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History of the Fax Machine
Mutsuo Ogawa
H Abstract
The first facsimile device appeared in 1843, the brainchild of the Scottish mechanical engineer and inventor of the
electric clock, Alexander Bain (1811-1877).Bain submitted an application to the British Patent Office for "Electric Time
Pieces and Telegraphs," no. 9745, and was granted a patent of the same number some 33 years prior to the invention by
Alexander Graham Bell (1847—1922) of the telephone.

Obviously, the fax machine has changed immensely since Bain invented his device over 170 years ago. Numerous
factors hastened the development and growing prevalence of facsimile devices.The biggest factor was the need to
convey information over distance in a manner that was accurate, fast, easy and economical. A variety of technical

issues had to be addressed in order to meet this need, solutions to which resulted in the fax machine of today.

Following Bain's invention, Europe and North America initially led the way with facsimile technology, but in the
early Showa era (1925-1989), Japan succeeded in catching up with the West with the advent of domestically-developed

NE-type facsimile technology.

The high price of facsimile devices until the 1970s meant that they were used only for specific commercial purposes
by the news media, railways, government entities, corporations and other such organizations. This changed drastically
due to Japanese government moves to relax telephone line restrictions in 1972, and after release of the 1980
recommendation of the former CCITT (now ITU-T) for an international G3 facsimile standard. These developments

breathed instant life into the facsimile market.

From the 1980s, Japanese manufacturers of electronics, communication devices, and office equipment all became
players in the field. The use in Japanese culture of pictographic writing in the form of Chinese characters made
demands on facsimile functionality that required numerous improvements. Companies competed fiercely to develop
technical and commercial solutions in response. As a result, fax machine use went beyond the confines of in-house use
to become increasingly widespread as a key means of communication, including bulk messaging to large numbers of

recipients. Japanese fax machines went on to take the world market by storm.

Office users wanted devices that offered speed, high resolution, and bulk fax transmission and receipt capabilities.
Meanwhile, home and SOHO (small office, home office) users preferred machines that were reasonably priced and
required minimal space. Home-use fax machines already came with full telephone functionality. Following this was the
transformation of the fax machine into an auxiliary function of the telephone. Later, the facsimile market would go on

to become more polarized.

Beginning in the latter half of the 1980s, digital networks started to become more prevalent globally, while
development of information and communications technologies (ICT) in the form of the personal computer and
Internet took off dramatically. This meant that home and office users were connecting to computer networks using a
range of devices, and were sharing, saving, searching for and printing data, as had never been done before. A huge
transformation, or what could be called a paradigm shift, was taking place: from analog to digital technologies and

from stand-alone to networked computers. The fax machine gave way to e-mail, shared databases and cloud computing.

Now, in 2012, scanning, printing and copying are required as separate functions, facsimile now provided as one such
function on a Multi-Function Peripheral (MFP) device. With e-mail having come as far as it has today, the use of the fax
has declined. Nevertheless, it is not a function that can disappear. For example, faxing still serves to keep documentary
proof of such things as tickets and receipts, as a foolproof way to convey information quickly, such as of changes to a

train timetable, and more.
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Facsimile having matured into the imaging devices of today, the current issue is the future direction of the imaging
industry. This systematic investigation of the fax sheds light on the nature of the development of the facsimile industry

by focusing on the factors impelling and impeding the development of its technology throughout this process of change.

The author hopes that this paper can be useful in suggesting possibilities for a breakthrough in this stalled mature
industry that will lead to technological developments in business fields of the future, and open up new markets.
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Study on Systematic Development of Power Cable Technology
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Study on Systematic Development of Power Cable Technology
Shotaro Yoshida
B Abstract

The development of power cable technologies is the history of developing lower power loss, smaller cable
dimensions, longer distance transmissions, better reliability and higher quality overall in accordance with the
requirements of power utilities in Japan, in the course of which new technologies relating to power cables and its
accessories were proactively introduced to Japan. In the 1980s, Japan became successful in installing world-class power
cable transmission lines using own technology. The big difference with other power equipment was cable technology
that guaranteed high quality and reliability, particularly for defect free transmission over distances of several tens of
kilometers.

