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Section |

Total marks 75

Part A

Total marks 15
Attempt Questions 1-15.
Allow about 30 minutes for this part.

Use the multiple-choice answer sheet.

Select the alternative A, B, C, or D that best answers the question.

Sample 2+4= A 2 B) 6 < 8 D) 9
AO B @& C O D O

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

A @ B & C O D O

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 draw an arrow as follows:
correct

AW B CO DO

2 TENPHY_QA_05.FM Copyright © 2005 NEAP



HSC Physics Trial Examination

1. Astronauts floating in the space station while it is orbiting Earth are said to be weightless.
This is because

(A) their mass is now zero.

(B) the gravitational force on them is zero.

(C) the gravitational force is balanced by the centrifugal force.
(D) gravity is the only force acting on them.

2. A group of students performed an experiment where a steel ball rolls down a ramp, along a horizontal
tabletop then off the table as shown. When the ball was released from half way down a ramp (point J)
it landed 0.7 m from the edge of the table top.

K
J

AN

If the ball is released from the top of the ramp (Point K) it would

(A) take the same time to travel from the table to the floor but land further out.

(B) take 1.4 times as long to fall from the table to the floor and land 1.0 m out.

(C) take a shorter time to fall from the table to the floor and land 1.4 m out.

(D) be impossible to predict what happens as we don't know A, the height of the table.

3. Planet A, with a diameter, d, and mass, M, has a gravitational acceleration at its surface of 5 m s 2.
Planet B has a diameter of 2d and a mass of 8M.

M
8M
What is the gravitational acceleration at the surface of Planet B?
(A) 125ms”
B) 50ms?
(€©) 10ms”
(D) 20ms™

Copyright © 2005 NEAP TENPHY_QA _05.FM 3
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4. ‘What measurements could be made from the Earth to determine the mass of the Sun?
(A) The diameter of the Sun and its average density.
(B) The distance to the Moon, its orbital period and the gravitational constant.
(C) The distance to the Sun, the orbital period of Earth and the gravitational constant.
(D) The mass of the Earth and its distance from the Sun.

5. The Michelson-Morley experiment showed that
(A) objects travelling relative to the ether contract along their direction of motion.
(B) objects travelling relative to the ether show a time dilation.
(C) the ether doesn't exist.
(D) no motion relative to the ether was detectable.

6. A bar magnet and a coil, which is connected to a galvanometer and a switch, are initially at rest with
respect to one another as shown in the diagram below.

(00000 m 3

>

®

The switch is then closed and the magnet is moved towards the coil and then back away from the coil.
This action is then repeated. The galvanometer indicates that a current is induced within the coil. If the
electromotive force (emf) is plotted against time a graph as shown below is obtained.

VARV,

If the experiment is then repeated with the same materials but with the motion of the bar magnet being
half the original velocity, which of the graphs below will indicate the new emf plotted against time.

emf A

(A) emf A (B) emf

\//\\/ > time > time

) emf A

AU .
V;

(C) emfy

\—/ \—/ » time
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7.

10.

A thin piece of aluminium foil is connected by a conducting wire to a switch and battery as shown.
The foil is placed between the poles of a magnet.

aluminum

"

switch battery

When the switch is closed, the aluminium strip will
(A) move towards the south pole of the magnet
(B) move upwards out of the magnet

(C)  move towards the north pole of the magnet
(D) move downwards into the magnet.

Alternating current is used for commercial electricity transmission due to the ease and efficiency at
which its voltage and current can be changed.

Which set of conditions is the most energy efficient way of transmitting alternating current?

(A) High voltage and high current.

(B) High voltage and low current.

(C) Low voltage and high current.

(D) Low voltage and low current.

When an electric motor operates on mains AC supply it needs to be of a slightly different construction
than one operating on a DC supply.

The differences of a simple AC induction motor from a simple DC motor is that it has
(A) split ring commutator and brushes.

(B) no commutator and no brushes.

(C) some form of commutator and no brushes.

(D) slip ring commutator and brushes.

