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Section A : Core areas of study
Instructions for Section A
•
•
•

Answer all questions for both areas of study in this section.
For all questions which require a numerical answer you must show all working.
You should take the value of g to be 10 ms–2.

Area of study 1 – Motion in one and two dimensions
A man of mass 86 kg is standing on a set of scales inside an elevator while it is in motion.
For the next three questions, choose from the following options:
A accelerating upwards
B decelerating upwards
C moving upwards at constant speed
D moving downwards at constant speed
E decelerating downwards
F accelerating downwards
QUESTION 1
2 marks
Choose the option(s) that best describe the elevator’s motion when the scales show 86 kg (one or more answers).
Answer:
C and D
If the man’s weight force equals the reaction force, there is no net force acting. This would mean that the man and
the lift were either stationary or in constant motion. Therefore, constant motion is given in options C and D.

QUESTION 2
2 marks
Choose the option(s) that best describe the elevator’s motion when the scales show a value greater than 86 kg. (one
or more answers)
Answer:
A and E
If the reaction force is greater than the man’s weight, there must be a net force upwards. This occurs in cases A and E.

QUESTION 3 
Choose the option(s) that best describe the elevator’s motion when the scales show a value less than 86 kg.
(one or more answers)

2 marks

Answer:
B and F
If the reaction force is less than the man’s weight, there must be a net force downwards. This occurs in cases B and F.

QUESTION 4
2 marks
If the elevator is accelerating upwards at a rate of 1.0 ms22, what mass would the scales indicate for the man?
Accelerating upwards gives a reading on the scales that is greater than the man’s mass by (m 3 a) 4 g
5 86 4 10 5 8.6 kg
Therefore, new reading 5 86 1 8.6 5 94.6 kg

Answer:
94.6 kg
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Jennie is experimenting by whirling a rubber stopper tied to a piece of string around her head in a horizontal circle
of radius 1.3 m at a constant speed of 4.6 ms21. The diagram below shows two positions of the rubber stopper during
its motion, viewed directly from above Jennie’s head.

position 1
direction
of
rotation

position 2
QUESTION 5
2 marks
Draw an arrow on the diagram that represents the instantaneous velocity of the rubber stopper at position 1.
QUESTION 6
Calculate the size of the change in velocity of the rubber stopper as it travels from position 1 to position 2.
V1

V2
v 5 4.6 1 4.6
5 9.2 ms21

2 marks

V2

–V1
$V

answer:
9.2 ms21

QUESTION 7
What is the direction of the change in velocity calculated in question 6?

2 marks

answer:
v points to the west in the diagram above.

QUESTION 8
What is the size and direction of the acceleration of the rubber stopper when it is at position 2?

3 marks

a 5 v 2/r
5 4.62 4 1.3
5 16.3 ms22
Towards the centre at position 2 5 north

answer:
Acceleration 5 16.3 ms–2
Direction 5 north
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A stationary golf ball of mass 47 g is struck by the head of a golf club of mass 230 g. The collision between the golf
club and golf ball lasts for 4.1 ms. After the collision, the golf ball flies away at a speed of 66 ms21.
QUESTION 9
Calculate the magnitude of the change in momentum of the golf ball during the collision.

2 marks

p 5 mv
5 47 3 1023 3 66 5 3.1 kgms21

Answer:
3.1 kgms21

QUESTION 10
3 marks
What is the magnitude of the change in momentum of the head of the golf club during the collision? Explain your
answer.
Answer:
p 5 3.1 kgms21
The momentum lost by the club head is the same as the momentum gained by the golf ball. They are equal and
opposite so that the total momentum is conserved during the collision.

QUESTION 11
2 marks
What is the magnitude of the average force that the head of the golf club exerts on the golf ball during the collision?
I 5 Dp 5 FDt
F 5 Dp 4 Dt
5 3.1 4 (4.1 3 1023) 5 756 or 760 N

Answer:
760 N

During a bungee jump, Alex (88.0 kg) jumps from a platform and bounces up and down several times. He eventually
comes to rest again after a period of time. In his final position, the bungee cord has a total length of 23.7 m. The force–
extension behaviour of the bungee cord is given in the following graph.

