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TOPIC 4
Electric and magnetic fields

4.1 Overview
4.1.1 Module 6: Electromagnetism
Electric and magnetic fields
Inquiry question: What happens to stationary and moving charged particles when they interact with an electric
or magnetic field?

Students:
• investigate and quantitatively derive and analyse the interaction between charged particles and uniform

electric fields, including: (ACSPH083)

– electric field between parallel charged plates (||E|| = −
V
d)

– acceleration of charged particles by the electric field (F = ma, F = qE)

– work done on the charge (W = qv, W = qEd, K =
1
2
mv2

)
• model qualitatively and quantitatively the trajectories of charged particles in electric fields and compare

them with the trajectories of projectiles in a gravitational field
• analyse the interaction between charged particles and uniform magnetic fields, including: (ACSPH083)

– acceleration, perpendicular to the field, of charged particles
– the force on the charge (F = qvB sin 𝜃)

• compare the interaction of charged particles moving in magnetic fields to:
– the interaction of charged particles with electric fields
– other examples of uniform circular motion (ACSPH108)

FIGURE 4.1 The tracks in a bubble chamber show the
trajectories of charged particles moving across a magnetic
field. The superheated liquid environment of the chamber
creates a trail of bubbles behind the moving charges.
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4.2 Charged particles in uniform electric fields
4.2.1 A review of vector fields
This chapter is about electric and magnetic fields, but these fields have similarities to gravitational fields (with
which we are quite familiar) and so these will be used for comparison. Each of these vector fields can exert
a force within a certain space and each has a field vector that indicates the strength and direction of the field
at given points. Recall that vector fields can be drawn using lines of force. The direction of a line of force
indicates the direction of the field, and the spacing of the lines indicates the strength of the field. The following
table briefly compares these three vector fields.

TABLE 4.1 A comparison of three vector fields.

Gravitational field Electric field Magnetic field

Surrounds… a mass an electric charge a magnet or electric current

Diagram: (a) (b)

+

(c)

N

S

Exerts a force
on…

other masses other charges other magnets or magnetic materials
or moving electric charges

Direction of the
field defined
by…

the direction of the force
on a test mass placed in
the field

the direction of the force
on a test charge placed in
the field

the direction of the force on a test
north pole in the field

Field vector g
Units:
N kg−1 (or ms−2)

E
Units:
NC−1 (or Vm−1)

B
Units:
NmA−1 (or tesla, T)

A uniform field
exists...

inside a room on the
Earth’s surface

between two parallel
charged plates

between the poles of a large
horseshoe magnet, or inside a coil
carrying an electric current.

4.2.2 Uniform electric fields
If a set of positive and negative charges were lined up in two rows facing each other, the lines of electric field
in the space between the rows would be evenly spaced, that is, the value of the strength of the field would be
constant. This is called a uniform electrical field.

It is also very easy to set up. Just set two metal plates a few centimetres apart, then connect one plate to the
positive terminal of a battery and connect the other plate to the negative terminal of the battery. The battery
will transfer electrons from one plate, making it positive, and put them on the other, making that one negative.
The battery will keep on doing this until the positive plate is so positive that the battery’s voltage, or the energy
it gives to each coulomb of electrons, is insufficient to overcome the attraction of the positive charged plate.
Similarly, the negatively charged plate will become so negative that the repulsion from this plate prevents
further electrons being added.
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FIGURE 4.3 Uniform electric fields.
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If a space contains a uniform field, that means that if a charge was placed in that space it would experience
a constant electric force, F = qE. The direction of the force on a positive charge will be in the direction of
the field, and the force on a negative charge will be opposite to the field direction. Also, because the force is
constant, the acceleration will be constant, as given by the equation F = ma.

As we will see later, the situation with a charged particle in the space between the plates in the figure above
is similar to the vertical motion under gravity. Indeed, if a charged particle is injected with speed into the field
from one side, its subsequent motion is similar to projectile motion.

4.2.3 Electric field strength in a uniform field
The emf of a battery, or its voltage, is the amount of energy that the battery gives to each coulomb of charge.
A battery of V volts would use up V joules of energy transferring one coulomb of electrons from the top plate
through the wires to the bottom plate. Once on the negative plate, this coulomb of electrons would have V
joules of electrical potential energy.

