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Lenox Laser Presents...

The 2nd Annual Light Seminar

z

In July of 1981, Joseph d’Entremont started
Lenox Laser in the garage of his home in Lenox,
Massachusetts. Thirty years later, Lenox Laser has it’s
own building complex in beautiful rural Glen Arm,
Maryland, the setting for 2011’s Light Seminar. So
throughout 2011, Joseph d’Entremont, president of
Lenox Laser, looked back at how far we had come.
The 2nd Annual Light Seminar was an opportunity to
reflect and thank just a few of the many people who
have been a part of the Lenox Laser family.
The 2nd Annual Light Seminar was a tremendous
success. Dr. Alexander E Dudelzak from the Canadian
Space Agency started out the event. He spoke about
the development and used of LIDAR technology in his
presentation: Novel Concepts & Application of LIDAR:
From the Bottom of the Ocean to Mars.
Following his talk, there was a tour of the facilities
and a luncheon. The keynote speaker was Dr. John C
Mather. In 2006 he was awarded the Nobel Prize in

physics, and was the Project Scientist for NASA’s COBE
satellite. He is currently the senior projects scientist
for the James Webb Telescope. He spoke to the group
after lunch, giving his speech entitled: History of the
Universe in a Nutshell: From the Big Bang to Life and
the End of Time. It captured everyone’s attention, and
there was a lively Q&A session following.
Our final speaker was Dr. Reza Sarhangi- Professor
of Mathematics at Towson University. He is also the
president of the Bridges Corporation which organizes
conferences yearly to showcase the relationship
between the sciences and the arts. Dr. Sarhangi’s
topic at the Light Seminar was on that topic, entitled
Bridges: Mathematical Connections in Art, Music,
and Science. The seminar closed with thanking the
speakers and a short slideshow of Lenox Laser over the
past 30 years. The 2nd Light Seminar was a success- a
fitting capstone to the past 30 years. We look forward
to many more seminars.

2nd Annual Light Seminar at Lenox Laser

t

3

Special thanks...

I would like to especially thank the following people who made this event possible:
First of all, I want to thank my wife, Peggy d’Entremont. She has supported me throughout all these years. Thank
you for persevering with me, and delightfully decorating for all of our events. I also want to extend warm thanks to
Dr John Mather. Thank you for taking the time out of your busy schedule to come and share with us. We are truly
honored. I am also very grateful to our other speakers - Dr. Alexander Dudelzak and Professor Reza Sarhangi. They are
good friends, and it was wonderful to have them share with us in this experience as well. Of course, I would be remiss
not to thank the staff at Lenox Laser, for assisting in many ways in the planning of the 2nd Light Seminar. Specifically,
I want to thank my daughter, Rachel Hoffman for leading the organization of the event, and countless other tasks.
The IT department, led by David Watson, was absolutely indispensible and certainly was crucial to making the event
a success. To the others who helped plan the event as well as put this book together - I want to thank Gregory Solyar
for his leadership and dedication. Thank you, Virginia North, for work and tireless attention to details. And to Liesl
Heerdt, thank you for all your hard work.
Sincerest thanks to everyone who made his event and the creation commemorative book possible - God bless!
In His power,
Joseph d’Entremont
President
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History of Lenox Laser
z

Joseph d’Entremont has spent his entire career
in the development of electro-optical and laser
applications. His first job was at Instrumentation
Lab. He worked on wiring and electrical production,
and at night he took optical classes at Northeast
University. His second job was at Cue, Inc. in Newton,
Massachusetts. He worked in electro-optics, including
optical radar systems, semiconductor devices,
and electro-photography copy systems. In 1964
Joseph went to MKS Instruments and spent a year
in manufacturing- building instruments and testing.
Joseph went to Technical Operations Research, better
known as TecOps, in Burlington, Massachusetts in
1965. Here he learned optics- alignment, applications,
and setting up optical bench experiments. He also
worked on the design of a 500 megawatt ruby laser for
pico-second, back-scattered light pulses.
In 1966, Joseph worked for Space Rays in the Allison
division, where they pioneered industrial lasers. He
worked on laser applications for aircraft, jet engine
rotors, and semiconductors, and developed a dynamic
balancing system. He had the opportunity to do
final testing on the 1 terawatt laser system for the
1967 Apollo mission and he was personally involved
in testing the laser that was used to measure the
distance between the Earth and the moon. He was
involved in the development of the YAG laser as well.
After Space Rays he moved onto Laser Nucleonics,
where he designed, delivered, and installed a highpower ruby laser system at Red Stone Arsenal
ultrasonic lab in Alabama.