F (N)
500

80.0
QUESTION 12
What is the spring constant of the bungee cord?

x (cm)
2 marks

k 5 F/x
5 rise 4 run
5 500 4 (80.0 3 1022) 5 625 Nm21

Answer:
625 Nm21
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QUESTION 13
Calculate the amount of stretch in the bungee cord when Alex is finally at rest again.

2 marks

F 5 2k Dx → Dx 5 F/k
Dx 5 mg/k
5 88 3 10 4 625
5 1.4 m

Answer:
1.4 m

QUESTION 14
Therefore, what is the unstretched length of the bungee cord?

2 marks

x0 5 23.7 2 1.4
5 22.3 m

Answer:
22.3 m

QUESTION 15
2 marks
How much strain potential energy is stored in the bungee cord when Alex is hanging upside down and stationary?
SPE 5 ½ kx2
5 ½ 3 625 3 1.42
5 613 J

Answer:
613 J

QUESTION 16
Determine the size of the Moon’s orbit around the Earth from the following data:

4 marks

• Radius of the Earth 5 6.4 3 106 m
• Gravitational field strength at the Earth’s surface 5 9.8 Nkg21
• Period of the Moon’s rotation around the Earth 5 27.3 days
GMEarth/r2 5 4p2r/T 2
r3 5 GMEarthT 2/4p2
To obtain a value for GMEarth, use
2

g 5 GMEarth/r Earth →GMEarth 5 gr Earth2
GMEarth 5 10 3 (6.4 3 106)2
5 4.1 3 1014
Therefore r 3 5 (4.1 3 1014 3 (27.3 3 24 3 60 3 60)2) 4 (4p 2)
r 5 3.86 3 108 m

Answer:
3.86 3 108 m
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The graph below represents the Earth’s gravitational field strength as a function of altitude above the Earth’s surface.

g ( Nkg -1 )
10
0
8
6
4
2
0

0

1000

2000
3000
Height above Earth’s surface (km)

QUESTION 17
From the graph, what is the approximate gravitational field strength at an altitude of 2600 km?

1 mark

Go up at h 5 2600 km to the graph, then left to the y-axis. This gives a value of approximately 5 Nkg21
(accept between 4.7 and 5.2 Nkg21).

Answer:
5 Nkg21

QUESTION 18
3 marks
Use the graph to estimate the gain in gravitational potential energy when a spacecraft of mass 1400 kg is placed into
orbit from the Earth’s surface to an altitude of 2600 km.
Area under the graph is approximately nine squares
each square 5
 1000000 3 2
5 2 3 106 Jkg21
GPE 5
 9 3 2 3 106 3 1400
5 2.5 3 1010 J

Answer:
between 2.3 3 1010 and 2.7 3 1010 J

Area of study 2 – Electronics and photonics
For the next five questions, refer to this voltage amplifier transfer characteristic:

Vout (V)
4.5

0.5
10



50

Vin (mV)

A1 Physics Exam 1 VCE Unit 3

09_Physics Exam 1 Unit 3 END.ind6 6

6/28/08 2:49:40 PM

The voltage amplifier depicted on the previous page is used to amplify a 20 mV peak-to-peak input voltage signal.
QUESTION 1
What is the input voltage value at the quiescent point?

2 marks

Answer:
0.03 V or 30 mV
The quiescent point is at the centre of the linear section of the graph.

QUESTION 2
What is the output voltage value when the input signal has its maximum value?

2 marks

The input voltage is 20 mV peak to peak, so the maximum value is 10 mV above the quiescent
point 5 30 1 10 5 40 mV → Vout 5 1.5 V

Answer:
1.5 V

QUESTION 3
What peak-to-peak output voltage results when the 20 mV peak-to-peak voltage is applied to the input?

2 marks

Answer:
The output voltage will vary from 1.5 to 3.5 V 5 2 V peak to peak

QUESTION 4
What is the voltage gain provided by this amplifier?

