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Physics - Content Analysis and Syllabus Review 

Module 5 - Advanced Mechanics 
 
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?



	

	

Question 2 
 
 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

°



	

	

Question 3 
 
Discuss the importance of Newton's Law of Universal Gravitation in understanding and calculating 
the motion of satellites. 
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Question 4 
 
 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 25 (5 marks)

Two teams carried out independent experiments with the purpose of investigating 
Newton’s Law of Universal Gravitation. Each team used the same procedure to 
accurately measure the gravitational force acting between two spherical masses over 
a range of distances.

The following graphs show the data collected by each team.
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Newton’s Law of Universal Gravitation. Each team used the same procedure to 
accurately measure the gravitational force acting between two spherical masses over 
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Question 5 

Two teams carried out independent experiments with the purpose of investigating Newton’s Law of 
Universal Gravitation. Each team used the same procedure to accurately measure the gravitational 
force acting between two spherical masses over a range of distances. 
 
The following graphs show the data collected by each team. 
 

 

 

 

 

 

 

 
 
 
 
 
 
(a)  Compare qualitatively the relationship between force and distance in the graphs. 
 
(b)  Assess the appropriateness of Team A’s data and Team B’s data in achieving the purpose of 

the experiments. 
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Module 6 - Electromagnetism 
 
 
Question 6 
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Question 7 
 
  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?



	

	

Question 8 
 
 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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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.



	

	

Question 9 
 
 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 10 
 
 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. 
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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)



	

	

Question 11 
 
 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. 
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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.



	

	

Module 7 - The Nature of Light 
 
Question 12 
 
 James Maxwell presented a paper outlining the nature of light. 
 a) Describe the four pieces of evidence that Maxwell used in his work. 
 b) How did he use these to unify electricity and magnetism? 
 c) How was he able to predict the velocity of light? 
 d) What was important about Maxwell’s theory of light in relation to other forms of 

electromagnetic waves? 
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Question 13 
 
a) Describe two historical methods used to determine the speed of light. 
 
b) Describe two contemporary methods used to determine the speed of light. 
 
c) How is the speed of light currently defined? 
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Question 14 
 
 The hydrogenbeta line in the spectrum of hydrogen occurs at a wavelength of 4.86 × 10–7 m. 

The light from a star in our galaxy was analysed and that particular line actually appeared at 
4.83 × 10–7 m.  

 a) Provide a reason why the hydrogenbeta line in the star’s spectrum is not where it should 
be. 

 b) Assuming Earth is stationary; determine the speed of the other star relative to Earth. 
 
 How can the light from a star give us information about its: - 
 c) Rotational velocity 
 d) Composition 
 e) Density 
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Question 15 
 
 Slits 0.100 mm apart are illuminated by light of wavelength 540 nm. An interference pattern 

is produced on a screen 130 cm away.  
 a) What is the distance between the bright fringes? 
 b) What is the angle made between the central bright fringe, the double slits and the 5th 

bright fringe to the right of the central maximum?  
 c) A diffraction grating with 800 lines per millimetre is illuminated by light of 633 nm. 

How many maxima will be visible on a screen? Explain your answer. 
 
 ...............................................................................................................................................................  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



	

	

Question 16 
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Question 17 

Applying the law of conservation of energy, explain why  Ek = hf −Φ  
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Question 18 

Explain how the analysis of quantitative observations contributed to the development of the concept 
that certain matter and energy are quantised.  
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Module 8 - From the Universe to the Atom 
 

Question 19 

Provide a timeline that describes transformations of energy into matter during the first million years 
after the big bang. 
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Question 20 

 a) What is the Hertzsprung-Russell diagram? 
 b)  What are the different ways in which the axes of the HR diagram can be labelled? 

 c)  Draw a HR diagram that shows a typical set of stars in differing stages of evolution. On 
your diagram, label the following groups of stars: - Main Sequence, red giants, red 
supergiants, white dwarfs. 

 d)  Explain the positioning of each of the groups above on the HR diagram. 
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“Top Ten” Physics Experiments 

Cathode Ray tubes 
 
 
 
 
Balmer  – Hydrogen Spectrum 
 
 
 
 
Thomson – Electrons 
 
 
 
 
Millikan – Charge on Electron 
 
 
 
 
Rutherford – Nucleus 
 
 
 
 
Bohr – Electron shells 
 
 
 
 
De Broglie – Electrons as waves 
 
 
 
 
Schrödinger – Shapes of orbitals (and cat!) 
 
