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General
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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 sheet and Periodic Table are provided at
the back of this paper

Total marks: Section | - 20 marks (pages 2-14)

100 = Attempt Questions 1-20
« Allow about 35 minutes for this section

Section Il - 80 marks {pages 17-36)

+ Attempt Questions 21-36
= Allow about 2 hours and 25 minutes for this section
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Section I
20 marks
Attempt Questions 1-20

AHow about 35 minutes for this section

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

1 A projectile is launched by a cannon as shown.

Which arrow represents the velocity of the projectile at its maximum height?

o 0w
| v <« —

2 Two stars were observed from Earth. Their spectra are shown with the wavelength in

nanomeires.
Star X
I i | | | 1 1 | | — | [
400 500 600 700
Star Y:
| I P | | P | [ | |
400 500 600 700

Using these spectra, what can be concluded about the motion of the stars relative to Earth
and their chemical compositions?

Motion relative to Earth | Chemical composition
A. The same The same
B. Different The same
C. The same Different
D. Different Different




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

Which diagram identifies the particles they used and the result that they INITIALLY

expected?
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4 Four stars, P, O, R and §, are labelled on the Hertzsprung—Russell diagram.
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Spectral class

Which statement is correct?

A. S has a greater luminosity than Q.
R is a blue star whereas S is a red star.

S has a higher surface temperature than R.

Cnw

P is at a more advanced stage of its evolution than R.

e



5 The diagram shows two coils wound around a solid iron rod. Initially the switch is

closed.
JAVaYaVal aVaVaAYa)
Solid
iron rod
) (VAVA/
Switch
Galvanometer

Opening the switch will cause the galvanometer pointer to

A. remain at a constant reading.

B.  move from a non-zero reading to a zero reading.

C.  move from a zero reading to a non-zero reading, where it remains.
D

move from a zero reading to a non-zero reading, then back to zero.

6 Which graph correctly shows the relationship between the surface temperature of a black
body (7') and the wavelength (1) at which the maximum intensity of light is emitted?

A. - B.




7 A bar magnet is moved away from a stationary coil.

Which diagram correctly shows the direction of the induced current in the coil and the
resulting magnetic polarity of the coil?
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A typical galaxy has a diameter of 100 000 light years (~30 000 pc).

Which graph is consistent with Hubble’s measurements of the recessional velocity of
galaxies?

A. B.
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Two satellites have the same mass. One (LEQO) is in low-Earth orbit and the other (GEO)
is in a geostationary orbit.

The total energy of a satellite is half its gravitational potential energy.

Which row of the table correctly identifies the satellite with the greater orbital period and
the satellite with the greater total energy?

Greater orbital period Greater total energy
A. LEO LEO
B. LEO GEO
C. GEO LEO
D. GEO GEO

A beam of light passes through two polarisers. The second polariser has a transmission
axis at an angle of 30° to that of the first polariser. The intensity of the light beam before
and after the second polariser is /; and /;; respectively.

I I
Beam of light —-}1 Lo : B .
Polariser Polariser
: s Iy :

Which row of the table correctly identifies the value of A and the model of light
demonstrated by this investigation? a

Iy )

Value of -+ Model of light demonstrated

0
A. 0.750 Wave model
B. 0.750 Particle model
C. (.866 Wave model
D. 0.566 Particle model




11

12

13

A dwarf planet orbits the sun with a period of 40 000 years.

The average distance from the sun to Earth is one astronomical unit.

What is the average distance between this dwarf planet and the sun in astronomical units?

A.

The table shows two types of quarks and their respective charges.

In a particular nuclear transformation, a particle having a quark composition udd is

B
C.
D

34
200
1170

8 x 10°

Quark Symbol Charge
2
u i +—
P 3
1
Down d -
3

transformed into a particle having a quark composition uud.

What is another product of this transformation?

A laser has a power output of 30 mW and emits light with a wavelength of 650 nm.

How many photons does this laser emit per second?

C o w p

o 0w »

Electron
Neutron
Positron

Proton

4.6 x 10
9.8 x 10!
3.1x 10"
9.3 x 10?!
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15

A satellite in circular orbit at a distance r from the centre of Earth has an orbital velocity v.