2 marks

The gradient of the linear section of the graph
5 4 4 (40 3 1023)
5 100
OR
Gain 5 DVout 4 DVin
5 2 4 0.02
5 100

Answer:
100

QUESTION 5
3 marks
With the same transfer characteristic, would any distortion of the input signal occur if the input voltage were
changed to 60 mV peak to peak? Explain your answer.
Answer:
Yes, distortion would occur.
The input voltage will vary from 0 to 60 mV. From 0 to 10 mV, input the output will be constant at 4.5 V, and from 50
to 60 mV, the output voltage will be constant at 0.5 V. The output signal will be clipped, which will cause distortion.
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Part of a burglar alarm circuit consists of a beam of light from an LED reaching an LDR. The resistance of the LDR
decreases when the light intensity falling on it increases. When the beam is broken, the alarm is triggered. The
following diagram represents this part of the circuit. When the voltage across the LED is 0.6 V, it conducts normally.

12 V

500 7

light beam

position 1

position 2

QUESTION 6
What current normally flows through the LED? Give your answer in mA.

3 marks

The current through the LED is the same as the current through the 500  resistor
I 5 V/R
5 (12 2 0.6) 4 500
5 11.4 4 500
5 0.0228 or 23 mA

Answer:
23 mA

QUESTION 7
What is the power output from the LED when it is operating normally? Give your answer in mW.

2 marks

P 5 VI
5 0.6 3 23 3 1023
5 0.014 or 14 mW

Answer:
14 mW

QUESTION 8
3 marks
Should the alarm unit be connected in position 1 or in position 2 in order to operate when someone cuts the light
beam from the LED to the LDR? Explain your answer.
Answer:
Position 1
When the light is blocked, the light intensity falling on the LDR drops. So its resistance increases, as does its
voltage. This provides a large enough voltage to operate the alarm unit.
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This graph represents the current–voltage behaviour of two ohmic resistors.

I (mA)
40
30
20
10
2

4

6

8

10

V (V)

QUESTION 9
2 marks
If the two resistors are connected in parallel with a 10 V power supply, what total current flows in the circuit?
The same voltage drop occurs across each resistor (10 V) and the currents add up.
IT 5 20 1 40
5 60 mA

Answer:
60 mA

QUESTION 10
2 marks
If the two resistors are connected in series with a 10 V power supply, what total current flows in the circuit?
For the upper line, R 5 V/I 5 10 4 0.04 5 250 
For the lower line, R 5 V/I 5 10 4 0.02 5 500 
Therefore, I 5 V/Rtotal 5 10 4 750 5 13.3 mA

Answer:
13.3 mA

QUESTION 11
What main advantage do phototransistors offer over photodiodes?

2 marks

Answer:
Phototransistors are more sensitive to changes in light intensity than photodiodes.
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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.
•

For all questions which require a numerical answer you must show all working.

•

You should take the value of g to be 10 ms22.

Detailed study 1 – Einstein’s special relativity
QUESTION 1
2 marks
A distant galaxy is travelling away from the Earth at a speed of 0.4c. The galaxy emits a radio signal that is received
on the Earth. At what speed will this radio signal travel through space back to the Earth?
A 0.4c
B 0.6c
C 1.0c
D 14.c
Answer:
C
Radio waves travel at the speed of light regardless of the speed of the source.

QUESTION 2
Write the correct word or words to match each of the following definitions.

4 marks

a The time measured in the same frame of reference as a particular event.
Answer:
proper time

b The apparent shortening in length of a moving object when viewed from a stationary frame of reference.
Answer:
length contraction

c The mass of an object when it is stationary.
Answer:
rest-mass

d The hypothetical medium thought to occupy all space and carry light waves.
Answer:
aether or ether

10
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QUESTION 3
2 marks
21
A formula 1 racing car accelerates from 0 to 200 kmh in 8 s. Which of the following terms correctly describes this
acceleration?
A relative
B absolute
C invariant
D arbitrary
Answer:
A
Acceleration is relative, meaning it depends on the frame of reference of the observer.
To the driver, the car is not accelerating.

QUESTION 4
In your own words, explain the meaning of the term ‘relativity of simultaneity’.

2 marks

Answer:
The relativity of simultaneity means that different observers in different frames of reference will disagree as to
whether particular events are simultaneous or not.

In a particle accelerator, an electron travels fast enough for its mass energy to become 65% greater than its rest-mass
energy.
QUESTION 5
What would be the speed of the electron described above? Give your answer as a multiple of c.

