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HSC Trial Examination 2020

Physics

General
Instructions

• Reading time – 5 minutes

• Working time – 3 hours

• Write using black pen

• Draw diagrams using pencil

• Calculators approved by NESA may be used

• A data sheet, formulae sheets and Periodic Table are provided at the back of
this paper

Total marks:
100

Section I – 20 marks (pages 2–6)

• Attempt Questions 1–20

• Allow about 35 minutes for this section

Section II – 80 marks (pages 7–24)

• Attempt Questions 21–37 

• Allow about 2 hours and 25 minutes for this section



HSC Physics Trial Examination

2 TENPHY_QA_20.FM Copyright © 2020 Neap Education Pty Ltd

Section I

20 marks
Attempt Questions 1–20
Allow about 35 minutes for this section

Use the multiple-choice answer sheet for Questions 1–20.

1. To move against a gravitational field, work is required to be done.

What is this form of energy often referred to as?

(A) Newton’s Laws of Gravitation
(B) gravitational potential energy
(C) kinetic energy
(D) Kepler’s Laws

2. What is the name of the process whereby an atom changes into a different element?

(A) transmutation
(B) orbital decay
(C) the quantum model
(D) wave-particle duality

3. Which of the following sentences correctly describes the relationship between mass, radius 
and centripetal force?

(A) A large mass results in more centripetal force, and a large radius results in more 
centripetal force.

(B) A large mass results in more centripetal force, and a large radius results in less 
centripetal force.

(C) A large mass results in less centripetal force, and a large radius results in more 
centripetal force.

(D) A large mass results in less centripetal force, and a large radius results in less 
centripetal force.

4. What does the stator in a DC motor provide?

(A) a location for the current to enter within the DC motor
(B) a magnetic field either via permanent magnets or electromagnets
(C) constant connection between the rotating armature and the external circuit
(D) maximum resistance within a wire
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5. Which of the following is NOT one of the six quarks proposed by scientists?

(A) charm 
(B) strange 
(C) bottom 
(D) upper 

6. The surface temperature of the star Betelgeuse is 3500 K.

What is the peak wavelength of Betelgeuse’s radiation? 

(A) 502 nm
(B) 818 nm
(C) 823 nm
(D) 828 nm

7. Which of the following correctly describes Lenz’s Law?

(A) An induced current flows in a direction such that its own magnetic field attracts the changing 
magnetic field that caused it. 

(B) An induced current flows in a direction such that its own magnetic field opposes the changing 
magnetic field that caused it. 

(C) Induced emf is always proportional to the rate of change of the magnetic flux. 
(D) Induced emf is always inversely proportional to the rate of change of the magnetic flux. 

8. At a nuclear facility in Germany, 129 g of fuel was converted to energy.

What is the mass–energy equivalence of 129 g of matter?

(A) 3.87 × 107 J

(B) 4.49 × 1015 J

(C) 1.16 × 1016 J

(D) 2.24 × 1016 J

9. A current-carrying conductor is 92 mm long and experiences a force of 1.84 N when placed 
at a right angle to a magnetic field.

What is the magnetic flux density when 3.6 amps of current are passed through the conductor?

(A) 5.56 × 10–3 T
(B) 5.16 T
(C) 5.56 T
(D) 6.09 T 
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10. At the beginning of the Big Bang, energy was converted into particles.

Which of the following particles would NOT have been present within the first 100 seconds 
of the beginning of the Big Bang?

(A) helium 
(B) quarks 
(C) protons 
(D) antiprotons 

11. What is the wavelength of a bowling ball with a mass of 5 kg travelling at 12.6 m s–1?

(A) 3.78 × 10–35 m 

(B) 1.05 × 10–35 m 

(C) 2.14 × 10–34 m 

(D) 1.55 × 10–34 m

12. Which of the following is a consequence of the law of conservation of energy?

(A) magnetic braking 
(B) incomplete flux linkage 
(C) AC generator
(D) magnetic flux density 

13. When gaseous atoms have an electrical current passed through them, they can produce light. Gaseous
atoms absorb electrical energy, and then their electrons transition from ground state to a higher energy
state. Later, the electrons can return to ground state. As electrons return to ground state, they release
light; this light is particular to atoms of a particular element. 

What is observed when an electron moves from a higher energy state to ground state?

(A) absorption spectra
(B) continuous spectra
(C) radioactive decay
(D) emission spectra

14. A cannonball is launched at 49 m s–1. It reaches a maximum height of 105 m above its origin.

To the nearest degree, what is the angle of elevation required to reach this height? 

(A) 45°
(B) 58°
(C) 68°
(D) 93°
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15. A race-car travelling at 300 km h–1 drives around a race-track corner with radius 750 m. The road 
of the race track is designed so that car tyres do not experience any friction.

To the nearest degree, at what angle is the road banked?

