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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. A ball is thrown from S at an angle to the horizontal as shown in the diagram below.

Y

S

X, Y, and Z are different positions along the ball’s trajectory.

Which of the following best represents the velocity and acceleration of the ball?

Velocity Acceleration
X Y VA X Y VA
ALl =N L
B = NS N
Col bl b
D T Z€ero l Vi — \

2.  James Clerk Maxwell made significant contributions to physics.
Which of the following did Maxwell NOT contribute to our understanding of physics?

A. Unifying electricity and magnetism through equations
Predicting the existence of electromagnetic waves
Predicting the velocity of electromagnetic waves

oSaw

Validating the existence of electromagnetic waves



3.  Ancelectromagnet is attached to the bottom of a light train which is travelling from left to right,
as shown.

] )d

When a large current is passed through the coils of the electromagnet, the train slows down as
a direct result of the law of conservation of energy. In which of the following devices is the law
of conservation of energy applied in the same way?

A. Induction motor
B. AC motor

C. Transformer

D. DC motor

4. In an experiment, alpha particles were fired into a thin sheet of beryllium. Unknown radiation
was detected.

Beryllium
Alpha —
particle TS T —» Unknown
source — -~ radiation
Alpha particles

Which of the results below provides the strongest evidence that the unknown radiation is not
gamma radiation?

The unknown radiation could not be deflected by an electric field.
The unknown radiation had a very high penetrating power.
The unknown radiation caused protons to be ejected from a block of paraffin.

ooy

The unknown radiation could not produce the photoelectric effect.



5. A student swings a 20 g metal ball on the end of a 1.10 m length of string around his body at a

constant angular velocity of 4r rad s !.

What is the magnitude of the centripetal force acting on the ball?

A. 29N
B. 30N
C. 33N
D. 35N

6.  Geiger and Marsden carried out an experiment to investigate the structure of the atom.

Which diagram best represents the model corresponding to the results that they obtained?
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When electromagnetic radiation shines on metals, photoelectrons may be emitted. The
maximum kinetic energy of emitted photoelectrons is plotted against radiation frequency for
four metals as shown in the graph.
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Electromagnetic radiation of wavelength 167 nm shines upon an unknown metal and the
maximum kinetic energy of the photoelectrons is found to be 4.0x107 J.

Based on this information, what is the unknown metal?

A. Al
B. Be
C. Ca
D. Fe

A proton, p+, enters an electric field between two parallel charged plates with an initial velocity
ofums!,

N
fffffff - 120 cm
, ¥

After two microseconds, the proton’s velocity is in the direction 45° from the horizontal. What
is the magnitude of the velocity at two microseconds?

A u

B. 1.4u

C. 135x10°ms™!
D. 9.58x10*ms™!



9. A radioisotope, X, undergoes 3~ decay.

Number of neutrons

Atomic number

Which choice below represents the product of the decay?

A.

oS aw
v X I T

10. The gravitational potential energy of a mass positioned at X in the gravitational field of earth is
U,? and for the same mass positioned at Y is U,,. The diagram is drawn to scale.

Earth

X Y THIS DIAGRAM IS
o ) [ ) DRAWN TO SCALE

What is the value of %‘?
y

A.  0.50
B. 0.67
C. 15
D. 20



11.

12.

Three identical wires W1, W> and W3 are positioned as shown. Each carries a current of the same
magnitude in the direction indicated.

Wl W2 W3
Y A Y
<----(d----- S 2d----------- >

If the wire W1, exerts a force on wire W, of F, then what is the magnitude and direction of the
total, resultant force on #,?

o0 wp

Magnitude Direction
Zero none
F left
F right
VoF right

The radioactive decay of thorium-232 is:

232Th — 228Ra + 3He

Using the information in the table below, what is the energy released as a result of this decay?

oOowp

5.10 MeV
931.5 MeV
3.73 GeV
7.46 GeV

M | st
2321y 232.038055
228Rq 228.031070
4He 4.001506




13. Three identical spaceships are near each other at a given time. An astronaut on ship A4, sitting
on a platform on earth, observes the lengths of the two other spaceships, ship B and ship C, as
they pass by earth at 0.75 ¢ and 0.94 ¢, respectively, as shown in the diagram below.

ship C @—» 0.94 ¢
ship B JEEm)— 0.75 ¢

iva
ship 4

What would the astronauts on the two passing ships observe?

