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Snapshots from Both Sides of the Camera

z

For The 2012 seminar season here at Lenox Laser
focused on photography. There were several educational events throughout the year which exposed
Lenox Laser and the community to innovative inspiration. The art of photography starts in the mind and
heart of the photographer, goes through the technological wonder of a camera, and out into the beautiful
world beyond it. This book aims to inform and inspire
on both sides of the camera.
Three photographers participated in events with us
throughout the year and have shared with us in this
book. One of the photographers is Dirk Fletcher from
the Harrington College of Design. He has been greatly
inspired by pinhole photography in his personal work.
Another photographer is Paul Johnson, who specializes in action photography. He gave samples of his work
along with insights on how to capture the action shot
in sports. And lastly is Richard Johnson, an acclaimed
landscape photographer who teaches at the Delaware
County Community College in Pennsylvania. He fell in
love with pinhole photography and shared his knowledge and passion with us.

Each one of these photographers owes their passion
to Steve Sasson’s invention of the digital camera.
The digital camera and digital imaging technology
changed consumer photography- and the world. On
October 4th, Lenox Laser had the distinct honor of
hosting Steve Sasson at our Glen Arm hall facility. He
shared with us his story of how he came to create the
disruptive technology of the digital camera and the
subsequent developments. We’ve included his talk
in revised form with selections of his slides from his
presentation.
From photos of the events, to the artists’ samples, and
educational materials- we seek to help inform and
inspire. We hope any reader, whether they are already
an avid fan of photography, a beginner curious about
pinhole photography, or an individual seeking to create the next disruptive technology, will find inspiration
and enlightenment in the following pages – enjoy!
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With a thankful heart...

This book is dedicated to my dad, Charlie d’Entremont. I could
tell a million stories about him because his life experiences
gave him unique problem-solving abilities. I’ve found that the
best stories come out of poverty because people work hard
and make things happen when they don’t have a lot. They are
the ones getting things done, because they have to.
When I was a boy, my dad took on several part-time jobs to
feed us kids- there were fourteen of us- in addition to his job
at the international Paper Company. He delivered soda pop on
Saturdays, he had a landscaping company, and he dealt in the scrap metal business. My dad would look out for me and ask the owner of the scrap metal shop to find me bike parts because
bikes were my one hobby between the ages of ten and fourteen. My closet was filled with wheels and fenders.
I didn't have money to buy a bike, so I built one. The parts were all mismatched from different manufacturers, so
I painted it flat black to make it look right. I still had the nicest bike in the neighborhood. These days with my
father and brothers made for some of the best memories of my childhood.
“Here we go, we have to push the station wagon down the hill.” My dad woke us up this way at five in the morning. We always parked at the top of a hill because we knew we had to push it down for it to turn over and start.
Now, Dad was not afraid of tying huge things to the top of our car- things that belonged on a real moving truck.
But, we made it work. It always worked. We even put a car on top of our car once. My dad and I were scrapping
a ‘39 Ford that was given to us for parts until there was nothing left but a shell with no windows or doors. We
jacked the Ford up to about six feet so we could walk below it and we drove our wagon right underneath. As we
went to another shop in Chelsea to sell it, the ropes started to come loose and the car fell sideways when we
were about 1/8 of a mile out. Between the cobblestone road and the train tracks, the poor thing was knocking all
over the place. “Keep going! We have to make it!” I shouted.
We loved it. My father did too in a way because he was teaching us to question value. People differ greatly in
their definition of what something’s worth. I knew even then that value is in our minds, in having a different perspective. My dad did things that looked silly or awkward or impossible to other people, but they always actually
worked. Today, I look at something broken and I see an opportunity to create something new. I inherited this
trait from Dad.
I challenge innovation daily in my personal and professional life. My father raised us all to be inquisitive. This is
a curiosity I have not outgrown.
With a thankful heart for our publication team,
Joe d’Entremont
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Key Advancements in the Evolution
of Photography and the Camera
Shelby Smith

A

ristotle questions
the sun making a
circular image when
shining through a
square hole marking
the first reference to
the optic laws that
make pinhole cameras possible.

