
SACE STAGE II Physics Guide 

Subtopic 2.3: Magnetic fields 
Students are introduced to the concept that a moving charge produces a magnetic field in addition to 
its electric field. The magnetic field strength at a point in space is defined and used. The interaction 
between magnetic fields and electric currents is described and used to define the strength of the 
magnetic field in terms of the force on current-carrying conductors. 

Science Understanding Possible contexts 

Magnetic fields are associated with moving 
charges, such as charges in an electric 
current. 

Current-carrying conductors produce 
magnetic fields; these fields are utilised in 
solenoids. 

Magnetic field lines can be used to 
represent the magnetic field. The direction 
of the magnetic field depends on the 
direction of the moving charge that is 
producing the magnetic field. 

The magnitude of magnetic field strength, 
B, at any point is represented by the 
number of lines crossing a unit area 
perpendicular to the field in the vicinity of 
the point. 
• Sketch and/or interpret the magnetic 

field lines produced by an electric 
current flowing in a straight conductor, a 
loop, and a solenoid. 

This uses the concept of electric current 
developed in Stage 1, Subtopic 2.1: 
Potential difference and electric current. 

Demonstrate magnetic field lines around 
permanent magnets, current-carrying 
conductors, and solenoids. 

Investigate electromagnets and their uses. 
Determine the direction of magnetic fields 
using a ‘right-hand rule’. 
Investigate factors affecting magnetic field 
strength near a solenoid. 

The magnitude of the magnetic field 
strength in the vicinity of a current-carrying 

conductor is given by 0
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Compare and contrast the factors affecting 
gravitational field strength, electric field 
strength, and magnetic field strength. 

Use sensors to measure the magnitude of 
the magnetic field strength at different 
distances from or different currents in 
conductors, loops, and solenoids. 

  



Subtopic 2.4: Motion of charged particles in magnetic fields 
The interaction of current-carrying conductors and magnetic fields is extended to the interaction of 
moving charged particles and uniform magnetic fields. Students investigate applications of the 
magnetic force on a current-carrying conductor. 

Students explore the velocity dependence of the magnetic force on a moving charged particle, 
comparing this with the electric force.  They discuss the circular path of charged particles moving at 
right angles to a uniform magnetic field, and apply their understanding to the deflection of ions in 
applications such as a cyclotron. 

Science Understanding Possible contexts 

Magnets, magnetic materials, moving 
charges, and current-carrying conductors 
experience a force in a magnetic field.  

The force on a current element that is 
parallel or antiparallel to a magnetic field is 
zero. 

The magnetic force depends on both the 
magnitude and the direction of the velocity 
of the particle. 

The direction of the force on a current-
carrying conductor or an individual 
charged particle moving at any angle θ to 
a uniform magnetic field depends on the 
direction of the magnetic field and the 
direction of charge movement. 
• Determine the direction of one of: 
w force 
w magnetic field 
w charge movement 
given the direction of the other two. 

• Solve problems involving the use of 
sinF IlB θ=  for a current-carrying 

conductor and sinF qvB θ=  for a 
moving charged particle. 

A charged particle moving at right angles 
to a uniform magnetic field experiences a 
force of constant magnitude at right angles 
to the velocity. The force changes the 
direction but not the speed of the charged 
particle and hence it moves with uniform 
circular motion. 
• Explain how the velocity dependence of 

the magnetic force on a charged particle 
causes the particle to move with uniform 
circular motion when it enters a uniform 
magnetic field at right angles. 

This uses the concept of force developed 
in Stage 1, Subtopic 1.2: Forces and the 
concept of circular motion in Stage 2, 
Subtopic 1.3: Circular motion and 
gravitation. 

Demonstrate the production of sound in 
loudspeakers. 

Use a current balance to determine the 
force on current-carrying conductors due 
to an external magnetic field. 

Investigate the motion of charges using 
Teltron tube or fine-beam apparatus. 

Use Teltron tubes to measure the charge-
to-mass ratio of electrons. 

Evaluate the economic, social, and 
environmental impacts of some 
applications of charges moving within 
magnetic fields, such as: 
• moving-coil loudspeaker 
• synchrotron 
• mass spectrometer 
• electric motors 
• use of magnetic fields in electron 

microscopes.  
• maglev trains. 

• Derive mvr
qB

=  for the radius r of the 

circular path of an ion of charge q and 
mass m that is moving with speed v at 
right angles to a uniform magnetic field 
of magnitude B. 

• Solve problems involving the use of 
mvr
qB

= . 

 



Science Understanding Possible contexts 

Cyclotrons are used to accelerate ions to 
high speed. The high-speed ions are 
collided with other nuclei to produce 
radioisotopes that can be used in medicine 
and industry. 
• Discuss the importance of being able to 

generate radioisotopes in a timely 
manner near the location they are 
required. 