Astronaut on ship B Astronaut on ship C
length of ship 4 > length of ship C | length of ship 4 > length of ship B
length of ship 4 > length of ship C | length of ship 4 <length of ship B
length of ship 4 <length of ship C | length of ship 4 > length of ship B
length of ship 4 <length of ship C | length of ship 4 < length of ship B

o0 wp

14. The table contains information related to two moons orbiting mars.

Moon Mass (kg) Orbital radius (m) | Orbital velocity (km s™*)
Deimos 1.476x10"3 2.35x10’ 1.35
Phobos 1.066x10'° 9.38x10° —

The orbital velocity of Phobos can be determined by using data selected from this table.

What is the orbital velocity of the moon Phobos?

A. 184kms!
B. 214kms’!
C. 250kms!
D. 537kms’!




15. The emission spectra from a selection of metals and an unknown mixture of metals is shown
within the visible waveband in the figure below.

Wavelength (nm)
400 . 500 . 600 . 700
Mg
Al
Cu
Li
Unknown mixture

What metals are in the unknown mixture?

A.  Lithium and copper

B.  Aluminium and copper

C.  Aluminium and magnesium

D. Lithium, Aluminium and magnesium

16. What is the wavelength, in metres, of a photon emitted from a hydrogen atom when an electron
in the n = 2 level makes a transition to the n =1 level?

A, 1.09x107'8
B. 1.22x1077
C. 8.23x10°

D. 4.57x10™



17. Which of the following ideal transformers could be used to convert an input voltage of 40 volts
AC to an output voltage of 8 volts AC?

A. B.

16 turns | | ‘ 30 turns 50 turns | | [ < 12 turns

—_— T —tL

6 turns | ! i |30 turns 80 turns | | | | 8 turns

18. Three polarisers, P1, P> and P3, were placed in between a light source and a light detector with
their polarising axes aligned parallel, as shown in the diagram below. The light detector
recorded a light intensity of /.

AT T AT

light detector

© EHIN

Polariser P» and P3 were rotated clockwise, 30° and 90°, respectively. What light intensity did
the light detector record?

\?:OO é%o
@ @
V7S

P, P
A. zero
B. 0.191
C. 0.501
D. [



19.

20.

The diagram shows some parts of a simple AC motor.

Which row of the table correctly describes the direction of force acting on side WX and the

X;
/
N, s
/
wi, oY
v
/
s 7

direction of torque this produces on the coil.

Direction of force acting
on WX

Direction of torque produced on the
coil by the force acting on WX

Remains constant

Remains constant

Remains constant

Reverses every 180°

Reverses every 180°

Remains constant

o 0w

Reverses every 180°

Reverses every 180°

In 1981, a German research team produced 5 atoms of the isotope bohrium-262 via the

following nuclear reaction:

Based on the graph below, which of the following choices best describes the nuclear process

and energetics of this reaction?

Average binding energy
per nucleon

2098 + $4Cr — 262Bh + In

I I
100 200

Mass number
Nuclear reaction is: Energy is:
A. fission released
B. fission absorbed
C. fusion released
D. fusion absorbed
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Question 21 (7 marks)

The light from an incandescent bulb passes through a transparent container of cold hydrogen
gas before passing though a collimating slit, as shown in the diagram below.

cold digital
hydrogen gas collimating spectrometer

) screen
incandescent

globe

The collimated light is incident on a digital spectrometer that measures the spectral intensity
curve, which is shown on the graph below.
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Question 21 continues on page 15



Question 21 (continued)

(a) Explain the absorption dips in the curve in terms of the Bohr model of the atom, with 2
reference to the law of conservation of energy.

(¢) On the same graph, sketch the curve expected if the experiment is repeated with another 3
incandescent globe radiating at a higher temperature. Assume the absorption dips are
approximately the same height.

End of Question 21



Question 22 (6 marks)

Thomas Young described an experiment where light was passed through two slits and the
subsequent result was projected on to a screen. The diagram below shows the results predicted
by two different models.

Prediction X Prediction Y

(a) Identify an assumption of EACH model that determines the results on the screen.



Question 23 (4 marks)

Use the work of TWO scientists to explain how the combination of their experiments led to a 4
better understanding of the electron?



Question 24 (9 marks)

Two solenoids are mounted on trays as shown. Each tray is suspended by identical strings of
negligible mass to a fixed platform, such that each tray can swing freely. Each solenoid is
connected to a galvanometer, and the solenoid on tray 1 is also connected to an open switch
and a battery. The total mass of tray 1 is twice that of tray 2.

Fixed platform

String

Tray 1 Tray 2

Explain what would be observed when the switch on tray 1 is closed. In your answer, refer to
the current in each galvanometer and the movement of the trays until they reach their maximum
displacement.

Question 24 continues on page 19



Question 24 (continued)

End of Question 24



Question 25 (7 marks)

A scientist was studying the radioactive decay of beryllium-11. His results are shown in the
table below.