Joseph d’Entremont
Founder, Owner and President of Lenox Laser

In 1969, Joseph became an entrepreneur and started
New England Laser with two colleagues in Billerica,
Massachusetts. The laser work was premature and
not sustainable, so their second division, American
Foam Products, kept them in business. During that
time, he manufactured the holes for a foam filter for
carburetors for Chrysler. They also made a version of
Nerf balls with custom images on the toys, with great
success. He and his partners patented foam disposable
paintbrushes, made weather stripping, and developed
many more applications. In 1973, Joseph, desiring
to develop his new-found faith, gave away the two
divisions to his colleagues and went to Bible college
for a time. By 1975 he worked for Block Engineering
and did analytical work on a high-powered gas laser at
Los Alamos, California.
Lenox Laser began in 1981 in its namesake town of
Lenox, Massachusetts. Joseph started the company in
the garage of his own home with one laser mounted on
a custom steel I-beam optical bench. One of the early
Lenox Laser jobs was for NIST, fabricating an array of
5,000 orifices, all less than 5 microns on a stainless steel
conflate for a mid-range high vacuum leak.
In 1988 Joseph and Lenox Laser moved to Maryland.
Once again, he had the business in his own homestarting in the basement, expanding into the garage,
and overflowing into the first floor. So in 1990, Lenox
Laser moved into its present day 12,000 square foot
building in Glen Arm. The building has expanded with
the growing of Lenox Laser. In 2010, Joseph purchased
the old one room school house behind Lenox Laser
and renovated it. It serves as the educational building
where children and the young at heart can come and
encourage their love of learning.
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The industries that we serve in
the United States and around
the world are in a wide range
of industries. Our precise
and exact laser drilling has
applications in the following
industries: aerospace, medical,
optical and optical catalogs,
pharmaceutical, photographic
arts, specialty gas industries,
and university and research
and development laboratories,
to name a few.
The flags below represent just
a small portion of the countries
that we ship to regularly around
the world. Lenox Laser does
business with companies in
Canada, Mexico, United Kingdom, France, Germany, Switzerland, Austria, Liechtenstein, Spain, the Czech Republic,
Israel, India, Singapore, China, South Korea, Thailand, Taiwan, Japan, and Australia.

We provide our parts to hundreds of universities and
research laboratories. They, in turn, use them in their
research to develop new products, test theories, or
further science. Our parts have applications in aerosol
studies, biology, biomedical fields, biochemical
fields, chemistry, engineering, food protection, laser
sciences, meteorology, microscopy, nano-science
and technology, neurophysiology, optics, physics,
radiation, and sensor fields. Research papers on these

topics using Lenox Laser parts and laser drilling services
have been published consistently throughout the past
years.
Lenox Laser parts and services have been cited in
several patents. Our close relationship with universities
and research facilities has also led to citations in
graduate dissertations, for Princeton, Harvard, Rice
University, and many more.
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zThe original company started in 1981, it now has four groups, each with a special focus and knowledgeable staff.
We are capable of producing holes as small as half a micron and our metrology is based on a combination of optical
and flow methods utilized to manufacture the exact size of an orifice.
www.lenoxlaser.com
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zOptical Signature was incorporated last year in 2011.
We make precise and accurate optical parts- certified
and traceable to NIST with the best practices.
						
www.opticalsignature.com

Pearl Johnson
Manager

Pat Walton
Production

Bruce Graham
Production

Tim Rhodes
Production

Ted Abrams
Production

zLeaks, also incorporated in 2011, is pioneering exact
calibrated leak drilling for integrity testing of syringes,
ampoules, and other packing materials. We have been
asked to speak and present to the FDA about integrity
testing using exact leaks.					
			
www.lenoxlaser.com/exactleaks

Tom Hoffman
Manager

Josh Anderson
Production

Gabe Abanda
Production

Chris Bena
Software

Tim Pilius
Software
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zThe Industrial Institute of Optics regularly gives classes and host events, inviting speakers to present on a variety
of topics. The Light Seminars are a part of our desire to merge a relaxed atmosphere with science for anyone’s
enjoyment and benefit.
www.iioptics.org

Greg Solyar
Technical Director

John Whelan
Quality, Procedure

zScience Fair Competition of Maryland
aims to educate children, and even
their parents and grandparents, about
optics, physics, basic construction,
and more. We want to inspire them
to love learning. A one room 1880’s
schoolhouse next to Lenox Laser was
purchased and renovated in 2010 to be
open for children to grow their love of
learning.
www.sfcompofmd.blogspot.com
http://www.sciencefaircompetition.org/

Eric Anderson
Administrative

Jon Demeo

Tom Hoffman

Gabe Abanda
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zDaystar Laser is the online store and
the pinhole body caps division of our
products. Incorporated in 2006, we are
Lenox Laser’s first mass manufactured
product. We are constantly bringing
in new and innovative products and
solutions for pinhole photography. We
regularly host events that bring people
together to share their love of pinhole
photography.

