(B) 4.0x10"7
(C) 3.3x10%)J L 4
(D) 1.1x10%]

14  Which factors were responsible for the siiventi ransistors?
(A) | Increased research into the structure eed for satellite
of the atom communication

The limitations of previous
technologies

The limitations of previous
technologies

e silicon The need for satellite
communication

(B) | The ability to produc

(C) | Increased resear
of the atom

On cooling, the band structure changes to allow electrons to cross the energy gap
ore easily.

ere is a small energy gap between the almost filled valence band and the
conduction band.

(D)
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Section I — continued

Part B

Total marks (60)

Attempt questions 16 — 29

Allow about 1 hour 45 minutes for this part

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations.

Marks
Question 16 (5 marks)

The period (T) of a pendulum is given by the equation:

B 27r * %
where £ is the length of the pendulum and g is E al acceleration.

arth
A group of scientists conducted an experiment o eck the relationship between the
period of the pendulum and its length. They apparatus to the Moon and

repeated the experiment.

(a) How would their results o ‘ similar to those they obtained on Earth? 1

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

(b) Explain 1
eir results on the Moon be different to those they obtained on

1

(d) Explain why their results would be different in this way. 1

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

Question 16 continues on page 11
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Marks
Question 16 (continued)

(e) Sketch TWO graphs on the axes below to compare the results the scientists would
obtain for the relationship between the square of the period and the length of the
pendulum on Earth and the Moon. Be sure to label EACH graph. 1

| $
Ko

Question 17 (5 marks) O

ball gun 1.2 m above the ground and fires a
40 ms™ at an angle of elevation of 20°.

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

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

ether or not the ball hits the second student. 3

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

.........................................................................................................................
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Marks
Question 18 (4 marks)

(a) Give TWO reasons to explain why the concept of g-force is useful. 2

(b) How would our exploration of the solar system be different @ pshot effect

did not exist? 2
Question 19 (6 marks)
A group of students did two experiments to ine the acceleration due to gravity.
Firstly, they dropped a ball from a ve t of 3.0 m and measured the time of fall
using a stopwatch. From this t average speed of the ball and hence its final
speed and acceleration.
Next they setupa3.0mle ard with an angle of elevation of 20°. The board had a
groove cut along its le curvature as the ball. They measured the time it took the
ball to roll down the hey calculated the average speed of the ball and hence
its final speed and 1 down the slope. They then calculated a value for the
acceleration due to

2

Question 19 continues on page 13

Page 12



STUDENT NUMBER/NAME: ....c..ccovisivneeivinns

Marks
Question 19 (continued)

(b) Compare the validity of EACH experiment. 2

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

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

Question 20 (2 marks)

(a) After being created in the upger atmosphere by cosmic mesons have
speeds that exceed 2.95 x 10° ms™. An observer on Earth measures their lifetime
as 1.221 x 107 s,

Calculate the lifetime of such a meson in its oge ference. 1

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

(b) Define an inertial frame of refer

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

Question 21 (2 mar

Describe TWQ different ways in which motors are used in industry or the home to convert
electrical energ 1! seful forms of energy. 2

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

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

.........................................................................................................................
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Marks
Question 22 (6 marks)
A rectangular coil of conducting wire is rotated in the magnetic field between the poles of
magnets as shown.
(a) Propose ONE change to the experimental set mﬁ increase the
electromotive force generated. 1

{b) Sketch a graph of the emf generated as t coil is rotated through one revolution
beginning from the position sho =0. 1

@

Question 22 continues on page 15
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Marks
Question 22 (continued)

(c) Analyse the relationship between emf generated and the flux through the coil. 2

(d) Justify the difference in the energy required to rotate the co coil is
connected to a light globe compared to an open circuit 2
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Marks
Question 23 (5 marks)

A rectangular coil of 20 loops is positioned between the poles of bar magnets and its plane
makes an angle of 30° with the direction of the magnetic field as shown. The side AB
measures 15 cm while the side BC measures 18 cm. The magnetic field between the poles of
the magnets is 5.0 mT and the current through the coil is 25 mA.

L 4

(a) Calculate the magnitude and directio the fq on side AB when the coil is at
an angle of 30° with the direction of netic field as shown. 2

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

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

(b) Define torque. 1
(¢) Calculat ting on the coil when it is at an angle of 30° with the
i ic field as shown. 1
rs do not contain permanent magnets. State how the magnetic field is
1
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Marks
Question 24 (4 marks)

Part of a flat horizontal metal sheet is perpendicular to a magnetic field into the page, as
shown. The sheet is moved out of the magnetic field at constant speed.

