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SECTION A - CORE STUDIES

The following constants are relevant to this paper:

For calculations: g =9.8 m s™
Unless stated otherwise; ignore air resistance.

AREA OF STUDY 1 - MOTION IN ONE AND TWO DIMENSIONS

Questions 1to 4 refer to the following information:

A trolley of mass 6.0 kg is given a push and then allowed to roll freely along a bench. Its
velocity is then measured continuously and graphed (Figure 1). At time 1.5 seconds a lump
of clay is dropped into the trolley.
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Figure 1
QUESTION 1

What is the magnitude of the frictional force acting on the trolley over the first 1.5 seconds?

2 marks
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QUESTION 2
How much work was done by the frictional force in this first 1.5 seconds?

2 marks

QUESTION 3
What was the mass of the lump of clay that was dropped into the trolley?

2 marks

kg

QUESTION 4
Note that the slope of the graph is the same both before and after the addition of the clay.
From this it may be deduced that the magnitude of the frictional force:

Is constant.

Decreases linearly with time.

Is directly proportional to the weight.
Decreases linearly with the velocity.

o0 w>

2 marks
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QUESTION 5
Which of the following statements about an airbag is not true?

A The airbag increases the deceleration of the
passenger’s head.

B  The airbag increases the distance in which the
passenger’'s head comes to rest.

C The force constant of the airbag is less than that of
most of the alternative surfaces that the passenger’s
head may contact.

D The airbag increases the time in which the passenger’'s
head comes to a rest.

2 marks

Questions 6 and 7 refer to the following information:
In a Physics experiment an ultra light aircraft flies due west
away from its shelter with a steady speed of 48 m s™.

A strong northerly (from the north) wind blows at a
consistent 14 m s™.

QUESTION 6
What is the velocity of the aircraft relative to the shelter?

3 marks

Magnitude: ms’

Direction:
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QUESTION 7
What is the magnitude of the velocity of the shelter relative to the aircraft?

1 mark

Questions 8 and 9 refer to the following information:

Assume that the 7.3 kg ball being swung in Figure 2 according to the “hammer-throw” event
is actually moving in a horizontal circle. It is moving with a speed of 15 m s with a radius of
curvature of 2.5 m.

Figure 2

QUESTION 8
In the reproduction of Figure 2 below, which 2 arrows best indicate the directions of forces

acting on the ball during this rotation and which arrow best indicates the direction of the
resultant force?

Two acting forces:

Resultant force:

3 marks

Figure 2
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QUESTION 9
What is the magnitude of the net force acting on the ball?

2 marks

Questions 10 to 13 refer to the following information:

At the recent Commonwealth games, Scott released a shot-put at 10.0 m s™ at an angle of

37° above the horizontal. The time of flight was 1.48 seconds. Figure 3 shows the flight of
the shot-put (not to scale).

(Air resistance should be neglected in calculations.)

10.0ms*

Figure 3
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QUESTION 10
What was the magnitude of the horizontal component of the release velocity?

2 marks

QUESTION 11
What was the horizontal distance that the shot-put landed from the point of release?

2 marks

QUESTION 12
If the shot-put was released from a height of 1.85 m above the ground, what would be its
velocity on landing?

3 marks
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QUESTION 13

Which of the following diagrams (A to D) correctly shows the direction of the resultant force
on the shot-put at the position of maximum height in the real situation where air resistance
cannot be ignored?

2 marks
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Questions 14 to 16 refer to the following information:
The K-lab spacecraft (mass = 8.25 x 10° kg) travelled past Jupiter with its engines off.

Figure 4 shows how the force of gravity on K-lab varied according to its distance from the
center of Jupiter.
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Figure 4

QUESTION 14
What is the gravitational field strength when 5.2 x 108 m from the centre of Jupiter?

2 marks
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QUESTION 15
Estimate the decrease in gravitational potential energy as K-lab moved from a distance of
7.2 x 10® m from the centre of Jupiter in to a distance of 5.2 x 10° m from the centre of

Jupiter.

3 marks

QUESTION 16
Given that K-lab had a speed of 1.33 x 10* m s™ when 7.2 x 10® m from the centre of Jupiter,

what would its speed have been when at a distance of 5.2 x 108 m from the centre of
Jupiter?

3 marks
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AREA OF STUDY 2: ELECTRONICS AND PHOTONICS

The following information applies to Questions 1 — 4.

