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Detailed Information 
Note to the teacher and student iv

Test Page
Time
(min)

Marks Area of Study

1 1 60–70 50 Motion in one and two dimensions

2 5 60–70 50 Motion in one and two dimensions

3 8 60–70 50 Motion in one and two dimensions; Electronics and photonics

4 13 70–80 60 Motion in one and two dimensions; Electronics and photonics

5 18 70–80 60 Motion in one and two dimensions; Electronics and photonics

6 23 80–90 170

Motion in one and two dimensions; Electronics and photonics
Detailed studies: 

• Einstein’s Special Relativity
• Materials and their use in structures
• Further electronics

7 35 90–100 170

Motion in one and two dimensions; Electronics and photonics
Detailed studies: 

• Einstein’s Special Relativity
• Materials and their use in structures
• Further electronics

8 46 90 140

Motion in one and two dimensions; Electronics and photonics
Detailed studies: 

• Einstein’s Special Relativity
• Materials and their use in structures
• Further electronics

9 1 90 140 Bonus detachable examination – all of Unit 3

Collectively these nine practice tests provide almost ten hours of structured preparation.

Physics

chEMisTRy EXAM 1

EXAM 1 VCE Unit 3
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iv A+ Physics Exam 1 VCE Unit 3

Note to the teacher and student 
This book provides nine tests of graduated difficulty in preparation for VCE Physics Examination 1. This 
represents more than 12 hours of preparation!

The book is designed to be used progressively throughout the semester, and not just before the mid-year 
examination. Each new test in the book not only introduces more of the course content, but it also reviews 
previous sections. This graduated overlap method of learning means the student is continually revising, 
reinforcing as well as testing their skills on the most current part of the course. The graduation occurs in 
three ways:

1 Length – the tests increase in length and build up to the full-length 90-minute tests
2 Content – more content is introduced with each test
3 Difficulty – the tests become more challenging as they progress.

The final practice examination, Test 9, is able to be detached from the book so that it may be used as a 
formal practice examination under test conditions.

Use this resource for class exercises, extension work or for formal assessment throughout the semester. 
Comprehensive solutions are provided separately to further assist students in their studies of VCE Physics 
Unit 3.

Note: Writing lines following a multiple choice question are not in the style of Examination 1, but have 
been included to offer students the option of giving reasons for their answers as part of their, own study 
preparation.
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Test 1 Core short answer questions: 50 marks
Suggested time: 60270 minutes

Test 1 1

QUESTION 4 2 marks
As the tram begins to accelerate, the standing passengers 
in the tram feel themselves ‘thrown’ backwards slightly. 
Explain this phenomenon in terms of Newton’s first law 
of motion.

Answer:

QUESTION 5 2 marks
At one instant the tram is travelling east with an 
instantaneous speed of 7.0 ms21. The tram slows down 
at a constant rate and comes to a stop over a distance of 
62 m. What is the magnitude of the tram’s deceleration?

Answer:

QUESTION 6 2 marks
How much time will pass while the tram comes to a stop?

Answer:

A tram of mass 10 000 kg is travelling east along a street at 
constant velocity. There is a total frictional force of 1500 N 
acting on the tram.

QUESTION 1 2 marks
According to Newton’s first law of motion, what must be 
the driving force supplied by the tram’s motor?

Answer:

QUESTION 2 2 marks
Later, the tram is accelerating in an easterly direction, at a 
rate of 0.25 ms22. What is the net force acting on the tram?

Answer:

QUESTION 3 2 marks
If the total frictional force acting on the tram is still 
1500 N, what is the driving force supplied by the tram’s 
motor now?

Answer:

Core short answer questions
Specific instructions to students

• Answer all questions in the spaces provided.

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

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

Fnet 5 0

Fdriving 5 Ffriction 5 1500 N

1500 N

Fnet 5 ma

Fnet 5 10000 3 0.25 5 2500 N

2500 N

Fnet 5 2500

Ffriction 5 1500

2500 5 Fdriving 2 1500

Fdriving 5 2500 1 1500 5 4000 N

4000 N

This phenomenon is due to the passengers’ inertia. 

The passengers were travelling at constant velocity. 

Relative to the accelerating tram, the passengers 

continue to travel at constant velocity due to their 

inertia which is slower than the tram which is accelerating, 

thus they move backwards relative to the tram.

u 5 7, v 5 0, s 5 62, a 5 ?

v 2 5 u 2 1 2 as

0 5 72 1 2 3 a 3 62

49 5 2124 a

a 5 49 4 2124

a 5 20.395 ms22

0.4 ms22

u 5 7, v 5 0, s 5 62, t 5 ?

s 5 ½ (u 1 v ) t

62 5 ½ (7 1 0) t

t 5 62 4 3.5

t 5 17.7 s

18 s
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2 A1 Physics Exam 1 VCE Unit 3

To demonstrate circular motion to her students, a Physics 
teacher attached a 40 g rubber stopper to a length of 
fi shing line and spun it clockwise in a horizontal circle 
when viewed from above.

P

QUESTION 7 2 marks
When the rubber stopper is at point P as shown in the 
diagram above, the direction of the stopper’s instantaneous 
velocity and acceleration when viewed from above 
would be:

v

a

A
a

v

B

a v

C
a

v

D

Answer:

QUESTION 8 2 marks
At one instant in the motion, one of the students in the 
class has the following side-on view of the rubber stopper 
and length of fi shing line.

fis
hing lin

e

rubber stopper

At this instant the forces (ignoring friction) acting on the 
rubber stopper would be:

A B

C D

Answer:

QUESTION 9 2 marks
If the rubber stopper completes a horizontal circle of 
radius 50 cm in 0.8 s, what is the average speed of the 
rubbber stopper?

Answer:

QUESTION 10 2 marks
In the above situation, what would be the size of the net 
force acting on the rubber stopper?

Answer:

B

The velocity is tangential to the motion at P, and the 

acceleration is directed towards the centre of the 

circle, hence answer B.

A

The weight force acts vertically downwards, the 

tension in the fi shing line acts along the fi shing line, 

hence answer A.

v 5 2r/T

v 5 2 3  3 0.5 4 0.8 5 3.927 ms21

4 ms21

Fnet 5 mv 2/r

Fnet 5 0.04 3 3.9272 4 0.5 5 1.234 N

1.2 N
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Test 1 �

QUESTION 11 3 marks
In the previous situation, what would be the size of the 
tension force in the fishing line?

Answer:

QUESTION 12 3 marks
At one instant during the above motion, the fishing line 
snaps and the rubber stopper flies off horizontally as a 
projectile. If the rubber stopper was 1.8 m above the floor 
when the fishing line snapped, how long will it remain in 
flight?

Answer:

QUESTION 13 2 marks
How far horizontally will the rubber stopper travel from 
where the fishing line snapped until it hits the floor?

Answer:

QUESTION 14 2 marks
Which of the four alternatives below best represents the 
acceleration–time graph for the vertical motion of the 
rubber stopper as a projectile?

A B

C D

Answer:

QUESTION 15 2 marks
Which of the four alternatives above best represents the 
vertical net force2time graph for the motion of the rubber 
stopper as a projectile?

Answer:

A skier of mass 60 kg is travelling down an incline at an 
angle of 16° to the horizontal at a constant speed of 4 ms21 
in a straight line.

16°

QUESTION 16 2 marks
In which direction is the net force acting on the skier? 

zero net
force, no
direction

A CB D

Answer:

W 5 mg

W 5 0.04 3 10 5 0.4 N

T 5  
_____________

  (1.2342 1 0.42)   5 1.297 N

Take downwards as positive

Analysing the vertical motion of the rubber stopper:

u 5 0, a 5 10, s 5 1.8, t 5 ?

s 5 ut 1 ½ at 2

t 5  
_____________

  (1.8 3 2 4 10)   5 0.6 s

0.6 s

Analysing the horizontal motion of the rubber stopper:

u 5 3.927, a 5 0, t 5 0.6, s 5 ?

s 5 ut 1 ½ at2

s 5 3.927 3 0.6 1 0 5 2.356 m

2.4 m

B 

Net force 5 mass 3 acceleration, so the net  

force–time graph has the same shape as the 

acceleration2time graph, hence answer B.

D 

The skier is travelling at constant speed in a straight 

line and therefore has no acceleration and no net force.

1.3 N

B 

Vertically, acceleration is always constant at 210 ms22 

due to gravity, hence answer B.

W
T

Fnet
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� A1 Physics Exam 1 VCE Unit 3

QUESTION 17 3 marks
Calculate the magnitude of the total frictional forces 
acting on the skier.

Answer:

QUESTION 18 4 marks
At a later time on the same slope, the skier is accelerating 
at a rate of 0.5 ms22 down the slope. Show that the 
magnitude of the total frictional forces acting on the skier 
is now 135 N. Include your working.

Answer:

A car thief is about to have a very unpleasant accident. He 
is driving a stolen Alfa of mass 1.1 3 103 kg at 92 kmh21 
when he fails to take a bend in the road, causing him to 
crash head-on into a telegraph pole.

QUESTION 19 2 marks
What is the magnitude of the car’s change in momentum 
if the car comes to a stop after the collision?

Answer:

QUESTION 20 2 marks
What is the magnitude of the impulse on the car during 
the collision?

Answer:

QUESTION 21 2 marks
The thief, even though he was wearing a seatbelt, will 
experience a different impulse to the car. Explain why 
this is so.

Answer:

QUESTION 22 3 marks
Fortunately for him, the car thief survives the crash due 
in part to the car’s airbag. Explain, using the principles of 
physics, how this device reduces the impact force on the 
driver in car crashes.

Answer:

I 5 p 5 28000 Ns

2.8 3 104 Ns

Impulse 5 change in momentum 5 mass 3 change 

in velocity. The seatbelt means the thief has the same 

change in velocity as the car, but his mass is much 

less than the mass of the car so his impulse is also 

much less.

Since impulse 5 force 3 time, an increase in the time 

of a collision causes a decrease in the impact force on 

the driver for the same amount of impulse. An airbag 

cushions the driver and causes them to come to a stop 

over a longer period of time than without the airbag, 

hence reducing the impact force of the collision.

p 5 mv

p 5 1.1 3 103 3 92 4 3.6 5 28111 kgms21

2.8 3 104 kgms21

 Fnet 5 ma

 5 60 3 0.5

 5 30 N

Fnet 5 Fdown the slope 2 Ffriction

30 5 165 2 Ffriction

Ffriction 5 165 2 30 5 135 N

135 N

Since Fnet 5 0, Fdown the slope 5 Ffriction

 Fdown the slope 5 mg sin

 5 60 3 10 3 sin 16°

 5 165 N

165 N
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Test 2 Core short answer questions: 50 marks
Suggested time: 60270 minutes

Test 2 5

QUESTION 4 2 marks
Complete the table below showing the size of the three 
forces mentioned in question 1.

a Weight of bicycle and rider

b Total frictional forces 250 N

c Normal reaction force

QUESTION 5 4 marks
Jeff and Ali are comparing their throwing techniques on 
the school oval to see who can throw a cricket ball the 
farthest distance.

Jeff throws his ball at an angle of 30° to the horizontal 
with a launch speed of 21 ms21.

Ali throws his ball at an angle of 41° to the horizontal 
with a launch speed of 18 ms21.

Perform calculations to determine who throws their ball 
the farthest distance? (Assume the balls are launched from 
very close to the Earth’s surface and that the school oval 
is flat.)

Answer:

QUESTION 6 4 marks
Perform calculations to determine whose ball is in the air 
for a longer period of time?

Answer:

A bicycle and rider are accelerating at a rate of 1 ms22 
down a slope inclined at an angle of 30° to the horizontal.

30°

QUESTION 1 3 marks
On the diagram above, use labelled arrows to represent 
the following forces:

•	 W 5 weight of bicycle and rider (as one force),

•	 Fr 5 total frictional forces (as one force),

•	 N 5 normal reaction force on bicycle and rider (as one 
force).

QUESTION 2 2 marks
Calculate the size of the component of the acceleration 
due to gravity that acts on the bicycle and rider parallel to 
the slope.

Answer:

QUESTION 3 3 marks
If the total frictional forces acting on the bicycle and rider 
are 250 N up the slope, calculate the mass of the bicycle 
and rider to the nearest kilogram.

Answer:

Core short answer questions
Specific instructions to students

•	 Answer all questions in the spaces provided.

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

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

	gparallel 5 g sin

	 5 10 3 sin30°

	 5 5 ms22

5 ms22

62.5 kg

The equations of motion can be used but an easier 
method is to use the range equation:

R 5 U	2 sin2 / g

Jeff: R 5 212 3 sin(2 3 30°) 4 10 5 38.19 m

Ali: R 5 182 3 sin(2 3 41°) 4 10 5 32.08 m

Therefore, Jeff throws his ball the farthest distance.

Fnet 5 Fgravity down slope 2 Ffriction

mass 3 1 5 mass 3 5 2 250

5 3 mass 2 1 3 mass 5 250

4 3 mass 5 250

mass 5 250 4 4 5 62.5 kg

Again the equations of motion can be used but so can 
the time of flight equation:

t 5 2U sin / g

Jeff:  t 5 2 3 21 sin30° 4 10 5 2.10 s

Ali:  t 5 2 3 18 sin41° 4 10 5 2.36 s

Therefore, Ali’s ball is in the air for a longer period  

of time.

W 5 mg 5 62.5 3 10 5 625 N

N 5 mg cos 5 62.5 3 10 3 cos30° 5 541 N

625 N

30°

Fr

N

W

541 N
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6 A1 Physics Exam 1 VCE Unit 3

A car is travelling around a fl at circular corner at a 
constant speed of 55 kmh−1. The corner has a radius of 
27 m. The mass of the car and the occupants is 1400 kg.

QUESTION 7 3 marks
What is the size of the centripetal acceleration of the car 
and occupants during this motion?

Answer:

QUESTION 8 2 marks
What is the size of the centripetal force acting on the car 
and occupants?

Answer:

QUESTION 9 2 marks
What is the maximum speed that the car can safely take 
this corner at if the sideways frictional force cannot 
exceed 18 000 N or the car will skid off the road?

Answer:

QUESTION 10 2 marks
If the corner was banked, a higher safe maximum 
cornering speed would be possible. Why is this?

Answer:

Two people in two boats on a still lake push off from each 
other and travel in opposite directions at constant speeds 
as shown in the diagram below.

96 kg 

0.50 ms–1

80 kg 

?

QUESTION 11 2 marks
Find the magnitude of the momentum of the left hand 
boat and its occupant if the total mass is 96 kg and it 
moves to the left at a constant speed of 0.5 ms21 after 
pushing off.

Answer:

QUESTION 12 2 marks
Find the constant speed of the right hand boat and its 
occupant after pushing off, if the total mass is 80 kg and 
momentum is conserved during the push.

Answer:

QUESTION 13 2 marks
Crumple zones and airbags are used as car safety devices 
because they reduce the impact of forces acting on the 
passengers during a collision. One way they achieve this 
is by which of the following? 

A reducing the change in the car’s momentum during a 
collision

B increasing the change in the car’s momentum during a 
collision

C reducing the time over which the collision forces act

D increasing the time over which the collision forces act

Answer:

	p 5 mv

	 5 96 3 0.50

	 5 48 kgms21

48 kgms21

	p 5 48

	 5 80 3 v

Therefore, v 5 48 4 80 5 0.6 ms21

0.6 ms21

D

Since impulse 5 change in momentum 5 force 3 time, 

if the time of the collision is increased, the force is 

reduced for a constant change in momentum.

v 5 55 4 3.6 5 15.28 ms21

	a 5 v	2 / r

	 5 15.282 4 27

	 5 8.64 ms 22

8.6 ms22

mv	2 / r  18000 to prevent skidding off

1400 v	2 / 27  18000

v   
____________________

  (18000 3 27 4 1400)  

v  18.63 ms 21

18.6 ms21

	F 5 ma

	 5 1400 3 8.64

	 5 12096 N

1.2 3 104 N

On a banked road a component of the normal

reaction force of the road on the car adds to the

friction to give a higher centripetal acceleration and 

hence a higher cornering speed.
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Test 2 7

A spring loaded toy uses a spring of spring constant 
18 Nm21 compressed a distance of 6 cm to launch a small 
projectile of mass 65 g.

QUESTION 14 2 marks

How much strain potential energy is stored in the spring 
when it is compressed by 6 cm?

Answer:

QUESTION 15 3 marks
Assuming all the strain potential energy is converted into 
kinetic energy, what is the launch speed of the projectile 
when the spring is released?

Answer:

QUESTION 16 2 marks
The manufacturers of the toy want the projectile to obtain 
a launch speed of 2 ms21 from a 6 cm compression of the 
spring. What spring constant is needed to achieve this?

Answer:

QUESTION 17 3 marks
What is the size of the Earth’s gravitational field at an 
altitude of 900 km above the Earth’s surface?

