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WESTMINISTER ELECTROMAGNETIC KIT

These notes are intended for the use of teachers: they are not instruction sheets 

for pupils. The teacher will doubtless give pupils whatever instructions, or 

questions to investigate, he thinks necessary.

The Westminster Electromagnetic Kit enables the pupil to experience for himself 

all the important phenomena of electromagnetism. It enables him to handle 

apparatus assembled and built by himself and for this reason it is most important 

that each pupil should have his own kit. At the most, pupils should work in pairs.

The kit was originally devised by the Nuffield Physics Project.

All coils are wound by the pupil himself from a reel of PVC wire which is regarded 

as expendable. With the special low voltage high current supply (which gives A.C. 

as well as D.C.) only a few turns are necessary for most coils: the pupil can 

therefore wind these in a minute or so. Many of the items can also be operated 

from a battery and the motor, for example, could therefore be used at home.

This guide tries to indicate both how the apparatus can be used and what the 

teacher should ask the pupils, and expect them, to do.

The theoretical background is indicated from time to time where it seems 

desirable to point out what an experiment is intended to show. In general, 

however, no theory is mentioned. It is hoped that the sequence will fit any scheme 

of treatment.

Many more variations are possible than have been given. The kit offers endless 

scope and it can be extended considerably with a little ingenuity. To give an 

example, the motor D.3 could be made without looping the ends of the armature 

winding to form the commutator but they could be left straight instead. The motor 

will still run well although connection to the brushes will be maintained for a 

shorter part of each revolution. It connected up to the A.C. instead of D.C. 

terminals the motor will run as a synchronous motor. The armature has to be 

spun up to the synchronous speed by spinning with the fingers but this can be 

achieved with a little practice.

There are no numerical calculations involved in these experiments. It is 

suggested that the pupils note book should contain observation and conclusion. It 

is inappropriate to labour systematic recording at an early age; up to fourteen 

years of age, at least, little more than a sketch of the apparatus is required.

For a visual introduction to the Westminster Electromagnetic Kit and some of its 

constructional techniques, reference should be made to the Esso film, “The 

Electromagnetic Kit” (16mm. Black and White. 13 minutes). This, together with 

details of other films for science teachers, is obtainable on free loan from Esso 

Petroleum Company Limited, Public Relations Department, Victoria Street, 

London, S.W.I.
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CONTENTS OF  CLASS PACKAGE:

Qty. Description Qty. Description

8 Ticonal Magnets 4 Yokes 

8 Magndur Magnets 4 Shafts

4 Iron Filling empty container 2 Rings

4 Plain Postcards 2 Split Rings

4 Carbon Resistors 100 ohms 8 Split Pins

4 Carbon Resistor 10 ohms 24  Aluminium Rivets

4 Reels 26 S.W.G. T/C wire P.V.C. 4 Plastic Bases

4 Double ‘C’ Cores 4 Reels Sellotape

4 ‘C’ Core Clips 1 Iron Filling 500 gm

2 Reels White Cotton 8 M.E.S. Lens Holders

4  Armatures 4 Compass Mounts

1 Ft. Valve Tubing 4 Plotting Compass

4 Wooden Rods 8 M.E.S Bulbs 2.5V x 3A

1 Wooden Stand

The  above  Kit  is  sufficient  for  eight  pupils.  It  contains  4  sets  of  apparatus, 

enabling pupils to work in parts.

ADDITIONAL ITEMS:

The followings additional items are necessary for use with the kit and are not 

supplied with it:

Pairs of scissors

Pairs of bib strippers

Rheostats (11-15 ohms. 2 amps)

Meters (15 mA, 5 ohm or equivalent)

POWER UNITS:

The M.L.T. Low Voltage Power Unit (95-104) has been specially designed for use 

with the kit and is obtainable separately.

Alternatively, accumulators can be used for all D.C. experiments and transformers 

for the low voltage A.C., if needed. Any low tension unit (e.g. Legg unit) supplying 

different points in the laboratory could be used.

