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Physics - Modules 5 and 6 
 

For each question, there is space for you to take notes on 
relevant points related to each question. 

 
Question 1 
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7)  A rock thrown at 200 m s–1 reaches a maximum height of 740 metres. 
 a)  What angle was it projected at? 
 b)  How long is it in the air? 
 c)  What is the range of the rock? 
 d)  Where is the rock, and what is its velocity after 20 seconds of the flight? 
 e)  What is the minimum distance the launching site can be from a wall 300 metres high if 

the rock is to clear the wall? 
 
8)  A golfer hits a golf ball, which is 50.0 metres in front of a large tree 30.0 metres high.  
 a)  With what vertical component of velocity must the golfer hit the ball so that it will just 

pass over the top of the tree? 
 b)  How long will it take the ball to travel the horizontal distance of 50.0 metres?  
 c)  At what angle to the horizontal did the golfer hit the ball? 
 
9)  A rifle can provide a muzzle velocity of 750 m s–1 to a bullet. It is fired horizontally from a 

ladder 25 metres in the air. 
 a)  How long will the bullet stay in the air? 
 b)  What is the range of the bullet? 
 c)  Will it clear a wall, 8.0 metres high that is placed 1200 metres from the ladder? Justify 

your answer. 
 
10)  For the question above, describe what the path of the bullet would look like to an observer: - 
 a)  in the air above the flight of the bullet. 
 b)  on the ground, looking at the bullet flight from the side. 
 c)  on the ground, looking at the bullet from directly ahead. 
 
11)  A cat is thrown horizontally off a cliff 44.1 m high, with a velocity of 25.0 m s–1. 
 a)  How long will the cat take to reach the ground? 
 b)  How far from the base of the cliff will the cat land? 
 c)  What is the velocity and displacement of the cat 3.00 seconds after it was thrown? 
 d)  What would be the answers to questions (a), (b) and (c) if the cat were projected at an 

angle of elevation of 30° above the horizontal? 
 
12)  As shown in the diagram below, an object is projected off the top of a 120 m high ocean cliff, 

with a velocity of 40.0 m s–1, at an angle of 60° above the horizontal. 

 
 a)  What will be the maximum height reached above sea level? 
 b)  How long will the object be in the air? 
 c)  How far from the base of the cliff will the object land? 
 d)  What will be its velocity as it enters the sea? 

8) A golfer hits a golf ball which is 50.0 metres in front of a large tree, which is 30.0 metres high.

a) With what vertical component of velocity must the golfer hit the ball so that it will just 

pass over the top of the tree?

b) How long will it take the ball to travel the horizontal distance of 50.0 metres?

c) At what angle to the horizontal did the golfer hit the ball?

9) A rifle can provide a muzzle velocity of 750 ms-1 to a bullet. It is fired horizontally from a 

ladder 25 metres in the air.

a) How long will the bullet stay in the air?

b) What is the range of the bullet?

c) Will it clear a wall, 8.0 metres high that is placed 1200 metres from the ladder? Justify 

your answer.

10) For the question above, describe what the path of the bullet would look like to an observer:-

a) in the air above the flight of the bullet.

b) on the ground, looking at the bullet flight from the side.

c) on the ground, looking at the bullet from directly ahead.

11) A cat is thrown horizontally of a cliff 44.1 m high, with a velocity of 25.0 ms-1.

a) How long will the cat take to reach the ground?

b) How far from the base of the cliff will the cat land?

c) What is the velocity and displacement of the cat 3.00 seconds after it was thrown?

d) What would be the answers to questions (a), (b) and (c) if the cat were projected at an 

angle of elevation of 30° above the horizontal?

12) As shown in the diagram below, an object is projected off the top of a 120 m high ocean cliff, 

with a velocity of 40.0 ms-1, at an angle of 60° above the horizontal.

a) What will be the maximum height reached above sea level?

b) How long will the object be in the air?

c) How far from the base of the cliff will the object land?

d) What will be its velocity as it enters the sea?
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Question 2 
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Question 3 
 
  Two weights are connected by a light inextensible string. The string passes through a smooth 

glass tube. One mass (20.0 g) is rotated in a flat arc as shown. At a certain rotation rate, it is 
observed that the hanging weight is stationary. It was found that the rotating mass took 5.84 
seconds to complete 10 revolutions. The radius of the circular path followed by the mass was 
1.32 m. 

 

 
 a)  What is the instantaneous velocity of the 20.0 g mass? 
 b)  What is the centripetal acceleration of the mass? 
 c)  What is the centripetal force acting on the 20.0 g mass? 
 d)  What provides this force? 
 e)  Calculate the mass of the hanging weight. 
 
 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

13) a) What was Newton's concept of escape velocity? 

b) Derive the equation for escape velocity using equations for the kinetic energy and 

gravitational potential energy of the object.

c) Research data for mass and radius of the earth and moon to find their escape velocities. 

14) A rocket accelerates upward at 49.0 ms-2. 

a) What is meant by “g-forces” in relation to the forces experienced by an astronaut?

b)  Explain why astronauts lie on a couch horizontally during launch.

c) Determine the force that the couch exerts on a 70.0 kg astronaut during this launch.

d) Determine the maximum g-force they would experience during the launch.

