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SECTION A

Instructions for Section A

Answer all questions for both Areas of study in this section in the spaces provided. Write using black or blue
pen.

Where an answer box has a unit printed in it, give your answer in that unit.
You should take the value of g to be 10 m s™2.

In questions where more than one mark is available, appropriate working should be shown.

Areas of study Page

Motion in one and two dimensions

= FeTot o] g Tots: VT I o] 0] (o] o 1ot SR 18

Area of study 1 — Motion in one and two dimensions

The following information relates to Questions 1-3.

Figure 1

A tractor, including the driver, has a mass of 500 kg and is towing a trailer of mass 2000 kg as shown in Figure 1.
The tractor and trailer are accelerating at 0.50 m s~2,

Ignore any retarding friction forces. Ignore the mass of the towing rope.

The tractor and trailer start from rest.

Question 1

What is the magnitude of the net force on the system of the tractor and trailer?

1 mark

SECTION A - continued
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Question 2

What is the tension in the rope connecting the tractor and trailer?

N
2 marks
Question 3
How far does the tractor move in the first 5.0 s?
m
2 marks

SECTION A — Area of study 1 — continued
TURN OVER
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The following information relates to Questions 4—6.
A demonstration at a show involves a bike being ridden around a circular banked track.
The horizontal path the bike takes is a circle of radius 20 m, and the bike travels at a constant speed of 15 m s72.

The bike and rider have a total mass of 300 kg. Ignore retarding friction.

Figure 2a Figure 2b

Question 4
What is the magnitude of the net force on the bike and rider?

1 mark

SECTION A — Area of study 1 — continued
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Question 5

Figure 2b shows the only two forces on the bike and rider. On Figure 2b draw an arrow to show the direction of the net
force on the bike and rider. Explain how the forces shown cause this net force.

2 marks

Question 6
What is the correct angle of the banked track, 6, to achieve this net force?

2 marks

SECTION A — Area of study 1 — continued
TURN OVER
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The following information relates to Questions 7 and 8.
Three children’s toy blocks, A (0.050 kg), B (0.10 kg) and C (0.20 kg), are sitting on a table as shown in Figure 3.

A

Figure 3

Question 7
What is the force by block C on block B?
Explain your answer in terms of Newton’s laws.

2 marks

SECTION A — Area of study 1 — continued
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Question 8

The table is now removed and the blocks free fall.

What is now the force by block B on block C?
Ignore air resistance.

Explain your answer.

2 marks

SECTION A — Area of study 1 — continued
TURN OVER
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The following information relates to Questions 9—11.

Acride at a fun fair involves a car travelling around a vertical circle of radius 15 m. The arrow indicates the direction of
travel as shown in Figure 4.

Figure 4

Question 9
What is the minimum speed that the car can have at position A if it is not to leave the rails and start to fall?

mst

2 marks

SECTION A — Area of study 1 — continued
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Melanie, who has a mass of 60 kg, is a passenger in the car.

Question 10
What will be Melanie’s apparent weight at position A when the car is travelling at this minimum speed?
Explain your answer.

2 marks
As the car passes point B at the bottom of the circle, it has a speed of approximately 5.5 m s72.
Question 11
What is Melanie’s apparent weight at this point?
Show your working.
N
3 marks

SECTION A — Area of study 1 — continued
TURN OVER
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The following information relates to Questions 12 and 13.

Domenic fires a toy cannon, and the projectile leaves the barrel with a velocity of 24 m s at an angle of 37° to the
horizontal as shown in Figure 5. Ignore air resistance.

______
.-
-
-

Figure 5

Question 12
How long does the projectile take to travel from point A to point B?

S
2 marks
Question 13
What is the maximum height of the trajectory (%) in Figure 57
m
2 marks

SECTION A — Area of study 1 — continued
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The following information relates to Questions 14 and 15.

Fred is riding his sled on snow. Fred and the sled have a total mass of 60 kg. He travels downhill from A to B. The sled
starts from rest.

A is a vertical height of 12.8 m above B. At B he then travels along a horizontal snowfield to point C. From A to C (on
snow) there is no friction force.