Nevertheless it should be noted that the experiments with the Electromagnetic Kit 

are most conveniently done with the units specially designed.
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SECTION A : MAGNETS AND THEIR PROPERTIES:

A.1. Play with Ticonal Magnets studying feel of attraction and repulsion. Avoid 

banging the magnets together or forcing them very close together against their 

mutual repulsion as this might ultimately weaken them.

A.2. Suspend a magnet freely in a stirrup. This can consist of two loops of cotton 

arranged to hang the magnet as indicated. Alternatively, a single twisted loop can 

be used.

A pencil projecting over the edge of a desk or bench and held by weights (for 

example, books) serves for a support. Alternatively a pencil or wooden rod can be 

fixed in a non-magnetic retort stand (brass, wood or stainless steel, but preferably 

not iron, however long the wooden rod).

Use this to see how the magnet sets by itself, thus enabling the pupils to discover 

the magnetic meridian. Let them find the effect of bringing another nearby, thus 

discovering that like poles repel, unlike poles attract.

A.3. Use the small compass instead of the suspended magnet. This is more 

convenient. It can be moved around the biggest magnet to show the direction of 

pull at different places.

These compasses are very cheap. Badly balanced once or those with sticky 

pivots should be discarded. Polarity is easily reversed and pupils should check 

which is the north-seeking pole of the compass needle. If the magnetism is weak 

(slow oscillation in the Earth's Field) place in a strong field e.g. between poles of a 

pair of Ticonal magnets.

A.4. Play with the Magnadur Magnets. These will come to no harm magnetically 

but being ceramic can chip and fracture like china. If two are placed too near 

each other, orientated to attract, they may move together with sufficient violence 

to do damage to the ceramic.

The poles of these magnets are on the large faces. It is interesting to see if the 

pupil can discover this for himself. The magnet is practically a sheet of dipoles. 

The idea of a dipole is a valuable one that we should encourage advanced pupils 

to use, but to beginners we should simply say that this is an unusual shape of 

magnet - most magnets are such longer and narrower.

SECTION B : THE MAGNETIC FIELD:

B.1. Explore the vicinity of a Ticonal Magnet systematically with the small 

compass. See how its influence fades with distance and the compass then sets 

N-S. the vicinity in which its influence can be detected is called the Magnetic Field 

of the Magnet. In fact we are studying the combined effect with the Earth's 

Magnetic Field. Close to the magnet the Earth's Field is relatively so weak as to 

be of no consequence.
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B.2. Sprinkle iron filings on a card and place the card over the magnet. Observe 
the pattern. The iron dust should be sprinkled from a pepper pot. The grade 
of dust is important in later experiments and the kind supplied with the kit should 
be used. Place the compass at various points on the card and compare its 
direction with that of the pattern. Very light taps of the card with a pencil help to 
form the pattern.

The card should be supported on wood blocks so that it is a short distance above 
the magnet. If the card is placed immediately on the magnet the iron fillings from 
the vicinity are attracted over the top of the magnet where the field is strong and 
this leaves a bald patch. As the field changes rapidly with distance, supporting the 
card will obviate this.

B.3. Repeat for magnets end to end: (a) attracting and (b) repelling. The magnets 
can be held in place temporarily with plasticine.

If iron filings get on the poles of  a magnet they may be removed by brushing with 
the thumb, or by rolling plasticine over them.

It will be noted that the lines of iron fillings converge on the poles and thus these 
lines are closer together here. It will also be noticed that the compass is most 
lively at the poles, it oscillates most rapidly at them. The magnetic field is 
strongest here where the lines are closest together. These lines give us a picture 
of the imaginary “lines of flux” as they are called, which describe the direction of 
the magnetic field and (by their concentration) the strength of the field or “flux 
density”.

B.4. With the Magnadur Magnets, attracting each other but held apart, the field
between is found to consist of nearly parallel lines when the iron fillings are used. 
The compass also will point the same way and oscillate equally fast wherever it is 
put in this region. This is approximately a uniform field which has the same 
strength and direction throughout a considerable region. (Similarly we observe
that the Earth’s Magnetic Field remains sensibly uniform over the whole of a small 
country or at least several neighbouring counties. 