2 marks

v 5 c (1 2 1/ 2)1/2
5 c (1 2 1 4 1.652)1/2
5 0.795 c or 0.8 c

Answer:
0.8 c

QUESTION 6
Calculate the kinetic energy of the moving electron.

2 marks

KE 5 ( 2 1) moc 2
5 0.65 3 9.1 3 10231 3 (3 3 108)2
5 5.3 3 10214 J

Answer:
5.3 3 10214 J

QUESTION 7
The Michelson–Morley experiment attempted to show that:

2 marks

A the speed of light is affected by the aether wind.
B simultaneous events are not simultaneous in different frames of reference.
C the speed of light is absolute and does not depend on the frame of reference of the observer.
D light travels at a speed of 3 3 108 ms21 relative to the aether.
Answer:
A
Answer B describes the relativity of simultaneity. Answer C is one of Einstein’s postulates. Answer D is the work of
James Clerk Maxwell.
Written examination 1
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QUESTION 8
James Clerk Maxwell showed that:

2 marks

A The speed of light is affected by the aether wind.
B Simultaneous events are not simultaneous in different frames of reference.
C The speed of light is absolute and does not depend on the frame of reference of the observer.
D Light travels at a speed of 3 3 108 ms21 relative to the aether.
Answer:
D
Answer A describes the aim of the Michelson–Morley experiment. Answer B describes the relativity of simultaneity.
Answer C is one of Einstein’s postulates.

QUESTION 9
The diagram below shows the motion of a star towards another star.

3 marks

0.4c
star 1

star 2

Star 1 emits light that travels at a speed of c. Star 2 is travelling towards star 1 at a speed of 0.4c. Relative to star 2, at
what speed does star 2 receive the light from star 1? Justify your answer.
Answer:
3 3 108 ms21
This is because the speed of light is absolute and does not depend on the motion of the observer.

A stationary observer measures a spacecraft moving past him at 0.500c to be 9.00 m long.
QUESTION 10
How long would the spacecraft be if it were at rest?

2 marks

1 
__
2 2 2
 5 1 2 ___
 v 2  
c
5 (1 2 0.52)21/2





5 1.155
L 5 Lo/g
Lo 5 9 3 1.155
5 10.4 m

Answer:
10.4 m

QUESTION 11
2 marks
The stationary observer sees the clock on the spacecraft running slow. What does the captain of the spacecraft
observe about his own clock and the observer’s clock?
Answer:
Own clock (circle one)
slow

normal

fast

Observer’s clock (circle one)
slow

normal

fast

Moving clocks run slow. The captain sees his own clock as stationary and that of the observer as moving.
12
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Detailed study 2 – Materials and their use in structures
The diagram below represents an arched doorway built from stone blocks.

QUESTION 1
Why are stone arches considered to be very strong structures?

2 marks

Answer:
In an arch, all the components are in compression and stone is strong in compression, so stone arches are very
strong structures.

The stone blocks at the base of each side of the arch have a surface area of 4.1 3 1022 m2. They are each subject to a
compressive force of 6900 N. Each stone block is 37 cm high and compresses by 0.42 mm.
QUESTION 2
The amount of compressive stress in each base block would be:

2 marks

A 2.8 3 104 Pa
B 1.7 3 105 Pa
C 1.7 3 103 Pa
D 2.8 3 102 Pa
 5 F/A
5 6900 4 (4.1 3 1022)
5 1.7 3 105 Pa

Answer:
B

QUESTION 3
Calculate the strain each block is subject to.

2 marks

 5 DL 4 L
5 (0.42 3 1023) 4 (37 3 1022)
5 1.1 3 1023

Answer:
1.1 3 1023

QUESTION 4
What is the value of the compressive modulus for the stone blocks?

2 marks

Compressive modulus 5 s / 
5 (1.7 3 105) 4 (1.1 3 1023) 5 1.5 3 108 Pa

Answer:
1.5 3 108 Pa
Written examination 1
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A material that undergoes plastic deformation has the following stress–strain relationship when subject to tensile
forces.

