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A2 Level Physics
Chapter 12 – Magnetic Fields

12.2.2 Motion of Charged Particles

Worked Examples
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Motion of Charged Particles 

Exam Style Question 1

(a) Fig. 2.1 shows a horizontal current-carrying wire placed in a uniform magnetic 
field.

The magnetic field of flux density 0.070 𝑇 is at right angles to the wire and into the 
plane of the paper. The weight of a 1.0 𝑐𝑚 length of the wire is 6.8 ×  10–5 𝑁. The 
current, 𝐼, in the wire is such that the vertical upward force on the wire due to the 
magnetic field is equal to the weight of the wire.

(i) Calculate the current 𝐼 in the wire.

(ii) Suggest why it would be impossible for overhead cables carrying an alternating 
current to float in the Earth’s magnetic field.

(b) A charged particle enters a region of uniform magnetic field. Fig. 2.2 shows the 
path of this particle.
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The direction of the field is perpendicular to the plane of the paper. The 
magnetic field has flux density 𝐵. The particle has mass 𝑚, charge 𝑄 and 
speed 𝑣. The particle travels in a circular arc of radius 𝑟 in the magnetic 
field.

(i) Derive an equation for the radius 𝑟 in terms of 𝐵, 𝑚, 𝑄 and 𝑣.

(ii) A thin aluminium plate is now placed in the magnetic field. Fig. 2.3 
shows the path of an unknown charged particle.

The particle loses some of its kinetic energy as it travels through the plate. 
The initial radius of the path of the particle before it enters the plate is 
4.8 𝑐𝑚. After leaving the plate the final radius of the path of the particle is 
1.2 𝑐𝑚. 

Calculate the ratio 
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒

𝑓𝑖𝑛𝑎𝑙 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒
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Exam Style Question 1

(a) Fig. 2.1 shows a horizontal current-carrying wire placed in a uniform magnetic field.

The magnetic field of flux density 0.070 𝑇 is at right angles to the wire and into the plane of 
the paper. The weight of a 1.0 𝑐𝑚 length of the wire is 6.8 ×  10–5 𝑁. The current, 𝐼, in the 
wire is such that the vertical upward force on the wire due to the magnetic field is equal to 
the weight of the wire.

(i) Calculate the current 𝐼 in the wire.

(ii) Suggest why it would be impossible for overhead cables carrying an alternating current 
to float in the Earth’s magnetic field.

(b) A charged particle enters a region of uniform magnetic field. Fig. 2.2 shows the path of 
this particle.

The direction of the field is perpendicular to the plane of the paper. The magnetic field has 
flux density 𝐵. The particle has mass 𝑚, charge 𝑄 and speed 𝑣. The particle travels in a 
circular arc of radius 𝑟 in the magnetic field.

(i) Derive an equation for the radius 𝑟 in terms of 𝐵, 𝑚, 𝑄 and 𝑣.

(ii) A thin aluminium plate is now placed in the magnetic field. Fig. 2.3 shows the path of an 
unknown charged particle.

The particle loses some of its kinetic energy as it travels through the plate. The initial radius 
of the path of the particle before it enters the plate is 4.8 𝑐𝑚. After leaving the plate the 
final radius of the path of the particle is 1.2 𝑐𝑚. 

Calculate the ratio 
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒

𝑓𝑖𝑛𝑎𝑙 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒
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(a) (i) Calculate the current 𝑰 in the wire.
Use 𝐹 = 𝐵𝐼𝐿 and rearrange to find 𝐼

𝐼 =
𝐹

𝐵𝐿
 … … … … (1)

We know that the vertical upward force on the wire due to the magnetic 
field is equal to the weight of the wire. So:

𝐹 = 6.8 × 10−5

Therefore

𝐼 =
𝐹

𝐵𝐿
=

6.8 × 10−5 𝑁

0.070 𝑇 0.01 𝑚
𝐼 = 0.097 𝐴

(a) (ii) Suggest why it would be impossible for overhead cables carrying 
an alternating current to float in the Earth’s magnetic field.

Using the statement “The current, 𝐼, in the wire is such that the vertical 
upward force on the wire due to the magnetic field is equal to the weight 
of the wire” should technically mean that if the cable was in the Earth’s 
magnetic field the upwards force on the wire due to the magnetic field 
equals the weight of the wire and therefore it should float.
However, the force on the cables will keep changing direction due to the 
alternating current and therefore it won’t float. 

(b) (i) Derive an equation for the radius 𝒓 in terms of 𝑩, 𝒎, 𝑸 and 𝒗.
𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑜𝑟𝑐𝑒 = 𝑐𝑒𝑛𝑡𝑟𝑖𝑝𝑒𝑡𝑎𝑙 𝑓𝑜𝑟𝑐𝑒

𝐵𝑄𝑣 =
𝑚𝑣2

𝑟
Therefore:

𝑟 =
𝑚𝑣

𝐵𝑄
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(a) Fig. 2.1 shows a horizontal current-carrying wire placed in a uniform magnetic field.