B.5. Repeat B.4 using the yoke (see D.2.)

SECTION C : THE MAGNETIC FIELD DUE TO AN ELECTRIC CURRENT:

NOTE ON THE SOURCE OF CURRENT

The special small power supplies are a more convenient source of current than 
accumulators as the load in the following experiments of ten amounts to a short 
circuit. The units have sufficient internal resistance built in to allow a continuous 
short circuit without overloading: however, the short should consist of at least 8” 
of 26 swg copper.

The output between the red and black terminals is about 1v D.C. on open circuit. 
The current on short circuit will be about 8 amps. In addition 1v A.C. is available 
between the black and either green terminal or 2v A.C. between the two green 
terminals.

Accumulators are satisfactory for all D.C. experiments provided the short-circuit 
time is limited to a few seconds on each occasion: electrical connections should 
only be made while tapping the iron filings, the connections should never be 
made beforehand or left on afterwards. Dry cells such as type T are also entirely 
satisfactory observing the same precautions, provided they are frequently 
checked and replaced as necessary.
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C.1. The board is fixed horizontally under a spare terminal of the power supply. A 
piece of 26 swg P.V.C. copper wire, about 10” long, is threaded through a small 
pin hole in the board and connected to each end of the D.C. supply terminals on 
the power supply. Insulation at the ends of the wire to be connected to the 
terminals is removed with bib strippers. Switch on and sprinkle iron filings onto 
the white board. Tap the board gently with a pencil and watch the pattern develop.

The lines form concentric circles. There are no poles. The direction can be found 
with the compass. Reverse the supply connections and observe what happens.

The wire should be kept vertical through the hole for several inches above and 
below the board; the rest of the wire should be kept well away from the board so 
that the field due to these parts is negligible at the surface of the board.

Repeat with a much longer piece of wire taken three (or more) times through the 
board. Slots should be cut in the board with scissors as shown below. (If it is 
decided to consider the effect of the same current passing the point on the board 
three times instead of once, then the same length of wire should be used, to keep 
the resistance constant. However in this case the effect is rather weak for one 
pass and the concentric pattern may not be very convincing).

It should also be noted that with no current, there is no field.

C.2. Wind five turns of the wire, close spaced, on the wooden cylinder, cut two 
parallel slots in the board about 1/8” wide and spaced by the coil diameter, twist 
the ends to prevent unwinding and slide off. Slide the coil into the slots on the 
board, connect up and sprinkle with powder as in C.1. Note the pattern.

C.3. Place the compass in the coil and note that it sets along the axis. To make 
this convincing set the plane of the coil N-S beforehand. Switching the current on 
and off causes violent motion of the compass needle. Now put a rheostat in 
series with the supply (up to about 200 ohms) to reduce the current. Gradually 
increasing the current will cause the needle to deflect from the original N-S 
towards the E-W axis of the coil. A useful current indicating device.

C.4. A simple Galvanometer

(Preferred version)

Using the special piece of board provided in the kit a more convenient form of C.3 
is built as shown in the diagram. The compass is first inserted into the hole in the 
board. Leaving a foot or so spare for connections after threading the fixing holes, 
five turns are wound over one side of the compass. A gap is left through which to 
observe the needle and a further five turns wound on the other side. This is cut 
from the real leaving sufficient to thread and form the other connecting lead. If this 
device is placed on the bench so that the needle is parallel to the winding, quite 
small current will cause readily observable deflection to E or W according to the 
direction of the current. Connect to the power supply through a 100 ohm resistor. 
This current (about 10mA) gives an observable deflection. Smaller resistors, such 
as the 10 ohm resistor supplied in the kit, giver bigger deflections. Direct 
connection with no resistor sets the needle spinning.
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Alternative form of a simple Galvanometer:

About 10 turns of wire are wound round a polythene bottle cap and the ends 
twisted together to keep the turns in place. Allow about 8” or so for the leads. The 
insulated wire can be clipped in a convenient place (a spare terminal on the 
power unit is very suitable). It should be secured fairly close to the coil in order to 
support it and, of course, the insulation should be left intact where the wire 
passes under the terminal as it is not for electrical connection. The plotting 
compass is supported in the coil with a pellet of plasticine underneath the 
compass inside the bottle cap.