Rachel Hoffman
Marketing

Liesl Heerdt

t

9

Steve Estabrook
Accounting

www.daystarlaser.com

z

Our Quality Assurance crest- it incorporates
the logos of the four groups- Daystar Laser,
Optical Signature, Exact Leaks, and Industrial
Institute of Optics- within the Lenox Laser shield
as a coat of arms. Above is the crown of the
d’Entremont family crest, and around are texts from
Scripture. They are meant to illustrate Lenox Laser’s
commitment to always place the bar high and
constantly put in place the best practices available.
Designed by Liesl Heerdt

Lenox Laser has incorporated a highly defined quality system that is constantly improving and is based on the needs
of our customers. The personal goal of each member of the Lenox Laser team is to provide our customers with
reliable and robust products made to specified custom requirements.
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Lenox Laser Legacy - NASA
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Lenox Laser has had a continuous relationship with NASA over the years.
Several of Lenox Laser parts have gone to the Earth’s atmosphere and beyond on NASA missions, helping
further our knowledge of science in space.

HUBBLE Telescope
Lenox Laser fabricated precision crosshair fiducials and slits for
instruments on Hubble on several occasions- starting in 1981
and lastly in 1991.

GALILEO
For this pioneer mission to Jupiter, Lenox Laser drilled precision 19.5
micron holes in Hasteloy discs for a Helium Leak Detector.

KEPLER
Lenox Laser fabricated a custom Starfield Plate for the Kepler Mission.
“The star plate has a large number of holes of various sizes ... and they are
placed in many locations across the field-of-view to support the suite of
tests ... The plate is made of 50-micron thick stainless steel and opaque
(transparency of less than one part in a million). The hole pattern was drilled
with a laser beam by Lenox Laser, with some holes as small as 3 microns
diameter.”
David Koch, Deputy Principal Investigator

Source: All quoted material and graphics included on this page are Copyright
National Aeronautics and Space Administration 11/28/2000
The National Aeronautics and Space Administration does not directly sponsor or endorse Lenox Laser Inc.
and is not an affiliate organization.

2nd Annual Light Seminar at Lenox Laser
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MESSENGER
For the first spacecraft to orbit the planet Mercury, Lenox Laser fabricated
high power ceramic apertures for spatial filtering aboard NASA’s Messenger
Mission. Lenox Laser hand delivered these critical apertures to the engineers
at NASA Goddard Space Flight Center.
On Messenger, Lenox Laser provided flight quality alumina and macor
apertures for the Mercury Laser Altimeter (MLA).

STEREO Solar Terrestrial Relations Observatory
For the mission to capture the sun in three dimensions, Lenox Laser fabricated
custom parts and provided consulting services in support of testing the focus
setting of one of the STEREO instruments during satellite integration at the
Goddard Space Flight Center. Lenox Laser’s role was critical to a successful
test. As a result, Lenox Laser was awarded the NASA/Goddard Space Flight
Center Instrument Systems and Technology Division 2006 Contractor Team
Spirit Award.

STEREO image of Sun
Credit: NASA

1st ANNUAL LIGHT SEMINAR
On the year of the 50th anniversary of the invention of the laser, Dr. Charles
Townes honored Lenox Laser by coming to speak. Dr. Townes shared his
experiences and how the invention of the laser came about.
Dr. H. John Wood also came and spoke. He is the Optics Lead Engineer on the
Hubble. He has won several medals for his exceptional work on COBE and
Hubble. He was also awarded the 2009 Robert H. Goddard award of merit for
exceptional achievement in his career at Goddard.

Dr Wood & Dr Townes
at Lenox Laser

JAMES WEBB SPACE TELESCOPE
Lenox Laser has provided precision alignment targets for the imaging system
on the James Webb Space Telescope- the Mid-Infrared Instrument (MIRI).
Richard Lyon, an optical scientist working on the JWST project, opened up
Lenox Laser’s Industrial Institute of Optics first class in the spring of 2011. He
gave a detailed explanation of the telescope, its progress, and the optical
science in the telescope’s design, as well as the challenges to get it into space.
Joe d’Entremont and Gregory Solyar were invited by Mr. Lyon to see the
telescope in progress at the facilities in Greenbelt, Maryland.

Model of MIRI detector
Credit: NASA
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Gregory Solyar

z

Focusing on the irrational is an art. Using focused light to create
emptiness in matter – that is engineering.

When the hole sizes needed are a hundred times smaller than the
thickness of human hair, comparable with the wave length of visible
light, mechanical tools fail. If the goal is to let only a thin beam of light
through the manufactured orifice, you need to use the elementary
constituent of light itself (photons) to do the work.

Flying space
The flying space
perturbs no Chronos:
where weightless bodies
gravitate to thoughts
An axiom of happiness
defines the spin of Cone
in the direction
laid at birth
a spot.
The flying space
upon a plane with bodies,
restricts the motion
but keeps the former
speed –
Erases personalities,
embraces
impermanence of eyes
as charity does to a grain
of greed.
The Flying space
that living on the move
cannot identify itself offhand –
Eternity’s distorted image –
will hide the cone
of the sagging land.
2007
Translated by author.