A

128 m

Figure 6

Question 14
What is the momentum of Fred and his sled at point C?

kg m st

2 marks
At point C he runs off snow onto grass where there is now a (constant) friction force and he slows to a stop at D after
a time of 6.0 s.
Question 15
What is the magnitude of the friction force as he travels from point C to point D?

2 marks

SECTION A — Area of study 1 — continued
TURN OVER
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Physics students are conducting an experiment on a spring which is suspended from the ceiling.

Ignore the mass of the spring.

0

The following information relates to Questions 16—20.

40 cm

60 cm

70 cm

80 cm

Without the mass attached, the spring has an unstretched length of 40 cm. A mass of 1.0 kg is then attached. When the

Figure 7

1.0 kg mass is attached, with the spring and mass stationary, the spring has a length of 70 cm.

Question 16

What is the spring constant, &, of the spring?

2 marks

SECTION A — Area of study 1 — continued

TURN OVER
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The spring is now pulled down a further 10 cm from 70 cm to 80 cm and released so that it oscillates.

Gravitational potential energy is measured from the point at which the spring is released (80 cm on Figure 7).

Use the following graphs (A—H) in answering Questions 17-20.

A. B.
energy energy
1 1 1 1 1 1 L5 X (Cm) 1 1 1 1 1 \ > X (cm)
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
C. D.
energy energy
1 1 1 1 1 1 1 L5 X (Cm) 1 1 1 1 1 1 > X (Cm)
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
E. F.
energy energy
1 1 1 1 1 1 L5 X (Cm) 1 1 1 1 1 1 1 L5 X (Cm)
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
. H.
energy energy
r' N 7' N
1 1 1 1 1 1 1 5 X (Cm) 1 1 1 1 1 1 1 5 X (Cm)
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

SECTION A — Area of study 1 — continued
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Question 17

Which of the graphs (A—H) best shows the variation of the kinetic energy of the system plotted against the length of
the stretched spring?

1 mark

Question 18

Which of the graphs (A—H) best shows the variation of the total energy of the system of spring and mass plotted against
the length of the stretched spring?

1 mark

Question 19

Which of the graphs (A—H) best shows the variation of the gravitational potential energy of the system of spring and
mass (measured from the lowest point as zero energy) plotted against the length of the stretched spring?

1 mark

Question 20

Which of the graphs (A—H) best shows the variation of the spring (strain) potential energy plotted against the length of
the stretched spring?

Give your reasons for choosing this answer for the spring (strain) potential energy.

3 marks

SECTION A — Area of study 1 — continued
TURN OVER
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The following information relates to Questions 21-23.

Figure 8

Assume that somewhere in space there is a small spherical planet with a radius of 30 km. By some chance a person
living on this planet visits Earth. He finds that he weighs the same on Earth as he did on his home planet, even though
Earth is so much larger.

Earth has a radius of 6.37 x 10° m and a mass of 5.98 x 10%* kg.
The acceleration due to gravity (g), or the gravitational field, at the surface of Earth, is approximately 10 N kg™
The universal gravitational constant, G, = 6.67 x 1071 Nm? kg2,

Question 21
What is the value of the gravitational field on the surface of the visitor’s planet?

N kg
1 mark
Question 22
What is the mass of the visitor’s planet?
Explain your answer by showing clear working.
kg
2 marks

SECTION A — Area of study 1 — continued

www.theallpapers.com



17 2011 PHYS EXAM 1

The visitor’s home planet is in orbit around its own small star at a radius of orbit of 1.0 x 10° m. The star has a mass
of 5.7 x 10% kg.

Question 23
What would be the period of the orbit of the visitor’s planet? Show working.

2 marks

END OF AREA OF STUDY 1
SECTION A - continued
TURN OVER
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Area of study 2 — Electronics and photonics

The following information relates to Questions 1—4.
Four 2.0 ohm resistors (A, B, C and D) are connected as in Figure 1.

X A C
B D
®
Y
Figure 1

Question 1
Show that the total resistance of the circuit between X and Y is 3.3 ohm.

2 marks
Question 2
A 10V battery is now connected across XY as shown in Figure 2.
X A C
® | IS
0V == B D
@
Y
Figure 2
What is the current through resistor B?
A
2 marks

SECTION A - Area of study 2 — continued
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Question 3

What is the voltage drop (potential difference) across resistor A?

