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The wheel is perhaps man's greatest invention. Simple
as it seems, it is the very basis of movement. The cart, the
cycle, the motor-car and the railway tra in move on wheels.
Even aircraft which fly thousands of kilometres through the
air have to have wheels for taking-off and landing. It is not
only for transport that the wheel is vital. Machines that

u

~

U\--•• 1

_

~

-

I

produce various goods for us, watches that tell us the
time, generators that produce electricity, and many gadgets
which have become essential in our day-to-day life cannot
work without a wheel.
One would, therefore, think that the inventor of the
wheel must have earned great fame and fortune. But as a
matter of fact, no one even knows who the inventor was.
You can imagine how difficult it must have been for man to
move about or carry heavy loads without a wheeled vehicle.
It was only 5000 years ago (about 3000 B.C.) that some
ingenious person invented th is simple device which has
become the most important and the most universal tool
of man today.
The wheel did not immediately put an end to the use
of beasts of burden for carrying loads. In fact, in some
countries of Asia and Africa not only animals but men
also are used to carry goods and passengers even today.
Even in technically advanced countries , men and beasts are
still used at places where machines with wheels canno t
reach, for instance, on snow-bound mountains and in dense
forests.
Before the invention of the wheel, it must have been
very difficult to travel long distances. Travellers carried
their belongings on their backs and faced many hazards on
the way. There were no hotels or serais on the route where
they could take shelter or rest and eat. Very few, therefore,
dared to travel. Even those who undertook a journey did
5

not know when they would reach their destination and
whether they would return home safely.
How did the wheel come into existence? Let us go
backto man's early history . Man first began to tame animals
for his use. The first animal to be tamed was the dog. It kept
. watch and warned its master of approaching danger. The
dog was also used in hun ting.
Man soon discovered that a pack of dogs could pull a
fairly heavy load. He made a frame of sticks, placed loads
on it and made dogs pull it. This vehicle was called a sledge.
Sometimes the man himself sat on the sledge and had a

ride. In Northern Europe, sledges made of raw hide, bark
or hollowed tree-trunks were used long before the invention of the wheel. In Egypt and Syria sledges were used for
shifting huge stone statues even after the wheel was adopted
for chariots and wagons.
Later animals other than dogs were also tamed and
trained. They were used either for riding or for carrying
goods. Thus, donkeys, mules, .horses, camels, elephants,
oxen and other animals were employed. This helped traders
and pilgrims to move about and mix with one another
more frequently, though they faced many hardships and
dangers on the way.
As we have said, the sledge was man's first vehicle. By
providing it with wheels to roll forward, man took an
important step in the history of transportation. Rolling
motion is far better than sliding motion because it reduces
friction considerably.
All the time man was looking for some means 0'£
carrying himself and his goods over longer distances with
greater speed, comfort and safety. It is possible that he
discovered that by putting a few round sticks under a sledge
it was easier to make it move. You must have seen that
this method is used even now when heavy loads have to be
moved in offices and factories. The load is mounted on one
or two round pipes and made to slide over them. When
the load moves forward, it leaves behind the pipes, which
are picked up and again placed in front under the load
7
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and thus it is kept moving. Early man must have used round
sticks cut from the branches of trees to slide loads over,
long before the wheel was invented. But this method can be
used only for moving loads over short distances. Moreover,
it is a slow, time-consuming process.
Then some imaginative person must have got the idea
of making a wheel. He had nothing known to adapt or copy
the wheel from. The first wheel is supposed to have been
devised in the East, probably in Mesopotamia. Excavations
carried out in Mohenjodaro show that ox-carts with two
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large, solid wooden wheels were in use 4,000 years ago.
The nrst wheels were made of three planks of wood held
together by wooden struts, and were nearly round in shape.
Thus the wheel came into existence. Later , the inventor
of the wheel must have cut two round discs from the thick
trunk of a tree, made holes through their centres and fitted
them to either end of a strong rod formin g an axle, so
that they could turn round freely about it. Man must have
found that moving loads with the help of wheels was much
easier than by using rollers.
It was soon discovered that the larger a wheel the
smaller was the effort required to draw the load. It was
possible to get logs only of a certain thickness. If larger
wheels were needed, they had to be made by putt ing pieces
or sections of plank s togeth er. These pieces had to be
joined together firmly and trimmed to a round shape.

