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e Reading time — 5 minutes. .
g e Attempt Questions 1-15.

e \Working time — 135 minutes. . .
g e Allow about 20 minutes for thispart.

e Board approved calculators may be used.

i i black pen.
e Write using a black pen Part B - 60 marks

e Write your student number at the top of every e Attempt Questions 1621

separate page.

e Use the multiple-choice answer sheet e Allow about 115 minutes for this part.

provided at the end and may be separated.
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at the end and may be separated.

PART A /15
PART B /60
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KU /47

WS /28 (@8, @9, Q16, Q17 & Q21)

This paper MUST NOT be removed from the examination room.






Part A — 15 marks

Choose the most correct answer. Use the multiple-choice answer sheet for Questions 1-15

1. A ball, initially at rest, takes time t to fall through a vertical distance h. If air resistance is
ignored, the time taken for the ball to fall from rest through a vertical distance 9h is

A 3t
B. 5t
C. ot
D. 10t

2. The centripetal force that causes a car to go round a bend in the road is provided by
A.  the force produced by the car engine acting on the wheels.
B. the friction between the tyres and the road.
C.  the weight of the car.

D.  the force exerted by the driver on the steering wheel.

3. Which one of the following is a true statement concerning the vertical component of the
velocity and the acceleration of a projectile when it is at its maximum height? (The acceleration
of free fall is g.)

Vertical component of velocity Acceleration
A maximum zero
B. maximum g
C. zero zero
D. zero g

4, Electric field strength is defined as
A.  the force exerted on a test charge.
B.  the force per unit positive charge.
C.  the force per unit charge.

D. the force per unit charge exerted on a positive test charge.



Two positive point charges P and Q are held a certain distance apart.

+@ U
®

At which point(s) could the electric field strength, due to the charges, be zero?

A.  Xonly
B. Yonly
C. Zonly

D. XandZonly

High voltages are used for the transmission of electric power over long distances because
A.  high voltages can be stepped down to any required value.

B.  larger currents can be used.

C.  power losses during transmission are minimized.

D. transformers have a high efficiency.

A thin copper ring encloses an area S. The area is linked by magnetic flux that is increasing. The
rate of change of the magnetic flux fromtimet=0totimet=TisR.

The emf induced in the copper ring during the timet=0to timet=T s

A, R

B. RS

C. RST.

p. R
T

The unit, the electron-volt is equivalent to

A, 16x10%J.

B. 1.0J.
C. 16x10%J

D. 9.1x10%y



9. The diagram below shows the path of a projectile in the absence of air resistance.

Vertical
position

Horizontal position

Which one of the following diagrams best represents the path of the projectile under the same
initial conditions when the air resistance is taken into account? (The path in absence of air
resistance is shown for comparison as a dotted line.)

A. Vertical B. Vertical
position position

C. Vertical D Vertical
position position

Horizontal pésition Horizontal bosition

10. A person is walking along one side of a building and a car is driving along another side of the
building.

=0
The person can hear the car approach but cannot see it. This is explained by the fact that light
waves

A.  travel much faster than sound waves.
B. are diffracted less at the corner of the building than sound waves.

C.  are refracted less at the corner of the building than sound waves.

D. are transverse waves.



11.

12.

13.

A transverse travelling wave has amplitude A and wavelength A.

The distance between a crest and its neighbouring trough, measured in the direction of energy
transfer of the wave is equal to

A
B.

Ao.
2Ao.
4
>

A

A charged particle P is accelerated between two charged metal plates X and Y separated by a
distance d. The particle starts from rest at plate X.

plate X plate Y

< d >

The kinetic energy of P, when it reaches plate Y, is K. The magnitude of the charge on P is e.