The graph below shows the current-voltage characteristics for an LED connected in series
with a 100 ohm resistor.
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QUESTION 1

What is the current through the LED?

2 marks

mA

QUESTION 2
Which of the following is a correct statement regarding the energy conversion in the circuit?
All of the energy from the battery is converted to:

to heat energy in the LED and the resistor.

to heat energy in the resistor and light energy in the LED.

to heat and light energy in the LED.

to heat energy in the resistor with heat and light energy in the LED.

oo

2 marks
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A second identical LED is arranged in parallel to the original

100 ohm
B —

LED LEDZ2

QUESTION 3
What is the current through each LED?

2 marks

mA

QUESTION 4
What is the power dissipated in each LED. Show your working and express your answer in
mw.

2 marks

mwW
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The following information applies to Questions 5 — 10.

The graph below shows the variation in resistance of a light dependent resistor (LDR) with
changes in light intensity i.e. an illumination of 10° lux produces a resistance of 10? ohms.
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QUESTION 5

What is the resistance of the LDR when the light level is 10%lux?

1 mark
ohms

The LDR is connected in series with resistor R1 to form a voltage divider. The output of the
voltage divider provides a bias voltage to an npn transistor that controls the state of an LED

night light. The night light should automatically turn on when it starts to get dark. The circuit
is shown below.
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The following graph shows the characteristics of the night light.

& Cucrent (mA)

IV curve for the
LED night light
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A minimum of 10 mA is required for the night light to glow brightly.

QUESTION 6

If a correctly biased npn transistor requires a potential difference of 0.7 V across the base-
emitter, what minimum voltage should be applied to the base pin of the transistor in order for
the night light to operate properly?

2 marks
\Y
QUESTION 7
It was decided that 10° lux should be the light level that switches on the night light.
What should be the value of resistor R1?
2 marks

ohms
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QUESTION 8
Would the night light circuit work satisfactorily if the positions of R1 and the LDR were
reversed? Explain your answer.

2 marks

QUESTION 9
What would be the benefit in replacing resistor R1 with a variable resistor?

2 marks

© The School For Excellence 2006 Unit 3 - Physics — Trial Examination Page 14



This is the V|y versus Vour transfer characteristic for a voltage amplifier.
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QUESTION 10
Calculate the voltage gain of the amplifier

2 marks

QUESTION 11
Is this an inverting or a non-inverting amplifier? Explain your reason.

2 marks
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The following circuit is used to amplify the analogue voltage input from a microphone.

AANAS
s URTRVIRVIRY

+

V {IN) microphone

0V =
Voltage amplifier circuit

One lead from a cathode ray oscilloscope is connected to the O V rail and the other end
connected to Viector iN Order to view the amplified voltage waveform.

QUESTION 12
On the axes provided, draw at least two wavelengths of the expected waveform (specific
values are not required).

Yoltage at
collector

Time

2 marks
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QUESTION 13

One lead is now moved from the collector to V (OUT) whilst the other remains connected to
the 0 V rail. Draw the expected waveform that would now be viewed on the CRO.

W (OUT)

Time

2 marks

QUESTION 14
The following is a phototransistor circuit.

Which of the following statements is correct when the light intensity on the phototransistor
decreases:

The collector current increases, but Vout increases.
The collector current decreases, but Vour increases.
The collector current remains constant but Vout increases.
The collector current remains constant but Vour decreases.

oo

2 marks
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SECTION B - DETAILED STUDIES

Instructions For Section B

Choose one of the following Detailed Studies. Answer all the questions on the Detailed
Study you have chosen.

DETAILED STUDY 1 - EINSTEIN'S SPECIAL RELATIVITY

QUESTION 1
Circle the most appropriate component of each bold component in the passage below.
Einstein’s theory of Special Relativity states that all the laws of physics are the same in all

reference frames that have constant speed/ acceleration/ velocity.

It also says that the speed of light in a vacuum has the same value

always/ in all inertial reference frames/ when travelling close to the speed of light.

These postulates of special relativity give rise to a range of consequences including time
dilation, which means for a stationary observer, a moving clock runs faster/same/slower

than an identical stationary clock.

3 marks
QUESTION 2
Which of the following A — D best describes the purpose of the Michelson-Morley
experiment?
A. To measure the speed of light with respect to the Earth
B  To measure the speed of the Earth with respect to the ether
C To measure the speed of the ether with respect to light
D To measure the speed of wind with respect to the Earth.
2 marks
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Alain and Bernie are discussing whether it is valid to consider the effects of relativity for a
ball travelling at 50 m/s.