If this coulomb of electrons could be released from the negative plate, it would be accelerated by the constant
force of the electric field between the plates, gaining kinetic energy like a stone falling in a gravitational field.

This kinetic energy could be found using the standard formula Ek =
1
2
mv2, but it is simpler to equate the

energy gained to the energy required to move the electrons initially.

The gain in kinetic energy of one coulomb of charge = V joules.
The gain in kinetic energy for q coulombs of charge = qV joules.
This is the relationship W = qV.

Work done on q coulombs of charge (W) = quantity of charge (q) × voltage drop or potential difference (V )

However, work done (W) also has a definition of motion:

Work done (W) = force (F) × displacement (d)
W = Fd

But the force, if it is an electrical force, is given by F = qE, so W = qE × d,
where d in this instance is the separation of the plates.

Equating the two expressions for work done,

qE × d = q × V.

Cancelling the charge, q, gives

E =
V
d
.
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This provides an alternative unit for electric field of volts per metre or V m−1. So, like gravitational field
strength, electric field strength has two equivalent units: either newtons per coulomb or volts per metre. Using
volts per metre makes it very easy to determine the strength of a uniform electric field.

Graphing electric field strength

FIGURE 4.4 Electric field strength equals the gradient of the voltage–distance graph.

DistancePlate Y Plate X

Voltage

V

E

DistancePlate Y Plate X

Electric
�eld

(a) (b)

4.2 SAMPLE PROBLEM 1

What is the strength of the electric field between two plates 5.0 cm apart connected to a 100 V DC supply?

SOLUTION:

V = 100 V, d = 5.0 cm = 5.0 × 10−2 m, E = ?

E =
V
d

=
100 V

5.0 × 10−2 m

= 2000 V m−1

4.2.4 An electric field as a particle accelerator
An electric field can be used to increase the speed and kinetic energy of charged particles. This is the case in
all of the devices in the following table.

TABLE 4.2 Devices that use electric fields to accelerate charged particles.

Device Operation Purpose

Mass
spectrometer

Accelerate positive ions of different mass,
which then enter a uniform magnetic field
and curve around to hit a screen in
different spots

To measure the abundance of different
elements and isotopes in a sample

Electron
microscope

Accelerate electrons, which then pass
through electric and magnetic lenses to
produce an image

To use an electron beam to examine very
small objects

Synchrotron Accelerate electrons close to the speed of
light, then feed them into a storage ring

To produce intense and very narrow beams of
mainly X-rays to examine the fine structure of
substances such as proteins

Large Hadron
Collider

Accelerate protons or lead ions close to
the speed of light, then let them collide

To test the predictions of theories of particle
physics, e.g. the existence of the Higgs boson
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FIGURE 4.5 The electrons on
the hot filament are attracted
across to the positive plate
and pass through the hole
that is in line with the beam.

The first part of all of these devices is an electron gun, a device that is designed to produce electrons and
then give them an initial acceleration.

The diagram shows two metal plates with a small hole cut in the middle of each plate. The plates have been
connected to a DC power supply. In the hole of the negative plate is a filament of wire, like the filament in
an incandescent light globe, connected to a low voltage. When the current flows in this circuit, the filament
glows red hot. The electrons are, in a sense, ‘boiling at the surface’ of the filament. The electric field can
easily pull the electrons off the surface of the filament.

The hole in the positive plate is in a direct line with the filament, so as the electrons are accelerated across
the space between the plates, they go straight through the hole to the next part of the machine. This design
is called an electron gun. It produces the electrons that generate the picture in a television tube, and it also
produces the electrons for a synchrotron.

4.2 SAMPLE PROBLEM 2

An electron is accelerated from one plate to another. The voltage drop between the plates is 100 V.
(a) How much energy does the electron gain as it moves from the negative plate to the positive

plate?
(b) How fast will the electron be travelling when it hits the positive plate, if it left the negative plate

with zero velocity?
Use mass of electron = 9.1 × 10−31 kg, charge on electron = 1.6 × 10−19 C.