As above, if this device is placed on the bench so that the compass needle is 
parallel to the winding, small currents will cause deflections to E or W according 
to the direction of the current.

C.5 (a). Wind a coil as in C.2 but of ten or more turns extended and fairly evenly 
spaced. Slide into the slots on the board as before and connect up the ends to 
the supply. Sprinkle with iron filings and pay particular attention to the field inside 
the coil (or solenoid as it is called). Is the flux density greater or smaller than 
beyond the ends? Is it uniform ?

C.5(b). Make a closely-wound solenoid with many turns, to take the place of the 
coil in 5(a). This will show that the field outside the coil is like that of a permanent 
magnet of the same shape and size.

C.6. Take a “C core” of iron and place a card on top, sprinkle with iron filings. The 
field is non-existent or very weak.

Now wind ten or twenty turns around one limb and connect up to the supply as 
before. Notice the strong field between the ends of “C”. Use compass to identify 
N. and S. poles.

C.7. With the turns round one “C Core” as in C.6 bring up another “C core” which 
is strongly attracted. Once they have joined, try to separate the “C cores”. Switch 
off the current and try again. This is an electromagnet and the magnetism can be
switched on and off with the current.

Note: For this experiment to be effective it is imperative that there be no grit, such 
as iron filings, between the touching faces of the two “C cores”. If necessary slide 
a clean piece of paper between the faces (with the current off) and withdraw while 
gripping it gently with the faces, which are thus wiped clean. Alternatively remove 
grit, dust or iron filings by wiping the faces clean with the thumb.

It should be observed that the iron of the “C cores” retains no magnetism, unlike 
the Ticonal and Magnadur magnets. However a current through a few turns of 
wire produces a magnetic field which magnetises the iron strongly. We see there 
is a strong flux across the gap in C.6 and we guess there is a strong flux within 
the iron. This flux passes through the other “C core” in C.7 and we have a closed 
magnetic circuit.

C.8. Practical applications

A number of models could be constructed to illustrate practical applications of 
electromagnets, such as the buzzer or bell, the telephone ear piece, control 
solenoide in relays.

-7-
© EISCO SCIENTIFIC  ●  www.eiscolabs.com  



A vibrator can be made by fixing a steel strip (hack saw blade) under a spare 

terminal on the power supply. The electromagnet, connected to the A.C. 

terminals, is held just beneath the strip which should now buzz slightly. By altering 

the length projecting and/or loading its end with plasticine the natural frequency 

can be altered until resonance occurs. As a variation the procedure can be 

repeated with Magnadur magnets on the poles.

SECTION D : FORCES ON CURRENTS IN MAGNETIC FIELDS:

From the fact that a current through a wire can cause a compass needle to rotate 

(C.1), Newton's Third Law suggests that the compass exerts, through its field, a 

force on the current. (However Newton's Third Law should not be referred to at 

this stage. These experiments can be mentioned again at a later stage as an 

example of Newton's Third Law when it is being discussed: even then we must be 

careful in such discussion with moving charges, puzzling failures are met unless 

we consider the whole field).

D.1. The Catapult

To investigate the force on currents in a magnetic field two parallel lengths of 26 

swg wire, stripped bare and projecting 3 inches, are attached to the power unit. 

They should be separated about 2 ½ inches. A 3 inch length of stripped wire is 

laid across as illustrated. A strong field is required and this is provided by the 

magnadur magnet attached to the yoke as illustrated. When the yoke and 

magnets are brought up, the wire lying across will be projected along the rails to 

left or right. Alternatively, position the magnets first before switching the current 

on and note the movement.

Dirt or even finger marks will cause bad contacts between the wires so either 

freshly stripped, untouched wire should be used, or the wire should be freshly 

sandpapered before use.

This catapult is to be preferred to the alternative springy wire method of showing 

the force on a wire which follows. In the alternative set up the wire is frequently 

pulled into the strong part of the field very close to the magnet and this gives the 

impression that the wire is pulled or attracted towards the pole.