Eddy current transformations in many applications result in the loss of useful energy, but there are
some beneficial practical applications. The list showing only beneficial applications is

(A) electromagnetic braking; damping oscillations in balances; heating effects in solid iron cores.
(B) electromagnetic braking; increasing oscillations in balances; inductive heating.

(€) increasing oscillations in balances; inductive heating; heating effects in solid iron cores.

(D) eddy current testing of material; damping oscillations in balances; inductive heating.

Copyright © 2005 NEAP TENPHY_OA_05.FM 5



HSC Physics Trial Examination

11. This diagram shows two metal plates sealed inside an evacuated glass tube. This tube is sitting on a
laboratory bench in Canberra.

near vacuum

cathode\ [ /anode
‘_ﬂ op 9——13\
high voltage
(Varifble)
o (A) ¥
switch g

When the circuit is switched on, which field(s) then exist at point P?
(A) gravitational field

(B) magnetic field

(C) electric field

(D) gravitational, electric and magnetic fields

12. Identify one difference between conductors and semiconductors.
(A) Conductors have a band structure, semiconductors do not.
(B) Semiconductors have no free electrons, conductors do.

(C) The addition of impurities or dopants willimost likely cause conductivity to increase in
semiconductors and decrease in conductors.

(D) Conductors conduct electricity, semiconductors are insulators.

13. In Thompson’s charge to mass experiment; both magnetic and electric fields are used together. They
are adjusted so that

(A) the fields are parallel to each other.

(B) the fields deflect electrons in opposite directions.
(C) the fields deflect electrons in the same direction.
(D) the fields cancel each other.

14. A correct explanation of why metals conduct electricity is
(A) the electrons are free to move.
(B) they contain more electrons than insulators.
(C) the positive charges are free to move.
(D) they have a band structure.

15. An electron of charge —1.6 x 1071 C is located in an electric field whose strength is determined to be
2.34 N.C™. The force on the electron, caused by the field, is

(A) £ 3.74x 10°° N,

(B) 3.74 x 107'° N in the same direction as the field.
(C) 3.74 x 107'° N in the opposite direction to the field.
(D) 3.74 x 107° N at right angles to the field.

6 TENPHY_QA_05.FM Copyright © 2005 NEAP
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PartB

Total marks 60
Attempt Questions 16-27.
Allow about 1 hour and 45 minutes for this part.

Answer Part B questions in the spaces provided.
Show all relevant working in questions that require calculations.

Marks
Question 16 (4 marks)
A golfer strikes a ball on the ground on a level golf course. The ball hits the ground 180 metres
north from where it was struck, 5.6 seconds later. Assuming negligible air resistance find
(a)  the maximum height the ball reached. 2
(b) the initial velocity (direction, angle and speed) of the ball as it left the golf club. 2

Copyright © 2005 NEAP TENPHY_QA_05.FM 7
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Marks
Question 17 (5 marks)
Geostationary communication satellites all orbit directly above the equator.
(a) What does the term geostationary mean? 1
(b) Why are most communications satellites in a geostationary orbit? 1
(c)  Explain briefly why a geostationary satellite couldn’t be placed directly above Sydney. 3

8 TENPHY_QA_05.FM COpyl‘ight © 2005 NEAP
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Marks
Question 18 (5 marks)
A spy satellite of mass 1000 kg is orbiting the Earth (radius 6380 km) at an altitude of 300 km. It
has a period of 90 minutes and an orbital speed of 28 000 km h™". High resolution photographs on
film are sent back to Earth in a special container which can withstand a maximum acceleration of
8g. The container and contents has a mass of 50 kg.
(a) What is the kinetic energy of the container as it is travelling with the satellite? 1
(b)  Calculate the gravitational potential energy of the container relative to the surface of the 1
Earth.
(c)  What is the shortest time the container can take to‘reach the Earth’s surface with zero 1
velocity, if it cannot exceed the 8g acceleration limit?
(d)  Given that total orbital energy = kinetic energy + potential energy, at what rate must energy 2

be lost from the container to remove its total orbital energy by the time it reaches the
Earth’s surface? (i.e. At what average power must energy be removed from the container?)

