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Section |

20 marks

Attempt Questions 1-20
Allow about 35 minutes for this part

Use the Multiple-Choice Answer Sheet for Questions 1-20.

1 A ball is thrown at 45° above the horizontal so that it follows a parabolic trajectory.
What ONE change to the initial conditions would make the ball’s maximum height greater?

A.

B
C.
D

Increasing the horizontal component of its initial velocity
Decreasing the vertical component of its initial velocity
Increasing the angle of launch to the horizontal

Decreasing the angle of launch to the horizontal

2 An object is undergoing uniform circular motion. The magnitude of the centripetal force
required to maintain its motion is F.

Which of the following best represents the new centripetal force if the mass of the object is
doubled, the radius halved, and the speed tripled?

A,

B
C.
D

3F
9F
12F

36F

3 The Bohr model of atoms suggests that a hydrogen atom consists of an electron orbiting a
proton.

Which of the following forces keeps the electron in its orbit?

A,

B
C.
D

Centripetal
Electrostatic
Gravitational

Strong Nuclear



4 Each of the diagrams below shows a point X in space, located at a given distance from the
centre of a planet. R _

Which diagram represents the weakest gravitational field strength at point X?

A. B.

C. D.

5  Ancngineer is tasked with designing a stepdown transformer to meet the specifications of a
new smart device. The new device can accept up to 12 W of power at a current of 1.2 A.
The primary coil is supplied with a 240 V AC power supply.

What is the ratio of turns in the primary coil to the secondary coil?

A 1124
B. 12:1.2
C. 201
D. 241



6 Johannes Kepler deduced three Laws of Planctary Motion. The diagram below shows a
planet’s orbital path as an ellipse as it orbits a star in a clockwise direction. The shaded
sections are of equal area.

Which of the following statements is true?

A.  The planet will have the greatest velocity at point D.
B. The planet will have equal velocity between A and B and between C and D.

C. The time taken for the planet to travel from point A to point B is morc than the time
taken between point C and point D.

D. The time taken for the planet to travel from point A to point B is equal to the timc
taken between point C and point D.



7 The following data shows the intensity of elcctromagnetic radiation as a function of
wavelength for four different stars W, X, Y and Z.
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L
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Which conclusion can be correctly deduced from this data?
A.  Star W is closer to Earth than Star Z.
B.  StarY has a higher surface temperature than Star X.

C.  Star X has a surface temperaturc of about 15000 K and Star Y has a surface
temperature of about 12000 K.

D.  Star W has a surface temperature of about 15000 K and Star Z has a surface
temperature of about 5000 K.



A microwave oven creates standing waves, which causes water in food to vibrate and cook
the food. The microwaves have a frequency of 2450 MHz. The tumtable inside the
microwave moves the food through the hot spots to evenly cook it. If the turntable is
removed and a large block of chocolate is placed in the microwave it will melt in some areas
and not in others.

Microwave QOven Standing

o
Chocolate

Melted
Chocolate

If the distance between the melted areas in the chocolate is 6.00 cm, what is the specd of the
microwaves in the oven?

A. 147 x 10’ ms’
B. 147x10%ms"
C. 294x10°ms?!
D

2.96 x 10 ms™!



9  The diagram below shows the HR-diagram for a particular stellar cluster. Four of the
cluster’s stars are labelled on the diagram.
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Which of the labelled stars would have the greatest surface area?

A, Star A
B. StarB
C. StarC
D. StarD



10 Which of the diagrams below shows the greatest net torque around the fulcrum?
All drawings are to scale. All masses are in kilograms.
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11 Below is a model of a particle accelerator being used as a mass spectrometer to determine the
relative abundance of isotopes within a sample of material. The atoms in the sample are
ionised and passed through the accelerator as shown in the diagram.
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Which row of the tablc correctly identifies the fields present in Region X and in Region Y?

Region X Region Y
A electric only magnetic only
B. : electric only | clectric and magnctic
c.| electric and magnetic ‘ electric only
D. electric and magnetic ‘ ma_gnetic_onl_y N




12 A metal Rod X is placed on an electronic balance. It is connected to a power supply with wires
that can be considercd wcightless. Fixed above the rod is an identical Rod Y which is attached
to an ammcter and power supply.
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A student graphs data on the electronic balance rcading as the current in Rod Y 1s allered.

The graph is shown below.
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From the graph determine the mass of Rod X and predict the minimum current in Rod Y that
will lift Rod A off the electronic balance.