SOLUTION:

(a) W = Vq
= 100 V × 1.6 × 10−19 C
= 1.6 × 10−17 J

Energy gained is 1.6 × 10−17 J.
(b) Energy is gained as kinetic energy.

Ek =
1
2
mv2

1.6 × 10−17 J =
1
2
× 9.1 × 10−31 kg × v2

v2 =
2 × 1.6 × 10−17 J

9.1 × 10−31 kg

v = 5.9 × 106 m s−1

The speed of the electron is 5.9 × 106 m s−1 or 5900 km s−1, which is about 2% of the speed of
light.
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4.2.5 Comparing trajectories
Compare what happens to a mass in a gravitational field to what happens to a charge in an electric field, as
shown in table 4.3 below.

TABLE 4.3 Comparing trajectories within vector fields.

FIGURE 4.6a A mass m placed at a
point in a gravitational field g will
experience a force F = mg. As a
result, the mass will accelerate
uniformly along the field (that is,
parallel to the field lines and in the
direction the field lines are pointing) in
accordance with Newton’s Second

Law; hence, a = F
m
.

F = mg

gm

Uniform gravitational field

FIGURE 4.6b A charge q with mass m
placed at a point in an electric field E will
experience a force F = qE. As a result,
the charge will accelerate uniformly
along the field, also in accordance with

Newton’s Second Law, hence a = F
m
.

F = qE

Eq

Uniform electric field

In both cases, the object will accelerate uniformly along a straight path, acquiring a

uniformly increasing velocity v = at and kinetic energy Ek = 1
2
mv2.

FIGURE 4.6c A mass m travelling
with velocity v across a gravitational
field g will experience a parabolic
trajectory, because the only force
acting is directed along the field lines
(‘down’). Hence, its motion has two
components:

g
v

Trajectory
F, a

m

1. Uniform velocity across the field
2. Uniform acceleration along the field.
The combination of these two
components produces the parabolic
trajectory of a projectile.

FIGURE 4.6d A positive charge q
travelling with velocity v across an
electric field E will experience a
parabolic trajectory, because the only
force acting is directed along the field
lines. Hence, its motion has two
components:

E
v

Trajectory
F, a

q

1. Uniform velocity across the field
2. Uniform acceleration along the field.
The combination of these two components
produces a parabolic trajectory very similar to
projectile motion.

In both cases, the object begins moving across the field but is accelerated down the
field producing a parabolic trajectory.

The following exercises highlight the similarities between these two scenarios. Each will be solved as a
projectile motion problem.
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4.2 Exercise 1
1 Scenario 1 — a gravitational field exercise

A 0.25 kg ball is projected horizontally at 20ms−1 from the top of a 100m high cliff. Ignore the effects if air
resistance. Data: g = 9.8ms−2

Begin by drawing a diagram of the scenario. By considering the vertical component of the ball’s motion,
(a) determine the time taken for the ball to reach the ground below, and then
(b) calculate the vertical velocity of the ball just prior to hitting the ground
(c) identify the horizontal velocity of the ball at that same point in time
(d) finally, perform a vector addition of the final vertical and horizontal velocities to find the magnitude

and direction of the net final velocity of the ball just prior to hitting the ground.
2 Scenario 2 — an electric field exercise

Two horizontal parallel metal plates separated by 5 cm have a voltage of 2.56V applied between them so that
the upper plate is positively charged. A proton is fired horizontally into the space between the plates, just
below the upper plate. Assume that the plates are large enough that the proton will remain in that space, and
ignore any gravitational effects.
Data: mass of a proton = 1.67 × 10−27 kg; charge of a proton = 1.60 × 10−19 C
As before, draw a diagram of the scenario.

(a) Calculate the electric field strength E that exists between the plates.
(b) Calculate the force that the field applies to the proton and the resulting acceleration of the proton.

