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Balancing Toys.

The Centre of Gravity is the point where all of the weight of an object appears to act.

If a support is placed directly below the centre of gravity then the object will balance on the
support.

When the centre of gravity is above the support, any displacement will cause the object to 'fall' as it
loses gravitational potential energy and so become more stable.

When the centre of gravity is below the support, any displacement will cause the object to gain
gravitational potential energy and be less stable. It will therefore move back to the position where
the centre of gravity is directly below the support, where it has minimum potential energy.

This concept can be used to create some interesting balancing toys and demonstrations.

Balancing Forks

Two dining forks are inserted into the cork as in the picture above. The handles of the forks should
point down slightly. A cocktail stick is pushed into the bottom of the cork. The arrangement can
then be supported at a point along the cocktail stick. If the arrangement is not stable, turn the
arrangement over so that the handles of the forks point down slightly.
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Balancing Hammer

A hammer, piece of wood (or wooden ruler) and rubber band(s) are arranged as in the picture
above. The rubber bands should not be too long and a small piece of 'blu tac' at the end of the
hammer handle can prevent the handle slipping. The arrangement will then balance as shown.

Wooden Balancing Cat

The cat's body and tail were made from 6mm
thick MDF. To ensure that the centre of
gravity was below the body of the cat, one
extra 'tail' was cut from MDF and one from
2mm thick lead sheet. These were glued onto
the original tail.

The eyes were made from two green LEDs

The arrangement balanced when supported at
the bottom of the body.
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Tail

Cardboard Balancing Cat
The full size template can be found at the ‘
end.

The template should be either printed onto
cardboard of printed onto ordinary paper
and then stuck onto cardboard.

The cat and its tail should be cut out and
decorated/coloured as needed.

To attach the tail, put glue onto the shaded
area of the tail and stick onto the rear of the
cat body, as in the diagram below.

Three 1p coins are needed to complete the balancing cat if breakfast cereal packet cardboard is
used.
These are attached to the rear of the tail with glue.
The position of the coin marked with an * is found by experiment:-
e support the cat at the point where the tail joins the body,
e using a piece of sticky tape, position the coin so that the cat balances vertically,
e fix the coin in place with glue.

The original was made by printing onto ordinary paper and then sticking onto cardboard from a
cereal packet. If thicker cardboard is used it may be necessary to use more 1p coins on the tail to
make the bird balance.
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Cardboard Balancing Bird
The full size template can be found at the end.

Tail

The template should be either printed onto

cardboard of printed onto ordinary paper and then

stuck onto cardboard.

The bird and its tail should be cut out and

decorated/coloured as needed. Beak

Gently score along the dotted lines on the bird Ve
body, and fold the bird body along the long dotted
line.

L_/ Bird

Bend the beak down and fold to form the shape in the diagram opposite.
The beak can be strengthened with more paper if necessary.

Cut along the two lines on the tail.
The tail can now be slid into the rear of the bird's
body as shown in the diagram opposite.

The tail can be slid backwards and forwards as
necessary to make the bird balance horizontally on
the tip of its beak. The front of the tail can be
trimmed as well to make the bird balance
horizontally.
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Flapping Wing Bird
This is an experimental design. Little attempt has been made to make the model look 'realistic', but
to show the concept.

Materials
None of the materials are critical and can be substituted as necessary.
The model shown in the picture was made from the following:-
Body - 1 x 36mm diameter plastic pipe, 12 cm long
Wings - 2 x pieces of cardboard 26cm x 8cm, with a quarter circle cut into the one end of each
piece.
26cm

8cm

18cm
Head - 1 x template stuck onto card
Tail -1 x template stuck onto card
'Gaffer tape' to fix wings onto body and form hinges
Fine string, cotton, or fishing line to form supports
1 x coat hanger to hold the supports

Construction

1). Cut two pieces of gaffer tape 8cm long (the
width of a wing).
Stick one onto the square end of the wing,
so that there is approximately 1.5cm attached.
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2).

3).

4).

5).

6).

7).

Attach to the middle of the body (plastic tube)
as in the diagram.

The other piece of tape now needs to be attached
to the underneath of the wing and the body,

but leaving a gap between the wing and the body
so that the tape will for a hinge.

This is most easily done by folding the wing
upwards against the body and then applying

the tape. This will automatically leave a gap.
The tape in the gap is now pushed together to
form the hinge.

The steps above should be repeated to fix the other wing onto the other side of the body.

Cut out the head and tail from the template located at the end of this document.

Fold the head in half and glue together. Trim to fit into the tube forming the body.
The head should be fitted into the side of the body with the straight side of the wings.
Trim the tail as necessary to fit into the other end of the body.

Cut two pieces of thin string approximately Im long. Tie the two ends of each piece
together to form loops approximately 50cm long. The two loops must be the same length.
Put one loop on each side of a coat hanger and hang the coat hanger from the edge

of a table so that the loops hang into the space beneath.

Carefully put one of the wings through one of the string loops and then repeat with the
other wing and loop.

Adjust the position of the string loops so that the model bird's wings are level.

Carefully put a mark on the edges of each wing to show the position of the string.

Using the blade of a pair of scissors make a small dent at each wing edge on the

string marks. The dents are to stop the string from slipping and need only be very small.
Refit the string loops to the model bird which should now appear to be in level flight.

Supported by the coat hanger e.g. on an open door way, and displace slightly the body
of the bird, the wings should flap a few times.

If hung outside, the bird will flap as the wind blows.

The number of flaps will depend on the materials used.

Heavy models, made from solid wooden bodies and wings will flap many more times
when displaced because it will have more momentum.
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Balancing Wine Bottle
This is an experimental design to make a 75¢l wine bottle balance.
Little attempt has been made to make the support look 'pretty', but to show the concept.

Materials

The original support was made from an off cut of 18mm chip board, but any material

from 18 - 25mm is suitable.

The chip board was cut to be 70mm wide and 220mm long with a 45° mitre cut at one

of the long ends. It is important that the surface of the mitre cut is flat to ensure stability.
A 35mm diameter hole was cut 50mm from the other long end.

50mm

35mm

)
\_/

220mm

18mm %‘?
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Setting Up.

It is recommended that initial trials are made with an emptied wine bottle refilled with water, just in
case there is a problem!

Place the mitred end on a solid flat surface (e.g. a table top), so that the wood is at an angle of 45°
to the surface. Put the neck of the bottle through the hole, and carefully check to see if it balances.
Balance will be achieved by adjusting the position of the neck in the hole.

NOTE: Since the Centre of this arrangement is above the support, it is not unconditionally stable,
and if displaced too far it will topple.

Improvements

Use better quality wood (e.g. hard woods like mahogany etc), stained, varnished or polished.
Round off all edges (except for the 45° ones), decorate, carve, engrave etc

Experiment with different sizes, but remember that the centre of gravity of the bottle and support
must be above where the support rests on the flat surface.

An interesting variant would be to make the support from clear plastic - the bottle would then
appear to hover above the flat surface!
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Cardboard Balancing Cat
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Cardboard Balancing Bird
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Flapping Wing Bird
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