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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 An ideal transformer has 20 turns on the primary coil and an input voltage of 100 V.

How many turns are there on the secondary coil if the output voltage is 400 V?

A 4

B

C. 80
D. 400

2 The absorption lines in a star’s spectrum are shown.

Blue Red

- Wavelength >

What feature of the star is directly responsible for these absorption lines?

A.  Size

B. Colour

C. Distance from Earth
D.  Chemical composition



3

A radioisotope emits radiation which is deflected by an electric field, as shown.

Radioisotope | + |
D% Electric field

What type of radiation is this?

A. Alpha

B. Gamma

C. Beta positive (positron)
D. Beta negative (electron)

A current-carrying wire is in a magnetic field, as shown.

—Wire

N S W/ N S

What is the direction of the force on the wire?

A.  Left

B. Right

C. Into the page
D.  Out of the page



5 Protons and neutrons are made up of quarks. The table shows the charges of these quarks.

Quark Charge
2
U +—
P 3
Down 1
3

What combination of quarks forms a neutron?

A. 1lup, 1down
1 up, 2 down
2 up, 1 down

o N w

2 up, 2 down

6 The elliptical orbit of a planet around a star is shown.

Star

Which type of energy is greater at position P than at Q7

A. Kinetic
B. Nuclear
C. Potential
D. Total



A photon has an energy of 9.0 x 10724 7.
What is the frequency of this radiation?

A. 1.00x10™*Hz
B. 7.36x107''Hz
C. 1.36x10"Hz
D. 597x10''Hz

An object is launched with an initial velocity, u, and hits a wall with a final velocity, v.

: 1%

Wall

Which statement correctly compares components of # and v?

A.  The vertical component of v is less than the vertical component of u.
The vertical component of v is greater than the vertical component of u.

The horizontal component of v is less than the horizontal component of u.

o N w

The horizontal component of v is greater than the horizontal component of u.
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The radiation emitted by a black body has a peak wavelength of 5.8 X 107 m.

What is its temperature?

A. 3000 K
B. 4500 K
C. 5000 K
D. 5500 K
The orbital velocity, v, of a satellite around a planet is given by v = GTM

Which graph is consistent with this relationship?

A. B.

N | =
N |-
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function of time is shown.

Which velocity—time graph corresponds to this motion?

A.

Velocity (ms™)

Velocity (ms™)

A

Displacement (m)

A projectile is launched vertically upwards. The displacement of the projectile as a

I > Tlme
/2 4 (s)
A
| — Time
2 4 (s)

3

B.

| >
4 Time (s)

Velocity (ms™)

Velocity (ms™)

A

I > Tlme
2\4 (s)
A
| ;- Time
2 4 (s)



12 The diagram shows a region in which there are uniform electric and magnetic fields. A
positively charged particle moves in the region at constant velocity.

+ + + -+ + + -+ +

Magnetic X X X X X X X X )
feld \ L Electric
X

field

\

What is the direction of the particle’s velocity?

A.  Up the page
Down the page
To the left

o N w

To the right

13  Two satellites share an orbit around a planet. One satellite has twice the mass of the
other.

Which quantity would be different for the two satellites?

A.  Speed

B. Momentum

C.  Orbital period

D.  Centripetal acceleration



14 Line X shows the results of an experiment carried out to investigate the photoelectric

effect.
§ X
—
55 34
L o
T) —
S > Y
g8 -
= QO 2— .7
o % ///
E 2
= L
(]
g E 1_ ///
5 < 7
= -
7
7

Frequency (X 101 Hz)

What change to this experiment would produce the results shown by line Y?

A. Increasing the frequency of the radiation
Using a metal that has a greater work function

Decreasing the intensity of the incident radiation

o 0w

Decreasing the maximum energy of photoelectrons
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16

Two wires separated by a distance, d, carry equal electric currents producing a magnetic

force between them.

jary
L)L)

The separation between the wires is increased to 4d and the current in each wire is

doubled.

What happens to the magnetic force between the wires, compared to the original force?

A. It does not change.

B. Itincreases by a factor of 4.
C. It decreases by a factor of 4.
D

It decreases by a factor of 8.

The binding energy of helium-4 (He-4) is 28.3 MeV and the binding energy of

beryllium-6 (Be-6) is 26.9 MeV.