By considering the vertical component of the proton’s motion,
(c) determine the time taken for the proton to reach the plate below it, and then
(d) calculate the vertical velocity of the proton just prior to hitting the lower plate
(e) Identify the horizontal velocity of the proton at that same point in time
(f) finally, as before, perform a vector addition to find the magnitude and direction of the net final

velocity of the proton just prior to hitting the lower plate.
3 A graphing challenge

If you have completed the last two exercises correctly, you will have discovered that the final direction of the
trajectories of the ball in scenario 1 and the proton in scenario 2 are the same. A more revealing exercise
is to use a spreadsheet application such as Excel to graph the two motions and then compare the graphs
side by side.
Begin by setting up three columns for each scenario — one for time, another for horizontal displacement

and one for vertical displacement. In each case,
horizontal displacement = initial horizontal velocity × time
vertical displacement = 0.5 × acceleration × time2

Insert the appropriate values to complete the formulae.
For the gravitational scenario, begin with a time value of zero in the first cell, and then increment by 0.1 s for

each row until you have reached 4.5 s. Complete the table.
For the electric field scenario, begin with a time value of zero and increment by 0.1ms for each row until

you have reached 4.5ms. Complete the table.
Finally, for each scenario use a smoothed scatter graph to graph horizontal distance against vertical

distance. Your graphs should reflect the shape of the trajectory in each scenario.

4.3 Charged particles in uniform magnetic fields
4.3.1 The nature of the interaction
As will be seen in greater depth in topic 5, moving charged particles such as electrons, protons or alpha
particles produce magnetic fields around themselves. If they enter an external magnetic field (caused by
another source), the two fields interact.

When the moving charged particles enter the magnetic field at right angles to the field, they experience a
force that is at right angles to the velocity and to the direction of the external field. The direction of the force
is determined by using the right-hand push rule (also known as the right-hand palm rule) and is demonstrated
in figure 4.7.
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FIGURE 4.7 The right-hand push rule for charged particles
moving across uniform magnetic fields.

Direction of
current �ow

Direction of
the force on
the particles

Direction of
the force on
the particles

Positive
particles

Direction of
the external
magnetic
�eld (from
N to S)

Right hand

N

S

To use the right-hand push rule, position
your right hand so that:

• the fingers point in the direction
of the external field

• the thumb points in the direction of
conventional current flow (this means
in the direction of the velocity of
positive charges or in the opposite
direction to the velocity of negative
charges)

• the direction of the force on the
particles is directly away from
the palm of the hand.

The magnitude of the force experienced by a charge travelling through a magnetic field is given by the
following equation:
F = q vB sin 𝜃
where F = the magnitude of the force in newtons, N
q = the charge in coulombs, C

v = the velocity of the charge in m s−1

B = the magnetic field strength in teslas, T
𝜃 = the angle between the velocity and the field lines.
This equation means that the force is a maximum when the velocity of the charge is perpendicular to the

magnetic field lines, and reduces to zero when the velocity is parallel to the field lines. The following table
shows several possible applications of this equation.

TABLE 4.4 Applying the formula F = qvB sin

FIGURE 4.8a

v = 0

B
+q

If v = 0 then F = qvB sin
A motionless charge in a magnetic field experiences no
force.

FIGURE 4.8b

v

� = 0

B
+q

The velocity is parallel to the field lines so that 0,
and hence sin 𝜃 = 0.
Therefore F = qvB sin 𝜃 = 0.
A charge that moves along a magnetic field parallel to
the field lines experiences no force.

(Continued)
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TABLE 4.4 Applying the formula F = qvB sin (Continued)

FIGURE 4.8c

�

B
v+q

The velocity is perpendicular to the field lines so that
𝜃 = 90°, and hence 𝜃 = 1.
Therefore F = qvB and has its maximum value. The
force will be directed into the page.

FIGURE 4.8d

�

B

v

+q

4.3.2 The motion of a charged particle in a magnetic field
The force on a charge moving across a magnetic field is at right angles to its
velocity (as well as the magnetic field), which will cause it to change dir-
ection. As the velocity direction changes, the force direction will change
so that it is perpendicular to the velocity once more. As the velocity con-
tinues to change direction, the force direction will continue to change so
that it always perpendicular to the velocity. This situation creates circular
motion as this force is acting as a centripetal force, similar to the tension
in a rope used to whirl a ball around or the gravitational force that keeps
satellites in orbit around a planet.

