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SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 A wire of length 2.0 metres and carrying a current of 4.0 A to the right is placed
in a uniform magnetic field of magnitude 5.0 T as shown below.

I =40A

NS

The magnitude of the force on the wire is:

(A ON
B) 26N
©) 31N
(D) 40N

2 Why are the iron cores of transformers laminated?

(A) To reduce eddy currents.
(B} To reduce heat loss in the coils.
(C) To increase magnetic flux linkage.

(D) To improve electrical connection between primary and secondary coils.

Page 3



Sydney Grammar School Form VI Physics 2023 Trial Examination

3 The diagram below shows an electromagnetic wave.

Which of the statements is correct?

(A) The wave could be travelling along the x-axis.
(B) The wave could be travelling along the y-axis.
(C) The wave could have been created by an oscillating charge.

(D) The wave could have been created by a stationary charge.

4 A flexible wire is connected to a powerpack and switch and placed in a magnetic
field as shown below.

Cotton thread

Flexible wire

Horseshoe
magnet

Wooden block
supporting the
horseshoe
magnet

When the switch is closed, which way does the wire move?

(A) Into the magnet.

(B) Away from the magnet.
(C) Towards the South pole
(D) Towards the North Pole
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5 A DC motor is connected to a 6 V power supply. When the motor is at its normal
operating speed, the current through the coil is 2.4 A. When the motor is
momentarily held still, the current rises to 12 A.

The back emf in the coil at its normal operating speed is:

(A)
(B)
)
(D)

05V
1.2V
2.4V
48V

6 The diagram below shows light with plane wavefronts incident upon a region X
that is hidden from view.

Region X is most likely to contain:

(A)
(B)
)
(D)

A single narrow slit.
Two narrow slits.
A diffraction grating.

A polarising filter.

7 A student looked at their computer screen through a polarising filter. They
observed that as they rotated the filter, the brightness of the light changed.

Which property of the light from the screen is displayed?

(A)
(B)
)
(D)

The light is quantised.
The light is unpolarised.
The light is a transverse wave.

The light is a longitudinal wave.
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8

10

A simple DC motor is shown below.

Which of the following statements is true about the force on side A and the
torgue produced in the coil as it rotates 30° from the position shown?

(A

(
C

9]

Q

)
)
©)
(D)

Force on Side A

Torque in Coil

Constant in magnitude

Constant in magnitude

Constant in magnitude

Changing in magnitude

Changing in magnitude

Constant in magnitude

Changing in magnitude

Changing in magnitude

Outside of the solar system, the closet planet to Earth is believed to be the
exoplanet Proxima Centauri d. It has a mass of 0.26 times the mass of the Earth,
and a radius of 0.81 times the Earth’s radius.

Calculate the gravitational field strength at the surface of Proxima Centauri d.

(A)
(B)
()
(D)

2.5ms?
3.1 ms?
39ms?

25 ms?

A spinning disc with a radius of 0.20 m takes 0.25 s to complete one revolution.

Calculate its angular velocity.

(A)
(B)
)
(D)

0.80 rads™
4.0rads™
50rads’
25 rads™
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11 Which of the following spectra would be most representative of the spectrum
measured from a star?

—ic

Full range
o b o of colours

Incandescent Spectroscope
lamp
P Two yellow lines
= = on a dark
backgrou
Sodium vapour Spectroscope
lamp

Range of colours
with two
black lin

I
Y i 7/
Incandescent Sodium Spectroscope
lamp vapour

(A) Spectrum X.
(B} SpectrumY.
(C)y Spectrum Z.
(D) SpectraY and Z.

12 A2 Ccharge is placed in a uniform electric field E = 200 NC'. How much work
is done by the electric field on the charge when it moves 0.10 m parallel to the

field?

A) 40
() 100J
(C) 400J
(D) 4000J

Page 7



Sydney Grammar School Form VI Physics 2023 Trial Examination

13 A probe on Jupiter’s moon Ganymede launches a rock at a speed of 30 ms™ at
an angle of 50° to the horizontal, as shown in the diagram below. The rock takes
32 s to hit the ground.

14

Surface of Ganymede

Calculate the acceleration due to gravity on the surface of Ganymede.

(A)
(B)
)
(D)

0.72 ms?
0.94 ms?
1.2ms?

1.4 ms?

A charge of mass 5.0 x 10 kg is placed between two parallel plates producing
a uniform electric field of 100 NC'. The acceleration of the charge is
4.0 x 10* ms®. The magnitude of the charge is:

(A)
(B)
©)
(D)

05C
1C

2C
4C
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15 A gamma ray photon is converted into an electron and a positron (which has the

16

same mass as an electron.)

RYEVE VAT A
Y

What was the energy of the gamma ray photon?