 
 
 
Chadwick - Neutrons 

 
 



	

	

Question 21 
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Question 22 
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Question 23 
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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. 

 

 

 

 

 

 

 



	

	

θ 
R 

mg 

Fnet 

Question 2 

 

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. 
 
Fnet =

mv2

r
 

  
 
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 3 

 

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. 

 
 

 

 

 



	

	

Question 4 

 

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 5 

(a) Both graphs show that as distance increases, the force decreases. However, in Team A’s 
graph, the force between the masses decreases at a decreasing rate, whereas in Team B’s 
graph, the force decreases at a constant rate. 

 
(b) Team A’s data set has a good range but too few measurements for a valid relationship to be 

deduced. 
 Team B’s data set has sufficient measurements but over an insufficient range of distances for 

a valid relationship to be deduced. 
 

Question 6 

The path of the electron beam is inaccurate for two reasons. Electrons are negatively charged and so 
should experience a force of attraction toward the positive plate, NOT the negative plate as shown 
in the diagram. In addition, the force on the electron will be constantly vertically downward. This 
will cause the electron to follow a parabolic path toward the positive plate and not the two straight 
line segments shown 

 
Question 7 

 

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. 

 

 
 
 



	

	

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 8 
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 9 
 
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 10 
 
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. 

 
 

Question 11 
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. 

 
 
 
 



	

	

Question 12 

a) Gauss’s Law of electricity The amount of electric flux through a Gaussian surface depends on 
the charge inside the Gaussian surface. 

 Gauss’s Law of magnetism The net magnetic flux through a Gaussian surface is zero. 
 Faraday’s Law of induction Showed the relationship between a changing magnetic field and 

the production of electric fields. 
 Ampere’s Circuital Law The magnetic field around a conductor is related to the magnitude of 

the current flowing in the conductor. 
b) Maxwell developed four equations based on the work of the physicists above that 

mathematically described their work. In his work he was able to show that the speed of light 
depended on the permittivity of free space and the permeability of free space (constants that 
are associated with electric and magnetic fields. 

c) 
 
c2 = 1

υoεo

∴c = 1
υoεo

= 1
4π ×10−7 × 8.854× 10−12 = 2.998× 108 m s−1   

d) Maxwell’s equations did not limit the frequencies of the radiation to just those of the visible 
light spectrum. This implied that theoretically, EMW could exist beyond the frequencies of 
visible light, leading the way to subsequent discoveries of other types of EMW. 

 

Question 13 

a) Many to choose from - make sure that your answer has as much detail as you can put in. 
Below are some brief (not full) descriptions of some of the methods used. You should know 
at least two of them in significant detail, including reasons why they may not have been an 
accurate method and approximate value for speed of light obtained. 

 Galileo 1638 - uncovering lights to measure time interval for light to travel to a distant 
observer and back. 

 Romer - observations of Jupiter’s moon Io moving into and out of eclipse. Time difference 
due to light crossing Earth’s orbit meant observation of eclipses happening at different to 
predicted time allowed speed of light to be estimated. 

 Fizeau 1849 - toothed cog rotating rapidly, blocking path of light. 
 Focault 1862 - rotating mirror (also allowed speed of light in other substances to be 

measured). 
 

b) Need to be able to give a detailed description of: - 
 Resonant Cavity method (knowing exact frequency of waves that set up a standing wave 

pattern in a box of very accurately measured length) - distance between nodes can be 
measured, hence wavelength known. Allows speed of light to be determined. 

 Interferometry Splitting a beam of known frequency into two perpendicular paths, then 
adjusting path lengths to determine path difference using interference of recombined beams 
allows wavelength to be accurately measured, allowing speed of light to be calculated. 

 

 
 



	

	

c) The speed of light is defined in terms of the metre. A metre is defined to be the distance that 

light travels in 
 

1
299792458 

s .  

 Hence, the speed of light is defined as  

 

c = s
t
= 1 m

1
299792458 

s
= 299792458 m s−1  

 NESA rounds this to 3.00 × 108
 m s–1 (3 sig figs) on the data sheet. 