Answer:

QUESTION 18 3 marks
What would be the speed of a satellite of mass 1800 kg 
placed into a stable orbit at this height?

Answer:

QUESTION 19 4 marks
Use the graph below to estimate the increase in 
gravitational potential energy when this satellite is 
launched from the surface of the Earth and placed into a 
stable orbit at a height of 900 km above the Earth.

200 400 600 800 1000

2

4

6

8

10

-1g Nkg

Height above Earth’s surface (km)

Answer:

Estimate the area under the graph up to a height of 
900 km.

area 5 ½ (9.8 1 7.2) 3 900 3 103 5 7.65 3 106 Jkg21

GPE increase 5 area 3 mass of satellite

5 7.65 3 106 3 1800 5 1.4 3 1010 J (approx)

OR

The counting squares method gives approx 19 
squares and each square 

5 200000 3 2 5 4 3 105 Jkg21

GPE 5 19 3 4 3105 3 1800 5 1.37 3 1010 J

Anything between 1.32 and 1.42 3 1010 J is correct.

 SPE 5 ½ kx	2

	 5 ½ 3 18 3 0.062

	 5 0.0324 or 3.2 3 1022 J

3.2 3 1022 J

 SPE 5 KE 5 ½ mv	2

	v 5  
_____________

  (2 3 KE 4 m)  

	 5  
____________________

  (2 3 0.0324 4 0.065)   

 5 0.998 or 1.0 ms21

1.0 ms21

½ mv	2 5 ½ kx	2

	k 5 mv	2 4 x	2

	 5 0.065 3 22 4 0.062 

 5 72.2 or 72 Nm21

72 Nm21

	g 5 GM/r	2

	 5  6.67 3 10211 3 5.98 3 1024  
4 (6.38 3 106 1 900 3 103)2

	 5 7.526 or 7.5 Nkg21

7.5 Nkg21

g 5 v	2/r

v 5  
____

 (gr	)  

	 	5  
_______________________________

    (7.526 3 (6.38 3 106 1 900 3 103))   5 7400 ms21

200 400 600 800 1000

2

4

6

8

10

-1g Nkg

Height above Earth’s surface (km)

7400 ms21
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�  A1 Physics Exam 1 VCE Unit 3

Test 3 Core short answer questions: 50 marks
Suggested time: 60270 minutes

QUESTION 3 3 marks
Draw a vector diagram to show how these forces add 
together to produce a net (or resultant) sideways force 
towards the centre of the curve.

During a traffic accident, a car of mass 2.0 3 103 kg  
‘rear-ends’ a stationary truck of mass 8.0 3 103 kg.

After the collision, both vehicles remain locked together 
and slide forward at a speed of 1.2 ms21.

QUESTION 4 3 marks
Based on the above information, determine the speed of 
the car just prior to ‘rear-ending’ the stationary truck.

Answer:

QUESTION 5 2 marks
Calculate the final kinetic energy of the two-vehicle 
combination.

Answer:

During the Tour de France, a cyclist is travelling around a 
curve at a speed of 8 ms21.

QUESTION 1 3 marks
If the mass of the cyclist and his bike is 83 kg and the 
centripetal force is 130 N, what is the radius of the curve?

Answer:

The diagram of the leaning cyclist is reproduced below.

QUESTION 2 2 marks
Draw and label the weight force (W) and the force of the 
ground (R) acting on the cyclist and his bike.

Core short answer questions
Specific instructions to students

• Answer all questions in the spaces provided.

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

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

Fc 5 mv 2/r → r 5 mv2 /Fc

r 5 83 3 8.02 4 130 5 40.9 or 41 m

41 m

m1u1 5 (m1 1 m2) v

2 3 103 3 u1 5 (2 3 103 1 8 3 103) 3 1.2

u1 5 12000 4 2000 

 5 6 or 6.0 ms21

6.0 ms21

 KE 5 ½ (m1 1 m2) v 2

	 5 ½ 3 (2 3 103 1 8 3 103) 3 1.22

	 5 7200 or 7.2 3 103 J

7.2 3 103 J

R

W

W
R

Fnet

Fnet

R
Wor
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Test 3  �

QUESTION 6 2 marks
What was the magnitude of the impulse imparted to the 
car by the truck?

Answer:

QUESTION 7 2 marks
An asteroid in orbit around the Sun has an orbital period 
of 64 years. The ratio of

  
the average orbital radius of the asteroid around the Sun

     ___________________________________________________     
the average orbital radius of the Earth around the Sun

  

would be:

A 64

B 16

C 8

D 4

Answer:

QUESTION 8 3 marks
A new planet is discovered that has a mass 1.6 times that 
of Earth and a gravitational field strength double that of 
Earth. What would be the radius of this new planet?

Answer:

A simple series circuit consists of a 500  resistor, a 1000  
resistor, a 12 V DC supply and a switch as shown below:

500 1000

12 V

QUESTION 9 2 marks
With the switch open, what would be the voltage across 
the 500  resistor?

Answer:

QUESTION 10 2 marks
With the switch closed, what current flows in the circuit?

Answer:

QUESTION 11 2 marks
With the switch closed, what would be the voltage across 
the 1000  resistor?

Answer:

QUESTION 12 2 marks
If the 500  resistor is replaced with a 10 000  resistor 
and the switch is closed, the voltage across the 1000  
resistor would:

A increase greatly

B increase slightly

C remain the same

D decrease slightly

E decrease greatly

Answer:

 RT 5 R1 1 R2

	 5 500 1 1000 5 1500 

 I 5 V/R 

 5 12 4 1500

 5 0.008 or 8 3 1023 A

8 3 1023 A

 I 5 m v

	 5 2 3 103 3 (6 2 1.2)

	 5 9600 or 9.6 3 103 kgms21

9.6 3 103 Ns

Rast
3 4 Tast

2 5 RE
3 4 TE

2

Rast
3 4 RE

3 5 Tast
2 4 TE

2 5 642 4 12 5 4096

Rast 4 RE 5  3 
______

 (4096)   5 16

B

g 5 Gm/r 2 → r 5		
_______

 (Gm/g)  

 r 5  
__________________________________________

     ((6.63 3 10211 3 1.6 3 5.98 3 1024) 4 (2 3 10))  

	 5 5.6 3 106 m

5.6 3 106 m

0 V 

No current flows, so the voltage across the 500  

resistor would be 0 V.

 V 5 IR

	 5 8 3 1023 3 1000

	 5 8 V

8 V

E 

The 1000  resistor is now a much lower part of the 

total resistance so it shares a much lower amount of 

the voltage, thus answer E, decrease greatly.

03_Physics Exam 1 Unit 3 TXT.ind9   9 6/28/08   2:42:37 PM



10  A1 Physics Exam 1 VCE Unit 3

The 1000  resistor is replaced with a reverse-biased 
diode with a ‘switch-on’ voltage of 0.6 V.

500

12 V

QUESTION 13 2 marks
On the axes below, sketch a typical I2V characteristic 
graph for such a diode. Add numbers to the x-axis scale.

I (mA)

V (V) 

QUESTION 14 2 marks
When the switch is closed, what amount of current flows 
in the circuit?

Answer:

QUESTION 15 2 marks
If the diode is forward-biased, what amount of current 
flows in the circuit now?

Answer:

QUESTION 16 2 marks
The supply voltage is reduced and the current through 
the diode reduces to 18 mA. What would be the value of 
the supply voltage now?

Answer:

In the circuit below, all the resistors are 10 .

6.0 V 

QUESTION 17 2 marks
Calculate the effective resistance of the circuit above.

Answer:

QUESTION 18 2 marks
Calculate the power output from the 6.0 V battery when 
the circuit is operating correctly.

Answer:

0 mA 

The diode is reverse biased so it does not conduct 

any current. Hence, the current flow is 0 mA.

The voltage drop across the resistor will be 12 − 0.6  
5 11.4 V

 I 5 V/R

	 5 11.4 4 500

	 5 0.0228 A or 23 mA

23 mA

V500 5 IR

	 5 18 3 1023 3 500

	 5 9 V

Vsupply 5 9 1 0.6 5 9.6 V

9.6 V

RP 5 (R1
21 1 R2

21)21

	 5 (1021 1 1021)21 5 5 

Reff 5 10 1 5

	 5 15 

15 

 P 5 V 2/R

	 5 62 4 15

	 5 2.4 W

2.4 W

I (mA)

–0.6 –0.4 –0.2 0 0.2 0.4 0.6

V (V) 
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Test 3  11

The circuit diagram below shows a voltage divider circuit.

QUESTION 19 2 marks
Determine the value of R1 that would give an output 
voltage (Vout) of 2.0 volts.

Vin = 9.0 V 

Vout

R1

120

Answer:

QUESTION 20 2 marks
If R1 5 40 , what is the output voltage now?

Answer:

A student uses a voltage amplifier to boost the output 
of a microphone. The input and output signals for the 
amplifier have the following characteristics:

0.1 0.2 0.3 0.4 0.5

0.05

–0.05

time (ms)

Vin (V)

0.1 0.2 0.3 0.4 0.5

Vout (V)

time (ms)

2

–2

QUESTION 21 2 marks
Use the input and output voltage graphs to determine the 
voltage gain of this amplifier.

Answer:

QUESTION 22 2 marks
Is this amplifier an inverting or non-inverting amplifier? 
Give a clear reason for your answer.

Answer:

Vout 5 R2 /(R1 1 R2) 3 Vin

 Vout 5 120 4 (120 1 40) 3 9

	 5 6.75 or 6.8 V

6.8 V

 gain 5 Vout 4 Vin

	 5 4.0 4 0.10

	 5 40

40

Inverting 

A rise in the input voltage produces a drop in the 

output voltage. Hence, inverting.

If Vout 5 2 V, then 7 V is lost across R1

by ratios: R1 4 7 5 120 4 2

 R1 5 7 3 60

	 5 420 

OR

 R1 5 R2 (Vin − Vout)/Vout

	 5 120 3 (9 2 2) 4 2

	 5 420 

420 
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The student changes the input signal to the amplifier to:

0.1 0.2 0.3 0.4 0.5

0.2

–0.2

Vin (V)

time (ms)

QUESTION 23 2 marks
Which of the following would be the correct output signal 
from the amplifier now?

0.1 0.2 0.3 0.4 0.5

4

– 4

Vout (V)A

0.1 0.2 0.3 0.4 0.5

8

– 8

Vout (V)B

0.1 0.2 0.3 0.4 0.5

8

– 8

Vout (V)C

0.1 0.2 0.3 0.4 0.5

4

– 4

Vout (V)D

time (ms)

time (ms)

time (ms)

time (ms)

Answer:

�

C 

The input signal needs to be inverted and amplified 

by a gain of 40. 

The new output signal will range from: 

0.2 3 40 5 8 V to 20.2 3 40 5 28 V and be 

inverted.
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Test 4 Core short answer questions: 60 marks
Suggested time: 70280 minutesTest 4

Test 4 13

QUESTION 3 2 marks 
What would be the magnitude of the box’s deceleration at 
the instant when the 100 N force is removed?

Answer:

While riding his motorbike on a dirt track, a motorbike 
rider travels over a bump on the track at high speed 
and launches himself and his motorbike into the air. 
The launch speed is 15 ms21 at an angle of 25° to the 
horizontal.

19 m

15 ms
–1

25°

QUESTION 4 2 marks
Calculate the vertical and horizontal components of the 
bike’s launch speed.

Answer:

Vertical speed 5

Horizontal speed 5

Two teenage boys, John and Damien, who also happen to 
be Physics students, are attempting to push a large box of 
mass 60 kg along a carpeted floor. When the boys apply a 
horizontal force of 100 N, the box fails to move.

60 kg 100 N force 

Damien explains the fact that the box doesn’t move by 
using Newton’s first law.

QUESTION 1 4 marks
Is Newton’s first law appropriate to this situation and 
how is Damien likely to correctly phrase his explanation?

Answer:

On a smooth floor surface, the box moves forwards with 
an acceleration of 1 ms22 under the action of a similar  
100 N force.

QUESTION 2 2 marks
What is the size of the force of friction acting on the box in 
this situation?

Answer:

Core short answer questions
Specific instructions to students

• Answer all questions in the spaces provided.

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

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

Newton’s first law is applicable in this situation. 

Damien is most likely to state that the box remains at 

rest because although it has a 100 N force applied to 

it another 100 N force, the force of friction, opposes 

the box’s motion. This produces a zero net force on 

the box. According to Newton’s first law, since there is 

no net force acting on the box there will be no change 

in the box’s stationary motion.

	 Fnet 5 Fapplied 2 Fopposing

 60 3 1 5 100 2 Fopposing

	Fopposing 5 100 2 60

	 	 5 40 N

40 N

	 Fnet 5 Fapplied 2 Fopposing

 60 3 a 5 0 2 40

	 a 5 240 4 60

 magnitude of a 5 0.67 or 0.7 ms22

0.7 ms22

vertical component

5 15 sin25°

5 6.339

5 6.3 ms21

horizontal component

5 15 cos25°

5 13.595

5 13.6 or 14 ms21

Vertical speed 5 6.3 ms21

Horizontal speed 5 14 ms21
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QUESTION 5 2 marks
What maximum height does the rider and motorbike 
reach above the launch position?

Answer:

The dirt track dips immediately after the bump and then 
levels out again 19 m from, and at the same height as, the 
launch position.

QUESTION 6 3 marks
For what length of time is the rider and motorbike in 
the air? 

Answer:

QUESTION 7 3 marks
Perform a calculation to determine if the rider and 
motorbike will make it onto the flat section of track after 
their trip through the air?

Answer:

QUESTION 8 2 marks
Later as the motorbike rider continues along a flat section 
of track, he accelerates from a speed of 7 ms−1 to 12 ms−1 in 
3 seconds. What is the magnitude of his acceleration?

Answer:

An air track glider of mass 110 g is travelling along an 
air-track with a speed of 0.5 ms−1. The air track has spring 
loaded buffers at each end enabling the glider to rebound 
with negligible loss of speed.

QUESTION 9 3 marks
If the spring constant of the buffers is 420 Nm−1, by 
how much does each spring buffer compress during a 
rebound? Give your answer in mm.

Answer:

QUESTION 10 2 marks
Use the following data to calculate the force of attraction 
between the Earth and the Sun.

•	 mass of the Earth 5 5.98 3 1024 kg

•	 mass of the Sun 5 1.98 3 1030 kg

•	 distance from the centre of the Earth to the centre of 
the Sun 5 1.50 3 1011 m

Answer:

taking up as positive

vertically, u 5 6.339,

	 a 5 210,

	 v 5 0 (at the top), s 5 ?

	 v	2 5 u	2 2 2as

 0 5 6.3392 2 2 3 210s

	 s 5 6.3392 4 20

	 	5 2.009 m

OR

use the height formula H 5 U	2 (sin )2/2g

	 		 5 152 3 (sin25°)2 4 20

	 		 5 2.0 m

2.0 m

Time to the top of the motion:

	 v 5 u 1 at

 0 5 6.339 2 10t

	 t 5 6.339 4 10

	 	5 0.6339 s

 time of flight 5 2 3 0.6339 5 1.2679

 OR use the time formula T 5 2U sin /g

	 	5 2 3 15 3 sin25° 4 10

	 	5 1.3 s

1.3 s

The energy conversion involved is kinetic to elastic 
potential.

 ½ mv	2 5 ½ kx2

 ½ 3 0.110 3 0.502 5 ½ 3 420 3 (x)2

 0.01375 5 210 x2

	 x 5 0.00809 m

	 	 5 8.09 or 8.1 mm

8.1 mm

 Horizontally, u 5 13.595, t 5 1.3, a 5 0, s 5 ?

	 s 5 ut 1 ½ at	2

	 s 5 13.595 3 1.2679 1 0

 OR use the range formula R 5 U	2 sin2/g

	 	 5 152 sin50° 4 10

	 	 5 17.237 or 17.236 m

Won’t make it.

	 u 5 7, v 5 12, t 5 3, a 5 ?

	 v 5 u 1 at

 12 5 7 1 3a

 3a 5 5

	 a 5 1.67 ms−2

1.67 ms22

	F 5 G mSun mEarth /r
2

	 	5 (6.67 3 10211 3 1.98 3 1030 3 5.98 3 1024) 
   4 (1.50 3 1011)2

	 	5 3.51 3 1022 N

3.51 3 1022 N
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Test 4 15

Charlotte is using a light dependent resistor (LDR) in 
series with a 1000  resistor in a voltage divider circuit to 
measure the light intensity inside a greenhouse. Below is 
the resistance versus light intensity graph for the LDR.

1

10

100

1,000

10,000

100,000

1 10 100 1,000 10,000

Light intensity (lux)

Resistance ( )

The circuit is connected to a 12 V battery as shown below.