Time (s) | Mass of beryllium-11 (g) In(N/No)
2 32.6 0
7 21.8 -0.25
13 16.1 —-0.55
20 11.4 —-0.90
24 9.3 -1.10

(a) Plot the results for time and /n(Ny/Ny) on the grid below.

Question 25 continues on page 21



Question 25 (continued)

(b) Use your graph to determine the decay constant of beryllium-11.

End of Question 25



Question 26 (4 marks)

(a) Outline a practical investigation to observe the emission spectra of gas discharge tubes. 2

(b) Identify ONE potential hazard associated with performing gas discharge tube 2
investigations, and outline ONE safe work practice which addresses this hazard.



Question 27 (5 marks)

(a) Using de Broglie’s hypothesis, calculate the wavelength of the electron in the first 2
stationary state if its speed is 2.188x10 m ™!

(b) Describe how de Broglie’s hypothesis extended the work of Bohr in explaining the stability 3
of electron orbits in the hydrogen atom.
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Question 28 (7 marks)

Bubble chambers are used in conjunction with particle accelerators to photographically record
the tracks of fast-moving charged particles. An intense magnetic field is applied at right angles
to the path of the particles to deflect them according to their charge and momentum.

The diagram shows a beam of protons travelling horizontally and entering a liquid hydrogen
bubble chamber in a vertical magnetic field of 25.0 mT.

PI Powerful
Camera magnet
\ &
Proton beam \ %
Liquid hydrogen
bubble chamber

Examination of the photograph taken by the camera, as sketched below, shows that the protons
were deflected along a circular path of radius 0.280 metres.

_—

Proton beam

|

—_—

Proton tracks in bubble chamber

Question 28 continues on page 27



Question 28 (continued)

(a) Derive an expression for the velocity of a proton from the forces it experiences in this 2
experiment.

(¢) Outline TWO limitations of applying special relativity to the analysis of the motion of the 3
protons in this experiment.

End of Question 28



Question 29 (4 marks)

The graph shows the vertical displacement of a projectile throughout its trajectory on earth.

20

18 x

16 X

14

12

10

Vertical displacement (m)

0 10 20 30 40 50 60 70

Horizontal displacement (m)

Calculate the initial velocity of the projectile.



Question 30 (3 marks)

A Molniya orbit is an inclined, highly elliptical orbit with a period of 12 hours, designed to
provide communications and remote sensing coverage over high latitudes.

P

>

Account for the changes in velocity of the satellite as it completes one orbit from position P.



Question 31 (7 marks)

The g-lite was designed to provide light to remote locations that do not have access to
electricity. It uses a lowering mass to drive a generator to illuminate a light globe.

Light globe

Pulley
Generator

Mass

Explain the factors that affect the maximum brightness of the light globe. Use mathematical
models to support your answer.

Question 31 continues on page 31



Question 31 (continued)

End of Question 31



Question 32 (6 marks)

A charged particle, g1, is accelerated from rest between oppositely charged plates X and Y,
before entering a uniform magnetic field, as shown in the diagram below.

The particle strikes plate Y at point P, a vertical distance s from its entry point into the magnetic
field. Ignore the effect of gravity.

X

Y
XX X Xt

d

The experiment is repeated with an apparatus that is twice the size, as shown in the diagram
below. The voltage between the plates and the magnetic flux are the same.

An identical particle, g2, is accelerated from rest between the oppositely charged plates, before
entering the uniform magnetic field.

X Y
X X X X7
X X X X
2
X X X X |
e T g

Question 32 continues on page 33



Question 32 (continued)

(a) Compare the work done on g1 and ¢». Justify your answer.

End of Question 32



Question 33 (8 marks)

A 500 g metal rod is allowed to slide along a pair of parallel metal rails, 30 cm apart and tilted
at 60° to the horizontal. The rods are connected to a DC power supply and switch, which results
in a current of 2.8 A passing through the rod.

The apparatus is in a uniform magnetic field of 2.5 T which is outward, perpendicular to the
strong magnet.

DC power
supply

Switch

Copper wire

Strong magnet —

Table

(a) What is the force, including its direction, acting on the rod solely due to the magnetic field?

Question 33 continues on page 35



Question 33 (continued)

(b) Calculate the initial acceleration of the rod along the rails.

(¢) The experiment is repeated with the switch open.

Explain why the acceleration of the rod is different with the switch open.

End of Question 33



Question 34 (3 marks)

A spaceship travels to a distant star at a constant speed, v. When it arrives, 17.6 years have 3
passed on Earth but 9.2 years have passed for an astronaut on the spaceship.