 
Question 14 

a) The Hβ line is appearing at a shorter wavelength (higher frequency) than it ordinarily would. 
This means that it has been blue-shifted (toward the blue end of the spectrum) and is most 
likely caused by the star moving toward Earth. 

b) 
 
v = fλ ∴f = v

λ
= 3.00 × 108 m s−1

4.86 × 10−7 m
= 6.17 × 1014 Hz  

  
 
f ' = v

λ
= 3.00 × 108 m s−1

4.83 × 10−7 m
= 6.21 × 1014 Hz  

 
f ' = f

vwave + vobserver

vwave − vsource

⎛

⎝⎜
⎞

⎠⎟
 

  
 
∴6.21 × 1014 = 6.17 × 1014 c + 0

c − vsource

⎛

⎝⎜
⎞

⎠⎟
  

 
∴ 6.21

6.17
= c

c − v
 

  
 
∴v = c − 6.17

6.21
c = 1.93 × 106 m s−1 toward Earth  

c) As a star rotates, light being emitted from the edges of the star (as viewed from Earth) is 
either red-shifted (from the receding side) or blue-shifted (from the approaching side). This 
causes spectral lines in the spectrum to become broader. Analysis of the amount of 
broadening can provide the rotational speed of the star. 

d) As light from the star passes through the atmosphere of the star, elements in the atmosphere 
absorb at their characteristic wavelengths. Analysis of the absorption spectrum received from 
the star will indicate the elements present in the atmosphere of the start, and hence the 
composition of the star. The intensity of absorption will be proportional to the amount of each 
element present and so the relative abundance of elements in the star can also be determined. 

e) Lower density stars allow light to travel further before being absorbed by atoms/ions in the 
star. Hence, absorption spectral lines of less dense stars tend to be sharper than absorption 
lines in denser stars. 

 

 

 

 

 

 

 

 



	

	

Question 15 

a) d = 1.00 × 10–4 m, L = 1.30 m, λ = 540 × 10–9 m, X = ? 

  
 
mλ = d X

L
∴X = mλL

d
= 1 × 540 × 10−9 m × 1.30 m

1.00 × 10−4 m
= 7.02 × 10−3 m (7.02 mm)  

b) 
 
mλ = dsinθ ∴sinθ = mλ

d
= 5 × 540 × 10−9 m

1.00 × 10−4 m
= 0.0270 ∴θ = 1.55°  

c) Maxima that are diffracted by more than 90° will not be visible. Hence, will find what order 
maximum will produce diffraction of 90°. 

 
 
mλ = dsinθ ∴m = dsinθ

λ
=

1.00 × 10−3 m
800

× sin90°

633 × 10−9 m
= 1.97  

 Hence, only the central maximum (m = 0) and the first order maxima (m = ±1) will be visible. 
Just missed on seeing the second order maxima. A total of 3 maxima are visible. 

 

Question 16 

 

(i) Unpolarised light has the electric fields of the light vibrating in all possible planes. 
 Polarised light means that the all the electric fields of the light are vibrating in the same plane. 

(ii) When the unpolarised light passes through the polarising sheet only the component of the 
electric fields that are parallel to the characteristic direction of the sheet will be transmitted, 
while the component perpendicular to the characteristic direction will not be transmitted. 
Hence, the intensity at Y will be half the intensity at X. 

(iii)  I = Io cos2 θ (Malus' Law)  

  Now IY = 1
2 Io , and IZ =

1
8 Io  

  
1
8 Io =

1
2 Io cos2 θ  

  cos2 θ = 1
4 so θ = 60°  

 I.e. the angle between sheets A and B is 60° 

 
Question 17 

The law of conservation of energy states that energy cannot be created or destroyed. It is transferred 
or transformed. The initial energy of a photon of light is hf. If this photon hits a metal surface, the 
energy is passed onto an electron, which can be released from the metal surface. For the electron to 
be released, it will possess kinetic energy (Ek) and some energy to remove the electron from the 
metal surface (the work function of Φ). Therefore, hf = Ek + Φ which is Ek = hf − Φ . 

 

 

 

 



	

	

Question 18 

Experiments such as the ones testing the photoelectric effect and Millikan’s measurement of the 
fundamental unit of charge have demonstrated that certain quantities measured in physics are 
quantised. That is, they only appear as exact multiples of some fundamental value, or quantum. 
Millikan found that the value of the charge on an oil drop was an integer multiple of 1.6 × 10–19 C, 
and so he concluded that this was the charge on a single electron. In this situation, quantisation was 
expected since the electron had been determined to be a particle. However, this result provided 
critical experimental evidence. This, combined with the Thomson experiment, which determined 
the charge to mass ratio, allowed for the mass of an electron to be determined. Thus the quantum of 
mass of an electron was shown through quantitative observations. 
The discovery of quantisation of light, and hence energy in the form of electromagnetic radiation, as 
shown in the photoelectric effect experiments, was much more surprising. The understanding that 
light was a wave was well supported by experimental evidence, and so it was not expected that the 
energy would be divided into discrete packets. However, when experiments showed that there was a 
minimum frequency of light that would produce a photocurrent and that the amount or intensity of 
light did not affect the ability of electrons to be removed from a metal surface, it was explained by 
one electron receiving one photon or quantum of energy specific to the frequency of that light (E = 
hf). If a photon did not have enough energy, an electron could not be removed. This could only be 
adequately explained by a quantum model. In this case, experimental evidence generated a change 
in physicists’ concept of energy, requiring a broader understanding of quantisation in physical 
processes. 