12 V 
1000

LDR

QUESTION 11 2 marks
What is the light intensity when the resistance of the LDR 
is 10 000 ?

Answer:

QUESTION 12 3 marks
At this illumination, what is the voltage drop across the 
LDR?

Answer:

12.  At this illumination, what is the voltage drop 
across the LDR?            (3 
12.  At this illumination, what is the voltage drop 
across the LDR?            (3 

QUESTION 13 2 marks
What amount of current flows in the circuit at this 
illumination? Give your answer in mA.

Answer:

QUESTION 14 3 marks
As the light intensity increases, does the voltage across 
the LDR increase or decrease? Explain your answer with 
specific reference to the graph and the circuit diagram.

Answer:

The circuit diagram below shows a diode connected in 
series with a resistor. The graph on the right shows the 
I2V characteristic for the diode.

150 �

12 V I (mA) 

V (V) 0.6

QUESTION 15 2 marks
For the circuit above, calculate the voltage across the 
150  resistor.

Answer:

QUESTION 16 2 marks
Calculate the current flowing through the diode in 
milliamps.

Answer:

30 lux 

On the y	-axis, locate 10 000 . Go across to the line 

on the graph. Go down to the x-axis and read the 

light intensity as 30 lux.

	 VLDR 5 R2  /(R1 1 R2)Vin

	 	 5 10000 4 (1000 1 10000) 3 12

	 	 5 10000/11000 3 12

	 	 5 10.9 V

10.9 V

I 5 V/R

	 5 12 4 11000

	 5 0.00109 A

	 5 1.09 or 1.1 mA

1.1 mA

	VR 5 12 2 0.6

	 	 5 11.4 V

11.4 V

	I 5 V 4 R

	 	5 11.4 4 150

	 	5 0.076 A 

76 mA

76 mA

The graph shows that as the light intensity increases, 

the resistance of the LDR decreases. In the circuit 

diagram, as the resistance of the LDR decreases, the 

voltage drop across the LDR also decreases.
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QUESTION 17 2 marks
If the polarity of the battery is reversed, practically no 
current flows in the circuit. Explain why no current flows.

Answer:

The transfer characteristic for a typical voltage amplifier is 
shown below.

0.2 0.6

 20

100

Vout (V) 

Vin (V) 

QUESTION 18 2 marks
Use the transfer characteristic above to calculate the 
voltage gain of the amplifier.

Answer:

QUESTION 19 2 marks
Is this amplifier an inverting or non-inverting amplifier? 
Explain your reasoning.

Answer:

QUESTION 20 2 marks
What are the input and output voltages at the quiescent 
point?

Answer:

Vinput 5

Voutput 5

QUESTION 21 2 marks
The following input voltage signal is fed into the 
amplifier. On the blank axes below, sketch the 
corresponding output voltage signal produced by the 
amplifier.

40

60

80

t (s)

Vout (V)

0.3

0.4

0.5

t (s)

Vin (V)

QUESTION 22 2 marks
The following input voltage signal is fed into the amplifier. 
On the blank axes below, sketch the corresponding output 
voltage signal produced by the amplifier.

0.1

0.2

0.3

0.4

0.5

0.6

0.7

t (s)

Vin (V)

Vout (V)

t (s)

 20

 60

100

 gain 5 Vout 4 Vin

	 	 5 80 4 0.4

	 	 5 200

200  

Inverting

The quiescent point is the centre of the sloping 
section of the amplifier graph. The coordinates of this 
point are (0.4, 60).

Vinput 5 0.4 V; Voutput 5 60 V

If the polarity of the battery is reversed, the diode 

becomes reverse biased. Reverse biased diodes do 

not conduct, so no current flows in the circuit.

The slope of the transfer characteristic graph is 

negative.

OR

A rise in the input voltage produces a drop in the 

output voltage.

40

60

80

t (s)

Vout (V)

0.3

0.4

0.5

t (s)

Vin (V)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

t (s)

Vin (V)

Vout (V)

t (s)

 20

 40

 60

 80

100

Vinput 5 0.4 V

Voutput 5 60 V
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Test 4 17

QUESTION 23 3 marks
On the blank axes below, sketch the transfer characteristic 
for a voltage amplifier with the following qualities:

•	 non-inverting with a gain of 50

•	 input voltage at the quiescent point of 0.2 V

•	 output voltage at the quiescent point of 10 V

•	 input voltage range of 0 to 0.4 V

Vout (V)

Vin (V)

The circuit diagram, below left, shows an LED connected 
in series with a limiting resistor. The graph on the right 
shows the I2V characteristic for the LED.

I (mA)

V(V)1.6

6.0 V 

R

I = 44 mA

QUESTION 24 2 marks
For the circuit above, calculate the voltage across the 
resistor.

Answer:

QUESTION 25 2 marks
Calculate the value of the resistor R.

Answer:

QUESTION 26 2 marks
Calculate the power output of the LED.

Answer:

	VR 5 6.0 2 1.6

	 	 5 4.4 V

4.4 V

R 5 V 4 I

	 5 4.4 4 (44 3 1023)

	 5 100 

100 

	PLED 5 V 3 I

	 	 5 1.6 3 44 3 1023

	 	 5 0.0704 W or 0.07 W

0.07 W 

Vout (V)

Vin (V)

20

10

0.2 0.4
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Test 5 Core short answer questions: 60 marks
Suggested time: 70280 minutes

QUESTION 3 3 marks
What is the initial horizontal component of the stone’s 
velocity if it leaves the thrower’s hand at an angle of 58° 
to the horizontal?

Answer:

QUESTION 4 4 marks
What horizontal distance from the bridge does the stone 
travel before it hits the water?

Answer:

A group of students are standing on a bridge, trying to see 
who can throw a stone the farthest from the bridge, into 
the river below. Where the students are throwing their 
stones from is 6.5 m above the water. One of the students 
measures the time it takes for a stone thrown by someone 
else to return to the launch height to be 3.6 s.

QUESTION 1 2 marks
What is the initial vertical component of the stone’s 
velocity?

Answer:

QUESTION 2 3 marks
What vertical height does the stone reach above the 
water?

Answer:

Core short answer questions
Specific instructions to students

•	 Answer all questions in the spaces provided.

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

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

vertically:

u 5 18, a 5 210,

s 5 26.5, t 5 ?

s 5 ut 1 ½ at 2

26.5 5 18 t 2 5t 2

5t 2 2 18t 2 6.5 5 0

solving gives t 5 3.93 s

horizontally:

u 5 11.2, v 5 11.2,

a 5 0, t 5 3.93, s 5 ?

s 5 ut 1 ½ at 2

	 5 11.2 3 3.93

	 5 44 m

44 m

18 ms21

taking up as positive vertically to the top:

u 5 ?, v 5 0, a 5 210,

t 5 3.60 4 2 5 1.80

v 5 u 1 at

0 5 u 1 210 3 1.8

u 5 18 ms21

22.7 m

taking up as positive vertically to the top:

v 5 0, a 5 210, t 5 1.8, s 5 ?

s 5 vt 2 ½ at 2

	 5 0 − ½ 3 −10 3 1.82

s 5 16.2

height 5 16.2 1 6.5 5 22.7 m

vertically: u 5 18 ms21

tan58° 5 18 4 uh

uh 518 4 tan58°

	 5 11.248 ms21

11.2 ms21

58°
uh

18
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Test 5  19

A 540 g metal ball is rolling along a flat, frictionless 
surface at a speed of 2.3 ms21 as shown in the diagram.

2.3 ms–1

32°
h

QUESTION 5 2 marks
How much kinetic energy does the metal ball possess?

Answer:

The ball encounters a slope inclined at 32° to the 
horizontal.

QUESTION 6 2 marks
What vertical height ‘h’ will the ball reach up the slope 
before it stops and rolls back down?

Answer:

The mass of the Moon is 7.35 3 1022 kg and the mass of 
the Earth is 5.98 3 1024 kg. The radius of the Moon’s orbit 
around the Earth is 3.84 3 108 m.

QUESTION 7 2 marks
Calculate the magnitude of the gravitational force 
between the Moon and the Earth.

Answer:

QUESTION 8 2 marks
Calculate the magnitude of the Earth’s gravitational field 
at the position of the Moon.

Answer:

QUESTION 9 2 marks
Calculate the magnitude of the Moon’s gravitational field 
at the position of the Earth.

Answer:

Three resistors are connected in a circuit as shown below.

13 V

20 10

15

QUESTION 10 2 marks
Calculate the effective resistance of this circuit.

Answer:

QUESTION 11 2 marks
Calculate the current flowing through the 20  resistor.

Answer:

g 5 G mMoon/r 
2 

 5 (6.67 3 10211 3 7.35 3 1022) 4 (3.84 3 108)2

	 5 3.32 3 1025 Nkg21

3.32 3 1025 Nkg21

I 5 V 4 R

	 5 13 4 26

	 5 0.5 A

0.5 A

KE is converted to GPE

1.4 5 mgh

1.4 5 540 3 1023 3 10 3 h

h 5 0.259 m

0.26 m

0.26 m

KE 5 ½ mv 2

							5 ½ 3 540 3 1023 3 2.32

							5 1.43 J or 1.4 J

1.4 J

g 5 G mEarth/r 
2 

	 5 (6.67 3 10211 3 5.98 3 1024) 4 (3.84 3 108)2

	 5 2.70 3 1023 Nkg21

Rparallel 5 (1021 1 1521)21

	 5 6

Reffective 5 6 1 20

	 5 26 

26 
F 5 G mMoon mEarth/r 

2

	 5 (6.67 3 10211 3 7.35 3 1022 3 5.98 3 1024)

	 4 (3.84 3 108)2

	 5 1.99 3 1020 N

1.99 3 1020 N

2.70 3 1023 Nkg21
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QUESTION 12 3 marks
Calculate the power output of the 10  resistor.

Answer:

QUESTION 13 2 marks
Which of the following circuit diagrams and bias 
description is correct for an LED?

A B

C D

forward bias reverse bias

forward bias reverse bias

Answer:

QUESTION 14 2 marks
Which of the following circuit diagrams and bias 
descriptions is correct for a photodiode operating 
correctly?

forward bias reverse bias

forward bias reverse bias

A B

C D

forward bias reverse bias

forward bias reverse bias

A B

C D

Answer:

An LED is normally connected in a circuit with a limiting 
resistor and power supply.

QUESTION 15 2 marks
Complete the circuit diagram below to show how such a 
circuit would be connected.

B 

A photodiode operates correctly when reverse biased 

so the symbol ‘points’ to the left.

V 20 5 IR

	 5 0.5 3 20 5 10 V

Vparallel combination 5 13 2 10 5 3 V

P10 5 V 2 4 R

	 5 32 4 10

	 5 0.9 W

0.9 W

A 

LEDs operate in forward bias and emit light, 

 the arrows point away from the circuit symbol.

or similar 
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QUESTION 16 2 marks
Why is a limiting resistor used in LED circuits?

Answer:

QUESTION 17 2 marks
If the graph below represents an I2V characteristic for a 
typical LED circuit powered by a potential difference of 
6 V, what value limiting resistor would be needed?

25.0

1.60

I (mA)

V (V) 

Answer:

In many applications, LEDs are preferable to ordinary 
light globes.

QUESTION 18 2 marks
What are two advantages of LEDs over ordinary light 
globes?

Answer:

An 80  resistor is connected in series with a different 
LED and a 12 V power supply.

QUESTION 19 3 marks
Calculate the current in mA flowing through the LED if 
it has a potential difference of 1.8 V across it. Give your 
answer in mA.

Answer:

QUESTION 20 3 marks
This circuit is not ideal to operate the LED. Explain 
your answer and suggest an alternative arrangement if 
necessary.

Answer:

QUESTION 21 2 marks
For the voltage divider circuit shown below, what is the 
output voltage if R1 5 3 k and R2 5 6 k?

9 V

R1

R2

0 V

Vout

Answer:

QUESTION 22 3 marks
If R2 5 5 k, what value of R1 will produce an output 
voltage of 0.6 V? Give your answer in k.

Answer:

The limiting resistor reduces the potential difference 

across the LED to the required value and therefore 

prevents the LED from being damaged.

VR 5 12 2 1.8

	 5 10.2 V

I 5 V 4 R 5 10.2 4 80

			5 0.1275 A 5 128 mA

128 mA

The current is quite high and may damage the LED. 

A larger resistor would reduce the current to a more 

suitable level.

Vout 5 R2 /(R1 1 R2)Vin

	 5 6 4 (3 1 6) 3 9

6 V

Rearranging the voltage divider formula gives:

R1 5 R2 (Vin − Vout)/ Vout

	 5 5 3 (9 − 0.6) 4 0.6

70 k

VR 5 6.00 2 1.60

	 5 4.40 V

R 5 V 4 I 

 5 4.40 4 (25.0 3 1023)

	 5 176 

Any two of the following:

• LEDs are very durable

• LEDs emit light using very low voltages

• LEDs will operate for extended periods of time 2 up  

to 500 times longer than ordinary light globes

• LEDs consume much less power than ordinary light  

globes

176 
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The diagram below represents the transfer characteristic 
for a voltage amplifier.

Vout (V) 

Vin (V) 

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.2 0.80.4 0.6 1.0 1.41.2 1.6

QUESTION 23 2 marks
State the input voltage that provides the ideal operating 
condition for this amplifier and the corresponding output 
voltage.

Answer:

QUESTION 24 2 marks
Calculate the voltage gain of this amplifier.

Answer:

QUESTION 25 1 mark
What is the value of Vout when Vin 5 0.7 V?

Answer:

QUESTION 26 1 mark
What is the value of Vout when Vin 5 0.5 V?

Answer:

QUESTION 27 2 marks
On the axes below, draw the output voltage for the 
following input voltage. Include values on the Vout axis.

0.5

0.6

0.7

time

Vin (V) 

time

Vout   (V) 

input bias voltage 5

output voltage 5 

The ideal operating condition is the centre of the 

sloping section of the transfer characteristic.

gain 5 Vout 4 Vin

	 5 6 4 0.4

	 5 15

15

2.5 V

5.5 V

0.5

0.6

0.7

time

Vin (V) 

2.5

5.5

time

Vout   (V) 

input bias voltage 5 0.6 V

output voltage 5 4 V 
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Test 6 Section A 2 Core short answer questions: 35 marks
Section B 2 Detailed studies short answer questions: 135 marks
Suggested time: 80290 minutes

23Test 6

Test 6

A thermistor has the following characteristic curve.

20 40 600

30

25

20

15

10

5

0

resistance
(k )

temperature (°C)

QUESTION 4 2 marks
What is the approximate resistance of the thermistor at 
25°C?

Answer:

The thermistor described above is used in a thermostat 
circuit with a 20 k resistor as shown below.

thermistor

20 k �

0 V

Vout

+12 V 

QUESTION 5 2 marks
What is the value of Vout at 25°C?

Answer:

A 1.2 3 103 kg car collides with a telegraph pole and 
comes to rest from a speed of 15 ms21 in 880 ms.

QUESTION 1 4 marks
What is the size of the average stopping force acting on 
the car during the collision? Give your answer in kN.

Answer:

QUESTION 2 2 marks
Fully describe the action and reaction forces of Newton’s 
third law as they relate to this collision.

Answer:

QUESTION 3 4 marks
In real collisions such as this, the telegraph pole usually 
remains upright and doesn’t move very much, if at all, 
even though it may have a similar mass to the car. Explain 
whether the law of conservation of momentum applies 
to cases such as this and why the telegraph pole doesn’t 
move very much.

Answer:

Section A: Core short answer questions
Specific instructions to students

• Answer all questions in the spaces provided.

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

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

	Vout 5 R2 4 (R1 1 R2) 3 Vin

	 5	20 4 (20 1 20) 3 12 

 5	20 4 40 3 12 

 5	6 V

6 V

I 5 F 3 t 5 m 3 v

	F 5 m 3 v 4 t

	 5	1.2 3 103 3 15 4 (880 3 1023)

	 5	2.0454 3 104 N

	 5	20 kN

20 kN

In this collision, the action force is the force of  

2.0 3 104 N that the car exerts on the telegraph pole. 

The reaction force is 2.0 3 104 N that the telegraph 

pole exerts on the car.

The law of conservation of momentum does apply in 

cases such as this. Because the telegraph pole is firmly 

anchored to the Earth, the car transfers its momentum 

to the telegraph pole, which in turn transfers the 

momentum to the Earth. However, because of the 

large mass of the Earth, there is no obvious change in 

the Earth’s motion during the collision.

20 k	

Go up from 25°C to the curve, then left to the y-axis 

where R 5 20 k.
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QUESTION 6 4 marks
Describe the variation of Vout as the temperature 
varies between 25°C and 40°C. Include any necessary 
calculations in your answer.

Answer:

QUESTION 7 3 marks
What current flows through the thermistor at 40°C? Give 
your answer in mA.