Which of the following rows in the table is correct?

He-4 requires more energy to separate . .

A. ; ; q ) gy P He-4 is less massive than Be-6
into individual protons and neutrons
He-4 requires less energy to separate . .

B. . } q ) gy P He-4 is less massive than Be-6
into individual protons and neutrons
He-4 requires more energy to separate . .

C. . ; q ) gy p He-4 is more massive than Be-6
into individual protons and neutrons
He-4 requires less energy to separate . .

D. . ) q ) gy P He-4 is more massive than Be-6
into individual protons and neutrons

~10 -
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Unpolarised light of intensity /, is incident upon a vertically polarised filter. The filtered
light then passes through a pair of glasses. The glass have polarising filters, with one side
polarised vertically and the other horizontally.

The filter undergoes one complete 360° rotation around point P, as shown.

Vertically polarised
filter

T 1 " Rotation
Al !
A| i ““ ’
| aN
Rotation \I\\ 1,
\\ >
N i

PN |
o  Unpolarised
light

Which of the following correctly compares Iy to the intensity at other positions?

A. Iy never equals /,
B Iy never equals 7,
C. Iy sometimes equals /,
D

Iy sometimes equals I,

—11 =



18 A charged oil droplet was observed between metal plates, as shown.

Upper metal plate

Atomiser

i -— QOil droplet

Switch W

. J

Battery

Lower Sealed air-filled
metal plate chamber

While the switch was open, the oil droplet moved downwards at a constant speed. After
the switch was closed, the oil droplet moved upwards at the same constant speed.

Assume that the only three forces that may act on the oil droplet are the force of gravity,
the force due to the electric field and the frictional force between the air and the oil
droplet. The magnitudes of these forces are F; (due to gravity), F; (due to the electric
field) and F, (due to the frictional force).

Which row of the table shows all the forces affecting the motion of the oil droplet in the
direction indicated, and the relationship between these forces?

Downwards motion Upwards motion
A. Fg > Fg Fy > Fp
B. Fg > Fg Fg>F5+ Fg
C. Fg=Fg Fg=Fg
D. Fg=Fg Fp=F5+ Fg

—12 —



19  An AC generator is operated by turning a handle, which rotates a coil in a magnetic field.

The handle is turned at a constant speed and the AC voltage output of the generator
causes a light globe connected to it to light up, as shown in Circuit 1.

AC
generator

Pa

Circuit 1

A second identical light globe is then connected in series to the generator output, as
shown in Circuit 2. The handle is turned at the same constant speed.

AC
generator

Circuit 2

Which statement describes and explains the effort required to turn the handle in Circuit 2,
compared to Circuit 1?

A.

The handle in Circuit 2 is easier to turn because the smaller current in Circuit 2
produces less opposing torque.

The handle in Circuit 2 is easier to turn because the voltage output is shared equally
across the two identical light globes.

The handle in Circuit 2 is more difficult to turn because the larger current in
Circuit 2 produces more opposing torque.

The handle in Circuit 2 is more difficult to turn because it takes more power to
operate the two identical globes than it does to operate the single globe.

13—



20 In a thought experiment, a car is travelling at a uniform velocity of 0.4c. The diagram
shows one of the car’s wheels as it rolls past a stationary observer at X.

0.4c

Consider the instantaneous velocity of different points on the car’s wheel relative to the
ground. Assume that there is no slippage of the tyre on the road.

At the instant the centre of the wheel, Q, passes X, how would the observer describe the
relativistic length contraction at points P, Q and R?

A. Itis the same at P, Q and R.

B. Itis zero at P and greatest at R.

C. Itisequal at P and R, and least at Q.
D

It is zero at P and the same value at Q and R.

14—
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Question 21 (4 marks)

The positions of two stars, X and Y, are shown in the Hertzsprung—Russell diagram.

