SYDNEY GRAMMAR SCHOOL

TRIAL EXAMINATION 2024

FORM VI PHYSICS

Candidate No:

General Instructions

o Working Time: 3 hours (+ 5min
Reading Time)
o Write using black pen

Structure of Paper & Instructions
e Section | Multiple Choice (20 marks).

Spend 30 minutes on this section.

e Section Il Parts A-D (80 marks).
Spend 2 hours and 30 minutes on this
section.

Total marks: 100

Exam Instructions

Wednesday 21 August
8:40am

Checklist
Each boy should have the following:
[1 Examination Paper (includes)
= Examination sections
= Extra Writing sheets
» Data/Formula sheets

» Multiple-Choice Answer
Sheet

ED, SRW, ILM, PCK MIC: ILM

¢ Remove the centre staple and hand in all parts of the examination in a neat bundle in its
original order. Do not insert parts into other parts.

 WRITE YOUR CANDIDATE NUMBER IN THE SPACE PROVIDED AT THE TOP OF EACH

SEPARATED PART OF THE PAPER.

¢ Responses requiring more writing space than provided should clearly be marked
CONTINUED. When the response is continued on extra writing paper it should clearly

indicate the question humber.

= Each detachable part A-D of Section Il has additional writing space to use for that part.
= Further additional writing paper can be given on request.



Blank Page



SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 A transformer has 2000 turns in its primary winding and 60 turns in its
secondary. If the voltage input to the transformer is 240 V, the voltage output is:

(A) 025V
By 7.2V
(C) 33V
(Dy 8000V
2 In an experiment to investigate the structure of matter, alpha particles were fired

into gold foil. About 1 in 8000 particles bounced back at a large angle.

Which conclusion can be drawn from this observation?

(A) The atomic nucleus contains protons and neutrons.
(B) Electrons orbit the atomic nucleus.
(C) The atomic nucleus is at the centre of the atom.

(D) The atomic nucleus occupies a very small fraction of the volume of the
atom.

3 A conductive bar travels at constant velocity v through a magnetic field B
pointing out of the page. Whilst this movement occurs, which region of the bar
will become negatively charged?

(A) The left-hand side

(B} The right-hand side

(C) The top (up the page)

(D)  The bottom (down the page)
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4 A rectangular coil with sides of length 0.04 m and 0.06 m is placed in a uniform
magnetic field B of strength 0.03 T so that the plane of the coil is perpendicular
to the field direction, as shown.

B=003T

X X X X X X X X X
X X X X X X X X X
X XX X X X X|X X
X XX X X X X|X X
X XX X X X X|X X
X XX X X X X|X X
X XX X X X X|X X
X X X X X X X X X
X X X X X X X X X
X X X X X X X X X

The magnetic flux through the coil is

(A)
(B)
()
(D)

3.6 x 10> Wb
7.2x10° Wb
3.6 x 107" Wb
7.2x 107" Wb

5 The diagram below shows an experiment performed with a high voltage across
an evacuated tube.

metal sheet
Cathode

Anode

+ -
High Voltage
Power Supply

The observation of a sharp-edged shadow on the end of the tube suggests that

(A)
(B)
©)
(D)

particles are blocked by a sheet of metal.
particles diffract around the edges of a sheet of metal.
negative particles travel from the anode to the cathode.

positive particles travel from the cathode to the anode.
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6 Which of the following diagrams depicts a dc generator?

(A) (B)
//ﬁ:(/‘://\/\ >
' i 4 [ ===
\ ] e S
\ I |
)
- Input
©) (D)
N N

Rotation

Output

7 Which of the following was a contribution of James Clerk Maxwell to our
understanding of the nature of light?

(A)  Unification of the laws of electricity and magnetism
(B) Observation of the existence of radio waves

(C) Observation that electric and magnetic fields are always at right angles
to each other

(D) Observation that the speed of light is a constant

8 The surface gravity of a planet is g. What would be the new value of the surface
gravity if both the mass and radius of the planet were halved?

(A)

(B)
)
©) 29

(Ol G L

€=
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9

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, as shown.

o o—H

L_ﬁ switch battery

When the switch is closed, the aluminium foil will move

(A)
(B)
()
(D)

downwards.
upwards.
towards the north pole of the magnet.

towards the south pole of the magnet.

A blackbody curve is shown in the diagram below.

Energy

D ensit! -
¥107

(Win?)

000 o050 o0 180 200 2A0 300 350 400
Wavelength (um)

The temperature of the blackbody is closest to

(A)
(B)
©)
(D)

0.0058 K
5800 K
5800°C
8x 10K
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11

12

13

A current-carrying wire passes through a square region of magnetic field,
magnitude 2.0 T, as shown in the diagram below. The magnetic field is directed
into the page.

0.4 m

What is the magnitude of the magnetic force on the conductor?

(A)
(B)
©)
(D)

0.68 N
1.7N
24N
3.4N

Polarisation could not be explained in terms of a wave theory of light until which
development?

(A)
(B)
)
(D)

Einstein proposed a photon model of light
Most scientists abandoned the particle model of light
Light was understood to be a transverse wave

Light was understood to be a longitudinal wave

One of the largest conventional bombs ever made is the MOAB with a yield of
11 tonnes of TNT. If 1 tonne of TNT produces 4.2 x 10° J of energy, the amount
of mass lost in this explosion is

(A)
(B)
()
(D)

4.67 x 10 kg
5.13 x 107 kg
14.0 kg
154 kg
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14 The diagram below shows an electron travelling at speed v within a magnetic
field B. The charged plates have a voltage V across them and are separated by
a distance d. The quantities B,V and d are set so that the electron passes

15

through undeflected.

Which of the following adjustments could lead to the electron arriving at X?

(A) Decrease V
(B) Decrease B
(C) Decrease v
(D) Decrease d

When a projectile reaches its maximum height it is
it hits the ground, its speed is 2u.

At what angle does it hit the ground?