The magnetic field of flux density 0.070 𝑇 is at right angles to the wire and into the plane of 
the paper. The weight of a 1.0 𝑐𝑚 length of the wire is 6.8 ×  10–5 𝑁. The current, 𝐼, in the 
wire is such that the vertical upward force on the wire due to the magnetic field is equal to 
the weight of the wire.

(i) Calculate the current 𝐼 in the wire.

(ii) Suggest why it would be impossible for overhead cables carrying an alternating current 
to float in the Earth’s magnetic field.

(b) A charged particle enters a region of uniform magnetic field. Fig. 2.2 shows the path of 
this particle.

The direction of the field is perpendicular to the plane of the paper. The magnetic field has 
flux density 𝐵. The particle has mass 𝑚, charge 𝑄 and speed 𝑣. The particle travels in a 
circular arc of radius 𝑟 in the magnetic field.

(i) Derive an equation for the radius 𝑟 in terms of 𝐵, 𝑚, 𝑄 and 𝑣.

(ii) A thin aluminium plate is now placed in the magnetic field. Fig. 2.3 shows the path of an 
unknown charged particle.

The particle loses some of its kinetic energy as it travels through the plate. The initial radius 
of the path of the particle before it enters the plate is 4.8 𝑐𝑚. After leaving the plate the 
final radius of the path of the particle is 1.2 𝑐𝑚. 

Calculate the ratio 
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒

𝑓𝑖𝑛𝑎𝑙 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒
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(b) (ii) Calculate the ratio. 
Problem with this question is we only have the radius of the path of the 
particle before and after it leaves the plate. Therefore we need to relate 
KE of the particle to the radius of the path of the particle and use that to 
calculate the ratio.

We know 𝐾𝐸 =
1

2
𝑚𝑣2 and 𝑣 =

𝑟𝐵𝑄

𝑚

∴ 𝐾𝐸 =
1

2
𝑚

𝑟𝐵𝑄

𝑚

2

=
1

2
𝑚

𝑟2𝐵2𝑄2

𝑚2

Simplifying gives:

𝐾𝐸 =
1

2

𝑟2𝐵2𝑄2

𝑚
=

𝑟2𝐵2𝑄2

2𝑚
Therefore:

𝐾𝐸 ∝ 𝑟2

Now we know KE is proportional to radius squared and as we are 

trying to find the ratio we can do the below.

So the ratio is:

𝑟𝑎𝑡𝑖𝑜 =
4.82

1.22
= 16
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Exam Style Question 2

Fig. 2.1 shows the circular path described by a helium nucleus in a region of 
uniform magnetic field in a vacuum.

The direction of the magnetic field is perpendicular to the plane of the paper. The 
magnetic flux density of the magnetic field is 0.20 𝑚𝑇. The radius of the circular 
path is 15 𝑐𝑚. The helium nucleus has charge + 3.2 × 10–19 𝐶 and mass 6.6 ×
 10–27 𝑘𝑔.

(a) Explain why the helium nucleus

(i) Travels in a circular path.

(ii) Has the same kinetic energy at 𝐴 and 𝐵.

(b) Calculate the magnitude of the momentum of the helium nucleus.

(c) Calculate the kinetic energy of the helium nucleus.

(d) A uniform electric field is now also applied in the region shaded in Fig. 2.1. The 
direction of this electric field is from left to right. Describe the path now followed 
by the helium nucleus in the electric and magnetic fields.

Motion of Charged Particles 

Exam Style Question 2
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(a) Explain why the helium nucleus
(i) Travels in a circular path.
A constant force acts at rights angles to the velocity (or motion) of the 
helium nucleus. 

(ii) Has the same kinetic energy at 𝑨 and 𝑩.
No work done by the force and so no acceleration in the direction of 
motion. 

(b) Calculate the magnitude of the momentum of the helium nucleus.

Using 𝐵𝑄𝑣 =
𝑚𝑣2

𝑟
 rearrange it to find momentum (= 𝑚𝑣)

𝐵𝑄𝑣𝑟 = 𝑚𝑣2

𝐵𝑄𝑣𝑟 = 𝑚 × 𝑣 × 𝑣 (remember 𝑣2 = 𝑣 × 𝑣) 
𝐵𝑄𝑣𝑟

𝑣
= 𝑚𝑣

𝑚𝑣 = 𝐵𝑄𝑟
Therefore 

𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 = 𝑚𝑣 = 𝐵𝑄𝑟
𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 = 0.20 × 10−3 𝑇 3.2 × 10−19 𝐶 0.15𝑚

𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 = 9.6 × 10−24 𝑘𝑔 𝑚 𝑠−1

(c) Calculate the kinetic energy of the helium nucleus.
Step 1: Use 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 = 𝑚𝑣 and rearrange to find 𝑣

𝑣 =
𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚

𝑚
=

9.6 × 10−24 𝑘𝑔 𝑚 𝑠−1

6.6 × 10−27 𝑘𝑔
𝑣 = 1454.545 … 𝑚 𝑠−1

Step 2: Use 𝐾𝐸 =
1

2
𝑚𝑣2

𝐾𝐸 =
1

2
6.6 × 10−27 𝑘𝑔 1454.54 … 𝑚 𝑠−1 2

𝐾𝐸 = 7.0 × 10−21𝐽
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Fig. 2.1 shows the circular path described by a helium nucleus in a region of 
uniform magnetic field in a vacuum.