(A) 13°
(B) 23°
(C) 33°
(D) 43°

16. The work function for tungsten is 4.5 eV.

What is the minimum wavelength of radiating photons that will have this threshold energy?

(A) 4.42 × 10–16 m

(B) 2.74 × 10–9 m

(C) 1.76 × 10–7 m

(D) 2.76 × 10–7 m

17. Spectroscopy allows scientists to study stars.

What type of spectral lines are produced by low-density stellar atmospheres?

(A) sharper, narrower spectral lines
(B) broadening spectral lines
(C) sharper spectral lines that are slightly shifted towards the red end of the spectrum
(D) sharper spectral lines that are slightly shifted towards the blue end of the spectrum

18. The planet Venus has a mass of 4.87 × 1024 kg and a diameter of 12 100 km.

What is the value of acceleration due to gravity on the surface of Venus?

(A) 8.87 m s–2

(B) 9.86 m s–2 

(C) 9.89 m s–2

(D) 10.13 m s–2
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19. When uranium-235 is hit with a neutron, it absorbs it and then splits according to the following 
nuclear equation:

During this reaction, there is a loss of mass of 3.60 × 10–28 kg.

What is the amount of energy released during the fission of a single uranium-235 atom?

(A) 112 MeV
(B) 186 MeV
(C) 194 MeV
(D) 202 MeV

20. A proton is circulating inside the ring of a synchrotron. The proton has an orbital radius of 82 m 

and a velocity of 1.25 × 108 m s–1.

What is the magnitude of the magnetic field required to keep the proton in orbit?

(A) 0.0175 T

(B) 0.0185 T

(C) 0.0188 T

(D) 0.0196 T

n
1
0 U

235
92 Ba

139
56 Kr

94
36 3 n

1
0 energy+ + +→+
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Section II

80 marks
Attempt Questions 21–37
Allow about 2 hours and 25 minutes for this section

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

Show all relevant working in questions involving calculations.

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

Question 21 (4 marks)

4A group of students analysed the effects of air resistance on projectile motion. The same 
experiment was performed twice – firstly in an evacuated chamber without air resistance, 
and then in the classroom with air resistance. The following graphs obtained from the results 
of both experiments show the paths taken by two identical projectiles. 

Discuss the effects of air resistance on the individual projectiles. In your answer, describe 
how the graphs demonstrate these effects. 

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

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

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

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

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

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

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

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

Without air resistance With air resistance
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Question 22 (4 marks)

On a class excursion, a student with a mass of 65 kg rides a merry-go-round. They are 4.4 m from 
the centre of rotation. Once the student reaches maximum speed, the class records the time it takes 
for the student to complete three revolutions. They record the time as 78 s. 

2(a) What is the student’s linear speed? 

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

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

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

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

1(b) What is the student’s angular velocity? 

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

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

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

1(c) What is the centripetal force acting on the student? 

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

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 23 (6 marks)

3(a) Describe Kepler’s Second Law of equal areas. Include a labelled diagram in your answer. 

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

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

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

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

3(b) Derive Kepler’s Third Law of periods. 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Question 24 (2 marks)

2A student opens their classroom door as seen in the diagram. The dashed arrow shows 
the direction from which the door is pulled.

How much force does the student apply to open the door if the total torque is 31 Nm? 

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

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

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

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

90 cm

72°
pivot point
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Question 25 (4 marks)

4During your Year 12 Physics course, you will have completed an investigation of historical 
and contemporary methods used to determine the speed of light.

Discuss ONE historical and ONE contemporary method used to determine the speed of light. 

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

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

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

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

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

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

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

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

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

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

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

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

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

Question 26 (3 marks)

A monochromatic neon lamp with a wavelength of 854 nm was used to demonstrate diffraction. 
When the light from the lamp was shone through vertical parallel slits, an interference pattern was 
produced on a screen 2.5 metres away. The slits were recorded to be 0.200 mm apart.

2(a) Determine the angle of the first-order maximum. 

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

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

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

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

1(b) Calculate the distance on the screen between the first-order maximum 
and the central maximum. 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Question 27 (8 marks)

A group of scientists at Australia’s Nuclear Science and Technology Organisation (ANSTO) 
collected data on the decay of a radioactive isotope. Their results are shown in the following table. 

3(a) Graph the results on the grid provided.

1(b) Determine the half-life of the isotope.

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

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

Question 27 continues on page 13

Time (hours) Recorded mass (g)

0 100

4 72.0

8 50.0

12 34.0

16 25.0

20 17.0

24 12.5

28 8.00

32 6.25
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Question 27 (continued)

(c) A sample of another radioactive isotope was investigated by the same group of scientists. 
This sample was found to have a half-life of 16 hours.

2(i) Calculate the decay constant of the isotope sample.

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

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

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

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

2(ii) What percentage of the sample will be left undecayed after two days?