The magnitude of the electric field strength between the plates is

A

de

g8lx Fl= =

Ke
-

The work function of a metal may be defined as

A.

the minimum frequency of the incident electromagnetic radiation required to cause
photoelectric emission.

the minimum wavelength of the incident electromagnetic radiation required to cause
photoelectric emission.

the minimum energy of photons incident on a surface required to cause photoelectric
emission.

the minimum energy required to take an electron from the interior to the surface to cause
photoelectric emission.



14.  Which of the following graphs best shows how photon energy E varies with the wavelength 1 of

the light?
A. E A B. E A
0 > 0 >
0 A 0 A
C E A D E A
0 > 0 >
0 A 0 A

15.  Unpolarised light of intensity I is incident on a polariser. The transmitted light is then incident

on a second polariser. The axis of the second polariser makes an angle of 60° to the axis of the
first polariser.

second polarizer

/ first polarizer

unpolarized light

The cosine of 60° is % The intensity of the light transmitted through the second polariser is

A o
B. b
2
c. L
4
p. b
8



Part B — 60 marks

Write your answers in the spaces provided.

16.  This question is about electric motors and generators.

(@)  The diagram below is a representation of a simple dc electric motor. The armature
consists of a single rectangular coil and rotates between the poles of a permanent magnet.
The connections between the coil and the battery B are not shown. The split-ring is
labelled C.

armature

N S

(i)  On the diagram above, draw connections from the battery B to the split-ring so that
the coil will rotate continuously in one direction.

1)
(ii)  On the diagram above, draw arrows to show the direction of the forces acting on
the coil when connection to the battery is made and the coil is in the position
shown in the diagram.
1)
(iii)  Describe how these connections enable the coil to rotate continuously in one
direction.
@)



(b) Inan experiment to measure the efficiency of a small dc electric motor, the motor is
clamped to the edge of a bench. The motor is used to raise a small weight that is attached
to a pulley wheel by cotton thread. The pulley wheel is rotated by the motor. The thread
wraps around the pulley wheel, so raising the weight.

axel \

pulley wheel

cotton thread T

I weight

Side view End-on-view

The running current in the motor is adjusted to 0.3 A so that a weight of mass 150 g is
raised at constant speed. The motor is connected to a 6.0 V supply and the weight is
raised through 0.84 m.

(i)  If the motor’s armature windings have a total resistance of 5.0 Q, calculate the
start-up current. Calculate the back E.M.F. induced in the motor during lifting.

®)
(if)  If it takes the motor 3.4 s to raise the weight, determine the power delivered to the
weight by the motor.
)
(iii)  Estimate the efficiency of the motor.
)

(Total 12 marks)



17.  This question is about the photoelectric effect.

(a) State one aspect of the photoelectric effect that cannot be explained by the wave model
of light. Describe how the photon model provides an explanation for this aspect.

F ] 01Tt O USSPV UPOTTRTUPURTN

)
Light is incident on a metal surface in a vacuum. The graph below shows the variation of the
maximum kinetic energy Enax Of the electrons emitted from the surface with the frequency f of
the incident light.
Enax/ €V 4 7
3 -
2 -
1 —
0 f/x 10"Hz
( 2 4 6 8 101214
-1 4
i
-3
4
(b)  Use data from the graph to determine
(i)  the threshold frequency.
)

10



(i)  avalue of the Planck constant.

)
(iii)  the work function of the surface.
)
The threshold frequency of a different surface is 8.0 x 10** Hz.
(c)  On the axes opposite, draw a line to show the variation with frequency f of the maximum
Kinetic energy Epax OF the electrons emitted.
)

(Total 10 marks)

18.  This question is about gravitation

The diagram below illustrates the planet Saturn.

Saturn

/ Aring

2.72x10%m y

Saturn has several rings, each of which consists of many small particles that orbit the planet.
Saturn may be considered to be a sphere with its mass M concentrated at its centre.

(a) Deduce that, for a particle in one ring moving in a circular orbit of radius R, the linear
speed v of the particle in its orbit is given by the expression

GM =RV2
Explain your reasoning.