What is the distance to the star, as measured by an observer on Earth?

End of paper



NESA Student Number:

School

Multiple Choice Answer Sheet

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 ) 8 (D) 9
A B C D

O ® O O

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

A @ B MK c O D O

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

correct

A XK B:Q:/ c O p O

IS;::: 2> 1. A@ BO cO nO 11. AO BO cO D1L@®
2. AO BO cO @ 12. A@ BO cO bO
3. A@ BO cO bnO 13. AO BO cO @
4. AO BO cO @ 4. AO B@ cO O
5. AO B@ cO DO 15. AO BO ¢c@ DO
6. A@ BO cO bpO 16. AO B@ cO bpO
7. AO B@ cO bnO 17. AO BO c@ »b»O
8. AO B@ c@ »nO 18. AO B@ cO 0O
9. AO B@ cO bpO 19. AO BO ¢c@ 0O

BO c@ 0O 200 AO BO cO 1@

5=
<
>
O



Section 1

20 marks

Attempt Questions 1-20

Allow about 35 minutes for this
section

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

10.

The velocity is tangent to the trajectory, and the acceleration (due to gravity) is always down.

Hertz validated the existence of electromagnetic waves (producing radio waves with the
induction coil).

In the train application, the relative motion between the electromagnet and the rails induces
eddy currents in the rail (due to Lenz’s Law) so as to reduce relative motion between the
electromagnet and the rails (thereby slowing the train down). An induction motor works the
same way, except to use the relative motion between the rotating magnetic field and the axle,
so as to speed up the axle and reduce relative motion between the two.

Neither neutrons nor gamma radiation will be deflected by a magnetic field, and both types of
radiation have high penetrating powers and eject protons from paraffin. However, neutrons
will not produce the photoelectric effect, whilst gamma radiation will (it will definitely have
an energy greater than the work function of a metal).

The centripetal force is the net force resulting in circular motion, not the tension in the string:

mv? m(wr)?
F. = == mw?r = mw?lcosf = 0.02 x (4m)? x 1.1 X cos30 = 3.0N

Geiger and Marsden produced the results that Rutherford used to develop his model nuclear
of the atom. The small number of large-angle deflections indicated a central positive nucleus
surrounded by negative electrons.

c 3.00x108
From Planck, c = f1 = L2777
0 o f f A 167x1079

Kmax () _  4.0x1071°
lqel 1.602x10719

(1.80 x 10%° Hz, 2.50 eV ) corresponds to Be.

= 1.80 x 105 Hz

Given that K ax (ev) = = 2.50 eV, reading from the graph

The field strength is irrelevant for this question. From the vector diagram
shown to the right, for the velocity to be 45° to the horizontal, then the vertical

component must also be # m s~ !. This means that the net velocity has a

magnitude of V2u = 1.4ums™L.

B~ decay involves p* — n° + e~ so the nuclide loses 1 proton and gains 1 neutron. Thus,
the number of protons (atomic number) goes down by 1 and the number of neutrons goes up
by 1.

From the scale diagram, ry = 2.8 cm and ry = 4.2 cm. Therefore:
1

GMm 1 Ux  “rx Ty 42
U=—-—,U « —= Therefore, * = %=X =--=15
T T Uy - rx 2.8
Y




11.

12.

13.

14.

15.

16.

17.

18.

19.

From F= ﬂﬂ,
l 2T T ) 1
right (repelled by W1). From the diagram, F3, = EFLZ = EF to the left (repelled by W3).

Therefore, net force 1s Fpop = F1, — F3, = F — %F = %F to the right.

given that [, [;and [, are the same, F « % From the question, F; , = F to the

Mgefect = Myeactants — Mproducts = 232.038055 — (228.031070 + 4.001506)
= 0.005479u = 9.101 x 10™3% kg
E =mc? = 9.101 x 1073 x (3.00 x 108)2
=8.19x 10713] = 5.10 x 10° eV = 5.10 MeV

An astronaut on ship B will see ship A moving backwards at 0.75 ¢ and ship C moving
forwards at 0.19 c. Therefore, ship A is moving faster with respect to ship B and will appear
shorter than ship C.

An astronaut on ship C will see ship A moving backwards at 0.94 ¢ and ship B moving
backwards at 0.19 ¢ and. Therefore, ship A is moving faster with respect to ship C and will
appear shorter than ship B.