Answer:

QUESTION 8 2 marks
What is the effective resistance of a 120  resistor in 
parallel with a 360  resistor?

Answer:

It is desired that a voltage amplifier has the transfer 
characteristic shown below.

0.02 0.04 0.06-0.02-0.04-0.06

1

2

3

4

-1

-2

-3

-4

Vin (V)

Vout (V)

QUESTION 9 2 marks
What is the voltage gain of this amplifier?

Answer:

QUESTION 10 4 marks
Draw the correct output voltage graph for the following 
input voltage assuming the amplifier is biased correctly.

–0.03

0

0.03

time

Vin(V)

time

Vout (V)

QUESTION 11 2 marks
Describe what happens to the output voltage graph when 
the input voltage exceeds 0.06 V.

Answer:

LEDs are replacing ordinary incandescent light globes in 
torches and other lighting applications. LED torches claim 
up to 40 h of continuous light compared to about 2 h 
continuous light from an ordinary torch.

QUESTION 12 2 marks
Offer a suitable explanation for this dramatic increase in 
operating time.

Answer:

At 25°C, Vout 5 6 V (from question 5)

At 40°C, resistance of thermistor 5 10 k (from the  
graph)

so Vout 5 (10 4 (10 1 20)) 3 12 5 4 V

Reffective 5 10 1 20 5 30 k

	I 5 V 4 R

	 5	12 4 30,000

	 5	4 3 1024 A

	 5	4 3 1024 3 103 5 0.4 mA

0.4 mA

	Reffective 5 (R1
21 1 R2

21)21

	 5	(12021 1 36021)21

	 5	90 

90 

 gain 5   
Vout _____ 
Vin

  

	 5 3 4 0.04

	 5 75

75

The output voltage graph is clipped at the bottom 

(saturation).

LEDs operate on a much lower electric current than 

ordinary incandescent bulbs, so the batteries in LED 

torches last much longer, giving the greater operating 

time.

Therefore, Vout varies from 6 V → 4 V, decreasing as  

the temperature increases.

time

Vout (V)

–1.5

0

1.5
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An analogue output signal from a microphone can be 
used to modulate the light output from an LED. The 
graph below shows part of the output signal from a 
microphone.

time

V

0

QUESTION 13 2 marks
On the axes below, sketch a graph of the optical intensity 
output from an LED once it has been modulated by the 
microphone signal. At the left-hand side of the graph is 
the LED intensity when no information (0 V) is being 
conveyed.

light
intensity

time
0

Detailed study 1: Einstein’s special relativity

Two identical spacecrafts are launched from the Earth. 
They eventually reach a speed of 0.600c travelling in 
opposite directions to each other in space. 

0.600c 0.600c

QUESTION 1 3 marks
Calculate the value of the Lorentz factor for one of the 
spacecraft travelling at 0.62c.

Answer:

QUESTION 2 3 marks
Consider a person on one of the spacecraft travelling 
away from the Earth at 0.600c. At what speed will he see 
the Earth moving away from him? Explain your answer.

Answer:

QUESTION 3 3 marks
The person on the spacecraft says to the captain that he 
will see the other spacecraft travelling at a speed of  
0.600c 1 0.600c 5 1.20c relative to himself. The captain 
says that this is not possible. Who is correct and why?

Answer:

QUESTION 4 2 marks
If one of the spacecraft had a rest mass of 4.60 3 104 kg, 
what would be its relativistic mass while travelling at a 
constant speed of 0.600c?

Answer:

Section B – Detailed studies short answer 
questions
Specific instructions to students

• Answer the following questions for ONE detailed 
study only.

Relevant data:

speed of light c 5 3.0 3 108 ms21

rest mass of an electron 5 9.1 3 10231 kg

	g 5   1 2   v	2 ___ 
c	2

    
2		1 __ 

2
  

	 5	(1 2 0.62)
2		1 __ 

2
  

	 5	1.25

1.25

He will see the Earth travelling away from them at 

0.6c. The person on the spacecraft sees himself as 

the rest frame of reference. Speed is relative, so he 

sees the Earth as having an equal speed but in the 

opposite direction. 

The captain is correct. Due to the relativity of space 

and time, velocities don’t add up like this. The 

person will see the other spacecraft travelling away 

from him at close to the speed of light but not 

greater than the speed of light. 

	m 5 gmo

	 5	1.25 3 4.6 3 104

	 5	5.75 3 104 kg

5.75 3 104 kg

light
intensity

time
0
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QUESTION 5 2 marks
If one of the spacecraft had a length of 16.8 m when at 
rest, what will its length appear to be to a stationary 
observer outside the spacecraft who sees it travel past at 
0.600c?

Answer:

QUESTION 6 2 marks
If an occupant of one of the spacecraft could measure the 
whole length of the spacecraft from within it, what length 
measurement would he obtain while travelling at 0.600c?

Answer:

QUESTION 7 2 marks
Are two objects moving at the same speed but in different 
directions (i.e. at different velocities) in the same inertial 
reference frame? Explain your answer.

Answer:

QUESTION 8 2 marks
Rephrase the following statement to clarify its meaning:

‘The first thing to understand about Special Relativity is 
that space and time are relative.’

Answer:

QUESTION 9 2 marks
If a moving object has a Lorentz factor of 1.05, what speed 
would it be travelling at? Give your answer as a multiple 
of c (the speed of light).

Answer:

QUESTION 10 2 marks
Consider yourself as a stationary observer while an object 
containing a normal clock travels past you at very high 
speed. Which of the following is correct?

A You ovserve the length of the object to be contracted 
and the clock inside the object to be running fast.

B You observe the length of the object to be lengthened 
and the clock inside the object to be running fast.

C You observe the length of the object to be contracted 
and the clock inside the object to be running slow.

D You observe the length of the object to be running 
slow.

Answer:

QUESTION 11 3 marks
The result of the Michelson2Morley experiment is 
sometimes known as the ‘null’ result. ‘Null’ means 
‘nothing’. What was nothing and what was the 
significance of the null result?

Answer:

QUESTION 12 2 marks
What was Einstein’s explanation of the Michelson2Morley 
experiment?

Answer:

	L 5 Lo /g

	 5	16.8 4 1.25

	 5	13.4 m

13.4 m

Answer C is correct.  

Moving object is length-contracted and its clock  

runs slow. 

The occupant sees the proper length (16.8 m) of the 

spacecraft, i.e. the same length as when at rest.

No, the two objects are not in the same inertial frame 

of reference. Having different velocities means they 

must be in different reference frames.

This basically means that different observers 

can measure different values for space and time 

depending on their frame of reference.

	v 5 c (1 2 1/g	2)1/2

	 5	c (1 2 1 4 1.052)1/2

	 5	0.305 c

0.305 c

The nothing part of the Michelson2Morley experiment 

was that there was no difference in the speed of light 

when measured parallel and perpendicular to the 

aether wind. The significance of this was that it meant 

that the motion of the Earth through aether was 

undetectable.

Einstein’s explanation was that aether did not exist 

anyway and that the speed of light is constant 

regardless of the frame of reference. 
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QUESTION 13 2 marks
Which two of the following are correct about the 
Michelson2Morley experiment? 

A The apparatus Michelson and Morley used was called 
a spectrometer.

B The apparatus Michelson and Morley used was called 
an interferometer.

C The experiment was performed and then the 
apparatus was rotated through 90° and repeated.

D The experiment was performed and then the 
apparatus was rotated through 180° and repeated.

Answer:

QUESTION 14 2 marks
A canon ball dropped alongside the mast of a moving 
ship will hit the deck alongside the base of the mast. How 
does the Principle of Relativity explain this observation?

Answer:

QUESTION 15 2 marks
Which of the following statements are applicable to 
Galilean relativity? (Choose one or more answers.)

A The speed of light is absolute.

B The length of a moving object is different in different 
frames of reference.

C The laws of physics do not depend on the velocity of 
the frame of reference.

D There is no absolute frame of reference.

E The speed of light is 3 3 108 ms21 relative to the aether.

Answer:

QUESTION 16 2 marks
Einstein’s postulates that form the basis of Special 
Relativity are (one or more answers):

A The speed of light is absolute.

B The length of a moving object is different in different 
frames of reference.

C The laws of physics do not depend on the velocity of 
the frame of reference.

D There is no absolute frame of reference.

E The speed of light is 3 3 108 ms21 relative to the aether.

Answer:

QUESTION 17 2 marks
Maxwell’s main contribution to relativity was (one or 
more answers):

A The speed of light is absolute.

B The length of a moving object is different in different 
frames of reference.

C The laws of physics do not depend on the velocity of 
the frame of reference.

D There is no absolute frame of reference.

E The speed of light is 3 3 108 ms21 relative to the aether.

Answer:

QUESTION 18 3 marks
According to Newtonian mechanics, the formula for 
kinetic energy is: KE 5 ½ mv2. According to Newtonian 
mechanics, what would be the speed of an electron with a 
kinetic energy of 1.2 3 10212 J?

Answer:

QUESTION 19 2 marks
As an electron approaches the speed of light, continuously 
adding kinetic energy to it does not allow the electron to 
attain faster and faster speeds indefinitely. Why is this?

Answer:

Statements B and C are correct. 

A spectrometer is used to examine the spectra of 

various light sources. The experiment was rotated 

through 90° not 180°.

The Principle of Relativity states that the laws 

of physics are correct regardless of the frame of 

reference. In the frame of reference of the moving 

ship, the canon ball falls vertically downwards, as if 

the ship were stationary. Hence, it lands alongside the 

base of the mast.

Statements C and D apply to Galilean relativity. 

Statements A and B apply to the Einstein’s Principle 

of Special Relativity. Statement E applies to Maxwell’s 

work.

Statements A and B relate to Special Relativity.

Maxwell’s contribution is related to the speed of light, 

therefore statement E is correct.

KE 5 ½ mv	2

1.2 3 10212 5 ½ 3 9.1 3 10231 3 v	2

v 5 1.6 3 109 ms21 (which is faster than the speed of 
light and therefore impossible)

1.6 3 109 ms21

As objects approach the speed of light, their mass 

increases infinitely, which limits their maximum speed 

and stops them from travelling at, or faster than, the 

speed of light.
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QUESTION 20 2 marks
In reality, what approximate speed will an electron with 
1.2 3 10212 J of kinetic energy attain?

Answer:

Detailed study 2: materials and their use 
in structures

The diagrams in the next four questions show a concrete 
column subjected to various forces represented by the 
arrow combinations:

For the next four questions, choose the correct force 
indicated by the arrow combinations:

A bending

B tension

C compression

D shear

QUESTION 3

Answer:

1 mark

Answer:

1 mark

1 mark 1 mark

Answer: Answer:

QUESTION 1 QUESTION 2 

QUESTION 4 

A cylindrical wire of diameter 0.40 mm and length 2.1 m 
is subjected to a tension force of 32 N.

QUESTION 5 2 marks
Calculate the cross-sectional area of the wire.

Answer:

QUESTION 6 2 marks
Calculate the amount of stress in the wire.

Answer:

QUESTION 7 1 mark
Convert your answer in the previous question to MPa.

Answer:

QUESTION 8 2 marks
If the wire stretches by 3.6 mm, calculate the amount of 
strain in the wire.

Answer:

QUESTION 9 3 marks
What is the correct unit for strain? Explain your answer.

Answer:

  

  

	A 5 d	2/4

	 5	 (0.40 3 1023)2 4 4

	 5	1.25 3 1027 m2 or 1.3 3 1027 m2

1.3 3 1027 m2

	s 5 F/A

	 5	32 4 (1.25 3 1027)

	 5	2.56 3 108 Pa or 2.6 3 108 Pa

2.6 3 108 Pa

2.56 3 108 Pa 5 2.56 3 108 4 106

	 5	256 MPa or 260 MPa

260 MPa

	e 5 L 4 L

	 5	(3.6 3 1023) 4 2.1

	 5	0.0017

	 5	1.7 3 1023

1.7 3 1023

Strain has no units. This is because it is length 4 length, 

so the length units cancel out.

 C

It will attain an approximate speed of c, the speed of 
light 5 3 3 108 ms21.

3 3 108 ms21

 B

 A  D

06_Physics Exam 1 Unit 3 TXT.ind28   28 6/28/08   2:46:09 PM



29Test 6

QUESTION 10 2 marks
Express the amount of strain from question 8 as a 
percentage of the original length.

Answer:

QUESTION 11 2 marks
For the amount of stress in the wire to double, which of 
the following would need to occur?

A The wire would need to stretch by twice as much and 
all else remain the same.

B The force in the wire would need to double and all else 
remain the same.

C The diameter of the wire would need to double and all 
else remain the same.

D The length of the wire would need to double and all 
else remain the same.

Answer:

QUESTION 12 2 marks
For the amount of strain in the wire to double, which of 
the following would need to occur?

A The wire would need to stretch by twice as much and 
all else remain the same.

B The force in the wire would need to triple and all else 
remain the same.

C The diameter of the wire would need to double and all 
else remain the same.

D The length of the wire would need to double and all 
else remain the same.

Answer:

QUESTION 13 2 marks
Calculate the value of Young’s modulus for the wire.

Answer:

A synthetic fibre has the following stress2strain graph 
when placed under tension.

 (MPa)

0.2

3.1

(%)

QUESTION 14 2 marks
Use the graph to determine the value of Young’s modulus 
for the fibre.

Answer:

A metal wire has the following stress2strain graph 
which also shows that of the fibre for comparison.  
The ‘x’ indicates failure of each material.

5.0
4.7

3.1

0.2 0.5 1.2

 (MPa)

(%)

metal

fibre

 %strain 5 0.0017 3 100

	 5	0.17% 

0.17%

Answer B is correct.  

Because s 5 F/A, for the stress to double, the force 

would need to double or the area would need to 

halve.

Answer A is correct.  

Because  5 L/L, for the strain to double, the stretch 

would need to double.

Y 5 s/e

	 5	2.5 3 108 4 0.0017

	 5	1.5 3 1011 Pa

1.5 3 1011 Pa

Y  5 rise/run

	 5	3.1 3 106 4 (0.2/100)

	 5	1.55 3 109 or 1.6 3 109 Pa

1.6 3 109 Pa

5.0
4.7

3.1

0.2 0.5 1.2

 (MPa)

(%)

metal

fibre
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QUESTION 15 4 marks
Describe the behaviour of the two materials under 
tension. 

a Fibre:

b Metal wire:

QUESTION 16 1 mark
What is the approximate elastic limit of the metal wire?

Answer:

QUESTION 17 1 mark
What is the approximate ultimate tensile strength of the 
metal wire?

Answer:

QUESTION 18 2 marks
Which of the two materials is the strongest? Explain your 
answer.

Answer:

QUESTION 19 2 marks
Which of the two materials has the greater toughness? 
Explain your answer.

Answer:

QUESTION 20 2 marks
Which of the two materials is the stiffest? Explain your 
answer.

Answer:

QUESTION 21 4 marks
For the metal wire, estimate the strain energy per unit 
volume stored in the wire just prior to fracture.

Answer:

Concrete beams are often used as roof beams in offices or 
large buildings. The beams are usually supported at each 
end by the walls of the building as shown in the following 
diagram.

wallwall

floor

Roof beam

QUESTION 22 4 marks
Such concrete beams are more likely to develop cracks on 
their lower surfaces than on upper surfaces. Why is this?

Answer:

QUESTION 23 1 mark
Concrete beams used in these situations are often 
‘reinforced’ with steel rods placed inside the concrete near 
the lower surface. What property of steel makes it useful 
for this task?

Answer:

The strain energy per unit volume is the area under 
the graph

area 5  (½ 3 (0.5/100) 3 4.7 3 106) 1 ((0.7/100)  
3 4.9 3 106)

	 5	11750 1 34300

	 5	4.6 3 104 Jm23

Accept from 4.5 3 104 to 4.7 3 104 Jm23

The beam will bend under its own weight. This 

makes the upper surface of the beam experience 

compression and the lower surface of the beam 

experience tension. Concrete is strong in compression 

but weak in tension, therefore it is more likely to 

develop cracks along the lower surface where it is in 

tension.

Steel is strong in tension.

5.0 MPa  

The ultimate tensile strength is the highest stress value.

The metal wire is the strongest. This is because it has 

a higher maximum stress value than the fibre.

The metal wire has the greater toughness. This is 

because it has a larger area under the graph.

The fibre is the stiffest. This is because it has a higher 

value of Young’s modulus indicated by a steeper linear 

section on the graph.

4.7 MPa  

The elastic limit is the stress value at the end of the 

linear section.

Fibre stretches elastically until it fractures at a strain 

of 0.2%. This is typical brittle behaviour. There is no 

plastic region.

