General

JAMES RUSE AGRICULTURAL HIGH SCHOOL

2024
HALF YEARLY

Physics

* Reading time — 5 minutes

Instructions . Working time — 3 hours
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* A data sheet, formulae sheet and Periodic Table are
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* Attempt Questions 1-20
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* Attempt Questions 21-36
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Section |

Attempt Questions 1-15
Allow about 20 minutes for this part

Use the multiple-choice answer sheet (page 21) for Questions 1-15

The answer sheet can be torn off. Leave it, separate, on your desk at the end of the
exam

1  The picture shows a game of cricket

e NI = Neglect
/ -7 N ~. air resistance

The picture shows two consecutive shots by the batsman. Both balls reach the same
maximum height above the ground but ball Q travels twice as far as ball P.

Which of the following is different for balls P and Q?
Time of flight

Initial velocity

Gravitational force

Gravitational acceleration

OO wx

2 The Earth planet has mass M and radius R. Due to its mass, it has a gravitational field around
it. Select the most correct answer about acceleration due to gravity.

Formula for acceleration due to gravity Direc(tiilcl)g t(:) f;::s}f;ation
A F = ngm Towards the centre
B. g = (;_1\2/1 Towards the centre
W=mxg Away from the centre
D. F=mxa Away from the centre
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A planet is moving in an elliptical orbit around the sun (S) as shown in the diagram
below.

B

D

Which of the following statements about the planet is true?

Its total energy is the same in Position A and D.

[ts potential energy is the same in Position A and D.

Its potential energy decreases moving from Position A to D.
Its kinetic energy increases moving from Position A to D

OO wx

An aeroplane is flying horizontally over level ground. It has an altitude of 490 m and
a velocity of 100 ms-1. As the aeroplane passes directly above a cross marked on the
ground, an object is released from the aeroplane.

How far away from the cross will this object land?

A. 490 m

B. 1000 m
C. 10 000 m
D. 49 000 m

Four model rockets are launched with the velocity components shown in the table.
Which rocket was launched 30 degrees to the horizontal?

Rocket Horizontal component of velocity vertical component of velocity
(m/s) (m/s)

A. 22 50

B. 32 40

C. 42 20

D. 52 30

Page 3



The table gives information about two satellites of a planet.

Satellite | Radius of orbit (km) Orbital period (days)
P 10000 2.0
Q 40000 T

What is the orbital period of satellite Q?

A. 1.4 days
B. 4.0 days
C. 16 days
D. 32 days

A spaceship at a distance r metres from the centre of a star experiences a
gravitational force of x newtons. The spaceship moves half the distance towards the

star.

What is the gravitational force acting on the spaceship when it is at this new

location?
A X

) E newtons
B X newtons
C. 2xX newtons
D 4x newtons

The table shows the values of acceleration due to gravity on the surface of Earth and
on the surface of Mars.

Planet Acceleration due to gravity
(m/s/s)

Earth 9.8
Mars 3.7

A person weighs 490 N on the surface of the Earth.

Select the correct answer

Mass (Kg) Weight (N)

A 100 370

B 50 185

C 50 490

D 100 185
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9  The initial velocity required by a space probe to just escape the gravitational pull
of a planet is called escape velocity.
Which of the following quantities does not affect the magnitude of the escape

velocity?

A. Mass of the planet

B. Radius of the planet

C. Mass of the space probe

D. Universal gravitation constant

10 Aballisthrown at an angle of 45 degrees from the ground. If upwards is considered
positive, select the acceleration - time graph that describes the vertical motion.

A. C. |

11 Which of the following best describes Galileo’s analysis of projectile motion?

A. A projectile launched with enough velocity would escape Earth’s gravity.

B. A projectile would travel in a straight line unless acted upon by an external force.

C. A projectile would travel in a parabolic path because it has a constant vertical
velocity and constant horizontal acceleration

D. A projectile would travel in a parabolic path because it has a constant horizontal

velocity and constant vertical acceleration.
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12 Two planets, X and Y, travel around a star in the same direction, in circular orbits. Planet X
completes ONE revolution about the star in time T.
The radii of the orbits (X:Y) are in ratio1:4.

How many revolutions does the planet Y make about the star during the same time?

A. 1/8 revolution
B. 1/4 revolution
C. 4 revolutions
D. 8 revolutions

13 A pair of parallel plates has a potential difference of 200 V across them as shown below. A
positive charge of magnitude is 5 mC is placed exactly in the middle of plates which are 4
mm apart.

200V

. @ 4mm

Select the most correct answer from the following options.
Work done the charge Direction of charge movement
A 0.5] Downward
B 05N Downward
C 1.5] Upward
D 0.5] Upward
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14 Which choice correctly describes the Input power (P) and output power of REAL
transformers?