For 30 years Lenox Laser has been focusing on creating microscopic
orifices by using laser beams – trying to drill smaller and smaller, with
better quality. Now, the company has reached 1/3 of a micrometer
orifice diameter, with the ability to produce millions of such orifices a
day on a single laser system.
The nanometer world has been further opened by the whole team of
the company by applying very fine laws of physics and engineering.
Ironically, the immense success is in the creation of a tiny, round
emptiness in a material.
But the universe that we live in is mostly empty. Even though there are
tens of billions of galaxies, each with tens of billions of stars, matter
takes up only 0.0000000000000000000042 percent of the whole of
space if it was pushed together into a corner. And scientists believe
that the universe has been expanding for 13.7 billion years, constantly
creating more emptiness in space and time, curved by gravity and
mixed together. Now it is clearer to me why the poet Josef Brodsky,
Nobel Price Laureate in literature, said that all poetry is about emptiness.
The universe is not totally deterministic – it is unstable and not uniform
with vast voids and colliding planets. Maybe light years ahead, as
Dr. John Mather demonstrated, the Sun will be orbiting around the
Earth, or the order
of the planets will
change. Perhaps
new civilizations will
come and create new
science based on
their observations
of the new universe
structure. Good luck
to them. Our small
team is still trying to
create and study our
own little “emptiness”
in flying space.
Flying Space presented to Dr. Mather
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In Celebration of Lenox Laser’s 30th Anniversary
Dr. John C. Mather
Keynote Speaker, Nobel Laureate 2006 Physics
Senior Astrophysicist & Goddard Fellow, NASA
Senior Project Scientist, James Webb Space Telescope
History of the Universe in a Nutshell: From the Big Bang to Life and the End of Time
Dr. Alexander E. Dudelzak
Director of Research & Development Canadian Space Agency
Novel Concepts & Application of LIDAR: From the Bottom of the Ocean to Mars
Dr. Reza Sarhangi
Professor of Mathematics, Towson University
President – Bridges
Bridges: Mathematical Connections in Art, Music, and ScienceThe Art and Mathematics of Star Polygons
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History of the Universe in a Nutshell:
From the Big Bang to Life and the End of Time

Dr. John C Mather

Credit: NASA/ Bill Ingalls

Nobel Prize in Physics, 2006
Discovery of the blackbody form and anisotropy of the
cosmic microwave background radiation
Senior Project Scientist- James Webb Space Telescope

z

Dr. John C Mather was born in Roanoke, Virginia
in 1946. His family later moved to New Jersey,
where he graduated from Newton High School. Next,
he attended Swarthmore College where in 1098 he
received is Bachelors of Science in Physics. For his
Ph.D. in Physics, he attended University of California,
Berkeley. After graduating in 1974, he led the COBE
project until 1998.
During that time, he met Jane Hauser and they
married in 1980. Since 1995, he has been working on
the James Webb space Telescope as Senior Project
Scientist. For their work on the COBE project and

the findings, in 2006 he was awarded
the Nobel Prize in Physics along with
colleague George F Smoot.
On the following pages is the edited
version of the talk he gave at Lenox Laser.
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I want to tell you today stories about the universe...
beginning at the beginning and going to the end.

z

I want to tell you some stories about how we
have found out the amazing history of the
universe and what we hope to find out in the future.
I will tell you a little about the Cosmic Background
Explorer Satellite (COBE), which is what earned me this
little gold pin. I will also tell you something about the
work that led to the announcement today of another
Nobel Prize in physics for cosmology. And finally, I will
tell you about the new James Webb Space Telescope
that we are building now to follow on after the Hubble
Space Telescope.

THE BEGINNING
To begin at the beginning- the universe has been
expanding for a very long time. We now think it has
been doing this for 13.7 billion years. Back in 1929,
Hubble published a paper. He said - we have seen the
distant galaxies, and we have measured about how
far away they are. Now we have also seen a way to
measure how fast they are going, and almost all of
them are going away from us. This was a big surprise.
Why are all the distant galaxies going away from us?
So then Hubble and others found out how to see that
there are some other stars that go blinking on and off
in that great nebula Andromeda. And suddenly he
said, now I know how to measure how far away this
thing is because we’ve got stars nearby that blink on
and off too. So if we suppose they are alike, then we
can tell by the ratio of brightness how far away things
are. This was a huge step. Before that, we had no clue
that our own galaxy, the Milky Way, wasn’t the only
one in the universe. And suddenly, we knew there are
tens of billions of them, they are far away, and they are
going away from us quite fast. Hubble drew a trend
plot chart that showed the father away, the faster. So
this meant he could calculate how long they’ve been
doing this- divide the distance by the speed, and you
get the age of the universe. So that was the great
discovery of 1929.
So how did this come to be thought about? In 1905,
Albert Einstein told us that space and time are mixed
together, that neither of them is absolute. This was
his theory of relativity. In 1915 he published a new

