
TAP 414-3: Sketching flux patterns

Learning typical shapes of magnetic fields 

Use the examples and guidelines suggested below to learn how to make a rough sketch of the expected shape of the magnetic fields of magnets and coils. 

Flux goes with the flow 

Inside a magnet or a piece of magnetised material, the flux just follows the direction of magnetisation. It emerges from, and enters into, the iron at the poles. So start sketching at the poles, all flux lines are continuous. A line which emerges (conventionally at a north pole) enters the material again at the south pole. Flux lines never cross. Think of flux as like a fluid pumped out of N poles and sucked into S poles (although nothing is actually flowing or physically connected to the magnet etc)

Here is a sketch of the flux from a short bar magnet: 

[image: image1.wmf]
1.
Sketch the flux from a longer magnet, like this: 

[image: image2.wmf]S
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2.
Sketch the flux from a thin flat magnet, such as a Magnadur magnet, like this: 

[image: image3.wmf]N
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3.
Sketch the flux from a horseshoe magnet, like this: 

[image: image4.wmf]
Use symmetry 

Magnetic fields are usually very symmetrical. Think about which parts must be just like others, or perhaps their mirror reflections when drawn in two dimensions. For example, the field of the coil below can be divided into four quarters, each a copy (reflected or inverted) of the others. So you only need to draw one bit of the field. 

[image: image5.wmf]
4.
Identify the similarly shaped regions of the field between a N and a S pole. 

[image: image6.wmf]S
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5.
Identify the similarly shaped regions of the field around a pair of coils with currents going 
in the same direction round them. Sketch the field around and in between them. 

[image: image7.wmf]
N and S poles of coils 

Looking at a coil face on, if the current goes anticlockwise that face is like a N pole and flux emerges from it. If the current goes clockwise that face is like a S pole and flux goes into it. Arrows drawn on the letters N and S help to remember this rule. 

[image: image8.wmf]
6.
Identify N and S poles of this long coil: 

[image: image9.wmf]–
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7.
Identify N and S poles of this electric motor winding: 

[image: image10.wmf]
Same environment, same flux 

If the pattern of current turns around one place is the same as that around another, the flux pattern in those places will be the same. 

8.
State how this principle tells you that the flux in a long narrow coil will be straight and 
uniform, like this: 

[image: image11.wmf]


9.
Sketch the flux inside this doughnut shaped coil: 

[image: image12.wmf]
Put it all together 

Use all these ideas together to guess the shape of the flux. 

10.
Sketch the flux in the air and in the iron of this electric motor: 

[image: image13.wmf]r

o

t

o

r

p

o

l

e

 

w

i

t

h

 

w

i

n

d

i

n

g

p

o

l

e

 

w

i

t

h

 

w

i

n

d

i

n

g

s

t

a

t

o

r


Answers and worked solutions

Sketching flux patterns

1
The flux from a long magnet looks like this:

[image: image14.wmf]N

S


2.
The flux from a flat thin magnet looks like this:

[image: image15.wmf]N
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3.
The flux from a horseshoe magnet looks like this:

[image: image16.wmf]
4.
The flux pattern is symmetrical about the line dividing the poles and about the line joining their centres:

[image: image17.wmf]S
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5.
The flux pattern is symmetrical about the line dividing the coils and about the line through their centres: 

[image: image18.wmf]
6.
The poles are as shown: 

[image: image19.wmf]–
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7.
The poles are as shown: 

[image: image20.wmf]S
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8
Because the coil is long, the current turns at places along its length surround each place in much the same way. A fly at each point would just see coils around it in all directions. So the field is the same along all the central part of the length (not near the ends). Thus it must be straight and uniform. 