\%
2 marks
Question 4
What is the power dissipated in resistor D?
W
2 marks

SECTION A — Area of study 2 — continued
TURN OVER
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The following information relates to Questions 5 and 6.
Two students have built a model house and wish to install a fan that will turn on when the temperature is greater than 20°C.
The students used the following.
* athermistor — The characteristics are shown in Figure 3 below.

symbol

* a6.0V battery

1
T

* one only of the following resistors: 500 ohm, 1500 ohm or 4500 ohm

—

 a switching circuit that turns on the fan when the voltage across the input of the switching circuit is greater than
45V

®— switching

circuit fan

input

resistance (€2)
A

6000

4500

\
\
\
\
\
\

\
3000 \

1500

0 t e
0 10 20 30 40 50 60 » temperature (°C)

Figure 3

Question 5
What is the resistance of the thermistor when the temperature is 20°C?

1 mark
SECTION A - Area of study 2 — continued
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Question 6

Using the thermistor, the 6 V battery and one resistor from the listed resistors, draw a circuit to produce a voltage greater
than 4.5 V at the input of the switching circuit, and so turn the fan on, when the temperature is greater than 20°C. You
must include the value of the resistor you have used on your diagram.

3 marks

SECTION A — Area of study 2 — continued
TURN OVER

www.theallpapers.com



2011 PHYS EXAM 1 22

The following information relates to Questions 7 and 8.

A security system uses a light-emitting diode (LED) that emits ultraviolet light, and a photodiode that responds to this
ultraviolet light.

The circuits are shown in Figure 4.

CAVa— |
R, 2kQ| [R, alarm
system
AV u—_

i

LED circuit photodiode circuit

Figure 4

The current-voltage characteristics of the LED and photodiode are in Figures 5 and 6 respectively.

I (mA)
7 N
- 250
- 200
- 150
- 100

- 50

LA B B llgl
-4 -3 2 -1 0 1 2 3

>V (volts)

Figure 5

The LED operates at full brightness with a forward current of 150 mA.

Question 7

Use the information above to determine the maximum value of resistor R; for the LED to operate at full brightness.

2 marks

SECTION A — Area of study 2 — continued
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Figure 6 shows the current through the photodiode (in mA) for different values of the power (in mW) of the light falling
onit.

current (mA)
A
-1
-2 -1.5 -1 -0.5 0 0.5 1
T . . T r — voltage (V)
2 mwW 0
F -1
4 mwW
6 mW -2
8 mW L _3
10 mW
-4
-5
Figure 6

Question 8

Use the information in Figure 6 to determine the voltage across the 2 kQ resistor in Figure 4, when the power of the
light falling on the photodiode is 10 mW.

2 marks

SECTION A — Area of study 2 — continued
TURN OVER

www.theallpapers.com



2011 PHYSEXAM 1 24

The following information relates to Questions 9 and 10.
Two students construct a circuit to demonstrate modulation in a communication system.
The circuit is shown in Figure 7. The circuit consists of
* abattery
e an LED
 afixed resistor, R,, to protect the LED from excessive current
* avariable resistor, R;.
The sliding contact on the variable resistor changes the current through the LED.

Rl
I T
A
T E receiver :
:: ' circuit |
| L
LED circuit

Figure 7
The sliding contact is moved to the right, then to the left, several times. The LED stays on. Figure 8 shows the amount

of the resistance the variable resistor contributes to the circuit with time.

7 N

resistance
of variable
resistor

Ry

» time (S)

Figure 8

SECTION A - Area of study 2 — continued
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Question 9
On the axes below, draw the variation in the brightness of the LED with time.

A
brightness
O 1 1 1 1 1 1 1 1 > tlme (S)
0 1 2 3 4 5 6 8
2 marks
Question 10
Why is this an example of modulation? In your answer, identify the carrier wave.
2 marks

SECTION A - Area of study 2 — continued

TURN OVER
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The following information relates to Questions 11 and 12.
A voltage amplifier has the characteristics displayed in Figure 9a below.
The input signal to the voltage amplifier is displayed in Figure 9b.

Vour (V) mV
A A
7 10
5 5
5 10 570 5 10 13 Umnmv) O oV 20 30\ o7 > (M)
2 -5
i -10
Figure 9a Figure 9b

Question 11
On the axes below, draw a graph of the output voltage against time. Include a scale on the voltage axis.