Another example of this motion occurs when alpha and beta radiation
particles are released into a magnetic field, as shown in the diagram below.
An alpha particle is a relatively heavy, positively charged 4

2Heion. If you
correctly apply the right-hand push rule as described in figure 4.7, you should agree that the particle will
be pushed upwards along a circular arc. By contrast, a beta particle is a comparatively low mass, negatively
charged electron, and so it will be forced downwards along a much tighter circular arc. The smaller mass of
the electron causes the smaller radius of its arc.

4.3.3 Calculating the circular motion
It is possible to derive a formula for the radius of the circular motion created when a charged particle q of
mass m travelling with velocity v crosses a magnetic field B.

The magnitude of the net force on the charged particle as it moves in the magnetic field is:

Fnet = ma.

In this case the only significant force is the magnetic force, F = qvB.

⇒ qvB = ma

TOPIC 4 Electric and magnetic fields 99
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FIGURE 4.9 Positive alpha
particles are deflected up
while negative beta particles
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Because the acceleration is centripetal and constant in magnitude, its magnitude can be expressed as a =
v2

r
,

where r is the radius of the circular motion.

⇒ qvB =
mv2

r
The expression for the radius is therefore:

r =
mv
Bq

.

Hence, a greater mass or velocity will increase the radius, while a greater charge or magnetic field strength
will decrease the radius of the circular path of the particle. 

4.3 SAMPLE PROBLEM 1

An electron travelling at 5.9×106 m s−1 enters a magnetic field of 6.0 mT. What is the radius of its path?

SOLUTION:

m = 9.1 × 10−31 kg, q = 1.6 × 10−19 C, v = 5.9 × 106 m s−1, B = 6.0 mT

r =
mv
Bq

=
9.1 × 10−31kg × 5.9 × 106m s−1

6.0 × 10−3T × 1.6 × 10−19 C

= 5.6 × 10−3m = 5.6 mm

If the velocity v, charge q and magnetic field strengthB are all known, then the radius will allow a calculation
of the mass of the particle. The formula can be rearranged to show this:

m =
rBq
v

A device that is used to perform this measurement is called a mass spectrometer, shown in figure 4.10.

FIGURE 4.10 A mass spectrometer is used to determine the mass of atomic particles by ionising a
sample particle to give it a charge, passing it through a known magnetic field and measuring the radius
of curvature of its path. From this information, the mass can be calculated.

(a)

Particles accelerated
into magnetic �eld

Magnet

Sample
injected

Vapourising
heater

Sample ionised
by electron beam

(b)

Beam of
charged
particles

Magnetic �eld
separation
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4.3.4 Comparing the effect of electric and magnetic fields

FIGURE 4.11 A comparison of the effects of electric and
magnetic fields on the trajectory of a moving charged
particle (a) A positive charge q travelling with v across an
electric field E will experience a parabolic trajectory. (b) A
positive charge q travelling with velocity v across a magnetic
field B will experience a circular trajectory.

F, a
Trajectory

q v
E q

Trajectory

(b)(a)

v
B out of

  The page

F, a

In this chapter we have examined the effect
that electric and magnetic fields have on elec-
tric charges, and it interesting at this point
to compare these two effects. Whereas an
electric field exerts a force on a charge that
is directed along the field, a magnetic field
exerts a force on a charge only if it is already
moving across the field, and then the force
will be directed perpendicularly to the field
and the velocity of the charge. The elec-
tric field will produce a parabolic trajectory
while the magnetic field produces a circular
trajectory.

4.3 Exercise 1
1 A stream of electrons with a velocity of 1.2 × 106 ms−1 enters a uniform magnetic field of strength

2.6 × 10−3 T. Calculate
(a) the magnitude of the force that the field exerts on each electron
(b) the radius of the path of the electrons.

Data for this exercise

2 Calculate the speed of an electron that would move in an arc of radius 5.00mm in a magnetic field of 5.00mT.

 

Try out this Interactivity: Electrons in magnetic fields (int-0124)

4.4 Review
4.4.1 Summary

• There are 3 basic vector fields — gravitational fields, electric fields and magnetic fields.
• A uniform electric field can be set up between two charged parallel plates. They can be charged by

attaching a DC voltage supply between the plates, so that ||E|| = −
V
d

.