N

iepce’s heliographs, sun prints, served as
a predecessor to the conception of the
modern photograph. He allowed the light
itself to create the image through an eighthour exposure process in direct sunlight. This
was possible due to the addition of a bitumen coating applied to an engraved metal
plate. Niepce found that the darker shadowed engraved areas juxtaposed against the
lighter areas that still had chemical residue
would react to the light. Then when gradually
reduced in a solvent, the plate would reveal
a previously invisible image, but for only a
moment before fading away. This is the onset
of the latent image, but its short-lived wonder
limited its power.

1827

330 BC

1839

1000 AD

A

lhazen (Ibn Al-Haytham) invented
the first pinhole camera, or camera
obscura. This brilliant man was an authority on optics in the Middle Ages.

Image: © Ali Amro / MuslimHeritageImages.com

Joseph Nicephore Niepce’s
View from the Window at Le Gras, circa 1826
www.npr.org
Courtesy of Harry Ransom Center

Jean-Baptiste Sabatier-Blot
(French, 1801–1881)
Louis-Jacques-Mandé Daguerre, 1844
Daguerreotype; 14.3 x 11.7 cm (5 5/8 x 4 5/8 in.)
George Eastman House, Rochester

D

aguerre was able to create a lasting
image when he coated silverplated copper in iodine and put this
light-sensitive plate in the camera for
a mere few minute lapse of exposure.
After the image was unearthed by light,
Daguerre coated this plate in silver
chloride to keep the same light that
created the image from fading it. He
had made something that could last.
He called this, fittingly, the daguerreotype. The fumes from warmed mercury
vapor, (an alleged accidental administration), drastically expedited the development process to a new standard
that had been previously regarded as
impossible- thirty minutes as opposed to eight hours. Daguerre was the first
to truly develop a photo through a reliable and consistent chemical process,
but it was in no way reproducible, making it precious to the point of deterring
progress. They called it, “The mirror with a memory.” The glass reflected the
viewer as well as the subject- a subconscious metaphor for art reflecting life.
{Source - http://www.metmuseum.org/special/French_Daguerreotypes/1.L.htm}
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Photograph of William Henry Fox-Talbot
taken by John Moffat of Edinburgh in 1866
©NTPL/Nick Carter

F

ox Talbot created the calotype as an answer to Daguerre’s shortcomings. First and
foremost, Fox Talbot used a much more practical medium, paper, instead of silver
plates. He then treated the paper with a silver salt solution to sensitize it so that when
light exposed the picture, the background was all black and the image appeared in
gradients of grey and white. He had found the negative image. This of course was immensely important because it allowed for reproduction. Infinite copies could be made
from the negatives, opening up the door to a whole new realm of accessibility. Fox
Talbot solved Daguerre’s issue with the “one-and-done” nature of the daguerreotype
and made the photograph duplicable. This process of reproducing images using the
chemically-affected negatives from the camera was patented as the calotype under
Fox Talbot’s name.
{Source - History of Photography: Pinhole Cameras to The Daguerreotype By Mary Bellis.}
— applicable to the above five entries

1841

1851

1888

Kodak Brownie Target Six-20 Camera.
Manufactured between 1946 and 1952.
www.browniecamera.com. Chuck Baker.

A

rcher, a British man whose main
background was in sculpture, was
the first to apply and coat glass plates
with collodion, a gluey substance of
gun-cotton, alcohol, and ether. Its
original purpose was to treat and protect
wounds. These coated plates were
dipped in silver nitrate and exposed inside the camera while they were still wet.
These were known as wet plates, and
conquered the daguerreotype because
they were inexpensive, faster to develop,
and clearer due to an intentional underexposure on black or dark red glass that
made the positives pop. Collodion also
made way for tintypes, which were not
fragile, like glass, so they could be sent
through the mail for example and be
mounted anywhere. Tintypes were even
cheaper than wet plates.
{Source- Photography: A Handbook of History, Materials, and Processes by Charles
Swedlund}