Metal wire stretches elastically until it reaches its 

elastic limit, then stretches plastically until failure at 

a strain of 1.2%.
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Detailed study 3: Further electronics
An AC voltage has the following waveform when viewed 
on a cathode-ray oscilloscope.

time (ms)2 4 6 8 10

–10

10
V (V)

QUESTION 1 2 marks
What is the period of this voltage? Give your answer  
in ms.

Answer:

QUESTION 2 2 marks
What is the frequency of this voltage?

Answer:

QUESTION 3 2 marks
The peak voltage is:

A 10 V

B 20 V

C 14 V

D 7.1 V

Answer:

QUESTION 4 2 marks
The peak-to-peak voltage is:

A 10 V

B 20 V

C 14 V

D 7.1 V

Answer:

QUESTION 5 2 marks
The RMS voltage is:

A 10 V

B 20 V

C 14 V

D 7.1 V

Answer:

QUESTION 6 2 marks
The grid below represents the grid on a CRO screen.

5 ms

2 V

Using the scales shown, draw the appearance of a 4 V 
peak, 50 Hz AC signal.

Answer:

Period is the time for one complete cycle 5 4 ms

f 5 1/T

	 5	1 4 (4 3 1023)

	 5	250 Hz

250 Hz

Answer A is correct.  

The peak voltage is the amplitude of the AC voltage 

from the zero line to the highest or lowest voltage.

Answer B is correct.  

The peak-to-peak voltage is from the lowest voltage 

(210 V) to the highest (10 V). 10 1 10 5 20 V

Vrms 5 Vpeak 4  
__

 2  

	 5	10 4   
__

 2  

	 5	7.1 V

Answer D is correct.

Therefore, amplitude is two squares (4 V) and the period 

is four squares.

5 ms

2 V

or similar 

T 5 1/f

	 5	1/50

	 5	0.02 s

	 5	20 ms period
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QUESTION 7 2 marks
Describe in order the steps required to use a multimeter 
correctly as an ammeter.

Answer:

A rectifier circuit is used to convert a sinusoidal AC signal 
into DC. The resulting signal is half-wave rectified.

QUESTION 8 3 marks
Draw an appropriate circuit diagram below for such a 
circuit. 

QUESTION 9 2 marks
Draw on your diagram where you would connect a CRO 
in order to correctly display the half-wave rectified signal.

QUESTION 10 2 marks
Sketch on the grid below the typical shape of the half-wave 
rectified signal as it would appear on the CRO screen. 

An improvement to the previous circuit would be to use a 
bridge rectifier. A bridge rectifier is drawn below. 

QUESTION 11 2 marks
Draw an AC supply and output voltage on the diagram 
and connect them correctly to the bridge rectifier.

QUESTION 12 2 marks
Sketch on the grid below, the typical shape of the output 
voltage from the bridge rectifier as it would appear on a 
CRO screen.

The voltage vs time graph for a capacitor appears below.

time (ms)0 50
0

10 20 30 40

2

4

6

8

Vc (V)

10

QUESTION 13 3 marks
Had this graph been obtained while the capacitor was 
being charged or discharged? Explain your answer.

Answer:

QUESTION 14 2 marks
Determine an approximate value for the time constant for 
this capacitor. Justify your answer.

Answer:

This is a charging graph. The capacitor stores charge 

and hence its plates develop a potential difference 

across them over time. This is shown by the voltage 

increasing over time on the graph.

The capacitor is fully charged after 50 ms, which is five 

time constants. Therefore T 5 10 ms.

Connect the multimeter into your circuit. Set the scale 

on the multimeter to the highest current range. Turn 

on the power to the circuit. Adjust the scale to give an 

appropriate measurement. Turn the power off.

CRO

Vout

or similar 
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QUESTION 15 3 marks
If the capacitor had been connected in combination with a 
250  resistor, what would be the value of the capacitor? 
Give your answer in F.

Answer:

QUESTION 16 4 marks
If the 250  resistor was replaced with a 1250  resistor, 
how would the voltage vs time graph appear now? 
Draw the graph based on your answer on the axes below. 
Include a calculation of the new time constant before 
drawing the graph. Give your answer in ms.

Answer:

0

10

8

6

4

2

0 5010 20 30 40 time
(ms)

Vc (V) 

QUESTION 17 2 marks
A 1000  resistor and 30 µF capacitor have a time 
constant of 30 ms. Which of the following combinations 
of capacitor and resistor would give a time constant of the 
same duration?

A 15 µF and 500  

B 20 µF and 2000  

C 30 µF and 1000  

D 60 µF and 500  

Answer: 

QUESTION 18 2 marks
Which of the following capacitor and resistor 
combinations would best smooth the following signal, 
as displayed on a CRO screen? The time base was set to 
10 ms per square.

10 ms

The
amplitude

of the
signal is

8V

A 15 µF and 500  

B 20 µF and 2000  

C 30 µF and 1000  

D 60 µF and 500 

Answer:

t  5 RC → C 5 t /R

C	5	(10 3 1023) 4 250

	 5	4.0 3 1025 F

	 5	4.0 3 1025 4 1026 F

	 5	40 F

40 F

t 5 RC

	 5	1250 3 40 3 1026

	 5	0.05 s

	 5	0.05 4 1023 ms

	 5	50 ms

Therefore, graph will climb 63% of 10 V (i.e. to 6.3 V) 
in 50 ms.

50 ms

t 5 RC

	 5	500 3 60 3 1026

	 5	0.03 s

	 5	0.03 4 1023 ms

	 5	30 ms

Answer D is correct.

t 5 RC

	 5	2000 3 20 3 1026

	 5	0.04 s

	 5	0.04 4 1023 ms

	 5	40 ms

Answer B is correct.  

The best smoothing will be produced by the 

combination with the highest time constant.

0

10

8

6

4

2

0 5010 20 30 40 time
(ms)

Vc (V) 
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QUESTION 19 2 marks
Draw on the trace below, the resulting waveform when 
a 40 µF capacitor is used in combination with a 500  
resistor to smooth the voltage signal. The original signal is 
shown dotted.

4V

10 ms

Answer:

QUESTION 20 2 marks
Draw on the trace below, the resulting waveform when 
a 30 µF capacitor is used in combination with a 2000  
resistor to smooth the voltage signal. The original signal is 
shown dotted.

4V

10 ms

Answer:

 

This means the signal drops to 37% in 60 ms which 

produces a ripple voltage of approximately 1/3 of a 

square on the diagram.

t 5 RC

	 5	2000 3 30 3 1026

	 5	0.06 s

	 5	0.06 4 1023 ms

	 5	60 ms

t 5 RC

	 5	500 3 40 3 1026

	 5	0.02 s

	 5	0.02 4 1023 ms

	 5	20 ms

This means the signal drops to 37% in 20 ms, which 

produces a ripple voltage of approximately 2/3 of a 

square on the diagram.
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Test 7 Section A 2 Core short answer questions: 50 marks
Section B 2 Detailed studies short answer questions: 120 marks
Suggested time: 90 2100 minutes

Test 7 35

QUESTION 3 2 marks
What is the size of the new gravitational force acting 
on the objects if the mass of object A is doubled and the 
distance between their centres is halved?

A F/4

B F/8

C 2F

D 4F

E 8F

Answer:

QUESTION 4 3 marks
A Physics teacher tells his class that an object travelling in 
circular motion at constant speed does not have constant 
momentum. Is this statement true or false? Explain your 
answer.

Answer:

A cricketer catches a 150 g cricket ball and brings it to rest 
from a speed of 16 ms21 over a distance of 12 cm with a 
nearly constant stopping force.

QUESTION 5 2 marks
Determine the time it took the cricketer to stop the cricket 
ball.

Answer:

QUESTION 1 3 marks
What is the mass of a satellite if it orbits the Earth 
at an altitude of 550 km and the Earth exerts a force of 
9.2 3 103 N on it?

Answer:

The gravitational force on two objects (A and B) in space 
is F newtons when their centres are separated by a 
distance r kilometres.

QUESTION 2 2 marks
What is the size of the new gravitational force acting on 
the objects if the distance between their centres is doubled 
to 2r kilometres? Explain your answer.

A F/4

B F/8

C 2F

D 4F 

E 8F

Answer:

Section A: Core short answer questions
Specific instructions to students

•	 Answer all questions in the spaces provided.

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

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

F 5 9200, r 5 550000 1 6.4 3 106,

MEarth 5 5.98 3 1024, Msatellite 5 ?

      F 5   
GMEarthMsatellite  _____________ 

r2  

Msatellite 5 (Fr2) 4 (GMEarth)

Msatellite 5  (9.2 3 103 3 (550000 1 6.4 3 106)2) 
4 (6.67 3 10211 3 5.98 3 1024)

 5 1114 kg

 5 1.1 3 103 kg 

1.1 3 103 kg

A 

Because F  1/r2, F becomes  1/(2r )2 or ¼, what it 

was →	F/4.

E 

Because F  MA     /r
2, F becomes  2MA   /(r/2)2 5  

8MA  /r
2 or eight times what it was → 8F.

This statement is true. Momentum is a vector 

quantity. In uniform circular motion, the object’s 

velocity is constantly changing direction, therefore 

its momentum is also constantly changing direction. 

Momentum therefore cannot be constant.

u 5 16, v 5 0, s 5 0.12, t 5 ?

s 5 ½ (u 1 v)t

0.12 5 ½ 3 16 3 t

t 5 0.12 4 8

   5 0.015 s

0.015 s
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QUESTION 6 2 marks
Calculate the magnitude of the impulse of the cricket ball 
during the catch.

Answer:

QUESTION 7 2 marks
What average force did the cricketer exert on the cricket 
ball during the catch?

Answer:

QUESTION 8 2 marks
What amount of work the cricketer does on the cricket 
ball during the catch?

Answer:

QUESTION 9 2 marks
The cricketer finds that his hands hurt after catching the 
cricket ball. What advice would you give him to reduce 
the size of the stopping force the next time he takes a 
similar catch?

Answer:

An 82 kg stunt pilot flies his plane in a vertical circle of 
radius 120 m at a constant speed of 43 ms−1.

QUESTION 10 2 marks

What is the size of the centripetal acceleration of the pilot 
and his plane during this motion?

Answer:

At the top of the loop, the pilot and his plane are upside 
down.

QUESTION 11 3 marks
What is the size of the force acting between the pilot and 
his seat at the top of the loop?

Answer:

QUESTION 12 2 marks
How long does it take for the plane to complete one full loop?

Answer:

QUESTION 13 2 marks
At the top of the loop, what would be the direction of the 
plane’s instantaneous velocity?

zero

A B C D

Answer:

 I 5 p 5 mv

  5 150 3 1023 3 16

  5 2.4 kgms21

2.4 kgms21

 I 5 Fav 3 t → Fav 5 I 4 t

  5 2.4 4 0.015

  5 160 N

160 N

 W 5 Fav 3 s

  5 160 3 0.12

  5 19.2 J or 19 J

    OR

 W 5 KE 5 ½ mv2

  5 ½ 3 150 3 1023 3 162

  5 19.2 J or 19 J

19 J

Increase the stopping distance from 12 cm by ‘giving’ 

more with his hands. For example, making the ball 

stop over a distance of 36 cm will reduce the force by 

a factor of 3.

C  

During the circular motion, the direction of the 

instantaneous velocity is always at a tangent to the 

motion.

 ac 5 v2/r

  5 432 4 120 5 15.4 or 15 ms−2

15 ms22

v 5 2pr /T  → T 5 2pr/v

T 5 2p 3 120 4 43 5 17.5 or 18 s

18 s

Fc 5 Fseat 1 W

Fseat 5 Fc 2 mg

 5 mac 2 mg

 5 82 3 15.4 2 82 3 10 5 443 or 440 N

440 N

Fseat

W

Fc
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QUESTION 14 3 marks
A person of mass 65 kg is in a lift travelling upwards and 
accelerating upwards at a rate of 0.5 ms−2. What is his 
apparent weight during this motion?

Answer:

An electric circuit consists of three resistors connected in 
parallel and a 9 V supply voltage, as shown below.

10

15

30

A

9 V

QUESTION 15 2 marks
Calculate the effective resistance of this circuit.

Answer:

QUESTION 16 2 marks
Calculate the size of the current flowing through the  
15  resistor.

Answer:

QUESTION 17 2 marks
Calculate the power output from the 10  resistor.

Answer:

QUESTION 18 2 marks
What is the size of the current at point A in this circuit?

Answer:

An LED circuit has the following circuit diagram.

R

1.5 V 

QUESTION 19 3 marks
If the current through the LED is 40 mA and the potential 
difference across it is 1.4 V, calculate the value of the 
resistor R.

Answer:

A student designs a circuit that will automatically turn on 
a set of low-voltage outdoor lights after sunset. She uses 
an LDR whose resistance increases as the light intensity 
falling on it decreases. The circuit appears below.

+6 V 

R1

LDR to light circuit

0

QUESTION 20 3 marks
Will the circuit work correctly and turn the lights on as it 
starts to get dark? Explain your answer.

Answer:

 N 5 ma 1 W

  5 65 3 0.5 1 65 3 10

682.5 N or 683 N

 Reffective 5 (1021 1 1521 1 3021)21

  5 5 

 5 

 I 5 V 4 R

  5 9 4 15

  5 0.6 A

0.6 A

8.1 W

 R 5 V  4 I

  5 (1.5 2 1.4) 4 (40 3 1023)

  5 0.1 4 0.04

  5 2.5 

2.5 

 I 5 V  4 R

  5 9 4 5

  5 1.8 A

1.8 A

Yes, the circuit will operate correctly. As the light 

intensity drops, the resistance of an LDR increases 

and therefore the voltage across it and to the light 

circuit also increases, turning the lights on.

 P 5 V 2 4 R

 5 92 4 10

 5 8.1 W
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QUESTION 21 2 marks
If R1 has a value of 1000  and the LDR has a value of 
2000  at a particular light intensity, what output voltage 
is provided to the light circuit?

Answer:

QUESTION 22 2 marks
With the same light conditions as described in question 21, 
and the light circuit turned off, what current normally 
flows through the LDR? Give your answer in mA.

Answer:

Detailed study 1: Einstein’s special 
relativity

The star Alpha Centauri is approximately 4 light years in 
distance from the Earth. A traveller on board a spacecraft 
travels from the Earth to Alpha Centauri at a constant 
speed of 0.995c.

QUESTION 1 3 marks
Calculate the value of the Lorentz factor for the spacecraft 
described above.

Answer:

QUESTION 2 3 marks
How far does the traveller onboard the spacecraft see the 
distance from the Earth to Alpha Centrauri to be? Explain 
your answer.

Answer:

QUESTION 3 3 marks
How much time does the Earth-bound observer notice 
passing on the spacecraft’s clock during its journey from 
the Earth to Alpha Centauri? Explain your answer.

Answer:

The following diagrams represent the apparatus used by 
Michelson and Morley in their famous 1887 experiment.

QUESTION 4 2 marks
Trace with a solid line, the path of light from the source S 
to M1 and then to the observer.

M1 aether wind 

S

M2

observer

Section B: Detailed studies short answer 
questions
Specific instructions to students

• Answer the following questions for ONE detailed 
study only.

Relevant data:

Speed of light c 5 3.0 3 108 ms21

Rest-mass of an electron 5 9.1 3 10231 kg

 Vout 5 R2 4 (R1 1 R2) 3 Vin

 Vout 5 2000 4 (1000 1 2000) 3 6

 5 4 V

4 V

  I 5 V/R

 5 4 4 2000

 5 0.002 A

 5 2 mA 

2 mA

	g 5   1 2   v 2 __ 
c 2

    
2  1 __ 

2
  

 5 (1 − 0.9952)−1/2

 5 10

10

 L 5 Lo    /  y

 5 4 4 10

 5 0.4 light years

Explanation:

In the frame of reference of the traveller, the distance 
from the Earth to Alpha Centauri is length contracted. 
Hence, he sees the distance as shorter than it really is.

0.4 light years

0.4 light years 

The Earth-bound observer sees the spacecraft’s clock  

run slow by a factor of y = 10. Therefore, he sees it only 

takes 0.4 years to travel from the Earth to Alpha  

Centauri. 

M1 aether wind 

S

M2

observer
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QUESTION 5 2 marks
Trace with a dotted line, the path of light from the source 
S to M2 and then to the observer.

M1 aether wind 

S

M2

observer

QUESTION 6 4 marks
The previous diagrams have a label of ‘aether wind’. 
Explain what the aether wind was meant to be and why it 
was considered to be important.

Answer:

QUESTION 7 3 marks
The previous diagram shows Michelson and Morley’s 
experimental set-up. How did they perform the actual 
experiment?

Answer:

QUESTION 8 2 marks
The main reason why the Michelson2Morley experiment 
failed in its aim was because:

A The speed of light is absolute and independent of the 
frame of reference of the observer.

B The aether was carried along with the Earth.

C The apparatus was not sensitive enough.