The discovery of metals helped greatly in making
bigger and better wheels. A strip of metal placed around
the outer circumference of the wheel formed a tyre which
held the pieces firmly together and gave a smoother running
surface. Besides the metal tyre could stand wear and tear
better than wood. Thus, the usefulness and life of the
wheel were greatly increased.
At first, wheels must have been used in wheel-barrows
or carts which had single axles and just on~ pair of wheels.
Later two or more pairs of wheels were attached to a strong
frame and larger carts and wagons came into use. These
10

carried heavier loads and were pulled by teams of animals.
Although now horses were harnessed to wheeled vehicles,
thereby increasing the speed of travel , the wheel itself
showed little progress during the next 1,600 years . This period
is called the 'dark age of the wheel' .
The spoked wheel came much later. As wheels grew
11

larger, they became heavier too. Their weight added to the
load that had to be moved. Something had to be done to
make the large wheels lighter. With a metal band to hold
the pieces together, it was no longer necessary to have a
solid wheel; some of the wood could be cut out. What was
required primarily was the central hub through which the
axle-ends passed. Then there had to be the riin over which
the metal tyre was fixed. The wood in between only served
to hold these two parts together . A few strips of wood
could do this just as well; the rest of the wood could be
removed. These strips of wood were called spokes, and
they made the wheel much lighter.
As heavier carts and wagons came into use, another
difficulty arose. Their wheels- sank deep into the earth ,
especially after rain, when the ground was wet. It was
difficult pulling a heavy load on such a surface. Some sort
of hard surface for the wheels became necessary, and this
led to the building of roads. Important roads and streets
began to be paved with bricks or stone slabs. Later roads
were made by spread ing broken pieces of stone and
levelling them with a heavy roller to give a smooth hard
surface. Such surfaces could take heavy traffic, and they also
put the idea of speed into people's heads.
On poor roads man was content to jog along at the
walking-pace of an animal. If he was in a hurry , he rode a
horse and could move as fast as a horse could gallop:
But neither horse nor man could hold this pace for long,
12

as they were both IOoOn tired. Bumplna their way over
rouah roadl, the larl e wooden wheell tranlmitted every
Jolt to the pauenaer. Comfort wal out of the queltlon.
Roads improved, and light carriages began to be made
and used. Rich people rode in them at a fast pace. Some
attempts were made to introduce a little comfort, such as
suspension of the coach-body on leather straps, but they

did not do much to cushion the bumps. This kind of suspension was the fore-runner of metal springs which helped
to reduce the shocks caused while moving fast over rough
patc hes.

By the middle of the seventeenth century A.D ., better
roads were laid in Britain and people travelled as much as
30 miles a day in horse-drawn carriages . Relays of horses
were kept or could be hired at suitable points along the
14

route. Tired horses were changed at these places for
another spurt ot' last dnving,
Better roads made greater speed possible and demanded
better wheels which revolved faster and more smoothly. It
had thus become a race between the road and the wheel. The
invention ofthe steam-engine and the motor-car brought in
faster modes of transport. Steam-power was first used on
roads , but it was soon realised that it could be put to better
use on ra ils. Mot or-cars moved at a speed not dreamt of
in the days of horse-drawn carriages. Roads had to be
vastly improved to cope with these speeds by paving their
surfaces with cement, concrete or bitumen.
Wheels had to keep pace with this progress . Towards
the last decade of the nineteenth century, the wheels
of motor vehicles were fitted with solid rub ber tyres.
Yet road transport remained a slow and uncomfortable
experience. Then came a major breakthrough in the history
of transportation. In 1888, John Boyd Dunlop, a British
veterinary surgeon, invented the air-filled pneumatic tyre.
This tyre enabled the wheel to prove its true value as a
remar kable invention. The air in the tyre acted like a
cushion and absorbed shocks . For extra comfort soft, oversized tyres, called balloon tyres, came into use. Wheels
were made entirely of metal and thin spokes were used to
make them as light as possible.
The principle on which the first Dunlop tyre was based
was the same' as the one which makes our motor-cars or
15

bicycles run so smoothly at the hiah speeds of today.
Wheels of bicycles or motor-cars actually run on compres·
sed air. The inner tube of the wheel is made of soft, thin
r ubber. The outer tube that fits over the inner tube is
thick and tough to protect the inner tube from injury. It
is the inner tube, filled with air, which has been the cause
of the breakth rough to greater speeds and comfort.
At high speeds, the rubbing of the axle-ends against the
surface of the hubs generate d heat and resulted in a great
deal of wear. To avoid this, special types of bearings called
ball-bearings were fitted. As the wheels moved, these balls
rolled and reduced much of the wear and tear.
Wheels are also used in trams and trains , which are so
heavy that ordinary roads break up under their weight. ·
Their wheels, therefore, move on special tracks made of
steel ra ils.
John Dunlop's invention has spread to all parts of the
world. These wonderful tyres are used on cycles, motorcars and aeroplanes. They are used on lorries which carry
heavy loads of several tons and on aeroplanes which race
along the ground at tremendous speeds as they take-off and
land.
One of the greatest and certainly the most basic invention ofall time in the means of transport has been the wheel.
No other single invention has so greatly helped man conquer distance. This invention set the pattern of land transport for 50 centuries . Places which in olden days seemed far
16

away now appear to be just round the corner. Journeys
which took months and even years at one time now take
only days. From the days of animal-drawn vehicles before
3000 B.C. it was a slow journey to steam-power in the
eighteenth century. Mankind owes a lot to the unknown
genius who invented the wheel.
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THE STEAM-ENGINE

