Shockwave Recorded in
One-millionth of a Second
Unknown Phenomena Now Captured by
High-speed Video Camera
Shockwave

4) Shockwave expands like a
balloon around flying fragments.
Here, it can be seen expanding
faster than fragments. (Recorded
via shadowgraph photography.)

Explosions generate shockwaves. Shimadzu's high-speed video camera
captured pressure waves propagating at supersonic speed. This video
camera is expected to contribute significantly to Japan's scientific and
technological development.

the gun at a speed of 3.25 km/s _
approximately ten times the speed of
sound. At this speed, it could fly 3000
km, or the length of Japan, in just 15
minutes.
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A window into the Two-Stage Light-Gas Gun
Aluminum plate #1
2 mm-thick aluminum plate
positioned vertically in the
tank-shaped chamber

Aluminum projectile sealed
in polycarbonate tube

The projectile explodes out
from the left side of the gas
gun. The projectile flies
through the gas-gun barrel
at 3.25 km/s.

Aluminum plate #2

HPV-1 High-speed
Video Camera

Continuous High-speed Video Camera Images of the Projectile (Recorded via shadowgraph photography) Images supplied by: Prof. Takayama

4)

1) Left-side projectile is flying at 10 times the
speed of sound. Instant before impact with the
first aluminum plate.

2) Instant the projectile penetrates through the
aluminum plate. A small explosion can be
seen.

3) About 1/100,000th of a second after
penetrating the plate. A strong shockwave is
apparent.
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Gulliver space-time slide rule: Shimadzu Rika Instruments Co., Ltd. (www.shimadzu-rika.co.jp)
The Gulliver space-time slide rule converts the vastness of space and the eons since the birth of the universe into familiar distances and times. If the time since
the birth of our solar system is taken as one year, the Gulliver space-time slide rule shows that only a few hours have elapsed since our first human ancestors
appeared. Similarly, one hour on this scale is equivalent to the world of millionths of a second studied by Prof. Takayama. (designed by Dr. A. Wada)

Prof. Kazuyoshi Takayama
Professor Emeritus, Tohoku University
Born in Hokkaido in Japan in 1940, he became an assistant
professor at the Institute of High-speed Mechanics
(currently: Institute of Fluid Science) at Tohoku University.
Became a full professor in the Institute of High-speed
Mechanics in 1986 and then the Director of the Shockwave
Research Center (currently: Transdisciplinary Fluid
Integration Research Center), Institute of Fluid Science, in
1988. Employed in the Shockwave Interdisciplinary
Research Program in 2000 as part of the Ministry of
Education, Culture, Sports, Science and Technology 21st
Century COE Program. Resigned on his retirement in 2003.
Currently a professor at Japan's Tohoku University
Biomedical Engineering Research Organization (TUBERO).
He is a world-renown leader in shockwave research and his
achievements over many years were rewarded with the
German Ernst Mach Medal in 2000. He became editor of
the International Shockwave Journal in 2003 and became
Chairman of the International Shockwave Research
Association in 2005.
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HPV-1 High-speed Video Camera Captures
Dynamic Images at One Million FPS
The Shimadzu HPV-1
can perform ultrahigh speed recording
of phenomena at up
to one million frames
per second. It uses a
unique CCD image
sensor that was
jointly developed in collaboration with Prof.
Takeharu Etoh of Japan's Kinki University
and uses electronic control to record 100
continuous frames. Also, conventional
processing-related time-lag problems are
eliminated via image post-processing. The
resulting video recordings reveal a
previously unknown realm seen only for
one-millionth of a second.
The need to capture high-speed
phenomena comes not only from
academic institutions but also from various
manufacturing industries. Applications
include photographing fuel injection in

internal-combustion engines and the
dispersing of ink drops by inkjet printers.
Many phenomena, such as how a golf club
distorts at the instant of impact with a golf
ball, can only be captured at one-millionth
of a second.
"We are always being asked for faster
speeds and clearer images. I want to
continue to develop even better
performance in the future."
Y. Kondo, Manager, Research & Development
Group, Analytical & Measuring Instruments
Division, Shimadzu C

performance and a strong emphasis
on creativity.
"The Shimadzu HPV-1 is valuable not
only because Japan was the first to
create this device, but also because it
will play an important role as an
invaluable measurement instrument
that will further develop Japan's
status as a technologically advanced
nation.
"Of course, similar products from all
over the globe will probably begin to
reach the market, resulting in strong
competition

in

equipment

performance. As a researcher, I hope
the Shimadzu Corporation will remain
a key player in the development of
products in this field, and thus
transmit Japanese technology to
people and organizations all over the
world."