G

eorge Eastman, of Eastman Kodak, presented the first
box camera. It was confusingly compact and served as a
step up in the department of realistic daily and widespread
use. In 1900, Eastman took mass-market photography even
deeper with a simple and inexpensive box camera that conceptualized the snapshot. These were called brownie cameras and were extremely popular. Various models remained on
sale until the 1960s. This began the age of convenience and
consumerism with the catchphrase, “Press the button, and we
do the rest.” This also marks the advent of the smile in quick
snap photos. These weren’t long, dramatically posed daylong
shoots. People were taking pictures of each other having fun
and enjoying time. It became a habit to smile in front of the
camera in all occasions, not to let on the true subtext of any
room or space.
{Source- Photography: A Handbook of History, Materials, and
Processes by Charles Swedlund}
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Copyright © 2013 EarlyPhotography.co.uk

A

sresearch developer at Leitz, Oskar
Barnack, investigated the possibility of using 35mm cine film in a still
camera. The struggle here was in making
something relatively compact that could
also produce high-quality enlargements.
Leitz test-marketed his prototype which
was very well-received, forcing him into
production based on the positive response. Thus, the Leica hit the scene. This
camera in conjunction with competitors
perpetuated 35mm into the clear format
of choice for serious photographers looking for compact options.

F

ranke & Heidecke developed the first practical reflex camera titled
the Rollieflex medium format TLR (twin-lens reflex). SLR (single-lens
reflex) and TLR cameras had technically been around for decades, but
they came in much too cumbersome a package. This technology then
became popular for high- and low-end cameras because of its convenience. This spread to several
other versions and advancements that exploded onto the
scene post- World War II, like
the 35mm SLR Soviet “sport”
camera. Manufacturers in support of the new and improved
SLR were (in order): Exakta
1933 (127 roll film); Contaflex
1935 (35mm TLR); Duflex 1947
(viewfinder); Contax 1948 (pentaprism); Asahi Optical Company- later known for Pentax
cameras- 1952 (first Japanese
35mm SLR—followed by Canon
and Yashica); Nikon 1959 (F and
S series rangefinders, interchangeable components and
Popular Photography Magazine,
accessories categorizing it as a
June 1949, p.144.
system camera.)
Bonnier Corporation.

{Source- Leslie Stroebel and Richard D. Zakia (1993).
The Focal encyclopedia of photography (3rd ed.).
Focal Press. p. 6. ISBN 978-0-240-51417-8.}

{Source- Wade, John (1979).
A Short History of the Camera. Watford:
Fountain Press. ISBN 0-85242-640-2}

1928

H

1925
1927
(Daniel P. B. Smith), 10/8/2003

arold Edgerton, MIT student, built his first flash unit,
a precursor to the xenon flashtube which was previously used for strobe lights in scientific studies until they
replaced powder lamps in mainstream flash photography. He invented the flashtube to catch sharp images
of objects in motion. He improved spark photography
by substituting the open air discharge with a mercuryarc rectifier. The flash lasted for ten microseconds and
photographed moving objects as if they were “frozen in
time.”
{Source- Technology of our times: people
and innovation in optics and optoelectronics By Frederick Su - SPIE -- The International
Society for Optical Engineering 1990 Page
43-55
Ernst Mach; his work, life, and influence By
John T. Blackmore - University of California
Press 1972 Page x}
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{Source- Wade, John (1979). A Short History of the Camera. Watford:
Fountain Press. ISBN 0-85242-640-2.}

1948

1960
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I

B

est known as the Land camera after
its inventor, Edwin Land, the first
instant-picture camera in the world
with a practical operating system
with a patented chemical process to
produce completely exposed positive prints from negatives in less than
one minute, the Polaroid Model 95
changed history. The high expense
limited its sales initially, but later models like the Model 20 Swinger in 1965
ranked as one of the highest-selling
cameras of all time. Between 1948 and
1960, dozens of different models were
produced and were all aimed at the
popular market, as opposed to professional photographers. This was every
man’s chance at getting a good shot.
Cue an era of instant gratification.

t

n 2008, 73 percent of Americans owned a digital camera, a
staggering statistic that proves
that one large innovation could
catapult art from the professional field to the hands of any
13-year-old. This spiked a seven
billion dollar revenue, and Sasson was behind it all. Modern
photography meant quantity
over quality in some ways, but
it promoted inclusion of photographers of all levels so they
could have access to the tools to
learn and become better.
{Source- Invent Now Hall
of Fame Inventor Profile}