(A)  30° below the horizontal
(B) 45° below the horizontal
(C) 60° below the horizontal

63° below the horizontal

(D)

travelling at speed u. When
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16 The maximum speed that a car can go around a circular turn with a constant
radius is 80 kmh™ without skidding. What is the maximum speed of a truck in
the same corner with 5 times the mass and 3 times the sideways frictional force?

17

(A)
(B)
©)
(D)

48 kmh!
62 kmh!
103 kmh-'
133 kmh'

The diagram below shows electron energy levels within an atom.

E;

The transition Es to E> causes the emission of infrared radiation.

A transition that could cause the emission of ultraviolet radiation would be

(A)
(B)
©)
(D)

Esto Bz
Esto Es
Es to E4
Esto Es
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18 A metal with a work function ® emits electrons with a kinetic energy of K when
light of wavelength 4 is shone on it.

19

What is the new kinetic energy of the emitted electrons if the wavelength of the

light is halved?

A 2K

B) K-
©) 2K—o
D) 2K+ @

A Blu-ray video disk has a diameter of 0.12 m and rotates at 810 rpom (or
13.5 rotations per second) when it is playing.

Select the correct option for the angular velocity w and the centripetal
acceleration a. of a point at the edge of the disk.

Angular Velocity, Centripetal Acceleration,
w (rad s™) a. (ms?
(A) 27 216
(B) 27 432
(®) 85 432
D) 85 863
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20 In a distant solar system there are 5 exoplanets with 10 moons in total orbiting
around them. The orbital radius and orbital periods for all these moons (labelled
A-J) are in the diagram below.
1.6
1.4
12 oL
1
0.8

0.6

orbital radius cubed, r3 (x1023 m3)

0.0 5.0 10.0 15.0 20.0 25.0 30.0
Orbital Period Squared, T2 (x1013 s2)

Which groups of moons are orbiting the same planet?

(A) Moons A, C,G
(B) MoonsB, C, G
(C) MoonsD,E,J
(DY MoonsF, G, H
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SECTION II: Part A (20 Marks)

CANDIDATE NUMBER

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

Question 21 (2 marks) Marks

Determine the magnitude and direction of the torque around the axis O.

................................................................................................................................... 2
Question 22 (2 marks)

Determine the wavelength produced by the transition of an electron in a hydrogen

atom from the n = 3 to the n = 1 energy level.
................................................................................................................................... 2
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Question 23 (3 marks)

The diagram below shows two parallel, charged metal plates in a vacuum. A small ball
with a charge of +4.0 x 10 C is placed between the plates.

SIDE VIEW

1.4x10%m @ 430V

When the ball is released, it remains stationary. Determine:

(@) the electric field strength between the plates.

(b) the mass of the ball.

Marks
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Question 24 (3 marks) Marks

The diagram illustrates the construction Huygens created to model how light
propagates through space.

Aperture

Describe how this model can be used to explain how light behaves when it passes
through a narrow aperture.
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Question 25 (2 marks) Marks

A proton with a velocity of v = 3.0 x 108 ms™ enters a region with a uniform magnetic
field of 2.0 T directed into the page, as shown.

?::
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
K A X XK X X
X X X X X X

Calculate the radius of the proton's path in the magnetic field.
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Question 26 (4 marks) Marks

For a particular cathode material in a photoelectric experiment the stopping potentials
were measured as a function of the wavelength of light shone on the cathode.

(@ Complete the table by calculating the frequency of the light.

Stopping Potential (V) Wavelength (x107 m) Frequency (x10'* Hz)
1.0 6.0
2.0 4.0
3.0 3.0
1
(b) On the graph paper below, plot a graph of Stopping Potential versus Frequency.
Draw a line of best fit.
4
3
Z
=
3
e 1
2
Q
o
2
% oo
0 2 4 6 8 10 12
-1
-2
Frequency (x 104 Hz)
2
(¢) Use your graph to determine the work function of the metal.
.......................................................................................................................... 1
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Question 27 (4 marks) Marks

Electromagnetic braking can be demonstrated by swinging two metal plates inside a
strong magnetic field, as shown below.

Plate A Plate B

XoX X X X XX X X X
/4 xBx X %X X xBx x x «x
- X X X X X X X X X X
X X X X X X X X X X

X X X X X X X X X X

In which of Plates A and B would the electromagnetic braking effect be stronger?
Justify your answer.
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SECTION II: Part B (21 Marks)

CANDIDATE NUMBER

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

Question 28 (3 marks) Marks

A square coil of side 0.10 m with 40 turns that has a current of 0.30 A flowing through
it is inside a magnetic field of uniform magnitude 2.0 T, as shown below. A mass m is
hung from the right-hand side of the coil.

(@) Determine the magnitude of the torque on the coil before the mass m is added.

(b) When the mass m is hung from the right-hand side of the coil, determine the
value of m necessary to stop the coil from turning.
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Question 29 (4 marks)

Crystallography is a tool for studying the structure of materials that uses x-rays with
a wavelength of around 1.0 x 10 m, about the same as the spacing between atoms.

(@) Determine the energy of an x-ray photon that has a wavelength of 1.0 x 10"° m.

(b) Because they have a wave nature, neutrons can also be used for this technique.
Determine the kinetic energy of a neutron that has a de Broglie wavelength of
1.0x 10" m.

Marks
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Question 30 (4 marks) Marks

The flux though a single coil of an AC generator is shown below.

motion
.

® (Wb)
R

2

04 0% 06

(3]

(@ Identify one time when the induced EMF will be zero according to the above

graph.

.......................................................................................................................... 1
(b) If the generator consists of 60 coils, estimate from the above graph the

magnitude of the average EMF generated over the first 0.2 s.

.......................................................................................................................... 2
(¢) Att=0.1s, which of P and Q would be the positive terminal?