2

11



(b)  One ring, the A ring, has an outer diameter of 2.72 x 108 m. The mass of Saturn is 5.69 x

10% kg. A particle orbits on the outer edge of this ring. Determine the time for the
particle to complete one orbit of Saturn.

@)
(c)  Explain the concept of escape speed.
1)
(d) A planet has radius R and the acceleration of free fall at its surface is g. The planet may
be considered to be a sphere with its mass concentrated at its centre.
Deduce that the escape speed v is given by the expression:
Ve :,/iZgR )
Explain your working and state one assumption that is made in the derivation.
(4)
(e) Calculate the escape speed for a spherical planet of radius 1.7 x 10° km having an
acceleration of free fall at its surface of 1.6 m s.
)

(Total 12 marks)

12



19.  This question is about the effects of special relativity.
(a)  State the two postulates of the special theory of relativity.

POSTUIALE i ettt ettt e e et e ettt e e e e e e et te e et e ae—treeeeaaa——raaenaaa

)
A super-fast spacecraft is moving at a speed of 0.80c with respect to observers on Earth. The
spacecraft leaves Earth in May 2004 on its way to a distant solar system.
(b) (i) According to the observers in the spacecraft, 6.0 years have elapsed since leaving
Earth. Calculate the time elapsed according to an observer on Earth.
@)
(i)  Explain whether either measured time interval can be considered to be “correct”.
)
(iii)  Calculate the distance of the spacecraft from Earth according to an observer on
Earth.
)
(iv) The observers in the spacecraft send a radio message to Earth to say that they have
been travelling for 6.0 years. Determine how long it will take the message to get to
Earth according to the spacecraft observers.
(©)

(Total 12 marks)

13



20.  The diagram below shows a small ball of mass 1.8 kg travelling in a horizontal circular path at a
constant speed while attached to a vertical rod by a 0.75 m long string on a frictionless sleeve.

0.75m
25¢°
cepmTT

(@  Use labelled arrows to indicate on the diagram above, the two physical forces acting on

the ball.
)
(b) Derive a suitable expression and use it to calculate the speed of the ball in the scenario
above. Show your working.
@)

(c) A second string of the same length is now attached to the rod and mass (see diagram
below) using a frictionless sleeve. The mass rotates in a horizontal circle with a constant
speed of 3.0 ms™. Calculate the tension in each string, T1 and T». Show your working.




()
(Total 10 marks)

21. The diagram below shows a model of electromagnetic waves. Relate this model to predictions
made by Maxwell.

Oscillation
direction

\

Propagation direction

-

v

15



(4)
(Total 4 marks)

End of paper

16
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STUDENT NUMBER:

Tins North Sydney Boys High School
A Science Faculty
Year 12 Physics 2023
Assessment 3

MULTIPLE CHOICE ANSWER SHEET

1. A [ B [ c [ D []
2. A [ B [ c [ D [
3. A [ B [ c [ D [
4. A [ B [ c [ D [
5. A [ B [ c [ D [
6. A [ B [ c [ D [
7. A [ B [ c [ D [
8 A [ B [ c L[] D [
9. A [] B [ c L[ D[]
10. A L] B [ c L D[]
11. A L[] B [ c LI D []
12. A L] B [ c LI D[]
13. A [] B [ c [ D []
14. A [ B [] c [ D []
15. A [ B [ c [ D [







Marking Guideline Year 12 Physics Trial Exam 2023

. Answers not conforming to this guideline will NOT be considered unless you have used a different but acceptable

method.

© 0o N o gk~ 0w Dh e

e o =
o 0k~ DD PP o

. Answers written (or graphed) in pencil will NOT be considered for appeals.
iii. Carry forward errors will only be considered for ONE prior error only, in subsequent expressions or calculations.
. All correct units should be written in your intermediate or final answers.