Discuss the advantages and 
disadvantages of generating radioisotopes 
in a cyclotron compared to a nuclear 
reactor. Make recommendations for 
particular contexts. 

Debate the need for both cyclotrons and 
nuclear reactors in the production of 
radioisotopes, including the relationship 
between public debate and science.  

Discuss the importance of the cyclotron in 
the South Australian Health and Medical 
Research Institute (SAHMRI) facility. 

Investigate medical uses and 
disadvantages of radioisotopes for 
diagnostic and therapeutic purposes (e.g. 
PET scanners, boron neutron capture 
therapy).  

Investigate benefits and limitations of using 
radioisotopes in industry (e.g. in quality 
assurance processes). 

Discuss the safe storage and disposal of 
radioactive materials. 

The magnetic field within the dees of a 
cyclotron causes the charged particles to 
travel in a circular path, so that they 
repeatedly pass through the electric field. 
• Describe the nature and direction of the 

magnetic field needed to deflect ions into 
a circular path in the dees of a cyclotron. 

• Derive the formula 2 mT
qB
π

=  for the 

period T of the circular motion of an ion, 
and hence show that the period is 
independent of the speed of the ion. 

• Derive the formula 
2 2 2
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= for the 

kinetic energy KE of the ions emerging 
at radius r from a cyclotron. 

Study the production and use of 
radioisotopes, for medical or industrial use. 

Explore the limitation on the energy of a 
charged particle emerging from a cyclotron 
due to relativistic effects. 

• Use the formula 
2 2 2

2K
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=  to show 

that KE  is independent of the potential 
difference across the dees and, for given 
ions, depends only on the magnetic field 
and the radius of the cyclotron. 

• Solve problems involving the use of 
2 mT
qB
π

=  and 
2 2 2
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QUESTION 1 
A student conducts an experiment to investigate the relationship between the current flowing 
in a horizontal metal wire and the magnetic force acting on the wire when it is placed in a 
uniform magnetic field B. The experimental arrangement is shown in the diagram below. 

The horizontal metal wire has a good electrical contact with two vertical conducting rails, 
which are connected to a variable power supply that can provide current I in either direction. 
The horizontal metal wire is attached to a spring balance by a cotton thread of negligible 
mass. The horizontal metal wire is free to move up and down in a vertical direction and 
remains in contact with the vertical conducting rails. The spring balance is calibrated in 
millinewtons and is set to read zero when supporting no load. 

 
(a) State the direction of the magnetic force that is acting on the horizontal metal wire 

when the current I is flowing in an anticlockwise direction in the wire, as shown. (1 
mark) 
The student changes the current flowing in the horizontal metal wire by varying the 
power supply, and records the new readings on the spring balance. The results are 
shown in the following graph: 
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12. A student conducts an experiment to investigate the relationship between the current fl owing in a 

horizontal metal wire and the magnetic force acting on the wire when it is placed in a uniform 

magnetic fi eld B. The experimental arrangement is shown in the diagram below.

The horizontal metal wire has a good electrical contact with two vertical conducting rails, which 

are connected to a variable power supply that can provide current I in either direction. 

The horizontal metal wire is attached to a spring balance by a cotton thread of negligible mass. 

The horizontal metal wire is free to move up and down in a vertical direction and remains in 

contact with the vertical conducting rails. The spring balance is calibrated in millinewtons and is 

set to read zero when supporting no load.
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(a) State the direction of the magnetic force that is acting on the horizontal metal wire when 

the current I is fl owing in an anticlockwise direction in the wire, as shown.

 _____________________________________________________________________________________________ (1 mark)
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The student changes the current fl owing in the horizontal metal wire by varying the power supply, 

and records the new readings on the spring balance. The results are shown in the following graph:

Reading on Spring Balance versus Current
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(b) State the dependent variable in this experiment.

 _____________________________________________________________________________________________ (1 mark)

(c) Using the graph above, state the value of the current fl owing in the horizontal metal wire 

when the reading on the spring balance is zero.

 _____________________________________________________________________________________________ (1 mark)

(d) Using the graph above, determine the mass of the horizontal metal wire.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________ (3 marks)

(e) On the graph above, draw the line that would be produced if the uniform magnetic 

fi eld B were doubled. (2 marks)



(b) State the dependent variable in this experiment. (1 mark) 

(c) Using the graph on the previous page, state the value of the current flowing in the 
horizontal metal wire when the reading on the spring balance is zero. (1 mark) 

(d) Using the same graph, determine the mass of the horizontal metal wire. (3 marks) 

(e) On the graph, draw the line that would be produced if the uniform magnetic field B 
were doubled. (2 marks) 

 

QUESTION 2 
The diagram below shows a cross-section of a moving-coil loudspeaker: 
 

 
On the diagram above, label the three components of the moving-coil loudspeaker 
indicated by the letters K, L and M. 