.......................................................................................................................... 1
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Question 31 (6 marks) Marks

The diagram below shows two satellites in orbit around the Earth. One orbit is circular,
and the other is elliptical. Both satellites have the same total energy.
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Circular orbit

(@ If the gravitational potential energy of the satellite is U, show that the kinetic

energy, K, of the satellite in a circular orbit is K = —%, and that therefore the

total energy E = %

Question 31 continued on next page.
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Question 31 continued Marks

(b) Compare the work done by gravity on each of the satellites over the course of
one orbit.
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Question 32 (4 marks) Marks

Discuss limitations of Rutherford’s model of the atom, and how modifications of the
atomic model introduced by Bohr and de Broglie addressed the limitations.
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SECTION II: Part C (21 Marks)

CANDIDATE NUMBER

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

Question 33 (4 marks) Marks

Around a planet called Pax, a satellite has an orbital velocity of 1400 ms™ at a constant
orbital radius of 5.5x 10" m.

(@ Calculate the mass of Pax.

(b) Determine the escape velocity from Pax at the position of the satellite.
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Question 34 (6 marks) Marks

In the diagram below, a uniform electric field of strength 2.7 x 10° N C" exists
between two metal plates. A proton enters the electric field mid-way between the
plates, travelling at speed v parallel to the plates, as shown.

+ :
49 X 10™%m R

(@) Determine the minimum speed v that the proton must have to pass through the
plates without hitting them.

(b) Discuss the similarities and differences between the motion of charged particles
in uniform electric fields and the motion of masses in uniform gravitational fields.
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Question 35 (4 marks)

A pion is a subatomic particle with a half-life of 2.6 x 10~8s when at rest. When pions
are accelerated to a very high speed, v, in a particle accelerator, the half-life
increases to 4.2 X 10~ 7s, as measured by an observer in the control room of the
accelerator.

(@) Determine the velocity v of the pions in the accelerator.

(b) Determine the average distance a pion travelling at this speed would move in its
lifetime, according to the observer in the control room.

Marks
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Question 36 (3 marks)

Light is incident upon a piece of metal in a vacuum tube, as shown. If the frequency
of the light is above a certain value, called the threshold frequency, a current is
detected in the ammeter.

incident light

" P2

metal surface
/
[
\

_-/

Explain this observation in terms of Einstein’s model of light.

Marks
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Question 37 (4 marks)

The diagram below shows a mass, m, being swung in a horizontal circle on a string of
length L.

velocity

mg

As the mass is rotated faster the angle to the vertical, 8, changes.

Analyse the forces on the mass to explain why the vertical angle changes as the
speed of the rotating mass is increased.

Marks
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If you use this space, clearly indicate which question you are answering.
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SECTION II: Part D (18 Marks)

CANDIDATE NUMBER

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

Question 38 (4 marks) Marks

Two ideal polarising filters are placed in a row, as shown. Initially the polarising axis
of each filter is vertical. Unpolarised light from a globe is incident on P4, and the light
has intensity of I = 20 Wm™ after it passes through the polarisers.

N light detector

I

(@) Polariser P: is then rotated through one complete rotation. Sketch the
detected intensity I vs angle on the axes below. (You do not need to add any
numbers to the graph.)

>

Intensity

(Wm?) 0.

| | | | >
90 180 270 360 Angle (°)

(b) Determine the value of I when polariser P. is set to 55° from the vertical.
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Question 39 (5 marks)

Two projectiles are fired simultaneously at the same launch speed of 15 ms™ from
two different angles. Their trajectories, 1 and 2, are shown in the graph below. At point
A, both trajectories have a horizontal displacement of 10 m, and a vertical
displacement of 6.0 m.

15
Trajedto y 1
1D gt —
] P
— "‘ \-ﬁ
E ,f LA
- P
[ I ———
E 5 ]
] / L
= / T rajecton ™,
2 pA= A
= 0 ot \\\\
()
£ 0 4 ; 1[0 17 14
& K
N,
-5 \\
\\
-10

Harizontal Displacement (m)

(@ The maximum height that that trajectory 1 reaches is 10.6 m. Determine the
launch angle of trajectory 1.

(b) Trajectory 2 is launched at an angle of 46.8°. Determine its speed at point A.

Marks
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Question 40 (9 marks)

The simplified electron energy diagram below shows the relative energies of electrons
of an unknown element in a discharge tube, producing three different wavelengths of
visible light.

Energy (J) Level
492 %1071 —— 4
9.29x 10720 3
3.52x 10720 — 2
0.00 — 1

When the light was shone through two narrow slits a distance d = 1.0 x 10~°m apart
and projected onto a screen, the first-order maximum for one of the wavelengths
was seen at point A, 6 = 2.32° degrees from the centre line, as shown below.

Not to scale
Gas Discharge Tube A
A
d |
v
Double
slit Screen

Analyse the processes occurring in the discharge tube and at the double slit to
determine which transition created the light that formed the bright fringe at point A.
Your analysis should include both qualitative and quantitative information.

Question 40 continued on next page.

Marks
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Question 40 continued Marks

END OF EXAMINATION

Page 38



Part D extra writing space

If you use this space, clearly indicate which question you are answering.
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Part D extra writing space

If you use this space, clearly indicate which question you are answering.
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HIGHER SCHOOL CERTIFICATE EXAMINATION

Physics

DATA SHEET

Charge on 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, ¢

Electric permittivity constant, £,
Magnetic permeability constant, i,
Universal gravitational constant, G
Mass of Earth, M

Radius of Earth, rg

Planck constant, k

Rydberg constant, R (hydrogen)

Atomic mass unit, u

1eV
Density of water, p
Specific heat capacity of water

Wien’s displacement constant, b

-1.602 x 1079 C
9.109 x 107 kg

1.675 x 10727 kg

1.673 x 10?7 kg

340 ms~!

9.8 ms 2

3.00 x 108 ms™!

8.854 x 10712 A2s* kg™l m™3
4z x 1077 NA2

6.67 x 107! Nm?kg™2
6.0 x 10% kg

6.371 x 106 m

6.626 x 10734 Js

1.097 x 10’ m™

1.661 x 10727 kg
931.5 MeV/c?

1.602 x 1071°J
1.00 x 10° kgm™>
4,18 x 10> Jkg 1 K!