Electricity generated by thermal, nuclear and other types of power plant is transmitted through overhead
transmission lines and underground cables to urban areas where the demand for electricity is very high. Power cables
are thus key to modern living. This study focuses on oil-filled cable (OF cable), pipe-type oil filled cable (POF cable),
and cross-linked polyethylene insulated cable (CV cable), with voltage ratings of 60kV or more. The development of
power cable technologies is the history of developing insulation materials and power cable construction able to handle
higher voltages and larger current, and also developing smaller dimensions and lower loss. This study focuses primarily
on technology development for power cables and its accessories, and addresses its development in the following five

stages.

(1): Domestic production through imported overseas technologies — Until latter half of 1950s

Technology imported from Pirelli Cables of Italy was used in 1928 to manufacture OF cables for the first time in
Japan. OF cable rated 66kV (10 mm thick insulation and lead-sheathed) was subsequently installed in the Ogu Power
Substation of Nippon Electric Power Co. in 1930. However, the development of cable and related technology, and
cable production was virtually halted throughout Second World War. After 1951, the demand for OF cables rated 66
kV and higher sharply increased. Three-core OF cable rated at 66 kV was developed to meet the market requirements
for smaller diameter power cable and was produced commercially. By 1955, Japan was self-reliant in power cable

technology.

(2): Development of own technologies on the basis of imported technologies from overseas — From latter half of
1950s to around 1970

During this phase, thin paper insulation cable technology from Les Cables de Lyon in France was used. 287.5 kV OF
cable lines were installed underground in 1960. Corrugated aluminum-sheathing was then developed in Japan to
replace lead sheathing, and was produced commercially. Domestic cable technologies were successful in achieving
higher power voltage and lower dielectric loss with de-ionized water-washed Kraft paper and synthetic oil. CV
cable was commercialized around 1960 with licensing agreements for cross-linked polyethylene materials with GE
in America, and 70 kV CV cable (20 mm thick insulation) was subsequently installed in 1964. Cable with a triple
layer simultaneous extrusion process for the insulation and two semiconducting screens was then developed in Japan,

enhancing cable insulation. Japan had now taken the lead in the commercialization of CV cable.

(3) Domestic production with Japanese technology — From around 1970 to around 1980

During this phase, long-distance 275 kV OF cable and POF cable power transmission lines were installed throughout
Japan, and low-loss semi-synthetic insulating paper was developed domestically to make viable commercial long-
distance 500 kV OF cable power transmission lines. Japan developed its own dry-cured insulation process to achieve
better insulation performance and higher reliability. These world-leading technologies achieved greater insulation
reliability for CV cable, and also contributed to the commercialization of ultra-high-voltage CV cables. The world's
first 275 kV-rated CV cable was installed in Japan in 1979.

(4) Japan as world leader in power cable market with own technology— From around 1980 to around 1990

The 1980s saw the commercialization of OF cables with semi-synthetic insulation paper for lower dielectric loss. The

world's first strand-insulated cupric oxide film-coated conductor wire was developed, achieving a further reduction



in current loss. This technologies were applied to 275 kV POF cable and enabled high current power transmission.

Crowning this technology was CV cable rated for 500 kV. To prevent contamination of the insulation layer, clean

production control was applied, from the raw materials stage and right through the manufacturing process. In

1988, Japan installed the world’s first 500 kV CV cable in power plants. In 1989, it was successful in installing

commercially operated long-distance 275 kV CV cable transmission lines (27 mm thick insulation).

(5) Japan becomes top-ranking power cable manufacturer — From around 1990 to 2005

During this phase, Japan led the world in 500kV power cable technology. This technology made possible the

commercialization of high-capacity transmission lines, such as the 500 kV OF cable with semi-synthetic paper insulation

(25 mm thick insulation) in the transmission line connecting Honshu and Shikoku, in the direct current 500 kV submarine

OF cable (22.5 mm thick insulation) across the Kii Channel, and in the 500 kV CV cable (27 mm minimum thickness

insulation) of the Shin-Toyosu line. These power lines have been operating for more than 10 years.
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