15) Discuss how the Earth's orbital motion and its rotational motion affect the launch of a rocket.

16) During a launch into orbit, the acceleration of the rocket continually changes. Analyse this 

changing acceleration in terms of the:-

a) Law of conservation of momentum.     b)     forces experienced by the astronauts.

17) Give a brief summary of the contribution of one of the following to the development of space 

exploration. Tsiolkovsky, Oberth, Goddard, Esnault-Pelterie, O'Neill, Von Braun.

18) Two weights are connected by a light inextensible string. The string passes through a smooth 

glass tube. One mass (20.0 g) is rotated in a flat arc as shown. At a certain rotation rate, it is 

observed that the hanging weight is stationary. It was found that the rotating mass took 5.84 

seconds to complete 10 revolutions. The radius of the circular path followed by the mass was 

1.32 m.

a) What is the instantaneous velocity of the 20.0 g mass?

b) What is the centripetal acceleration of the mass?

c) What is the centripetal force acting on the 20.0 g mass?

d) What provides this force?

e) Calculate the mass of the hanging weight. 

19) A car of mass 1200 kg is going around a flat curve of radius 200 m at a velocity of 30 ms-1. 

The maximum sideways frictional force that the tyres can withstand is 1500N.

a) What is the centripetal force acting on the car?

b) On what part of the car is this force acting?

c) What frictional force must each tyre produce to keep the car turning in the curve?

d) What is the maximum safe speed that the car can travel around a flat corner of radius  

10m?

e) The NSW state government is currently considering raising the speed limit on freeways 

to 120 km/h. What would be the minimum safe radius for a flat curve on a freeway at 

this speed?

nicolescarr
Stamp



Question 4 
 
 A model car of mass 2.0 kg is placed on a banked circular track. The car follows a path of 

radius 3.0 m. The motor maintains it at a constant speed of 2.0 m s–1. 
 The angle of bank is such that there are no sideways frictional forces between the wheels and 

the track. 

 
 a) Draw a diagram showing all the forces acting on the car using solid lines and label each 

force. Show the resultant force as a dotted line, labelled FR. 
 b) Calculate the required angle of bank of the track, in degrees, to maintain the 2.0 kg car 

at 3.0 m s–1 on the 3.0 m circular path with no sideways friction between the wheels and 
the track. Show your working. 
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Question 4 (6 marks)

Another model car of mass 2.0 kg is placed on a banked circular track. The car follows a path of radius 
3.0 m. The motor maintains it at a constant speed of 2.0 m s–1, as shown in Figure 4.

The angle of bank is such that there are no sideways frictional forces between the wheels and the track.

3.0 m

 Figure 4

a. On the diagram below, draw the forces acting on the car using solid lines and label each force. Show 
the resultant force as a dotted line, labelled FR. 3 marks

b. Calculate the required angle of bank of the track, in degrees, to maintain the 2.0 kg car at 3.0 m s–1 
on the 3.0 m circular path with no sideways friction between the wheels and the track. Show your 
working. 3 marks

°
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Question 5 
 
Discuss the importance of Newton's Law of Universal Gravitation in understanding and calculating 
the motion of satellites. 
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Question 6 
 
 Ganymede is the largest of the moons of Jupiter, orbiting at a distance of 1.07 million km 

from the centre of Jupiter, in an orbit with a period of 7 days and 3 hours. It has a mass of 
1.48 x 1023 kg and a diameter of 5268 km. 

 a) What is the orbital velocity of Ganymede? 
 b) Make use of the data provided to determine the mass of Jupiter. 
 c) What would be the surface gravity on Ganymede? 
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Question 7 
 
 A proton is fired perpendicularly into an electric field at 50 000 m s–1 as shown. The plates 

are 40.0 cm apart and have a potential difference of 10 000 V between them. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 a) Sketch the path the proton will follow once it enters the electric field. Justify your 

answer. 
 b) What force will act on the proton in the electric field? 
 c) What will be the acceleration of the proton? 
 d) How far will the proton travel before it hits one of the parallel plates? 
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Question 8 
 
  A velocity gate for charged particles can be made by allowing a stream of charged particles to 

pass through an area where an electric field is crossed (i.e. perpendicular) to a magnetic field, 
as shown. 

 

 
 a)  Show that the only particles that come through the crossed fields undeflected have a 

velocity given by: - 

                
 
v = E

B
 

 
 b)  The magnetic field is provided by a 2.0 × 10–3 T magnet. The plate separation is 5.0 cm. 

What voltage must be supplied to provide undeflected ions of velocity 2.5 × 107 m s–1? 
 c)  What modifications (if any) would need to be made to the velocity gate to accommodate 

negative particles? Explain your answer. 
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FROM IDEAS TO IMPLEMENTATION - ASSIGNMENT 1

1) A proton travelling at 40 000 km/s enters a magnetic field of strength 10 T as shown below.

a) Draw the path that the proton would take.
b) What force acts on the proton?
c) What is the centripetal force acting on the proton?
d) Determine the radius of curvature of the proton's path.
e) What would be the two major differences between the path of the proton, and that of an electron 

travelling with the same velocity? Explain.