S (MPa)
8
7
material 1

6
5
4

material 2

3
2
1
0

0

0.1 0.2 0.3 0.4 0.5 0.6 0.7

QUESTION 5
What is the value and unit of the elastic limit for the material?

E (%)
2 marks

Answer:
Value 5 5.2, Unit 5 MPa
OR
Value 5 5.2 3 106, Unit 5 Pa or Nm22
Elastic limit is the stress value at the end of the linear section of the graph.

QUESTION 6
What is the value and unit of the ultimate tensile strength of the material?

2 marks

Answer:
Value 5 6.3, Unit 5 MPa
OR
Value 5 6.3 3 106, Unit 5 Pa or Nm22
Ultimate tensile strength (UTS) is the maximum stress value on the graph.

QUESTION 7
The value of Young’s modulus for the material would be:

2 marks

A 46 Pa
B 4.6 3 107 Pa
C 4.6 3 109 Pa
D 4.6 3 1011 Pa
Y 5 s/ 5 gradient of linear section
5 (4.6 3 106) 4 (0.1 4 100) 5 4.6 3 109 Pa

Answer:
C

14
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A second material does not undergo plastic deformation but suffers brittle failure at 3.4 MPa when strained to 0.2%.
QUESTION 8
On the previous graph, sketch the stress–strain relationship for this second material.
QUESTION 9
Which of the two materials is most likely to be concrete? Explain your answer.

1 mark

3 marks

Answer:
Material 2. Concrete is brittle in tension and has no plastic deformation.

QUESTION 10
Which of the two materials is tougher? Explain your answer.

3 marks

Answer:
Material 1. The first material is tougher because it has a greater area under the graph.

A beam bridge is supported on two piers A and B as shown below.

23 m
6.4 m

B

A

QUESTION 11
4 marks
The bridge weighs 42 kN. A truck of mass 3500 kg is crossing the bridge. Calculate the upward force of each pier on
the bridge when the truck is in the position shown. Give your answers to the nearest kN.
FA 1 FB 5 42000 1 3500 3 10
5 77000 N
Taking torques about the left-hand end of the bridge:
3500 3 10 3 6.4 1 42000 3 11.5 5 FB 3 23
224000 1 483000 5 23FB
FB 5 707000 4 23
5 30739 N
Therefore FA 5 77000 2 30739 5 46261 N

Answer:
FA 5 46 kN   FB 5 31 kN

Detailed study 3 – Further electronics
The circuit diagram below represents a voltage-regulated DC. power supply. Some of the components of the circuit
are labelled with letters.

A

B

C
output
voltage

D
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QUESTION 1
Write the letter of the component given in the circuit on the previous page next to the correct job below.
Job in the circuit

4 marks

Component

Regulation of the voltage

C

Smoothing

B

Step-down AC voltage

D

Rectification

A

The diode bridge in the above circuit was tested separately in the following circuit.
1

2

4

3

output voltage

low
voltage

QUESTION 2
2 marks
Continue the path of the current when it flows in the direction shown from the AC supply until it returns to the
supply again. Use arrowheads to indicate the current direction.
QUESTION 3
3 marks
With reference to the four diodes in the bridge circuit above, explain how this circuit arrangement produces DC at
the resistor.
Answer:
The current marked on the diagram flows down through the resistor. When the current leaves the AC supply going
down, it flows through diode 2, down through the resistor, through diode 4 and back to the supply. Therefore, it always
flows DOWN through the resistor regardless of the direction from the supply. This constitutes DC at the resistor.

QUESTION 4
The typical shape of the output voltage from the diode bridge circuit when measured with a cathode-ray
oscilloscope (CRO) would be:

A

B

C

D

2 marks

Answer:
B
A bridge diode circuit produces full-wave rectification. This is indicated by graph B.
16
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The effect of different capacitors was investigated by connecting them in series with a 2.0 k resistor as shown
below.

2.0 k7

V

V

either of these
positions is
correct
QUESTION 5
2 marks
Draw on the diagram where and how a multimeter would be connected in order to measure the voltage across the
capacitor during its charging phase.
The following measurements of voltage were made during the charging of a capacitor.
VC (V)

0.0

5.5

8.0

9.3

10.2 10.7 11.0 11.3 11.4

t (s)

0

5

10

15

20

25

30

35

40

QUESTION 6
Plot the above data on the axes below and draw a smooth curve through the points.