The direction of the magnetic field is perpendicular to the plane of the paper. The 
magnetic flux density of the magnetic field is 0.20 𝑚𝑇. The radius of the circular 
path is 15 𝑐𝑚. The helium nucleus has charge + 3.2 × 10–19 𝐶 and mass 6.6 ×
 10–27 𝑘𝑔.

(a) Explain why the helium nucleus

(i) Travels in a circular path.

(ii) Has the same kinetic energy at 𝐴 and 𝐵.

(b) Calculate the magnitude of the momentum of the helium nucleus.

(c) Calculate the kinetic energy of the helium nucleus.

(d) A uniform electric field is now also applied in the region shaded in Fig. 2.1. The 
direction of this electric field is from left to right. Describe the path now followed 
by the helium nucleus in the electric and magnetic fields.
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(d) A uniform electric field is now also applied in the region shaded in Fig. 
2.1. The direction of this electric field is from left to right. Describe the 
path now followed by the helium nucleus in the electric and magnetic 
fields.

• The helium nucleus moves to the right. (Because the helium has a 

positive charge and will move to the negative side of the electric 

field which is to the right). 

• The path is still a clockwise curve in the plane of the paper. 
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Fig. 3.1 shows part of an accelerator used to produce high-speed protons. The protons pass 
through an evacuated tube that is shown in the plane of the paper.

The protons are made to travel in a circle of radius 𝑅 by a magnetic field of flux density 𝐵. 

(a) State clearly the direction of the magnetic flux density 𝐵 that produces the circular 
motion of the protons.

(b) Show that the relationship between the velocity 𝑣 of the protons and the radius 𝑅 is 

given by 𝑣 =
𝐵𝑄𝑅

𝑚
 where 𝑄 and 𝑚 are the charge and mass of a proton respectively.

(c) Calculate the magnetic flux density 𝐵 of the magnetic field needed to keep protons in a 
circular orbit of radius 0.18 𝑚. The time for one complete orbit is 2.0 × 10–8 𝑠.

(d) Explain why the magnetic field does not change the speed of the protons.
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(a)State clearly the direction of the magnetic flux density 𝑩 that produces the 
circular motion of the protons.
Perpendicular out of plane of paper. (Use Flemings Left Hand rule but remember it 
is a Proton and not an electron). 

(b) Show that the relationship between the velocity 𝒗 of the protons and the 

radius 𝑹 is given by 𝒗 =
𝑩𝑸𝑹

𝒎
 where 𝑸 and 𝒎 are the charge and mass of a 

proton respectively.

𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑜𝑟𝑐𝑒 = 𝑐𝑒𝑛𝑡𝑟𝑖𝑝𝑒𝑡𝑎𝑙 𝑓𝑜𝑟𝑐𝑒

𝐵𝑄𝑣 =
𝑚𝑣2

𝑅
Therefore:

𝐵𝑄𝑅 =
𝑚𝑣2

𝑣

𝑣 =
𝐵𝑄𝑅

𝑚

(c) Calculate the magnetic flux density 𝑩 of the magnetic field needed to keep 
protons in a circular orbit of radius 𝟎. 𝟏𝟖 𝒎. The time for one complete orbit is 
𝟐. 𝟎 × 𝟏𝟎–𝟖 𝒔.

Use 𝑣 =
2𝜋𝑟

𝑇

𝑣 =
2𝜋 0.18 𝑚

2.0 × 10−8 𝑠
= 56548667.76 𝑚𝑠−1

Now use 𝑣 =
𝐵𝑄𝑅

𝑚
 and rearrange for 𝐵

𝐵 =
𝑣𝑚

𝑄𝑅
=

56548667.76 𝑚 𝑠−1 1.67 × 10−27 𝑘𝑔

1.6 × 10−19 𝐶 0.18 𝑚
𝐵 = 3.28 𝑇

(d) Explain why the magnetic field does not change the speed of the protons.
The force is perpendicular to the motion and therefore no work is done. 
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(a) (i) State two situations in which a charged particle will experience no magnetic force 
when placed in a magnetic field.

(a) (ii) A charged particle moves in a circular path when travelling perpendicular to a 
uniform magnetic field. By considering the force acting on the charged particle, show that 
the radius of the path is proportional to the momentum of the particle.

(b) In a cyclotron designed to produce high energy protons, the protons pass repeatedly 
between two hollow D-shaped containers called ‘dees’. The protons are acted on by a 
uniform magnetic field over the whole area of the dees. Each proton therefore moves in a 
semi-circular path at constant speed when inside a dee. Every time a proton crosses the gap 
between the dees it is accelerated by an alternating electric field applied between the dees. 
Figure 2 shows a plan view of this arrangement. 