version that said not
only are space and
time mixed together
in this basic way, but
there is something
called general relativity. This says that gravitation
operates by curving space and time. This was a totally
astonishing thought. He now had the ability to
calculate what should be the gravitational effect on
the universe as a whole. Nobody was expecting this.
People didn’t like it, but it turned out to be true. In
1919 Eddington measured the deflection of starlight
by the gravitational force from the sun. This confirmed
Einstein’s prediction that there would be twice as
much deflection as Isaac Newton’s theory. So maybe
this weird theory that gravitation operates by curving
space and time was actually true. So far it seems to bewe never found Einstein to be wrong yet about these
subjects.
Einstein then said- well, I now have these things we
call differential equations, so we can calculate the
curvature of space and time and tell what equations
should apply to the universe. By 1922, Freedman
applied the equations and said that the universe is
expanding. George Lemaitre found the same thing
in 1927 and tried to publish it. But he wasn’t very
successful, and two years later Hubble made his
discovery and was published. And suddenly, everyone
said that it’s obviously clear the universe is expanding.
They called it the “Big Bang” Theory. The Big Bang was
renamed a few years back in the Calvin and Hobbes
cartoon strip - the “horrendous space kablooy.” And
I like that better, because Big Bang conveys the
incorrect idea that we have a little grenade that goes
off at a place. “Space kablooy” allows you to think
differently - all of space is involved and maybe even
the space itself might be expanding - we don’t know
what that means because space isn’t a substance we
know of.
After the 1920’s there was a big war and a lot of new
technology. Cosmologists after the war came back to
their work and tried to figure out what happened in
the “Big Bang.” First, they calculated the right amount
of helium versus hydrogen. This turns out to be an
almost universal constant which is how it would be

2nd Annual Light Seminar at Lenox Laser

if the Big Bang gave us the helium. Second, they
thought - the universe was hot, right? So where did
the heat go? It’s still here. They said that the universe
should still be filled with the heat radiation of the Big
Bang. They then said someone should try to measure
this, but in 1948, there were an awful lot of easier
things to do, so nobody really tried.
It was finally discovered in 1965 at Bell Labs in New
Jersey by people who were not looking for it. They
built a telemetry antenna to work with the Telestar
mission, and they were trying to be very careful. They
were wonderful engineers and they said- this radio
that we’ve built makes too much static. This noise
should not be there, where is it coming from? They
figured it must be coming from the sky - it could not
be coming from the apparatus. They didn’t know what
it was. Just down the road at Princeton University
they had a new prediction - the universe is bouncing
- it’s gone out and come back in and bounced - so
the cosmic background heat radiation should come
from the bouncing universe. They were looking for
it but they hadn’t finished the apparatus. Another
astronomer made the connection between these two
groups. So suddenly, this was understood and papers
were submitted to astrophysics journals, and after a
little while it was the front page of the New York Times.
The predicted heat from the Big Bang was measuredjust one brightness at one wavelength, but it turned
out to be 5 degrees above absolute zero - as the
guys in 1940 had said. So now, we had not only the
predicted expansion, but also the helium abundance,
and the temperature of the Big Bang radiation. We
began to understand that this Big Bang story is really
a right story. We can look back in time when we look
at things that are far away because we are looking
at things as they were when they sent light to us. We
are actually the only professors that look back in time
really. We see things as they really were. The penalty
for us as scientists is that we get a pretty blurry view.
If you want to look at the edge of the universe, almost
all the way back, its really blurry. So you can only do
a lot of measuring and things, but we really do see
things as they were. People keep asking me - are you
sure you can’t go faster than the speed of light? I want
to go faster! I want to get to those stars quicker. Well,
to tell you the truth we’ve never found a way to do
it. There isn’t even a real hint anywhere. So, once in a
while, you read that something goes faster than the
speed of light! But it’s probably not right.
Hubble’s chart shows the story about the galaxies the farther away, the faster. Hubble’s Law does not
allow you to think that you’re in the middle of the
universe. Everything looks like it’s going away from

t
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us. All of us think that we’re in the middle - though
the conclusion is, there isn’t a middle. Astronomers
have been looking for a long time to see if there is one
place over there that looks different from another one,
they’re all the same. No center, no edge that we can
find. You cannot stand outside the universe looking
in. We don’t feel this expansionary force, so how is
this going on? If some region of the early material
was a little more dense than average, it’s got enough
gravity to pull itself back in against the expansion.
So stars and galaxies can all form because gravity
reaches across space and pulls things back in. The
stars produce the chemical elements, planets form
from the debris, and the Sun releases nuclear energy,
supporting the development of complexity on the
surface of the Earth. Time goes on, and five billion
years ago the universe started accelerating, and that’s
what the Nobel Prize announcement of today is about.
Which is a completely amazing phenomenon we
have a few ideas about, but it is pretty unexplained
so far. Maybe we’ll know more after the Nobel Prize
announcement today is better understood. Right now,
we don’t know what space or time is - we only know
how to measure them. So time goes on - the universe
cools off, stars and galaxies are formed, the universe
becomes transparent, and we can see what it was at
that moment.