Today the steam-engine has become so familiar that we
tend to look upon it as old-fashioned and out of date . It
is not elegant and makes too much noise while doing
very little work . But harnessing steam-power was one of
the greatest achievements of mankind. Many ships and
trains, especially goods trains, are still driven by steam-

power. Many of the factories that produc e gadgets of everyday use, use steam-power to run their machines. Though
we rely on electricity for many things we use in homes,
offices and factories, ultimately we have to depend on
steam since power-stations use steam to drive their
generators. Even when atomic energy is in common use we
will still have to rely on steam since the heat generated by
nuclear reactors will be used to produce steam to run the
generators.
Man's quest for greater speed and more power led him
to the discovery of steam-power.
Man's first source of power was his own muscles. When
animals were trained for tra nsport, heavier loads could be
moved faster over longer distances. As man wanted still
greater power he found that wind could be of use. He
made sails to drive boats and ships on water, and windmills to work machines on land. But the wind could not
be relied upon . Sometimes it blew so fiercely that it sank
the ships and damaged the wind-mills. If it was not strong
enough, the ships would not move and the wind-mills
stood idle.
Then the power of running water was used. Mills
were built where rushing streams could be found. The force
of the water turned a paddle-wheel which in turn moved
millstones. Therefore, people tried to build their homes
wherever rushing water could be found but water could not
be found wherever one wanted it. Moreover, one could not
21

depend on theflow of a stream. It might dryup anymoment
and leave the miller helpless: Or it might flood and wash
away the mill!
.
Man was, therefore, looking for some steady source of
power on which he could always depend. Luckily, he discovered coal. It gave out heat when burned. The heat could
change water into steam. Steam, he found, had enough
power to burst the closed vessel in which it was heated. Why
not put this power to use?
Steam is not a form of energy. It is simply a convenient
22

way of setting heat-energy to work, thus producing power.
The heat-energy first used in steam-engines came from the
burning of coal. But heat is also obtained nowadays by
burning oil, from electricity or from atomic fuel. A steamengine can use any of these sources; in all cases the heat
obtained from them is used to boil water. The steam produced by boiling water is used to drive the engine.
The power of steam had actually been known to men for
a long time. About 2,000 years ago, Hero of Alexandria
invented a kind of steam-engine. He took a round metal
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Hero's sica m-engine

vessel and mounted it between two supports. Steam entered
the vessel through one of the supports, which was hollow,
and escaped from two narrow tubes in the vessel. The ends
of these tubes were turned in opposite directions so that
when steam escaped from them the vessel revolved between
its two supports.
You must have noticed how a lawn-sprinkler works.
It turns round and round as water spurts out of its holes.
Hero's engine worked in the same way.
Hero had turned the power of steam into motion. But
he used it only as a trick or a toy and so it was soon
forgotten.
The first use for steam-power was found in coal-mines.
When the top layers of a coal-mine were used up , miners
had to dig deeper and deeper into the ground and they
struck water. As a result the mines became deep wells
flood ed with water and no fur ther work could be done.
So some device and some power to operate it to pump out
the water which hampered the work had to be invented.
Steam was first used to pump water from a mine by
Thomas Savery, an English engineer, in 1698. But Savery
did not make use of the power of steam in his engine; he
used the pressure of the atmosphere.
It is easy to see atmospheric pressure in action by means
of a well-known simple experiment. Fill a cup to the brim
with water and place a piece of paper over it. Supporting
25

the paper with your hand so as not to allow any water to
spill out, overturn the cup carefully. Now remove the hand
supporting the paper. You will find that the paper does not
fall off. The pressure of the atmosphere holds the paper
up and keeps it from dropping.
Savery used steam to create a vacuum. He took a pipe
closed at the top and fixed it with its lower end dippin g
in water that was to be pumped out. Steam was allowed
to ente r the top portion of this pipe, driving out the air
inside it through a small outlet. Then the outlet was closed
and the steam was cooled by pouring water on the pipe.
It condensed into a few drops of water and left a vacuum in
the pipe. The pressure of the atmosphere pushed up water
from below to fill this vacuum. By suitable means this
water was allowed to flow to a higher level. All these steps
were repeated over and over again to bring the water
up. An English blacksmith, Newcomen, improved upon
Savery's pump .
Then came Trevithick, an English engineer, and James
Watt , a Scotsman, who invented and improved the steamengine to that which is known to us tod ay. Steam was allowed to enter a closed chamber called a cylinder. Inside this
cylinder a tight wad, called the piston, was fitted. It could
move backward and forward in the cylinder and since it
was tight-fitting, it would not allow steam to leak past it.
The cylinder had inlets and outlets which could be
opened or closed by what are called valves. When steam
26