A) 2.7x10%2
B) 55x102
©) 8.2x10™J
D) 1.6x107%

Three parallel wires carry equal current I, as shown below. Wire C is twice as
far away as Wire A from Wire B. The resulting magnitude of net force on Wire B
is F.

«— d >le— 24 —>

If the current in Wire C is then increased to 41, the new magnitude of the net
force on wire B will be:

(A)

B) F
©) 2F
D) 4F
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17

18

If a photon with a wavelength of 414 nm hits a metal and an electron with 2.3 eV
of kinetic energy is released, then determine the work function of the metal.

A 0.4eV
(B) 0.7eV
C) 256V
(D) 3.0eV

Light of wavelength A passes through slit S; and travels a distance d, to reach
point P. Light from the same source passes through slit S, and travels a distance
d, before reaching P.

central axis

52

Which equation would represent the condition needed for P to be the 3
minimum from the central axis?

A 2ldy —dy| =31
(B) 2ldy —dy| =521
©) |dy—dy| =34
(D) |dy —dy| =51
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19 A coil of wire in a uniform magnetic field is connected to a light globe, as shown.

20

The coil is attached to a hand crank to make it rotate.

motion
7

::::\\:\ T \\\\-\I\

Which of the following describes the brightness of the globe as the coil makes
one full rotation from the position shown?

(A) Maximum -2 minimum -2 maximum
(B) Minimum - maximum > minimum
(C) Maximum = minimum -2 maximum-> minimum - maximum

(D)  Minimum -2 maximum -2 minimum-> maximum - minimum

A radio message is sent from planet A to planet B informing them that a
spacecraft has just left, travelling at 0.7c. The radio message is received on
planet B 20 years later according to observers on planet A and B.

Planet A Spacecraft Planet B
0.7¢c (-]
Par—
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, } Q
Radio signal

At the time the signal is received on planet B, how much distance will the people
on the spacecraft have left to travel to planet B from their perspective?

(A) 4.3 light-years
(B) 6.0 light-years
(C) 10 light-years
(D) 14 light-years
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SECTION II: Part A (25 Marks)

CANDIDATE NUMBER

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

Question 21 (9 marks) Marks

The diagram below shows the path of a projectile launched off the top of a cliff 30 m
high at an angle of 60° to the horizontal.

60°

Using the diagram, determine:

(@ The maximum height reached by the projectile, above the top of the cliff.

Question 21 continued on next page.
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Question 21 continued Marks

(b) The initial vertical velocity of the projectile.

.......................................................................................................................... 2
(c) The time of flight of the projectile.

.......................................................................................................................... 3
(d)  The magnitude of the velocity at which the projectile hits the ground.

.......................................................................................................................... 3
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Question 22 (7 marks)

The table below lists some of the properties of the planet Mercury:

Property Mercury Sun
Mass (kg) 3.30x 10%° 2.0 x 10°° kg
Botatiqnal .Period (s) 5.07 x 10° _
(i.e., on its axis)

Orbital Radius (m) 5.79x 107 -

Use the data in the table above to answer the following questions:

(@ Calculate the gravitational force of the Sun on Mercury

(b) Calculate the orbital velocity of Mercury.

(c) Calculate the orbital radius of a satellite that remains above the same point on
the surface of Mercury (i.e., in the equivalent of a geostationary orbit around
Mercury).

Marks
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Question 23 (4 marks)

The planet Mars has a radius of 3.40 x 10° m and a mass of 6.42 x 10?® kg. A satellite
of mass 1200 kg orbits Mars in a circular orbit of radius 1.40 x 10" m.

(@8 Calculate the escape velocity at the surface of Mars.

(b) Calculate the gravitational potential energy of the satellite in its orbit.

Marks
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Question 24 (5 marks) Marks

In an experiment, students put a rectangular aluminium tray into a tub of water and
hold a magnet above it, close but not touching. Then they move the magnet
horizontally, as shown.

Side View Top View

magnet

[
—

oy ————— @2

magnet tray

water

water

Explain the subsequent motion of the tray and compare it to the operation of an
induction motor.
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Part A extra writing space

If you use this space, clearly indicate which question you are answering.
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SECTION II: Part B (20 Marks)

CANDIDATE NUMBER

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

Question 25 (2 marks) Marks

A current carrying wire is placed next to a square loop of wire as shown below.

D
.

Loop of
wire

Current ]‘
Direction

Wire

The current in the wire is increased at a steady rate.

(@ Identify the direction of current flow in the square loop (clockwise or
counterclockwise or zero).

(b) Identify the direction of the net force on the loop of wire.
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Question 26 (2 marks) Marks

A square coil with 0.82 m sides with a voltage is in a uniform magnetic field that is
initially B =6.0x10° T.

0.82 m

‘0.82m°

.(SZ).

