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Systematic Survey on the Dimming System for Stage Lighting
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Bl Abstract

Stage lighting refers to any light effect on the stage, including lighting to provide sufficient light for
the audience to see the stage, or as an effect to express the psychology of the characters on stage or
dramatic turn of events.

The history of stage lighting dates back to ancient Greece. Greek tragedy was developed around the
5th century B.C. in ancient Greece, and was performed in huge theaters. The type of stage lighting at that
time was, of course, sunlight. Even in Japan, Kagura and Noh plays were performed outdoors under the
sun. The history of the use of daylight in the theater is a long one. From the theatre of ancient Greece to the
Kabuki theater of the Meiji era, the era of daylight illumination in theater has stretched across 24 centuries.

Artificial light sources were used in conjunction with natural light (sunlight) for theatrical performances
beginning with the use of oil lamps and candles in Italian theaters at the end of the 16th and beginning
of the 17th century. The oil-lamp era transitioned to the era of gas lamps in the 19th century. History has
demonstrated that the progress of stage lighting has always been accompanied by the development
of light sources, and the invention of the incandescent light bulb marked a revolutionary development
in stage lighting. In the strictest sense, the history of stage lighting can be seen to have begun in the
1880s, since light could be freely controlled artificially allowing it to be employed as an element in stage
productions.

The first fully-fledged stage lighting system in Japan was installed in 1911 at the Imperial Theatre,
manifesting in the capital as a purely European-style form of theater. The dimming equipment at that time
was manufactured by Siemens of Germany, and the dimmer was an authentic system that used metal
resistors and had an operating mechanism suitable for stage lighting.

The first domestically produced dimming system was installed in a large theater, the third Kabukiza,
which opened in 1925. It was manufactured and delivered by Marumo Electric Works. Subsequent
installations at the Meijiza Theater, the Kyoto Minamiza Theatre, and the Tokyo Gekijo Theatre ushered in
the era of domestically produced stage lighting equipment.

The Tokyo Takarazuka Theater opened in 1934, and Marumo Electric Works developed and delivered
a multi-branch type dimming transformer, a notable achievement in the history of dimming equipment for
stage lighting in Japan, ahead of any other company in the world. Since that time, the dimming system
for stage lighting in Japan has been replaced by the transformer system, and this system became the
mainstream for more than 30 years, spanning WWII.

The Silicon Controlled Rectifier (SCR) dimming system developed by General Electric Company (GE) in
the US in 1958 was put to practical use in Japan in the 1960s, and was delivered to NHK T-101 Studio for
the first time in 1961. In theaters, SCR dimmers were delivered to the Nissay Theatre in 1963, the Imperial
Theatre in 1966, and the National Theatre of Japan in 1966, and were subsequently delivered to theaters
and halls throughout the country. Today, the dimmer control console in the operating mechanism uses a
computer, enabling more complex and varied productions. Moreover, in recent years, the light source of
stage lighting fixtures has been shifting to LED, and in the near future, dimmers and color control will no
longer be required, with all lighting fixtures being dimmed by control signals.
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Bl Abstract

The clothes we wear are made of spun yarn, which is made by twisting many staple fibers. Humans have
spent much time and effort spinning yarn, weaving fabric, and making cloth from materials available in
every region on the earth. The spinning wheel was subsequently developed and introduced to Europe, and
in the 16th century, a flyer was attached to it, thereby creating a spinning tool called the Saxon spinning
wheel. By the end of the 18th century, the wooden tools used to make yarn at home were replaced with iron
machine in factories. Power changed from human and animal power to water and steam engine power,
which could run around the clock, thus initiating mass production. By 1830, the medieval spinning wheel
found its way into mule spinning machines and ring spinning machines. This basic mechanism has not
changed in over 200 years.

During the economic boom that followed World War Il, the demand for cloth continued to grow, and
looms one by one achieved new methods of weft yarn insertion. From the shuttle to the projectile (gripper),
rapier, water jet, and air jet, innovative looms emerged. Since yarn production could not keep up with
the demand for cloth, the productivity problems of conventional spinning methods were analyzed and
the conditions necessary for high-speed spinning were reconsidered. In high-speed spinning, either the
continuity of the fiber-bundle is broken, and the fiber ends are left open, or the continuity is maintained,
and the filaments are wound onto the untwisted core strand. Or, after the gluing together the fiber bundles
to form fabric, the glue is washed off. Alternatively, use of untwisting of false-twist to wind fibers, or use of
a mechanical reciprocating motion or rotating air to loosely entangle two fiber bundles with SZ alternate-
twist, and then twisting with a twisting machine. Various methods have been tried around the world.