Mass of Rod X (g) 1 Current in Y that will lift Rod X (A} |
A. 7 | 1.0
B. 60 44
C. 78 44
D.[ 60 4.9
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13 A mass with a 1.00 millicoulomb positive charge is moving in a straight linc at the speed of
6.50 x 10 > ms™' through an electric field of strength 1.20 x 10~ NC"! and a magnetic field as
shown. The mass of the charge is insignificant.

X X X X
X X X X V
—
X X X X e
B X X X X

What is the magnitude of the magnetic field required to maintain the straight-line motion?
A 120T

B. 185x107T

C. 781x10°T
D

781 x107T

-11 -



14  Current theories and models of the Big Bang indicate the very early Universe underwent
several key stages in its early evolution. Four of these key stages are:

I: formation of atomic nuclei
II: rapid Inflation of the Universe
III: formation of particles and antiparticles in large numbers

TV electromagnetic radiation dccouples from matter and can travel through the
Universe

Which of the below options lists the most correct order in which these stages occurred?
A 202121V
B I>IV=2>1->11
C. Mm-2>M0->1v->1
D V21211210

15 The minimum frequency required to eject photoelectrons from the surface of a metal's
surface is f. A monochromatic radiation with frequency of 3f is shone on the metal surface
and the kinetic energy of a photoclectron is measured to be K.

What s the kinetic energy of the photoelcctron if the frequency of radiation is 57

A 40K
B 20K
C. 1.7K
D 0.6 K

-12 -



16 The following apparatus was sct up to investigate how changing variables affect the
measurcd intensity of light.

Which row of the table shows the best configuration that results in the greatest value in the
intensity of light measured at the light sensor?

Luminosity of light Source_ Angle bem;;?h}; {f;::;f( ‘5; alarisation
A. 5 20
B. 10 B 40
C. 15 60
D. 20 80

17 Which row of the table correctly describes the spectra produced from discharge tubes,
reflected sunlight and incandescent filaments?

Discharge tubes Reflected sunlight Incandescent filaments
A. _C(mtinuous Absorption _ Continuous
B. Emission Continuous Em;ssion
C. | Emission Absorption Conlinuous_ :
D. Continuous Emission Emission

-13 -



18 Two identical balls are fired with the same device, East to West along the equator of
Earth. One ball carries a large positive electric charge, the other ball has no net electric
charge. The balls are both aimcd 45 degrees above the horizontal. The trajectory of the balls
1s perpendicular to the magnetic field of the Earth, which is directed northwards at the
equator.

Which of the following statcments correctly describes the landing position of the charged
bali?

A.  The charged ball has a shorter range than the uncharged ball.

B.  The charged ball has a longer range than the uncharged ball.

C.  The charged ball lands in a more northerly location than the uncharged ball.
D

The charged ball lands in a more southerly location than the uncharged ball.

19 The diagram below demonstrates a star’s spectrum. The spectrum shows a number of
absorption lines and its black body spectrum.

) [“ A ™M [m‘f‘x.-v- ~~ o

Sy

o M| | | V ™~ |

Intensity

L L L
300 400 500 600 700
Wavelength (nm)

Which of the following features would be predominantly used to determine the spectral class of
the star?

A.  The longest wavelength absorption line in the spectrum

B. The maximum intensity from black body radiation curve

C.  The relative depths of different absorption lines in the spectrum
D

The rclative widths of different absorption lines in the spectrum

-14 -



20 The diagram below shows some of the transitions for three series of emission spectra for
hydrogen.

n=?

h=6

n=5

. 111

Paschen series

Balmer series

n=1 M

Lyman series

An electron in the n=6 energy level of a hydrogen atom relaxed to a lower energy level.
In the process, a single photon with energy 3.025 eV was emitted.

Which of the following energy levels did the electron relax to?

A. n=2
B. n=3
C. n=4
D. n=5
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Section |l

80 marks
Attempt Questions 21-33
Allow about 2 hours and 25 minutes for this section

¢ Answcr the questions in the spaces provided. These spaces provide guidance for the expected
length of response.
Show all relevant working in questions involving calculations.
SEPARATE writing booklets are available if required. If you use a SEPARATE writing booklet,
clearly indicate which question you are answering by writing the question number before
beginning the response.

Question 21 (2 marks)

A spaceship with a rest mass of 35000 kg is moving with a velocity of 0.8 C relative to an 2
observer. Calculate the relativistic momentum of the spaceship, relative to the observer.

-16 -



Question 22 (4 marks)

The moon orbits the earth every 27.3 days at an orbital radius of 300 000 km. The radius of the
moon is 1737 km and the acceleration due to gravity on its surface is 1.6 ms™.

Earth
300 000 km . @

4_—

Moon

{(a) Calculate the total mechanical energy of the moon as it orbits the earth.