(b) (i) State the direction in which the magnetic field should be applied in order for the 
protons to travel along the semicircular paths inside each of the dees as shown in Figure 2.

(b) (ii) In a particular cyclotron the flux density of the uniform magnetic field is 0.48 𝑇. 
Calculate the speed of a proton when the radius of its path inside the dee is 190 𝑚𝑚.

(b) (iii) Calculate the time taken for this proton to travel at constant speed in a semicircular 
path of radius 190 𝑚𝑚 inside the dee.

(b) (iv) As the protons gain energy, the radius of the path they follow increases steadily, as 
shown in Figure 2. Show that your answer to part (b)(iii) does not depend on the radius of 
the proton’s path.

(c) The protons leave the cyclotron when the radius of their path is equal to the outer radius 
of the dees. Calculate the maximum kinetic energy, in 𝑀𝑒𝑉, of the protons accelerated by 
the cyclotron if the outer radius of the dees is 470 𝑚𝑚.

Cyclotron (AQA only)

Exam Style Question 4
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(a)(i) State two situations in which a charged particle will experience no 
magnetic force when placed in a magnetic field.
1) When charged particle is at rest.
2) When charged particle moves parallel to magnetic field. 

(a) (ii) Show that the radius of the path is proportional to the 
momentum of the particle.

Using 𝐵𝑄𝑣 =
𝑚𝑣2

𝑟
 rearrange it to find momentum (= 𝑚𝑣)

𝐵𝑄𝑣𝑟 = 𝑚𝑣2

𝐵𝑄𝑣𝑟 = 𝑚 × 𝑣 × 𝑣 (remember 𝑣2 = 𝑣 × 𝑣) 
𝐵𝑄𝑣𝑟

𝑣
= 𝑚𝑣

𝑚𝑣 = 𝐵𝑄𝑟
Therefore 

𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 = 𝑚𝑣 = 𝐵𝑄𝑟

(b) (i) State the direction in which the magnetic field should be applied in 
order for the protons to travel along the semicircular paths inside each of 
the dees as shown in Figure 2.
Upwards perpendicular to plane of diagram or “out of the paper”. 

(b) (ii) Calculate the speed of a proton when the radius of its path inside 
the dee is 𝟏𝟗𝟎 𝒎𝒎.
Use 𝑚𝑣 = 𝐵𝑄𝑟 and rearrange for 𝑣

𝑣 =
𝐵𝑄𝑟

𝑚
=

0.48 𝑇 1.60 × 10−19 𝐶 0.19 𝑚

1.67 × 10−27 𝑘𝑔
𝑣 = 8.74 × 106 𝑚 𝑠−1
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(a) (i) State two situations in which a charged particle will experience no magnetic force 
when placed in a magnetic field.

(a) (ii) A charged particle moves in a circular path when travelling perpendicular to a 
uniform magnetic field. By considering the force acting on the charged particle, show that 
the radius of the path is proportional to the momentum of the particle.

(b) In a cyclotron designed to produce high energy protons, the protons pass repeatedly 
between two hollow D-shaped containers called ‘dees’. The protons are acted on by a 
uniform magnetic field over the whole area of the dees. Each proton therefore moves in a 
semi-circular path at constant speed when inside a dee. Every time a proton crosses the gap 
between the dees it is accelerated by an alternating electric field applied between the dees. 
Figure 2 shows a plan view of this arrangement. 

(b) (i) State the direction in which the magnetic field should be applied in order for the 
protons to travel along the semicircular paths inside each of the dees as shown in Figure 2.

(b) (ii) In a particular cyclotron the flux density of the uniform magnetic field is 0.48 𝑇. 
Calculate the speed of a proton when the radius of its path inside the dee is 190 𝑚𝑚.

(b) (iii) Calculate the time taken for this proton to travel at constant speed in a semicircular 
path of radius 190 𝑚𝑚 inside the dee.

(b) (iv) As the protons gain energy, the radius of the path they follow increases steadily, as 
shown in Figure 2. Show that your answer to part (b)(iii) does not depend on the radius of 
the proton’s path.

(c) The protons leave the cyclotron when the radius of their path is equal to the outer radius 
of the dees. Calculate the maximum kinetic energy, in 𝑀𝑒𝑉, of the protons accelerated by 
the cyclotron if the outer radius of the dees is 470 𝑚𝑚.
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(b) (iii) Calculate the time taken for this proton to travel at constant speed in a 
semicircular path of radius 𝟏𝟗𝟎 𝒎𝒎 inside the dee.

Use 𝑠 =
𝑑

𝑡
 and rearrange for 𝑡

𝑡 =
𝑑

𝑠
The distance 𝑑 is the length of semi-circle therefore 𝑑 = 𝜋 𝑟
Therefore:

𝑡 =
𝜋 𝑟

𝑠
=

𝜋 × 0.19 𝑚

8.74 × 106 𝑚 𝑠−1

𝑡 = 6.83 × 10−8 𝑠 3 𝑠. 𝑓.

(b) (iv) Show that your answer to part (b)(iii) does not depend on the radius of 
the proton’s path.