(a)

(b)

—107p T T T T T T
-0 ° . e
-5r X :

) ° 2, ’ .
= e, .
= B : . u.t.-;{wl‘
= wie. . RS UA + g
b:D Or -:Jr' L o o : RRRIR "},{:‘i\. b
g RSy P °, re [ ‘0
O R TR - Y
45: e n..i.")‘:. .":“‘v-' ..
— +5+ RIS ¢ 2R V)
&) /l‘
7] d .
'Q .
< X

+10- X

+15 Il Il Il Il

Spectral class

Compare qualitatively the surface temperature and luminosity of X and Y. 2
SUrface tEMPETATUIE: ......eovuviiiiieriiieiieite ettt sane e e
LUIMINOSIEY: ittt ettt e sttt e et e e eaaeeeneee e
Identify the elements undergoing fusion in the core of each star, X and Y. 2
— 18—
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Do NOT write in this area.

Question 22 (4 marks)

The diagram shows features of a transformer. 4
Laminations
T ;
SUI B
SUI—— B
U B
S 5
:HIIIIIlln—.'
__'"Iluuu—’
= |
Copper wire Continuous iron core
For TWO features of the transformer, describe how each contributes to the
transformer’s efficiency.
19—
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Question 23 (4 marks)

Outline a method that could be used to determine a value for the speed of light. In your 4
answer, identify ONE factor that would limit the accuracy of the experimental data.

—20-—
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Do NOT write in this area.
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Question 24 (4 marks)
The radioactive decay curve for americium-242 is shown.

Radioactive decay of americium-242

80
70 \
60

50

30
20
10

Mass of Am-242 remaining
(micrograms)
N
S

0 8 16 24 32 40

Time (hours)

(a) Use the graph to find the half-life of Am-242 and hence show that the decay 2
constant, 4, is 0.043 hl.

(b) Calculate how long it takes until the mass of Am-242 is 8 micrograms. 2

—-21 -
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Question 25 (5 marks)

A rocket is launched vertically from a planet of mass M. After it leaves the atmosphere,
the rocket’s engine is turned off and it continues to move away from the planet. From
this time the rocket’s mass is 200 kg. The rocket’s speed, v, at two different distances

from the planet’s centre, R, is shown.

Point R (m) v (m s_l)
1 4.3 x10° 5500
2 2.5 %10’ 2900
(a)  Show that the magnitude of the change in kinetic energy from point 1 to point 2 2
is 2.2 x 107 J.
(b) Determine the mass M of the planet using the law of conservation of energy. 3
_22_
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Do NOT write in this area.

Question 26 (6 marks)

Light of frequency 7.5 X 10'* Hz is incident on a calcium metal sheet which has a
work function of 2.9 eV. Photoelectrons are emitted.

The metal is in a uniform electric field of 5.2 NC™!, perpendicular to the surface of
the metal, as shown.

Photoelectron
Light /
1/1/1/1 ' Electric

field

2 7 24— Calcium metal sheet

(a) Show that the maximum kinetic energy of an emitted photoelectron is
32x107%7.

(b) Calculate the maximum distance, d, an emitted photoelectron can travel from
the surface of the metal.

_23_
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Question 27 (7 marks)

A laser producing red light of wavelength 655 nm is directed onto double slits
separated by a distance, d = 5.0 x 107> m. A screen is placed behind the double slits.

Screen

N

Centre of
screen

-
-
-
-
-
-
-
-
-
-

N
q~
d=50%x10"m
NOT TO SCALE

Laser
light source
(655 nm)

(a) Newton proposed a model of light. Use a labelled sketch to show the pattern on
the screen that would be expected from Newton’s proposed model.

Centre of screen

Question 27 continues on page 25

_24 —
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Do NOT write in this area.

Question 27 (continued)

When the laser light is turned on, a series of vertical bright lines are seen on the screen.

Screen
Centre of

screen

NOT TO SCALE

Laser @

light source
(655 nm)

(b) Calculate the angle, 8, between the centre line and the bright line at A.

(c) The laser is replaced with one producing green light of wavelength 520 nm.

Explain the difference in the pattern that would be produced.

End of Question 27
_25_
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Question 28 (3 marks)

Two steps in the CNO cycle of nuclear fusion are shown. 3
Step X BN—>BCct+et+v
Step Y B+ H—- N
Step X releases 1.20 MeV.
The masses in Step Y are shown in the table.
Isotope Mass (u)
Carbon-13 13.003
Proton 1.007
Nitrogen-14 14.003
Propose a reason why Step Y releases more energy than Step X. Support your answer
with calculations.
_26—
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Do NOT write in this area.