It should be noted that instead of using the Magnadur magnets with the mild steel 

yoke, they can be used with one or two of the C cores as this provides a smaller 

gap as shown above.

D.1. Alternative version

In this arrangement to investigate the force on currents in a magnetic filed we 

arrange, the wire carrying the current to be reasonably free to move. The wire is 

positioned between the poles, the suggested arrangement is shown above. About 

one yard of wire is satisfactory, supported on the terminals of the power unit with 

five-turn coils about six inches from the end for springiness. The centre section 

should be bent to form three sides of a square.
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The pupils need not be told precisely how to set up the apparatus. They might be 
given the problem “Find out whether there is a force on the wire … corresponding 
to the force on the compass needle in C.1”and left to think up the experimental 
set up for themselves. The help given can be adjusted to the brightness (or 
otherwise) of the class.

It should be finally established that the force is at right angles to both the direction 
of the current and the direction of the field. Reversing either reverse the force. 
Reversing both, there is no change.

D.2. The Catapult Field

The combined field of two magnets and a coil can be shown provided the field 
due to the magnets is not too strong by comparison with the field due to the coil.

First the coil should be set up as in C.1. Then two magnadur magnets, with 
opposite poles facing, should be positioned about 8” apart on either side of the 
card: this separation ensures that the field due to the magnets is weak enough. 
The field is then investigated using iron filings. The most convincing results are 
obtained if there are several turns in the coil as in C.2.

D.3. The Moving Coil Ammeter

The armature is made from a block with an aluminium tube pushed through, as 
shown on the next page. 

The field is provided by the magnadur magnets, held in place on the mild steel 
yoke by attraction. A knitting needle or rod in put through the aluminium tube in 
the armature block, and this provides a convenient (though not frictionless) 
bearing. This in turn is supported from the base by split pins.

It should be noted that the split pins may be rotated so that the needle jams in the 
eye of the split pin and thereby encourages rigidity. There are holes in the base to 
take the rivets used in fixing leads, spiral, etc.

Coil and spiral

A coil of ten turns is wound on the armature block. Two tight turns round the 
aluminium tube serve to fix the ends. Leave plenty of spare at the ends, at least 2 
ft. Coil 1 ft. of each end into a loose spiral of four to five turns and take the 
remaining wire twice under the rivet heads to locate. The wires are continued to 
the two terminals on the supply. A straw is pushed into the hole in the block and 
left sticking up to act as an indicating needle. For the best results the coil should 
be twisted until it settles approximately horizontally with no current.

On switching on, the needle goes hard over. Put a rheostat (10 to 15 ohms.) in 
series and show that the deflection can be altered by varying the current. 
Reversing the current, reverse the deflection.

The device is a crude copy of a moving coil meter  the restoring couple being 
provided by the copper spiral. Make sure that the turns of the spiral do not foul 
each other, the supports or the magnets. Also fix the wire to the rivets so that 
moving the leads does not move and spiral.
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If the meter is used with A.C., it will buzz furiously, but gives no deflection.

For pupils with little manual skill the loose spiral may prove difficult. The teacher is 
recommended to have a prepared model to snow to those having trouble. This 
would only be produced if there are real difficulties or after the end of the lesson.

D.4. Simple Motor 

The motor is assembled with the equipment in D.3 except that a commutator and 
brushes replace the spiral ends of the armature coil.

First insulate one end of the aluminium tube with sellotape. Then cut two slices off 
the bicycle valve rubber tube to make two rubber bands which are slid over the 
end of the tube. Bare an end of the P.V.C. wire and loop as shown above and fix 
in place with the rubber bands. Find about ten turns on the armature and cut off 
leaving enough to finish the other side of the commutator. Bare this end and loop. 
Slide the rubber bands back, place this end against the sellotape on the opposite 
side of the aluminium tube from the original loop. Finally return the rubber bands 
to retain both ends of the armature in position. It may be found that one rubber
band is sufficient to secure the tips of the looped ends.