entered through one end of the cylinder, the piston was
pushed to the other end. In the same way, when steam
entered at the other end, it pushed the piston back to the
original position. This to and fro movement of the piston
was used to work pumps. By a suitable arrangement of
levers this up and down movement was made to rotate
a wheel. This important step enabled steam-power to
rotate the wheels of a carri age. The carriage could then
move without any animal to pull it.
Trevithick was the first to try out this idea. He built
the first locomotive and drove it on February 21, 1804. As
it needed a smooth track, Trevithick drove it on a
'plate road ' . This was a track on which iron plates were
placed to allow the smooth running of carts loaded
with coal. But the engine was so heavy that it
broke many of the plates. The owners of the coa l-mine
did not like the way in which their plate road was wrecked.
Although the engine had pulled wagons loaded with 10
tons of iron, no one wanted to use it.
George Stephenson, an English engineer, perfected the
steam-locomotive. He built his first travelling engine in
1814 to haul coal from mines. Then his locomotive, the
' Rocket', won the prize at a contest held in 1829 and was
used on the Manchester-Liverpool Railway. It pulled a
number of carriages or wagons over a track made of two
parallel lines of iron rails. You are all familiar with the
modern railway track.
27
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The construction of the steam-locomotive has been
called the most important milesto ne in the progress of
modern transport. But much more important than this was
the invention of the steam-engine itself. It not only made
the construction of the locomotive possible, but also
provided a new source of power. As more and more railways
were built and trains began to cross cou ntries, new workshops and factories using steam to drive their machines
sprang up everywhere. The steam-engine had ushered in
the Machine Age.

Power could now be had at any place it was needed .
Men had no longer to depend upon uncertain winds or
go searching for rushing water . All that they had to
do was to carry coal to places where they wanted power to
work their engines . Steamships (popularly known as
steamers) began to be made . New industries sprang up.
Machines increased the production of articles . This led
30
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to a scramble for new sources of raw materials and
larger markets . Nations fought with one another for rich
colonies to build empires.
The change in the mode of transport that came with
the invention of the steam-engine did not stop with
trains and steamships . It was now but a short step to
the invention of the internal combustion engine which is
used in automobiles and aeroplanes. This engine uses
31
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diesel oil or .petrol inplace of coal.
Journeys which took days can now be completed in
hours, and in greater comfort. Goods can be sent from one
end of the country to the other more safely and quickly. On
farms, tractors are taking the place of bullocks and horse s:
Plough ing, sowing and harvesting are done many times
faster by machines than they were done manually.
All these inventions have made the world a much
smaller place. Distances have been cut short; oceans and
even the air have been conquered. If our forefathers who
lived 200 years ago were to visit the earth today, theywould
find it hard to believe their eyes!
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THE MICROSCOPE
The human eye is in many respects a remarkable organ,
yet it suffers from many limitations. For example, it is
sensitive only to a small range, known as the visible region,
of a vast spectrum. It is not gifted enough to see very
minute things either. The smallest object which the unaided
eye can see is only about a tenth of a millimetre in size. To

see objects smaller than this, one has to use a magnifying
glass and other powerful instruments like microscopes
which are made of a combination of magnifying glasses or
lenses, as they are called .
About 600 years ago, lenses came to be used for making spectacles. By the sixteenth century, spectacles were
made with great skill, but microscopes were unknown. It
was only in the seventeenth century that the microscope was
invented. Galileo, who invented the telescope, unwittingly
increased the distance between the lenses of his telescope
34

while experimenting with it. As a result, the glass instead
of magnifying distant objects began to magnify objects at
close range. This is how the idea of the microscope was
born . Although Galileo worked for 15 years perfecting his
microscope, he cannot be credited with the development
of its modern version. The modern microscope was probably developed from the one constructed in 1590 by
Zacharias Janssen . But no one thought then that the microscope could serve any useful purpose.
It was Antony van Leeuwenhoek, a Dutch shopkeeper,

who showed to the world of science how important a microscope was. He devoted his free time to optics, which is
the science of sight. He loved grinding lenses carefully
and patiently . Leeuwenhoek became so skilled in his work
that his magnifying glass could magnify objects to 200
times their real size which even the best microscopes
of his day could not do . In a single drop of water
he could see hundreds of tiny creatures of all sizes and
shapes. He called them 'little beasties'. They were seen
swimming about and bumping into one another in the
strangest manner. The smallest creatures th at he could
see were later named bacteria. Leeuwenhoek was no scientist. He did not even know Latin, the language in which
learned men of those days wrote their books . He did
not understand what he observed. But he wanted to
understand the mysteries of the world of strange things and
creatures that he saw through his lenses. He was advised
to write about his discoveries to the Royal Society of
35