VOUT
A

10 50 30 o> ¢ (Ms)

2 marks

Question 12
The performance of a voltage amplifier is limited by ‘clipping’.

Describe a situation using the amplifier described in Figure 9a that causes clipping to occur. What is the effect of clipping
on the output voltage?

2 marks

END OF SECTION A
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SECTION B

Instructions for Section B
Select one Detailed study.

Answer all questions from the Detailed study, in pencil, on the answer sheet provided for multiple-choice
questions.

Write the name of your chosen Detailed study on the multiple-choice answer sheet and shade the matching box.
Choose the response that is correct or that best answers the question.

A correct answer scores 2, an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.

You should take the value of g to be 10 m s™2.

Detailed study Page
EINStein’s SPECIAL FEIALIVITY ....vviieiiic ettt e et e e te e te e beebe e s teesteeteenreenteannens 28
Materials and their USE IN SITUCTUIES .........oiuiiiiiiiiiiie ettt bbbt b bbb e 32
LT T [T 1 0] T[S 38

SECTION B - continued
TURN OVER
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Detailed study 1 — Einstein’s special relativity

Question 1

An experiment is done where two protons with very high kinetic energy collide in order to try to create a single stationary
‘Higgs’ particle.

Each proton in the reaction has a kinetic energy of 1.1 x 107 J. No other particles are produced in the reaction and the
protons will not exist after the production of the Higgs particle.

The proton rest mass is equal to 1.6726 x 1027 kg.

Which of the following options is the best estimate of the mass of the Higgs particle?

A, 12x10%kg

B. 24x10%kg
C. 3.3x10% kg
D. 1.7x10% kg
Question 2

According to the theory of special relativity, the mass, m, of a particle, and its total energy, E, are equivalent. The
relationship is
1

E =mc? where m=ym,, and ¥ =

1V2
—

C

The amount of energy required to increase the speed of an electron from 0.18¢ to 0.19¢ is 0.004 J. By contrast, the
amount of energy required to increase this electron’s speed by the same amount (0.01¢) from 0.98¢ to 0.99¢ is 27.7 J.

Which of the following best explains why much more energy is required to produce the same change in speed for the
electron when it is moving at the higher speed?

A. The rest mass (m) of the electron is not a constant but depends on the speed v.

B. The electron mass-energy is proportional to v, so it is more massive at high speed.
C. Because E = % mv?, the larger v, the more energy is required to increase it further.
D.

The total mass-energy of the electron depends on y, which increases rapidly as v approaches c.

Question 3
When stationary, a proton has a rest mass-energy of 1.50 x 1010 J.
A proton is accelerated from a speed with y = 1.05 to a speed with y = 1.10.

Which of the following is closest to the work done on the proton during its acceleration from the first speed to the
second speed?

A, 2.9x108)

B. 3.2x10710)
C. 75x1012)
D. 83x102%9)

SECTION B - Detailed study 1 — continued
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Question 4

A tower is 300 m tall. A cosmic ray particle is travelling from the upper atmosphere. It is travelling perpendicular to the
ground. As it speeds past the top of the tower, it measures the height of the tower to be 200 m.

Which of the following options is the best estimate of the speed of the cosmic ray?

A. 0.56c¢
B. 0.67c
C. 0.75¢
D. 0.8lc
Question 5

In deep space, a spaceship, A, passes a second spaceship, B, at a relative speed of 0.5¢. At this instant, each spaceship
sends a radio message to their home base that is the same distance away from each spaceship.

home base

Which of the following statements about the arrival time of the message at the home base is correct?
A. Both signals will arrive at the same time.

B. The signal from spaceship A will arrive sooner than the signal from spaceship B.

C. The signal from spaceship A will arrive later than the signal from spaceship B.
D

Spaceship A has a value of y = 1.15 and this will mean that its signal will arrive approximately 15% sooner than
the signal from spaceship B.

Question 6

Two cars, travelling at the same speed, are approaching a country motel from opposite directions. In Figure 1 below
they are equidistant from the motel at the same time, and simultaneously sound their horns to indicate the motel of their
approach.

