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Four Great Inventions




When it comes to scientific and technological achievements
made in ancient China, we first think of the “ Four Great
Inventions”—papermaking technology, the art of printing, the
compass and gunpowder, which played an immeasurable role in the
history of mankind. Francis Bacon, the famous British philosopher,
who advanced his opinion that “Knowledge is power”, was once
honored by Karl Marx as the “earliest genuine ancestor of British
materialism and the entire modern experimental science.” In his
book Novum Organum (* New Instrument "), Bacon believes that
these inventions “changed the face of the whole world and the status
quo of all things”: paper and printing are in relation to academic
pursuit, gunpowder to the war, and the compass to navigation. In
his book Application of Machines, Physical Power and Science,
Karl Marx also points out “Gunpowder, the compass and printing
are the three inventions that heralded the advent of the bourgeois
society. Gunpowder blew up the cavalier stratum to pieces in its
explosion, the compass opened the world market and paved the way
for the establishment of colonies, and printing became the tool of
Protestants. In short, they became the means of scientific
rejuvenation, and the most powerful lever that ecreated the
prerequisites for spiritual development.”

The Four Great Inventions are the everlasting pride of the
Chinese nation. But how were the inventions made? How clever,
lucky, and marvelous those people were who made the inventions!
But what we should know more is that these inventions were
successfully made only when certain conditions and necessities were
available . These inventions did not come because of the sudden
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impulse and pure contingency of some talents or exceptional
personages. In essence, these inventions were a gradual process, a
demonstration of the collective wisdom and talent of a national
group, and an outcome facilitated by the specific demand of a society
or an age. In this way they came to pass and gradually developed
from an embryonic stage to maturity, the way a small tree steadily
grows to full size. There is no imagining that out of nothing and in
the final form, a certain person at a certain place and on a certain
day suddenly made paper, printed the book, made available
gunpowder that was flammable or could explode, and invented the
compass that pointed to the magnetic north for people in a magic
way. Herein are imbedded many interesting stories and particulars.
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I. From Tortoise Shells to
“Marquis Cai’s Paper”

1. Information Dissemination and Writing Media

Itis generally agreed that we are now in an information age,
yet such major inventions can be found in the mode of human' s
intelligence transmission, if counted in accordance with the rough
sequence of man’s evolution and the development of his ability. The
first invention is language, which seems to be the most natural
thing, but in no circumstances should it be made light of. Should
primitive humans have failed to invent the mode of disseminating
information with sound instantaneously and within a short distance,
nothing could be mentioned about all that followed. The second
invention is writing, which recorded language and thought. What
was recorded could be kept, and disseminated beyond time and
space, and the fatal drawback of language that disappeared instantly
without the availability of a recorder could be overcome.

Then followed the paper. Where could literal information find a
settled place without any writing media? Of course, such media
could be clay tablets from the palisades, tortoise shells and animal
bones, metals, leathers or silks. But the cheapest and finest, and
the handiest for use were sheets of paper, which truly enabled
written messages to be stored in huge quantity and disseminated on a
large scale. Following the invention of paper came printing
technology. The appearance of printing enabled writing to turn from
a time-and energy-consuming and low — efficient manual job to a
scale operation or even a mechanized operation, thus both
heightening the exactitude of disseminating information and greatly

f
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improving the efficiency of character writing.

The following items fall into the category of modern society:
telecommunications—electrophone and radio telephone, telegram,
television, movies, and satellite telecommunication networks, which
enable writing, language, sound and image to transmit to a long
distance and at a great speed; electronic computer and Internet—
whose storage and processing of writing, language, sound and image
and whose interactive and high-speed dissemination on a large scale
and in a big area led to an information revolution.

If the invention of language and writing was the natural
outcome of evolution and development of the various nations in
different places of the world (of course, there are some nations and
tribes that up to now have only language without writing) , then the
appearance of paper and printing perhaps did not come so naturally,
for they required some other important causes and conditions. Now
let us first see the process of the invention of papermaking
technology.

As is mentioned above, after the invention of writing by
mankind, media {or recording the writing were required. We may
even say that writing and the media for its recording must have
appeared synchronically, only different nations chose media available
in line with their local conditions. Egypt and Babylon were civilized
ancient states in the world, where clay tablets were once used as
writing media. Scholars [rom the Roman Empire on the
Mediterranean Sea had used papyrus and sheepskin for writing.
Rock, marble, iron, pottery, wood, wax and so on had been the
early writing media of some nations in the world.