(b) Calculatc the escape velocity from the surface of the moon.

...........................................................................................................................................
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Question 23 (4 marks)

Two objects sit on top of a rotating disc. Object A has a mass of 2 kg and object B a mass of 5 kg.
Both objects arc undergoing uniform circular motion.

A frictional force of 160 N is requircd to keep object A in uniform circular motion.

(a) Calculate the magnitude of angular velocity of the disc. 2

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

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

(b)  Calculate the magnitudc of the centripetal force required to keep object B remaining 2
in uniform circular motion,

..........................................................................................................................................
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Question 24 (3 marks)

Two planets X and Y are orbiting a distant star. X is observed to have an orbital radius of 3
1.9 x 10! mand an orbital period of 326 days. Y has an orbital period of 516 days.

Determine the mass of the distant star and the orbital radius of Y.

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

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

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

....................................................................................................................................................
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Question 25 (4 marks)

A projectile is launched against a vertical wall. As shown below, the projectile strikes the
wall at an angle of 45.0 degrces and 15.0 m above the height at which it was launched.
The final horizontal velocity of the projectile is 13.0 ms™,

\\__515.0°
\\__
“a

15.0m

How far is the launch site from the wall?

-20 -



Question 26 (4 marks)

Discuss how the wave model of light cannot explain a number of features of the
photoelectric effect.

-21 -



Question 27 (6 marks)

The diagram below shows one possible fission reaciion involving Uranium 235.

Barium 141

Uranium 235 - —

Krypton 92

Explain, using a nuclear equation, how this reaction could lead to an uncontrolled chain
reaction and how the rcaction rate can be controlled in nuclear reactors.

_22-



Question 28 (4 marks)

Two metal rails which are fixed in place, horizontally and parallel to each other, are connected to
a 20 V battery. The rails are 8 cm apart. A light metal rod of length 8 ¢m is balanced on the two
rails. A current flows along one rail, through the rod and back along the other rail.

A magnetic field of 0.005 T is directed vertical ly upwards around the rod. The rod begins to
move to the right,

& , k 4
Magnetic Field y T 4 1
vertically & " i & m 4
upwards ¢ ’L
i
Y rys 4 — :
1 17 — &
’ l ] J
! |
, ! 1 Z_]
betal ran‘zL i { : — A
‘ | 1| | [ | 20V DC
! . Eattery
_IL .
metal rod
{a}  On the diagram above, show the dircction of current flow through the rails and rod. 2
Explain your answer.
(b)  The metal rails have no resistance and the rod in this situation has a resistance of 2

0.02 Q. Calculate the electromagnctic force acting on the rod.
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Question 29 (5 marks)
In a computer simulation, the gravitational effects are turned off. An electron is moving into
a field chamber at speed v to the right.

The electron moves in an upward spiral, moving in an anti-clockwise direction when viewed

from above.
e _J,Strl:mg magnet
l__ /J/ Charged Metal
— Pate
d &
— —V
c”T:V/ij)

e

¢ _“f;:?
.y I
Electron Path ‘

S

7 charged Metal

_./L'"'_Piate

L —Sirong magnet

(a) What dircctions are the clectric and magnetic fields in this chamber?

Question 29 continucs on page 25
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Question 29 (continued)

(b) The electron was removed from the chamber and 2 proton was sent into this chamber 3

with the same initial speed and dircction. Compare the path of the proton to that of the
electron.

End of Question 29
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Question 30 (7 marks)

When 50.0 g of bydrogen gas undergocs combustion, the energy released is 7145 kJ.

a)  Calculate the mass of hydrogen required for the same amount of energy to be
: g ; gy
produced via direct mass-energy transformation.

(b) Account for the difference in mass required to release the same amount of energy,
with respect to the two processes of combustion, and mass-energy transformation.

Question 30 continues on page 27

-26 -



Question 30 (continued)

(¢}  The overall reaction of the proton-proton chain can be summarised by the following
nuclear equation.

41H > 3He +2%v, + 2% +2y

The masses of the particles in this process are shown in the table below,

Particle Atomic Mass (u) |
1H 1.00784
FHe 4.00260
e 0.00055
L

Calculate the energy released, in Joules, for one proton-proton chain reaction.

End of Question 30
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Question 31 (4 marks)

A scientist is measuring the radioactive decay of sources X and Y over a number of years.

Radioactive decay count rate per second of sources X and Y

250
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200 ]
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§ 150 S [ _1-:!—-—_*—__1:___4
- . |
5] | |
o | _ H_
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= ——— 4 ! —_— }
g !
R I | | -
S B A -
! ‘H-i,___*_ | |
—_— | - —‘%
i - o
C| ___. =+
U] 1 2 3 4 = 5

Time in Years

-“‘-"X --I&-IY

(a) Compare numerically the half-life and decay constant of sources X and Y.