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

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

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

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

End of Question 27
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Question 28 (4 marks)

4Discuss the early experiments that examined the nature of cathode rays AND their role 
in the discovery of the electron. 

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Question 29 (8 marks)

8The atomic model has continually been changed and improved due to scientific advancements. 
It has been influenced by many scientists. The image below is the model suggested by Edwin 
Schrödinger. This model is often referred to as the quantum model of the atom.

Explain how the atomic model changed over time and led to the model proposed by Schrödinger.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Question 30 (5 marks)

The diagram below shows a square single loop entering a perpendicular magnetic field of 0.80 T. 
The square loop takes 0.04 seconds to enter the magnetic field.

4(a) What is the magnitude of induced emf in the square loop? 
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1(b) What direction does the induced current flow in the square loop? 
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37 cm



HSC Physics Trial Examination

Copyright © 2020 Neap Education Pty Ltd TENPHY_QA_20.FM 17

Question 31 (4 marks)

A typical DC motor can produce 10–7000 revolutions per minute. 

2(a) Identify TWO modifications that would increase the speed of a DC motor. 

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

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

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

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

2(b) Outline the role of a commutator in a DC motor. 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Question 32 (4 marks)

4Compare the effects of electric and magnetic fields on a charged particle if the particle is initially 
moving perpendicular to the fields. Support your answer with a labelled diagram showing 
each field.
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Question 33 (4 marks)

4A teacher demonstrates the forces on two parallel identical copper conductors, as shown 
in the diagram.

The top conductor WX is fixed, while the bottom conductor ZY lies on top of a balance. 
The distance between the conductors is 5 mm, and each conductor is 29 cm in length. Initially, 
the balance reads 4.5 grams for conductor ZY. When the current is switched on, the teacher 
records a reading of 4.56 grams.

Calculate the magnitude of the current.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Question 34 (3 marks)

3As an in-depth study, a group of students tested different transformers to calculate their 
efficiency. The students supplied a transformer with 0.02 Amps at 240 V and recorded the output 
of the transformer as 0.28 Amps at 12 V.

Calculate the efficiency of the transformer AND account for the loss of energy.
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Question 35 (7 marks)

Ultraviolet light with a wavelength of 180 nm is shone on a polished nickel plate. The work 
function for the nickel plate is shown in the graph.

1(a) What is the work function for the nickel plate?

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

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

3(b) What is the kinetic energy of the fastest-moving electrons?

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

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

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

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

Question 35 continues on page 21
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Question 35 (continued)

3(c) Demonstrate the cut-off frequency of the nickel plate mathematically AND through 
interpretation of the graph.

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

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

End of Question 35
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Question 36 (3 marks)

The National Aeronautics and Space Administration (NASA) recently sent a space probe 
to a newly discovered, potentially habitable planet 20 light years away. The space probe will 
travel at a velocity of 0.38 c to get there.

1(a) Calculate how long the journey will take.

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

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

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

2(b) The scientists placed an atomic clock on board the space probe to measure the duration 
of the journey.

According to the atomic clock on board the space probe, calculate how long the journey 
will take.
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Question 37 (7 marks)

A satellite with a mass of 2550 kg is orbiting the Earth at an altitude of 35 800 km above the 
Earth’s surface.

2(a) Calculate the total mechanical energy of the satellite.
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3(b) Calculate the speed of the satellite.
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2(c) Identify the type of satellite that orbits at this altitude AND describe TWO uses of this type 
of satellite.
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End of paper
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Section II extra writing space
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Data sheet

Charge on electron, qe –1.602 × 10–19 C

Mass of electron, me 9.109 × 10–31 kg

Mass of neutron, mn 1.675 × 10–27 kg

Mass of proton, mp 1.673 × 10–27 kg

Speed of sound in air 340 m s–1 

Earth’s gravitational acceleration, g 9.8 m s–2 

Speed of light, c 3.00 × 108 m s–1 

Electric permittivity constant, ε0 8.854 × 10–12 A2 s4 kg–1 m–3

Magnetic permeability constant, μ0 4π × 10–7 N A–2

Universal gravitational constant, G 6.67 × 10–11 N m2 kg–2 

Mass of Earth, ME 6.0 × 1024 kg

Radius of Earth, rE 6.371 × 106 m

Planck constant, h 6.626 × 10–34 J s

Rydberg constant, R (hydrogen) 1.097 × 107 m–1 

Atomic mass unit, u 1.661 × 10–27 kg

931.5 MeV/c2 

1 eV 1.602 × 10–19 J

Density of water, ρ 1.00 × 103 kg m–3 

Specific heat capacity of water 4.18 × 103 J kg–1 K–1

Wien’s displacement constant, b 2.898 × 10–3 m K
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Formulae sheet

Motion, forces and gravity

Waves and thermodynamics
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Formulae sheet (continued) 

Electricity and magnetism

Quantum, special relativity and nuclear
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