2.898 x 10> mK
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FORMULAE SHEET

Motion, forces and gravity

v=u+at
Fuet=ma

W = F”s = Fscosf

AU = mgAh
_1 5
o £ K = Emv
T At
P = F”v = Fvcos@
Yim2, =3 im?
2 before g alter D MVsgore = DMy
- =, 2
Ap = F;letAt a(.‘: = V?
w0 = A6 2
- my
¢ F, = —
T=nF= rFsinf
GMm
F =
_ 2mr 2
V=T
r_GM
U = _GMm T2 471'-2
r
Waves and thermodynamics
v=fi fbeat=‘f2_fl‘
f = % f, _ f (vwavc + vobscrvcr)
(‘kvave - vﬁoumce)
dsin@ = mA _ _
e n,sinB; = n,sing,
% . By
2 sinf, = _*
I=1,cos8 n

Q = mcAT

2 _ 2
Iin” = L,

Q _ KAAT

t d
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FORMUILAE SHEET (continued)

Electricity and magnetism

E = 4 F = gE
d
A F = 1 a4,
v =AU dmey 12
q
q
I=-=
W=gqV t
W = gEd V=IR
g = Ml P=VI
2zr
F = qv,B = qvBsinf
T ik
p = MM _
L F = lI|B = lIBsin@
D = BA = BAcos@ F _ Ho LD,
I 2 r
£ = —NA—Q i
At T = nlA B = nlIABsiné
V. N
Vp = ﬁp VoI, = VI
s s
Quantum, special relativity and nuclear
P ‘= i
my - >
Km = hf-¢ (32
b
A= — 2
max = 7 I=1, [1—"—2]
c
E = mc?
myv
E = hf A= 2
2
1_ 1 1 ¢
A n% n? —At
N, = Ny
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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 1. 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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original order. Do not insert parts into other parts.

+ WRITE YOUR CANDIDATE NUMBER IN THE SPACE PROVIDED AT THE TOP OF EACH
SEPARATED PART OF THE PAPER.

* Responses requiring more writing space than provided should clearly be marked
CONTINUED. When the response is continued on extra writing paper it should clearly

indicate the question number.
= Each detachable part A-D of Section Il has additional writing space to use for that part.
= Further additional writing paper can be given on request.
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SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 A transformer has 2000 turns in its primary winding and 60 turns in its
secondary. If the voltage input to the transformer is 240 V, the voltage output is:

(A) 025V
By 7.2V
(C) 33V
(Dy 8000V
2 In an experiment to investigate the structure of matter, alpha particles were fired

into gold foil. About 1 in 8000 particles bounced back at a large angle.

Which conclusion can be drawn from this observation?

(A) The atomic nucleus contains protons and neutrons.
(B) Electrons orbit the atomic nucleus.

(C) The atomic nucleus is at the centre of the atom.

(D)

atom.

3 A conductive bar travels at constant velocity v through a magnetic field B
pointing out of the page. Whilst this movement occurs, which region of the bar
will become negatively charged?

(A) The left-hand side

(B} The right-hand side

\®

(D)  The bottom (down the page)
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4 A rectangular coil with sides of length 0.04 m and 0.06 m is placed in a uniform
magnetic field B of strength 0.03 T so that the plane of the coil is perpendicular
to the field direction, as shown.

B=003T

X X X X X X X X X
X X X X X X X X X
X XX X X X X|X X
X XX X X X X|X X
X XX X X X X|X X
X XX X X X X|X X
X XX X X X X|X X
X X X X X X X X X
X X X X X X X X X
X X X X X X X X X

The magnetic flux through the coil is
(A) 3.6x10°Wb

(B)

(C) 3.6x107"Wb

(D) 7.2x107"Wb

5 The diagram below shows an experiment performed with a high voltage across
an evacuated tube.

metal sheet

/

The observation of a sharp-edged shadow on the end of the tube suggests that

(A)
(B) particles diffract around the edges of a sheet of metal.
(C) negative particles travel from the anode to the cathode.

(D) positive particles travel from the cathode to the anode.
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6 Which of the following diagrams depicts a dc generator?

(A)

B)

Input

Rotation Rotation

OUtpUt Output

Which of the following was a contribution of James Clerk Maxwell to our

understanding of the nature of light?

(A)
(B)
()

(D)

Observation of the existence of radio waves

Observation that electric and magnetic fields are always at right angles
to each other

Observation that the speed of light is a constant

The surface gravity of a planet is g. What would be the new value of the surface

gravity if both the mass and radius of the planet were halved?

(A)

(B)
)
(D)

(Ol G L

€=
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9

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, as shown.

o o—H

L__ switch battery

When the switch is closed, the aluminium foil will move

(A)
(B) upwards.
(C) towards the north pole of the magnet.

(D) towards the south pole of the magnet.

A blackbody curve is shown in the diagram below.

Wavelength (um)

The temperature of the blackbody is closest to

(A)  0.0058 K
B)
(C) 5800°C

D) 8x 10K
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11

12

13

A current-carrying wire passes through a square region of magnetic field,
magnitude 2.0 T, as shown in the diagram below. The magnetic field is directed
into the page.

4

What is the magnitude of the magnetic force on the conductor?

(A)
(B)
©)
(D)

0.68 N
1.7N
24N
3.4N

Polarisation could not be explained in terms of a wave theory of light until which
development?

(A)
(B)
\®)
(D)

Einstein proposed a photon model of light

Most scientists abandoned the particle model of light

Light was understood to be a longitudinal wave

One of the largest conventional bombs ever made is the MOAB with a yield of
11 tonnes of TNT. If 1 tonne of TNT produces 4.2 x 10° J of energy, the amount
of mass lost in this explosion is

(A)
(B)
)
(D)

4.67 x 10¢ kg

14.0 kg
154 kg
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14 The diagram below shows an electron travelling at speed v within a magnetic

15

field B. The charged plates have a voltage V across them and are separated by
a distance d. The quantities B,V and d are set so that the electron passes
through undeflected.

+++++

Which of the following adjustments could lead to the electron arriving at X?