.. 3 GM . . 2nr .
Combining Kepler’s Law, — = —, and orbital velocity, v = —, gives:
T?  4m? T

r3 rv?  GM 2 _ oM
= = = =
(an)z 47?2 42 v

v
Given that GM is constant for objects orbiting the same body,

) ) Tp 2.35 x 107 1
TpVp =TpVp = VUp =Vp E = 135X 938 < 106 — 2.14 km s

Use distinctive, unique wavelengths, such as 540 nm (Mg), 720 nm (Al), 553 nm (Cu) or
648 nm (Li). The unknown mixture has 540 nm (Mg) and 720 nm (Al), but not 553 nm (Cu)
nor 648 nm (Li).

1 1 1 1 1 —
From Rydberg formula, 7 = R (n—% - F) =1.097 x 107 X (5 — ) = 823 x 10 m™?

1
8.23%x10°©

Therefore, A = =1.22x10""m

Vs Ng Ng 8
The only transformer with a coil ratio of 5 has 30 turns on the right and 6 turns on the left.

From Malus’ Law, I = I,,,5, c0s? 0:
Pi—P>: I, =1cos?30 = 0.75]
P>—Ps5: I3 =1,cos?8 = 0.751 cos?(90 — 30) = 0.19]

From an AC current, the direction of the force on WX will reverse every 180°. A motor
requires torque in a continuous direction in order to turn, so torque on the coil must always be
in the same direction.



20.

Two nuclei are combining to make a larger nucleus, which describes fusion (the emitted
neutron is not considered another nucleus).

The move from 233Bi and 35Cr to 2§2Bh is moving down the right-hand side of the binding
energy per nucleon curve, meaning that the average binding energy per nucleon is decreasing
and the product is less stable that the reactants. Therefore, the reaction is endothermic (energy
must go into the reaction in order for it to proceed).
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Question 21 (7 marks)

The light from an incandescent bulb passes through a transparent container of cold hydrogen
gas before passing though a collimating slit, as shown in the diagram below.

cold digital
hydrogen gas collimating spectrometer
screen
incandescent

globe

The collimated light is incident on a digital spectrometer that measures the spectral intensity
curve, which is shown on the graph below.

12 T i

AT
H0 AT
0.8

AR

Intensity (arbitrary units)
o
(@)

0.4 :
e S
0
0 1.0 1.5 2.0

Wavelength (um)

Question 21 continues on page 7



Question 21 (continued)

(@)

(b)

(©)

Explain the absorption dips in the curve in terms of the Bohr model of the atom, with
reference to the law of conservation of energy.

v’ identifies electron transition to higher orbit
v relates increase in energy to photon energy (must refer to LOCOE)

note: a number of students explained in terms of emission lines, which are irrelevant to
this question

Calculate the temperature of the incandescent globe.

7= b 2.898x1073 = 3409 = 3400 K

e T OB 06 T T

v' uses correct equation
v correct value (100 K) & units

On the same graph, sketch the curve expected if the experiment is repeated with another
incandescent globe radiating at a higher temperature. Assume the absorption dips are
approximately the same height.

v" curve has higher intensity across spectrum
v curve has shorter peak wavelength
v" absorption dips have same wavelengths

End of Question 21

3



Question 22 (6 marks)

Thomas Young described an experiment where light was passed through two slits and the
subsequent result was projected on to a screen. The diagram below shows the results predicted
by two different models.

(@)

(b)

Prediction X Prediction Y

Identify an assumption of EACH model that determines the results on the screen.

v correctly identifies both models

How did Young’s results help lead to the reconceptualisation of the model of light?

v relates Young’s results to wave model

notes: * “reconceptualisation” refers to a change — you need to show how initial model is
changed to the new model
* Young’s results did not lead to wave-particle duality model
* avoid using the word “prove” (or its derivatives) — it is a very strong word in
science (hard to use correctly)



Question 23 (4 marks)

Use the work of TWO scientists to explain how the combination of their experiments led to a
better understanding of the electron?

v outlines experiment of ONE scientist
v" outlines experiments of TWO scientists
v’ relates experiments to properties/nature of the electron

notes: * only the first TWO scientists mentioned were considered
* you must relate the work of each scientist to the properties or nature of the electron,
not just the experimental variable
* other scientists include Millikan (charge of an electron), Bohr (behaviour of
electrons in atoms), de Broglie (matter-wave hypothesis), Schrodinger (wavefunction)
* Millikan determined the charge of the electron (not its mass), and his value was not
1.602x107'° C — it was actually smaller, at 1.592x107° C
* Geiger-Marsden didn’t developed understanding of electrons — only that they
weren’t in the nucleus
* Planck & Einstein developed understanding of nature of light, not electrons



Question 24 (9 marks)

Two solenoids are mounted on trays as shown. Each tray is suspended by strings of negligible
mass to a fixed platorm, such that each tray can swing freely. Each solenoid is connected to a
galvanometer, and the solenoid on tray 1 is also connected to an open switch and a battery. The
total mass of tray 1 is twice that of tray 2.