If the distance was increased to 2r, what would be the satellite’s orbital velocity?

A. %
B. 0.7v
C [.4v
D. 2v

Monochromatic light passes through two slits I um apart. The resulting diffraction
pattern is measured at a distance of 0.3 m.

NOT TO SCALE
2
g S A Maximum
O TP 0.08 m:
E B —-E 1 pm {o Central maximum
g = — oV 0.08 m!
2 p : s _
5 e Y& Maximum
=

oo R e s
0.3m

This diffraction pattern can be analysed using the equation dsin8 = A.

What values of ¢ and # should be used in the equation?

d g
A. 03m tan™" (%8—]
B. 0.3 m sin”l(%%%)
C. 1 gm tan”(%%g—]
D. | gm sm_l(%)




16  The diagram shows the trajectory of a particle with charge ¢ and mass m when fired
horizontaily into a vacuum chamber, where it falls under the influence of gravity.

—
-~
iy

The horizontal distance, ¢, travelled by the particle is recorded.

The experiment is repeated with a uniform vertical electric field applied such that the
particle travels the same horizontal distance, «, but strikes the upper surface of the
chamber.

-
-

What is the magnitude of the electric field?

A, mgq
B.  Z2mgqg
mg
c. =
q

2ing
p. =%
q

10 -



17 A straight current-carrying conductor, OR, is connected to a battery and a variable
resistor. OR is enclosed in an evacuated chamber with a fluorescent screen at one end.

Fluorescent screen X

Cathode ray

A cathode ray enters the chamber directly above Q, initially travelling parallel to QR. It
passes through the chamber and strikes the fluorescent screen causing a bright spot.

Which direction will this spot move towards if the resistance is increased?

AW
B. X
cC. Y
D. Z

— 11 -



18 A circular loop of wire is connected to a battery and a lamp. The apparatus is moved from
P to @ along the path shown at a constant velocity through a region containing a uniform
magnetic field.

Lamp

Which graph shows the brightness of the lamp as the apparatus moves between P and Q7

Al

Brightness

Time

=
Brightness

Time

. e
Brightness

Time

Brightness

Time
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19  Consider the following nuclear reaction.

W+ X —>Y+7Z

Information about W, X and Y is given in the table.

Mass defect

Total binding energy

Binding energy per nucleon

Species (1) (MeV) (MeV)
W 0.00238817 2.224566 1.112283
X 0.00910558 8.481798 2.827266
Y 0.03037664 28.29566 7.073915

Which of the following is a correct statement about energy in this reaction?

A.

B.

either W or X.

Z are not known.

The reaction gives out energy because the mass defect of Y is greater than that of

It cannot be deduced whether the reaction releases energy because the properties of

The reaction requires an input of energy because the mass defect of the products is

greater than the sum of the mass defects of the reactants.

Energy is released by the reaction because the binding energy of the products is

greater than the sum of the binding energies of the reactants.

13-
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In the apparatus shown, a backboard is connected by a rod to a shaft. The shaft is spun
by an electric motor causing the backboard to rotate in the horizontal plane around the
axis X—-X'.

A cube is suspended by a string so that it touches the surface of the backboard.

— Cube

— Backboard

Shaft

When the angular velocity of the motor is great enough, the string is cut and the position
of the cube does not change relative to the backboard.

Which statement correctly describes the forces after the string is cut?

A.
B.

The sum of the forces on the cube is zero.

The horizontal force of the backboard on the cube is equal in magnitude to the
horizontal force of the cube on the backboard.

The horizontal force of the backboard on the cube is greater than the horizontal
force of the cube on the backboard, resulting in a net centripetal force.

The force of friction between the cube and the backboard is independent of the
force of the backboard on the cube because these forces are perpendicular to each
other.

—14 -
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Question 21 (2 marks)

Outline de Broglie’s contribution to quantum mechanics. Support your answer with a 2
relevant equation.

................. L L B Y

R T T R T PP D T P L R T AeEbdebadrbbrentarenrrantien

Question 22 (3 marks)

Spectra can be used to determine the chemical composition and surface temperature 3
of stars.