X X X X
X X X X
B
into page ent
X X X X O
X X X X

X X X 0
(a) Draw on the diagram the eddy ent th@at is produced in the sheet as it moves
out of the magnetic field. Inclu e dirgetion of the current. 2

(b) Using Lenz’s Law; xplauction of the eddy current in the sheet. 2
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Marks
Question 25 (3 marks)

Describe a first-hand school laboratory investigation to model the structure of a transformer
to demonstrate how secondary voltage is produced. 3

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

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

Question 26 (6 marks) L 4
(a) Describe the main components of the appazatus us Thomson to determine
the charge to mass ratio of electrons.
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Marks
Question 27 (4 marks)

(a) Describe the quantum model of radiation put forward by Max Planck. 2

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

(b) Identify the contribution made by Einstein to quantum theo 2
Question 28 (4 marks)
(a) Account for the occurrence of “holes” in'Semiconductors and their involvement in
the flow of current in semi 3
se of heat in thermionic devices. 1
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Marks
Question 29 (6 marks)
(a) Name TWO of'the three groups of substances that have been identified as
exhibiting superconductivity and name an example for EACH group. 2

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

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

(b) Name the group of superconductors with the highest critical tempe

(c) Discuss the BCS theory proposed to explain superconductivit 3
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Section II
Total marks (25)

Attempt ONE question from Questions 30 — 34
Allow about 45 minutes for this section

Answer the question on your own paper or writing booklet, if provided.

Show all relevant working in questions involving calculations

Pages

Question 30 Geophysics 22-23

ZJ

Question 31 Medical Physics 24
Question 32 Astrophysics 25-26
Question 33 From Quanta to Q s 27
Question 34 The Age of Silico 28-29

NS
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Marks

Question 30 — Geophysics (25 marks)

(a)

(b)

During your study of geophysics you carried out a first-hand investigation to model the
principles of reflection and refraction of seismic waves.

Many trial runs of this investigation are recorded by a group of students and th
not consistent. What is the best classification for the overall result; a reliable
an unreliable result or a null result? Justify your answer by addressing all t

The dimension of the Earth’s core was determined precisely and its
be liquid due to its failure to support S-type earthquake-waves. By,

E
ctly t

structure or the Earth’s
ugh studies of earthquakes. Identify
ut the Earth’s composition. 2

(1)  State whether the determination
composition is addressed most d
the most reliable source of inform

(i)  The diagram shows ic waves through Earth. Account for the
features shown su : ath followed by all the waves and the

(i) By 1936 In discovered the inner core by carefully studying the
shadow z '

tion 30 continues on page 23
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Marks
Question 30 (continued)

(c) The Hamersley Ranges are important because some of the largest known deposits of
iron ore are mined there. The picture shows folded rocks in a gorge east of the town of
Newman in the Hamersley Ranges.

L 4

(1)  Describe how this formation occurred. 2
(1)  State possible impacts of geology research is area on science and the
community. 2

(d) A satellite orbits the Earth with a period.of 6.5 hours.

(i) Calculate the radius of th is satellite. 1
(i)  Describe how thi 1 tect changes in the density of the crust below,

as it orbits the 2
(e) The geoscienc quantitative science; it is still heavily dependent upon
observation, e reasoning and interpretation of data. These types of skills
are often criti e problem solving or producing accurate conclusions.
Discug8 how this was applied to the magnetic surveys of oceanic ridges and to the
theory of ectonics. 7

End of Question 30
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Marks
Question 31 — Medical Physics (25 marks)

(a) The following table shows the density and the speed of sound in different parts of the

body.
Body part Density (kg/m’) Speed of sound (m/s)
fat 0.93 x 1000 1480
blood 1.00 x 1000 1560
brain 1.04 x 1000 1521
kidney 1.04 x 1000 1561
muscle 1.06 x 1000 1570
liver 1.07 x 1000 1549
(1)  Does the data show that density is directly proportional to the
Justify your response. 2
(i1)  Calculate the ratio of reflected intensity to initial intens hen/the ultrasound
reflects from the boundary between fat and muscle. 2
4
(b) X-rays and CT scans are both important types of sc medical physics.
(1)  Identify TWO advantages and TWO disadva s of CT scans over X-ray
images. . 3
(n)  Identify ONE way a bone scan ca better information than a CAT scan. 1
(i)  Explain how the contrast of scan can be improved. 2
(c)
2
2
(d) Descri e us articular types of electromagnetic waves that are involved in the
production retation of an MRI scan. 4
(e) olves identitying a problem, designing a program of investigation to address
llecting data, developing a hypothesis, and then undertaking a course of
ow this applies to the case of using a PET scan to assist a patient who is sick
because of a tumour. 7