Copyright © 2005 NEAP TENPHY_QA_05.EM 9
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Marks
Question 19 (6 marks)
(a) Using Newtonian physics, calculate the kinetic energy (in eV) of a proton travelling at 2
3x108ms.
(b) A student makes the statement that “The maximum kinetic energy a proton can have is 2
4.7 x 10% eV because it can’t travel faster than the speed of light.” Assess this statement on
the basis of your answer to part (a).
(c) Particle accelerators can produce protons with kinetic energies greater than 3 x 10'°eV. 2

Discuss this in relation to your answer to part (b).

10 TENPHY_GA_05.FM Copyright © 2005 NEAP
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Marks
Question 20 (4 marks)
A group of physics students constructed a working model of an electric motor. A diagram of their
model is shown below.
magnet
1500 turns
magnet
6 V DC supply
By taking careful measurements from their model the following results were obtained.
Number of turns of armature coil 1500
Resistance of coil 50Q
Voltage 60V
Maximum torque 0.055 Nm
Magnetic flux 20T
(a) Determine the area of the armature coil of the motor. 2
The students wished to increase the magnitude of the torque, but did not wish to alter the
constructed motor.
(b)  Describe exactly how they could increase the torque without making any structural changes 2

to their model.

Copyright © 2005 NEAP TENPHY_QA_05.FM 1
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Marks
Question 21 (4 marks)

Explain, with the aid of a labelled diagram, the main electromagnetic principles which operate 4
within a moving coil galvanometer.

12 TENPHY_OA_05.FM1 Copyright © 2005 NEAP
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Marks
Question 22 (5 marks)
(T
; | tput
', . | 4 ou
———— -
=
= =7
] g :
~ =
Ea
100 turns
500 turns
(a) Name the electrical device shown in the diagram above. 1
(b) By examining the feature shown in the diagram, determine the output voltage for this 2
device.
(c) Explain how power loses from this device can be reduced. 2
Copyright © 2005 NEAP TENPHY_QA_0S.FM 13
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Marks
Question 23 (7 marks)

Assess the effects of the use of alternating current within society and on the environment, with 7
particular reference to the impact of the development of AC generators and transformers.

14 TENPHY_QA_05.FM Copyright © 2005 NEAP



HSC Physics Trial Examination

Marks
Question 24 (7 marks)

There have been several designs for very high speed trains over recent decades.

The first maglev train to carry passengers operated in 2003 in China.

(a) Name the new technology or physics principle used in maglev trains. 1
(b)  Describe the physics principles involved in the operation of maglev trains. 3

Question 24 continues on page 16

Copyright © 2005 NEAP TENPHY_QA_O5.FM 15
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Marks

(c) State two other possible applications of superconductors and explain why they would be of 3
benefit.

End of question 24

16 TENPHY_QA_05.F¥1 Copyright © 2005 NEAP
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Marks
Question 25 (5 marks)
During your course you carried out an investigation to identify several properties of cathode rays
using a discharge tube.
(a) Explain and describe an investigation with a discharge tube that demonstrates that cathode 2
rays are negative.
(b)  Describe another property of cathode rays. Using a diagram to assist, show how this 3

property is demonstrated by a different discharge tube.

Copyright © 2005 NEAP TENPHY_QA_05.FM 17
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Marks
Question 26 (6 marks)
One hundred years ago, in 1905, Einstein published his special theory of relativity and several
other important scientific papers.
Black body radiation could not be understood until both Einstein and Planck had made their
contributions to quantum theory (as it relates to black body radiation.)
Identify and describe both scientists’ contributions to understanding and solving the difficulties 6

presented by black body radiation.

18 TENPHY_OA_05.FM Copyright © 2005 NEAP
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Marks
Question 27 (2 marks)

Describe how p-type semi conductors are produced, and how and why they differ from pure 2
semiconductors.