Describe how spectra provide information about OTHER features of stars.

................ L R P T I T
D R R T I L R R P dederaittrratrbrarerarrs
....................................... L T m
..................... B L L LT R N T R R R R L R R L L T T T N
B L T N T T L L L R L T Ty e Fedbbetbarrirreat et aranatsatnnnn
.......................................... R R R T R R T L L R T T Y T Y T e
.............. LR R O L I I T T T T Y

R T P T T PPN D N T R Y Y PR T R R T TR TP PT PPI
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Question 23 (3 marks)
A student investigated the photoelectric effect. The frequency of light incident on 3
a metal surface was varied and the corresponding maximum kinetic energy of the

photoelectrons was measured.

The following results were obtained.

Frequency (x 10" Hz) 112 | 13.5 | 152 | 18.6 | 20.0

Maximum kinetic energy (eV) | 0.6 | 1.3 | 23 | 33 | 42

Plot the results on the axes below and hence determine the work function of the metal
in electron volts.
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Question 24 (7 marks)

A step-up transformer is constructed using a solid iron core. The coils are made using
copper wires of different thicknesses as shown.

Solid iron core
)

AC supply @ Resistor

The table shows electrical data for this transformer.

V. I Vplp
50V 9A 500 Js~!
(a) Explain how the operation of this transformer remains consistent with the law 3

of conservation of energy. Include a relevant calculation in your answer.

SO RRUPON O UPUUROROORRUN USROS
...........................
..........
N RUUTUSUOUO ettt ans OO PR PRSI
.........................
...........

(b) Explain how TWO modifications to this transformer would improve its 4
efficiency.
...................... 4 h44 e et au seeee e as NS SRR A4 AL L d et ST AR R R eR A SR bR AR RS RA 146 h s nemnra ennrannes
.............
ettt SRS URORRPY T RUURUORI
........................
eyttt et bt e e hena e e aesaenseeaersetenrante s et
STUURORURII ORI RRURUOINI R UTTUUURROTOPINN
b R SRR RRUROPRON et bns eeeeereeren et
.......
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Question 25 (4 marks)

The diagram shows a model of electromagnetic waves.

Propagation
N 7, direction
Oscillating :
charge v
Relate this model to predictions made by Maxwell.

Please turn over

—21 -
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Question 26 (6 marks)

A student carried out an experiment to investigate the relationship between the torque
produced by a force and the angle at which the force is applied. A 400 N force was
applied to the same position on the handle of a spanner at different angles, as shown.

Bolt

25 cm

Ty

Force (00 N)

A high-precision device measured the torque applied to the bolt.

The data from the experiment is graphed below.

45
40

35

30

Torque (Nm)

5 10 15 20 25
Angle (degrees)

Question 26 continues on page 23
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Question 26 (continued)

The student concluded that the torque (r) was proportional to the angle (8) and
proposed the model

7= k6O
where k= 1.7 Nm/degree.

(a) Justify the validity of the student’s model using information from the graph.

P T L T T T T T T T T R Y )

PRatreatstrareItaAs e Er RO It et ran e r F T L L L L T T T T PR dbrdnmbrurrase

[ T T L L R L T T R P T P TR R LT e P T

(b) What happens to the accuracy of this model’s predictions as the angle increases
beyond 25°? Justify your answer with reference to a different model.

End of Question 26
23 .
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Question 27 (6 marks)

(a)  Outline a thought experiment that relates to the prediction of time dilation. 3

....... L L TR L T T
...................................................... R L L L R L L R R LR T T T T T
............................... L L T L L T L I NI eI
----- L R T R T R T T
................................................... T T e T

............................... R D T T P S

(b)  Outline experimental evidence that validated the prediction of time dilation. 3

............................................... D R L L T
.................. O
Atrrsbrrireea T R T D R R T Ny
............................................ R R T L L LR R LR LR T R T T E P p

D LR R R R T L T R TR T P T TR PP
D R L L L R L L L T LT TN N s TR R R T
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Question 28 (3 marks)

A metal loop, WXYZ is connected to a battery and placed in a uniform magnetic field. 3
A current flows through the loop in the direction shown.

