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®Peering into the Ozone Hole

About 90% of ozone in the earth’s atmosphere is
contained in the stratospheric ozone layer. The ozone
layer absorbs ultraviolet rays from the Sun, protecting
life on earth from these harmful UV rays. During
the 1980’s scientists first observed what has been
dubbed the ozone hole. It is a region over Antarctica
in which the ozone has become significantly depleted.
Chlorofluorocarbons (CFCs) have been blamed as the
major culprits behind the missing ozone.

While ozone (0O3) and CFCs such as
trichlorofluoromethane (CCIsF) do not normally react
with each other, once CFCs reach the stratosphere,
CFC molecules are broken down by ultraviolet light,
freeing chlorine atoms (Cl). These chlorine atoms
continue to destroy the ozone in a chain reaction,
forming chlorine monoxide (CIO). This ongoing
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actually built our own working radio tele-
scope for observation purposes. 've always
enjoyed building things like radios and
plastic models since I was a kid so I soon
found myself naturally gravitating toward
the world of radio astronomy.

Then we mounted those devices we
made ourselves on the radio telescope and
started recording the data. That’s when I
really got hooked on radio astronomy. I
was so interested in gathering even more
detailed data and discovering more that |
decided to continue studying radio astrono-
my at graduate school.

Q: What do you remember the most from
your grad school days?

Mizuno: The difference between the exper-
iments we conducted at graduate school and
undergraduate school was like night and
day. As an undergrad the receiver we used
was always at room temperature. Graduate-
level experiments used low-temperature
technology to cool the receiver that was
used to obtain our data.

There were two reasons for cooling
the receiver. First of all it cut down on ther-
mal noise. When operated at room tempera-
ture, a receiver picks up the thermal noise
generated in the receiver itself. You can cut
out a lot of the noise by cooling the receiver.
Cooling the receiver also enhances the
semiconductors which we would use as sen-
sors. We later made further improvements
by replacing the semiconductor sensors
with superconducting sensors. We were able
to make the receiver dozens of times more
sensitive than it was with the semiconductor
Sensors.

Radio waves emitted by astronomi-
cal objects are extremely weak. Radio
astronomy is all about observing these very
weak radio waves. Important signals from
space can get buried in the thermal noise
generated by the receiver and the earth’s
atmosphere. Cooling the sensors enabled us
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to obtain observation data years sooner than
we ever could have by more conventional
means.

Developing the receiver was a process
of trial and error. A receiver might work
just fine at normal temperatures, but break
the instant it was cooled. After about two
years, I finally came up with a cooled semi-
conductor receiver that worked. I used it to
obtain observation data for my master’s the-
sis. Fueled by a desire to explore the realm
of radio astronomy even further, I decided
to go on to get my doctorate. By the time I
finished my doctoral degree, I had success-
fully completed a practical superconducting
receiver with the guidance of my mentor,
Dr. Hideo Ogawa who is currently a profes-
sor at Osaka Prefecture University.

As you can see, at every crossroads in
my life there has always seemed to be some
kind of signpost pointing which way to go.

Q: Would you tell me about some of the
events and people that influenced you?

Mizuno: I was greatly influenced by my
encounters with Dr. Ogawa and Dr. Yasuo
Fukui, who was the advisor of my radio
astronomy research group and is now a
professor at Nagoya University as well as
director of the Nagoya University Southern
Observatories.

Dr. Fukui has a very discerning mind
and would explain things very logically.
He is not only a great researcher but a great
teacher as well. Dr. Ogawa is one of the
wittiest people I know and the wheels in his
head are always turning. His ideas are never
just hunches but the sum of all the experi-
ence and knowledge he has gained over the
years. Both of them have always been there
for me with clear and precise guidance.

The real turning point for me was
building an observation device with my fel-
low researchers. The thrill of that experience
is what really turned me on to radio astrono-
my.

depletion has led to the continual widening of the ozone
hole. A single chlorine atom can destroy approximately
100,000 ozone molecules through a series of chemical
reactions.

Searching the Universe
for Answers to Earth’s Problems

Q: What are you doing now in radio
astronomy?

Mizuno: My interest in the universe starts
with those basic questions we all have, how
was the earth created and why am I here?
My astronomical observations led me to
believe that learning about our universe
would eventually lead to some revelation
about the origins of life on earth.

My current work at Nagoya Uni-
versity’s Solar-Terrestrial Environmental
Laboratory involves the development of
a highly sensitive millimeter-wave spec-
trum analyzer employing a superconduct-
ing receiver as well as a multi-frequency
simultaneous observation device with a
superconducting thin-film circuit to observe
changes in the atmospheric environment.
What we do is examine seasonal and long-
term changes in the altitudinal distribution
of trace molecules in the stratosphere and
mesosphere, the layers of the atmosphere
that are anywhere from about 15 to 80 kilo-
meters above the earth’s surface.

We started out looking at chlorine
monoxide (ClO), a major ozone destroying
chemical compound present in the strato-
sphere. Today we also monitor nitrogen
oxide (NOx), which is produced by cosmic
rays from the Sun and is responsible for
depleting the mesospheric ozone layer, as
well as water vapor (H20), a primary source
of hydrogen oxides (HOx) which are major
ozone eating greenhouse gases. We conduct
our observations mainly on the Atacama
Plateau in Chile where our observational
equipment is based.