The looped ends are not strictly necessary  a straight end would suffice  but the 
loop enables contact with the brushes to be maintained over a greater part of a 
revolution with a constrain increase in power.

In addition to the items specified in the Nuffield Guide to Physics Apparatus, 
M.L.I. supply special commutator parts which, if desired, may be used when 
constructing the simple motor. Many educationists consider these to be a most 
useful feature.

The brushes consist of two lengths of wire, which also serve as leads to the 
supply. They are attached to the fixing rivets pushed into holes in the base, being 
firmly held in place by the rivet heads. The ends are bared and bent to bear 
against the commutator. The wires should be bent vertical and almost touching 
(the supply should be off at this stage). The commutator part of the armature can 
be eased gently between them pushing them slightly apart. Finally holding the 
armature in this position the knitting needle is inserted through the aluminium
tube and the supporting split pins already fixed in the base. Apart from the slight 
friction of the brushes the armature should spin freely when twisted with the 
fingers. Note that contact with the brushes when the coil is in the horizontal plane 
is particularly important.

The field is provided by two Magnadur magnets and the mild steel yoke as in D.2. 
When the supply is connected a slight twist of the armature will start the motor 
which “revs” at high speed.

A motor D.3 and armature D.2 may be connected in series to the supply. If the 
motor is a good one, the increases in current may be observed when the motor is 
lightly loaded by pressing gently with the finger on the rotating aluminium tube.

An alternative commutator construction is possible which is easier to construct by 
those with poor manipulative ability. It is not as good as the first version because 
a commutator with a larger diameter given greater frictional torque.
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A rubber tube is slid over the aluminium tube to provide insulation in place of the 

sellotape. Larger rubber bands are needed to secure bared wire loops, but 

otherwise proceed as in the main version.

D.5. Transferring energy with the motor

The motor will raise a 5 gm weight, or a lamp of plasticine, tied to the aluminium 

tube by a cotton thread. The cotton was threaded between the armature and the 

coil and made fast to the coil.

In one example a 5 gm weight was raised the height of the bench in about 5 

seconds. The mechanical power output was therefore about 10-2 watts.

SECTION E : ELECTROMAGNETIC INDUCTION:

E.1.(a). A coil of ten to twenty turns is wound on the cylinder leaving long leads to 

connect to a galvanometer. To make it easier for pupils to work on their own and 

make some of Faraday's discoveries themselves, a commercial galvanometer 

(e.g. Crompton 15 mA galvanometer) is used here. 

The teacher might suggest to the pupils that they place a magnet near the coil 

and try moving  it in various ways. Pupils should try their own experiments before 

the teacher suggests systematic trials or telling them what to look for.

On plunging the magnet through the coil, there is a sudden deflection. There is 

also a deflection on removing the magnet. The same is found whichever end of 

the magnet is used. There is however no deflection when the magnet is at rest in 

the coil.

A short length of wire (about 1 ft.) connected across the Crompton galvanometer 

can be moved briskly in and cut of the field provided by the yoke and magnadur 

magnets. A small but definite movement of the meter is visible.

E.1.(c) Pupils may also care to use the simple galvanometer C.4. already made 

with the kit. This had the advantage over E.1(a) that all the equipment will have 

been made by the pupil. The phenomenon of induction may be more powerful in 

this case even if it is not quite so easy and reliable as when the commercial meter 

is used.

The leads should be at least: 2 ft. long. It is important to check that movements of 

the magnet do not appreciably disturb directly the field at the galvanometer. This 

can easily be checked by making dummy passes with the magnet outside the coil 

instead of through it or by repeating the experiment with the circuit open by 

disconnecting one lead.

Clean well twisted connections are essential. Any appreciable contact resistance 

will spoil the experiment. Also make sure that the galvanometer is not shaken by 

moving the leads. The galvanometer may be secured to the bench by pressing it 

onto a pellet of plasticine or fixing the leads to the bench with sellotape. Make 

sure the compass needle is not sticking on its pivot.
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E.2. The Dynamo

The electric motor D.3 has its leads connected to the Crompton galvanometer 

instead of the supply. On spinning the armature, a deflection of the galvanometer 

is noted. How does this compare with the deflection in E.1(a)? Reverse the 

direction of the spin. Note what happens.