Use 𝑡 =
𝜋 𝑟

𝑣
 and 𝑣 =

𝐵𝑄𝑟

𝑚
 and combine the two equations

𝑡 =
𝜋 𝑟 𝑚

𝐵𝑄𝑟
=

𝜋 𝑚

𝐵𝑄
As the 𝑟 cancels therefore time doesn’t depend on 𝑟.

(c) Calculate the maximum kinetic energy, in 𝑴𝒆𝑽, of the protons accelerated by 
the cyclotron if the outer radius of the dees is 𝟒𝟕𝟎 𝒎𝒎.
Use 𝑚𝑣 = 𝐵𝑄𝑟 and rearrange for 𝑣

𝑣𝑚𝑎𝑥 =
𝐵𝑄𝑟

𝑚
=

0.48 𝑇 1.60 × 10−19 𝐶 0.47 𝑚

1.67 × 10−27 𝑘𝑔
𝑣𝑚𝑎𝑥 = 2.161 … × 107 𝑚 𝑠−1

Now use 𝐾𝐸 =
1

2
𝑚𝑣𝑚𝑎𝑥

2

𝐾𝐸 =
1

2
1.67 × 10−27 𝑘𝑔 2.16 … × 107 𝑚 𝑠−2 2

𝐾𝐸 = 3.90 × 10−13 𝐽 3 𝑠. 𝑓.
Convert into MeV (to convert from J to eV divide by 1.6 × 10−19 𝐽:

𝐾𝐸 =
3.90 × 10−13 𝐽

1.6 × 10−19 𝐽
= 2437500 𝑒𝑉 = 2.4 𝑀𝑒𝑉
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(a) Fig. 3.1 shows two charged horizontal plates.

The potential difference across the plates is 60 𝑉. The separation of the plates is 
5.0 𝑚𝑚. 

(i) On Fig. 3.1 draw the electric field pattern between the plates. 

(ii) Calculate the electric field strength between the plates.

(b) Positive ions are accelerated from rest in the horizontal direction through a 
potential difference of 400 𝑉. The charged plates in (a) are then used to deflect 
the ions in the vertical direction. Fig. 3.2 shows the path of these ions.

Motion of Charged Particles in Combined 
Electric and Magnetic Fields

Exam Style Question 5

Each ion has a mass of 6.6 ×  10–27 𝑘𝑔 and a charge of 3.2 ×
 10–19 𝐶. 

(i) Show that the horizontal velocity of an ion after the 
acceleration by the 400 𝑉 potential difference is 2.0 ×
 105 𝑚 𝑠–1.

(ii) The ions enter at right angles to the uniform electric field 
between the plates. Calculate the vertical acceleration of an ion due 
to this electric field.

(iii) The length of each of the charged plates is 16 𝑚𝑚. 

1) Show that an ion takes about 8.0 ×  10–8 𝑠 to travel through the 
plates. 

2) Calculate the vertical deflection of an ion as it travels through the 
plates.

(c) A uniform magnetic field is applied in the region between the 
plates in Fig. 3.2. The magnetic field is perpendicular to both the 
path of the ions and the electric field between the plates. 

Calculate the magnitude of the magnetic flux density of field needed 
to make the ions travel horizontally through the plates.

(d) Ions of the same charge but greater mass are accelerated by the 
potential difference of 400 𝑉 described in (b). Describe and explain 
the effect on the deflection of the ions after they have travelled 
between the plates using the same electric and magnetic fields of 
(c).

10
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(a) Fig. 3.1 shows two charged horizontal plates.

The potential difference across the plates is 60 𝑉. The separation of the plates is 5.0 𝑚𝑚. 

(i) On Fig. 3.1 draw the electric field pattern between the plates. 

(ii) Calculate the electric field strength between the plates.

(b) Positive ions are accelerated from rest in the horizontal direction through a potential 
difference of 400 𝑉. The charged plates in (a) are then used to deflect the ions in the 
vertical direction. Fig. 3.2 shows the path of these ions.

Each ion has a mass of 6.6 ×  10–27 𝑘𝑔 and a charge of 3.2 ×  10–19 𝐶. 

(i) Show that the horizontal velocity of an ion after the acceleration by the 400 𝑉 
potential difference is 2.0 ×  105 𝑚 𝑠–1.

(ii) The ions enter at right angles to the uniform electric field between the plates. Calculate 
the vertical acceleration of an ion due to this electric field.

(iii) The length of each of the charged plates is 16 𝑚𝑚. 

1) Show that an ion takes about 8.0 ×  10–8 𝑠 to travel through the plates. 

2) Calculate the vertical deflection of an ion as it travels through the plates.

(c) A uniform magnetic field is applied in the region between the plates in Fig. 3.2. The 
magnetic field is perpendicular to both the path of the ions and the electric field between 
the plates. 

Calculate the magnitude of the magnetic flux density of field needed to make the ions travel 
horizontally through the plates.