15

Step-up transformer

Step-down transformer

SO wm®

Input Power Output Power Input Power Output Power
P <P P <P

P > P P >P

P P P P

P <P P p

A 100 Kg satellite orbits the Earth in a circular orbit and after many revolutions, it drops
down to a lower orbit. Ignore atmospheric friction or drag. Which statement about this
satellite is correct?

A.
B.
C.

Its kinetic energy decreases and potential energy increases.
Its kinetic energy increases and potential energy increases.

Its kinetic energy increases, potential energy decreases and mechanical energy

remains constant.

Its kinetic energy decreases, potential energy increases and mechanical energy

remains constant

CONTINUE TO THE PAGE 9 FOR SECTION Il

END OF SECTION |
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2022 HIGHER SCHOOL CERTIFICATE
HALF YEARLY EXAMINATION

Physics

Section Il
Answer Booklet

55 marks
Attempt Questions 16-26
Allow about 1 hours 40 minutes for this section

Instructions e Write your NESA ID where requested

e Answer the questions in the spaces provided. These spaces provide
guidance for the expected length of response.

e Show all relevant working in question involving calculations

e Extra writing space is provided at the back of this booklet. If you use
this space, clearly indicate which question you are answering.

Please turn over
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Question 16 (8 marks)

A stone is projected upwards at an angle of 30 to the horizontal from the top of a vertical
cliff. Given that the initial velocity of the stone is 15 m/s and that it hits the horizontal
ground below the cliff 2 seconds later, calculate:

(a) The horizontal distance travelled by the stone from the foot of the cliff.

(b) The height of the cliff

(c) The velocity of the stone just before it hits the ground

(d) If the same experiment were to be conducted on Mars, which has an acceleration due
to gravity of 3.7 ms, how would the range be different on Mars as compared to that

on Earth?
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Question 17 (6 marks)

(a) A 2.5kg rock attached to a 1.5m string spins in a horizontal circle. It completes 100
revolutions in 1 minute.
Calculate the tension force in the string.

(b) Annotate the diagram below and explain in words what would happen to the motion
of the rubber bob if the string breaks at the position shown in the diagram. The rubber
bob is undergoing uniform horizontal circular motion anticlockwisely.

e - =~ ~
4
/7 ; N
’ \
’ \

/ \
! \
[

\ Position of strin p
\\ /
\ /

\ ’

N ’
N 4
~ '
~ -

~ -
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Question 18 (4 marks)
Mr. Moraleda is able to apply a maximum force of 85N. He tries to use a 32cm long spanner
to turn a stuck nut, which requires 25Nm of torque to turn.

(a) Explain whether Mr. Moraleda would be able to turn the nut if he applied his maximum 2

force at the optimum angle.

(b) Outline a technical solution that can help Mr. Moraleda to turn another stuck nut which
requires 40Nm of torque to undo.

2
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Question 19 (5 marks)

Proton launched horizontally into an A ball launched horizontally from a
electric field certain height above the ground

+++++++++++++++ Cj

- - - - - - - - Ground
(Uniform gravitational field)
(a) Sketch the trajectories for the proton and the ball on the above diagrams. 1
(b) Compare and contrast the trajectory of a proton in the electric field above and the 4

trajectory of a projectile launched horizontally in the gravitational field above.
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Question 20 (7 marks)
A circuit set up like the diagram below is used to investigate the relationship between force
per unit length and distance between two parallel conductors.

Conductor X |

-

l, Conductor Y

The experiment was performed with current in conductor X was FOUR times the current in
conductor Y. The table shows the results obtained from carrying out this investigation.

Trial Run Distance between 1/ distance Force per unit
two conductors (1/d) (m™) length
d (cm) x106 (N/m)
1 2 50 90
2 3 33 60
3 5 20 36
4 10 10 18
5 20 5 9

(a) Identify TWO variables that were needed to be controlled in this experiment.

Question 20 continues on the next page
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(Question 20 continued)
(b) Plotaline of best fit graph between force per unit length and 1/distance.

(c) Describe the nature of force between two conductors.
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Question 21 (3 marks)

A cyclist is riding around a frictionless circular banked track for two laps. On the first lap, he 3

travels at a speed v. On the second lap, the cyclist ends up at a lower position and his path has
a smaller radius than that of the first lap.
Explain the difference in positions for the two laps.

Question 22 (3 marks)

A satellite of mass 500kg is boosted from an orbit of altitude 10000km above the earth to an
orbit of altitude 20000km above the earth. The satellite’s orbital speed remains the same.
Calculate the work done required to change the orbit of this satellite.

3
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Question 23 (4 marks)
Compare the orbital velocity, orbital period, and the use of low earth orbits and geostationary
orbits.

Question 24 on next page
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Question 24 (5 marks)
In the Large Hadron Collider (LHC), the particle beams are steered using magnetic fields
(directed into the page), as shown.