2) A velocity gate for charged particles can be made by allowing a stream of charged particles to pass through an 
area where an electric field is crossed (ie perpendicular) to a magnetic field, as shown.

a) Show that the only particles that come through the crossed fields have v = E /B.

b) The magnetic field is provided by a 10-3 T magnet. The plate separation is 5.0 cm. What voltage must 

be supplied to provide undeflected ions of velocity 2.5 x 107 m s-1?
c) What modifications (if any) would need to be made to the velocity gate to accommodate negative 

particles? (explain)

3) Briefly outline the different results that can be obtained using cathode ray tubes, and explain the significance of 
those results. (Include results for fully evacuated tubes, and partially evacuated tubes)

4) Outline Thomson's experiment to measure the charge to mass  ratio of an electron.

5) Briefly describe the function of the main components of a cathode ray tube/TV picture tube.

6) Outline applications of cathode rays in oscilloscopes and television sets.

7) Why did the apparently inconsistent behaviour of cathod rayscause debate about their nature?

8) An "electron gun" accelerates electrons by exposing them to a large potential difference between  two parallel 
plates. The  electrons  leave the gun  through a small hole in one of the plates. After leaving the gun, the 
electrons pass between two parallel plates, X and Y, that are aligned perpendicularly to the earths gravitational 
field.

a) Which of plates A or B is positively charged. Explain.
b) What is the size of the electric field between the plates?
c) How much work is done on the electron by the accelerating voltage?
d) What is the speed of the electron as it leaves the gun?
e) How quickly will it pass through the 2.00 metres of the X and Y plates?
f) What voltage must be applied between the plates to ensure that the electron passes between them 

undeflected by the earth's gravitational field?
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Question 9 
 
 In a mass spectrometer, a velocity filter ensures that charged particles entering the device all 

have the same velocity. A sample is suspected of containing a Group 1 metal. When placed in 
the mass spectrometer, an electron is removed from each atom of the sample and the ions 
formed are accelerated to 1.719 × 105 m s–1. They then enter a magnetic field of 0.200 T. The 
ions from the sample underwent a circular path of radius 196 mm. 

 a) Calculate the mass of the ions being tested. 
 b) Identify the element contained in the sample. 
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Question 10 
 
 A rectangular wire loop is connected to a DC power supply. Side X of the loop is placed next 

to a magnet. The loop is free to rotate about a pivot. 
 

 
 
 When the power is switched on a current of 30 A is supplied to the loop. To prevent rotation, 

a mass of 50 g can be attached to either side X or side Y of the loop. 
 a)  On the diagram indicate where the mass should be placed to prevent rotation and 

determine the torque provided by the 50 g mass. 
 b)  Calculate the flux density around side X.  
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Question 23      (3 marks)

A rocky planet has been discovered that lies within the habitable zone of the star Cygnus β located 212 

light years from Earth. Assume that you are in a spacecraft capable of travelling at a speed of 0.999c 

toward Cygnus β. 

By calculating the distance to Cygnus β from within your frame of reference determine how long it will 

take you to travel from Earth to Cygnus β.

Question 24     (6 marks)

An electron is emitted from a mineral sample and travels through aperture A into a spectrometer at an 

angle of 60° with a speed of 4.0 x 106 m s-1.

20 cm

-200 V

0 V

NOT

TO

SCALE

sample

60°

A D
detector

aperture

e-

(a) Calculate the magnitude and direction of the force experienced by the electron inside the 

spectrometer. (3)

(b) The electron experiences constant acceleration and eventually strikes the detector, D.

What is the time taken for the electron to travel from A to D?  (3)

Question 25     (6 marks)

A rectangular wire loop is connected to a DC power supply. Side X of the loop is placed next to a 

magnet. The loop is free to rotate about a pivot.

pivot

North
40 cm 40 cm

15 cmY
X

NOT

TO

SCALE

-  +

When the power is switched on a current of 30 A is supplied to the loop. To prevent rotation, a mass of 

50 g can be attached to either side X or side Y of the loop.

(a) On the diagram indicate where the mass should be placed to prevent rotation and determine the 

torque provided by the 50 g mass. (3)

(b) Calculate the magnetic field strength around side X. (3)

Question 26     (6 marks)

How did the invention of the transistor transform the way communication occurs in Australia? In your 

answer, refer to the technology that the transistor replaced. (6)
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Question 11 
 
 A physics student wanted to investigate the forces of attraction (F) between two parallel 

current-carrying conductors carrying currents I1 and I2 (also known as Ampere’s Law) as 
shown by the diagram and equation below. 

 

 
 

Ampere’s Law - 
 

F
l
=
µo

2π
I1I2

r
 

 

 µo  = magnetic permeability constant 
l = common length of conductors 

 
 The student noticed that as the length (l) of the parallel conductors was increased the force of 

attraction (F) between the conductors also increased. Their data is shown in the table below. 
  

Length 
(m) 

Force between conductors 
( × 10–6 N) 

1.00 9.0 
1.20 10.8 
1.40 12.5 
1.60 14.2 
1.80 16.2 

 
 a)  Plot the force and length values from the table and draw the line of best fit. 
 b)  Determine the slope of the line of best fit. 
 c)  Use the slope calculated in (b) above and the Ampere’s Law equation to determine the 

experimental value of the magnetic permeability constant  µo . 
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 ...............................................................................................................................................................  
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Question 23   (5 marks)

A transformer has 14 turns in the primary coil and 28 turns in the secondary coil. The graph shows 

how the flux in the iron core of the transformer is related to the EMF and the current induced in the 

secondary coil.