(A) 14
(B) Decrease B
(C) Decrease v

(D) Decrease d

When a projectile reaches its maximum height it is travelling at speed u. When
it hits the ground, its speed is 2u.

At what angle does it hit the ground?

(A)  30° below the horizontal
(B) 45° below the horizontal
(C) 60°

(D) 63° below the horizontal
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16 The maximum speed that a car can go around a circular turn with a constant
radius is 80 kmh™ without skidding. What is the maximum speed of a truck in
the same corner with 5 times the mass and 3 times the sideways frictional force?

17

(A)
(B)
©)
(D)

48 kmh!
62 kmh!
103 kmh-'
133 kmh'

The diagram below shows electron energy levels within an atom.

E;

The transition Es to E> causes the emission of infrared radiation.

A transition that could cause the emission of ultraviolet radiation would be

(A)
(B)
©)
(D)

Esto Bz
Esto Es
Es to E;
Esto Es
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18 A metal with a work function ® emits electrons with a kinetic energy of K when
light of wavelength 4 is shone on it.

19

What is the new kinetic energy of the emitted electrons if the wavelength of the

light is halved?

A 2K

B) K-
C) 2K-&
(D) 2K+ @

A Blu-ray video disk has a diameter of 0.12 m and rotates at 810 rpom (or
13.5 rotations per second) when it is playing.

Select the correct option for the angular velocity w and the centripetal
acceleration a. of a point at the edge of the disk.

Angular Velocity, Centripetal Acceleration,
w (rad s™) a. (ms?
(A) 27 216
(B) 27 432
(@) 85 432
D) 85 863
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20 In a distant solar system there are 5 exoplanets with 10 moons in total orbiting
around them. The orbital radius and orbital periods for all these moons (labelled
A-J) are in the diagram below.
1.6
1.4
12 oL
1
0.8

0.6

orbital radius cubed, r3 (x1023 m3)

0.0 5.0 10.0 15.0 20.0 25.0 30.0
Orbital Period Squared, T2 (x1013 s2)

Which groups of moons are orbiting the same planet?

(A) Moons A, C,G
(B) MoonsB, C, G
©

(DY MoonsF, G, H
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SECTION II: Part A (20 Marks) S .R

CANDIDATE NUMBER

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

Question 21 (2 marks) Marks

Determine the magnitude and direction of the torque around the axis 0.

Question 22 (2 marks)

Determine the wavelength produced by the transition of an electron in a hydrogen
atom from the n = 3 to the n = 1 energy level.
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Question 23 (3 marks) Marks

The diagram below shows two parallel, charged metal plates in a vacuum. A small ball
with a charge of +4.0 x 10 C is placed between the plates.

SIDE VIEW

1.4x10°*m @ 430V

When the ball is released, it remains stationary. Determ‘ine:

—

(@ the electric field strength\t?ween the plates.

Ez. V2. 430 s ?3)f><f05 Vim

(b) the mass of the ball.

Ec:]/ﬁmg .

N
Q
35
un

<}
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Question 24 (3 marks) Marks

The diagram illustrates the construction Huygens created to model how light
propagates through space.

Describe how this model can be used'to explain'how‘ light behaves when it passes

through a narrow aperture.
D Everd. Dot ono Wove Jse sodre
é‘f Y)¢.o Q;FOL/(O( Wa\/e,/e .

A ”SE/CCQSSH/@ WOH/Q o | IS 7%8
P&r ) ;Oh/ -hmﬁerff af%bese Waue/ fg

Iy z/nf?f

f.ff.f ..... @ /H ¥ r:/aerfure Yol o
b .. ?zﬂf’ﬁl WfiJl

Q/};c//ar Aﬁﬁfmcﬁm 3

p/ o UC*/E? a...5emé.
po\"ﬁem
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Question 25 (2 marks) Marks

A proton with a velocity of v = 3.0 x 10° ms™ enters a region with a uniform magnetic
field of 2.0 T directed into the page, as shown.

?c
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X

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

.................................................................................................................................
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Question 26 (4 marks)

For a particular cathode material in a photoelectric experiment the stopping potentials
were measured as a function of the wavelength of light shone on the cathode.

(@) Complete the table by calculating the frequency of the light.

Stopping Potential (V) Wavelength (x107 m) Frequency (x10™ Hz)
1.0 6.0 5
2.0 4.0 -+
3.0 3.0 (O

() Onthe graph paper below, plot a graph of Stopping Potential versus Frequency.

Draw a line of best fit.

Stopping Potential (V)
-

4 6 10 {12
-1
Frequency (x 104 Hz)
(c) our graph to determine the work function of the metal.

Marks
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Question 27 (4 marks) Marks

Electromagnetic braking can be demonstrated by swinging two metal plates inside a
strong magnetic field, as shown below.

| Plate B

s X

XXXXX
XXXXX
XXXXX

In which of Plates A and B would the electromagnetic braking effect be stronger?
Justify your answer.

A bfak:@ IS.. 87?“0/) o
@As 4»07;5 p/mfes @m‘erﬁe% Re 150 chomge
WS o

0 "'By flodags lon G5 & plodies

% @ This... indveell. volto fodUcp5 mcuﬂ{’ﬁ/

oﬂ . p(aieﬁ as Bﬁmsa 5% %fo}o; ;%& cuff’fﬁ/..

e THE. 4}/120410”) Of*éesfe cuf/‘e/;_c (7 Lenzs law
s.such, that e e><+€{‘n Fe aﬂp/»ex A
fom?/ S[om/l/ﬁ te 4

,L/mi #'s was an AP Z
% Som.q, boy/s said
ect T ocapiel %%@— ot e\??/m%s%fs Were

o %’S ,5 %‘L sufoe alt. m/ou/é
{J@ 6(/%7%@, é/ab@ wold be ﬂeﬂ/ﬂ,




SECTION II: Part B (21 Marks)

CANDIDATE NUMBER

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

Question 28 (3 marks) Marks

A square coil of side 0.10 m with 40 turns that has a current of 0.30 A flowing through
it is inside a magnetic field of uniform magnitude 2.0 T, as shown below. A mass m is
hung from the right-hand side of the coil.

