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What not to do

Once a parent bought an expensive toy and after removing it from its
gleaming box gave it to a child with a warning 'Handle it carefully, don't
break it'. The toy had rounded corners so the child could not feel its
edges'. She couldn't hammer it on the ground as it was made of plastic.
It had no smell or taste. Within three minutes flat the child had left the
neatly rounded plastic toy in the corner, and was merrily playing with
its box. She knew that she would not be scolded for throwing the box on
the floor. From her own viewpoint the little girl had made a very
intelligent assessment of the toy.

Children are eternal explorers. In their free moments they are always
experimenting and improvising. They are always making and
inventing things out of odds and bits and trinkets. They learn a great
deal from ordinary, organic things found around the house. The main
thing about scrap is that children can use it freely without adult
admonishment.

Maths is a beautiful subject. It has deep roots in practice and great
relevance to real life. But the horrendous way it is taught in schools
gives children a distaste - a life long hatred for the subject. As sensitive
parents and teachers the least that we must not do is to give children a
distaste for a subject. If we don't know a humane way of teaching
something then we" must just leave it, trusting it to the children's own
natural resilience and abilities. Someday, may be, they'll get excited
about it and then they will discover the whole world about that subject.

Today textbooks have become synonymous with knowledge.
Educationists seem to be in a hurry to shovel concentrated doses of
knowledge down the throats of children, without bothering whether the
children can assimilate them. But knowledge is like a sea. It is eternal,
endless. What you take out - a barrel, a cup, a spoon, a drop is
immaterial. What, however, one must not do is to give children a
distaste of going to the sea beach.

This booklet lists a few innovative experiments for learning science.
Many of them I learnt from interesting children, people and books. The
English title of this book LITTLE SCIENCE has been taken from the
magazine SCIENCE AGE where most of these articles first appeared.

Children understand better if they experience things. They understand
science principles better if they see them in some toy or are able to
relate them to areal life experience. Otherwise school curriculums will
keep emphasizing rote learning - mugging and spitting of definitions
and formulae. This they will do with the view of covering the course,
forgetting that the real task of education is to uncover things.
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Geometry by paper folding

Most of these 'Geometric Exercises in paper folding' have been inspired by a
book of the same name, written by an Indian mathematician in 1893. His
name was T. Sundara Row (anglicized from Rao).

Paper folding is mathematical by its very nature. A sheet of paper starts as a
plane. However, on folding a crease a straight line results, because of the
intersection of two planes.

We'll start with simple angles. A right angle or 90 degrees is trivial for all
paper sheets have right angle corners. Fig (1). Its easy to see that a straight
edge is 180 degrees by doubling it upon itself and seeing two exact right
angles on either side of the crease. Fig (2). A45 degree angle is got by folding
any right angle corner into half. Fig (3).

How to fold 60 degrees? Divide a straight edge 180 degrees into three equal
angles. Simple, isn't it. Take a point midway on the straight edge of the paper.
Lift both edges of the paper from this point and fold them to approximately
60 degrees.

Before creasing ensure that the edges are flush with the folds to be creased.
Fig (4). With a bit of practice and patience you can fold very accurate 60
degree angles.
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Paper Diamonds

How to fold a 30 degree angle? This could be done in two ways. Either you
could fold a right angle into three equal parts, or else, fold the 60 degree angle
such that its one edge doubles on the other. Fig. (1). A fifteen degree, angle
can be got by halving the 30 degree angle. This can be simply done by
doubling its one edge over the other. Fig (2).

You did not use the D, the compass or any other aid from the geometry box
for folding the above angles. And whereas a geometry box has to be carried
around, a piece of paper is available anywhere. By combining the above
angles you can get several more. For instance, we can have 105 degrees by
adding 90 and 15 and 75 degrees by subtracting 15 from 90.

How to fold a diamond? Fold a sheet first into two and then into four. Fig (3).
Crease a triangle at the four fold corner. Fig (4). on opening the sheet Fig
(5&6) you'll see an elegant rhombus in the middle.

If you make several parallel creases in the four fold corner. Fig (7) then on
opening up you will see a diamond in a diamond in a diamond - a series of
nesting diamonds. Fig (8).
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Knotty Pentagon

Folding a strip along its length into 2,4, 8 equal parts is a relatively trivial
matter, since paper folding is essentially a binary operation. But folding a
paper into 5 equal parts can prove tricky. Folding a regular polygon with odd
number of sides can be quite difficult.

How to fold a regular pentagon? We often tie knots in pyjama strings and
length of ropes seldom noticing that a tight knot takes the shape of a
pentagon. Take a long rectangular strip of paper and tie the two loose ends
into an ordinary knot. Fig (1). Gently pull the ends to tighten the knot. Fig (2)
and you'll be surprised to see a very neat knotty pentagon.

Hex Cob

Now try folding a regular hexagon. First fold a sheet into two. Fig (3). Fold
the doubled up straight edge (180 degrees) into three equal parts of 60
degrees each. Fig (4). Ensure that the double edges are flush with the folds to
be creased. Fig (5). Fold the 6 layer corner into a triangle. Fig (6). On opening
you'll see aregular hexagon in the middle. Fig (7). On folding several parallel
creases as in Fig (8) and opening up you'll see a set of nesting hexagons
resembling a cobweb. Fig (9).
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Folding an Octagon

Fold a sheet first into two, Fig (1) and then into four Fig (2). Crease the four
fold corner again into a triangle to make 8 folds Fig (3). Crease the 8 fold
corner sharply Fig (4). On opening you'll find a regular octagon in the center
Fig (5). You'll also see that the central angle of 360 degrees is divided into
eight segments 0f 45 degrees each. You can also try folding nesting octagons.