If the field is reduced uniformly to zero over a time of 0.25 s, determine the magnitude
of the voltage that would be measured during this time.
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Question 27 (2 marks)

An electron at point A has a speed of 1.5x10° ms™.

1.5% 106 ms-!

A© *B
e 0.12m ———

Determine the magnitude and direction of the magnetic field that will cause the
electron to follow the semi-circular path from A to B.

Marks
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Question 28 (4 marks)

A transmission line is used to transmit power from a power station to a town. The
power station produces 6.0 MW at a voltage of 3 kV.

An ideal transformer is used to boost the voltage from 3 kV to 600 kV.

(@ What is the ratio of the number of coils in the primary to the secondary in the
transformer?

(b) Determine the current in the primary coil of the transformer.

(c)  Outline the advantage of using a step-up transformer between the power station
and the transmission line.

Marks
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Question 29 (4 marks)

A single loop of coil with sides ad = 0.12 m and c¢d = 0.080 m is in a magnetic field of
B =0.20 T. A current of 5.6 A runs through the coil.

o () motion
J /
4
7

Pl
7N 4]l
% A
’ 7/
& Ao b S¢
‘l
/// Y

(@) Determine the magnitude of the maximum force on wire ad.

(b) Determine the magnitude of the maximum torque produced in the coil.

(¢)  Which of x and y should be connected to the positive terminal of the battery for
the coil to rotate clockwise as shown?

Marks
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Question 30 (3 marks) Marks

Unpolarised light of intensity I, is incident on the first of two polarising sheets, seen

below.
"_BB/
K w
I

BN

If 6, is set to 56° and I, has an intensity that is 0.20 I,, determine a possible value for
the angle 9,.
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Question 31 (3 marks) Marks

Light from a laser pointer passes through a diffraction grating with a split spacing of
7.0x10° m and is then incident upon a screen, as shown. The distance between the
grating and the screen is L = 0.85 m and the spacing between the bright spots is
0.0080 m.

L=0.85m
|
E 8
q— . L 0.0080m
et 4
Laser pointer .
Diffraction grating Screen

(8 Determine the wavelength of the laser pointer.

(b) If the laser pointer was replaced by one with a wavelength of 520 nm, what new
value of L would lead to the bright spots being the same distance apart?
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SECTION II: Part C (15 Marks)

CANDIDATE NUMBER

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

Question 32 (3 marks) Marks

Muons at rest have an average lifetime of 2.2 ys. Special Relativity predicted that
when they are moving fast relative to an observer this lifetime will be different.

"\
g

4
0)
ol
3 .IJ. .
4 %
Explain how muons were used as evidence for Einstein’s Special Theory of Relativity.
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Question 33 (3 marks) Marks

A constant force, F, applied to an object over a fixed period of time, ¢, (i.e., an impulse,
I) increases the object’s momentum and velocity.

I=Ap

(@8 Sketch on the axes below how the relativistic momentum of the object would
change as it’s velocity increases.

Momentum, p (kgms-')

0.5¢ C >
Velocity
1
(b) If the impulse needed to increase the velocity of the object from rest to 0.5¢ is
I, then explain why applying the same impulse I, again to the object (i.e., same
Ap) will not increase its speed from 0.5¢ to c.
.......................................................................................................................... 2
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Question 34 (4 marks) Marks

Depicted below is a Hertzsprung-Russell diagram with two stars on the main
sequence, our Sun and Bellatrix.

—
L
<

Main Sequence

Bellatrix

[
Ol—l-l—l
o

o c%;- ::En

100

[y
a

The Sun

Luminosity

0.1
0.01

_3 Ll 1 1 | I B 1 1

100000 10000 1000

Effective Temperature

Compare the similar and different properties of these two stars.
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Question 35 (5 marks) Marks

Explain how the classical electromagnetic theory’s failure to account for the
photoelectric effect and the blackbody radiation spectrum led to a quantum model of
light.
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Part C extra writing space

If you uvse this space, clearly indicate which question you are answering.
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Part C extra writing space

If you use this space, clearly indicate which question you are answering.
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SECTION II: Part D (20 Marks)

CANDIDATE NUMBER

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

Question 36 (5 marks) Marks
In a distant star system, a red star X and a planet orbit each other as shown below.
The spectrum of the visible star when it is in position A is shown.
A B C
- - @ R
observer observer observer
'Star X
@ Planet
(8 Draw new lines on the spectrum below to indicate possible positions of the lines
when the star is in position C.
Observed Spectrum
Violet Blue Green Red
Increasing wavelength ——>
Justify your reasoning.
3

Question 36 continued on next page.
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Question 36 continued Marks

(b) Explain how the spectral lines would be different if Star X was also spinning on
its axis.
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Question 37 (6 marks)

Below is a graph of recessional velocity versus estimated distance for a set of 1355

galaxies.
T L2 I

< .