2008

1975

S
T

hough selenium light meters had
allowed for automatic exposure
back in 1938, the cost was unreasonable and the Super Kodak Six-20
never reached any degree of success
even though it demonstrated full
automation. Then in 1960, the German Mec 16 SB subminiature placed
the light meter behind the lens for
a change improving metering immensely. Only SLR cameras generally
used the through-the-lens (TTL) metering system, with a fully equipped
version, the Topcon RE Super debuting in 1962.
{Source- Michael R. Peres (2007).
The Focal Encyclopedia of Photography
(4th ed. ed.). Focal Press.
ISBN 0-240-80740-5.}

teve Sasson, employee of Eastman Kodak, invented the digital camera after responding to a request to research whether or not an image sensor could be created through charge-coupled devices. He grew
this into a device that could convert a stored image to an electronic
signal, digitize it, and then store it. This was of course a huge discovery
limited to the elite and brilliant minds in the industry. It wasn’t until
1994 that the first commercially accessible camera retailed. Now, digital
cameras range from thousands of dollars, to less than 100 bucks.
{Source- Invent Now Hall of Fame Inventor Profile}

Rensselaer Polytechnic Institute,
School of Engineering Alumni ©2012.
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Modern Digital Pinhole Tools

Dirk Fletcher

z

In 1888 the Kodak Co. (four years before becoming the Eastman Kodak Co.) gave us the phrase
"You press the button we do the rest" and the power
of taking an image was given to millions of regular
everyday people. Prior to 1888, Kodak was an established company but provided solutions mostly for
the professional photographers. The breakthrough
came in 1888 with the Kodak #1 camera, which gave
ordinary people the power to shoot 100 images before
returning the entire camera to Kodak to have the film
processed and the camera reloaded with another
roll of film. Giving the world the ability to document
itself is one of the true milestones in our evolvement.
Suddenly, families had a visual history that could

be handed down from generation to generation.
The world has never been the same. Over time, film
improved in sharpness, clarity and tonal range. Color
became the mainstay and its sensitivity or 'speed'
was vastly improved allowing photographers to make
images indoors and in darker conditions. As materials and manufacturing improved, cameras improved
as well. Shutters became faster and more consistent.
Microcomputers allowed flash technology to make a
quantum leap forward with high-speed strobes and
metering through the lens giving the photographer
more consistent exposures and the ability to use flash
in broad daylight. These improvements were mirrored
by what was going on in the lens world. Complex

3rd Annual Light Seminar at Lenox Laser

computer algorithms, and even in some cases holographic grinding technologies, took lens design and
manufacture to staggering new levels. Currently major
camera manufactures Canon and Nikon are revamping
their lens lineup to include lenses that will support 4k
capture in dSLR bodies, which is now available from
Canon. Legacy lenses do not offer enough resolution
and literally run out of sharpness due to the modern
(and future) cameras’ extremely high resolution sensors. If it is the highest quality photographic images
you seek, then today's equipment and what is waiting
just around the corner represent the pinnacle of what
art and science has to offer. Alongside these ongoing
advancements, a subculture of basement and garage
tinkerers have been modifying equipment to give their
images a unique aesthetic that furthers their very own
distinctive vision. Susan Burnstine's work immediately
comes to mind with her heavily modified Holga that
provides a fantastically surreal and an almost painterly
quality to her thoughtful scenes. Scores of fine art
and experimental photographers have either stayed
with this film-based aesthetic or have come back to
it after being unfulfilled with modern digital tools.
Another lo-fi anomaly is LOMOGRAPHY, A commercial
endeavor that started out by marketing the shortfalls
of a poorly designed and manufactured camera. The
original Lomo LCA camera was a Russian knock-off of
a cleverly designed Cosina CX2, 35mm pocket camera
with an ingenious clamshell door. The Russian version
is quite similar but, with below-par manufacturing, the
camera often yields out of focus and sun flared images
and a pronounced vignette.
Through brilliant social marketing, a steadily growing community of 'Lomographers' have pledged to
shoot lots of film and share results with each other
through the web, local meet-ups and now at LOMO
stores. That is correct...LOMO has been
so successful that you can now buy off
the shelf, prepackaged lo-fi film solutions
in 36 major cities worldwide, including
San Francisco, Santa Monica, Austin, New
York, LA and recently right here in Chicago. In addition, they have continued to
develop and bring to market new cameras. Not all totally suck either. I recently
got a Spinner, a strip camera providing a
panoramic 720+ degrees or more via its
rotating camera body. Prior to this clever
take, strip cameras were only for the true
photo builder with solid design chops
and access to a well-appointed machine
shop. Google John Zimmerman or Neil
Leifer’s 'strip camera' if you want to get an