Answers could include: 

• spectroscopy and the existence of fixed energy levels in the atom 

• cathode ray experiments showing the particle nature of the electron 
• radioactivity experiments 

• scintillation experiments 
• blackbody radiation experiments. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



	

	

Question 19 

 
 

 

A (VERY) BRIEF HISTORY OF THE UNIVERSE

(The first 380 000 years. Not to Scale!!)

(Different sources will give slightly different values!!)

• electrons captured by atoms, allowing radiation to pass 

through, universe becomes transparent.

3000 K380 000 years

• Fusion stops

• Universe is dark, as matter density is too high for radiation to 

travel far. and no stars exist yet

13 min

3 x 109 • Fusion between protons and neutrons begins, forming nuclei of 

deuterium, tritium, helium and lithium

• electron - positron annihilation occurs, leaving slight excess of 

electrons

3.2 min

5.9 x 1093 s

• Universe 1 - 10 light years across (expands faster than the 

speed of light during the “superinflationary stage”

• Density 10 kg cm-3

• 82% protons. 18%neutrons (ratio slowly increased as universe 

ages)

10101 s

• Universe now size of solar system10-2 s

• neutrons formed by beta(+) decay of protons

• Universe consists of protons, neutrons, electrons, neutrinos 

and a lot of energy, that can’t travel very far without hitting 

matter.

10-4 s

• Temperature low enough for quarks and antiquarks to combine 

to form protons and antiprotons.

• Slightly highly proportion of protons over antiprotons creates 

a universe with matter instead of antimatter. Matter/antimatter 

annihilation releases much energy into expanding universe.

(1 000 000 001 protons to 1 000 000 000 antiprotons)

101310-6 s

• Four fundamental forces of the universe (gravitational, 

electromagnetic, SNF, WNF) become decoupled from the 

Grand Unified Theory (GUT) force.

• Matter in universe composed of quark gas or plasma.

101510-15 s

• Universe size of pea (Huge inflation in size)

• Much of the energy had been converted to fundamental 

particles such as quarks and electrons (E=mc2)

102710-34 s

• Beginning of space and time

• Universe smaller than a proton

• Energy only present

103210-43 s

• ??0

What’s Happening?Temperature 

(K)

Age of Universe



	

	

1) a) Luminosity, or power output, is the total energy 

radiated by an object per second. e.g. The sun’s 
luminosity is 3.83x1026 W. The brightness of an 

object is the intensity of the light received as 
seen some distance away from it. 
It is measured in power per square metre.

b)
  
brightness=

luminosity

4πr2

i.e. energy released by the surface of the object, 
spread over a sphere of radius r.

c) Sirius (using Lo and light years) Could convert 

to SI units if required.

     

  
brightness=

luminosity

4πr2
=

22Lo

4π(8.60)2
=0.024Lo

Rigel

     

  
brightness=

luminosity

4πr2
=

40000Lo

4π(900)2
=0.0039Lo

i.e. From earth, Sirius is about 6 times brighter 
than Rigel. Note, Rigel is far more luminous, 
but is much further away than Sirius.

d) Betelgeuse

     

  
brightness=

luminosity

4πr2
=

10000Lo

4π(427)2
=0.0044Lo

Procyon

  

  
brightness=

luminosity

4πr2
=

7Lo

4π(11.41)2
=0.0043Lo

Hence, they both appear the same brightness 
from earth, but only because more luminous 
Betelgeuse is much further away.

e) Let brightness of Alpha-centauri be 0.024Lo.

  luminosity= brightnessx4πr2

  = 0.024Lo x4π(4.3)2
=5.6Lo

2) a) Wien’s law expresses the relationship between 
the surface temperature of a star, and the 
dominant (most intense) wavelength in the 
spectrum of the star.

