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A REVOLUTIONARY MOTOR

This motor will not just make one revolution - but many. For, it is, by far the
simplest electric motor. Wind a 24 gauge, 1.5 meter long enameled copper
wire, on a torch battery. Fig (1). The coil should have between 10 to 20 turns.
When the coil is removed from the battery, it opens up like a

spring. Fig (2). Tie the coil at several places with bits of string. Fig (3).
Instead of string, bits of adhesive tape can also be used. The two ends of the
coil should jut diametrically outwards. Fig (4). It is on these two ends that the
coil will rotate. So care must be taken to ensure symmetry and even
distribution of weight.

Now, scrape the top half of the enamel from both the end leads. Fig (5). Do
not scrape the entire insulation, but only the top half, otherwise the motor will
not work. The top half of the end leads are copper (conducting), whie the
bottom half are enamel (insulating). Fig (6). The copper/enamel sequence
leads to make/break of the circuit and ensures that current flows in only half
the rotation of the coil. This commutator is the heart of this simple electric
motor.

(Contd. on next page)
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HOW TO MAKE THE MOTOR?

Cutan old stove pin into two equal parts. Fig (1). With a small nail, hammera
hole in each piece near one end. Hammer one more hole in each piece about 2
cms. from the other end. Fig (2). Salvage an old radio speaker magnet and
place it on a new battery with the help of a cycle tube rubber band. F ig (3).
Several such speaker magnets are available in toy shops these days. Stretch
out another cycle tube rubber band along the length of the battery. Fig (4).
Now, insert the stove pins in the rubber band so that the pins keep in contact
with the positive and the negative terminals of the battery. The pin with two
holes is fixed at the battery bottom. The second hole bites into this plane end
and this ensures good electrical contact. The stove pins serve three purposes.
Fig (5). They act as power leads, supplying current to the coil. They act as
bearing supports for the coil. Finally, they also make a stand for the motor.
Now pull the stove pins a little apart and slip the coil in their holes. Fig (6).
Give the coil a gentle starting push and it will keep rotating. However, if the
pushis in the wrong direction, the coil will stop after a while, flip and rotate in
the opposite direction.
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EXPERIMENTS WITH THE MOTOR

Several interesting experiments can be done with this simple motor. What
happens if you flip the permanent magnet? If the north and the south poles
of the magnet are interchanged, then the direction of rotation of the coil is
also reversed Fig (1,2)

What happens if another magnet is brought close by? If both magnets have

opposite poles facing each other then there is an increase in the magnetic
field and a consequent spurt in the speed of the motor. Fig (3). The speed
decreases, however, if both magnets have similar polés facing each other.
Fig (4).
What is the effect of different cross-sections of the coil on the speed of the
motor? Try coils with circular, square, elliptical, diamond shaped cross-
sections too. Observe the effect of the air gap between the magnet and the
coil on the motor's performance. Fig (5).

What happens to the speed/power output of the motor if there are few
number of turns in the coil? Fig (6). What happens if the number of turns are
more? Fig (7). What would be the effect of using thicker/thinner wire for the
coil?
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MOTOR BASED TOYS

How many hours will this motor run on a new 1.5 volt battery? How can one
approximate the speed and power output of this motor?

One remarkable feature of this motor is that the brushes are located right
inside the bearings. So, there is little chance of a miscontact. This also
enables you to turn the motor upside-down. Fig (1). What do you observe? As
you invert the rotating motor from its upright position the coil first comes to a
stop, then flips, and then starts to rotate in the opposite direction. Why?

The motor can be converted into some joyous toys. Fig (2) shows a circular
card - the size of the inner diameter of the coil, with a cage in its centre, Draw
abird on the reverse of this card. Fig (3). Fix the card with some adhesive tape
in the centre of the coil. Fig (4). When the coil rotates, due to persistence of
vision, you will see the bird in the cage. Fig (5).

Insert two equal matchstick pieces in the ends of a cycle valve tube to make a
thin blade propeller. Fig (6). Insert the valve tube in one end of the coil and
see a rotating fan. Fig (7). Cut a circle from a stiff card sheet. On this, cut
equally spaced radial blades and offset them to make a blower fan for your
motor. Fig (8). Which other ingenious toys can you make out of this simple
electric motor?
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HOW DOES THE MOTOR WORK?

How does a commutator work? Take a coil and scrape the entire enamel
insulation from both its leads. Fig (1). Rig up the motor as shown in Fig (2).
improvise a switch using two nails and a stove pin bent into a 'Z' shape. Now
slip in the coil and press the switch to complete the circuit. The coil will turn a
bit and come to a stop. It will not rotate. However, if you keep
closing/opening the switch repeatedly, then the coil will continue to rotate.
The earlier coil - with half copper and halfenamel ends did exactly this.