Question 29 (4 marks)

An apple was thrown horizontally to the east from the window of a car which was

moving with a uniform velocity to the north.

Explain the horizontal and vertical components of the apple’s motion during its flight.

Please turn over

_27—
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Question 30 (6 marks)

In a thought experiment, light travels from X to a mirror Y and back to X on a moving
train carriage. The path of the light relative to an observer on the train is shown.

Relative to an observer outside the train, the path of the light is shown below, at three
consecutive times as the train carriage moves along the track.

Time 1 Time 2 Time 3
I I I I | I I I I I | I I I I | I I I I I | I I I I |
7 e
_»V
7 RSN
—X —X X

AL 12

N —

e N -

N —

s N -

(a) Describe qualitatively how the constancy of the speed of light and the thought 3

experiment above led Einstein to predict time dilation.

Question 30 continues on page 29

_28 —
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Do NOT write in this area.
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Question 30 (continued)

(b) The train is travelling with a velocity v = 0.96¢. To the observer inside the train, 3

the return journey for the light between X and Y takes 15 nanoseconds.

How long would this return journey take according to the observer outside the

train?

End of Question 30
Please turn over
—29 _
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Question 31 (9 marks)

Following the Geiger—Marsden experiment, Rutherford proposed a model of the atom. 9
) Fluorescent T
Gold foil Fluore . \ B
o
Alpha Q 9) '
particle
paths ~
e >
Alpha particle source L © -
The Geiger—Marsden experiment Rutherford’s model of the
experimental results
Bohr modified this model to explain the spectrum of hydrogen observed in experiments.
Hydrogen spectrum
| | | | | | |
400 450 500 550 600 650 700
Wavelength (nm)
The Balmer series
The Bohr—Rutherford model of the atom consists of electrons in energy levels around
a positive nucleus.
How do features of this model account for all the experimental evidence above?
Support your answer with a sample calculation and a diagram, and refer to energy,
forces and photons.
Question 31 continues on page 31
~30-
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Question 31 (continued)

End of Question 31
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Question 32 (6 marks)

One type of stationary exercise bike uses a pair of strong, movable magnets placed on
opposite sides of a thick, aluminium flywheel to provide a torque to make it harder
to pedal.

Flywheel

Movable
magnets

(a) Explain the principle by which these magnets make it harder to pedal.

(b) The bike rider wants to increase the opposing torque on the flywheel. Justify an
adjustment that could be made to the magnets to achieve this.

~32_
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Do NOT write in this area.

Question 33 (6 marks)

In a hammer throw sport event, a 7.0 kg projectile rotates in a circle of radius 1.6 m,
with a period of 0.50 s. It is released at point P, which is 1.2 m above the ground,
where its velocity is at 45° to the horizontal.

(a)

(b)

Show that the vertical component of the projectile’s velocity at P is 14.2 ms . 2

—33
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Question 34 (7 marks)

Three charged particles, X, Y and Z, travelling along straight, parallel trajectories at 7

the same speed, enter a region in which there is a uniform magnetic field which causes
them to follow the paths shown. Assume that the particles do not exert any significant
force on each other.

N ~ X
Yvy

— Magnetic
field

Office Use Only — Do NOT write anything, or make any marks below this line.
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Do NOT write in this area.

Question 35 (5 marks)

A capsule travels around the International Space Station (ISS) in a circular path of 5
radius 200 m as shown.

/// \\\\
// \\
Capsule Internatlopal \

path Space Station \\\

/ m=42x10kg \

I —
| I \l _1

A v v=0.233 ms

\ A |

\ | |

\ | ,

\ | ;

\ 1200 m Y

\ | ,
\\ | //
AN I ,
N\ | L
A | 7/
\\\ I ///
\\ | //

Capsule
m=12x10*kg

Analyse this system to test the hypothesis below.

The uniform circular motion of the capsule around the ISS can be
accounted for in terms of the gravitational force between the capsule and
the ISS.

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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Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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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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Do NOT write in this area.