+

–

time

flux in core

EMF (and current) induced in secondary

(a) If the EMF across the secondary coil is 60 V, what is the input voltage?

(b) The graph shows that the EMF across the secondary coil is a maximum when the flux through 

the iron core is zero. Explain this relationship.

(c) Explain how the heating problems of transformer cores are overcome.

Question 22   (5 marks)

A physics student wanted to investigate the forces of attraction (F) between two parallel current 

carrying conductors carrying currents I1 and I2 (also known as Ampere’s Law) as shown by the 

diagram and equation below.

I1 = 5.0 A

I2 = 5.0 A

average

separation 

(d = 0.50 m)

Ampere’s Law  
  

� 

F

l
= k

I1I2

d
 

k = magnetic force constant

l = common length of conductors

The student noticed that as the length (l) of the parallel conductors was increased the force of 

attraction (F) between the conductors also increased. Their data is shown in the table below.

16.2

14.2

12.5

10.8

9.0

1.80

1.60

1.40

1.20

1.00

Force, F  (x10-6 N)Length, l   (m)

(a) On the grid below plot the force and length values from the table and draw the line of best fit.
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Question 12 

 A metal conductor is moving at velocity v through a magnetic field as shown. 
 

 
 

a) Describe the structure of a metal at an atomic scale. 
b) Explain why the cations in the metal will experience a force as the conductor is moved AND 

explain why the cations remain in position despite this force. 
c) Explain why delocalised valence electrons will experience a force as the conductor is moved 

through the magnetic field and will move as a result of that force. 
d) As a result of the force, explain which end of the conductor will become negatively charged. 
e) Is there any way to change the size of the electric field produced across the ends of the 

conductor? Explain your answer. 
f) The ends of the conductor are now joined by a wire that is external to the magnetic field. 

Explain the direction of the resulting induced conventional current that flows through the 
conductor. 

g) As a result of the induced current, the conductor will now experience a force. In what 
direction will the force on the current due to the induced current be? 

h) Why can’t the current be induced in the opposite direction? 
i) Identify where Faraday’s law and Lenz’s law applied in this situation. 
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Question 13 
 
 a) Draw a labelled diagram of a step down transformer showing all the essential features.  
 b)  Explain how two features of the transformer you have labelled decrease energy loss.  
 
 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  
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Question 14 
 
 A bar magnet is placed on a sensitive electronic balance as shown in the diagram. A hollow 

solenoid is held stationary, such that the magnet is partly within the solenoid. The solenoid is 
then lifted straight up without touching the magnet. The reading on the balance is observed to 
change briefly. 

 

 
 a)  Why does a current flow in the solenoid? 
 b)  Explain the reason for changes in the reading of the electronic balance as the solenoid is 

removed. 
 

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

Question 26 (7 marks)

A non-magnetic copper sheet is pushed through a magnetic field at a constant velocity. It is shown 

at three different locations relative to the magnetic field. 

Location ILocation IILocation III

Direction of motion of copper sheet.

(a) Explain clearly, making use of a relevant diagram, any differences in force required at the 

various locations. (5)

(b) Describe an application of the effect that has been described in this question. (2)

Question 29 (6 marks)

A bar magnet is placed on a sensitive electronic balance as shown in the diagram. A hollow solenoid 

is held stationary, such that the magnet is partly within the solenoid. The solenoid is then lifted 

straight up without touching the magnet. The reading on the balance is observed to change briefly.

Copper wire

short circuit

Bar Magnet

Electronic balance56.45 g

Solenoid

S

N

(a) Why does a current flow in the solenoid? (2)

(b) Explain the reason for changes in the reading of the electronic balance as the solenoid is 

removed. (4)

Question 30 (7 marks)

(a) Account for the use of transformers in the distribution of electricity. (2)

(b) Explain the operation of a step-down transformer. (5)
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Question 15 

 A square loop of wire is placed in a uniform magnetic field of 0.10 T as shown. 
 The loop is free to rotate, and has a current of 3.0 A supplied to it though a split ring 

commutator. The sides of the loop are each 20 cm long. 
 

 
 a)  What force exists between sides X and Y of the loop? 
 b)  What is the force exerted on side Y of the loop due to the magnetic field? 
 c)  Compare the torque on the loop in the position shown to the torque on the loop when it 

has completed a quarter revolution. Explain your answer. 
 
 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

Question 20      (4 marks)

A square loop of wire is placed in a uniform magnetic field of 0.10 T as shown. 

The loop is free to rotate, and has a current of 3.0 A supplied to it though a split ring commutator.  

The sides of the loop are each 20 cm long.

(a) What force exists between sides X and Y of the loop?

(b) What is the force exerted on side Y of the loop due to the magnetic field?

(c) Compare the torque on the loop in the position shown to the torque on the loop when it has 

completed a quarter revolution. Justify your answer.

Question 23      (7 marks)

School power packs contain a transformer.

(a) What is the name given to this type of transformer?