There is a strong wind blowing from the left, as shown. Relative to the ground, the cars are travelling slightly faster
than the speed of the wind.

Figure 1

Which of the following options best describes which signal arrives first at the motel?
A. The sound signal from car A arrives first.

B. The sound signal from car B arrives first.

C. Both sound signals arrive at the same time.

D. The sound signal from car B never reaches the motel.

SECTION B - Detailed study 1 — continued
TURN OVER
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Question 7

Which of the following statements best describes what the Michelson—Morley experiment attempted to measure?
A. the speed of Earth through space

B. changes in the speed of Earth through space

C. accuracy obtainable with an optical interferometer

D. differences in the speed of light in different directions

Question 8
One of Einstein’s postulates of special relativity was that ‘the laws of physics are the same in all inertial reference frames’.

Scientists are planning an experiment that must be conducted in an inertial reference frame. They choose a location in
deep space, far from the gravitational field of any star or planet.

Which of the following is the best option for them to choose?

A. alaboratory in a stationary slowly rotating spaceship

B. alaboratory in a spaceship hurtling through space at 0.99¢

C. alaboratory in a spaceship moving at 0.99¢ that is gradually slowing down
D. alaboratory in a very slowly moving spaceship that is gaining speed

Question 9

Scientists observe the path of a short-lived elementary particle in a detector. It is created in the detector and exists only
for a short time, leaving a path of length 5.4 mm long. The scientists measure its speed as 2.5 x 108 m s, giving y = 1.81.

What is the proper lifetime of the particle?
A. 53x10s

B. 3.3x10 s
C. 18x10!1s
D. 12x10s
Question 10

Which of the following statements best explains why it is impossible to accelerate particles (such as electrons) so that
they are travelling at the speed of light?

A. ltis directly forbidden by one of Einstein’s postulates.

B. As particles increase in speed, the rest mass (i) tends towards an infinite value.

C. The kinetic energy of particles, given by Ex = (y — 1)mqc?, tends towards an infinite value.

D. The speed of particles is given by L/z; this is equal to Ly/¢;y? and this value tends towards infinity.

Question 11

Which of the following statements about proper length is the most accurate?

A. The proper length of an object is always greater than or equal to another measure of the length of the object.
B. The proper length of an object is always less than another measure of the length of the object.

C. The proper length of an object is sometimes less than another measure of the length of the object, and sometimes
greater than or equal to another measure of the length of the object.

D. The proper length of an object can only be measured by an observer who is moving relative to the object.

SECTION B - Detailed study 1 — continued
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Question 12

A spaceship is travelling through space with a value of y = 1.04 relative to a stationary observer.

Which of the following values of y is closest to that of a spaceship travelling at twice the speed, relative to the stationary
observer?

A. 1.08
B. 112
C. 1.16
D. 120

END OF DETAILED STUDY 1
SECTION B - continued
TURN OVER
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Detailed study 2 — Materials and their use in structures
In this section, take the acceleration due to gravity, g, as 10 m s=2.

The following information relates to Questions 1—6.
Engineers are testing samples of different types of steel to determine the best type to use in construction of a bridge.
The samples they are testing have a cross-section area of 2.0 x 107> m2. They are all 0.10 m long.
The samples are under tension.
They first test a sample of material P. The force-extension graph for this test is shown in Figure 1.
The sample breaks at X.

A
12
10 —eo
X
8
force
x 10N 6
/p
4
2 /
0 extension
0 10 15 20 x10™*m
Figure 1
In Questions 1-4, a tension force of 8.0 x 10° N is applied to the sample.
Question 1
Which of the following best gives the stress (o)?
A. 80x10°Nm=2
B. 4.0x10"Nm2
C. 4.0x108Nm2
D. 40x10°Nm3
Question 2
Which of the following best gives the strain (¢) when the force is 8.0 x 103 N?
A. 50x107
B. 5.0x10*
C. 5.0x1073
D. 50

SECTION B - Detailed study 2 — continued
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Question 3

Which of the following best gives Young’s modulus for material P?
A. 3.0x10"Nm>

B. 8.0x10®°Nm2

C. 13x10%Nm?

D. 8.0 x 10! Nm2

Question 4
Which of the following best gives the energy stored in the sample when the force of 8.0 x 103 N is acting on it?
A, 20x107)

B. 201J

C. 401

D. 8.0x10°J
Question 5

Which of the following is closest to the measure of the toughness of material P?
A, 27x103)m3

B. 10Jm3

C. 165Jm™

D. 6.6x10°Jm

SECTION B - Detailed study 2 — continued
TURN OVER
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Question 6
The engineers test another sample of a different material, material Q.
The force-extension graph for the sample of material Q is given in Figure 2.