Section II extra writing space

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

1142

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

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

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

Radius of Earth, rg

Planck constant, /

Rydberg constant, R (hydrogen)

Atomic mass unit, u

leV
Density of water, p
Specific heat capacity of water

Wien’s displacement constant, b

-1.602 x 1079 C
9.109 x 107 kg
1.675 x 1077 kg
1.673 x 107" kg
340 ms™!
9.8 ms 2

3.00 x 103 ms™!

8.854 x 10712 A2s*kg I m™

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

1.661 x 10727 kg
931.5 MeV/c?

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

2.898 x 10> mK



FORMULAE SHEET

Motion, forces and gravity

L,
S = ut+—at
2

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

At

| L 5
ngvbefore = ngvafter

Ap = F, At

Vv = u+at

Fnet = ma

W = FHs = FscosO

K = lmv2
2

P = FHv = Fvcos@

z MVyefore = z MV, rer

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




FORMULAE SHEET (continued)

Electricity and magnetism

— -

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

Question 21 (a)

Criteria

Marks

« Correctly compares the surface temperatures and luminosities of X and Y

» Correctly compares the surface temperatures or luminosities of X and Y

Sample answer:

The surface temperature of X is greater than the surface temperature of .
The luminosity of X is less than the luminosity of Y.

Question 21 (b)

Criteria

Marks

 Identifies the elements undergoing fusion in X and Y

 Identifies an element undergoing fusion in X or Y

Sample answer:
In star X fusion of hydrogen is taking place and in star Y helium is fusing.

Question 22

Criteria

Marks

» Describes effects of TWO features that contribute to efficiency

» Describes effect of ONE feature that contributes to efficiency and
identifies an effect of another feature

 Identifies effect of ONE feature that contributes to efficiency

* Provides some relevant information

= IN| W

Sample answer:

The laminations in the core minimise the production of eddy currents that would heat the
core, reducing efficiency. The fact that the iron core is continuous enables maximum transfer

of flux from the primary to the secondary coil, increasing efficiency.

Answers could include:
The high conductivity/low resistance of copper wire reduces heating loss.
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Question 23
Criteria Marks
e Outlines the steps necessary to conduct measurements in a relevant
experiment
* Outlines how measurements are used to determine the speed of light 4
 Identifies a limiting factor
¢ Outlines some steps necessary to conduct measurements in a relevant
experiment 3
* Outlines how measurements are used to determine the speed of light or
identifies a limiting factor
¢ Provides some details about a relevant experiment or calculation or o

limiting factor

* Provides some relevant information

Sample answer:

A light source is directed at a mirror a large distance away. The light and a stopwatch are

turned on at the same instant.

The stopwatch is stopped when the reflected light is observed.

The total distance to the mirror and back is measured and the speed of light can be

determined by dividing the distance travelled by the time taken.

A limitation to the accuracy of the experiment could be the reaction time in stopping the

stopwatch when the reflected light is observed.

Answers could include:

» The passing of light through the teeth of a rotating cog and using the speed of rotation
and the flickering of the reflected light in making the calculation of the speed of the light

« Other experimental setups involving lasers, retro reflectors, interferometers and resonant

cavities etc
* Remer’s experiment involving light from Jupiter.
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Question 24 (a)

Criteria

Marks

» Correctly uses half-life to calculate the decay constant

¢ Provides one correct step in calculation

Sample answer:

t, = 16 hours

2="2_ 0043 1"
16

Question 24 (b)

Criteria

Marks

e Correctly calculates time taken

¢ Provides one correct step in calculation

Sample answer:
_ —At

Nt = Noe

g =80 o 0:043t

|n(ﬁ) = _0.043t
80

t =54 hours

Answers could include:

53 hours if using unrounded value from part (a).

Question 25 (a)

Criteria

Marks

» Correctly calculates the change in kinetic energy

¢ Provides a substitution into a relevant equation

Sample answer:

2 2

2
Change in kinetic energy = mv__ma_ 00(8 410 000 -30 250 000)=2.2X 10° J

2 2 2
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Question 25 (b)

Criteria Marks
e Correctly calculates mass of the planet 3
* Applies the law of conservation of energy
OR 2
» Shows steps in calculating the mass of the planet
* Provides a step in the calculation of the mass of the planet 1
Sample answer:
Change of kinetic energy = change in potential energy
2.2%10% = GMm| - —-
' - R, R
1 2
M- 2.2x1 019 1
6.67><10_11><200( = 7]
4.3x10° 2.5x10
M =8.6 x 1023 kg
Answers could include:
M= 8.5 x 1023 kg depending on rounding.
Question 26 (a)
Criteria Marks
e Correctly calculates K 3
» Provides substantial working for calculating K 2