(d) Ions of the same charge but greater mass are accelerated by the potential difference of 
400 𝑉 described in (b). Describe and explain the effect on the deflection of the ions after 
they have travelled between the plates using the same electric and magnetic fields of (c).
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(a) (i) On Fig. 3.1 draw the electric field pattern between the plates. 

(a) (ii) Calculate the electric field strength between the plates.

Use 𝐸 =
𝑉

𝑑

𝐸 =
60 𝑉

5 × 10−3 𝑚
𝐸 = 12000 𝑉 𝑚−1

(b) (i) Show that the horizontal velocity of an ion after the acceleration by 
the 𝟒𝟎𝟎 𝑽 potential difference is 𝟐. 𝟎 ×  𝟏𝟎𝟓 𝒎 𝒔–𝟏.

Use 𝐸 =
1

2
𝑚𝑣2 and to calculate energy use 𝐸 = 𝑞𝑉

∴ 𝑞𝑉 =
1

2
𝑚𝑣2

Rearrange for 𝑣

𝑣 =
𝑞𝑉

1
2 𝑚

=
2𝑞𝑉

𝑚

𝑣 =
2 3.2 × 10−19 𝐶 400 𝑉

6.6 × 10−27 𝑘𝑔

𝑣 = 1.97 × 105 𝑚 𝑠−1 3 𝑠. 𝑓.
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(a) Fig. 3.1 shows two charged horizontal plates.

The potential difference across the plates is 60 𝑉. The separation of the plates is 5.0 𝑚𝑚. 

(i) On Fig. 3.1 draw the electric field pattern between the plates. 

(ii) Calculate the electric field strength between the plates.

(b) Positive ions are accelerated from rest in the horizontal direction through a potential 
difference of 400 𝑉. The charged plates in (a) are then used to deflect the ions in the 
vertical direction. Fig. 3.2 shows the path of these ions.

Each ion has a mass of 6.6 ×  10–27 𝑘𝑔 and a charge of 3.2 ×  10–19 𝐶. 

(i) Show that the horizontal velocity of an ion after the acceleration by the 400 𝑉 
potential difference is 2.0 ×  105 𝑚 𝑠–1.

(ii) The ions enter at right angles to the uniform electric field between the plates. Calculate 
the vertical acceleration of an ion due to this electric field.

(iii) The length of each of the charged plates is 16 𝑚𝑚. 

1) Show that an ion takes about 8.0 ×  10–8 𝑠 to travel through the plates. 

2) Calculate the vertical deflection of an ion as it travels through the plates.

(c) A uniform magnetic field is applied in the region between the plates in Fig. 3.2. The 
magnetic field is perpendicular to both the path of the ions and the electric field between 
the plates. 

Calculate the magnitude of the magnetic flux density of field needed to make the ions travel 
horizontally through the plates.

(d) Ions of the same charge but greater mass are accelerated by the potential difference of 
400 𝑉 described in (b). Describe and explain the effect on the deflection of the ions after 
they have travelled between the plates using the same electric and magnetic fields of (c).
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(b) (ii) Calculate the vertical acceleration of an ion due to this electric field.
Use 𝐹 = 𝑚𝑎 and rearrange for 𝑎

𝑎 =
𝐹

𝑚
But we know 𝐹 = 𝐸𝑄 therefore:

𝑎 =
𝐸𝑄

𝑚
=

12000 𝑉 𝑚−1 3.2 × 10−19 𝐶

6.6 × 10−27 𝑘𝑔
𝑎 = 5.82 × 1011 𝑚 𝑠−2 3 𝑠. 𝑓.

(b) (iii) The length of each of the charged plates is 𝟏𝟔 𝒎𝒎. 
1)Show that an ion takes about 𝟖. 𝟎 × 𝟏𝟎–𝟖 𝒔 to travel through the plates.

Use 𝑠 =
𝑑

𝑡
 and rearrange for  𝑡

𝑡 =
𝑑

𝑠
=

16 × 10−3 𝑚

1.97 × 105 𝑚 𝑠−1

𝑡 = 8 × 10−8 𝑠 1 𝑠. 𝑓.

2) Calculate the vertical deflection of an ion as it travels through the plates.

Use SUVAT equation 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2

𝑠 = 0 8 × 10−8 𝑠 +
1

2
5.82 × 1011 𝑚 𝑠−2 8 × 10−8 𝑠 2

𝑠 = 1.86 × 10−3 𝑚 3 𝑠. 𝑓.

(c) Calculate the magnitude of the magnetic flux density of field needed to make the ions 
travel horizontally through the plates.

Magnetic force up = electric force down

𝐵𝑄𝑣 = 𝐸𝑄
From which:

𝐵 =
𝐸

𝑣

𝐵 =
12000 𝑉 𝑚−1

1.97 × 105 𝑚 𝑠−1

𝐵 = 0.061 𝑇 3 𝑑. 𝑝.
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(a) Fig. 3.1 shows two charged horizontal plates.

The potential difference across the plates is 60 𝑉. The separation of the plates is 5.0 𝑚𝑚. 

(i) On Fig. 3.1 draw the electric field pattern between the plates. 