O -
T .
2]
£
L
\/o i
238 -
o n
S
(]
>

o £ 1

0 100

Distance (Mpc)

(@  Outline how the light from these galaxies was used to determine the velocities
in the graph.

(b) Explain how this graph provides evidence for the Big Bang theory.

Marks
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Question 38 (9 marks) Marks

A toy car of mass 0.25 kg rolls from rest at position X down a smooth slope, dropping
a vertical height of 0.30 m, before undergoing horizontal circular motion around a
track from position Y to Z that is banked at angle 8 with a radius of r = 0.40 m.

X A

v Y e N\ \*. M

-
~ -
-----------

Analyse the energy changes and forces acting on the car as it moves from X to Z and
calculate the angle 6 that would allow the car to go around the banked section without

any friction force acting.

Question 38 continued on next page.
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Question 38 continued Marks

END OF EXAMINATION
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| HIGHER SCHOOL CERTIFICATE
EXAMINATION

Physics
DATA SHEET
Charge on electron, 4. -1.602 x 1071 C
Mass of electron, m, 9.109 x 107 kg
Mass of neutron, m 1.675 x 1077 kg
Mass of proton, m, 1.673 x 1077 kg
Speed of sound in air 340 ms™!
Earth’s gravitational acceleration, g 9.8 ms2
Speed of light, ¢ 3.00 x 10* ms™!
Electric permittivity constant, &, 8.854 x 10712 A25* kg Im™
Magnetic permeability constant, u, 4z x 1077 NA™2
Universal gravitational constant, G 6.67 x 107! Nm? kg'2
Mass of Earth, M 6.0 x 10%* kg
Radius of Earth, 6.371 x 10°m
Planck constant, & 6.626 x 107 J 5
Rydberg constant, R (hydrogen) 1.097 x 10’ m™
Atomic mass unit, 1.661 x 107" kg
931.5 MeV/c?
lev 1.602 x 107193
Density of water, p 1.00 x 10 kg m™>
Specific heat capacity of water 4.18 x10°J kg_1 K1

Wein’s displacement constant, & 2.898 x 10> mK
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FORMULAE SHEET

Motion, forces and gravity

1 5 v =u+at

s = ut+_at
2 - -
F __=ma

AU = mgAh
b ﬁ K = ;mv2
At
P = F”v = Fvcos@
Simi, =3 im?
g efore g after DMVt = D MYy
- _ = 2
Ap = F At a, = v?
@ = 0 2
- my
' ==
7 =rnF = rFsing
GMm
2rr F= 2
Ve '
r _GM
7= _GMm 2 4x?
r
Waves and thermodynamics
v =fi fbeat=‘f2_f1‘
f= ?%Z ufw = f (])vvalns + 1’oloserver)
(vwav _vsou.rce)
dsin@ = mA
c n,sinf), = n,siné,
n.=_—
vx . 9 n2
_ ) sin = —
I=1_ cos"0 A 1
Q = mcAT L = L}
Q _ KAAT

t d
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FORMULAE SHEET (continued)

Electricity and magnetism

E = \4 F= q_.
d
AU F = 1 an
V= q dre, r
W= gV I= ‘f
B = ;’; F = gqv/B = gvBsing
- poNI F = lI|B = lIBsin0
. F_ o bl
® = BA = BAcosf I 2z r
AD T = nlA|B = nlIABsinf
€="Nar
’ Vol = %L,
h_oM
Vo N
Quantum, special relativity and nuclear
f,
A= i = 0
mv )
a
Koo =B -9 ( Cz)
b
A = — 2
max = I=1 [1-"—]
2
c
= mc?
myVv
E = hf by = >
14
1_f1 1 c
A a n% n? —At
N, = Nye
In2
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2023
TRIAL HIGHER SCHOOL CERTIFICATE

EXAMINATION

Physics

Section | - Multiple Choic

e

CANDIDATE NUMBER

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
AO B@

C) 8

coO

D) 9
DO

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

new dnswer.,

A® B ¥

cO

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

DO

corvect
A W B ¥ cO DO
1. AO BO cO nO 11. AO BO cO bpO
2. AO BO cO nO 12 AO BO cO bpO
3. AO BO cO bpO 183. AO BO cO bpO
4. AO BO cO bpO 14. AO BO cO bpO
5, A O BO cO bpO 16. AO BO cO bpO
6. AO BO cO nO 16. AO BO cO bpO
7. AO BO cO bpO 17. AO BO cO bpO
8. AO BO cO O 18. AO BO cO bpO
9. AO BO cO bpO 19. AO BO cO bpO
10. AO BO cO bpO 200 A©O BO cO »nO
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