9.
The flux just runs in circles round inside the coil:

[image: image21.wmf]
10.
The flux crosses the air gaps, goes through the rotor, and joins up by going round the 
casing of the stator: 

[image: image22.wmf]f
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External reference

This activity is taken from Advancing Physics chapter 15, 40S

Tap 414- 7: Rates of change

Here a coil is connected to a resistor R. The voltage output from the coil is measured by a data logger connected across the ends of the resistor.
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These data are processed to give a graphical printout of the results obtained when a bar magnet is dropped so that it falls freely through the coil.
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C

E

 

t

i

m

e

b

a

s

e

1

2

 

m

s

 

p

e

r

 

c

m

D

p

.

d

.

1

 

m

V

p

e

r

 

c

m

c

m

c

m

A


1.
Explain how the trace arises. 

2.
Explain why the curve slopes upwards from A to B.

3.
Explain why the voltage shown at B has a smaller magnitude than the voltage shown at 
D.

4.
Explain why the graph has a positive and a negative section.

5.
The areas under the two segments of the curve are the same. Explain why this is so.

The uniform magnetic field inside an MRI scanner has a flux density of 0.40 T. A patient inside the scanner is wearing a wedding ring. A finger movement can rotate the axis of the ring through an angle of 90 as shown in the diagram below: 

[image: image25.wmf]
6.
Calculate the average voltage induced in the ring if the ring diameter is 20 mm and the 
finger movement is completed in a time of 0.30 s. 

7.
Describe how the ring must move if there is to be no induced voltage. 

The next questions are about a student’s investigation of the magnetic flux in an iron rod. 

An iron rod passes through a coil that carries alternating current. 
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A detector consisting of a probe coil wrapped around the rod is connected to an oscilloscope that displays the output trace shown in the figure below:

[image: image27.wmf]
Sketch and explain the effect on the oscilloscope trace of each of the following changes. Each change is made separately and starts from the situation shown above. Assume that the voltage and time scales on the oscilloscope remain unchanged. 

8.
The number of turns on the probe coil is doubled.

9.
The probe coil is positioned at the top of the rod.

Answers and worked solutions

1.
Flux cuts the coil as the magnet approaches. Flux linkage is constantly changing (due to 
the non-uniform field of the magnet) so an emf is induced according to Faraday’s law. 

2.
Increasing speed and stronger field both contribute to the increased rate of change of 
magnetic flux. 

3.
The magnet is travelling faster when it leaves the coil so that rate of change of flux is 
greater. 

4.
The flux change is in the opposite direction when the magnet leaves the coil compared 
with when it is entering. 

5.
The area under the curve represents the total flux change, which is the same leaving as 
entering. 

6.
A = r2, B = 0.40 T:


[image: image28.wmf](
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7.
The ring must be moved parallel to the flux lines. 

8.
The trace height will be doubled because the flux linkage will be doubled and therefore so 
will the rate of change of flux. 

9.
The trace height is smaller – the flux is weaker towards the ends. 

10.
The trace height will be doubled because the rate of change of flux will be doubled and 
also the horizontal spacing will be halved because the frequency is doubled, i.e. there are 
twice as many cycles on screen for the same timebase sweep. 

TAP 414-8: Emf in an airliner

These questions are about the potential difference induced across the wings of an aeroplane flying through the Earth’s magnetic field. 

The charge on an electron = – 1.6 10–19 C 

An airliner is flying due east from North America to Europe. The Earth’s magnetic field acts at 70 to the horizontal, and has a strength of 1.7  10–4 T.
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As the aircraft flies through the field, the north-pointing tip of the wing becomes positively charged and the south-pointing tip becomes negatively charged. 

1.
Explain why the wing tips become charged. Assume that the wings act as continuous 
electrical conductors. 

2.
On the diagram above, show the direction of the component of the Earth’s magnetic 
field that is responsible for this horizontal movement of charge along the wings.

3.
Calculate the magnitude of this component. 

4.
The aircraft’s speed is 270 m s–1. Calculate the horizontal component of the force exerted 
by the Earth’s magnetic field on an electron in the wing.

5.
The wing span of the aircraft is 60 m. Calculate the potential difference induced between 
the tips of the wings.

The shape of the Earth’s magnetic field is as if there were a bar magnet at the centre of the Earth, aligned approximately along its rotational axis.