To spin the armature, this can be conveniently done with a finger on the 

aluminium tube. Alternatively wind cotton several times round the tube and pull.

If the motor has run for an appreciable time the brushes and commutator will be 

dirty and have a high resistance. Strip down and scrape brushes and commutator 

with sand paper to clean them. Avoid finger grease. The emf in too small to break 

down any insulating film. Taking these precautions may increase the 

galvanometer deflection several times.

(The Crompton galvanometer is to be preferred to C.4 for this and all subsequent 

experiments now that the principle of the moving coil instrument is established in 

D.2. See also Note (2) at the end of this section).

E.3. A Coil of ten or twenty turns wound on one limb of a C core is connected to 

the Crompton galvanometer. On placing a bar magnet (not Magadur) across the 

ends of the core or pulling the magnet off, a deflection of the galvanometer is 

observed. The greatest effect is observed if the magnadur magnets are used with

the yoke as shown.

E.4. As E.3. but a second C core as an electromagnet replaces the magnet. This 

second C core has a ten turn coil wound on one limb and connected to the 

supply. On allowing the cores to attract and click together a deflection is 

observed. Similarly on separating, but this may have to be done by twisting the C 

cores if the force of attraction cannot be broken by a straight pull. A sheet of 

paper between the poles to avoid close contact of the C cores provides a gap in 

the magnetic circuit and thereby helps.

E.5. As E.4. but the current in the coil is switched on and off instead of 

mechanically moving the C cores relative to each other. The coil carrying the 

current is called the primary coil, the other the secondary coil.

Notes  (i) These experiments can be done with the accumulators or dry cells, 

provided that connections are made for the minimum time needed, i.e. for a few 

seconds only.

(ii) If the galvanometer C.4. is used for these experiments ripple causes confusion

by inducing, strong 100 cps A.C. in secondary which can even demagnetise or 

reverse the polarity of the compass, besides giving steady deflection while ripple 

current is flowing. The latter is possibly due to the iron needle setting in strongest 

mean field. For this reason, as well as for convenience, the Crompton 

galvanometer should be used. The meter does show slight vibration due to the 

A.C. component but this can be readily explained (if the pupil notices it) by 

reference to the subsequent transformer experiment in F.1.
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SECTION F : ALTERNATING CURRENT:

F.1. The Transformer

In E.5 a current flows in the secondary only when the current in the primary is 
changing. If the primary is supplied with alternating current, a corresponding 
current would flow through the galvanometer. Since the current is continuously 
reversing at a frequency of 50 cycles per second, no deflection would be 
observed in the galvanometer, so a different means of detecting a current in the 
secondary has to be found. A lamp will light when a current flows through the 
filament irrespective of direction, the torch bulb will glow on either 1 volt A.C. or 
D.C.

To obtain intimate contact between faces of C cores, clean the faces by wiping 
with the thumbs if necessary.

A coil of ten turns is wound on one limb of a C core and connected to the A.C. 
supply on the small power supply.

A coil of twenty-five turns is wound on one limb of the other C core and is 
connected to a torch bulb. The cores are clipped together with the steel clip 
provided. The lamp lights brightly on switching on A.C. to the primary.

Note that there is no electrical connection between the two circuits. The 
secondary has more turns than the primary making a step up transformer. Try 
interchanging the connections, making the secondary the primary and vice versa. 
Does the bulb light up?

Compare the brightness of the bulb in the original set-up with a bulb connected 
direct to the supply without the transformer. If two bulbs are used simultaneously, 
they should of course be interchanged to confirm it is not the bulbs which are 
different.

F.2. Power Line

The following is a possible pupil experiment as an alternative to the 
demonstration advocated in the Nuffield course. First it can be shown that a 2.5v. 
Lamp out across a 1volt A.C. supply will not light it. Secondly that a step-up 
transformer with 20 turns on the primary and 50 on the secondary will do so. 