(b) Assuming that the transformer is 100% efficient, explain the difference between the input and 

output currents of the transformer. 

(c) Explain how the type of transformer in a school power pack works.

Question 24      (6 marks)

Analyse the work of Faraday and Lenz in the development of methods of generating electric current.

N S

3.0 A

DC 

source

X
Y
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Question 16 
 
 The photographs show the readings on a multimeter correctly attached to a DC electric motor 

while it is connected to an 4.0 V DC power supply. In one of the photos, the DC motor is 
being allowed to turn without any load being attached to it. In the other photo, the axle of the 
motor is being prevented from turning while it is still attached to the power supply. 

 

 
 a)  Which of the photos shows the readings on the multimeter when there is no load being 

applied to the motor? Justify your answer.  
 b)  Calculate the resistance of the coils of the motor.  
 c)  Explain the difference in the readings shown on the multimeters in the photographs. 
 d) Explain how this situation is related to the law of conservation of energy. 
 
 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

 ...............................................................................................................................................................  

Question 26     (4 marks)

(a) Explain the operation of a DC electric motor. (3)

(b) A DC electric motors experiences a maximum torque of 1.5 x 10-4 Nm in a magnetic field of 

flux density 0.010 T, when a current of 500  mA is applied to the coil of the motor. The coil 

has a cross sectional area of 6.0 cm2.   How many turns of wire are there on the coil? (1)

Question 27     (4 marks)

By making use of an appropriate diagram, describe the use of the motor effect in the operation of a 

loudspeaker.

Question 28     (6 marks)

You have performed first-hand investigations to verify Faraday’s Law and Lenz’s Law.

(a) Describe how you verified Faraday’s law experimentally. (3)

(b) Describe how you verified Lenz’s Law experimentally. (3)

Question 29     (7 marks)

The photographs show the readings on a multimeter correctly attached to a DC electric motor while 

it is connected to an 4.0 V DC power supply. In one of the photos, the DC motor is being allowed 

to turn without any load being attached to it. In the other photo, the axle of the motor is being 

prevented from turning while it is still attached to the power supply. 

Photo X Photo Y

  4.17  1.78

(a) Which of the photos shows the readings on the multimeter when there is no load being 

applied to the motor? Justify your answer. (2)

(b) Calculate the resistance of the coils of the motor. (1)

(c) Explain the difference in the readings shown on the multimeters in the photographs. (4)

Question 30     (6 marks)

By referring to the operation of transformers, assess the use of transformers in the distribution of 

electricity from power stations to consumers.
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Sample Answers 
 

 Question 1 
 

 a) Vertically  u = 40sin60 m s–1, a = –9.8 m s–2, v = 0 m s–1,  s = ? 

   v
2 = u2 + 2as  

  
 
∴s = v2 − u2

2a
= (0 m s−1)2 − (40.0sin60 m s−1)2

2 x − 9.8 m s−2 = 61 m  

  So, height above sea level = 120 m + 61 m = 180 m 

 b) Vertically when object hits surface of sea 

  u = 40sin60 m s–1, a = –9.8 m s–2,  s = –120 m, t = ? 

   ∴−120 = 40.0sin60t − 4.9t2  

   i.e. − 4.9t2 + 40.0sin60t +120 = 0  

  
 
∴ t =

−40.0sin60 ± (40.0sin60)2 − 4 x − 4.9 x120
−9.8

 

  t = 9.6 s (other answer is –2.6 s). 

 c) Horizontally     Vav = 40.0cos60 m s–1, t = 9.6 s, s = ? 

  
 
Vav =

s
t

∴s = Vav x t = 40.0cos60 m s−1 x 9.6 s = 190 m  

 d) Vertically     u = 40.0sin60 m s–1, a = –9.8 m s–2, s = –120 m, v = ? 

   v
2 = u2 + 2as ∴v = ± u2 + 2as = ± (40.0sin60)2 + 2 x − 9.8 x −120 = ±60 m s−1  

  Must be –60 m s–1, as heading vertically down when enters sea. 

  Horizontally    Vav = 40.0cos60 m s–1 

  Velocity on entering sea 

   V = (–60)2 + (40.0cos60)2 = 63 m s−1  

  
 
tanθ = 60

40.0cos60
∴θ = 72°    Object enters sea at 63 m s–1 at 72° below horizontal. 
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Question 2 

 Horizontally Vav = Vcos60 = 
 

V
2

, s = 45, t = ? 

 

 

Vav =
s
t

∴ t = s
Vav

= 45
V
2

= 90
V

 

 Vertically s = 34, a = –9.8, u = Vsin60 = 
 

3V
2

, t = 
 

90
V

 

  s = ut + 1
2 at2  

 
 
34 = 3V

2
x

90
V

− 4.9 x
90
V

⎛
⎝⎜

⎞
⎠⎟

2

 

 
 
34 = 45 3 − 39690

V2  

 V = 30 m s–1 

 

Question 3 

   a)  

 b)  

 c)  

 d) The tension in the string. 
 e) If hanging mass is stationary, then it has zero acceleration. 
  Hence, centripetal force acting on 20.0 g mass must also be the Tension in the string, 

which must also be equal to the weight of the hanging mass. 