A (1 mark each for MCQ)
B
D
D
B
C
A
C
A
B
C
C
C
D
D
I (|( ,i,? G
=l
B
@ (i) showing connection via brushes (or a spring-loaded mechanism); 1
(i)  two correct forces as shown in the diagram above; 1
(iii)  when the split ring is in contact with the brushes the current in the coil
will always be in the same direction (or a similar statement); 1
this will be so even after the coil has rotated through 180° and sides
of coil are reversed (or a similar statement); 1
when the split ring is not in contact with the brushes, the momentum of
the coil will keep it rotating (or a similar statement); 1

Marker’s comment: you may also state that the current is reversed in the coil to get a mark.
Also, do not state “according to the right-hand rule” as it’s just a tool and not a quotable theory.



17.

18.

(b) (i) start-up current = 6V/5Q =1.2 A;
input voltage = back emf + IR (running current x winding resistance);
back emf =6 — (0.3 x 5.0), or back emf = 4.5V,

(if)  increase in potential energy = 0.15 x 9.8 x 0.84 = 1.23J;
rate of work-done = power needed = 1.23/3.4 =0.36 W

(iii)  power input to motor while lifting =VI =6.0x 0.3 =18 W;
Efficiency = Pou/Pin = 0.36/1.8 = 0.20 or 20%;

N e e

[12]

(@)  Aspect (any one of the three statements below for 1 mark):
electrons will not be emitted unless the frequency of light exceeds a
certain minimum value (or) electrons are emitted almost instantaneously
with the light falling on the surface even if light is of very low intensity (or)
the energy of the electrons emitted is not affected by the intensity of light
falling on the surface; 1

Explanation (any one of the three corresponding explanations below for 1 mark):
light consists of photons whose energy is hf hence no electrons are emitted

unless hf is larger than the energy needed to escape the metal (or) an electron is
emitted as soon as it absorbs a photon. If the photon has sufficient energy

no delay is required (or) the intensity of light plays no role in the energy of the
electron only the frequency of light does; 1

Marker’s comment: "stopping voltage" as synonymous with "energy" was also accepted.
Answers based on experimental evidence (and so using experimental language to answer the
guestion) which did not support the wave model of light were accepted.

(b) (i) the threshold frequency is found from the frequency axis intercept;
to be 3.8 (+0.2) x 10'* Hz;

(i)  avalue of the Planck constant is obtained from the slope;
to be 6.5 (+0.2) x 104 J s;
(Award [0] for copied answer of 6.625 x 10~%* J s from data sheet.
Answers must show evidence of rise/run calculations)

Marker’s comment: " 5.2 and 5.8 was NOT accepted. 4.054 x 10%° eVs with gradient and
working was accepted. No marks were deducted for missing units.

N e

(iii)  the work function of the surface is found from the intercept with the
vertical axis; 1
to be 1.5 (+0.1) eV; 1

Marker’s comment: For full marks 1.5 eV and evidence that the graph was used.

1 mark for showing extrapolation on the graph as evidence of using the graph to answer the
guestion. If only calculations and 1.5 eV, then 1 mark. If only calculations and not 1.5 eV than
no marks. If negative 1.5 eV then 1 mark. 1 mark for using the data from the previous question.
1.7 eV not accepted. 1.59 eV accepted.

(c) straight-line parallel to the first; 1

intersecting the frequency axis at 8.0 x 10 Hz; 1
[10]

Gravitation
(@) centripetal force is provided by the gravitational force; 1

(must include an explanation other than just the equation)



19.

mv’  GMm

=2 ; to give GM = Rv? 1

() (i) 6.67x10x5.69x 10% = (1.36 x 10°%) x v

v =167 x 10°ms™; 1
T :ﬂ,
v 1
T=51x10%s; 1
(c) s the speed of an object at the surface of a planet so that object may move
to infinity or escape the gravitational field of the planet; 1

(Need to be clear that the object escapes the gravitational field of the body.
Escaping orbit is not the same thing, ie. if an orbiting body’s velocity drops to zero, it will
escape orbit.)