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

(b) Each year the masses of the sources were measured, and there was no observable
change. Account for this statement.

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

-08 -



Question 32 (5 marks)

Many experiments were conducted that contributed to the development and understanding of the
basic nuclear model of the atom.

(a) Outline how the results of the Geiger-Marsden gold-foil experiment provided 3
evidence for Rutherford’s nuclear model of the atom.

(b}  In other experiments, beryllium was found to emit a stream of radiation when 2
bombarded with alpha particles. These were called beryllium rays and were thought
to be a form of electromagnetic radiation. Paraffin wax exposed to beryllium rays was
found to gject protons.

Describe how Chadwick verified that beryllium rays were n fact small neutral
particles rather than electromagnetic radiation.

-29.



Question 33 (6 marks)

A group of students performed an experiment to investigate the diffraction pattemns caused
by shining monochromatic light through a double slit. Their data is summarised below.

Maxima number, Angle of deflection, O | sin o
(m) ()
2 | 7.8 0.136
3 11.5 0.199
4 15.5 0.267
5 19.3 0.331

The distance between slits, d, was 1x1 0° m.

Clonstruct an appropriate graph of the data and use it to determine the wavelength of the

laser light.
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Question 33 continues on page 31
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Question 33 (continued)

End of Question 33
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Question 34 (4 marks)

There are two balls: one black and one grey. Each ball has a mass of 0.50 kg. The two balls are
rolled within a frictionless tube. The tubc is bent into a circular curve which lays horizontally.

The two balls are cach rolled at a ditferent velocity.

Fig 1. A section of the tube
showing forces acting on the
black and grey balls.

A

(a) Identify which ball has the greater velocity.

Fig 2. A view of the path of the
black ball through the tube bent

into a4 corner.

(b) Calculate the velocity of the grey ball if o = 25° and the radius of its path is 6.0 m.

-32-
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Question 35 (9 marks)

A laboratory centrifuge (functional parts are shown in the figure below) is used to separate
components of delicate samples by rapidly spinning them.

- -,
i Drive motor and
braking device
P’QU 'h.p
Sample Vials - inhigh speed circular Driive shaft
moﬂnumndmedﬂww
1P
; grm— < = O
%Q\ | Sample Vials - contsin samples
f > &2

—= -

1

Magnetic braking is used to slow the device down after separation. Braking effcct utilises
an aluminium disc, which rotates with the drive shaft, and lies between a pair of
electromagnets. It has been found that slowing the centrifuge down too suddenly is
dangerous to the sample. However, making it slow down too gently wastcs valuable time.

Question 35 continues on page 35
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Question 35 {continued)

Explain how electromagnetic braking occurs and why it is necessary to vary the current
supply to the clectromagnets of the braking system to provide a safer deceleration for the

samples without wasting too much time.
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End of Question 35
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Question 36 (9 marks)

The image below shows one of the first ever diffraction pattcrns made using neutrons.
It was produccd by directing neutrons through a crystal of sodium chloride (table salt),
where the inter-atomic average spacings of d = 0.282 nm act as small slits, producing a
diffraction pattern.

maxima

Neutron diffraction image
showing angular separation
between successive maxima
of 4° which was produced
using a crystal of NaCl with
average inter-atomic
spacing of 0.282 nm

The neutrons are created in nuclear reactors designed to produce large numbers of neutrons,
across a range of energies, some of which may enter the openings of neutron guides, which
direct the neutrons to diffraction instruments.

Neutrons that enter neutron guides and interact with the internal walls of the guide at an
angle less than the specific angle, &, will stay within, and travel along, the guide (as shown
below). Those that interact at a greater angle than & will pass through the walls of the
guide, to be absorbed by shiclding materials.

e
A neutron will stay inside the guide provided: & < 65
Note that in neutron guides, angles are measured to the boundaries, rather than to the normal.

Question 36 continues on page 37

-36 -



Question 36 (continued)

Incorporate the information provided on page 36 and what you have learned during your
physics course to describe the production of neutrons from reactor fucl through to their use in
probing the structures of crystals, highlighting all the processes involved and properties of
neuirons that are utilised.

Your responsc should include the following:

an ¢example of a nuclear reaction.

evidencc for neutrons travelling as matter waves.

calculations to determine the velocity of the neutrons used to produce the diffraction
pattern shown.

the benefit of using neutrons to probe atomic and molecular structures of materials,

End of Examination
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