London which had some of the greatest scientists of the day
among its members. In 1673 he wrote his first letter to the
Society and described the strange things his lenses had shown
him. But the learned scientists of the Society were as bewildered as Leeuwenhoek was. They laughed at what he had
written, but asked him to write again . Leeuwenhoek took
them at their word and kept on writing till he had written
375 letters over a period of 50 years!
After his first few letters the scientists were so impressed
that they had to sit up and take notice . They no longer
laughed at the stra nge things Leeuwenhoek described.
They wanted to find out how he made his lenses so that
they could also make them and see things with their own
eyes. But Leeuwenhoek refused to part with his secret and
they had to be content with reading what he wrote.
Leeuwenhoek's magnifying glasses were followed by
microscopes of various types. The one by Robert Hooks
was the most interesting because it introduc ed a new feature,
namely, artificial lighting.
The simplest method of obtaining magn ification is to
bring the object nearer the eye. The eye can see an object
comfortably at a distance of 25 centimetres . A distance
shorter than this involves muscular strain and adjustment
becomes uncomfortable. An external aid is then required to
get an enlarged view of minute objects. A magnification of
about 10times is achieved by a single lens, which is a kind of
simple microscope. Higher and higher magnification can
36

be obtained with a microscop e. Magnifying powers of
1,000 times or more can be obtained.
A microscope has two lens systems- the objective and
the eye-piece. The lens which is turned towards the object
to be viewed is called the objective and the other, with
which observation is mad e, is called the eye-piece. The
purpose of these two sets of lenses is to increase
magnification .
The object to be viewed is held between two thin glass
plat es called slides. The slides are held below the lower
37

lens and under them is a mirror. This mirror can be turned
so as to throw light on the object to make the image
bright and clear. High-powered microscopes also have a
condenser to focus light on the object under observation.
Microscopes improved slowly. The defect in early
microscopes was that the image had a fringe of colour. We
know that anything seen through a glass prism appears to
be fringed with th e colours of the rainbow. The lens acts
just like a prism and gives rise to the same colours. The
image seen in early microscopes, therefore , showed fringes
of colour and was blurred.

It was not till 1830 that an English optician, Joseph
Jackson Lister, made the first 'achromat ic' microscope.
This got rid of the coloured fringes and made the image
sharp and clear: The microscope is essentially a device
which produces an enlarged image of the object on the
retina . With its help you are able to see for yourself the
world invisible to th e naked eye. But mere magnification
is not enough. A more impor tant quality of a microscope
is its 'resolving power', i.e. its ability to make us d istinguish each minute detail of the object seen. For,
unless the microscope is able to reveal the fine details of
the obj ect distinctly, magnification would only make the
object appear large and blurred .
Bacteria, microbes, bacilli, germs and micro-organisms
are so small that even the most powerful microscope will
not enable us to see some of them . It was now discovered
38

that the magnification of the smallest object seen under a
microscope is determi ned by the wave-length of light illuminating that object.
It was soon realised that in order to see smaller objects,
one would have to use light of a smaller wave-length.
Using ultra -violet rays and lenses made of quartz to focus
these rays, the ultra -microscope was able to show objects
two times smaller than those seen by the optical microscope.

You are all familiar with X-ray photographs which are
used in hospitals to photograph the insides of the body.
The X-ray can pass through the bod y because it has a much
smaller wave-length than an ordinary light ray . So an
X-ray microscope would have been very powerful because
X-rays have a wave-length even smaller than that of ultraviolet rays. But an X-ray microscope could not be made for
want of suitab le lenses to focus these rays.
There are various types of microscopes, like research
microscopes, chemical microscopes, and projecting microscopes, to meet the needs of doctors , biologists, geologists
and others. An object seen through a microscope using
ultra-violet light instead of visible light, looks 5000 times
bigger than its actual size!
The microscope became a very powerful tool in the
hand s ' of scientists. Louis Pasteur (1822-1895), a French
chemist, found that some of the bacteria, first seen by Leeuwenhoek , caused diseases. Th is is how it hap pened.
The wine industry of France was in great difficulties at
that time. The wine was being spoilt owing to some
unknown cause. Pasteur used his microscope and found
that the mischief was done by a tiny germ. He said that
heating to about 140°F would kill the germ and save the
wine. This method was called 'pasteurisation' . Pasteur also
saved the silk industry of France when silk worms began
to die for no apparent reason .