(ii) Calculate the electric field strength between the plates.

(b) Positive ions are accelerated from rest in the horizontal direction through a potential 
difference of 400 𝑉. The charged plates in (a) are then used to deflect the ions in the 
vertical direction. Fig. 3.2 shows the path of these ions.

Each ion has a mass of 6.6 ×  10–27 𝑘𝑔 and a charge of 3.2 ×  10–19 𝐶. 

(i) Show that the horizontal velocity of an ion after the acceleration by the 400 𝑉 
potential difference is 2.0 ×  105 𝑚 𝑠–1.

(ii) The ions enter at right angles to the uniform electric field between the plates. Calculate 
the vertical acceleration of an ion due to this electric field.

(iii) The length of each of the charged plates is 16 𝑚𝑚. 

1) Show that an ion takes about 8.0 ×  10–8 𝑠 to travel through the plates. 

2) Calculate the vertical deflection of an ion as it travels through the plates.

(c) A uniform magnetic field is applied in the region between the plates in Fig. 3.2. The 
magnetic field is perpendicular to both the path of the ions and the electric field between 
the plates. 

Calculate the magnitude of the magnetic flux density of field needed to make the ions travel 
horizontally through the plates.

(d) Ions of the same charge but greater mass are accelerated by the potential difference of 
400 𝑉 described in (b). Describe and explain the effect on the deflection of the ions after 
they have travelled between the plates using the same electric and magnetic fields of (c).
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(d) Describe and explain the effect on the deflection of the ions after they 
have travelled between the plates using the same electric and magnetic 
fields of (c).

Velocity produced by 400 V is less. Force due to the magnetic field is 

reduced and force due to the electric field is unchanged. Hence 

beam deflects down. 
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(a) Define electric field strength.

(b) Fig. 3.1 shows two horizontal, parallel metal plates A and B. 

The potential difference across the plates is 3.4 𝑘𝑉 and the arrangement provides 
a uniform electric field between the plates. 

On Fig. 3.1 draw at least six lines to represent the electric field between the plates.

(c) A beam of electrons enters between the plates at right angles to the electric 
field. The horizontal velocity of the electrons is 4.0 ×  107 𝑚 𝑠–1. The path of the 
electrons is shown on Fig. 3.2. The horizontal length of each plate is 0.080 𝑚 and 
the separation of the plates is 0.050 𝑚. 𝑃 is a point 0.040 𝑚 from where the beam 
enters the plates.

Motion of Charged Particles in Combined 
Electric and Magnetic Fields

Exam Style Question 6

(i) Draw an arrow on Fig. 3.2 to show the direction of the 
acceleration of an electron at 𝑃. 

(ii) Show that the acceleration of an electron between the plates is 
about 1 ×  1016 𝑚 𝑠–2. 

(iii) Calculate the time taken for an electron on entering the plates to 
reach 𝑃.

(iv) Show that the vertical velocity of the electron at 𝑃 is 1.2 ×
 107 𝑚 𝑠–1. 

(v) Calculate the magnitude of the resultant velocity of the electron 
at 𝑃.

(vi) Calculate the kinetic energy of the electron at 𝑃. 

14
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(a) Define electric field strength.

(b) Fig. 3.1 shows two horizontal, parallel metal plates A and B. 

The potential difference across the plates is 3.4 𝑘𝑉 and the arrangement provides a uniform 
electric field between the plates. 

On Fig. 3.1 draw at least six lines to represent the electric field between the plates.

(c) A beam of electrons enters between the plates at right angles to the electric field. The 
horizontal velocity of the electrons is 4.0 × 107 𝑚 𝑠–1. The path of the electrons is shown 
on Fig. 3.2. The horizontal length of each plate is 0.080 𝑚 and the separation of the plates is 
0.050 𝑚. 𝑃 is a point 0.040 𝑚 from where the beam enters the plates.

(i) Draw an arrow on Fig. 3.2 to show the direction of the acceleration of an electron at 
𝑃. 

(ii) Show that the acceleration of an electron between the plates is about 1 × 1016 𝑚 𝑠–2. 

(iii) Calculate the time taken for an electron on entering the plates to reach 𝑃.

(iv) Show that the vertical velocity of the electron at 𝑃 is 1.2 ×  107 𝑚 𝑠–1. 

(v) Calculate the magnitude of the resultant velocity of the electron at 𝑃.

(vi) Calculate the kinetic energy of the electron at 𝑃. 
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(a)Define electric field strength.
Electric field strength is the force per units positive charge. 

(b) On Fig. 3.1 draw at least six lines to represent the electric field 
between the plates.

(c) (i) Draw an arrow on Fig. 3.2 to show the direction of the acceleration 
of an electron at 𝑷. 

𝑎
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(a) Define electric field strength.

(b) Fig. 3.1 shows two horizontal, parallel metal plates A and B. 

The potential difference across the plates is 3.4 𝑘𝑉 and the arrangement provides a uniform 
electric field between the plates. 

On Fig. 3.1 draw at least six lines to represent the electric field between the plates.