Fixed platform

String

/

Explain what would be observed when the switch on tray 1 is closed. In your answer, refer to
the current in each galvanometer and the movement of the trays until they reach their maximum
displacement.

Tray 1 Tray 2

A

o . . . . . .
£.= =N and this emf will produce a current in the closed circuit that will act to oppose the

Question 24 continues on page 11
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Question 24 (continued)

.. 12 m; 1
and. intially, p1. = Do = MUV = Mo Vs o T T T e,

v’ provides some relevant information (note: never leave an answer blank)
identifies continuous current to the left in G;

identifies correct field/pole(s) on solenoid 1

correctly applies Lenz’s Law between solenoids

identifies correct current in G2 for magnetic field of solenoid 2

applies Faraday's law to temporary current in G2

relates facing poles to repulsion

v' quantitatively applies LOCOM/Newton's 2nd to initial motion

v’ relates initial motion to swing height/distance

ANANE NN N

notes: * if you annotate/draw information on the diagram, it will only be considered for
marking if you refer to it in your answer
* the direction a galvanometer needle moves does not indicate the direction of the
current through the wires to the galvanometer (it depends on how it is connected)
* the question specifically asks for “current in each galvanometer”, so describing the
direction of current through the solenoid does not count

End of Question 24



Question 25 (7 marks)

A scientist was studying the radioactive decay of beryllium-11. His results are shown in the
table below.

Time (s) | Mass of beryllium-11 (g) In(N/No)
2 32.6 0
7 21.8 -0.25
13 16.1 —-0.55
20 11.4 —-0.90
24 9.3 -1.10

(a) Plot the results for time and /n(Ny/Ny) on the grid below.

Radioactive decay of beryllium-11

0.0 —X
—0.1
—0.2
—0.3
—0.4
—0.5
Z
= —0.6
E
—0.7
—0.8
0.9 | ¥ lappropriate, descriptive heading
v|correctly arranged axes (time on x-axis)
10 v’ | correctly labelled axes
’ v’ |correctly plotted data over appropriate scale
11 v’ |appropriate¢ LOBF (drawn with a ruler) ¢
-1.2

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (s)
note: a heading must provide context for the graph, so that a reader understands what

the results are all about

Question 25 continues on page 13



Question 25 (continued)

(b) Use your graph to determine the decay constant of beryllium-11

From the graph:
i I 1-(-0.1)
gradlent=%=:t=z§_2= ..... = 0050

From radioactive decay. N, = Noe *t

_ At
........................................... eSS ————
........................................... &—_At
Np
In2o
________________________________________________ = =t ==gradient. = =(=0.050).=.0.050.s7 ...
v uses appropriate calculation

v' correct value (£0.001) & units

End of Question 25



Question 26 (4 marks)

(@

(b)

Outline a practical investigation to observe the emission spectra of gas discharge tubes.

v" outlines appropriate investigation
v’ identifies all equipment used

notes: * you must include how to produce the spectrum (it needs a high voltage) and
how to observe the spectrum
* gas discharge tubes are not dangerously bright (you should have seen one in
class), nor hot

Identify ONE potential hazard associated with performing gas discharge tube
investigations, and outline ONE safe work practice which addresses this hazard.

Hazards include:

v identifies an appropriate hazard
v outlines an appropriate safety measure

note: “‘being careful” or “take care” are not valid safety measures (they are basic
scientific protocols)



Question 27 (5 marks)

(@

(b)

Using de Broglie’s hypothesis, calculate the wavelength of the electron in the first
stationary state if its speed is 2.188x10 m s7!.

h 6.626x1073%
A== =3.325.x1071° m = 0.3325.000 oo
v 9 TOORTO31%2:188RTU®

h 6.626x10734 _10 . .
.......... A= T S e T et =.3:324. % 107 27 m (difference dug to rounding)

(3.00><108)2

(1—1;—;) j(l_(z.1ssx106)2>

Describe how de Broglie’s hypothesis extended the work of Bohr in explaining the stability
of electron orbits in the hydrogen atom.

v describe de Broglie’s hypothesis
v identify Bohr’s “stationary states”
v’ relate de Broglie’s hypothesis to Bohr’s “stationary states”



Question 28 (7 marks)

Bubble chambers are used in conjunction with particle accelerators to photographically record
the tracks of fast-moving charged particles. An intense magnetic field is applied at right angles
to the path of the particles to deflect them according to their charge and momentum.