A
12 [\
X
8
force / Q
x10°N ¢

> extension
5 10 15 20~ x10%m

Figure 2

The engineers decide against using material Q, preferring P.

Using only the data above, which of the following is the most likely reason for this decision?
A. Pis stronger than Q.

B. Q is more brittle than P.

C. Compared with P, Q would stretch too much at a given load.

D. Young’s modulus is greater for P than Q, indicating more strength.

SECTION B - Detailed study 2 — continued
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The following information relates to Questions 7 and 8.

A school crossing sign is supported by a rigid rod, AC, smoothly hinged to an upright pole at point A, and a cable, BC,
as shown in Figure 3.

= not to scale
B 20m C
20m 2.8m
SCHOOL
CROSSING
A

Figure 3

Length of rord AC=2.8m
Length of cable BC=2.0m
LengthAB=2.0m

Mass of sign = 40 kg

Ignore mass of rod and all cables.

Question 7

Which of the following best describes the stress in AC and BC?
A. AC and BC are both in tension.

B. AC and BC are both in compression.

C. ACisintension, BC in compression.

D. AC isin compression, BC in tension.

Question 8
Which of the following best gives the magnitude of the force in the cable BC?
A. 40N
B 60 N
C. 400N
D. 560N

SECTION B - Detailed study 2 — continued
TURN OVER
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The following information relates to Questions 9 and 10.
A diving board is constructed of concrete (strong in compression), reinforced by steel wires (strong in tension). It is
mounted with two supports at A and B, as shown. The board has a mass of 80 kg and a length of 4.0 m. A diver of
mass 100 kg is standing stationary on the very end of the board at C. Support A is at one end of the board. Support B is
1.0 m from A. The situation is shown in Figure 4.

A
7 B
| |
7, a C
/
«—
~10m R
) 40m !
Figure 4

Question 9

Which of the following best gives the magnitude of the force by the support at B on the board?
A. 560 N

B 1800 N
C. 5600N
D. 18000 N

Question 10
Which of the following diagrams best gives the optimum placement for the steel wires in the diving board?

SECTION B - Detailed study 2 — continued
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A cable supporting a large mass is wound around a drum as shown in Figure 5. The drum consists of a solid metal

The following information relates to Questions 11 and 12.

cylinder. The drum is held stationary.

Question 11
Which of the following best describes the type of stress force on the drum?

A.

B.
C.
D

shear
elastic
tension
plastic

Question 12

The cable has an unstretched length of 2.0 m. When the mass is attached, the strain (¢) in the cable is 0.010.

Assuming no slippage of the cable or movement of the cylinder, which of the following best indicates by how much
the cable stretches?

A.

B
C.
D

0.020 cm
2.0cm
10 cm
20 cm

2.0 m (approximately)

Figure 5

side view

2.0 m (approximately)

END OF DETAILED STUDY 2
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Detailed study 3 — Further electronics

The following information relates to Questions 1—4.
John is designing, building and testing an AC to DC power supply system to provide the high voltage to a cathode-ray tube.
The DC voltage has to be approximately 5000 V and the effective resistance of the cathode-ray tube in the circuit is
5MQ (5 x 10° Q).
The circuit is shown below in Figure 1.

240 Vs AC
RMS 3600 Vs ——10uF 5MQ
50 Hz

cathode-ray

O
step-up capacitor Y tbe

transformer full-wave
bridge rectifier

O X

Figure 1

The bridge rectifier consists of four diodes connected appropriately, and the smoothing capacitor has a value of 10 uF
(10 x 107°F).

Question 1

Which of the following best gives the time constant, z, for the circuit consisting of the smoothing capacitor and cathode-
ray tube?

A. 5x10°s
B 0.5s

C. 5s

D. 50s

SECTION B - Detailed study 3 — continued
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Question 2

Which of the following graphs best shows the signal as observed across XY?