¢ Provides one correct step in calculation

Sample answer:

K=hf-¢=6.626x10"*x7.5x10""-2.9x1.602x107"°

=4.9695x107 19 -4.6458x107 19 =3.2x1072°
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Question 26 (b)

Criteria Marks
e Correctly calculates d 3

* Provides some working for calculating d 2

¢ Provides one correct step in calculation 1
Sample answer:

Photoelectron stops when work done by field = kinetic energy at surface

Work = Vq = gEd =1.602x107 19 x5.2xd =3.2x 10720

-20
d=&019=0.038 m=3.8 cm
8.33x10

Question 27 (a)

Criteria Marks
« Correctly sketches and labels the expected pattern 2

* Shows two bands of light
OR
+ |dentifies a feature of Newton’s model

Sample answer:

Centre of screen

N/

Bright bands
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Question 27 (b)

Criteria

Marks

* Calculates the angle 6

« Provides substantial working to calculate the angle 6

¢ Provides one correct step in calculation

Sample answer:
dsind =mA

5.0x10 5 sin6 = 2(655x1079)

(2(655x107))

0 =sin”
5.0%x107°

0 =1.5 degrees

Question 27 (c)

Criteria

Marks

« Describes and clearly explains the difference in the pattern

» Describes the difference in the pattern

Sample answer:

The bright lines would be closer together, because 6 is smaller if A is smaller.

Question 28

Criteria

Marks

than X

» Correctly calculates energy released and suggests why it is greater

Step Y

« Correctly calculates energy released or identifies that more mass is lost in

* Provides some relevant information

Sample answer:

Change of mass in Step Y = Am=13.003 +1.007 - 14.003 = 0.007u

Energy released E =0.007 x931.5 =6.52 MeV

This is more energy than was released in Step X, so more mass must have been lost.
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Question 29

Criteria Marks
» Describes and explains the horizontal component of the apple’s motion 4

» Describes and explains the vertical component of the apple’s motion

* Relates features of the apple’s horizontal and vertical motion to a force 3

acting on it

» Describes features of the apple’s motion
OR 2
* Relates a feature of the apple’s motion to the forces acting on it

* Provides some relevant information 1

Sample answer:

The horizontal component of the motion of the apple remains constant because there is no
net force acting on it in the horizontal direction. The initial horizontal velocity of the apple is
the vector sum of the car’s velocity relative to the ground plus the apple’s initial velocity
relative to the car.

The vertical motion of the apple is accelerated uniformly vertically downward from rest by the
gravitational force acting on it.

Question 30 (a)

Criteria Marks
* Describes the process that led to the prediction of time dilation 3
¢ Outlines parts of the process 2
* Provides some relevant information 1

Sample answer:

The distance travelled by the light, X to Y to X, appears to be greater to the observer outside

the train than to the observer in the train. Since both observe the same speed of light, then
d

the return trip must have taken longer for the observer outside the train, since t = . This is

what Einstein called time dilation.
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Question 30 (b)

Criteria Marks
e Calculates the outside observer’s time, includes relevant unit 3
¢ Provides substantial working to calculate outside observer’s time 2
¢ Provides a correct step in calculation 1

Sample answer:

t=—2L
Ve
C2
-8
S0 o 1:5x10
\/[1—(0.96)202]
C2
_15x107®
0.28
-54x10%s

Answers could include:
=54 ns
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Question 31

Criteria Marks

* Provides a comprehensive analysis, relating features of the model to the
experimental evidence 9

¢ Incorporates a relevant calculation and detailed diagram in analysis

« Provides a thorough analysis, relating features of the model to the
experimental evidence 8

¢ Includes a relevant calculation and detailed diagram

* Relates features of the model to the experimental evidence

e Includes a relevant calculation and/or a diagram 67

* |dentifies some Ii'nks between the model and the experimental evidence 4-5
and/or a calculation

* Provides details of the model and/or the experimental evidence 2-3

* Provides some relevant information 1

Sample answer:

In the Geiger—Marsden experiment, the fact that most alpha particles went straight through
the gold atom was accounted for by the atom being mostly empty space in the model. The
small fraction of alpha particles that were deflected through large angles were accounted for
by the dense positive nucleus that exerted a repulsive electrostatic force on the alpha
particles headed towards it. The large mass of the nucleus relative to the alpha particles
made them bounce back while the nucleus remained stationary. Alpha particles passing near
the nucleus were deflected by smaller amounts due to a smaller electrostatic force.