-

(@) Determine the magnitude of the torque on the coil before the mass m is added.
- . 2 .
T=NBLAsn6 =4OX2xXO.3x (O-1Yx S/NGC>

(b) When the mass m is hung from the right-hand side of the coil, determine the
value of m necessary to stop the coil from turning.

Page 11



Sydney Grammar School Form VI Physics 2024 Trial Examination

Question 29 (4 marks) Marks

Crystallography is a tool for studying the structure of materials that uses x-rays with
a wavelength of around 1.0 x 10 m, about the same as the spacing between atoms.

(a) Determine the energy of an x-ray photon that has a wavelength of 1.0 x 10"° m.

......... ﬁ —\:;P\V e e e e e e o e
............................. ="sseixio )X (KT

(b) Because they have a wave nature, neutrons can also be used for this technique.
Determine the kinetic energy of a neutron that has a de Broglie wavelength of

1.0 x 10‘10%.

NZmy V= m) _
...............f{??!ff ............. ;;5;'"CE;:&5:;>257;§5:]E:;"é?s‘ ......................................................
......................................... (/67Sx/a’1)x(/,(r/g“3
................................... A ot 2 L7 N Q) N,
............................ Ke=Zmy: —

i =27 >
____________________________________ = X [1625R10°" ) x (395¢x10°)

=/3x]/o " @
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Question 30 (4 marks)

Marks
The flux though a single coil of an AC generator is shown below.
Q
P
(@ Identify one time when the induced EMF will be zero according to the above
graph.
............. 0 02 04/06 1
/s
(b) If the generator consists of 60 coils, estimate from the above graph the
magnitude of the average EMF generated over the first 0.2 s.
£ 49 ad=g
............ e B ettt
= 60X
-2
L E L E RS AR £ RS EES RS ESES RS AR SRR 2
= 2400V

(c)

Att=0.1s, which of P and Q would be the positive terminal?
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Question 31 (6 marks) Marks

The diagram below shows two satellites in orbit around the Earth. One orbit is circular,
and the other is elliptical. Both satellites have the same total energy.

——
- -~ -~

~
-7 - R
-, ~
P ~
, N
, N
, \
, \
, \
, \
/ \
/22 L AL LT \
S e \
L \
) P S e
! .\ ....... \‘
! Co T, ‘
- |
I L
1 ) 1
\ . 1
! !
\ 3 1 o .
\ % / -, Elliptical orbit
\ /
\ r. / 5
\ / B
N T ., ’ :
N T, % i
N T 4 N
% [
.\ ...... 7 ". A
C N e 7
N P e
S o T
~ ~o _ - -

N ——_——

Circular orbit

(@ If the gravitational potential energy of the satellite is U, show that the kinetic

energy, K, of the satellite in a circular orbit is K = —%, and that therefore the

total energy E = %

For circdar or 5:7’ < /? = F

e e S 2_
..................................... 7S
_ L
- ol i N
s (
................................ ERR o x‘ 3

Question 31 continued on next page.
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Question 31 continued

/,7‘ Ppoc fant /
(b) Compg/ the work done by graV|ty on each of the satellites over the course of

one or orbit.

Eor crcalar orky 7l§ NO wolh Lone /c,u/

- MNeqabue L/\/Of)'k when MOV)ﬁj’
ey Leam Facth,

Marks
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Question 32 (4 marks) Marks

Discuss limitations of Rutherford’s model of the atom, and how modifications of the
atomic model introduced by Bohr and de Broglie addressed the limitations.

2 marhks - IaliSes fwo Jmitclions. L

[im; fatlon ) .........................................................................
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SECTION II: Part C (21 Marks)

CANDIDATE NUMBER

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

Question 33 (4 marks) Marks

Around a planet called Pax, a satellite has an orbital velocity of 1400 ms™ at a constant
orbital radius of 5.5x 10" m.

(@) Calculate thewmass of Pax. Jer e o |
a M s q/m ehn w”
..W.n“%@.j?—....‘..f...Y”.C.L.‘.'L.f.EQ.'ﬁhW...f.f.!{/f?.“.i.’";ﬁ..a.a.?.?r..l....1wﬂ.iﬁ¥.‘. ........ oy

0 - CVr 8607 ((400) for wadln sheth NRLEZARNN T L
....... ST L 3 I TR TR o
= [.62\%/014’J¢8L @wm}answw

(0 Mu’J{L} '|( //7¢nhm \f MLU/'WL)D

(b) Determine the escape velocity from Pax at the position of the satellite.

Lan =7 \/om"

..... .
e/l pnyw
Omz/ I Qormﬂmmwk(: [z 14000)s

= |9 719

O “&? VAT LJ//OV]/
Y eur! %
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Question 34 (6 marks) Marks

In the diagram below, a uniform electric field of strength 2.7 x 10° N C" exists
between two metal plates. A proton enters the electric field mid-way between the
plates, travelling at speed v parallel to the plates, as shown.

il No \«\(/Qtwh’/”
L=49 x 10°m -
I ANRRT
V?//‘,\L,W\

SO /(,J\I'z)
jlm)\/\(/k V\OL M
- Ihu\\/d"‘k

(@) Determine the minimum speed v that the proton must have to pass through the
plates without hitting them.

......................................................... Hreeeneperene ol e e L T
ah _
o o gl g LALIOTC o beTINO
eyl WAL b oo g ,n, ”l‘__ﬁ 4 LAY, gELT
ay bk ©  AxImE zzmen... 2 ES10 g—’iﬁ ’)ﬁv V.Z

Y

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

- .
.................................................................................... ' 3
oC (O07,96%m/s

(b) Discuss the similarities and differences between the motion of charged particles
in uniform electric fields and the motion of masses in uniform gravitational fields.

Sample Answer
Translation: Outline how the motion in different uniform fields (constant magnitude and direction) are

similar and different in shape and what they depend upon

The shape of the motion depends on the acceleration due to force created by the field (magnitude and direction).