(3 marks) 

 

QUESTION 3 
On the diagram below, sketch the magnetic field of a current-carrying solenoid that consists 
of many tightly wound coils of wire. The direction of the current is indicated on the diagram. 
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On the diagram above, label the three components of the moving-coil loudspeaker indicated by the letters K, L 

and M.                           (3 marks) 

 

 

 

 

 

 

 

 



 (3 marks) 
 

QUESTION 4 
The magnetic force on a straight current-carrying wire in a uniform magnetic field is 50% of 

its maximum possible value. 

Calculate the angle between the wire and the magnetic field. (3 marks) 

 

QUESTION 5 
The dees of a cyclotron used to accelerate protons are shown in the diagram below. 

A proton is shown entering the right-hand dee. A vacuum is maintained inside the cyclotron. 
Protons emerge from the cyclotron at the exit point indicated on the left-hand dee. 

 

 
(a) Describe the direction of the magnetic field that causes the proton to turn in the 

direction shown. (1 mark) 

(b) Explain why the magnitude of the magnetic force acting on the proton increases as 
the number of revolutions of the proton increases. (3 marks) 

(c) State one factor that determines the kinetic energy of the protons that emerge from 
the cyclotron. (1 mark) 

(a) Explain why a cyclotron must be evacuated. (3 marks) 
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(3) Explain whether the kinetic energy increases or decreases in the situation
described in part (2).

 (2 marks)

(d) The dees of a cyclotron used to accelerate protons are shown in the diagram below.
A proton is shown entering the right-hand dee. A vacuum is maintained inside the
cyclotron. Protons emerge from the cyclotron at the exit point indicated on the
left-hand dee.

(i) Describe the direction of the magnetic field that causes the proton to turn in the
direction shown.

 (1 mark)

(ii) Explain why the magnitude of the magnetic force acting on the proton increases as
the number of revolutions of the proton increases.

 (3 marks)

(iii) State one factor that determines the kinetic energy of protons that emerge from the
cyclotron.

 (1 mark)

(iv) State one use of a cyclotron in a hospital.

 (1 mark)
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QUESTION 6 
Particles labelled A, B, C, and D enter an evacuated region in which a uniform magnetic field 

is directed into the page, as represented in the diagram below: 
 

 
(a) Identify a particle (A, B, C, or D) that has a positive charge. (1 mark) 
(b) Particles A and B have equal charges and enter the uniform magnetic field with the 

same initial velocity. 
  Explain which of the two particles has the larger mass. (3 marks) 

 
QUESTION 7 
The diagram below shows point A, which is midway between conductor 1 and conductor 2. 
In conductor 1 there is a current I, which is directed towards the bottom of the page. A 
current of the same magnitude flows in conductor 2. 
 

 
 
Determine the direction of the current in conductor 2 that will cause the total magnetic field 
at point A to be zero. Justify your answer. (3 marks) 
 
 
QUESTION 8 
The diagram below shows a cyclotron that is used to accelerate positive ions:  
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15. Particles labelled A, B, C, and D enter an evacuated region in which a uniform magnetic fi eld is 

directed into the page, as represented in the diagram below:
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(a) Identify a particle (A, B, C, or D) that has a positive charge.

 _____________________________________________________________________________________________ (1 mark)

(b) Particles A and B have equal charges and enter the uniform magnetic fi eld with the same 

initial velocity. 

Explain which of the two particles has the larger mass.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________ (3 marks)



 
 
An ion of mass 3.3x10−

27 kg and charge 1.6x10−
19 C is accelerated in the cyclotron, which has 

a radius of 0.32 m. The magnetic field of the cyclotron has a magnitude of 1.2 T.  
 
(a) Calculate the kinetic energy of the ion as it leaves the cyclotron. (2 marks)  
 
(b) The kinetic energy of an ion as it leaves a cyclotron does not depend on the potential 
difference between the dees.  
 