D The arm of the experiment that was perpendicular to 
the aether wind had been length contracted.

Answer:

QUESTION 9 2 marks
How did Lorentz account for Michelson and Morley’s 
result? 

A The speed of light is absolute and independent of the 
frame of reference of the observer.

B The aether was carried along with the Earth.

C The apparatus was not sensitive enough.

D The arm of the experiment that was perpendicular to 
the aether wind had been length contracted.

Answer:

A train carriage moving at close to the speed of light 
has a special device located at its centre. This device can 
send out a beam of light in the forward direction at the 
same time as it sends out a beam of light in the rearward 
direction.

direction of travel

QUESTION 10 2 marks
Which of the following would be correct for an observer 
inside the train carriage?

A The forward travelling beam will strike the forward 
end of the carriage before the rearward beam strikes 
the rearward end of the carriage.

B The forward travelling beam will strike the forward 
end of the carriage after the rearward beam strikes the 
rearward end of the carriage.

C The forward travelling beam will strike the forward 
end of the carriage at the same time as the rearward 
beam strikes the rearward end of the carriage.

D It is impossible to tell which beam of light will strike 
the end of the carriage first.

Answer:

Michelson and Morley observed the interference  

effect of the two light beams, then rotated the whole  

apparatus through 90° and looked again at the 

interference effect. (No difference in the pattern was 

observed.)

Statement A is correct.  

This was Einstein’s explanation of the null result of the 

Michelson–Morley experiment.

Statement D is correct.  

Lorentz came up with the Lorentz factor to explain the 

null result of the Michelson–Morley experiment.

The aether wind was thought to be caused by the 

motion of the Earth through aether. Just as the speed 

of sound was affected by wind, the speed of light was 

thought to be affected by the aether wind.

Answer C is correct.  

To an observer inside the carriage, the two events 

are simultaneous. They are only not simultaneous to 

a stationary observer outside the carriage when the 

carriage travels past at near the speed of light.

M1 aether wind 

S

M2

observer
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QUESTION 11 2 marks
Which of the following would be correct for a stationary 
observer located outside the train carriage, standing 
opposite the centre of the carriage when the beams are 
turned on?

A The forward travelling beam will strike the forward 
end of the carriage before the rearward beam strikes 
the rearward end of the carriage.

B The forward travelling beam will strike the forward 
end of the carriage after the rearward beam strikes the 
rearward end of the carriage.

C The forward travelling beam will strike the forward 
end of the carriage at the same time as the rearward 
beam strikes the rearward end of the carriage.

D It is impossible to tell which beam of light will strike 
the end of the carriage first.

Answer:

QUESTION 12 2 marks
The situation explained in question 11 is an example of:

A the relativity of simultaneity

B length dilation

C time dilation

D mass dilation

Answer:

An alien spacecraft is 15 m long when at rest. It travels 
through space at 0.4 c.

QUESTION 13 2 marks
How long will the spacecraft appear to be to its  
alien pilot?

Answer:

QUESTION 14 3 marks
How much long will the spacecraft appear to be to a 
stationary observer located outside the spacecraft?

Answer:

QUESTION 15 3 marks
How long will it appear to take the alien to travel a 
distance of 500 km in the frame of reference of the alien?

Answer:

QUESTION 16 2 marks
How long will it appear to take the alien to travel a 
distance of 500 km from the frame of reference of the 
stationary observer?

Answer:

Detailed study 2: Materials and their  
use in structures

For the next five questions, use arrows to represent the 
forces acting on each object.

QUESTION 1 1 mark
Shear forces:

Answer B is correct.  

In the time between the beams being turned on and 

their arrival at the observer’s position, the carriage has 

travelled forwards. This has brought the rear end of 

the carriage closer to the observer. Hence, this beam 

has a shorter distance to travel and the observer sees 

it strike the rearward end before the forward beam 

strikes the forward end of the carriage.

Answer A is correct.  

This is an example of the relativity of simultaneity.

15 m 

The alien pilot sees the proper length of the 

spacecraft.

g 5   1 2   v  2 __ 
c  2

    2
  1 __ 
2
  
 5  (1 2 0.42) −  1 __ 

2
    5 1.09

L 5 Lo/y 5 15 4 1.09 5 13.75 m or 13.8 m

13.8 m

The alien sees the distance 500 km contracted to  
500 4 1.09 5 459 km.

Therefore, time taken 5 distance 4 speed  
5 459000 4 (0.4 3 3 3 108)

5 0.003825 

5 3.8 3 1023 s

3.8 3 1023 s

For the stationary observer, there is no length 
contraction.

 So the time taken 5 distance 4 speed

 5 500000 4 (0.4 3 3 3 108)

 5 0.004167 

 5 4.17 3 1023 s

 4.2 3 1023 s
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QUESTION 2 1 mark
Tension forces applied to both ends:

QUESTION 3 1 mark
Bending forces:

QUESTION 4 1 mark
Compression forces applied to both ends:

QUESTION 5 1 mark
The weight force acting from the centre of mass:

A metal rod of length 94 cm and diameter 3.6 mm is 
subjected to a compressive force of 8300 N. Under this 
load, the rod compresses to a length of 93.4 cm.

QUESTION 6 4 marks
Calculate the value of the compressive modulus for the rod.

Answer:

QUESTION 7 2 marks
If the compressive force is increased to 10 000 N and all 
else remain the same, which of the following would be 
true?

A Compressive modulus remains constant and the stress 
increases.

B Compressive modulus and the stress both remain 
constant.

C Compressive modulus and the stress both decrease.

D Compressive modulus remains constant and the stress 
decreases.

Answer:

QUESTION 8 3 marks
If the compressive strength of the metal in the rod is  
9.6 3 108 Pa, at what compressive force would the rod 
fail?

Answer:

A 6.2 m length and 0.70 mm diameter fishing line has a 
Young’s modulus of 3.7 3 109 Pa.

QUESTION 9 4 marks
By how much will the fishing line stretch when it is 
subjected to a tensile force of 46 N?

Answer:

QUESTION 10 3 marks
If the fishing line has a breaking strength of 9.2 3 108 Pa, 
will the 46 N tensile force be large enough to break the 
fishing line? Justify your answer.

Answer:

1.3 3 1011 Pa

Answer A is correct.  

Because the compressive modulus 5 (F/A) 4 (L/L), 

if F increases the stress will increase, but the length 

will increase too, keeping the compressive modulus 

constant.

 F 5 s 3 A

 5 9.6 3 108 3 1.018 3 1025

 5 9773 or 9800 N

9800 N

 Y 5 s/

 5 (F/A) 4 (L/L)

  A 5 p 3 (0.7 3 1023)2 4 4 5 3.848 3 1027 m2

 L 5 (F/A) 4 (Y/L)

 5 (46 4 (3.848 3 1027)) 4 ((3.7 3 109) 4 6.2)

 5 0.20 m

0.20 m

 s 5 F/A

 5 46 4 (3.848 3 1027)

 5 1.2 3 108 Pa (less breaking strength)

Therefore, no.

Compressive modulus 5 s/  
 5 (F/A) 4 (L/L)

A 5 pd   2/4 5 p 3 (3.6 3 1023)2 4 4 

 5 1.018 3 1025 m2

Compressive modulus 5 (8300 4 (1.018 3 1025)) 
4 ((0.6 3 1022) 4 (94 3 1022)) 5 1.3 3 1011 Pa

No
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A stress2strain graph for the fishing line appears below.

 (x 108 Pa)

0.11

4.0

0.44

9.2

QUESTION 11 2 marks
Indicate on the graph the yield point. What is the 
approximate value of the yield stress?

Answer:

QUESTION 12 1 mark
Indicate the elastic region on the graph.

QUESTION 13 1 mark
Indicate the plastic region on the graph.

QUESTION 14 1 mark
Indicate the fracture point on the graph.

QUESTION 15 2 marks
Calculate the volume of the 6.2 m length of fishing line.

Answer:

QUESTION 16 4 marks
Calculate the amount of strain energy stored in the fishing 
line just prior to fracture.

Answer:

When designing structures, engineers often incorporate a 
‘safety factor’ or ‘factor of safety’ into their calculations.

QUESTION 17 2 marks
What is meant by the term ‘safety factor’?

Answer:

QUESTION 18 2 marks
If a particular material has a breaking strength of 
7.6 3 109 Pa, and a safety factor of 10 is used in the 
design, what would be the maximum working stress 
allowed for this material?

Answer:

A wooden sign of mass ‘m’ kg is suspended from the roof 
by two metal wires as shown in the diagram below.

roof

60°

60° 60°

SIGN

QUESTION 19 2 marks
What will be the size of the tension force in each wire?

A mg/2

B mg/(2sin60°)

C mg/(2cos60°)

D mg/(2tan60°)

Answer:

4.0 3 108 Pa

V 5 A 3 length

 5 3.848 3 1027 3 6.2

 5 2.4 3 1026 m3

2.4 3 1026 m3

Strain energy 5 area under graph 3 volume

Area under graph 5  ½ 3 0.11 3 4 3 108  
1 ½(4 1 10) 3 108 3 0.33

 5 2.2 3 107 1 2.31 3 108

 5 2.53 3 108 Jm23

Strain energy 5 2.53 3 108 3 2.4 3 1026

 5 607 J

Accept from 5802640 J

A safety factor is a factor built into the design that 

effectively lowers the maximum allowed working 

stress by the amount of the factor.

Maximum allowed stress

5 breaking stress 4 safety factor

5 7.6 3 109 4 10

5 7.6 3 108 Pa

7.6 3 108 Pa

Answer B is correct. 

The diagram shows the forces acting on the sign: 

mg down and two tension forces (T  ). 

sin 60° 5 (mg/2) 4 T 

  T 5 mg/2sin60°

2

mg
60°

T

T

 (x 108 Pa)

0.11

4.0

0.44

9.2
el

as
tic

plastic
region

fracture point

yield
point
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QUESTION 20 2 marks
What will be the size of the total force applied to the roof 
by the two wires?

A 2mg

B mg

C mg/2

D mg/4

Answer:

Detailed study 3: Further electronics

QUESTION 1 2 marks
On the axes below, sketch the appearance of two cycles of 
an AC voltage that has a peak-to-peak voltage of 12 V and 
a period of 4 ms.

2 4 6 8

2

4

6

-2

-4

-6

time (ms)

V (V)

0

A fully charged capacitor has a voltage of 10 V across its 
plates. It is discharged through a 5 k resistor.

QUESTION 2 2 marks
What current initially flows through the resistor?

Answer:

QUESTION 3 2 marks
Would a multimeter or a cathode-ray oscilloscope be best 
to measure this current? Explain your answer.

Answer:

QUESTION 4 3 marks
In order to have a time constant of 0.01 s, what size 
capacitor would be used with the 5 k resistor? Give your 
answer in F.

Answer:

For the next two questions, choose your answer from 
among the following alternatives: 

A B

C D

QUESTION 5 2 marks
Which of the above graphs best shows the voltage 
across the capacitor as a function of time as the capacitor 
discharges through the 5 k resistor?

Answer:

Answer B is correct.  

The two tension forces add up to mg downwards.

 I 5 V  4 R

 5 10 4 (5 3 103)

 5 2 3 1023 A

 5 2 mA

2 mA

 5 RC → C 5 /R

 5 0.01 4 (5 3 103)

 5 2.0 3 1026

 5 2 F

2 F

A multimeter would be best. A CRO doesn’t measure 

current.

Answer C is correct.  

This graph shows the voltage starts high and drops by 

63% in one time constant.

mg

T

T

2 4 6 8

2

4

6

-2

-4

-6

time (ms)

V (V)

0
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QUESTION 6 2 marks
Which of the above graphs best shows the current flow 
through the 5 k resistor as a function of time as the 
capacitor discharges?

Answer:

For the next two questions, choose your answer from 
among the following alternatives:

A B

C D

QUESTION 7 2 marks
Which of the above diagrams shows the best diode 
arrangement in order to achieve half-wave rectification?

Answer:

QUESTION 8 2 marks
Which of the above diagrams shows the best diode 
arrangement in order to achieve full-wave rectification?

Answer:

The diagram below represents the current flow from a 
rectifier circuit being passed through a load resistor, RL. 
The signal has a maximum peak voltage of 9.20 V at a 
frequency of 50.0 Hz.

A capacitor can be used in order to smooth the signal from 
the rectifier circuit before it passes through the resistor.

from the rectifier RL

QUESTION 9 2 marks
Draw on the diagram above to show where the capacitor 
would be connected in order to achieve the best 
smoothing of the signal.

QUESTION 10 2 marks
If the load resistor, RL, has a value of 110 , what peak 
current flows through the 110  load resistor?

Answer:

QUESTION 11 2 marks
What peak power is dissipated in the 110  load resistor?

Answer:

A student drew the following block diagram of the 
components needed to make an AC to DC voltage-
regulated power supply system.

AC
power
supply

smoothing load

A

trans-
former

QUESTION 12 2 marks
What is the role of the transformer?

Answer:

Answer C is correct.  

This graph shows the current starts high and drops by 

63% in one time constant.

Answer A is correct.  

Half-wave rectification is achieved by a single diode.

Answer C is correct.  

Full-wave rectification is achieved by a diode bridge.

IP 5 VP 4 R

 5 9.2 4 110

 5 0.084 A

 5 8.4 3 1022 A

8.4 3 1022 A

PP 5 VP 3 IP

 5 9.2 3 0.084

 5 0.77 W

0.77 W

The transformer converts the AC power supply 

voltage to a lower value.

from the rectifier RL
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QUESTION 18 2 marks
In a correctly regulated DC power supply, the effect of an 
increase in the power supply voltage would cause (one or 
more answers):

A an increase in the voltage across the load.

B an increase in the current flowing out of the AC power 
supply.

C no change in the voltage across the load.

D an increase in the current through the load.

Answer:

QUESTION 13 2 marks
If the power supply is 240 V AC and the transformer has 
1000 primary turns and 50 secondary turns, what is the 
output voltage of the transformer?

Answer:

QUESTION 14 3 marks
Identify component A and outline its role.

Answer:

QUESTION 15 3 marks
Indicate which major component is missing from the block 
diagram and where on the diagram it should be placed.

Answer:

QUESTION 16 2 marks
Outline the role of the component identified in question 15.

Answer:

QUESTION 17 3 marks
The minor component of a heat sink could also be 
incorporated into the block diagram; however, it is not 
usually located on its own. Identify which component is 
the most likely to require a heat sink and explain why it 
needs it.

Answer:

V2 /V1 5 N2 /N1

V2 5 50 4 1000 3 240

       512 V

12 V

Component A is a rectifier. Its role is to convert the AC 

signal into either full-wave or half-wave rectified DC.

The missing component is a voltage regulator. It 

should be inserted between smoothing and the load.

The role of the voltage regulator is to keep the voltage 

constant across the load resistor despite fluctuations 

in the supply voltage.

The heat sink is usually located with the voltage 

regulator. Its job is to dissipate the heat generated 

because of the large amount of current flowing in the 

regulator.

Answers B and C are correct.  

The current flowing out of the AC power supply would 

increase but the voltage and current through the load 

remain constant.
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Test 8 Section A – Core short answer questions: 65 marks 
Section B – Detailed studies short answer questions: 75 marks 
Suggested time: 90 minutes

A car of mass 1500 kg is towing a boat and trailer with a 
combined mass of 1200 kg at a constant speed of 14 ms21 
along the highway. Drag forces of 700 N act on the car and 
drag forces of 400 N act on the boat and trailer. 

QUESTION 3 2 marks
Calculate the magnitude of the driving force exerted by 
the car.

Answer:

QUESTION 4 2 marks
Calculate the size of the tension force in the coupling 
between the car and the trailer.

Answer:

QUESTION 5 2 marks
The car, boat and trailer decelerate at a rate of 2 ms22. 
How long will it take for them to come to rest?

Answer:

A parachutist free-falls from a plane travelling in level 
flight. During the free-fall stage of his motion, the 
parachutist travels through a vertical distance of 132 m.

QUESTION 1 2 marks
Calculate the magnitude of the final vertical velocity of 
the parachutist at the end of the free-fall stage. Ignore air 
resistance.

Answer:

QUESTION 2 2 marks
When the parachutist opens his parachute, it slows his 
rate of descent uniformly to 8.41 ms−1 in 4.70 s. Calculate 
the magnitude of his deceleration during this phase.

Answer:

Section A: Core short answer questions
Specific instructions to students

• Answer all questions in the spaces provided.