40

Better microscopes helped doctors and scientists all
over the world in waging a war on disease. The fight
still continues. Doctors came across certain diseases for

which no microbes could be traced. Some of them thought
that these diseases were caused by microbes too small to
be seen by a microscope. They had invented filters which
could catch the finest bacteria, but these microbes passed
clean through them. They were, therefore, named 'filterpassing viruses'.
Then a new type of microscope was invented-the electron
microscope. It was first made in 1923 by Von Berries and
Ruska. In an electron microscope a beam of electro n is
used in place of the beam of light used in an ord inary
microscope. Electrons are tiny particles found inside an
atom. Instead of the lenses used in an ordinary microscope,
an electron microscope uses magnets. They bend the beams
of electrons to form an image.
Today the electron microscope can reveal objects
about 200 times smaller than the smallest object the' best
optical microscope can show. This means it can magnify
up to 300,000 times. It is difficult to imagine what this
means. If a house-fly is magnified 300,000 times, it would
appear to be two kilometres long! Microscopes are playing
a very vital role today in the progress of virus research
and cancer research. They have helped scientists to identify
many of the so-far unknown viruses which were causing
disease. With the frantic efforts that are now going on
to make it more powerful, the day may not be far when
the electron microscope will enable us actually to see the
atom.
42
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The microscope is useful in many other ways too . It is
used to examine rocks, crystals and flaws in metals.
Moreover, each organ of our bod y is made up of tiny cells,
most of which can be seen only through a microscope.
Embedded deep inside these cells are tiny bodies which
control our life and heredity. The science of genetics deals
with these bodies, some of which are beyond the range
of even the electron microscope. Our forefathers did not
expect to live beyond the age of 35 but today owing to
knowledge learnt through the microscope our span of
life has been do ubled . The world awaits with breathless
interest the new facts that an improvement in microscopes
may bring to light.
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THE PRINTING PRESS
As early as 30,000 years ago, man began to draw and
paint pictures . By this time he had risen above the level
of animals by the power of his brain and the skill of his
hands . He could think out ways and means of hunting
animals much stronger than himself. His skilful hands
made weapons and traps which helped him to survive.

It was only natural that he should enjoy using his
skills even when they were of no real use to him. It gave

him a sense of power. Drawing and painting were enjoyable and it is no wonder that they attracted him.
It is very likely that the earliest drawings and pain tings were charms rather than works of art. Man drew
the picture of a beast with an arrow or spear stuck in its
heart and believed that it would bring him luck when he
went out hunting next, that it would somehow help him to
kill the animal when he met it in the forest. Thus
46

drawing and paint ing gave him the chance not only to use
his skills but also to express his fears and hopes.
As man progressed, he wanted his pictures to express
his thoughts, hopes and fears more and more clearly. This
led to the invention of writing. It is no wonder that his
earliest writing took the form of pictures. The early
Egyptians used a form of picture writing, but they must
have found that these symbols took too much time and
trouble to make. In time, simpler forms of writing came
into use.
The invention of writing marked a great change in
human affairs. Great thinkers could now write down their
thoughts for those who came after them. Their work was
no longer lost when they died ; it was handed down to
others who could continue the work. Books became the
treasure-houses of knowledge and great thoug hts.
Kings and nobles kept a few people at their courts
whose only work was to make copies of famous books.
Priests all over the world set apa rt a few of their order
for the same purpose. But making. copies by hand was
slow work . Only a few copies could be made in a lifetime
of hard work .
Books or their copies were few and costly. Scholars
had to travel hundreds of kilometres before they could
find the book of their choice. It is, therefore, no wonder
that few people could read and write. Some of those
who learnt to read and write taught others but many
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used their learning for evil ends and to deceive. The
common man was helpless. He had no means of finding
out the truth for himself and had to believe whatever he
was told.
This state of affairs could not have lasted for ever.
People began to refuse to unquestioningly accept all they
were told. They began to ask questions which were never
properly answered. A revolt against old ways of thinking
began to grow. Men were not content to be told to do
or not to do something ; they wanted to know the