A, B,
A
5000 V 5000V M—~—r——v———v
L) L U L T U :t mS L) LJ T L T U :t mS
000 20 30 40 50 e '™ %o 2 3 40 s e ™
C. D
A A
5000 v | 5000 V/
L) L L L | U ;Z L) L L L J U ;t
00 20 30 4 5 6 '™ % % % 4 s e ™

Question 3

The next step of the design of the system is to select the power of the transformer. This factor affects the price and the
size of the transformer, so John must choose the smallest transformer that delivers the required power.

A catalogue quoted only the following four available power ratings for transformers: 2 W, 10 W, 100 W, 1000 W.
Which of the following will be the minimum power rating transformer to meet the task?

A. 2W
B 10 W
C. 100 W
D. 1000 W
Question 4

Bill lives in the USA. He intends to build the same system as John. Due to the fact that the mains voltage in the USA is
110 Vg5 and 60 Hz instead of 240 Vi and 50 Hz in Australia, Bill has to make some changes to the design.

He has to replace the transformer.

It is an ideal transformer.

Which of the following best gives the reason for this?

A. A different transformer is needed to allow for the different input voltage only.

B. A different transformer is needed to allow for the different frequency only.

C. A different transformer is needed to allow for both the different input voltage and different frequency.
D. A different transformer is needed to allow for the different power required.

SECTION B - Detailed study 3 — continued
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Question 5

Mary wants to build a regulated power supply powered by a 9 V battery. The required output voltage of the power supply
has to be 5.5 V to suit the music player she bought overseas.

She built the regulator with the electric circuit depicted below, consisting of a 9 V battery, a 20 kQ resistor and
a 5.5V Zener diode.

The circuit is shown in Figure 2a.
The voltage-current characteristics of the Zener diode are depicted in Figure 2b.

I (mA)
A
2
20 kQ
—
1
L oX -6 -5 |4 |-3 |-2 -1 R
T ——— 01 2 Vi
+ — |
- 9V Ix‘output =]
—oY -2
-3
-4
Figure 2a Figure 2b

She measured the output voltage V. to be 3.5 V.

Which of the following is the most likely reason for the output being lower than she wanted?

A. The Zener diode requires at least 1 mA to operate correctly, and the current will be less than this.

B. The 20 kQ resistor is to protect the Zener diode from excessive currents, and the value of the resistor is too low.
C. The battery has too high a voltage to allow 5.5 V across XY.

D. The Zener diode is installed incorrectly, with its polarity reversed.

SECTION B - Detailed study 3 — continued
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Mary decides to use a transformer-rectifier power supply in place of the battery to provide the 5.5 V she needs. It is
connected to a 240 Vs AC 50 Hz supply. The output of the secondary windings of the transformer is 10 Vgys. The
circuit for this is shown below in Figure 3a.

Question 6
The primary windings of the transformer have 4 800 turns.

Which of the following best gives the number of windings required in the secondary windings?

A. 10
B. 200
C. 4800
D. 1152000
Question 7

Initially the circuit operates correctly, providing 5.5 V DC smoothed output.
However, a fault then develops and the output is as shown in Figure 3b below.

\A/ (volts)
6l
51
41
3l
2
1
0 ; } y } —» 7 (ms)
0 10 20 30 40 50
Figure 3b
Which of the following is the most likely cause of this fault?
A failure of
A. the transformer.

B.
C.
D

The following information relates to Questions 6-8.

R X
I | 'e)
| S
240 Vs AC c—_—— out
— N output
50 Hz 10 Vus
+
full-wave 55V
bridge rectifier Zener diode
Figure 3a

the capacitor used for smoothing the signal.
all the diodes in the bridge rectifier (blown).
one only of the diodes in the bridge rectifier (blown).

SECTION B - Detailed study 3 — continued
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Question 8
After fixing this fault another develops, causing the signal below at the output.

V (volts)
A

00 10 20 30 20 50 > £ (ms)

Figure 3c

Which of the following is the most likely cause of this fault?
A failure of

A. one only of the diodes in the bridge rectifier (blown).

B. all the diodes in the bridge rectifier (blown).

C. the capacitor used for smoothing the signal.
D

the transformer.
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The following information relates to Questions 9 and 10.