Inthe Yin-Shang Period ( ¢c. 16— 1 1 centuriesB. C. ) inChina ,
there were oracle bone inscriptions and inscriptions on ancient bronze
objects, which were engraved on tortoise shells, animals bones and
bronze objects. It can be easily imagined that their writing and use
must have been quite inconvenient. From the Warring States Period
(475—211B. C. )totheQin(221—206B. C. )andHan(206B.C.—

8
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A.D. 220) dynasties, writing media more easily available, greater
in quantity and more convenient in use began 1o be applied—writing
on bamboo slips, wooden tablets, and {ine silks. Were these writing
media, nevertheless, still quite clumsy, inconvenient and
unpopular? In the Chinese language there are two idioms, zue fu
wu che (meaning: to have read five cartloads of books—be very
learned ) and wei bian san jue (meaning: Confucius studied the
Book of Change so much that the leather straps binding the bamboo
strips wore out three times. ). In those days, the books of bamboo
strips a learned person read were so many that five carts were needed
to contain them and the leather straps stringing the bamboo strips
would break due to longtime wear. It can be imagined how
cumbersome and inconvenient for use such writing media were. Fine
silks and their kind had no such shortcomings and were called
“paper” at that time in order to distinguish them from bamboo slips.
As far as the meaning of the word is concerned, “paper” was
originally meant to describe plant fibers as clean and white as natural
silk, and their surface as smooth as whetstone. But such “paper”
was small in quantity and its price was high, and therefore it was
not an ideal writing medium.

.2. Drift Wadding and Cai Lun’s Making of Paper

So it was that the appearance of paper was a revolution of
writing media. Viewed from its source of technology, papermaking
technology drew inspiration from the byproduct called “ drift
wadding” produced in the process of silkworm breeding and
throwing. China was the earliest country in the world in making use
of natural silk and, for a rather long time, the only country of its
kind. In the ruins of Qianshanyang of Wuxing., Zhejiang Province
of 5 thousand years or so ago was excavated a section of silk ribbon
and a small piece of thin, tough silk, in addition to some ramie
cloth . Raw silk can be reeled off from cocoons and pongee be woven

10
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if they are of fine quality; those cocoons that are of poor quality and
from which raw silk cannot be reeled off can be made into silk floss.
The process is as follows: first cut through the cocoons and make
them soft by soaking in water, then put them on the woven bamboo
mat to be beaten repeatedly, and finally they become soft silk floss
which is called drift wadding. After the drift wadding is taken
away, a layer of silk fiber still remains on the woven bamboo mat.
Thus the accurnulated silk fiber becomes a sheet when it is torn off
after it is allowed to dry and cool off.

The handicraft industry of using inferior cocoons to make silk
floss was quite popular during the period between the Qin Dynasty
and the Han Dynasty. The “drift wadding” mother whom Han Xin
(Han Hsin, 7 —196 B. C., a famous minister and general of Liu
Bang or Liu Pang, 256—195 B.C. , Emperor Gaozu, founder of the
Western Han Dynasty) met before he gained power and position
probably earned a living on this business. The thin layer of fiber
torn off from the woven bamboo mat was light-colored. Though it
could not truly be used as paper due to its lack of fiber knots and
close adhesion, it should have been quite natural that people
conceived of the idea of writing on it and, further, gained
enlightenment from it on the method of manufacture. Cocoons were
after all expensive and small in quantity. People would think of
using ramie, hemp and the kind, which were less expensive and
more easily available, as raw materials. By using this method media
for writing could be manufactured.

In 1957, remnants of ancient paper of the second century B. C.
were unearthed at Bagiao, in the eastern suburbs of Xi’an. They
assumed vellowing and had been broken into fragments, the biggest
piece being 10 sq. em. and the smaller ones three to four sq. cm.
After identification, they proved to have been made of fibers of
hemp and a small quantity of ramie. In spite of the fact that they
were primitive in manufacturing technique, rough in texture and
were not handy for writing , they were the paper the world had ever

12