The model was able to account for experimental results of the spectrum of hydrogen using
the postulates that electrons exist in stable energy states around the nucleus. If an electron
moves from a higher-energy state to a lower one, it emits a photon with energy given by
Ep =hf=E,—E.

Electron hf=E;—-E,

The four visible spectral lines of the Balmer series have wavelengths that were accounted for
in the model using the equation:
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A —n?

1

l = R{—2 ] where ne is 2 and n, is 3, 4, 5 and 6.

n
f i

For n, = 3, this gives % ~1.097 x107 B _ %} s0 2=656 nm, which is shown in the

diagram as the line furthest to the right.

Question 32 (a)

Criteria Marks
* Explains how the magnets make it harder to pedal 3
* Relates magnetic effects to induced currents 2
e Outlines magnetic effects 1

Sample answer:

Relative motion between the magnets and the moving flywheel induce eddy currents in the
flywheel. These produce magnetic fields and a subsequent force on the wheel that opposes
the changing flux. This produces a torque that opposes the pedalling action of the person,
making it harder for them to pedal.

Question 32 (b)

Criteria Marks
« Justifies a method for increasing torque 3
¢ Outlines a method that would increase torque 2

e Links torque to parts of the bike
OR 1
 Identifies a related method

Sample answer:

The magnets could be moved closer to the wheel causing the induced eddy currents to be
larger due to the greater flux change. The stronger field produced by these currents thus
exerts a greater force and greater opposing torque on the flywheel.

Answers could include:

Moving the magnets further away from the flywheel’s axis.
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Question 33 (a)

Criteria

Marks

e Correctly calculates vertical component of velocity

¢ Provides one correct step in calculation

Sample answer:

2nr  2xmx1.6
t 05

Vertical component vy =20.1x sin45°=14.2 ms™"

Speed of hammer in circular motion is v =

Question 33 (b)

—=20.1ms™"

Criteria

Marks

e Correctly calculates range

¢ Provides substantial working to calculate range

» Calculates one relevant quantity

¢ Provides one correct step in calculation

= IN|W

Sample answer:
At top of trajectory, vy =0
0=14.2-9.8¢, so tup =145s

Distance risen=s = ut + %at2

—14.2 x 1.45-4.9 x 1.452
-10.3 m

At top, distance from ground =10.3+1.2=11.5m

Distance fallen=s = ut + %at2

11.5=4.9t2, so t -153s

down

t =1.45+1.53=298s

total

Range x=v t=14.2x2.98=42.3 m

Page 12 of 16



NESA 2022 HSC Physics Marking Guidelines

Question 34

Criteria Marks
« Comprehensively explains the different paths of each particle X, Y and Z 7

through the magnetic field

« Explains the paths of particles X, Y and Z 6

* Explains some aspects of the paths of particles X, Y and Z 4-5
* Provides details of particle properties and/or paths in the field 2-3
* Provides some relevant information 1

Sample answer:

X and Y are both positive since they are deflected towards the top of the page when they
initially enter the magnetic field which exerts a force on the charges, initially up the page. As
they travel through the magnetic field, the force is applied perpendicular to their velocity,
causing them to curve in the arc of a circle as shown, with the magnetic force providing the
centripetal force.

This allows the curvature of each charge’s circular path to be expressed as r = % .

X has a smaller radius of arc which indicates it has a smaller mass or greater charge than Y.