(d) loss in kinetic energy = gain in gravitational potential energy; 1
(potential energy = mgh is not appropriate in this situation)
Imy?= GMm ;
R 1
GM
but g=—7" hence V =+/(2gR). .
assumption: eg planet is isolated / no friction / no atmosphere, etc; 1
@ Ve =y[2x1.6x1.7x10°%); .
=2.3x10°ms™; 1
(@)  posl: the speed of light in a vacuum is an absolute constant (or similar); 1
pos2: all inertial frames of reference are equivalent (or similar); 1
. 1 1 10
by @@ v= = =—(=17); 1
\/ V¢ J1-08% 6
C2
interval on earth =  x interval on spacecraft; 1
interval on earth % x 6 years = 10 years; 1
(Note: some of the above calculations may be combined)
(i)  both observers are inertial observers; 1
and both are equally valid and correct in their measurements; 1
(iii)  the spacecraft has been travelling for 10 years as far as the Earth
observers are concerned; 1
so the distance travelled according to the Earth observers is
x =vt =0.8c x 10 years = 8.0 light years (= 7.57 x 10% m); 1
(iv) Earth moves away at 0.80 c and so is at a distance of 6 x 0.80 c = 4.8 ly
when signal is emitted; 1
signal reaches earth in time T (years) where ¢cT = 4.8 ¢ + 0.80 cT; 1
correct answer T = 24 years; 1

or (alternative answer)

(10 0.80c)
C

the signal arrives on Earth after = 8 years, ie 18 years

[12]



20. a)

(b)

(©)

after departure according to Earth clocks; @
the events “Earth and spacecraft coincide” and “signal arrives on
Earth” occur at the same place according to Earth and so 18 years is a

proper time interval, @

spacecraft clocks show yx 18 = 30 years ie 24 years after sending

the signal; 1)

[12]
0.75m
Tension
SR SRS
o r
Weight or mg
Correct direction and label for Tension 1
Correct direction and label for Weight or mg 1
(Award 0 marks if centripetal force is shown as a physical force)
T cos® = mg and T sin® = mv/r; 1
combining both equations, tan® = v/gr or v2 = gr tano; 1
v2=9.8 x 0.75sin25 x tan25, v = 1.2 ms™ (correct substitution and answer); 1
Ty cos6 - T2 cosd - mg = 0 or Ty cos® = T2 cos® + mg; (vertical resolution of forces) 1
Ty sin@ + T2 sind = mv?/r; (horizontal resolution of forces) 1
T1c0s30 =T, cos30 + 1.8 x 9.8 and Ty sin30 + T sin30 = 1.8 x 3% (0.75 sin30)
(correct substitutions of values and simplification of equations); 1
T1=53.4 N (correct answer); 1
T, = 33.0 N (correct answer); 1
[10]

21. (Any four of the following five paragraphs, yielding 1 mark each for a total of 4 marks. Words may
vary but intent should be clear)

The diagram shows alternating electric and magnetic fields oscillating perpendicular
to each other relating to Maxwell’s prediction of mutual inductance, that a changing
electric field induces a changing magnetic field and vice versa.

The diagram shows Maxwell’s prediction that the electric and magnetic fields are in
phase with each other, and that at any point, they both reach their maximum value at



the same time.
The diagram shows Maxwell’s prediction that the electromagnetic wave will
propagate in a direction perpendicular to both the electric and magnetic fields with
velocity c.
The diagram shows electromagnetic waves relating to Maxwell’s prediction of a range
of waves with different wavelengths, all travelling at the same speed given by:

1

\/#060'

The diagram also shows an electromagnetic wave emanating from an oscillating
charge. This is consistent with Maxwell’s prediction that an oscillating electric charge
produces a changing electric field and magnetic field.

Cc =

(4]
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