   

 

 

 

 

 

 

 

 

 
vinst =

distance covered
time

= 10 x 2π x 1.32 m
5.84 s

= 14.2 m s−1 AATTTCP

 
ac =

v2

r
= (14.2 m s−1)2

1.32 m
= 153 m s−2 TTCOTCP

 Fc = mac = 0.0200 kg x 153 m s−2 = 3.06 N TTCOTCP

 
Weight = mg = 3.06 N ∴m = 3.06 N

9.8 N kg−1 = 0.31 kg
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θ 
mgcosθ 

mg 

Fnet 

Question 4 

 

 a)  
 

 
 

 
 b) For no friction, all Fnet is resultant of normal reaction force and gravity. 

  Fnet is the centripetal force moving car in circular path. 

  
 
tanθ =

Fnet

mg
=

mv2

r
mg

= v2

rg
= (3.0 m s−1)2

3.0 m x 9.8 m s−2 = 0.31 ∴θ = 17°  

 

Question 5 

 

 For a satellite of mass m, exhibiting (almost) uniform circular motion, 
 
Fc =

mv2

r
. 

 For the satellite, this force is provided by the gravitational field of the planet of mass M. 

 
 
∴mv2

r
= GmM

r2     From this result, the orbital velocity can be calculated. 
 
v = GM

r
 

 Also, since 
 
v = 2πr

T
, this value can be substituted into the equivalence between centripetal 

and gravitational force. 

 
 
∴

m 2πr
T

⎛
⎝⎜

⎞
⎠⎟

2

r
= GmM

r2 . This can be rearranged to give 
 

r3

T2 = GM
4π2  which is Kepler’s Law. 

 Hence, Newton’s law of universal gravitation can be used to provide valuable information 
about the motion of satellites, including the orbital velocity, period and radius of their orbits. 

 

 Note: - this is the answer to a 4 mark question. If more marks given, could elaborate on 
answer to include escape velocity, gravitational potential energy, etc. 
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0 V 

10 000 V 

40.0 cm 

20.0 cm 

p+ 

50 000 m s–1 

Question 6 

 

 a) 
 
v = 2πr

T
= 2π x 1.07 x 109 m

171 x 3600 s
= 10900 m s−1  

 b) 
 
v = GM

r
∴M = v2r

G
= (10921 m s−1)2 x 1.07 x 109 m

6.67 x 10−11 N m2 kg−2 = 1.91 x 1027 kg  

 c) 
 
g = GM

r2 = 6.67 x 10−11 N m2 kg−2 x 1.48 x 1023 kg
(2.634 x 106 m)2 = 1.42 m s−2  

 

 

Question 7 

 

 a)  

 

 

 

 

 

 

 

 Electric field acts in a direction from the positive plate to the negative plate. In original 
direction of travel, no force exists, so displacement is directly proportional to time. 
However, proton will be accelerated toward negative plate, and so displacement in that 
direction will be proportional to the square of time. Combining these two motions 
produces a parabolic path. 

 b) 
 
E = F

q
= V

d
∴F = qV

d
= 1.602 × 10−19 × 10000

0.400
= 4.01 × 10−15 N  

 c) 
 
a = F

m
= 4.01 × 10−15

1.673 × 10−27 = 2.39 × 1012 m s−2 toward negative plate  

 d) “Vertically”   a =  2.39 × 1012 m s−2 , u = 0 m s–1, s = 0.200 m, t = ? 

  
 
s = ut + 1

2 at2 ∴ t = 2s
a

= 2 × 0.200
2.39 × 1012 = 4.09 × 10−7 s  

  “Horizontally”    Vav = 50 000 m s–1, t =  4.09 × 10−7 s , s = ? 

  
 
Vav =

s
t

∴s = Vav × t = 50000 ×4.09 × 10−7 = 0.0205 m  
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Question 8 

 

 a) To pass through the crossed fields undeflected, the net force acting on the charged 
particles must be zero. Hence, the force due to the electric field must be equal in 
magnitude but opposite in direction to the force due to the magnetic field. 

  I.e.  
ΣF = ma = 0 = Felectric − Fmagnetic  

  
 
∴Felectric = Fmagnetic ∴qE = qvB ∴v = E

B
 

 b) Since 
 
v = E

B
= V

Bd
∴V = Bdv = 2.0 × 10−3 × 0.050 × 2.5 × 107 = 2500 V  

 c) The velocity of undeflected particles does not depend on either the magnitude OR the 
sign of the charge. Hence, no modification would need to be made. 

 

 
Question 9 

 

 a) 
 

mv2

r
= qvBsinθ ∴m = qBrsinθ

v
= 1.602 × 10−19 × 0.200 × 0.196

1.719 × 105 = 3.65 × 10−26 kg  

 b) Atomic mass = 
 

3.65 × 10−26 kg
1.661 × 10−27 kg amu−1 = 22.0 amu  

  Sample is Group 1 metal, then most likely to be sodium (Atomic mass = 22.99 amu). 

 

Question 10 

 a)  
 

 
 

 
 

  
   

  Mass needs to be hung from left hand end of current balance. Force on section X due to 
magnetic field is directed upward, so mass has to provide a force downward. 