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

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

51.4 ms21

Taking down as positive

vertically, u 5 0, a 5 10, s 5 132, v 5 ?

	v	2 5 u	2 1 2as

	v	2 5 0 1 2 3 10 3 132

	v 5 51.38

Magnitude of vertical velocity 5 51.4 ms21

9.15 ms22

Taking down as positive

v 5 8.41, u 5 51.4, t 5 4.70, a 5 ?

v 5 u 1 at

8.41 5 51.4 1 a 3 4.70

a 5 29.15

Magnitude of deceleration 5 9.15 ms22

Fnet 5 Fapplied − Fopposing

0 5 Fdriving − (700 1 400)

Fdriving 5 1100 N

1100 N

For the forces on the trailer:

Fnet 5 Fapplied − Fopposing

0 5 T − 400

T 5 400 N

Or, for the forces on the car:

Fnet 5 Fapplied − Fopposing

0 5 1100 − (700 1 T				)

T 5 400 N

400 N

Taking forwards as positive

	u 5 14, v 5 0, a 5 −2 (deceleration), t 5 ?

	v 5 u 1 at

 0 5 14 − 2t

	 t 5 7s

7 s
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A ski jumper makes a ski jump and is in the position 
shown below, 2 s after leaving the 31° jump ramp. He has 
travelled 26 m horizontally in this time.

u

31° 26 m

34 m

Ground level 

QUESTION 6 2 marks
Calculate the magnitude of the skier’s horizontal velocity 
at the instant shown in the diagram. Ignore air resistance.

Answer:

QUESTION 7 3 marks
Calculate the magnitude of the skier’s launch velocity (u) 
from the end of the ramp.

Answer:

QUESTION 8 3 marks
What is the magnitude and direction of the skier’s 
acceleration at the instant shown in the diagram? Justify 
your answer.

Answers:

QUESTION 9 4 marks
What horizontal distance from the end of the jump ramp 
will the skier touch down again if the ground level is 34 m 
below the end of the jump ramp?

Answer:

A waterskier of mass 76 kg is performing a horizontal 
turn of radius 21 m at a speed of 13.4 ms21.

QUESTION 10 2 marks
What is weight of the waterskier?

Answer:

QUESTION 11 2 marks
What is the size of the vertical component of the reaction 
force supplied by water on the waterskier?

Answer:

QUESTION 12 3 marks
What is the size and direction of the net force acting on 
the waterskier?

Answer:

W 5 mg

	 5 76.0 3 10

	 5 760 N

760 N

Acceleration 5 10 ms22 

Direction 5 downwards 

Gravity acts continuously during the skier’s motion and  

is always downwards.

R 5 W 5 760 N

760 N

	 uh 5 u cos31°

cos 31° 5 13 4 u

	 u 5 13 4 cos 31°

	 5 15.2 or 15 ms−1

15 ms21

Horizontally:

u 5 13, v 513, a 5 0, s 5 ?, t 5 ? not enough 
information yet

vertically, taking up as positive:

u 5 15.2 sin31° 5 7.8, v 5 ?, a 5 210, s 5 234, 

t 5 ?

 vertically: v	2 5 u	2 1 2as

	 v	2 5 7.82 1 2 3 (210) 3 (234)

	 v 5 227.2 ms−1 (i.e. down)

	 v 5 u 1 at

 −27.2 5 7.8 2 10t

	 t 5 3.5s

Horizontally: s 5 ut 1 ½ at2

	 5 13 3 3.5

	 5 45.5 m

45.5 m

v 5 s 4 t

	 5 26 4 2.0 5 13 ms21

13 ms21

Fnet 5 mv	2/r 5 76 3 13.42 4 21

	 5649.8

Net force 5 650 N

Direction 5 towards the centre

Net force 5 650 N 

Direction 5 towards the centre
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QUESTION 13 3 marks
Hence, calculate the size of the total reaction force of 
water acting on the waterskier.

Answer:

A satellite is placed into a geosynchronous orbit so that it 
stays above the same place on the Earth’s surface.

QUESTION 14 4 marks
Show that the altitude of such an orbit is 3.6 3 107 m 
above the Earth’s surface.

Answer:

Two imaginary planets, Xeros and Kumos, have masses of 
6.4 3 1021 kg and 9.3 3 1020 kg respectively. The distance 
from the centre of Xeros to the centre of Kumos is 4.3 3 
1013 m.

Xeros
6.4 x 1021 kg

Kumos
9.3 x 1020 kg

4.3 x 1013 m

QUESTION 15 2 marks
Calculate the size of the gravitational force of attraction 
that Xeros exerts on Kumos.

Answer:

QUESTION 16 2 marks
If Kumos has a radius of 2.1 3 105 m, what is the size of 
the gravitational field strength on the surface of Kumos?

Answer:

In the following circuit, the resistance of RA is four times 
that of RB.

RA RB

10 V

QUESTION 17 2 marks
If a current of 100 mA flows in the circuit, determine the 
value of RA.

Answer:

QUESTION 18 2 marks
What amount of power is dissipated across RB?

Answer:

Voltage across RA 5 4 3 voltage across RB

Therefore, 8 V across RA.

RA 5 V 4 I

	 5 8 4 (100 3 1023)

	 5 80 

80 

F 5 GMXerosMKumos/r	
2

	 5  (6.67 3 10211 3 6.4 3 1021 3 9.3 3 1020)  
4 (4.3 3 1013)2

	 5 2.147 3 105 N or 2.1 3 105 N

2.1 3 105 N

g 5 GMKumos/r	
2

	 5 (6.67 3 10211 3 9.3 3 1020) 4 (2.1 3 105)2

	 5 1.4 Nkg21

1.4 Nkg21

4  2r/T	2 5 GMEarth/r	
2

	r	3 5 GMEarthT	2/4  2

	r	3 5  (6.67 3 10211 3 5.98 3 1024 3 (24 3 60 3 60)2) 
4 (4  2)

	 r 5 4.225 3 107 m

Altitude 5 4.225 3 107 2 RE 

Altitude 5 4.225 3 107 2 6.4 3 106

	 5 3.6 3 107 m

3.6 3 107 m

P 5 I	2R

	 5 (100 3 1023)2 3 20

	 5 0.2 W

0.2 W

R 5  
____________

  (7602 1 6502)  

	 5 1000 N

1000 N
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A p2n junction diode has the following characteristic 
curve and circuit diagram.

current (mA)

voltage (V)0.6

20

A

V

9 V R

QUESTION 19 2 marks
Is the diode forward biased or reverse biased in the circuit 
above? Explain your answer.

Answer:

QUESTION 20 2 marks
If the voltmeter reads 0.6 V, what would be the power 
output of the diode? Give your answer in mW.

Answer:

QUESTION 21 3 marks
What is the value of the resistor R? 

Answer:

A typical voltage amplifier has the transfer characteristic 
shown below.

Vout (V)

Vin (V)

13

1

0.1 0.3

QUESTION 22 2 marks
What is the voltage gain of this amplifier?

Answer:

QUESTION 23 2 marks
Is it an inverting or non-inverting amplifier? Justify your 
answer.

Answer:

QUESTION 24 2 marks
If an input signal of 0.4 V peak to peak is applied to the 
amplifier, a distorted output signal is produced. Explain 
why this happens.

Answer:

Gain 5 Vout 4 Vin

 512 4 0.2 5 60

Inverting  

The gradient of the transfer characteristic is negative. 

OR 

An increase in Vin results in a decrease in Vout.

When V 5 0.6 V, I 5 20 mA from the graph.

P 5 VI

	 5 0.6 3 20 3 1023

	 5 0.012 W or 12 mW

12 mW

VR 5 9 2 0.6

	 5 8.4 V

R 5 V/I

	 5 8.4 4 0.02

	 5 420 

420 

The maximum input signal is 0.2 V peak to peak. 

Because the 0.2 V maximum is exceeded, the output 

signal will be clipped. Clipping produces distortion.

The diode is forward biased. 

The positive battery terminal is connected to the 

positive terminal of the diode.

60
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A student is experimenting with photonic transducers 
and a length of optic fibre. He sends a signal down the 
fibre and uses a detector at the other end.

For the next two questions, choose from the following 
answer key.

A thermistor

B photodiode

C LED

D LDR

QUESTION 25 2 marks
Choose the best device to provide an input signal to the 
fibre.

Answer:

QUESTION 26 2 marks
Choose the best device to detect the signal at the other 
end of the fibre.

Answer:

A security light circuit is designed to be switched on at 
night and switched off in the morning as the sun comes 
up. Typically, the resistance of an LDR decreases as the 
light intensity falling on it increases.

QUESTION 27 2 marks
Design a security light circuit that uses the following 
components to achieve the function described above. 
Indicate which part of the circuit leads to the security light 
circuit.

power supply LDR resistor

QUESTION 28 2 marks
Explain how your circuit operates to achieve the desired 
function.

Answer:

Detailed study 1: Einstein’s special  
relativity

A moving electron has a kinetic energy of 2.2 3 10213 J. 
The rest-mass energy of an electron is 8.2 3 10214 J.

QUESTION 1 3 marks
According to Newtonian mechanics where KE 5 ½ mv2, 
what is the speed of the moving electron?

Answer:

QUESTION 2 2 marks
What would be the relativistic mass of the moving electron?

Answer:

Section B: Detailed studies short  
answer questions
Specific instructions to students

• Answer the following questions for ONE detailed 
study only.

Relevant data:

Speed of light c 5 3.0 3 108 ms21 
Rest-mass of an electron 5 9.1 3 10231 kg

As the sun rises, the light intensity falling on the LDR 

increases and its resistance drops. Consequently, the 

voltage across it also drops, supplying less voltage to 

the security light circuit and switching them off.

E 5 mc	2 5 KE 1 moc	2

m 3 (3 3 108)2 5 2.2 3 10213 1 8.2 3 10214

m 5 3.4 3 10−30 kg

3.4 3 10230 kg

to security
light circuit

KE 5 ½ mv2 or v 5  
________

 (2KE/m)  

2.2 3 10213 5 ½ 3 9.1 3 10231 3 v	2

v 5 6.95 or 7.0 3 108 ms21 (which is faster than the 
speed of light and therefore not possible)

7.0 3	108 ms21

C 

An LED will send light along the fibre.

B  

A photodiode will detect the signal and convert it into 

an electric current.
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QUESTION 3 2 marks
What is the value of the Lorentz factor for the moving 
electron?

Answer:

QUESTION 4 3 marks
What is the correct speed of the moving electron?

Answer:

QUESTION 5 2 marks
For a very high speed aircraft, it is true to say that:

A shrinkage due to length contraction is not measurable 
and there are no design features to deal with 
shrinkage.

B shrinkage due to length contraction is measurable 
but there are no design features to deal with this 
shrinkage.

C shrinkage due to length contraction is not measurable 
but there are design features to deal with shrinkage.

D shrinkage due to length contraction is measurable and 
there are design features to deal with shrinkage.

Answer:

QUESTION 6 2 marks
In a particle accelerator, electrons can be accelerated to 
speeds approaching the speed of light. Which one of the 
following graphs best represents the relationship between 
the mass and speed of such electrons?

m

v

m

v
c

c

m0

c

m

v

m0

m

v

m0

c

C D

m0

BA

Answer:

Evidence to support the theory of Special Relativity 
comes from muons. Muons come to the Earth in cosmic 
ray showers at speeds approaching the speed of light 
(0.999c). They are created at the top of the atmosphere and 
travel approximately 10 km to the Earth’s surface where 
they can be detected. The muons disintegrate after a very 
short time of 2.2 3 10−6 s. This time and speed data would 
indicate that the muons don’t in fact reach the Earth’s 
surface at all, yet a large proportion actually do.

QUESTION 7 2 marks
Calculate the Lorentz factor for muons travelling at a 
speed of 0.999c.

Answer:

	m 5 mo →  5 m 4 mo

	 	5	(3.4 3 10−30) 4 (9.1 3 10−31)

	 5	3.7

3.7

	v 5 c (1 2 1/2)1/2

	 5 c (1 2 1 4 3.652)1/2

	 5 0.962 3 3 3 108

	 5 2.9 3 108 ms−1

2.9 3 108 ms21

Answer A is correct.  

Any shrinkage is relative and therefore not measurable. 

Even if the aircraft was a relativistic spacecraft, in its 

own frame of reference there is no shrinkage and it has 

proper length. Therefore, no design features are needed 

to deal with shrinkage.

Graph C is correct.  

As electrons are accelerated and approach the speed  

of light, their mass increases towards infinity and  

speed never reaches c.

	5   1 −   v			2 ___ 
c		2

    
−  1 __ 

2
  

	 5 (1 − 0.9992)−1/2

	 5 22.4

22.4
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QUESTION 8 2 marks
What distance do the muons travel from the top of the 
Earth’s atmosphere to the surface of the Earth in their 
frame of reference?

Answer:

QUESTION 9 3 marks
Will the muons be able to travel the distance from the 
top of the Earth’s atmosphere to the surface of the Earth 
before disintegrating? Justify your answer.

Answer:

QUESTION 10 2 marks
Two spaceships are travelling parallel to each other 
through space and have a relative velocity of 0.5c.

spaceship 1

0.7cO1

spaceship 2

0.2cO2P1 P2

windows

On each spaceship, observers O1 and O2 are positioned in 
the middle of their respective spaceships and can look out 
through a window at each other. Spaceship 2 has two 
passengers with torches (P1 and P2) standing next to a 
window at each end of the spaceship. The passengers switch 
on their torches as the two spaceships come alongside each 
other. This event is seen simultaneously when viewed by 
observer O2. What will observer O1 see? 

A Both torches being switched on simultaneously.

B The torch of P1 being switched on before that of P2.

C The torch of P2 being switched on before that of P1.

D It is impossible to tell which torch O1 will see switched 
on first.

Answer:

QUESTION 11 2 marks
When a uranium-235 nucleus is bombarded with a 
slow neutron, it can undergo nuclear fission. The fission 
fragments fly off with large amounts of kinetic energy. 
This kinetic energy is a result of which of the following? 
Explain your answer.

A The destruction of the neuron.

B The electrostatic repulsion of the two fission fragment 
nuclei.

C The kinetic energy of the neutron.

D The loss of mass between the reactants and the 
products of the nuclear fission reaction.

Answer:

Detailed study 2: Materials and their 
use in structures

A roof beam inside a building is supported at each end by 
the walls of the building as shown in the diagram below.

wallwall

floor

Roof beam

QUESTION 1 2 marks
What type of forces are the walls subjected to and 
what characteristics must the wall material have to be 
considered for this job?

Answer:

Answer C is correct. 

In the time it takes for the light to travel from the 

torches to O1, spaceship 1 has moved on slightly and 

so O1 is closer to P2 than P1 and will see the light from 

the torch of P2 first.

Answer D is correct.  

This reaction converts lost mass into energy according 

to the equation E 5 mc	2. The m is the mass loss in 

the fission reaction.

The walls are subjected to compressive forces. This 

means that the material from which the walls are made 

must be strong in compression.

 L 5 Lo/

	 510000 4 22.4

	 5	446 m

446 m

Before disintegrating, the muons will travel a distance 
5 speed 3 time

5 0.999 3 3 3 108 3 2.2 3 10−6

5 659 m

Justification:

Because muons only see their distance to travel as 
446 m, yes they will make it. Alternatively, calculate 
the time they need to travel 446 m, i.e. 1.49 3 10−6 s. 

Yes, they make it before disintegrating.
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QUESTION 2 2 marks
What type of forces is the roof beam subjected to and 
what characteristics must the roof beam material have to 
be considered for this job?

Answer:

QUESTION 3 4 marks
Roof beams are often made from steel I-beams. With 
reference to the following diagram, explain why I-beams 
are useful as roof beams.

flangesweb

Answer:

QUESTION 4 2 marks
An alternative material to steel I-beams are precast 
reinforced concrete beams. What is meant by the term 
‘reinforced concrete’?

Answer:

A 6.7 m length of 1.2 mm radius aluminium cable is used 
to support a tensile force of 18 N.

QUESTION 5 2 marks
Calculate the amount of stress in the aluminium cable.

Answer:

QUESTION 6 2 marks
Under the influence of this force, the aluminium cable 
stretches by 0.38 mm. What is the strain in the cable?

Answer:

QUESTION 7 2 marks
What is the value of Young’s modulus for the aluminium 
cable?

Answer:

A 3.0 m long cantilevered overhang is supported by a 
wire cable as shown below.

3.0 m

45° wire cable

The weight of the overhang is 640 N.

QUESTION 8 3 marks
Calculate the tension force in the wire cable.

Answer:

The roof beams are subjected to bending forces. This 

involves both tension and compression, so the material 

from which the roof beams are made must be strong in 

both tension and compression.

In a roof beam, the top and bottom surfaces are in 

tension and compression. Steel is strong in both 

tension and compression. As shown in the diagram, 

most of the material in the I-beam is along the flanges 

and located where the tension and compression forces 

are greatest.

Reinforced concrete has steel rods embedded in it to 

increase its tensile strength.