(c) A beam of electrons enters between the plates at right angles to the electric field. The 
horizontal velocity of the electrons is 4.0 × 107 𝑚 𝑠–1. The path of the electrons is shown 
on Fig. 3.2. The horizontal length of each plate is 0.080 𝑚 and the separation of the plates is 
0.050 𝑚. 𝑃 is a point 0.040 𝑚 from where the beam enters the plates.

(i) Draw an arrow on Fig. 3.2 to show the direction of the acceleration of an electron at 
𝑃. 

(ii) Show that the acceleration of an electron between the plates is about 1 × 1016 𝑚 𝑠–2. 

(iii) Calculate the time taken for an electron on entering the plates to reach 𝑃.

(iv) Show that the vertical velocity of the electron at 𝑃 is 1.2 ×  107 𝑚 𝑠–1. 

(v) Calculate the magnitude of the resultant velocity of the electron at 𝑃.

(vi) Calculate the kinetic energy of the electron at 𝑃. 
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(c) (ii) Show that the acceleration of an electron between the plates is 
about 𝟏 ×  𝟏𝟎𝟏𝟔 𝒎 𝒔–𝟐. 

Use 𝑎 =
𝐸𝑄

𝑚
 but first calculate 𝐸 using:

𝐸 =
𝑉

𝑑
=

3400 𝑉

0.05 𝑚
= 68000 𝑉 𝑚−1

∴ 𝑎 =
68000 𝑉 𝑚−1 1.6 × 10−19 𝐶

9.11 × 10−31 𝑘𝑔
𝑎 = 1.19 × 1016 𝑚 𝑠−2

(c) (iii) Calculate the time taken for an electron on entering the plates to 
reach 𝑷.

Use 𝑠 =
𝑑

𝑡
 and rearrange for 𝑡

𝑡 =
𝑑

𝑠
=

0.04 𝑚

4 × 107 𝑚 𝑠−1 
𝑡 = 1.0 × 10−9 𝑠

(c) (iv) Show that the vertical velocity of the electron at 𝑷 is 𝟏. 𝟐 ×
 𝟏𝟎𝟕 𝒎 𝒔–𝟏. 

Use SUVAT equation 𝑣 = 𝑢 + 𝑎𝑡 where initial vertical velocity is 0:
∴ 𝑣 = 0 + 1.19 × 1016 𝑚 𝑠−2 1.0 × 10−9 𝑠

𝑣 = 1.2 × 107 𝑚 𝑠−1 2 𝑠. 𝑓.



tutorpacks.co.uk tutorpacks.co.uk

© Tutor Packs

Motion of Charged Particles in Combined 
Electric and Magnetic Fields

Exam Style Question 6

(a) Define electric field strength.

(b) Fig. 3.1 shows two horizontal, parallel metal plates A and B. 

The potential difference across the plates is 3.4 𝑘𝑉 and the arrangement provides a uniform 
electric field between the plates. 

On Fig. 3.1 draw at least six lines to represent the electric field between the plates.

(c) A beam of electrons enters between the plates at right angles to the electric field. The 
horizontal velocity of the electrons is 4.0 × 107 𝑚 𝑠–1. The path of the electrons is shown 
on Fig. 3.2. The horizontal length of each plate is 0.080 𝑚 and the separation of the plates is 
0.050 𝑚. 𝑃 is a point 0.040 𝑚 from where the beam enters the plates.

(i) Draw an arrow on Fig. 3.2 to show the direction of the acceleration of an electron at 
𝑃. 

(ii) Show that the acceleration of an electron between the plates is about 1 × 1016 𝑚 𝑠–2. 

(iii) Calculate the time taken for an electron on entering the plates to reach 𝑃.

(iv) Show that the vertical velocity of the electron at 𝑃 is 1.2 ×  107 𝑚 𝑠–1. 

(v) Calculate the magnitude of the resultant velocity of the electron at 𝑃.

(vi) Calculate the kinetic energy of the electron at 𝑃. 
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(c) (v) Calculate the magnitude of the resultant velocity of the electron at 
𝑷.

We have the horizontal and vertical velocity of the particle P therefore we 
can use simple Pythagoras theorem to calculate the resultant velocity:

𝑣𝑟𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡
2 = 𝑣ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙

2 + 𝑣𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙
2

𝑣𝑅 = 4.0 × 107 2 + 1.2 × 107 2

𝑣𝑅 = 4.2 × 107 𝑚 𝑠−1 2 𝑠. 𝑓.

(c) (vi) Calculate the kinetic energy of the electron at 𝑷. 

Use 𝐾𝐸 =
1

2
𝑚𝑣2

𝐾𝐸 =
1

2
9.11 × 10−31 𝑘𝑔 4.2 × 107 2

𝐾𝐸 = 8.04 × 10−16 𝐽 3 𝑠. 𝑓.
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Please see ’12.2.1 Motion of  Charged Particles 
notes’ pack for revision notes.

 

For more revision notes, tutorials and worked 
examples please visit www.tutorpacks.co.uk.
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