• A uniform magnetic field can exist between the poles of a large horseshoe magnet, or inside of a
current-carrying coil, or solenoid.

• An electric charge in an electric field will experience a force F = qE parallel with the field lines. If the
charge is positive, the force will be in the direction of the field lines; if the charge is negative, the
direction of the force will be opposite to the direction of the field lines.
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• As the charge accelerates along the field lines due to F = ma, the field does work on the charge, found

using W = qV or W = qEd. Work is done to increase the particle’s kinetic energy Ek =
1
2
mv2.

• If the charge is initially travelling across the electric field lines, its trajectory will be parabolic, similar
to the path followed by a projectile in a gravitational field.

• Electron guns use electric fields to accelerate and eject high-velocity electrons into devices such as
mass spectrometers, electron microscopes and cathode ray tubes.

• A charged particle moving across a magnetic field will experience a force F = qvB sin 𝜃. The direction
of the force is perpendicular to both the field lines and the velocity of the charged particle, and can be
predicted using the right-hand push rule.

• This force acts as a centripetal force and causes the charged particle to follow a circular trajectory
through the magnetic field.

• The radius of the circular path followed by the charged particle depends upon the mass, charge and
velocity of the particle as well as the strength of the magnetic field.

4.4.2 Questions
1. Two metal plates, X and Y, are set up 10 cm apart. The X plate is connected to the positive terminal of

a 60 V battery and the Y plate is connected to the negative terminal. A small positively charged sphere
is suspended midway between the plates and it experiences a force of 4.0 × 10−3 newtons.
(a) What would be the size of the force on the sphere if it was placed 7.5 cm from plate X?
(b) The sphere is placed back in the middle and the plates are moved apart to a separation of 15 cm.

What is the size of the force now?
(c) The plates are returned to a separation of 10 cm but the battery is changed. The force is now

6.0 × 10−3 newtons. What is the voltage of the new battery?
2. Electrons from a hot filament are emitted into the space between two parallel plates and are

accelerated across the space between them.

FIGURE 4.12

6V
100 V

(a) Which battery supplies the field to accelerate the electrons?
(b) How much energy would be gained by an electron in crossing the space between the plates?
(c) How would your answer to (b) change if the plate separation was halved?
(d) How would your answer to (b) change if the terminals of the 6 V battery were reversed?
(e) How would your answer to (b) change if the terminals of the 100 V battery were reversed?
(f) How would the size of the electric field between the plates, and thus the electric force on the

electron, change if the plate separation was halved?
(g) Explain how your answers to (c) and (f) are connected.

3. (a) Calculate the acceleration of an electron in a uniform electric field of strength 1.0 × 106 N C−1.
(b) Starting from rest, how long would it take for the speed of the electron to reach 10% of the speed

of light? (Ignore relativistic effects.)
(c) What distance would the electron travel in that time?
(d) If the answer to (c) was the actual spacing of the plates producing the electric field, what was the

voltage drop or potential difference across the plates?
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4. In an inkjet printer, small drops of ink are given a controlled charge and fired between two charged
plates. The electric field deflects each drop and thus controls where the drop lands on the page.
Let m = the mass of the drop, q = the charge of the drop, v = the speed of the drop, l = the horizontal
length of the plate crossed by the drop, and E = electric field strength.
(a) Develop an expression for the deflection of the drop. Hint: This is like a projectile motion

question.
(b) With the values m = 1.0 × 10−10 kg, v = 20 m s−1, l = 1.0 cm and E = 1.2 × 106 NC−1, calculate

the charge required on the drop to produce a deflection of 1.2 mm

FIGURE 4.13
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5. An electron travelling east at 1.2 × 105m s−1 enters a region of uniform magnetic field of strength
2.4 T.
(a) Calculate the size of the magnetic force acting on the electron.
(b) Describe the path taken by the electron, giving a reason for your answer.
(c) Calculate the magnitude of the acceleration of the electron.

6. (a) What is the size of the magnetic force on an electron entering a magnetic field of 250 mT at a
speed of 5.0 × 106 m s−1?