	 5 F/A

	A 5 r2 5  3 (1.2 3 10−3)2

	 5 4.52 3 10−6 m2

	 5 18 4 (4.52 3 10−6)

	 5 4.0 3 106 Pa

4.0 3 106 Pa

	 5 L 4 L

	 5 (0.38 3 10−3) 4 6.7

	 5 5.7 3 10−5

5.7 3 10−5

	Y 5 /

	 5 (4.0 3 106) 4 (5.7 3 10−5)

	 5 7.0 3 1010 Pa

7.0 3 1010 Pa

Taking torques about the left-hand end of the 
cantilever:

640 3 1.5 5 T cos45° 3 3

T 5 960 4 2.12

T 5 452.5 N or 450 N

450 N
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Four different construction materials have the following 
stress2strain characteristics.

A

B

C

D

QUESTION 9 2 marks
Which of the four materials is the most brittle? Justify 
your answer.

Answer:

QUESTION 10 2 marks
Which of the four materials is the most ductile? Justify 
your answer.

Answer:

QUESTION 11 2 marks
Which of the four materials is the strongest? Justify your 
answer.

Answer:

Detailed study 3: Further electronics

QUESTION 1 3 marks
Carefully describe how to use a multimeter as an 
ammeter.

Answer:

A fully functioning AC to DC regulated power supply 
circuit diagram appears below.

RL

R1

A D

B

C

QUESTION 2 1 mark
Draw a circle around the component of the circuit 
responsible for rectifying the voltage.

QUESTION 3 1 mark
Draw a rectangle around the component of the circuit 
responsible for smoothing the voltage.

QUESTION 4 1 mark
Draw a triangle around the component of the circuit 
responsible for regulating the voltage.

A cathode-ray oscilloscope is connected between points 
A and B on the circuit diagram. The following signal 
appears on the CRO screen. The settings on the CRO are 
as shown below.

4.0 V 

10 ms

QUESTION 5 2 marks
What is the frequency of the AC signal?

Answer:

	T 5 2 squares 5 20 ms

	 f	5 1/T

	 5 1 4 (20 3 10−3)

	 5 50 Hz

50 Hz

Answer A is correct.  

Strong materials have high stress values. Material 

A has the highest stress value.

Connect the multimeter into the circuit so that current 

will flow through it (i.e. in series). Move the rotating 

switch to select the highest current range, switch 

on the power, adjust the meter to give an adequate 

reading, take the reading and switch off the circuit.

RL

R1

A C D

B

Answer B is correct.  

Brittle materials don’t stretch very much before they 

break. Material B has the lowest strain before fracture.

Answer C is correct.  

Ductile materials can be stretched out into wires 

very easily and exhibit large strain before fracture. 

Material C has the largest amount of stretch.
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QUESTION 6 1 mark
What is the peak voltage of the signal? 

Answer:

QUESTION 7 2 marks
What is the RMS voltage of the signal? 

Answer:

QUESTION 8 2 marks
Sketch the signal on the grid below when the CRO is 
connected between points B and C.

QUESTION 9 2 marks
If the CRO is now connected between points B and D, the 
output signal would most likely appear as:

A B

C D

Answer:

QUESTION 10 2 marks
If R1 in the circuit has a value of 10  and has a current of 
200 mA flowing through it, what power does it dissipate?

Answer:

QUESTION 11 2 marks
The voltage regulator maintains a constant output voltage 
of 9.0 V DC. If a current of 130 mA flows through the zener 
diode, how much current flows through the load resistor?

Answer:

	Vpeak 5 2.5 squares

	 5 2.5 3 4

	 5 10 V

10 V

 VRMS 5 Vpeak 4  
__

 2  

	 5 10 4  
__

 2  

	 5 7.1 V

7.1 V

or similar 

Answer C is correct. 

The circuit is smoothed by the capacitor. Graph C 

shows the only smoothed signal.

	P 5 I		2R

	 5 0.22 3 10

	 5 0.4 W

0.4 W

	I 5 200 2 130

	 5 70 mA or 0.07 A

0.07 A
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QUESTION 12 2 marks
Determine the amount of power dissipated by the zener 
diode?

Answer:

QUESTION 13 2 marks
Which component of the circuit is most likely to generate 
a considerable amount of heat and how can this heat be 
effectively dissipated?

Answer:

QUESTION 14 2 marks
If the supply voltage fluctuates, the current through the 
circuit will fluctuate also. When this happens, explain 
what happens to the current through, and the voltage 
across, the load resistor.

Answer:

The current through, and the voltage across, the 

load resistor is kept constant. The zener diode has a 

constant voltage drop across it and therefore across  

the load resistor. Any fluctuations in the current flow 

through the zener diode.

	P 5 VI

	 5	9.0 3 130 3 10−3

	 5	1.17 or 1.2 W

1.2 W

The voltage regulator is most likely to generate heat 

which is dissipated with a heat sink.
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Area of study � – 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:

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:

QUESTION 3  2 marks
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)

answer:

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?

answer:

 kg

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.

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

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.

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.

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.

94.6

C and D

A and E

B and F
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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.

direction
of
rotation

position 1 

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 2 marks
Calculate the size of the change in velocity of the rubber stopper as it travels from position 1 to position 2.

            
answer:

ms21

QUESTION 7 2 marks
What is the direction of the change in velocity calculated in question 6?

answer:

QUESTION 8 3 marks
What is the size and direction of the acceleration of the rubber stopper when it is at position 2?

answer:

v 5 4.6 1 4.6

 5 9.2 ms21

v points to the west in the diagram above.

a 5 v  2/r

  5 4.62 4 1.3

  5 16.3 ms22

Towards the centre at position 2 5 north

Acceleration 5 16.3 ms–2

Direction 5 north

direction
of
rotation

position 1 

position 2 

9.2

V2

V2 –V1

V

V1
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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 2 marks
Calculate the magnitude of the change in momentum of the golf ball during the collision.

answer:

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:

kgms21

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?

answer:

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.

500

80.0

F (N) 

x (cm)

QUESTION 12 2 marks
What is the spring constant of the bungee cord?

answer:

Nm21

p 5 mv

 5 47 3 1023 3 66 5 3.1 kgms21

I 5 Dp 5 FDt

F 5 Dp 4 Dt

 5 3.1 4 (4.1 3 1023) 5 756 or 760 N

k 5 F/x

 5 rise 4 run

 5 500 4 (80.0 3 1022) 5 625 Nm21

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.

3.1 

p 5 3.1 

760

625
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QUESTION 13 2 marks
Calculate the amount of stretch in the bungee cord when Alex is finally at rest again.

answer:

m

QUESTION 14 2 marks
Therefore, what is the unstretched length of the bungee cord?

answer:

m

QUESTION 15 2 marks
How much strain potential energy is stored in the bungee cord when Alex is hanging upside down and stationary?

answer:

J

QUESTION 16 4 marks
Determine the size of the Moon’s orbit around the Earth from the following data:

•  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

answer:

m

F 5 2k Dx → Dx 5 F/k

Dx 5 mg/k

 5 88 3 10 4 625

 5 1.4 m

x0 5 23.7 2 1.4

 5 22.3 m

SPE 5 ½ kx2

 5 ½ 3 625 3 1.42

 5 613 J

GMEarth/r
2 5 4p2r/T 2

r3 5 GMEarthT 2/4p2

To obtain a value for GMEarth, use

g 5 GMEarth/r Earth

2
→GMEarth 5 gr Earth

2

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

1.4

22.3

613

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

( )-1g Nkg

10
0

2

4

6

8

Height above Earth’s surface (km)
1000 2000 3000

0
0

 

QUESTION 17 1 mark
From the graph, what is the approximate gravitational field strength at an altitude of 2600 km?

answer:

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.

answer:

J

Area of study � – Electronics and photonics
For the next five questions, refer to this voltage amplifier transfer characteristic:Vout (V) 

Vin (mV) 

4.5

0.5

5010

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).

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

( )-1g Nkg

10
0

2

4

6

8

Height above Earth’s surface (km)
1000 2000 3000

0
0

5

between 2.3 3 1010 and 2.7 3 1010
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The voltage amplifier depicted on the previous page is used to amplify a 20 mV peak-to-peak input voltage signal.

QUESTION 1 2 marks
What is the input voltage value at the quiescent point?

answer:

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

answer:

V

QUESTION 3 2 marks
What peak-to-peak output voltage results when the 20 mV peak-to-peak voltage is applied to the input?

answer:

QUESTION 4 2 marks
What is the voltage gain provided by this amplifier?

answer:

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:

0.03 V or 30 mV 

The quiescent point is at the centre of the linear section of the graph.

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

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

The gradient of the linear section of the graph

 5 4 4 (40 3 1023)

 5 100

OR

Gain 5 Vout 4 Vin

 5 2 4 0.02

 5 100

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.

1.5

100
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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

position 1

light beam

position 2 

QUESTION 6 3 marks
What current normally flows through the LED? Give your answer in mA.

answer:

mA

QUESTION 7 2 marks
What is the power output from the LED when it is operating normally? Give your answer in mW.

answer:

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:

P  5 VI

 5 0.6 3 23 3 1023

 5 0.014 or 14 mW

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

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.

23

14
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This graph represents the current–voltage behaviour of two ohmic resistors.

 2  4  6  8 10

10

20

30

40

I (mA)

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?

answer:

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?

answer:

mA

QUESTION 11 2 marks
What main advantage do phototransistors offer over photodiodes?

answer:

The same voltage drop occurs across each resistor (10 V) and the currents add up.

IT 5 20 1 40

   5 60 mA

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

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

60

13.3
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Detailed study � – 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:

QUESTION 2 4 marks
Write the correct word or words to match each of the following definitions.

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

answer:

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

answer:

c The mass of an object when it is stationary.

answer:

d The hypothetical medium thought to occupy all space and carry light waves.

answer:

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.

Radio waves travel at the speed of light regardless of the speed of the source.

Proper time

Length contraction

Rest-mass

Aether or ether

C
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QUESTION 3 2 marks
A formula 1 racing car accelerates from 0 to 200 kmh21 in 8 s. Which of the following terms correctly describes this 
acceleration?

a relative

B absolute

C invariant

d arbitrary

answer:

QUESTION 4 2 marks
In your own words, explain the meaning of the term ‘relativity of simultaneity’.

answer:

In a particle accelerator, an electron travels fast enough for its mass energy to become 65% greater than its rest-mass 
energy.

QUESTION 5 2 marks 
What would be the speed of the electron described above? Give your answer as a multiple of c.

answer:

c

QUESTION 6 2 marks
Calculate the kinetic energy of the moving electron.

answer:

J

QUESTION 7 2 marks
The Michelson–Morley experiment attempted to show that:

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:

The relativity of simultaneity means that different observers in different frames of reference will disagree as to 

whether particular events are simultaneous or not.

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

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 B describes the relativity of simultaneity. Answer C is one of Einstein’s postulates. Answer D is the work of 

James Clerk Maxwell.

Acceleration is relative, meaning it depends on the frame of reference of the observer.  

To the driver, the car is not accelerating.

0.8

5.3 3 10214

A

A
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QUESTION 8 2 marks
James Clerk Maxwell showed that:

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:

QUESTION 9 3 marks
The diagram below shows the motion of a star towards another star.

star 1 star 2 

0.4c

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:

A stationary observer measures a spacecraft moving past him at 0.500c to be 9.00 m long.

QUESTION 10 2 marks
How long would the spacecraft be if it were at rest?

answer:

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

3 3 108 ms21 

This is because the speed of light is absolute and does not depend on the motion of the observer.

 5   1 2   v 2 ___ 
c 2

    
2  

1 __ 
2
  

 5 (1 2 0.52)21/2

 5 1.155

L 5 Lo/

Lo 5 9 3 1.155

 5 10.4 m

Moving clocks run slow. The captain sees his own clock as stationary and that of the observer as moving.

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.

10.4

D
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Detailed study � – Materials and their use in structures
The diagram below represents an arched doorway built from stone blocks.

QUESTION 1 2 marks
Why are stone arches considered to be very strong structures?

answer:

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 2 marks
The amount of compressive stress in each base block would be:

a 2.8 3 104 Pa

B 1.7 3 105 Pa

C 1.7 3 103 Pa

d 2.8 3 102 Pa

answer:

QUESTION 3 2 marks
Calculate the strain each block is subject to.

answer:

QUESTION 4 2 marks
What is the value of the compressive modulus for the stone blocks?

answer:

Pa

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

strong structures.

  5 F/A

 5 6900 4 (4.1 3 1022)

 5 1.7 3 105 Pa

  5 L 4 L

 5 (0.42 3 1023) 4 (37 3 1022)

 5 1.1 3 1023

Compressive modulus 5  / 

5 (1.7 3 105) 4 (1.1 3 1023) 5 1.5 3 108 Pa

B

1.1 3 1023

1.5 3 108
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A material that undergoes plastic deformation has the following stress–strain relationship when subject to tensile 
forces.

 (MPa)

0.1 0.6

4

(%)0.2 0.3 0.4 0.5 0.70

6

5

3

2

1

0

material 1
7

8

QUESTION 5 2 marks
What is the value and unit of the elastic limit for the material?

answer:

QUESTION 6 2 marks
What is the value and unit of the ultimate tensile strength of the material?

answer:

QUESTION 7 2 marks
The value of Young’s modulus for the material would be:

a 46 Pa

B 4.6 3 107 Pa

C 4.6 3 109 Pa

d 4.6 3 1011 Pa

answer:

 Y 5 / 5 gradient of linear section

 5 (4.6 3 106) 4 (0.1 4 100) 5 4.6 3 109 Pa

 (MPa)

0.1 0.6

4

(%)0.2 0.3 0.4 0.5 0.70

6

5

3

2

1

0

material 1
7

8

material 2

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.

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.

C
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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 1 mark
On the previous graph, sketch the stress–strain relationship for this second material.

QUESTION 9 3 marks
Which of the two materials is most likely to be concrete? Explain your answer.

answer:

QUESTION 10 3 marks
Which of the two materials is tougher? Explain your answer.

answer:

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

A B

23 m

6.4 m

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.

answer:

kN  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.

output
voltage

A B C

D

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

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

 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

FA 5 46 kN  FB 5 31 kN
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QUESTION 1 4 marks
Write the letter of the component given in the circuit on the previous page next to the correct job below.

Job in the circuit Component

Regulation of the voltage 

Smoothing 

Step-down AC voltage 

Rectification 

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:

QUESTION 4 2 marks
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

Answer:

1 2

4 3
output voltage

low
voltage

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.

C 

B 

D 

A

A bridge diode circuit produces full-wave rectification. This is indicated by graph B.

B
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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 k

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 2 marks
Plot the above data on the axes below and draw a smooth curve through the points.

VC (V)

time (s)
10 20 30 400

0

2

4

6

8

10

12

QUESTION 7 3 marks
Give an estimate of the time constant from the graph. Justify your answer.

answer:

2.0 k

V V

either of these
positions is

correct

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.

VC (V)

time (s)
10 20 30 400

0

2

4

6

8

10

12
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QUESTION 8 2 marks
The value of the capacitor would be closest to:

a 4 mF

B 40 mF

C 400 mF

d 4000 mF

E 40000 mF

answer:

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:

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.

t 5 RC  C 5 t 4 R

 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

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.

D
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DAtA ShEEtS
 1 Velocity; acceleration  5   x ___ 

t
   ; a 5    ___ 

t
  

 2 Equations for constant acceleration  5 u 1 at

x 5 ut 1   1 __ 2   at2

 2 5 u2 1 2ax

x 5   1 __ 2  (1u)t

 3 Newton’s second law F 5 ma

 4 Circular motion a 5    2 ___ r   5   4p 2r _____ 
T 2

  

 5 Hooke’s law F 5 2kx

 6 Strain potential energy   1 __ 2   kx2

 7 Gravitational potential energy near the surface of the Earth mgh

 8 Kinetic energy   1 __ 2   m2

 9 Newton’s law of universal gravitation
F 5 G   

M1M2 ______ 
r2  

10 Gravitational field g 5 G   M ___ 
r2  

11 Voltage; power V 5 RI  P 5 VI

12 Resistors in series RT 5 R1 1 R2

13 Resistors in parallel   1 ___ RT

   5   1 ___ R1

   1   1 ___ R2

  

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

Detailed study � – Einstein’s special relativity

17 Lorentz factor
 5   1 2    2 ___ 

c 2
    

2  1 __ 
2
  

18 Time dilation t 5 to

19 Length contraction L 5 Lo/

20 Relativistic mass m 5 mo

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 � – Materials and their use in structures

23 Stress  5   F __ 
A

  

24 Strain  5   L ___ L  

25 Young’s modulus E 5   stress ______ strain  
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Detailed study 3 – Further electronics

26 AC voltage and current VRMS 5   1 ____ 
2 

__
 2  
   Vp2p  IRMS 5   1 ____ 

2 
__

 2  
   Ip2p

27 Transformer action
  
V1 ___ V2

   5   
N1 ___ N2

  

28 Capacitors 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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