Copyright © 2005 NEAP TENPHY_QA_05.FM 19
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Section |l

Total marks 25

Attempt ONE question from Questions 28-32.
Allow about 45 minutes for this section.

Answer the question in a writing booklet. Extra writing booklets are available.

Show all relevant working in questions involving calculations.

Question 28
Question 29
Question 30
Question 31
Question 32

Pages
Geophysics 21
Medical Physics 22
Astrophysics 23
From Quanta to Quarks 24
The Age of Silicon 25

20
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Marks

Question 28 — Geophysics (25 marks)

(@)  Describe the role played by geophysics in natural hazard reduction, using an appropriate 3
example to illustrate your answer.

(b) (1) Recall two uses of remote sensing in mineral exploration. 2

(i) Explain how remote sensing techniques have been used to monitor changes in 3
climate or vegetation over time.

©) (1) Using the table below, graph both the P & S wave velocities on the same axes. 2

(Allocate depth to the horizontal axis.)
Velocity of P waves Velocity of S waves
Depth (km) (km sec"l) (km sec‘l)
200 8.26 4.60
1000 1142 6.36
2200 13.03 7.02
2898 13.64 7.30
3000 8.22
no waves detected
5700 11.26
(i) Explain the behaviour and nature of both these waves as they travel through the 4
Earth’s interior.

(d)  “Geophysics has played a significant role in the support of the theory of plate tectonics.”
Choosing suitable geophysical methods, summarise the evidence to support plate tectonics 5
at either the mid ocean ridges where sea floor spreading takes place or at oceanic trenches
where subduction occurs.

(e) (1) Assuming that the Earth is a sphere (it:is actually described as an oblate spheroid), 1

calculate the volume of the Earth using
Vp= ;727“3 ,
where » = Earth radius = 6.371 x 106 m
(if) calculate the average density of the Earth using 2
density = ﬁa.%s_ = M’
volume ¥V
and your answer from part (i). Show your working.
(iii) Having calculated the average density of the Earth and knowing that the average 3
density of surface rocks is less than 3000 kg m~or 3g cm™>, what conclusion can be
made about the density of the Earth’s interior?
Copyright © 2005 NEAP TENPHY_QA_05.FM 21
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Marks
Question 29 — Medical Physics (25 marks)
(a) Describe how X-rays are currently produced. Illustrate your response with an appropriately 3
labelled diagram/s.
(b) The table below provides the ultrasound data required for parts (i) and (ii).
Body tissue Density (kg m'3) Speed of-slound
(ms™)
Skeletal muscle (SM) 1075 1590
Skeletal bone (SB) 1650 4080
Fluid filled cyst (FFC) 980 1440
(1) Determine the acoustic impedance of skeletal bone. 1

The following diagram represents the cross-section of a patient undergoing an

ultrasound scan.
(]

coupling gel one

transducer

v&lfav 4 muscle

(ii) Using the data, analyse the intensities of the reflected ultrasound waves as the wave 3
pulse moves through the different types of body tissue.

(c)  The image of a cross-section of the spine below has been produced using CAT (computed
axial tomography) scan technology.

RIS L1108

(1)< Explain how a CAT scan is produced. 2
(i1) Compare the advantages and disadvantages of CAT scans with PET scans. 4
(d)  You have undertaken a first-hand investigation to demonstrate the transfer of light by 5

optical fibres. Describe the experimental method employed and relate the qualitative results
obtained to the structure of optical fibres and total internal reflection.

(e)  Assess the significance of the role of MRI (Magnetic Resonance Imaging) technology in 7
modern medicine.