End of Question 31
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Marks
Question 32 — Astrophysics (25 marks)
(a) The telescope was first used by Galileo to observe objects in the night sky.
(1)  Outline ONE feature of the Moon identified by Galileo using the telescope. 1
(11)  Define the terms resolution and sensitivity. 2
(b) (1) Describe TWO different pieces of equipment used to produce T ifferen
spectra in a school laboratory. 2
(1)  Contrast the TWO different spectra produced by the pieces of nt
described above and account for the differences. 2

(111)  Identify a method to increase the intensity of short wavelengths of visible light in

a spectrum being emitted by a black body radiator. 1
4
(c) Compare the relative limits to trigonometric parall i determinations using
ground-based and space-based telescopes. 3

(d) The flow chart shows the key stages in the li

Protostar

.

Supernova

Depending on the mass of the red giant star, there are two possible remnants after
supernova explosion. 1dentify the TWO remnants. 1
(i)  Outline the physical processes involved as a red giant star becomes a supernova. 2

Question 32 continues on page 26
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Marks
Question 32 continued.

(e) The star Arcturus has an apparent magnitude of -0.06 and an absolute magnitude of

-0.31. Calculate its distance from Earth in parsecs. 2
(f) (i) Sketch an H-R diagram, with the axes appropriately labelled, for th ina
young open cluster. 1
(1))  Sketch an H-R diagram for the stars in a globular cluster. 1
(ii))  Explain why the H-R diagrams are different for a young opeé da
globular cluster. 1
(g) Binary stars are classed as visual, eclipsing, spectroscopic or tric binaries.
Discuss the techniques used to identify binary star i 1’101‘1 for EACH
technique that makes it unable to be used to identi s as binaries. 6

5
O
©

NS
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Marks
Question 33 — From Quanta to Quarks (25 marks)

(a) Bohr’s mathematical model of the atom was an important breakthrough in developing a
model that would better explain the observed phenomena.

(1)  Describe the observed phenomena that could not be accounted for b

Rutherford model of the atom. 3
(i) Calculate the energy of a photon emitted by an electron moving the energy

staten=4ton=3. 2
(11) Justify the need for physicists to improve on the Bohr mod @ om. 2

(b) (1) Explain how de Broglie’s hypothesis accounted for the ity of the electron

orbits in the Bohr model of the atom. 'S 2
(i)  Describe the confirmation of de Broglie’s @ Davisson and Germer. 3

(¢) (1) Evaluate the relative contributio t E forces acting on nucleons inside
the nucleus of the atom. 2
(i)  Identify TWO properties o orce. 2

the ﬁQo cause nuclear fission but failed to recognize it.

() Outline the Manhattan Praject and assess its significance to society. 6

(d) Fermi and his team w,
Describe his experi

End of question 33
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Marks
Question 34 — The Age of Silicon (25 marks)

(a) The potential divider is a very useful component found in many circuits.

(1)  Evaluate the ratio of output voltage to input voltage for the potential divider

shown in the diagram i1f Ry = 800 Q and R, = 300 Q. 2
R, =800
Input
voltage

Ry =300Q voltage

4
v
(11) LDR devices may be used in a pote 'Q(plain why the amount of light
falling on the LDR device detew@tsrs nce. 1

b) (i) Recall the TWO types of t} @ d describe how they respond differently to

heat. 2
(1) Explain why thermistofs are considered analogue devices. 1
(c) Outline the series of events when an electro-mechanical switch or relay is triggered. 3
(d) Thed ent of electronics resulted in major changes to life during the twenticth
ce
1sh between silicon chips, transistors and integrated circuits. Explain how
the invention of these components improved electronic devices available to
ociety. 5
(i) Explain how quantum effects are causing problems for electronic engineers. 1

Question 34 continues on page 29
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Marks
Question 34 (continued)

(¢) (i) Sketch a graph to show the transfer characteristics of an inverting amplifier. 2

(1)  On your graph, identify the voltage range over which the amplifier acts as a linear
device. 1

(1i1) Describe the TWO properties of an ideal amplifier. 2

(f) A burglar alarm on the door of a safe uses two NAND gates in i
When the safe door is closed and the alarm set, there is a curr
input of the upper NAND gate.

Switch 4
+6V — | onsafe Alarm
door
100€2
0ov
t
50Q
Thealarm continues to ring after the safe door is shut until the reset 1s pressed,
closing the open circuit at that point. Outline the changes to the gate inputs and
utputs when the reset button is pressed. 2

End of paper
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