2 marks

VC (V)
12
10
8
6
4
2
0

0

10

20

30

40

time (s)

QUESTION 7
Give an estimate of the time constant from the graph. Justify your answer.

3 marks

Answer:
7 or 8 s
The time constant is the time taken for the voltage to rise to 63% of the maximum. This occurs after about 7 s.
Also, a capacitor is fully charged after 5 time constants. This happens after 40 s. Therefore, 40 s 5 5 time
constants, which gives a time constant of 8 s.
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QUESTION 8
The value of the capacitor would be closest to:

2 marks

A 4 mF
B 40 mF
C 400 mF
D 4000 mF
E 40000 mF
t 5 RC

C5t4R

C 5 8 4 2000   or   7 4 2000
5 0.004 5 0.0035
5 4 mF or 4000 mF 5 3.5 mF or 3500 mF

Answer:
D

QUESTION 9
3 marks
This capacitor is used in the final power supply circuit; however, before the circuit is fully completed, the voltage
across a 150  load resistor is measured to investigate the size of the ripple. What would be the best device to use in
order to investigate this voltage. Justify your answer.
Answer:
A CRO would be the best device to measure this voltage. The ripple will be wave-like and the CRO will provide a
‘picture’ of this voltage, enabling the size of the ripple to be measured from the screen of the CRO.

QUESTION 10
2 marks
How does this voltage change once device C from question 1 is connected to the circuit? Explain your answer.
Answer:
Device C (the voltage regulator) keeps the output voltage constant despite fluctuations in the supply voltage.
Therefore, this ripple voltage is removed.

18
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Data Sheets
1

Velocity; acceleration

2

Equations for constant acceleration

3

Newton’s second law

F 5 ma

4

Circular motion

2
r
n 2 5 _____
a 5  ___
 4p 2 
r
T

5

Hooke’s law

F 5 2kx

6

Strain potential energy

1  kx2
 __

7

Gravitational potential energy near the surface of the Earth

mgh

8

Kinetic energy

__
 1  mn2

9

Newton’s law of universal gravitation

M1M2
F 5 G  ______
 
r2

10

Gravitational field

M 
g 5 G  ___
r2

11

Voltage; power

12

Resistors in series

V 5 RI   P 5 VI
RT 5 R1 1 R2

13

Resistors in parallel

___
  1 5 ___
 1  1 ___
 1  

14

Universal gravitational constant

G 5 6.67 3 10211 N m2 kg22

15

Mass of the Earth

ME 5 5.98 3 1024 kg

16

Radius of the Earth

RE 5 6.37 3 106 m

 5 ___
 Dx  ; a 5 ___
 Dn 
Dt
Dt
n 5 u 1 at
1 at2
x 5 ut 1  __
2
2
2
n 5 u 1 2ax
x 5 __
 1 (n1u)t
2

2

2

RT

R1

R2

Detailed study 1 – Einstein’s special relativity
17

Lorentz factor



c

   

1
__
2 22
2



n   
g 5  1 2  ___

18

Time dilation

t 5 tog

19

Length contraction

L 5 Lo/g

20

Relativistic mass

m 5 mog

21

Mass of the electron

me 5 9.1 3 10231 kg

22

Speed of light

c 5 3.0 3 108 ms21

Detailed study 2 – Materials and their use in structures
23

Stress

s 5 __
 F  
A

24

Strain

25

Young’s modulus

 5 ___
 DL 
L
E 5 ______
 stress  
strain
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Detailed study 3 – Further electronics
26

AC voltage and current

VRMS 5 ____
  1 __  Vp2p   IRMS 5 ____
  1 __  Ip2p
2 2 
22 

27

Transformer action

V
N
___
  1 5  ___1 
V2

28

Capacitors

N2

time constant : t 5 RC

Prefixes/Units
p 5 pico 5 10212
n 5 nano 5 1029
m 5 micro 5 1026
m 5 milli 5 1023
k 5 kilo 5 103
M 5 mega 5 106
G 5 giga 5 109
1 tonne 5 103 kg
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