THE FUTURE
Well, what if we take off on the early solar system
and we let it run? After about seven or eight hundred
million years it suddenly goes unstable - this thing
people think is just like clockwork isn’t like clockwork.
It goes off the rails, planets start switching their
positions, interchanging, and - at a certain moment
you’ll see all the asteroids go flying everywhere. A lot
of them hit the earth. This is a period of time we call
the late heavy bombardment - a time when life, if it
had already existed would surely have been wiped
out because it was really hot and nasty here for a
while. And at the end of that, most all of the rocks
are gone. So in the future - what’s going to happen?
A few things. In about a billion years it will get too
hot here. The Sun is getting brighter and brighter. In
a few billion years, the beautiful Andromeda nebula
is coming toward us and we will have the collision of
galaxies. It will be a fun time to watch that. We don’t
actually know whether we’re to expect a head - on
collision or a glancing blow on the side. We know
what to do to measure, but we can’t do it yet. In about
5 billion years, the Sun will expand to the size of the
earth’s orbit - we will actually be orbiting inside the
surface of the Sun, and that is really bad for us - not
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that we’ll still be here. The Sun will collapse down to a
small white dwarf star about the size of what the Earth
is. After the Sun goes out, the universe continues to
expand and eventually all the stars go out. It will be
dark, so this is a more fun time to be an astronomer.

THE NOBEL PRIZE
So, just a little bit about the reason why I have a pin
on my lapel - In the beginning of 1974, we started
building a satellite at NASA - I was 28 years old when
we started. This is my thesis project growing up into
something a lot bigger and more accurate. My thesis
project actually failed! We wanted to measure this
primordial heat radiation. My friend John Wood, who
is with us today, was part of that project. We measured
the cosmic heat radiation in a couple of different ways
and we also looked for the light from the first galaxies.
This is the chart that got me a standing ovation from
the Astronomy Society. It shows a smooth curve which
is the prediction of the Big Bang radiation and the
measurements- they fall right on the curve. This ended
basically all controversy over whether the Big Bang
theory is correct - because there is no other theory
that matches this result. A few people objected, but
they died!
The second big result is when Stephen Hawking saw
this chart, he said it was the most important scientific
discovery of the century, if not all time. The chart
shows a map of the Big Bang as seen from here. This
heat radiation that comes to us almost equally from
all directions isn’t exactly the same in all directions.
There are hot and cold spots - these are thought to
be the result of whatever made the Big Bang. The hot
spots turn out to be the ones that are less dense than
average and the cold are more dense. The cold spots
are the ones that are going to erupt and be clouds
of galaxies and places where people could live. The
warm spots are going to grow up to be empty. That’s
why Stephen Hawking was excited about this - this
tells us now how to start understanding the formation
of everything after the Big Bang. If the Big Bang had
been totally uniform, galaxies and stars never would
have existed. So culturally, this is more important than
I ever knew. More scientific papers have been written
about that little oval than there are pixels on that map.
So this is what they said five years ago when I got a
phone call on a Tuesday morning from Stockholmthey’re giving us the prize for discovering the black
body form (which is the curve with the little boxes on
it) and the anisotropy - that’s Greek. It means “not the
same in every direction” – this universe has pimples of
the cosmic microwave background radiation. In 1998,

it was discovered that the universe is accelerating.
Einstein had put a place in his equations where this
would be allowed. What they found was that distant
stars were about 20% fainter than they should have
been if the old theory was right. So 20% fainter, and
they are about 10% farther away - that’s actually
pretty important. It means that when you divide the
distance by the speed, you get the wrong answer
by about 10%. And that means the universe has
been accelerating over the period of time, and not
decelerating. This is totally not understood- all we
know is that so far Einstein told us that it could be.