reasons for doing or not doing it.
In Europe th ings came to a head in the fourteenth
century. For the first time men insisted on seeing and
thinking for themselves. They had heard of far-away lands,
of marvels and wonders . Now they got into their ships
and set sail to see how much of it was true. They burned
old medical books and even robbed graves of their dead
bodies . They had to see for themselves how the human
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body was put together and how it worked.
So science was born. Everything was measured and
weighed. Telescopes were turned to the skies to find out
what the stars and planets were like. The doors of knowledge were thrown open. More and more books were needed
to explain all the new discoveries and to make them known
everywhere. Kno wledge was to be pooled for the good of
all, not hoarded for the gain of the few.
The invention of printing came in time to make this
possible. Thousands of books were printed . They not
only spread' kno wledge far and wide but also opened people's minds to new ideas and trends .
Johann Gutenberg (1337-1468), a German, is believed
to have been the inventor of printing in Europe . It appears
that in China and Korea,types were used for printing even
earlier . But Gutenberg did not get his idea from any
of these places.
Gutenberg used movable type for printing. This
means that he mo ulded each letter separately and th en put
these moulded letters or type together to form words, lines
an d pages. He made his invention in 1436 or 1437 and
started a printi ng shop at Mainz which seems to have been
his birth-place. Here was printed the first book in Euro pe.
It was the Bible, and came to be known as the Mazarin
Bible.
Printing spread quickly all over Europe . By 1476,
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press
An old printing

it was brought to England by William Caxton. In 1539.
a press was set up in Mexico; and 100 years later, the first
book was printed in what is now known as the United
States of America.
In the early days of printing, types were set by hand
in what were known as forms. The faces of the type were
inked by passing an inked roller over them. Paper was
then placed over the type face and pressed hard to give
. a clear imprint. Even today types are set by hand for
small jobs and printing is done by small 'treadle'
machines.
Setting type by hand was a slow process . Towards the
end of the nineteenth century, several machines were
invented for setting type. The most commonly known are
the 'linotype' and the 'monotype' machines.
The linotype machine was patented by Ottmar Mergenthaler in 1884. It made 'slugs', each slug doing the work of a
line of hand-set type. This machine has a keyboard like
that of a typewriter. At each stroke of a key a matrix or
mould slips down into its place in a line. When the
matrices or moulds for a whole line are in place, the machine
casts the line in type metal. After the casting the matrices
are returned to their places, The castings or slugs are
placed in their proper order to form a page. After printing,
they are melted down and used again for casting fresh slugs.
The mono type machine makes 'movable type. In other
words, it casts and sets a single letter at a time. This
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machine was patented by Tolbert Lanston , an American,
in 1887. Actually it is made up of two machines. The
first is like a typewriter and has a keyboard . When a key
is pressed , a hole is punched in a paper ribbon. This roll
of ribbon is then placed in the other machine which is called
the caster. The holes made in the paper roll control the
casting of the type, in the same order in which the keys
were pressed. Each type is placed in its proper place as
it is cast.

In printing too, great improvements have been made
since the time of the hand-press. The first step was, of
course, the use of power . This means that instead of a
man working the machine, power was made to do it. Even
the 'treadle' , which is worked like a sewing-machine by a
foot-pedal, is now generally driven by power. This improvement still left a great deal of work to be done by hand.
The paper had to be picked by hand and placed carefully
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on the 'bed' before it was printed . After printing it
had to be taken out and arra nged. None of these jobs
was done by the machine. As a result, increase in the speed
of printing by power was very small. The machine had to
move slow enough for the hand to do its job. The experienced operator could 'feed' the paper faster than others
but his skill did not improve the results very greatly.
In 1810 steam came to be used for working printingpresses. The use of power helped the construction of
bigger and heavier machines. They could print many more
pages at a time than was possible manually. So, although
there was not much improvement in speed, the bigger
machines could print mo re pages in the same time.
The advantage was still minor. . The full use of power
was not possible. What was needed was a fully automatic
printing-machine-a machine that could ink the matter, pick
up the paper, feed it in accurately, print on it and remove
the printed sheet ; then repeat the whole process again.
Over a period of time all this became possible. Today from
the smallest to the biggest printing-machine is automatic.
The machine inks the matter, picks up the sheet of paper
with the help of air-suction cups, raises it and places it on
the 'bed' where it is printed and then air-suction cups pick
it up again and drop it on a stand .
Newspapers use very large machines in which almost
all the printing operations are automatic. These machines
are called rotary presses. In a rotary the type is cast on a
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The Gutenberg press