Angles of a Triangle

We often mug up geometric proofs to pass exams. Seldom do we relate them
to any concrete activity or model. However, this simple exercise in paper
folding will easily show you that the sum of the interior angles of a triangle is
180 degrees.

Cut a triangle out of a piece of paper. Fig (6). If you fold over the corners as
shown in Fig (7,8,9) then you can easily make the 3 angles fit together to
form a 180 degree angle. When the angles are placed together they make a
straight line. Fig (9). This means they total 180 degrees. The sector forms a
semi-circle.
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Self locking Parallelogram

Take a square piece of paper. Fig (1) and fold a crease in the middle and open
it. Fig (2). Now fold the two edges of the square inwards to touch the middle
crease to make a vertical rectangle. Fig (3). Fold the top right angle corner
into half. Fig (4). Crease and open up. On opening you'll find a small
triangular flap. Fig (5). Fold it inwards. Fig (6). Now insert the right hand
corner between the folds of the left vertical rectangle. Fig (7).

Repeat the same process for the lower left corner of the rectangle. First fold it
into half. Fig (8). Open the crease. Fig (9). Fold the small triangular flap
inwards. Fig (10). Insert the lower left corner between the folds of the right
vertical rectangle. Fig (11).

The final folded shape becomes a self-locking parallelogram. Its opposite
sides and opposite angles are equal. One surface of this parallelogram is plain
and smooth while the other surface has got 4 pockets.
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Self locking Cube

Fold six self locking parallelograms of the same size using the procedure
described on the previous page. As parallelograms can have left or right
orientations, ensure that all the 6 parallelograms have the same orientation.
Fig(1).

Each parallelogram can be viewed as having a square in the middle and two
triangular flaps on the ends. Fold the triangular flaps of all the parallelograms
towards the plain side, such that the pocket face is an exact square. Fig (2).
Now all- these 6 folded parallelograms - with square facets and triangular
flaps will be assembled into a regular cube. There will fotally be 24 pockets
and 12 flaps.

Start with two parallelograms. Insert one flap of the first into a pocket of the
second. Fig (3). Take the third parallelogram and insert both its flaps -one in
each of the previous parallelogram pockets. Thus one corner of the cube will
be assembled. Fig (4). Continue assembling taking care that all the flaps will
come over the square facets and get inserted in the pockets. Fig (5). No flap
will be inside the cube. No glue is required. Colored cubes can be made using
different colors of glazed paper. Fig (6). Small and stiff cubes make beautiful
dices.
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Postcard Columns

Everything has a structure. The human body, buildings, bridges, animals all
have a skeletal frame which bears the load. Using old postcards we'll explore
a few structures.

All postcards measure 14 cms. x 9 cms. Fold and glue a postcard into a 9 cms.
tall cylinder. Fig (1). It doesn't look very strong. How much load can it
support? Make a guess. Now slowly pile books on this column until it
collapses. Place the books in the center so that they don't tip off. Fig (2). The 9
cms. tall postcard cylinder is able to support nearly 4 kgs. of load. Are you
surprised? Try folding 9 cms. tall columns of different cross sections -
triangular, rectangular, square, oval. Which cross section can sustain the
most load? Why? Columns of which cross section do you most frequently
encounter in daily life?

Fold postcards in various cross sections to make 14 cms. high columns.
Which cross section is the most efficient? Fig (4). Make two columns of the
same cross sectional area, but one tall and the other short. Which supports
more load? For the same cross section of column, how does load bearing
depend upon height?
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Postcard Structures

Stand two bricks 12 cms. apart. Place a postcard on top of the bricks such that
1 cm. length of the postcard sits on either brick. Now place 50 paise coins (5
gms. each) in the middle of the postcard. Fig (5). The postcard sags a little bit.
With every additional coin the card sags some more. When the load is around
40 gms. the postcard caves in and falls down.

Crease the postcard in the middle along the length to make a right angle
section. Place it similarly on the bricks and see the load it can support. Can a
crease help in strengthening a structure? Test a U shaped channel section and
a T beam. Do different sections support different loads? Fold four pleats in a
postcard and place this corrugated postcard on the bricks. How much load
can it support? Are you surprised that it can now support almost a kilogram.
Fig (6). So, its not just the material but the shape in which it has been
arranged which gives the structure its strength and rigidity. Corrugated tin
roof sheets are a familiar example of increased strength.

Place the 14 cms. long postcard columns as beams between the two bricks.
Suspend an empty shoe tin pan and place weights on it. Fig (7). Which cross
section of beam supports the maximum load?
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Eggshell Tripod

Eggs have such thin shells that they almost appear flimsy. Yet, nature
designed the eggshell as a strong vault to protect the live embryo inside. Shell
structures are usually very strong and you can test this using three broken egg
shells. ‘

Using a scissors nip the egg shells bit by bit to even out the zig-zags, and to
get a circular rim. Carefully rub the circular rim on a cement floor to even out
the remaining zig-zags. Place three such eggshells on a doubled up towel,
which will act as a cushion. Now make a guess estimate of the weight which
this egg tripod will be able to withstand. Keep placing books on the tripod
until the eggshells crush under their load. How close was your guess?

Nature is very economical in its use of material. Human beings have learnt a
great deal about structures from nature's optimal designs.
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