THE JAMES WEBB SPACE TELESCOPE
There are plenty of things we don’t know, and this
little chart summarizes some of them. Where is all
the anti-matter go? How come there aren’t equal
amounts of both? What about the “dark matter?” It
was responsible for all the hot and cold spots in the
Big Bang- and we can only barely detect that it exists.
So there is a little bit left to figure out. I’ll show you
the ideas about the new telescope that we’re working
on at Goddard Space Flight Center and around the
world to do the next big thing in astronomy. We can
work out our own history with this story that begins
with an astonishing early universe, and then come to
the specifics of the history of our own galaxy, our own
solar system, and our own future.
Infrared light is different from visible light- it has
different wave lengths and you can’t see it with
your eyes. We can learn different things about the
early universe with infrared light, but it’s tricky for us
because the infrared that we want to study doesn’t
come through the Earth’s atmosphere. We must go
into outer space to be able to use a big telescope.
So this is what ours looks like - it’s a telescope that
doesn’t look like a telescope. What it really is, is a
galaxy energy concentrator. Light comes from the far
right, bounces off that big old hexagon, is focused on
to a small mirror that you don’t see, bounces into the
instrument package where we turn it into a spectra,
which arranges rainbows and the pictures so all the
data will come back from outer space by a radio
link, just as it does with the Hubble, only it’s farther
away. It’s an international partnership project. We are
supposed to be going in about 2018.
This is a full scale model that we take around various
places in the world. It’s a big telescope in outer space
and we need to protect it from the Sun, so we have
a giant umbrella as big as a singles tennis court. It’s
made out of five layers of plastic coated with metallic
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coating to reflect the sun. Hiding behind the umbrella,
the telescope will come down to very low temperature
so that it doesn’t emit infrared by itself and then we
can see the sky. It also has to be a million miles from
earth so that it can get cold. It means that astronauts
aren’t going to go there and fix it. Finally, it’s all folded
up like a butterfly because it’s bigger than a rocket.
Every cubic inch is used. After we get it up there, we
push the buttons, and it unfolds. We will be slow and
cautious- it is extremely challenging because there
are hundreds of mechanisms and every one has to
work. We have lots and lots of rehearsals planned for
this. We’re putting it in a place called the Sun-Earth
LaGrange point - it’s a place where you can put an
object and it will sort of stay in the same relative
position as the Earth.
Why do astronomers always want bigger telescopes?
The light we are trying to find is pretty faint, so the
more you can catch of it the better. And, since light
is a wave and it makes a furry image no matter what
you do, the only thing you can do is make a bigger
telescope to get a sharper image. It’s a diffraction
problem. Now you know why we have to undertake
such an amazingly difficult engineering program to do
this. All 18 mirrors are finished, polished, and coated,
and almost all are completely tested. In about a year,
we’ll have them all at Goddard, I think. We will be able
to focus the telescope after launch - all of the mirrors
are adjustable. Each one has seven motors so that we
can make sure they are properly positioned. It couldn’t
possible be focused when we launch it, because it’s
not even unfolded
yet. So what are the
scientific results we
hope to get?
There is a simulation
of the formation
of galaxies - it is
claimed that we now
know the beginning
because we made the
measurements with
the COBE satellite and
others things. Now
we can say- okay computer, tell me know that might
have looked. This is the formation of galaxies as seen
through a cosmic weather simulator - put in all the
laws of nature that you know and see what happens.
You see these galaxies forming by absorbing their
neighbors- it’s pretty chaotic and beautiful. This is
something that may be true, it might not. It gives us
much more detail than we’ll ever be able to see with
a telescope. But we should actually be able to tell,
eventually, if the general idea is correct. We can find
out by observing, and we can already sort of tell from
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the Hubble telescope whether this is something like
what will happen to us.
Once in a while a star blows up and once in a while
they have a jet of material that comes out near the
speed of light, and once in a while that jet of material
is aimed at us. When that happens, we can see this
event all the way across to almost the edge of the
universe. We know from a picture taken from the
ground that you can see through the dust and see the
inside, the same place, seen with infrared. We want to
go up and take a better picture from outer space and
we’ll be able to see inside the nurseries where stars are
being born today.
One of our current, and upcoming, tricks is to observe
planets that transit. A planet will go between us and
the star that it’s orbiting around, and for a little while
it will block some starlight. That star will get fainter
because a planet went by. Once in a while the planet
will go behind the star and if the planet is bright
enough, you’ll notice that the combination gets fainter
also. This is a wonderful technique that been done
with telescopes on the ground and in space. The cool
thing is a little bit of the starlight goes through the
planetary atmosphere on its way to the telescope, so
now you can see if the planet has clouds, water, or
oxygen. We’ve been able to discover molecules in the
atmosphere as the planets move around other stars, or
exo-planets. We have now a catalog of twelve hundred
and thirty five such objects, so we know where to look,
and some of them
might be a little bit
Earth-like. We may be
able to tell if it has a
liquid water surface.
We might be able to
tell if it has a satellite.
There is a lot of
excitement about this
subject. They found a
couple of weeks ago
a little planet going
around a double star.
Apparently this is in
Star Wars - Tatooine is the name of this hypothetical
planet- we found one. It’s wonderful.
Some places where you can learn more are at the
James Webb space Telescope Website, and the Nobel
Prize website. I even have a little book that was
published a few years back called The Very First Lightit tells the story of the COBE and cosmology. Thank
you for the invitation to come.
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Novel Concepts & Application of LIDAR:
From the Bottom of the Ocean to Mars

A last example is using LIDAR for high precision
monitoring of the quality of surfaces, such as shuttle
tiles, electronic products, objects of art, and more.