The diagram shows a beam of protons travelling horizontally and entering a liquid hydrogen
bubble chamber in a vertical magnetic field of 25.0 mT.

PI Powerful
Camera magnet
\ &
Proton beam \ %
Liquid hydrogen
bubble chamber

Examination of the photograph taken by the camera, as sketched below, shows that the protons
were deflected along a circular path of radius 0.280 metres.

_—

Proton beam

|

—_—

Proton tracks in bubble chamber

Question 29 continues on page 17



Question 29 (continued)

(@

(b)

(c)

Derive an expression for the velocity of a proton from the forces it experiences in this
experiment.

v’ derives correct expression

Calculate the velocity of a proton in the bubble chamber.

Br  1.602x10719x25.0x1073x0.280 _
=l - =670293=670x10°msT
™ T673X1027

Outline TWO limitations of applying special relativity to the analysis of the motion of the
protons in this experiment.

1 1
y___—____j_l___E_:__ﬁ___u._0022_2_:__1_._0_99_@@_2_4___2_ _____________________________________________________________________________________

c2

v" outlines ONE limitation
v outlines TWO limitations

End of Question 29



Question 29 (4 marks)

The graph shows the vertical displacement of a projectile throughout its trajectory on earth. 4

20

18

16 N

14 y

12

10

Vertical displacement (m)

0 10 20 30 40 50 60 70

Horizontal displacement (m)
Calculate the initial velocity of the projectile.
From the graph, v, = 0 at s, = 17.6.m. Falling from maximum height gives: ... ...

2 _ ,,2
LA eyt oA ¢ Y SO

2. =AU H.20,5, =N02 £ 2 X298 X 217.6 = 1857 S

From the symmetry of the parabolic projectic motion trajectory, vy, = Uy, and:

O Uy Gl oot e e ee et

ot = Vy—Uy —Uy—Uy —2uy, _ —2X18.57 —3795¢
"""""""" ydydy—9'8
40 (] ) (S
v provides some relevant information
U= = = 1583 M7 ¥’ .uses appropriate equation(s) to get an (incorrect) answer
' v correct speed & units
This @IVeS: ] v correct direction

_q1u _418.57
0= a0 = = a0 o = .00
U 13583



Question 30 (3 marks)

A Molniya orbit is an inclined, highly elliptical orbit with a period of 12 hours, designed to
provide communications and remote sensing coverage over high latitudes.

P

>

Account for the changes in velocity of the satellite as it completes one orbit from position P.

v provides some relevant information
v" provides a reason for a change in velocity
v accounts for changes in velocity

note: This is not a Kepler’s law question, what is the physics behind Kepler’s law?? It’s the
Law of Conservation of Energy!!



Question 31 (7 marks)

The g-lite was designed to provide light to remote locations that do not have access to
electricity. It uses a lowering mass to drive a generator to illuminate a light globe.

Light globe

Pulley
Generator

Mass

Explain the factors that affect the maximum brightness of the light globe. Use mathematical
models to support your answer.

Question 32 continues on page 21
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Question 32 (continued)

Criteria Mark

e provides a comprehensive explanation of the relevant factors for both 7
components.

e supports the answer with mathematical models

e provides explanations of relevant factors for both components 6

e supports the answer with at least one mathematical model

e describes some relevant factors and provides some explanation for both 5
components

e refers to at least one mathematical model

e outlines relevant factors and/or mathematical models 34

¢ outlines a relevant factor 2
OR

e identifies relevant factors and/or features of a mathematical mode

e provides some relevant information 1

2 parts to answer: the turning system and the generator

turning system

v factor

v mathematical model

v" how increases voltage/power

generator

v’ factors (minimum 2)
v mathematical model note: T = BIA cos @ is for motors, not generators
v" how increases voltage/power

v' succinct information with no incorrect statements. must discuss both components well.



Question 32 (6 marks)

A charged particle, g1, is accelerated from rest between oppositely charged plates X and Y,
before entering a uniform magnetic field, as shown in the diagram below.

The particle strikes plate Y at point P, a vertical distance s from its entry point into the magnetic
field. Ignore the effect of gravity.

X

Y
XX X Xt

d

The experiment is repeated with an apparatus that is twice the size, as shown in the diagram
below. The voltage between the plates and the magnetic flux are the same.

An identical particle, g2, is accelerated from rest between the oppositely charged plates, before
entering the uniform magnetic field.

X Y
X X X X7
X X X X
2
X X X X |
e T g

32 continues on page 23



32 (continued)

(@

(b)

Compare the work done on g1 and ¢». Justify your answer.