Tom suggests that a much cheaper circuit could be used to provide the 5.5 V DC smoothed output required. This circuit
is shown in Figure 4.

R = 1000 Q [ I I —— oX
C=50uF diode
240 Vs 1 w7 55V
50 Hz —|¢ L—=— Zener diode
! oy
Figure 4

Question 9
Which of the following will best show the shape of the output as seen by an oscilloscope connected across XY?

B.
V (volts) V (volts)
A A

0 020 30 20 0 >'™ %525 3 40 w0 '™

D.
V (volts) V (volts)
A A
55Vt 55V
0 1 1 1 1 1 >/ (ms) 0 1 1 1 1 1 >t (ms)

Question 10

While this cheaper circuit is sometimes used, it is normally avoided because of safety concerns. If a particular component
fails, 240 V will appear across the output.

The failure of which of the following components would cause 240 V to appear across the output? Assume that the
failure of the component will cause an open circuit (that is, a break in the circuit where the component was).

A. Zener diode

B. resistor
C. capacitor
D. diode

SECTION B - Detailed study 3 — continued
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The following information relates to Questions 11 and 12.

Mickie is attempting to measure the input resistance of a piece of electronic equipment, E. She sets up the following

CJ oscilloscope
o} e}

circuit.
1 2
i
E
S
(0] VAm— R
(volts) 1 MQ
OO0 00

N
7

T
Figure 5

Question 11

She uses the oscilloscope to observe the voltage across capacitor C. Assume the oscilloscope has a very large input

resistance.

The capacitor is initially uncharged.

Moving the switch to position 1, she observes the following signal on the oscilloscope.

V (volts)
A

12

10

A/
/

0 10 20 30
Figure 6

Which of the following best gives the value of the capacitor C?
A. 5 uF

B 10 uF
C. 50 uF
D. 1000 uF

40

» time (s)
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Question 12

12

10

A. 0.5MQ
B. 1.0 MQ
C. 1.6 MQ
D. 2.6 MQ

V (volts)
A

After 5 minutes, she moves the switch to position 2 and observes the following signal.

—~——

—

20 30 40 50 g0 > lme(s)

Figure 7

Which of the following best gives the value of the input resistance of the piece of equipment, E?

END OF QUESTION AND ANSWER BOOK
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. . Ax Av
1 velocity; acceleration v=—, a=—
At At
v=u-+at
X =uf+ %az2
2 equations for constant acceleration s 9
Vv =u" +2ax
x=1(vu)t
3 Newton’s second law 2F=ma
2
4 circular motion a=" - 4”2r
r T
5 Hooke’s law F =—kx
6 elastic potential energy %kx2
7 gravitational potential energy near the mah
surface of the Earth g
— 12
8 Kinetic energy 5mv
MM
9 Newton’s law of universal gravitation F= G%
v
o M
10 gravitational field g=G—
-
F
11 stress o=—
A
. AL
12 strain e="
L
t
13 Young’s modulus =S re,ss
strain
: n_m
14 transformer action —=—
VZ N2
15 | AC voltage and current v Ly | Ly
voltage and curren =—=V _ =—F=1,_
g RMS 2\/5 p-p RMS 2\/5 p—p
16 voltage; power V=RI P=VI=IR
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17 resistors in series R;=R;+R,
18 resistors in parallel < =L+L
RT Rl R2
19 capacitors time constant : 7= RC
_ 1
20 Lorentz factor V= —m
21 time dilation t=ty
22 length contraction L=LJy
23 relativistic mass m=myy
24 | total energy Eqoral = Ex + Ejegt = MC?
25 universal gravitational constant G =6.67 x 101* N m? kg
26 | mass of Earth Mg =5.98 x 10* kg
27 | radius of Earth Re=6.37 x 10°m
28 | mass of the electron me =9.1x 10 kg
29 | charge on the electron e=-16x10"°C
30 speed of light c=30x108ms?

Prefixes/Units

p = pico = 1072
n=nano = 107°
4= micro =107
m = milli = 107
k = kilo = 10°

M = mega = 10°
G =giga=10°

t = tonne = 10% kg

END OF FORMULA SHEET
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