QUESTION 3

Is it valid to consider relativistic effects for this ball? Explain your answer giving support from
calculations.

4 marks

In a thought experiment, Alain and Bernie then went on to consider what would happen if the
ball, with dimensions height, h, and length, |, were to travel at a constant speed, v, 80% the
speed of light as shown in the diagram below.

QUESTION 4
Which of the following (A-D) best describes the length of the ball along its direction of motion
as seen by Alain and Bernie in a stationary reference frame?

A 17
B |

c osl
D 0.6l

2 marks
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QUESTION 5
Which of the following (A-D) best describes the height of the ball as seen by Alain and
Bernie in a stationary reference frame?

A 17h
B h

C 0.8h
D 0.6h

2 marks

The pi meson has an average lifetime of 2.6 x 10® s in its own reference frame. Yet the
scientists in the laboratory measure the average life-time to be 5.96 x 10% s.

QUESTION 6
At what speed is the pi meson travelling? Give your answer in units of c.

4 marks
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QUESTION 7

What distance does the pi meson travel in a life-time according to the measurements of the
scientists?

2 marks

A proton in a particle accelerator is accelerated from rest to a speed of 0.8 c. The rest mass
of the proton is 1.67 x 10" kg.

QUESTION 8
What is the relativistic mass for this proton?

2 marks

kg
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The proton is now accelerated further to have a kinetic energy of 5.34 x 10™%° J.

QUESTION 9
Which of the following (A-D) is the work done on this proton to accelerate it from rest?
A 6.84x10™J
B 5.34x10"J
C 3.84x10"J
D 150x10"J
2 marks
QUESTION 10

Determine the new speed of the proton, given the kinetic energy above, according to
Newtonian mechanics and briefly comment on the validity of the speed.

4 marks
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DETAILED STUDY 2 - INVESTIGATING MATERIALS
AND THEIR USE IN STRUCTURES

A frame constructed from lightweight pieces of timber bolted together as shown, is used to
support a 10 kg sign. The frame is attached to a post at M and N.

Post

10 kg

QUESTION 1
Identify whether the forces acting along each piece of timber are in tension, compression or
are force neutral (neither in tension or compression)

Timber A:

Timber B:

Timber C:

Timber D:

4 marks

QUESTION 2
Draw a diagram to represent the 3 forces subsequently acting on Timber A. The forces must
be drawn to show the direction in which they act and the points at which they act.

3 marks
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A sandstone pillar of cross-sectional area 0.02 m? is used to support a statue.

A graph of stress against strain for the sandstone column is shown below:

tensile stress (N m—=)

A
15x107 |
10 %107 |
fracture point
§ %107 f———=—=
0.004 0.002 b
compressive sirain «g— L 1 L ' : L tensile strain
: 0.002 0.004
I - Sx 107
i
|
| 10 % 107
I
fracture point |
_____________ L 15 x 107
i
' v
compressive stress (N m™2)
QUESTION 3

What is the mass of the heaviest statue that the pillar can just support without breaking?

kg

3 marks
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QUESTION 4
What is the value of Young’s modulus for sandstone under compression?

2 marks

kg

QUESTION 5

Use information from the stress-strain graph to compare the strength of sandstone under
compression and tension.

3 marks

QUESTION 6

Sandstone is not particularly suited to applications where it will be placed under shear
stress.

Which of the following statements best describes shear stress?

The forces act to pull all atoms further apart.

The forces act to slide adjacent layers of atoms over each other.
The forces act to push all atoms closer together.

The forces act to push adjacent layers of atoms closer together.

OO w>

2 marks
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The stress-strain curves for four materials are shown below. All four materials have the
same stress at their elastic limit, which is indicated by M, and the point of fracture by *.

stress (o)

A B

o, F

o P strain ()

QUESTION 7
Which of the four materials (A-D) is the most brittle? Explain why you selected it.

2 marks

QUESTION 8
Within the elastic regions, which of the four materials (A-D) is the stiffest? Explain why you
selected it.

2 marks

QUESTION 9
Which of the four materials (A-D) shows the most toughness? Explain why you selected it.

2 marks
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A person of mass 80 kg stands 1.5m from the end of a 6.0 m long beam of mass 10 kg.
The beam is supported at each end (use g = 9.8 Nm?).