metal sheet and wrapped round a cylinder which is turned
very fast. Paper is fed from huge rolls and printing is done
very quickly.
The use of machines has greatly increased the speed of
printing. A machine can print as ma ny as 30,000 pages
of an ordinary book-about 2,000 sheets of 16 pages eachin an hour. A rotary press may print, cut and fold abo ut
lOU,COO copies of a newspaper in the same time.
Other techniques related to printing have also been improved and used.
Books, magazines and newspap ers often carry illustrations. Drawings are divided into two classes of printingline and half-tone . Clear black-and-white drawings are
printed from line blocks. The drawings are photographed
on specially prepared zinc plates. These are then dipped
in an acid bath and all the black lines and masses are left
high, and the blank spaces are eaten away by the acid so
that they are lowered . When an ink roller is passed over
the etched surface , only the high spots take the ink and
leave a clear impression when pr inted. A plate prepared
in this manner is call ed a line block,
Photographs and shaded drawings are printed from
half-tone blocks . The picture is photographed through
a screen on to a prepared copper plate . This leaves a
dotted pattern on it ; large dot's create dark areas and
smaller dots lighter areas.
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·A job press for general priming work-fully automatic

The printing ofcoloured drawings is also done by the two
methods already mentioned . Drawings made with flatcolour
washes are printed by the line block method. As many
separate blocks are mad e as there are different colours to
be printed. The same paper is used so that each block prints
its own colour on it and thus finally produces the complete
drawing. This method is useful for pr inting coloured
drawings for advertisements, book covers and such other
purposes.
Prints of coloured photographs or pa intings in which
colours are shaded and blend with one another are made by
the half-tone method. The process of printing them is called
the three-colour process because the three prim ary coloursred, yellow and blue-are used to make the picture. The other
colours you may see in a picture are called secondary
colours because they are combinations of the primary
colours in different proportions.
In making the plates for these three colours special
colour filters are used to separate the combination. When
the three plates are taken together or printed one upon the
other the original coloured picture is reproduced.
Another method, called the four-colour process, differs
only slightly. To the same three plates of the three-colour
process is added a fourth plate which prints only black.
It helps to improve the effect by giving depth to the dark
portions of the picture.
All the methods described so far print from raised
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surfaces. The low portions of the plates or types are not
printed. There are, however, other meth ods which print
from a flat, level surface. The most common among these
is the lithograph.
A lithograph is printed from a flat slab of limestone.
Drawings are usuall y made, in reverse, directly on the
slab or on specially prepared paper and then transferred
to it. The ink and crayons used in either case contain soap
or grease.
When the wet surface of the stone is inked with greasy
ink, it clings only to the port ions covered with the ink or
crayons in the drawing, it does not smear the moist stone .
Printing is done by pressing a paper on thi s surface. Sometimes specially prepared aluminium plates are used instead
of stone slabs. The use of metal in place of stone helps
avoid the inconvenience of heavy slabs. The slower wear
of metal enables large, clearly printed editions.
The app lication of photograph y has widened the scope
of lithography. We now have a process called photolithography in which the photographic negative is transferred to
specially prepared metal from which printing is done.
Another method of printing from a level surface is the
offset. This is similar to lithography. The impression
from the slab or plate is first transferred to a rubber sheet or
blanket and from it to paper.
With the rapid advance in technology which means the
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application of science to practical uses, printing has become more and more sophisticated. The machines described above produce 'metal type' from matrices. One of
the newest processes which is now being used widely is
known as 'filrnsetting' . In filmsetting composing is done
by photographic means without the use of metal. Several
types of machines have been made but the better-known
ones are the 'monotype' and the 'linotype' filmsetter. Just
as these two machines work on different principles for
metal typesetting, in the same way these machines do
the job of filmsetting also in different ways.
In filmsetting, film takes the place of metal type . For
this reason this process is called 'p hotograp hic composition'. Matrices are used but not to cast metal type from.
They are used for making the film from which copies can
be made.
The details of this proce ss are very compl icated and
cannot be easily explained. However, amo ng its adva ntages are improved printing and sometimes lower costs too .
An off-shoo t of pr inting was the invention of the typewriter. The typewriter can pr oduce about haif a do zen copies
with the neatness of print. The typewriter is too well-known
to be described here. Its inventor was Christopher Sholes,
an American, who worked at it between 1867 and 1873.
He built many models but the final one was almost like
the present-day machine in most of its working features .
With the help of a duplicator it is possible to produce
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several hundred copies of typewritten matter. Specially
prepared paper, called a stencil, is used for this work. The
matter is typed on the stencil which is pierced by tiny
holes where the type hit it. Copies are made by placing
the stencil on paper and passing an inked roller over it.
Printing has indeed thrown open the doors of knowledge. The moment a discovery is made in any corner of
the world, it is made known to everyone through printed
books or papers. Great thinkers and scientists are no
longer isolated in odd corners of the earth, groping their
way through darkness. Printing has brought them close
togethe r. They can share their knowledge and exchange
ideas. Inventions follow inventions and man progresses.