However, most of them withdrew from the trials, and the only ones which were fortunate enough to reach
commercial production were the rotor-type open-end spinning machine (Czechoslovakia) in 1967, the
air jet spinning machine with pneumatic false twisting (Japan) in 1981, and the vortex spinning machine
(Japan) in 1997. No one doubted that the appearance of these innovative spinning machines, designed
to increase speed and reduce labor, would soon replace conventional spinning machines. The low
productivity and labor-intensive ring spinning machines gradually lost their market.

But at the end of the 1970s, a yarn-joining technology called splicer was invented in Japan, and traditional
spinning machines, which had many knots and were thought to be impossible to use on high-speed
knitting and weaving machines, survived. With the spread of splicers in 1980s, and trade liberalization
and economic globalization due to the collapse of the Soviet Union at the end of 1991, production was
relocated to Asian countries where labor was abundant and at low cost, causing ring spinning to return
to the mainstream of yarn production. This was accompanied by an explosive increase in production. In
addition, the ring yarn’s excellent fiber orientation and uniformity of twisting torque create products with
good texture, allowing it to expand into niche applications such as ultra-fine count yarn, compact yarn,
Siro yarn, core yarn, and fancy yarn.

On the other hand, rotor-type open-end machines reached their maximum rotor speed (approximately
8 times that of ring spinning), but thanks to their high productivity and high degree of automation, they
have demonstrated overwhelming cost performance in coarse count cotton spinning and have already
replaced many of the commodities previously occupied by ring-spun yarn.

The air-jet spinning machine with the false twisting method was discontinued in 2012 due to the hard
texture of the fabric resulting from its twisting structure and unsatisfactory performance in 100 % cotton
spinning.

The vortex spinning machine was born from the reflection of the air jet spinning method and was
developed with a twist structure in mind. Unlike the air jet spinning method, which creates false twists by
ballooning the fiber bundle using swirling air, the vortex spinning machine achieves a real twist by making
the fibers open ended and can produce yarns 20 to 30 times faster than the ring spinning machine, and
2 to 4 times faster than the rotor-type open-end spinning machine without deteriorating fabric texture.
The two-layered twist structure results in unique fabric properties such as low pilling, wash resistance,
dimensional stability, and good water absorption. The vortex spinning system can cover a wide range of
counts from medium to fine without reducing spinning speed and with fewer part changes, complementing



fine counts that cannot be spun with the rotor method.

Over the past half century, many spinning methods have been devised and ideas have been in
competition with one another, but the cacophony of the multitude of competing schools of thoughts has
begun to abate. The second half of this report looks at the characteristics and limitations of each spinning
method, as well as the various spinning methods that have been tried in the past, how spinning machines
may contribute to earth sustainability in the face of the natural threats posed by global warming. This report
concludes by covering the marketing we have carried out for this new technology.
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Bl Abstract

“Wow, | can’t imagine when our telescope will be able to capture such magnificent images of the Orion
nebula!” Many compliments to the SUBARU Telescope (known as Pleiades in English) were featured
in American newspapers published on January 29, 1999. Just one day prior, the National Astronomical
Observatory of Japan issued the first press release featuring various celestial images taken by the
SUBARU Telescope. Construction of the telescope was completed at the beginning of 1999 on the summit
of Mauna Kea, Hawaii, and preliminary operations began thereafter. It had collected celestial images
taken by an infrared light camera, positioned at the focal point of its optical system, representing a single-
piece primary mirror measuring 8.3-meters (27 feet) in diameter—the largest in the world. Around the
same time, the European Southern Observatory constructed four sets of Very Large Telescopes (VLT),
each with an 8.2-meter aperture, and the International GEMINI 8-Meter Telescope Project, involving the
US, UK, Canada, and others, established a pair of GEMINI Telescopes each with an 8.1-meter aperture.
In essence, these three competing projects can be regarded as the Olympic games of giant telescopes,
as they battled for the sharpest image quality and the most substantial light gathering power in the history
of astronomical observation, thereby enabling us to explore the most distant corners of the universe and
unveil unknown celestial phenomena.

In this comprehensive survey, the first half describes the history of the relationship between astronomy
and telescopes, their interactive evolution, and the enlargement of telescope apertures worldwide and
in Japan, with a focus on optical and infrared telescopes. The second half covers how the three teams
overcame the numerous challenges they encountered during the development of crucial key elements,
engineering, design, and progress control, based on that of the SUBARU Telescope, taking particular
focus on different approaches to solve them with leading-edge technologies.
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