5722

X

Iy
pP—— f———— -——Q

’Z/ 57 //%Y

The loop is then allowed to rotate by 90° about the axis PQ.

Battery

Compare the forces acting on WX and XY before and after this rotation.

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

........................................................................................................................................
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Question 29 (3 marks)

A particle having mass m and charge g is accelerated from rest through a potential 3
difference V. Assume that the only force acting on the particle is due to the electric
field associated with this potential difference.

Show that the final velocity of the particle is given by v = Zq_V

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

.........................................................................................................................................
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Question 30 (6 marks)

A ball, initially at rest in position P, travels along a frictionless track to point ¢ and
then falls to strike the floor below.

NOT TO
SCALE

Floor

At the instant the ball leaves the track at Q it has a velocity of 1.5 m s”! at an angle of
50° to the horizontal.

(a) Calculate the difference in height between P and Q.

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

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

(b) The ball takes 0.5 s to reach the floor after leaving the track at Q.

Calculate the height of Q above the floor.

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

.............................................................................................................................
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Question 31 (8 marks)
A student suspends an electric ceiling fan from a spring balance.

The fan is switched on, reaching a maximum rotational velocity after ten seconds.

Electrical
connections
are not shown.

Spring balance

Air movement

(a) Explain the changes that would be observed on the spring balance in the first 4
15 seconds after the fan is switched on.

.............. R R
B L R R T T TN Fedddbrrrreanttienarnne
............................ R R R L
............ LR R B
L “hverreererEesatEnssrastanestasattua Ferireerrssieasransncs
....................... L R T B Y
............. R o
T R T T Y Fearricatasasrernsveranaranasatans A4 brreireaerastaasnaattEsn I eERatbtanas wabns

Question 31 continues on page 29
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Question 31 (continued)

(b) The student predicted that the current through the fan’s motor would vary as 4
shown on the graph.

Current
T T T
0 5 10 15
Time (8)
Assess the accuracy of the student’s prediction.
End of Question 31
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Question 32 (5 marks)

Describe how specific experiments have contributed to our understanding of the 5
electron and ONE other fundamental particle.

R T P PN PR Frrreserresrantnnarnaniiia AbbbrrrrarraaatuenateNnaasataaaas LR R T T T PR PP Fharae
......................... L L N L L T T T T
........ L R T
............................ L R
.................... R R
......... R R I
................................ R
...................... LR
............ L R R
LR P T P Feeraverararivratasrriasarias R T T T T P T aan AAtdbdvererearrreradertEsnatttItsataas
.......................... R
.............. R R
L T F R T D P P P T TP FhereaireseaceananrrETTsENattsanna srans
........................... L R
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Question 33 (4 marks)
A proton and an alpha particle are fired into a uniform magnetic field with the same 4
speed from opposite sides as shown. Their trajectories are initially perpendicular to
the field.
P X X X % %
X X X X X X
>
X X X % X X Aloh
pha
n —e - '
Proto particle
X X ps X X X
X X X X X X
X X X X X X
Explain ONE similarity and ONE difference in their trajectories as they move in the
magnetic field.
.
-31 -

|

! Office Usa Only — Do NOT write anything, or make any marks below this lina.

| E 4074310368 E
i 063920053




Question 34 (9 marks)

Use the following information to answer this question.

Earth’s distance from the sum, 7...ccoovveeieeriveeens Crererr e ————— 1.5x10Mm
Intensity of solar radiation at a distance r from the sun............. 1360 Wm™
Surface area of a sphere.........ovovvvvvereevereeeeeeenn et et e Ar?

Radiation curve for the sun

Intensity

¥

400 500 600 700
Wavelength (nm)

Describe both the production and radiation of energy by the sun. In your answer,

include a quantitative analysis of both the power output and the surface temperature
of the sun.