22 TENPHY_QA_05.FM Copyright © 2005 NEAP
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Marks
Question 30 — Astrophysics (25 marks)
(a) Explain how trigonometric parallax can be used to determine the distance to a nearby star. 3
(b) Below is a Hertzsprung-Russell (colour-magnitude) diagram of a cluster of stars.
12
13+
14—+
15+
16+
17+
apparent visual
magnitude (V) 18T
19+
20+
21+
22+
23+
24 4+t
-0.5 0.0 0.5 1.0 1.5 20
colour index (B-V)
(i) Identify the type of cluster represented by this diagram. 1
(i) The ‘RR Lyrae’ stars in this cluster have a mean absolute magnitude, My = +0.6. Use 3
this information to calculate the distance to the cluster.
(c) (i) The Sun is classified as a G2V star on the basis of its absorption spectrum. Account 2
for the production of the Sun’s absorption spectrum.
(i) The bright star ‘Capella’ also has a G-type spectrum but its absorption lines 4
periodically double every 52 days. Describe in detail how this phenomenon is
produced:
(d)  Outline the evolution of a sun-like star from birth through to old age. In your answer, refer 5
briefly to the main nuclear reactions that occur in each evolutionary phase.
(e) Discuss the problems associated with ground-based astronomy in terms of resolution and 7
selective absorption of radiation.
Copyright © 2005 NEAP TENPHY_QA_05.FM 23
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Marks
Question 31 — From Quanta to Quarks (25 marks)

(a) Show with the use of a labelled diagram how Bohr was able to explain the Balmer series of 3
wavelengths within the hydrogen spectrum.

b) (1) Name the scientist responsible for the suggestion that any kind of particle has both 1
wave and particle properties.

(i) Determine the velocity and frequency of the electron in the ground state of the 3
hydrogen atom, whose wavelength is 5.3 x 107! m.

© (i) Outline the different contributions that electrostatic and gravitational forces have 2
between nucleons.

(ii) Discuss how the strong nuclear force operates and describe its characteristics in 4
relation to the other forces acting within the nucleus.

(d) For both of the medical and industrial sectors name a different radio-isotope and describe 5
its applications within that sector.

(e) Describe how Fermi was able to demonstrate a controlled nuclear reaction and discuss how 7
the energy in a fission reaction is related to Einstein’s concept of the equivalence between
mass and energy.

24 TENPHY_QA_05.FM Copyright © 2005 NEAP
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Marks
Question 32 — The Age of Silicon (25 marks)
(a) Examine the situation of logic gates shown in the following diagram.
te 1
gate gate 2
A C
B E
D —
Name each of the gates involved, then copy and complete the partial truth table. 3
A B C D E
0 0 0
0 1 0
1 0 1
1 1 1
(b) (i) Name the three main components of an electronic circuit. 1
(i) Outline the signal pathway within an electronic circuit between the components 3

named in part (i), giving an example to show the process involved.

(© (i) An inverting operational amplifier has a feedback resistor of 200 kQ and an input 2
resistor of 10 k. Draw a circuit diagram to represent this situation, if it has an input

signal of 0.4 V.
(ii) Calculate the output voltage and the voltage gain for the circuit. 4
(d) Evaluate two situations where LEDs would be preferable to an ordinary light source. 5

Include a circuit diagram to show how LEDs operate.

(e)  Assess the impact of the development of the silicon chip on the use of electronics and 7
discuss the possible future directions of computers in terms of quantum effects.

End of paper

Copyright © 2005 NEAP TENPHY_QA_05.FM 25
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Data sheet

Charge on the electron, g,
Mass of electron, m,
Mass of neutron, m,,
Mass of proton, m,
Speed of sound in air

Earth’s gravitational acceleration, g
Speed of light, ¢

)

Universal gravitational constant, G

S|

Magnetic force constant, (k =

Mass of Earth
Planck constant, &
Rydberg constant, Ry grogen

Atomic mass unit, i

1eV
Density of water, p

Specific heat capacity of water

~1.602x 1079 C

9.109 x 1031 kg

1.675 x 10727 kg

1.673 x 107%" kg

340m s~

9.8 m s

300 x 108 m s!

2x 1077 N A2

6.67 x 107! N m? kg2

6.0 x 10** kg

6.626 x 10734 ] s

1.097 x 10’ m!

1.661 x 10" kg
931.5 MeV/c?

1.602x 10719

1.00 x 10° kg m™>

418 x 10° T kg ! K
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Formulae sheet
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Formulae sheet
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