  λmaxT = W    (W = 2.9x10-3 mK)

b) 

        

  
λmaxT = W ∴T =

W

λmax

=
2.9x10−3mK

5.97x10−7m
= 4900K

c)
  
λmax =

W

T
=

2.9x10−3mK

25000K
=1.16x10−7m

This is in UV part of the spectrum. Hence, the 
visible light will be intense in the blue end of 
the spectrum, and so the star will appear blue.

d) In the table, Betelgeuse is a red star. Red is the 

longest wavelength, and since 
  
T∝

1

λ
, it will be 

the coolest of the five stars shown.

3) a) The HR diagram is a graph of a star’s luminosity 
(on the vertical axis) against its temperature (or 
colour, or spectral type) on the horizontal axis. 

b) The axes are not linear. The vertical axis has 
equal spacings corresponding by an increase in 
luminosity of a factor of 10. The horizontal axis 
starts at the right hand side, at about 2500 K, and 
extends to the left, at about 40 000K. Each equal 
spacing on the horizontal axes represents an 
approximate doubling of temperature.

c)

d) For main sequence stars, the more massive the 
star, the more energy it produces, and so the 
hotter it is, and so the more luminous. Hence, for 
the main sequence, small, cool stars are at the 
lower right, while large, hot stars are at the upper 
left.
However, a group of stars was discovered that 
were red in colour, indicating a relatively low 
surface temperature. However, these stars were 
very luminous, indicating they were giving out a 
lot of energy. The only way this could happen 
was if the stars were very big. These are the red 
giants and supergiants.
Another group of stars were white, indicating 
high surface temperatures, but they were not 
very luminous. Hence, they must be quite small. 
These are called white dwarfs.

4) a) Note, there are two forces that act to determine 
the size of a star. Radiation pressure pushing 
outwards due to fusion occurring in the core of 
the star, and gravitational forces related to mass 
of star pulling inwards. If in equilibrium, then 
the size of the star  will remain static. 
Protostar As gas cloud contracts, potential 

energy of molecules is converted to heat as the 
molecules are attracted together due to gravity. If 
the gas cloud is massive enough (e.g. 0.01 solar 
masses, then eventually the nucleus of the cloud 
will get hot enough for fusion to start. (Note, 
Jupiter is about 10 times too light to have 
become a star. Sometimes referred to as “the star 
that failed”). If the gas cloud is too massive 
(more than 100 solar masses) then radiation 
pressure is so great that the star immediately 
blows apart.

ANSWERS TO - THE COSMIC ENGINE - ASSIGNMENT 3

luminosity

temperature
40 000K 2500 K

main 
sequence

red 
giants

red super
giants

white
dwarfs

Question 20 

a) The HR diagram is a graph of a star’s luminosity (on the vertical axis) against its temperature 
(or colour, or spectral type) on the horizontal axis.  

b) The axes are not linear. The vertical axis has equal spacings corresponding by an increase in 
luminosity of a factor of 10. The horizontal axis starts at the right hand side, at about 2500 K, 
and extends to the left, at about 40 000K. Each equal spacing on the horizontal axes 
represents an approximate doubling of temperature. 

 
c) 

 
 

 
 

 
 

 

 

 
d) For main sequence stars, the more massive the star, the more energy it produces, and so the 

hotter it is, and so the more luminous. Hence, for the main sequence, small, cool stars are at 
the lower right, while large, hot stars are at the upper left. 

 However, a group of stars was discovered that were red in colour, indicating a relatively low 
surface temperature. However, these stars were very luminous, indicating they were giving 
out a lot of energy. The only way this could happen was if the stars were very big. These are 
the red giants and supergiants. 

 Another group of stars were white, indicating high surface temperatures, but they were not 
very luminous. Hence, they must be quite small. These are called white dwarfs. 

 
 

 

 

 

 

 

 

 

 

 

 



	

	

Question 21 

 
Question 22 

 
 

Question 23 

In the standard model, fundamental particles – quarks and leptons – interact through four 
fundamental forces. The constituents of protons and neutrons are three quarks. The strong force 
holds nucleons together in the nucleus, overcoming the electrostatic repulsion between protons. An 
electron is a lepton, which has no constituents. The force of gravity attracts protons and neutrons 
within the nucleus but this force is negligible. 
 
The electrostatic force results in a mutual repulsion of protons and an attraction for the electrons 
toward the nucleus. Electrons orbit the nucleus. The strong nuclear force counteracts the 
electrostatic force, but only within a limited range of subatomic distances. The weak force is 
involved in the process of radioactive decay. 
 
 
 

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