80 kg
10kg
g £
T ~
1.5m
e
~at -
Brm
QUESTION 10

Calculate the size of the forces F; and F, that are supporting the beam.

4 marks
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DETAILED STUDY 3 - FURTHER ELECTRONICS

A student is asked to describe the main components and function of a regulated DC power
supply. He writes his first draft with a number of phrases he is unsure about.

QUESTION 1
Read the student’s speech and circle the correct component of each bolded section so that
the speech is correct.

“A regulated power supply should be used to transform an alternating current supply into a

source of constant voltage/ half wave power supply/fully rectified power supply.

A transformer is used to increase/decrease/rectify the supply voltage before it is placed

across a bridge rectifier/capacitor/load.

A zener diode is used to complete the circuit. The zener diode is used in

forward biased orientation /reverse biased orientation/ inverted orientation.”

4 marks

The student constructs the voltage regulator starting with the transformer. He wants to
convert a 240 AC power supply to a 20 AC V power supply.

QUESTION 2
Calculate the value of the ratio:

Number of turns on the primary coil
Number of turns on the secondary coil

2 marks
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The student decides to use a circuit as shown in Figure 1a to view the output of the
transformer output of the circuit Vour. Figure 1b shows the voltage he views at the output of
the transformer Vseconpary -

Transformer:
N
L1
VSECONDARY VOUT
Figure la
Figure 1b
QUESTION 3

From the following statements (A-D), choose the best description of the frequency of the
voltage signal Vout.

The frequency will be unchanged.

The frequency will be slightly smaller because the Diode takes power.

The frequency will be slightly smaller due to damping by the diode.

The frequency will be slightly higher due to interactions with the CRO wires.

o0 w>

2 marks
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QUESTION 4
Choose from the following statements (A-D) the best description of the amplitude
of the voltage signal Vout

A Amplitude will be unchanged.
B  Amplitude will be slightly smaller due to the diode’s threshold voltage.
C  Amplitude will be slightly smaller due to heat loss in the connection wires and CRO.
D Amplitude will be slightly larger due to resonant oscillations in the diode circuit.

2 marks
QUESTION 5
Choose the best representation of the voltage signal Vout using this circuit (A-D).
A B

VYV

© L D

2 marks
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The student now attempts to use a rectifier bridge in the circuit using 4 diodes.

QUESTION 6

Using the outline of the bridge in Figure 2, draw the orientation of the 3 other diodes and
which would allow the AC voltage to be completely rectified.

Figure 2

VOUT

1 mark

The input voltage to the rectifier V|y is viewed using a Cathode Ray Oscilloscope of time
base 0.5 ms. The results are represented in Figure 3.

Figure 3

QUESTION 7
Calculate the frequency of the input signal

2 marks
Hz
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QUESTION 8
Using Figure 3 as a guide, sketch the likely output Vout of the rectifier.

2 marks

The student now adds a capacitor and a load resistor to the circuit as shown in Figure 4.

® ®

Capacitor —— Load resistor

@ ®
Figure 4

The load resistor being used is 40 QQ and the capacitor chosen is 50 uF .

QUESTION 9
Calculate the time constant for this capacitor resistor combination.

ms

2 marks
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QUESTION 10

The student states that this scenario would be ideal to smooth the rectified output and
reduce the ripple. Is the student correct or incorrect in his assumption? Circle your response
in the options listed below. Explain your answer (refer to the output voltage and the time
constant to support your answer).

Correct / Incorrect / A Clear Decision Cannot Be Made

4 marks
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Some electronic circuits require very tightly regulated supplies. One such device is a zener
diode.

QUESTION 11

Which one or more of the following statements about a zener diode (A-D) are correct?

o0 w>

A zener diode is a special diode designed to break down at low reverse voltage.
A zener diode is a special diode designed to break down at high reverse voltage.
A zener diode will be damaged if the power dissipated through is not limited.

A zener diode will be damaged if it breaks down under reverse bias conditions.

2 marks

Integrated circuit regulators are sometimes used to provide a very low ripple voltage supply.

QUESTION 12
Which of the following statements (A-D) about integrated circuit regulators are correct?

A
B

C
D

Very few additional components are required to use the IC Regulator.

Catastrophic failure can occur if too much current is not regulated using a

buffer resistor before the regulator.

The IC regulator needs a heat sink because it will not shut down when it gets too hot.
Over current and thermal protection features only protect the regulator, not the rest of
the circuit.

2 marks

End of Paper
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