The composition of atmospheric trace
molecules in the stratosphere and meso-



sphere is constantly changing due to the
impact of environmental changes both on
and above the earth. These changes include
natural fluctuations caused by solar activity
and other naturally occurring phenomenon
but also adverse environmental changes
triggered by human activity, which is a
source of increasing concern. Observational
equipment and radio astronomy techniques

developed to study what’s happening in the A . - 1 2 : '
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biggest problems facing the planet. INCORPORATED’s cryogenic refrigerator

Changes in our universe take place
over a long span of time. It takes millions
and millions of years for a star to form. If
you look at observational data taken today
and a year from now, you won’t see any
change. Contrary to this, you will see a
world of difference in the amount of ozone
between sunrise and sunset or between day-
time and nighttime for that matter. Changes
in the earth’s environment can sometimes
occur in a blink of an eye. It’s very interest-
ing to look at observational data and discov-
er that the factors behind these changes may
either be taking place over a period years or
in just a few hours.

The average solar radiation at the
earth's surface is about 340 W/m? when con-
verted to electric power. Since the industrial
revolution, radiative forcing has changed by
1.6 W/mz, which is about 0.5% of the total
amount of solar radiation. Global warming
is the result of a slight change, of maybe
only 1%, in the earth’s radiative energy bal-
ance over a period of several decades to a
hundred years. Yet this small change has
created a huge problem for every living
thing on this planet. Life on earth hangs in a
delicate balance.

Carbon dioxide emissions, perhaps the
single biggest contributing factor to global
warming, are accelerating at a rapid pace.
Way back when, before humans started
consuming fossil fuels like we do today, we
used to cut down trees and crush rocks with
simple tools to get the iron needed to make
things. These natural resources had to be
processed manually which had only a mini-
mal impact on the environment.

Today industry as well as the economy
runs on fossil fuels. While the sensible thing
would be to cut carbon dioxide emissions,
we are buying and selling them. There are
so many political strings attached to envi-
ronmental initiatives that we tend to lose
sight of the very grave threat facing our
planet. ’'m concerned about whether or not
we are really putting our hearts into saving
the environment. We all need to act with a
sense of deep moral conviction if we want
to save the Earth.

Open Your Eyes
to New Horizons

Q: Tell us about your educational phi-
losophy and goals for the future?

Mizuno: I keep reminding my students
not to believe everything their teachers say.
Many students today are good at following
instructions, but not so good when it comes
to using their head to figure things out for
themselves.

Students who aspire to become
researchers, in particular, must look with
their own two eyes. Their teachers may
make mistakes. There may be things they
don’t know. It’s very important that students
discover things for themselves.

My future includes research work in

Chile as well as bringing a millimeter-wave
device to the Showa Station in Antarctica
in 2010. Seeing the Milky Way from our
observatory on the Atacama Plateau in
South America was quite a moving experi-
ence for me. I could actually feel the uni-
verse around me. During a recent trip to
Greenland for an environmental conference,
I got an up-close look at some glaciers. It
was another utterly moving experience for
me. Seeing these enormous glaciers before
my eyes filled me with a sense of awe and
reminded of the magnificence of nature.
I’m sure similar experiences await me in
Antarctica. I'd like to see young people
today travel to different places and experi-
ence the same kind of wonders that I have
seen.

Millimeter-wave Device Development Project
—— In Southern Hemisphere World’s First to

Detect CIO Millimeter-wave Spectra
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My first encounter with Dr. Akira Mizuno
was in 1996. | was assigned to a joint research
project with Nagoya University. The project
goal was to develop a device for observing
millimeter waves emitted from atmospheric
trace molecules including ozone. Dr. Mizuno
was a research assistant in the group | worked
with. | found him to be a very friendly and
approachable person who was always busy
working away.

The following year the Japan Science
and Technology Corporation (currently the
Japan Science and Technology Agency)
okayed a joint project proposal between
Nagoya University and the National Institute
for Environmental Studies. This five-year
project to monitor ozone-destroying molecules
(chlorine monoxide, or CIO) was launched
at Nagoya University’s observation station in
Chile.

Since millimeter-wave signals from CIO
are extremely weak, it was very difficult to
detect the signal, making the project quite
challenging. As a project team member, |
worked under the guidance of Dr. Mizuno. |

Dr. Mizuno (right) and Atsushi Morihira (left)

learned a lot from him and about his approach
toward research. Everyone on the project
team was always amazed by his stamina and
ability to put so much energy into his work and
focus all his concentration on the task at hand.
In October 2000, the project team succeeded
in being the first ever to detect millimeter-wave
spectra of CIO in the mid-latitude region of the
southern hemisphere.

Dr. Mizuno went on to become a
professor at Nagoya University’s Solar-
Terrestrial Environmental Laboratory where
a research group specializing in atmospheric
science was launched. Today as a university
professor, Dr. Mizuno has the exact same
attitude toward research he had when we first
met. Researchers and students working under
him seem to naturally follow in his footsteps.
As long as there are people like Dr. Mizuno
lighting the way, the future of millimeter-wave
atmospheric research will be bright.
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