Assume motion is compared using the same initial velocity

Since both uniform electric fields and uniform gravitational fields have constant accelerations (and forces) in only

one direction both will create similar parabolic paths.

The shape of the parabolic motion changes because of the differences in the forces.

The gravitational force (W = mg) acts on mass and creates a constant acceleration (@ = g) which means that the ‘
motion depends only on the gravitational field strength regardless of mass.

Whereas the electric force (F = gE) acts on charge and the acceleration (@ = gE /m) depends on the mass, charge S:::L;‘:ges
and charge polarity and electric field strength. Because charge polarity can be positive or negative the direction of
acceleration can be in the direction of the field (for positive charges) or the opposite direction to the field (for a

negative charge)

Continues on next page

Page 30



Sydney Grammar School Form VI Physics 2024 Trial Examination

Question 35 (4 marks)

A pion is a subatomic particle with a half-life of 2.6 x 10~8s when at rest. When pions
are accelerated to a very high speed, v, in a particle accelerator, the half-life
increases to 4.2 x 10~7s, as measured by an observer in the control room of the
accelerator.

(@) Determine the velocity v of the pions in the accelerator.

A 1 v AT 7 o\t
T R AR R AN ) IR

My comat e Tounded by 2000
as VxC

(b) Determine the average distance a pion travelling at this speed would move in its
( lifetime, according to the observer in the control room.

——d
...... Aovby = \maaegn) (42r07) = 12600° = 258 m]
- a' Usia )( o/ ]
W N T

Question34b continued

Table comparing factors that will determine/affect the motion

Comparison Motion of charged particles in Motion of masses in uniform
uniform electric fields (E) gravitational fields (g)
Path shape in uniform The motion has a parabolic shape | The motion has a parabolic shape
T field because of constant acceleration because of constant acceleration in one
in one direction direction
Acceleration magnitude | 4 =% a=g
(affects Acce?clarati on depends on charge Acceleration depends on gravitational

A motion/parabolic shape) and mass and electric field field strength only and is constant for all

masses and is not affected by charge.

strength.
Direction of acceleration | Acceleration is in the direction of Acceleration is always parallel to the field
D (affects orientation of the field for positive charges and in the same direction as the field.
motion/parabola relative | in the opposite direction for
to field) negative charges
Criteria Mark
Analyses and compares all 3 factors that affect motion in uniform
fields 3
e T,A, Dlabelled above
e 2 of above 2
. 1 of above 1
e ORrelevant information
Notes:

e  The comparison is made of the motion in each field and the factors that affect it. Comparing forces without
linking it to how motion is affected were not considered complete.

o To earn a mark requires a qualitative or quantitative comparison in both fields.

o The question specifies uniform fields — so motion in radial fields is not counted (circular motion in orbits or
forces between pairs of masses or charges)

e Answers with charges moving to positive/negative plates or the centre of the Earth are not relating the motion
relative to the field as asked.

. No orientation of fields is given in question so horizontal/vertical directions are meaningless. Describe motion
parallel/perpendicular to field direction.

e  Fields do not attract or repel, they are vectors. Force directions depend on the direction of the field.

Marks
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Question 36 (3 marks) Marks

Light is incident upon a piece of metal in a vacuum tube, as shown. If the frequency
of the light is above a certain value, called the threshold frequency, a current is
detected in the ammeter.

Explain this observation in terms of Einstein’s model of light.

Observation being explained — The frequencies of light higher than threshold frequency creates a measurable
current

A fully correct answer should contain the following key elements.

(E) According to Einstein’s Model, incoming light is made of photons with energy related to their frequency
(E = hf) and when it hits an electron in a metal it gives all its energy to it.

(W) Only if the photon has an energy greater the workfunction hf > @ is an electron released from the metal.
This minimum photon energy corresponds to a specific threshold frequency f, = % where the
‘workfunction’ is the amount of energy needed to remove an electron from the metal or specifically the
work done against electrostatic attraction.

(C) The electrons emitted from the metal move through the vacuum tube (with kinetic energy K., = hf — @)
create a measurable current observed on the ammeter in circuit. If the frequency of light is below the
threshold frequency then no electrons are emitted and no current is measured

Criteria Mark
. Contains all elements
o E -outlines Einstein’s model of photons with energy
E = hf that is given to the electrons in the metal.
0 W - adescription of the workfunction and how this
creates a threshold frequency, mathematically, from 3 3
Einstein’s model.
o C-how acurrent is read at the ammeter from the
ejection of electrons with kinetic energy.
o AND response is a clear explanation of how current is detected
using Einstein’s model
e Two of the elements E,W,C 2
. One of the elements E,W,C
° OR Relevant information to question

Note:
Better answers are clearer about what Einstein’s model is and its equations and incorporating this into their
explanation of the observation
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Question 37 (4 marks)

The diagram below shows a mass, m, being swung in a horizontal circle on a string of
length L.

& s
_ L
h
-
- ~
§A4§' = -
f P ‘_7 < Tﬁ ) (} - veIocity (_ = [/S/fr 0

As the mass is rotated faster the angle to the vertical, 8, changes.

Analyse the forces on the mass to explain why the vertical angle changes as the
speed of the rotating mass is increased.