Z must have the same charge to mass ratio as X, but an opposite sign charge. This would
explain the identical curvature of the path through the magnetic field in the opposite direction.
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Question 35

Criteria Marks
» Provides correct calculations to reject the hypothesis 5

* Provides calculations which analyse the system 4

« Makes some calculations using appropriate formulae

OR 3

¢ Provides a correct calculation or evidence and makes a relevant

conclusion
« Substitutes into a relevant formula 2
* Provides some relevant information 1

Sample answer:

2 2
F =" _q2x10%x(0:233)°
¢ 200
~3.26 N
£ _GMm _6.67x10"""x4.2x10° x1.2x10*
€ 2 2002

~8.4x10% N

Hence the centripetal force required to accelerate the capsule around the ISS is much
greater than the gravitational force of attraction between the two space vehicles. The

hypothesis is rejected.
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2022 HSC Physics
Mapping Grid

Section |
Question Marks Content Syllabus outcomes
1 1 Mod 6 Electromagnetic Induction 12-13
2 1 Mod 7 Electromagnetic Spectrum 12-14
3 1 Mod 8 Properties of the Nucleus 12-15
4 1 Mod 6 The Motor Effect 12-13
5 1 Mod 8 Deep Inside the Atom 12-5, 12-15
6 1 Mod 5 Motion in Gravitational Fields 12-12
7 1 Mod 7 Light Quantum Model 12-14
8 1 Mod 5 Projectile Motion 12-12
9 1 Mod 7 Light Quantum Model 12-14
10 1 Mod 5 Motion in Gravitational Fields 12-5,12-12
1 1 Mod 5 Projectile Motion 12-12
12 1 Mod 6 Chargeq Pgrticles, Conductors and Electric and 12-13
Magnetic Fields
13 1 Mod 5 Motion in Gravitational Fields 12-12
14 1 Mod 7 Light Quantum Model 12-14
15 1 Mod 6 The Motor Effect 12-6, 12-13
16 1 Mod 8 Properties of the Nucleus 12-5, 12-15
17 1 Mod 7 Light Wave Model 12-6, 12-14
18 1 Mod 6 ﬁg;;g‘zﬁci?ggzsles, Conductors and Electric and 12-6, 12-13
19 1 Mod 6 Applications of the Motor Effect 12-1,12-13
20 1 Mod 7 Light and Special Relativity 12-6, 12-14
Section Il
Question Marks Content Syllabus outcomes
21 (a) 2 Mod 8 Origins of the Elements 12.5. 1215
21 (b) 2 Mod 8 Origins of the Elements 12-15
22 4 Mod 6 Electromagnetic Induction 12-7,12-13
23 4 Mod 7 Electromagnetic Spectrum 12-2, 12-14
24 (a) 2 Mod 8 Properties of the Nucleus 12-5,12-15
24 (b) 2 Mod 8 Properties of the Nucleus 12-15
25 (a) 2 Mod 5 Motion in Gravitational Fields 12-12
25 (b) 3 Mod 5 Motion in Gravitational Fields 12-12
26 (a) 3 Mod 7 Light Quantum Model 12-4, 12-14
26 (b) 3 Mod 6 Charged Particles, Conductors and Electric and
Magnetic Fields 12-13, 12-14
Mod 7 Light Quantum Model
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Question Marks Content Syllabus outcomes
27 (a) 2 Mod 7 Light Wave Model 12-1,12-14
27 (b) 3 Mod 7 Light Wave Model 12-14
27 (c) 2 Mod 7 Light Wave Model 12-14
28 3 Mod 8 Properties of the Nucleus 12-15
29 4 Mod 5 Projectile Motion 12-7,12-12
30 (a) 3 Mod 7 Light and Special Relativity 12-7,12-14
30 (b) 3 Mod 7 Light and Special Relativity 12-14
31 9 Mod 8 Quantum Mechanical Nature of the Atom 12-7,12-15
32 (a) 3 Mod 6 Electromagnetic Induction 12-13
Mod 5 Circular motion 12-12
32 (b) 3 Mod 6 Electromagnetic Induction 12-13
33 (a) 2 Mod 5 Circular Motion 12-12
33 (b) 4 Mod 5 Projectile Motion 12-6, 12-12
Mod 5 Circular Motion
34 7 Mod 6 Charged Particles, Conductors and Electric and 12-5, 12-12, 12-13
Magnetic Fields
35 5 Mod 5 Circ'ular. Motion. | ' 12-6, 12-12
Mod 5 Motion in Gravitational Fields
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