   τ = Fr = mgr = 0.050 kg × 9.8 N kg−1 × 0.40 m = 0.20 N m down  

 b) Since there is no rotation, Fmag = Fgrav 

  
 
mg = BIl ∴B = mg

Il
= 9.8 N kg−1 × 0.050 kg

30 A × 0.15 m
= 0.11 T to the right  

 

Question 23      (3 marks)

A rocky planet has been discovered that lies within the habitable zone of the star Cygnus β located 212 

light years from Earth. Assume that you are in a spacecraft capable of travelling at a speed of 0.999c 

toward Cygnus β. 

By calculating the distance to Cygnus β from within your frame of reference determine how long it will 

take you to travel from Earth to Cygnus β.

Question 24     (6 marks)

An electron is emitted from a mineral sample and travels through aperture A into a spectrometer at an 

angle of 60° with a speed of 4.0 x 106 m s-1.

20 cm

-200 V

0 V

NOT

TO

SCALE

sample

60°

A D
detector

aperture

e-

(a) Calculate the magnitude and direction of the force experienced by the electron inside the 

spectrometer. (3)

(b) The electron experiences constant acceleration and eventually strikes the detector, D.

What is the time taken for the electron to travel from A to D?  (3)

Question 25     (6 marks)

A rectangular wire loop is connected to a DC power supply. Side X of the loop is placed next to a 

magnet. The loop is free to rotate about a pivot.

pivot

North
40 cm 40 cm

15 cmY
X

NOT

TO

SCALE

-  +

When the power is switched on a current of 30 A is supplied to the loop. To prevent rotation, a mass of 

50 g can be attached to either side X or side Y of the loop.

(a) On the diagram indicate where the mass should be placed to prevent rotation and determine the 

torque provided by the 50 g mass. (3)

(b) Calculate the magnetic field strength around side X. (3)

Question 26     (6 marks)

How did the invention of the transistor transform the way communication occurs in Australia? In your 

answer, refer to the technology that the transistor replaced. (6)
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8	
9	
10	
11	
12	
13	
14	
15	
16	
17	

1	 1.1	 1.2	 1.3	 1.4	 1.5	 1.6	 1.7	 1.8	

Force	
between	
conductors		
(	×	10–6	N)		

Length	(m)		

Question 11 
 a)  
 

  
 

 
 

 
 

 
 

 
 b) From graph, LOBF appears to go through two of the data points. Will use them to 

determine gradient. Graph could also be extrapolated to go through (0,0). 

  Gradient = 
 

rise
run

= (12.5 × 10−6 − 9.0 × 10−6 ) N
(1.40−1.00) m

= 8.8 × 10−6 N m−1  

 c) From Ampere’s law, 
 
∴F =

υo

2π
I1I2

r
⎛
⎝⎜

⎞
⎠⎟

l  Hence, graph plotted above is of the form  

  F = ml. Gradient of graph is 
 

υo

2π
I1I2

r
= 8.8 × 10−6 N m−1  

  
 
∴υo =

2πr × 8.8 × 10−6 N m−1

I1I2

= 2π × 0.50 m × 8.8 × 10−6 N m−1

5.0 A × 5.0 A
= 1.1 × 10−6 N A−2  

  Actual value is  4π × 10−7 N A−2 = 1.3 × 10−6 N A−2  

 

Question 12 
 

 a) At an atomic scale, the outer (valence) electron shells of metal atoms overlap. In metals, 
valence electrons are not bound strongly to an individual atom. Instead, through the 
overlap between valence electron orbits, electrons readily transfer between metal atoms. 
Hence, a metal can be thought of as metal cations, locked in a crystal lattice, in a sea of 
delocalised valence electrons. 

 b) As the conductor is moved to the right, each cation can be thought of as conventional 
current, moving to the right, in a magnetic field. Using the right hand rule, they will 
experience a force toward the top end of the conductor. However, the force they 
experience is not enough to break the metallic bonds in the metallic lattice and so the 
cations do not move. 

 c) Since the electrons can move freely through the metal structure, when the conductor 
moves to the right, each delocalised valence electron can also be considered to be 
moving to the right and so can be thought of as a conventional current moving to the 
left. Applying the right hand rule, the delocalised valence electrons, which are free to 
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move, will experience a force toward the bottom end of the conductor and hence will 
move in that direction. 

 d) The bottom end of the conductor will attain a negative charge relative to the top end, as 
there will be a higher concentration of electrons at the bottom end of the conductor 
compared to the top end. 

 e) There will come a time when, at a particular speed that the conductor is moved through 
the field, the force on the electrons due to the motor effect pushing them toward the 
bottom of the conductor will be balanced by the electrostatic repulsion of the negatively 
charged end of the conductor. Hence, the size of the electric field between the top and 
bottom end of the conductor will not change any further. However, if the speed of the 
conductor through the magnetic field is changed, then the force acting on the electrons 
will also change (effectively have changed the magnitude of the current to the left as the 
conductor moves to the right in the magnetic field). The faster the conductor moves, the 
bigger the force and so more electrons will be forced to the bottom end of the 
conductor. This will create a larger electric field between the top and bottom of the 
conductor. 