/ r«/ﬂ’ To show definitive relationships an equation has
_L . V- tobe derived that directly relates angle and
?) " /Wll s» (M(M +a /\@‘ T speed with no other changing dependent
é ............................................................. Variables

¥e> \/(J(ou{' /ﬂ afu Vo= s "0/1

\DJ\' r (/Lw,,.(a/, (= Lsa@ <o

§1a& 4 @250°
ab Vs ) ¢ O b8 mok also gt wheh F ges aF O 450 Y005 00 w30 770°

The main complication that many did not account for when answenng this question is that the equations
mv? . . .
F, = — has variable speed and variable radius, and
v? = grtan 6 has variable radius and variable angle.
The two variables in each of these equations are also not independent.
Therefore, statements or assumptions that “as velocity is increasing then centripetal force is increasing” cannot be made
without further justification. Many failed to see the direct relationship between radius and angle r = Lsin 8 (0°<6<90°).
Many methods were used to answer so marking was based on Mark
matching the following standard for each mark.
e Has aforce vector sum diagram AND
. Derives a direct comparison between the velocity and angle v? =
gL sin6 tan & AND 4
. Fully accounts for how the angle must increase if the velocity increases in
logical steps with no incorrect, or unjustified, statements and assumptions
. Has a force vector sum diagram AND
e  Derives v? = grtan AND
. Has made unjustified statements or invalid assumptions but has made 3
some significant correct logical steps to account for the variable radius’s
effect on centripetal force and angle.
e Has a force vector sum diagram AND
. Derives v2 = grtan 8 or related component forces in force diagram AND 2
. Has made unjustified statements or invalid assumptions OR has not
accounted for how the changing radius affects centripetal force or angle.

e Relevant information 1
Note:
. Explanations cannot be just mathematical; words are needed explain the steps and justifications you are using to fully answer the question
of why angle must increase as velocity is increased.
. If you are using mathematical arguments or physics arguments, then you will be judged on the correctness of your steps and if they are

making any assumptions or skipping steps (i.e. stating that tan 6 is increasing then 6 is increasing) of your mathematical statements.

Marks

5010)
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SECTION II: Part D (18 Marks)

CANDIDATE NUMBER

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

Question 38 (4 marks) Marks

Two ideal polarising filters are placed in a row, as shown. Initially the polarising axis
of each filter is vertical. Unpolarised light from a globe is incident on P+, and the light
has intensity of I = 20 Wm™ after it passes through the polarisers.

\ light detector

I

(@) Polariser Pz is then rotated through one complete rotation. Sketch the
detected intensity I vs angle on the axes below. (You do not need to add any

numbers to the graph.)
Must level off at Jof
Intensity 4 (// tnd (09“\'[/0/‘4

(Wm?) 200~ —

| >
90 180 270 360 Angle (%)

| Mg\r\ﬁ Col” C/OH‘EC* MAYMA + MINTMA
| mack $of  correct shape i

(b) Determine the value of I when polariser P. is set to 55° from the vertical.
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Question 39 (5 marks) Marks

Two projectiles are fired simultaneously at the same launch speed of 15 ms™ from
two different angles. Their trajectories, 1 and 2, are shown in the graph below. At point
A, both trajectories have a horizontal displacement of 10 m, and a vertical
displacement of 6.0 m.

15
Trajedto y 1
1D il —
] Mo
— '.'.‘ \-ﬁ
E Z LA
- P
[~ - ———
E s =]
v Wi ]
- Fi e rajecton ™,
2 JdR= .,
e &7 N
E N
£ 1] ] 10 IF N 14
& N
N,
-5 \\
\\
-10

Harizontal Displacement (m)

(@ The maximum height that that trajectory 1 reaches is 10.6 m. Determine the
launch angle of trajectory 1.

(b) Trajectory 2 is launched at an angle of 46.8°. Determine its speed at point A.

Vj ........................................ :‘.../.?...iZ ...... i..ﬁ.x..a....ﬁ.‘z%.

131
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Question 40 (9 marks)

The simplified electron energy diagram below shows the relative energies of electrons
of an unknown element in a discharge tube, producing three different wavelengths of
visible light.

Energy (J) Level
4.92 x 10719 4
9.29 x 10720 3
3.52x 10720 2
0.00 1

When the light was shone through two narrow slits a distance d = 1.0 x 10~°m apart
and projected onto a screen, the first-order maximum for one of the wavelengths
was seen at point A, 6 = 2.32° degrees from the centre line, as shown below.

Not to scale
Gas Discharge Tube A
A
d |
v
Double
slit Screen

Analyse the processes occurring in the discharge tube and at the double slit to
determine which transition created the light that formed the bright fringe at point A.
Your analyji\s should in Q\fe bot‘h qualitative and quantitative information.

)1/

Marks

cl
A= \...)(../0‘5 0. 2:32....=.4n4 Am

Question 40 continued on next page.

Page 37



Sydney Grammar School Form VI Physics 2024 Trial Examination

Question 40 continued Marks

POSS‘\B'C C&{lc

yuaerps. Sroue.. higher. dp.. l.Q.m/@;@ZM
....... avg_’gﬁﬁ.{dtkcﬂ#e/ﬁc Ce oS

€. 00...enR3Y... OF....lec A.......,
haten.coelay. =t (ceascrvalbaa-eresy)
Ao.dole.. S1cE . super positiba...of light
o MRS CAUSLS... Ik

Criteria Mark

e  Calculation of double slit wavelength, electron energy change,

photon frequency and wavelength

e  AND comprehensive analysis of processes in atom and at double 9
slit
AND identification of transition 4 to 1
Calculations of wavelength, energy and frequency 7.8
AND thorough analysis of at least one process
Calculations of wavelength, energy and frequency 5.6
AND some analysis of processes
Calculation of wavelength, frequency and energy 3.4
AND/OR some analysis of processes
Some calculation 5
OR some description of process
Relevant information 1

""Notes:
This question required calculation to arrive at conclusion that transition 4 --> 1 caused bright fringe. It also required qualitative
..analysis of processes, which for this question means a description of each process and some explanation.
The least successful descriptions used vague, waffling sentences rather than simple specific details. For example, the phrase:
“this wavelength is associated with the transition from level 4 to 1” is vague and doesn’t actually describe what is happening.
“Instead, say “The electron jumps from energy level 4 to level 1 and emits a photon whose energy is equal to the energy lost by
the electron.” Also, a number of students said “the electron emits a wavelength.” A wavelength is not an object, it is a property
-+possessed by some objects.
It was a good idea to use a diagram showing the electron jumping levels with a photon coming out, but please label the diagram
_.orit’sjust a bunch of circles and squiggles. 9
Students who got 8 had generally failed to use the term photon (or equivalent) and just talked about the electron emitting light,
or “the energy of the light,” etc.
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