(b) Use the mass of the electron to determine its centripetal acceleration.
(c) If a proton entered the same field with the same speed, what would be its centripetal acceleration?

7. Determine the direction of the magnetic force in the following situations, using your preferred hand
rule. Use the following terminology in your answers: up the page, down the page, left, right, into the
page, out of the page.
(a) Magnetic field into the page, electron entering from left

FIGURE 4.14
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(b) Magnetic field down the page, electron entering from left

FIGURE 4.15
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(c) Magnetic field out of the page, proton entering obliquely from left

FIGURE 4.16

8. An ion beam consisting of three different types of charged
particle is directed eastwards into a region having a uniform
magnetic field, B, directed out of the page. The particles making
up the beam are (i) an electron, (ii) a proton and (iii) a helium
nucleus or alpha particle. Copy the following figure and
draw the paths that the electron, proton and helium nucleus
could take.

FIGURE 4.1

B

9. In a mass spectrometer, positively charged ions are
curved in a semicircle by a magnetic field to hit a
detector at different points depending on the radius and
mass. The ions enter the chamber at the top left corner,
and curve around to hit the detector (see at right). What
should be the direction of the magnetic field for the
spectrometer to work properly? Use the answers from
question 8.

FIGURE 4.1

7

10. Calculate the radius of curvature of the following particles travelling at 10% of the speed of light in a
magnetic field of 4.0 T.
(a) An electron
(b) A proton
(c) A helium nucleus

11. What magnetic field strength would cause an electron travelling at 10% of the speed of light to move
in a circle of 10 cm?

Complete this digital doc: Investigation: The effect of magnets on cathode rays
Searchlight ID: doc-26586

 

PRACTICAL INVESTIGATIONS
Investigation 4.1: The effect of magnets on cathode rays

Aim
To observe the trajectory of electrons passing through a magnetic field.

Apparatus
Cathode ray demonstration tube or Crookes tube, complete with power supply
A strong magnet

104 Jacaranda Physics 12
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Theory
This activity will probably be performed as a demonstration by your teacher as the voltages connected to a
cathode ray tube are usually very high, of the order of 10 000 V or more. This creates a strong electric field
between the electrodes inside the tube. If the electrodes are 10 cm apart and the voltage is 10 000 V, the electric
field strength will be

E = V
d

= 10 000V
0.10m

= 1 00 000Vm−1

The field lines are directed from the positive electrode, or anode, to the negative electrode, or cathode. The
gas inside the tube contains some free electrons and positive ions. The electrons accelerate against the field,
towards the anode, and collide with other gas molecules, ionising them and thereby creating more free electrons
and positive ions. The positive ions accelerate towards the cathode, strike it and knock many more electrons free
of the metal surface and into the electric field. The result is a flood of electrons towards the anode, which was
originally called cathode rays. The tube should have a gap, or collimator, that will form the electron stream into a
beam or ray and some surface that will fluoresce when the ray strikes it.
If a stream of charged particles flows across a magnetic field, each of the particles will experience a centripetal

force F = qvB. This will result in the particle stream following a circular path.

Method
1. Set up the cathode ray tube and power supply so that the cathode ray can be seen on the fluorescent

surface.
2. Place the north pole of a magnet directly in front of the tube with the ray going past it, and note the curve of

the cathode ray. Can you confirm this direction with the hand rule? Remember that the conventional current
direction is opposite to the direction of the ray … you can compensate for this by using your left hand
instead. Note the circular arc formed by the path of the ray.

3. Flip the magnet over so that the south pole is in front of the tube. The ray should now curve in the opposite
direction. Can you confirm this direction as well?

4. Try several other positions for the magnet to note the effects of these changes.

Questions
1. Were you able to confirm the direction of the circular arcs followed by the cathode ray when you imposed a

magnetic field?

2. The radius of the circular arc is given by the formula r = mV
Bq

. The mass and charge of the cathode rays

cannot be changed, but it should be possible to affect the radius using the other two variables.
(a) Increasing the voltage V should increase the radius of the path. Can you confirm this?
(b) Increasing the magnetic field strength B should decrease the radius of the path. Try using stronger

(or weaker) magnets in place of the one you used before. Can you confirm this effect?
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