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

2
FezFp..2. BrnmquB. 2 L2 2. 1.9 (siven. that the. particles are

From the diagram above. ® = BA = B ___=__%.E.%,__mgamng..t.hat___t_he__magn@t_is;___ﬁ_el_d

. 1 1 .
Sincer .« ~and B« —. thenr o d?. Thus, 1, = 4ry.making s, = 4sq..........

v provides some relevant information
v’ correctly compares B1 & B>
v correctly compares s1 and s>

End of Question 33



Question 33 (8 marks)

A 500 g metal rod is allowed to slide along a pair of parallel metal rails, 30 cm apart and tilted
at 60° to the horizontal. The rods are connected to a DC power supply and switch, which results
in a current of 2.8 A passing through the rod.

The apparatus is in a uniform magnetic field of 2.5 T which is outward, perpendicular to the
strong magnet.

DC power

supply
Switch

Copper wire

Strong magnet —

Table

(a) What is the force, including its direction, acting on the rod solely due to the magnetic field?

Fp =1IBsin@ = 0.3 X2.8X2.5Xsin90 =2.1N

v’ uses correct equation
----------------------------------------------------------------------------------------- v-correct-vatlue-& direction-----------

note: direction is not up the rails, it’s straight up the page
33 continues on page 25



Question 33 (continued)

(b) Calculate the initial acceleration of the rod along the rails.

(c)

Fg.=mg =.0.5%.9.8 = 4.9 N.downwards.

Therefore, the net vertical force is Fuere. = Fp = Fp. =49 = 2.1 = 2.8 N.downwards.

F 2.4 — .
F=ma = a=—"=-—=48ms’downtherails

The experiment is repeated with the switch open.

Explain why the acceleration of the rod is different with the switch open.

__ Fper __ 4.9%sin60

F=ma = a="L=—— =8.5ms “downtherails.
[ 0.5

v provides some relevant information

End of Question 33



Question 34 (3 marks)

A spaceship travels to a distant star at a constant speed, v. When it arrives, 17.6 years have
passed on Earth but 9.2 years have passed for an astronaut on the spaceship.

What is the distance to the star, as measured by an observer on Earth?

v’ correctly relates speed to distance

note: no carry on for third mark

End of paper



	Physics
	1. A ball is thrown from S at an angle to the horizontal as shown in the diagram below.
	2. James Clerk Maxwell made significant contributions to physics.
	3. An electromagnet is attached to the bottom of a light train which is travelling from left to right, as shown.
	4. In an experiment, alpha particles were fired into a thin sheet of beryllium. Unknown radiation was detected.
	5. A student swings a 20 g metal ball on the end of a 1.10 m length of string around his body at a constant angular velocity of 4( rad s−1.
	6. Geiger and Marsden carried out an experiment to investigate the structure of the atom.
	7. When electromagnetic radiation shines on metals, photoelectrons may be emitted. The maximum kinetic energy of emitted photoelectrons is plotted against radiation frequency for four metals as shown in the graph.
	8. A proton, p+, enters an electric field between two parallel charged plates with an initial velocity of u m s−1.
	9. A radioisotope, X, undergoes (− decay.
	10. The gravitational potential energy of a mass positioned at X in the gravitational field of earth is ,𝑈-𝑥.? and for the same mass positioned at Y is ,𝑈-𝑦.. The diagram is drawn to scale.
	11. Three identical wires W1, W2 and W3 are positioned as shown. Each carries a current of the same magnitude in the direction indicated.
	12. The radioactive decay of thorium-232 is:
	13. Three identical spaceships are near each other at a given time. An astronaut on ship A, sitting on a platform on earth, observes the lengths of the two other spaceships, ship B and ship C, as they pass by earth at 0.75 c and 0.94 c, respectively, ...
	14. The table contains information related to two moons orbiting mars.
	15. The emission spectra from a selection of metals and an unknown mixture of metals is shown within the visible waveband in the figure below.
	16. What is the wavelength, in metres, of a photon emitted from a hydrogen atom when an electron in the n = 2 level makes a transition to the n = 1 level?
	17. Which of the following ideal transformers could be used to convert an input voltage of 40 volts AC to an output voltage of 8 volts AC?
	18. Three polarisers, P1, P2 and P3, were placed in between a light source and a light detector with their polarising axes aligned parallel, as shown in the diagram below. The light detector recorded a light intensity of I.
	19. The diagram shows some parts of a simple AC motor.
	20. In 1981, a German research team produced 5 atoms of the isotope bohrium-262 via the following nuclear reaction:
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	2. Hertz validated the existence of electromagnetic waves (producing radio waves with the induction coil).
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