 f) When the ends of the conductor are connected externally, then the electrons can leave 
through the bottom negative terminal, travel through the external wire (where they don’t 
experience a force due to the magnetic field) due to the electric field between the top 
positive terminal and the bottom negative terminal, and re-enter the conductor through 
the top terminal. They now experience a force due to the magnetic field, moving them 
through the conductor from top to bottom. Since electrons are moving downward 
through the conductor, the induced conventional current is moving up through the 
conductor, out the top positive terminal, through the external circuit from the positive 
terminal to the negative terminal, and then back up through the conductor. 

 g) Using right hand rule, conventional current (induced) through the conductor is up, 
magnetic field is into page, so conductor will experience a force to the left (i.e. in a 
direction opposing the direction it is moving). 

 h) If the current was induced in the opposite direction, force would be to the right on the 
conductor. This would increase its speed, causing a bigger current to be induced, 
increasing force, and hence speed, etc. The increase in kinetic energy of the conductor 
would violate the law of conservation of energy as no work is being done to produce the 
energy. 

  Instead, with conventional current induced the way it actually occurs, work has to be 
done on the conductor to keep it moving through the field to continue to produce 
electrical energy. I.e. we are converting one form of energy to another, not creating 
energy from nothing as would happen if the current was induced in the opposite 
direction. 

 i) Faraday’s Law applied when the conductor was moving relative to the magnetic field. 
This caused an emf to be induced across the ends of the conductor due to movement of 
electrons to bottom end of conductor. 

 Lenz’s Law applied as the direction of the induced emf created a current that was in a 
direction to produce a magnetic field that interacted with the external magnetic field in a 
way that a force was applied to the conductor in a direction that opposed the original 
motion that produced the emf. 

 
 

 
 

nicolescarr
Stamp



Question 13 
 

 

 
 a)  

  
 

 
 

 
 

 
 

 
 

b) To try to achieve complete flux linkage between the primary and secondary coil so 
minimal energy is lost, the coils are placed in close proximity to each other and a soft 
iron core is used for maximum flux linkage. However, using a solid iron core would 
mean that eddy currents of considerable magnitude would be induced in it as it is a 
conductor in a changing magnetic field. To limit the production of induced eddy 
currents in the iron core, it is constructed from many very thin laminations that are 
electrically insulated from each other. The very thin nature of each soft iron lamination 
prevents large eddy currents from forming but still allows the magnetic effect of the soft 
iron core to maximise flux linkage between the coils. 

 
 

Question 14 
 

 a) As the solenoid is lifted, it is moving relative to the magnetic field of the bar magnet 
and so its coils are cutting through lines of flux. An emf will be induced across the 
solenoid (Faraday’s Law). Since the ends of the solenoid are connected by the copper 
wire short circuit, a current will flow in the solenoid. 

 b) The direction of the current induced in the solenoid will be such that a magnetic field 
will be produced that attempts to oppose the motion producing the emf initially. I.e., a 
south pole will be induced at the lower end of the solenoid. This will apply a force 
upward on the bar magnet, reducing the reading on the balance as the net force is 
reduced. If the solenoid is totally removed, no upward magnetic force will be acting on 
the bar magnet and so the balance will return to the reading of 56.45 g. 
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Question 15 

 

 a) 
 

F
l
=
υo

2π
I1I2

r
 

  
 
∴F = 4π × 10−7 N A−2 × 3.0 A × 3.0 A × 0.20 m

2π × 0.20 m
= 1.8 × 10−6 N repulsive  

 b)  F = BIlsinθ = 0.10 N A−1 m−1 × 3.0 A × 0.20 m × sin90 = 0.060 N down  

 c) In the position shown, torque is maximised since the force is acting perpendicular to the 
coil. 

   τ = nBIAsinθ = 1 × 0.10 N A−1 m−1 × 3.0 A × 0.20 m( )2
× sin90 = 0.012 N m   

  After one quarter revolution, force acting on side X will still be vertically down. 
However, angle the force makes to the coil will now be zero, so no component of the 
force will be contributing to the torque. Hence, torque, after one quarter revolution, will 
be zero. 

 
 

Question 16 

 

 a) Photo X shows the current drawn by the motor when no load is placed on it. As the coil 
of the motor turns in the magnetic field it is inducing a back emf across the turns of the 
motor coil, reducing the net voltage across the coils. Hence, for the fixed resistance of 
the coil, there is less overall current running through it.  

 b) Using the data from photo Y, 
 
V = IR ∴ I = V

R
= 4.0 V

4.17 V A−1 = 0.96 A  

 c) When the coil is prevented from turning, no back emf is induced and so the full 4.0 V of 
the supply emf is across the resistance of the coil, increasing the current drawn, so a 
higher reading is shown than when there is no load on the motor. 

 d) If the emf induced in the coil had been in the same direction as the supply emf, then the 
net voltage across the coil would have been higher than 4.17 V. Hence, a larger current 
than 0.96 A would have flowed. This would increase the torque of the motor, causing it 
to spin faster. This would have induced a larger emf again, increasing the current, etc. 
So, the motor would gain more and more mechanical energy without any further input 
of electrical energy. This violates the principle of conservation of energy, which states 
that energy cannot be created or destroyed, but can be converted from one form into 
another. 

 

 
 
 

 
 

Email address if you want help: - matthew.avery@det.nsw.edu.au 
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