Dr. Alexander Dudelzak
Director of R&D- GasTOPS Ltd, Ottawa
Senior Science & Technology Advisor Canadian Space Agency

z

Dr Dudelzak of the Canadian Space Agency gave
a talk entitled: “Novel Concepts & Application of
LIDAR: From the Bottom of the Ocean to Mars.” He has
a Ph.D. in Physics and Mathematics and Solid State
Physics from the Estonian Academy of Science. His
expertise in all things related to LIDAR and remote
sensing technology comes from years in the field. Dr.
Dudelzak explained what LIDAR is, its types, and a
sampling of its possible applications.
LIDAR stands for LIght Detection And Ranging. It was
the first application of LASER technology after its
invention in the early 1960’s. The basic concept is that
when the Sun illuminates the surface of the Earth, one
can analyze the reflected emission for intensity and
spectral composition. Since matter can be identified
by its characteristics in absorbed emitted light, you
can use a short pulse of a laser to get that spectrum
and then identify what and how much of a certain
atom or chemical is present.
One type of LIDAR is called Ranging LIDAR. It is
passive- it does not affect the substance that is being
analyzed. LIDAR can be used to map elevations on
Earth and other planets. It also is used to profile the
ocean floor and estimate land vegetation biomass.

The other type of LIDAR is Analytical LIDAR. It is
essentially a chemical analytical tool that detects
and quantitatively identifies a substance remotely. A
sampling of the applications is as follows: real-time
atmospheric, aquatic, and marine pollution, narcotics
identification, pipeline leakage, farming fertilizer,
and monitoring a patient’s blood medication levels.
Analytical sensing using florescence LIDARS is one of
the most sensitive methods. It works very much like
fingerprinting- you scan the unknown substance and
send it to the computer database to identify. One of
the vast benefits of the analytical LIDARS is that all of
that can be done on site with the technology, rather
than sending samples off to the lab. The ability to
identify a narcotic right there on site, or monitoring
the exact levels of a drug in a patient in the room, has
immediate value and benefit.
Outside of Earth, LIDAR is also used in space. From
orbit in space, LIDAR technology can be used, for
example, to get a vertical profile of the aerosol
and clouds in the Earth’s atmosphere, from the
ground to orbit. The picture on the left shows those
measurement that were done with the LITE (Lidar Inspace Technology Experiment) LIDAR from 1994.
Another LIDAR technique used in space is LIEBSLaser Induced Electrical Breakdown Spectroscopy.
Basically, a high power laser is used, focused on the
target until there is a spark and ionization occurs on
the surface. The light continuum produced is used for
identification. Multiple “sparks” can then continue to
identify what is underneath each layer. LIEBS was used
on the Martian LIDAR mission PHOENIX, a joint NASA
and Canadian Space Agency mission.
Back on Earth, LIDAR technology has found another
application recently. The technology has been
developed to be used to identify IED’s in Afghanistan,
and beyond. This is very difficult because the particles
that they have to detect are very small in quantity. The
technology is non-linear and must be very sensitive.
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Mathematical Connections in Art, Music,
and Science
The Art and Mathematics of Star Polygons

Excerpts from Professor Sarhangi’s talk
“When [Dr. Mather] was talking, I had examples of mathematics and art
in his talk. In one place he mentioned about [how] gravitation actually
bends the light. In the art of Salvatore Dali, the Spanish painter, a very
nice ray of light hits a spoon in the middle and goes over the spoon. It’s
very, very interesting.”

Professor Reza Sarhangi
President- Bridges
Professor of Mathematics
Towson University

“Let me talk about the Bridges conference.
This conference began in 1998… We
brought people from mathematics, physics,
dance, theater, literature, and philosophy
to sit together and talk about each others
interests. We try to go to different places.
This year we will be at Towson University.
People are coming with different interests.
Some of them are sculptors. Others come
with ideas in computer science. Teachers are
coming to learn ideas and then present them to their classes. The point
is - these people come to find ways to express art in a new language,
a new way that has not been done before. They are from music,
architecture, mathematics, and computer graphics. They are all from
many different fields. People coming from totally different disciplines
are working together.”
“When you see and listen to music
of Bach, you are relaxed and listen
to the music. You should also
appreciate the mathematics and art
connections.”
“My art is in mathematics and
showing a connection with a pattern
that you can use modularity. You can
use a kind of mathematical idea to
come up with the same design.”
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Photographs

Tour of Lenox Laser
from left to right:
Reza Sarhangi, Mike Schmitz,
Greg Solyar, Winnie Schmitz,
Joseph d’Entremont,
Dr. Wood, Dr. Mather

Joseph d’Entremont, Dr. Wood

Tom Hoffman, Dr. Dudelzak, John Dreyfuss,
Dr. Mather
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Don Kelly and his wife

Valerie and Bill Alexson
2012 Olympics Chaplain, SportsPower International

Clark and Layne Bird

Mr Taylor and the Redeemer Classical Christian School’s Astronomy class, Dr Wood
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Reza Sarhangi demonstration

Glen Kotapish, Dr. Wood

Tommy Hoffman, Tom Hoffman, Dr. Mather

Dr. Mather, Greg Solyar, Reza Sarhangi,
Joseph d’Entremont
Dr Dudelzak, Greg Solyar, Dr. Mather, Reza Sarhangi, Mike Schmitt