............................................................. Pareenan e + thtvdd it eraraneaaens
Bbbitarrerarraranasnarsnasasnaaas Abretrrrararnasunsanttusaas Fithmedrerrarearanrarnesasrtresnasantina D R N TTT AT
R T T PR Fedrairarastedcannnnasuns FembbrarrrresatattravattasEnartenaattuss D T T L L L LI Fedrdtrann
.......... I R R
dsddrrirrraseatnraetEnartesanaass R R T T T Y F Y FEetereererraarasaansran et aNaasbttas F4bkddratraTerareaatra NN staarty .
..................... LR D Y
........ LR R P
L L T PPN FedbrreararaEsasnEnatatenasana VitkerevernerrasaarraarnastuennRRsatstaad 4ktbarrerererrnerrratarrraanaas
...................... dvas R
........ AR R P

L T R P PP D R T T I I L TR P T T PR PR D P P T T TP YN
.................. R R R R T R

Question 34 continues on page 33
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Question 34 (continued)

hessbrassasesaarres casruen tredbatsatiianssaranany essrarerserrn dedbbeddaariiasarsanay CessrriazesERarETasaIPasr TR Tr “er
. brkerarbaasssrrrENs teasusesasraverranrs Hesabaasareananes Knmitraausarirrrarrrery 4bEbbaseTsLsLaatIttssaTsansanS rmerruean
.......... T T T T T N T R

“eswdbaaautsanaartany merrassnsarrarerere Makssaarss ERsasanas tenan rrdbda ki tiiny CravmarsarrarrrnrTYy .
srresisnrarerrarey Fr4araELLssasrannas weraseasracern FEYTETT wbresaresresnan sttasrrertaareaarerrrrar AEESA b dbrda b daraasiassrsanny Tenae
“vssisassrnes srerannay HAtbabarserssrsannn atrrussarnrerTrareny “breasbassLssatsaRsaraTRy teanes reaa . Perrratbaeaae

aeassusaresnn drarasariinaaeny traratsuearconeenanny P T L L L R L R Ty N ]

srarreneanns
....... T T L LR E LT T R RN L}
drresribusssatsenraTErn srssrransrrenaaary Fed b ssssasnsrranns Crtsssrsrnrsrireeray bhdrdastusarees e risannsTny setenmssnsiraratierry
watwermastarerarernreTyy FddaisessatsRarry temrrrarraaarrrrrreen. drbbsascinsssarsaana enaean IRTTETITTT berrra by e
nhdbEREabsLssareany vresErasitrassateavTEAbRILRLaR s EEt LR asbaY atseavaraanrrTrrrrrany T T L RN L R L L T N T TR P T R PR R T
artaneasaneraverr PRI Petmaswrraneerarrrarry Aretdbbsaansassanne erusmasrsaneasrsrerrany Geheridstbtssaarsansassanasty e
.............. T T T L R T T R

End of Question 34
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Question 35 (4 marks)

The apparatus shown is attached horizontally to the roof inside a stationary car. The 4
plane of the protractor is perpendicular to the sides of the car.

Protractor

View looking ———— Light string
towards the front
of the car

Mass (m1)

The car was then driven at a constant speed (v), on a horizontal surface, causing the
string to swing to the right and remain at a constant angle (6) measured with respect
to the vertical.

Describe how the apparatus can be used to determine features of the car’s motion.
In your answer, derive an expression that relates a feature of the car’s motion to the
angle 6.

............................
................ e EeE e a4 L ha R et E et e A e h e RS e R e S a2 b b et e s b ere b e stee s s bssenterea s e sere e nese et oas
ettt aa ettt b neaes s eae et ettt a et beas e
..............................
............
et n et n s e etvre ettt b renteaeaseres ceterer e et aerebess b enin verreaens

...........................
..................
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Question 36 (7 marks)

A radon-198 atom, initially at rest, undergoes alpha decay. The masses of the atoms
involved are shown in atomic mass units ().

radon-198 —  polonium-194  +  helium-4
197.999 u 193.988 u 4.00260 u

The kinetic energy of the polonium atom produced is 2.55 X 107147

By considering mass defect, calculate the kinetic energy of the alpha particle, and
explain why it is significantly greater than that of the polonium atom.