How does this DC Motor work? When an electric current flows through a
wire, it produces a magnetic field around it. Fig (3). The north and south
poles of the electromagnet are shown in Fig (4, 5). Gripping the coil as
shown, your thumb points towards the north pole. When a D.C. current goes
through the copper half of the coil; it act as an electromagnet with a N-pole
and a S-pole. Fig (6). These poles are pulled towards the opposite ends of the
permanent magnet. The coil will tend to come to rest once its N and S poles
align with the S and N poles of the magnet. But just as it reaches this point
something happens. The enamelled half of the coil lead switches off current
to the coil. Momentum propels it on until once again its half copper leads
touch the power leads. Once again the coil becomes an electromagnet, So,
round the coil goes, and as it reaches the 'come to rest point' it demagnetises.
Momentum propels it on. In this way the coil continues to revolve, round and

round.
11
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FUNNY MONEY

This is a truly dramatic way of demonstrating Centripetal force. Grasping the
hanger by the hook midway along the longest side, stretch it into a diamond
shape. Fig (1). Bend the hook slightly inwards. Make a hole in an injection
bottle rubber can with a divider point. Fig (2). Insert the rubber cap in the tip
ofthe hanger hook. Fig (3).

Place a coin on the rubber cap and then dangle the hanger back and forth on
your finger. Then build up a little speed and spin the hanger in a full circle. Fig
(5,6). Continue spinning as fast as you like. The coin will not fall off. When
you want to stop spinning, do it gradually, coming to a slow halt. The coin still
remains perched on the cap, as if it has been glued to it. It excite you and your
friends no end.

While the hanger is spinning, the tip of the hook exerts an inward force,
which pushes the coin towards the centre of the circle. This force is called

Centripetal force and prevents the coin from flying outwards.

13
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SPRINKLER

Tie a piece of string, about one metre long, to the top of a carrot. Slip the free
end of the string through a ball pen body. Then tie it to a small potato. Fig (1).
Hold the pen body in your hand and begin making circular motions the
potato must swing in a circle. As you increase the speed of rotation, the carrot
will rise. Fig (2) There is a force associated with the rotation of the potato.
This force pulls away the centre of the circle and is called Centrifugal force.

This simple sprinkler, designed by Suresh Vaidyarajan, works in a similar
way. Take one metre long flexible plastic tube - one end of this tube immersed
in a bottle of water and suck out from the other end. Fig (3). When water starts
flowing from the other end you start rotating it and slowly raise it. Water will
keep sprinkling out as long as you continue spinning the tube. This way you
can drain out the whole bottle. Fig (4). The Centrifugal force of rotation is
enough to suck and lift water from a height of almost half a metre.

To prevent the water from falling back in the bottle, improvise a simple 'Foot
valve' like in a Holi water sprinkler, using a cycle steel ball and a pen body as
aseat.

15
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LITTLE BALANCE

This letter balance is convenient for weighing small objects. Postcards
nowadays are 9.5 cms. wide. Mark a postcard along the length as much as its
width is and cut it into a square. Fig (1). Draw a diagonal and poke two holes
with a divider as shown in Fig (2). Insert paper clips in the top hole for the
pivot and in the right hand hole for hanging letters. Fig (3). Stick an old 50
paise coin (weight 5.0 gms.) in the left hand corner and suspend a small nut
tied to a thread from the pivot clip. Fig (4). This is the pointer plumb line.
Now suspend an old 50 paise coin from the right clip and mark the position of
the pointer on the card, indicating 5.0 gms. Fig (5). hang 7.5 gms. (one old 50
paise and one old 25 paise) from the right clip. and mark its position on the
card. Fig (6). Using standard weights of old coins given in Fig (9), also
indicate 2.5, 10.0, 15.0, 20.0 gms. marks on the card. Fig (7). This calibrated
balance can be used to weigh letters.
The balance can also be calibrated by taking moments about the pivot P. Fig
®)

mgasinA=M gbcos A;M=a/bmtanA
Check whether the tangent of the angle you measure is proportional to the
mass of the object being weighed.

17
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MICRO-BALANCE

This is a very sensitive balance. You can easily weigh a human hair with it.
Insert a needle at right angles, at about 5 cms. from one end of a soda-straw.
Fig (1). The balance must be mounted on frictionless bearings. The best we
can do is to use two safety pins without their latch ends. Poke the prongs of
the safety pins at one end of an old rubber slipper. Place the needle along with
the straw in the eyes of the safety pins. Cut the right end of the straw at an
angle to make a pan. Carefully balance the straw by adjusting the position of
the papei‘ clip counter weight. Fig (2). Calibrate the balance by weighing
some objects of known weight -1 cm.sq. pieces of postcard. Fig (4, 5). Now
weigh various light objects a hair, a stamp, a piece of thread etc.

Assingle, double spread sheet of ordinary newspaper, weighs approximately
20 gms. Fig (3). Five such double spread sheets will weigh close to 100 gms.
An ordinary postcard measures 9.5 cms. x 14.5 cms. Cut it along the length
and breadth to make it into a card of area 9 x 14 = 126 sq. cms. (card weighs

about 2.5 gms. Fig (4). Thus each 1 sq. cm. of this card weighs around 20
milligrams. Fig (5).
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