Thirdly two one-metre lengths of 34 swg eureka wire should be put in series with 
the lamp to simulate a transmission line and the lamp will not light.

Finally separating the two C-cores and bringing up two more, each with 500 turns 
on them, and putting the resistance wire between these coils, the again lights.

SECTION G : EDDY CURRENTS:

G.1. If the aluminium ring is freely suspended as shown and a magnet is pushed 
into the ring or removed from it, the ring tends to follow the magnet even though 
there is no physical contact. It could be due to drought try repenting therefore with 
a wooden dummy of the magnet. Note that the magnet should be moved in and 
out at too natural frequency of oscillation of the suspended ring. The pupils 
should explain their observations. Remember that aluminium is non magnetic. 
Why Use aluminium? Would other materials do? Instead of using one Ticonal 
magnet, two may be held end to end to make a larger and more effective magnet.
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Secondly, set the ring swinging bring and up the magnet and observe the 

effect. Thirdly interchange the magnet and the ring (i.e suspend the magnet 

and repast the experiments using a ring which has been cut through. Again the 

pupils should explain the observations.

Suspend the ring with two loops of cotton, as the magnet was suspended in 

A.2. Bring up magnadur magnets on a yoke as in D.2.

First rotate the magnets symmetrically about the ring, rotating about a vertical 

axis. The ring follows the magnets. Why? Remember again that aluminium is 

non magnetic. Secondly set the ring spinning first and then bring up the 

magnets.

Note that the damping is greatest in the position shown in the diagram and 

least when the ring has rotated through on (when encircling the maximum 

number of lines). Why?

SECTION H : FORCE BETWEEN CURRENTS:

H.1. To investigate the force on conductors carrying currents in close proximity 

to each other, aluminium tape (or foil strip) provides a convenient light 

conductor. Using leads with bulldog clips we may clip into the circuit various 

lengths of tape in various configurations.

In the diagram the current divides between two strips and is flowing in the 

same direction in each strip. The force between the strips, while feeble at the 

current from the supply, is sufficient to displace one conductor slightly relative 

to the other. By observing the strips closely from the edge this movement may 

be seen on switching on and off the current. It does not matter whether A.C. or 

D.C. is used. Why? The maximum current may be obtained by using the outer 

terminals of the A.C. supply.

H.2. The tape in this case hangs from one clip and is doubled back along its 

length to the other clip, close to the first. The current down one side is then 

brought back up the other. We can now observe the effect of the force 

between adjacent currents flowing in opposite directions.

These experiments are not easy and movements are very slight. They may not 

be convincing with younger pupils.

SECTION J : A  FURTHER SELECTION OF EXPERIMENTS:

J.1. A.C. Resonance

About 5 ft. of wire is connected across the A.C. supply. 2 ft. or so is held taut 

with the hands to lie in between the poles of the magnet, as used for the field 

in D.2. By varying the tension in the wire manually, and the length between the 

hands, various standing wave patterns can be shown.

It is helpful to pass wire over thumb nail at each end as a bridge as illustrated.
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J.2. Back E.M.P.

The back E.M.P. on interrupting the supply to the magnet can be shown by 

connecting the miniature neon in parallel with the coil. About 75 turns are 

needed on the coil. If the connection to the D.C. is broken smartly the neon 

will strike. The neon requires 10 volts to strike it and yet only one volt of D.C. 

is available from the supply. It is just possible to feel a shock by holding on to 

the wires. Damp fingers and good contact over a large area

are necessary to feel it.

Note that the neon must no be lit continuously from any supply without a 

series resistor to limit the current, but such a resistor is not needed in this 

application.

J.3. Inductance

The lamp will only light dimly if the secondary of the transformer (see F.1) is 

put in series with it and the 2v. A.C. supply. To obtain even more turns on the 

“inductor” put the primary and secondary coils. In series being careful to 

keep the sense of the winding. If the inductance is shorted out the lamp lights 

more brightly. This could be caused by removing the resistance of the wire so 

it is better to leave the coils in circuit and break the magnetic circuit by 

separating the C cores. The lamp lights brightly with the same total circuit 

resistance.
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