(i) Explain why the ion gains kinetic energy each time it moves across the gap between the 
dees. (2 marks)  
 
(ii) Explain why increasing the potential difference between the dees has no effect on the 
kinetic energy of the ion as it leaves the cyclotron. (3 marks) 
 
QUESTION 9 
An experiment was conducted to investigate the force on a current-carrying conductor in a 
magnetic field. The diagram below shows the conductor in the magnetic field of magnitude B 
= 0.30T, which is directed to the right of the page:  
 

 
 



(a) The length of the conductor in the magnetic field was 0.55 m. A current of 0.050 A 
flowed through the conductor, causing it to experience a force directed into the page. The 
magnitude of the force was measured to be 3.8x10−

3 N.  
 
(i) Determine the direction in which the current flowed through the conductor, and indicate 
the direction on the diagram above. (1 mark)  
 
(ii) Determine the angle θ between the conductor and the magnetic field. (3 marks)  
 
(b) The conductor was then placed so that it was perpendicular to the magnetic field. The 
force on the conductor was measured for currents of different magnitudes. The graph below 
shows the data collected:  
 

 
 
Explain why the graph shows the presence of a systematic error. (2 marks) 
 
 
QUESTION 10 
The path that a charged particle takes in a magnetic field can be used to determine the mass 
of the particle.  
 
(a) A particle with a charge of 3.2⋅10−

19 C enters a magnetic field of magnitude 0.14 T with a 
velocity of 4.0x105 m s−

1 that is perpendicular to the magnetic field. Calculate the magnitude 
of the force on the particle. (2 marks)  
 
(b) Explain why charged particles move with uniform circular motion when they enter a 
magnetic field with a velocity that is perpendicular to the magnetic field. (3 marks)  
 

(c) (i) Derive the expression for the radius r of the circular path of a particle that is 
moving with speed v at right angles to a uniform magnetic field of magnitude B. The particle 
has charge q and mass m. (3 marks) 
 



(ii) The diagram below shows the path of a charged particle that has entered a magnetic field 
of magnitude B = 0.14T, which is directed into the page. The initial velocity of the particle 
was 4.0x105 m s−

1, perpendicular to the magnetic field. The particle has a charge of 
magnitude 3.2x10−

19 C 
 

 
 
Using the diagram above, determine the mass of the particle. (3 marks)  
 
(iii) Determine the sign of the charge of the particle. (1 mark) 
 
QUESTION 11 
One way to focus electrons in an electron microscope is to use two triangular uniform 
magnetic fields of equal magnitude B, as shown in the diagram below:  
 

 
 
When the electrons are in the magnetic fields they travel with uniform circular motion of 
radius r.  
(a) Explain why an electron moves with uniform circular motion when it enters a magnetic 
field with a velocity that is perpendicular to the magnetic field. (3 marks) 
 



(b) (i) Derive the equation for the radius r of the circular path of electrons that are 
moving at speed v at right angles to a uniform magnetic field of magnitude B. The electrons 
have a charge of q and a mass of m. (2 marks)  
 
(ii) The magnitude of the magnetic field is B = 2.31 T and the radius of the circular path is r = 
1.46x10−

4 m. Hence show that the magnitude of the momentum p of the electrons is 
5.40x10−

23 kg m s−
1 . (2 marks)  

 
(c) Calculate the wavelength of electrons with momentum of 5.40⋅10−23 kg m s−1. (2 marks)  
 
(d) State how the wavelength you calculated in part (c) allows electron microscopes to 
achieve high resolutions. (1 mark) 
 
 
QUESTION 12 
The diagram below shows a parallel-plate energy analyser. Ions enter the electric field 
created by the parallel plates at point A. Only those ions with a particular energy per unit 
charge will reach the detector. The distance from point A to the detector is 0.100 m. The 
diagram shows the orientation of the plates.  
 

 
 
The magnitude of the electric field between the parallel plates is 2.07x104 N C−

1. A beam of 
ions with a charge of 1.60x10−

19 C and a mass of 2.20x10−
25 kg enters the electric field.  

 
(a) Show that the magnitude of the acceleration experienced by the ions is 1.51x1010 m s−

2 (2 
marks)  
 
(b) One ion enters the electric field with a speed of 3.90x104 m s−

1 at an angle of 42.3° to the 
plates.  
(i) Show that the magnitude of the:  
• initial horizontal component of the velocity of the ion is 2.88x104 m s−

1  
• initial vertical component of the velocity of the ion is 2.62⋅104 m s−1. (2 marks)  
 
(ii) Determine the time of flight from when the ion enters the electric field at point A until it 
collides with the lower plate. (3 marks)  
 
(iii) Calculate the horizontal distance that the ion travels in the electric field, and determine 
whether or not it reaches the detector. (2 marks) 
 
 



QUESTION 13 
The diagram below shows a transmitting antenna that is aligned vertically on a tower. The 
horizontal component of the polarised electromagnetic wave emitted by the antenna is shown 
in red. antenna  
 

 
 
(a) On the diagram above, draw the vertical component of the polarised electromagnetic 
wave. (1 mark)  
 
(b) State the plane of polarisation of the electromagnetic wave. (1 mark) 
 