Superconducting

-<— Particle path

(a) Two particles with the same mass and same speed are travelling through the LHC in
opposite directions.
What can be deduced about the charge on the particles?

(b) During a test run, a proton travels with a speed of 1.0 x 107 ms-* around the LHC. The
radius of curvature of its path is 4.2 m. Calculate the magnetic field strength.
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Question 25 (7 marks)
The diagram below shows seven positions of a metal coil moving at constant speed from left to right
through a uniform magnetic field directed firstly into the page, and then out of the page.

Direction
of motion
e 6 o6 o o .
X X X X X of the coil
X o o ~
B X ° F
X X X X X e 6 o6 o o
(a) Explain the position(s) of the coil when there will be current induced in the coil. 3
(b) Explain the direction of all of the induced current(s) in the locations identified above, using 4

principle(s) of Physics.
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Question 26 (3 marks)
A metal rod sits on a pair of parallel metal rails, 15 cm apart, that are connected by a
copper wire. The rails are at 30° to the horizontal.

The apparatus is in a uniform magnetic field of 0.8 T which is upward, perpendicular
to the table.

Copper wire ),

Table

\ Rod
-\\\300 /\
\\\\\ \ 11‘

A force, F, is applied parallel to the rails to move the rod at a constant speed along the
rails. The rod is moved a distance of 30 cm in 2.5 s.

(a) Calculate the change in magnetic flux through the circuit while the rod has moved a 2
distance of 30 cm.

(b) Labelonthe diagram above, the direction of induced current flowing through the copper
wire, using an arrow.
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2023 Physics HSC Half Yearly Examination

Section | —Multiple Choice Answer Sheet

15 marks
Attempt Questions 1 — 15
Allow about 20 minutes for this section.

You may tear this page, and the data sheets off to help complete the questions.
Leave this page separate on your desk at the end of the exam.

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

1 AO BO cO DO
2 AO BO cO DO
3 AO BO cO DO
4 AO BO cO DO
5 AO BO cO DO
6 AO BO cO DO
7 AO BO cO DO
8 AO BO cO DO
9 AO BO cO DO
10 AO BO cO DO
11 AO BO cO DO
12 AO BO cO DO
13 AO BO cO DO
14 AO BO cO DO
15 AO BO cO DO
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HIGHER SCHOOL CERTIFICATE EXAMINATION
Physics

DATA SHEET

1142

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,
Universal gravitational constant, G
Mass of Earth, My

Radius of Earth, rg

Planck constant, h

Rydberg constant, R (hydrogen)

Atomic mass unit, u

leV
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 1077 kg
1.673 x 1077 kg
340 ms™!
9.8 ms 2

3.00 x 103 ms™!

8.854 x 10712 As*kg I m™

4 x 107" N A2
6.67 x 107" Nm?kg™?
6.0 x 10** kg
6.371 x 10° m
6.626 x 1074 J s
1.097 x 10" m™!

1.661 x 10727 kg
931.5 MeV/c?

1.602 x 107197
1.00 x 10 kgm™
4.18 x 10° Jkg 'K

2.898 x 10> mK



FORMULAE SHEET

Motion, forces and gravity

L,
S = ut+ —at
2

v = u?+2as
AU = mgAh
p = AE

At

| L 5
ngvbefore = ngvafter

Ap = F, At

Vv = u+at

Fnet = ma

W = FHs = FscosO

K = lmv2
2

P = FHv = Fvcos@

z MVyefore = z MV, trer

¢ r
o = AG ,
PR my
! Fo=—=
T=nk = rFsin@
GMm
2xr F= 2
Ve '
r_GM
U _ _GMm T2 4”2
r
Waves and thermodynamics
v=fA fbeatz‘fZ_fl‘
f= % f, = f (Vwave + vobserver)
(Vwave - vsource)
dsin@ = mAi
c n sin, = n,sin6,
nG=—
vy o n,
I = Imaxcoszé? S = n
O = mcAT 11r12 = 12”22
[ kKAAT
t d




FORMULAE SHEET (continued)

Electricity and magnetism

— -

E = \4 F = qE
d 1
9149,
F = —=
V = M 472'80 r?
q
q
I =—
W = qV t
W = gEd V = IR
g = Mol P=VI
2rcr
F = qvB = qvBsinf
_ MM
L F = lI|B = lIBsin®
D = B”A = BAcos@ F _ &ﬁ
[ 2 r
€ = —NA—(D )
At 7 = nlA|B = nlABsin@
% N
L Volp = Vi,
/A
Quantum, special relativity and nuclear
t
Kmax = hf—¢ C2
b
A = — 2
max = 7 =1, (1—v—j
2
E = mc?
myv
E = hf P 2
2
Lo 1 ¢
A n? nf —At
N, = Nye
4o In2
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