6.
Explain why there is no significant voltage induced between the wing tips when the 
aircraft flies from west to east over the equator.

Answers and worked solutions

1.
The wings cut the flux lines of the Earth’s magnetic field, inducing an emf between the 
wing tips. An alternative answer is that the charges in the wings are moving through the 
Earth’s magnetic field and experience a force which redistributes the charge in the wings.

2.
Vertically downward arrow to show the vertical component.

3.
Vertical component = (1.7  10–4 T) cos 20 = 1.6  10–4 T.

4.
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6.
At the equator the aircraft is flying parallel to the flux and cuts no (or very little) flux.

External reference

This activity is taken from Advancing Physics chapter 15, 260S

TAP 414-11: Eddy currents and Lenz’s law

These questions are all about induced currents. In some circumstances, these are called ‘eddy currents’.

Here is a diagram of the well-known ‘jumping ring’ experiment. If you have not yet seen it done ‘live’, ask your physics teacher to show it to you.
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1.
When the circuit is closed, the aluminium ring jumps and falls back down again. Explain 
why this happens.

2.
What happens when the circuit is broken? Explain your answer.

3.
The demonstration is a lot more effective if the coil has an iron core that extends some 
way above the end of the coil. Why is this?

4.
It is possible to make the ring hover dramatically above the coil if an alternating current is 
passed through the coil. How can this happen?

5.
Discuss the probable effect on the demonstration of using rings of different materials and 
dimensions.

Here is an aluminium vane that swings between the poles of a powerful magnet. When pulled back and released, it comes to rest very quickly. When slots are cut into the vane, it swings for a long time in the same magnetic field.

[image: image33.wmf]
[image: image34.wmf]
6.
Explain the difference between the two results.

A solenoid is connected to a source of alternating current. Two pieces of iron, A and B, of identical dimensions are treated to look the same. When iron core A is inserted into the solenoid and the current switched on, the iron heats up rapidly and quickly reaches a temperature of 50C. When iron core B is inserted into the solenoid and the same current passed, there is no detectable heating effect. 
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7.
Suggest and explain how the two pieces of iron differ.

Answers and worked solutions

1.
The current is switched on and produces a magnetic flux in the solenoid. Flux lines near the end of the solenoid cut the aluminium ring as the field grows. Change in flux linkage induces an emf in the ring and current flows. The direction of the induced current is such as to oppose the change inducing it (Lenz’s law) and the force on the ring due to current in the field acts to drive the ring out of the field, i.e. upwards. When the current, and therefore the flux, reaches a steady value, the induced current falls to zero and the ring falls. 

2.
The current is switched off and the flux collapses; induced current and the force are in the opposite direction. 

3.
Presence of iron increases the permeance and more flux is generated for the same current. Assuming that the flux changes at the same rate as without the iron, a greater emf will be produced. (Note: there is a potential problem here with self inductance – if it is very large, the current will collapse slowly.) 

4.
Alternating current generates an alternating force. Although the current direction changes, the force is always such as to push the ring out of the field – an effect which is counteracted by the weight of the ring. The ring hovers when these forces are (more or less) balanced. 

5.
Points for discussion include the effect of dimensions on resistance and therefore the size of the induced current; also different materials will have different resistivities. Changing dimensions will also affect the weight of the ring and therefore the balance between gravitational and electromagnetic forces. 

6.
The solid vane swings in the field, and the conductor cutting the flux lines induces eddy currents in the plane of the vane. Currents flow in such a direction as to minimise change – forces act so as to slow the motion of the vane, i.e. always act in the opposite direction to the motion. In the case of the slotted vane the presence of slots limits eddy currents and therefore the magnetic braking forces. 

7.
The bar which heats up is completely solid – the heating effect is due to induced currents in the core produced by the flux changing at 50 Hz. The bar remaining cool has been laminated, i.e. made up of thin strips of iron insulated from each other by a non-conducting coating.

External reference

This activity is taken from Advancing Physics chapter 15, 120S
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