.......... S L T T R AL AR
dsssanatrasaaraaener GebdrbsLiRss AR atar e raR Ty P T L L L LT LT e T T ) P T L L L L T T P TP T R P ) trrsadssinsarsane
...... R T T R e R R LA AR
............... L T T T T LR T LT T R R A R R
br4sasriEEstasTReIraRa I ere P T L L L T T e P T T LLL L LR TR Y GhdsriBariarartatEatErudnatreTny dirrsaansea
P LI LT PR LR AndbkbasttserRaru iR rareraTy P L L L L L L LR T P ) dreeesaassLEnarTasRd AN
“hsadsiasstrasittannsarenrny Aibhesatsias s Rat st rans T L LA L L L T TR TP P L L L L L L L L P T TP P rebsernaan
........ R T LR LR T L L LR
.................... FeAdEiANLEAsELaRRa bR RIERER IR e PR YT b . P T L R R T LT T PR R P )
..... S TR T L R R R ] dhdsssssaariannarnsraatranans
................... P T L T I T T R T TR T R PR TTET) T L T T T T
..... T T T L L T T R T N R R L L R
.................. S T T R e L R L
mededbistitensttarsRtcaresaTTry bemdbhbadsieEatraTEnTEaRSa R ErETTY MikerabssatiannatLaReaT e Try T I L T LT TR T "

End of paper
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Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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Physics

DATA SHEET

1062

Charge on electron, g,
Mass of electron, m,
Mass of neutron, mz,
Mass of proton, m,
Speed of sound in air

Earth’s gravitational acceleration, g
Speed of light, ¢

Electric permittivity constant, &
Magnetic permeability constant, 4
Universal gravitational constant, G
Mass of Earth, My

Radius of Earth, g

Planck constant, i

Rydberg constant, R (hydrogen)

Atomic mass unit, i

leV
Density of water, p
Specific heat capacity of water

Wien’s displacement constant, b

~1.602 x 107% C
9.109 x 107> kg
1.675 x 107 kg
1.673 x 1077 kg
340 ms™!
9.8 ms>

3.00 x 108 ms™!

8.854 x 1072 A%s* kg™ m™®

4z x 107 NA?

6.67 x 107" Nm?kg™?
6.0 x 10%* kg

6.371 x 106 m

6.626 X 1077 s

1.097 % 107 m™

1.661 x 10777 kg
931.5 MeV/c?

1.602 x 107197
1.00 x 10° kgm™
4.18 x 10* Jke ' K7

2.898 x 10 mK




FORMULAE SHEET

Motion, forces and gravity

5 = ut-i-latz
2

v = u+tat

Fnet = mda

v: = %+ 2as
W = F“s = Fscosf
AU = mgAh
L
K = —mv
P = & 2
Ar
P = F”v = Fvcos@
my? z}wmv“-
2 before 2 after ngbefore = Zmﬁaﬂer
Ap = F;MAI = v
a, = _I‘—
o = 28 2
t F = @
T = nF = rFsinf
F = GMm
2rr - 2
V=T
P _ oM
U = _Gf‘;‘dm T 472
Waves and thermodynamics
v = fA fbeal:’fZMfll
f = % f, - f (vwave+vobserver)
(vwave - vsource)
dsinf = mA
c n sm@, = n25m92
nx = v— .
* 2 sinf. = —2
[ =1 cos*6 ¢ m
O = mcAT Ill"12 = 12r22
Q _ KAAT
t d




FORMULAE SHEET (continued)

Electricity and magnetism

E = \4 F = gk
‘ I g9
F = 142
V = ég 47580 I"2
q
)
W = gV I'= N
W = gEd V = IR
g = Ml P=VI
2rr
F = B = gvBsinf
_ HoMT mEm
T L F = I B = lIBsind
&b = BnA = BAcos@ F . /u_()ﬁ
{ 2n r
g = —Ng .
Af T = nlA B = nlAB sind
\% N
P .. _P VpIp = VI
A a
Quantum, special relativity and nuclear
_h b
n -
(v (l—iJ
Kmax = hf-¢ Cz
b
A = = 2
max T ] = IO (1_L}
o2
E = mc?
gV
E = hf o™ 2
V
1 1 1 ¢
PR i
'y i N, = Noe—m
5 -2
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