t
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idea of what is capable with this amazing tool. It is also
referred to as a slit camera if you are having trouble
finding some decent examples with the word strip. Try
‘slit camera.’ While very few Lomographers have made
it into professional galleries, the unique low-fi imagery
has been steadily creeping into editorial and advertising imagery. Check out the last Communication Arts
photo annual for some high-end examples of this style
of work. The public appetite for less than perfect visuals is quite large and still growing. If you are still not
convinced, try this: Facebook purchased the 12-person Instagram startup for literally millions of dollars...
days after Kodak declared Chapter 13 Bankruptcy.
Kodak spent over a hundred years trying to perfect
the photographic image, Instagram, in less than two
years, perfected and mainstreamed the lo-fi look for
more money than Kodak’s physical value at its time
of bankruptcy. So where does this leave advanced
amateurs and professional photographers who like to
tinker to create something truly unique? The challenge that digital brings about is the inability to really
modify the camera in the same way that you can easily
modify a film camera. Plenty of post-production solutions are available, but they lack the look and feel of a
'real' modified film camera and/or lens. After studying
digital images that have been purposely degraded in
post-production, they quickly take on the same look
and feel. I started building pinhole cameras in my early
years and developing either paper or film negatives
with my dad in his darkroom in the late ‘70s and early
‘80s and have continued ever since. One of my favorite
recent cameras is a modified Polaroid 200, complete
with bellows that can be adjusted to provide the user
with a zoom lens of sorts. Coupled with a red filter on
the backside of the pinhole and Fuji 3000 ASA black
& white, some really spectacular images are available.
Once digital became mainstream and my first dSLR
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showed up on my doorstep, I quickly cobbled together a pinhole lens cap/body block and shot a test.
Keep in mind this was in the early ‘2000s and all that
was available were partial sensor cameras. So the test
yielded a flat and blurry image that was not particularly interesting in any way. I put the pinhole back in
whatever camera I pulled it from and gave the now
useless body block to the cats to play with.
Five or so years later, Canon introduced a full frame
DSLR with full frame sensor at a reasonable price, (of
course this is a relative term, but the camera was substantially more affordable than what was previously
available). When the original 5D came out, I started
selling off my Nikon gear to get the new full frame
camera. Whether or not I had the first 5D in Chicago
can be debated but I did get a camera from the very
first shipment to the now defunct Helix Photo, that is
for sure. This opened up a tremendous possibility to
both increase the sharpness of the image and create a
much more pleasing look that is more in line with that
of a traditional pinhole camera. After experimenting
a bit I wanted to shorten the distance between the
pinhole and the sensor so I came up with a miniaturized recessed lensboard. With the recessed lens cap, it
is possible to get the pinhole almost twice as close to
the camera’s sensor than with a standard cap mount.
Shortening the distance gives a much sharper image
than made previously possible. Keep in mind, a majority of the pinhole images we normally see are made
with sheet film cameras that are 4x5, 8x10 and larger.
New direct positive paper traditional black & white

papers allow a photographer to load a sheet of paper
into a 4x5 or 8x10 camera, expose it and develop it
for a positive print. Forgoing the step of exposing
a negative that needs to be processed and printed
makes the process much faster and less technical
than before. This is helping students, enthusiasts and
photographers experiment with and work in pinhole.
The downside of shooting with a digital pinhole is
the imagery will be compared to the likes of much
larger originals, usually images that have been made
with 4x5 and 8x10 cameras. Even with a full frame
35mm DSLR, the size of the original is still substantially
smaller than an 8x10. So the question becomes, will
a DSLR pinhole image compare to an image made
with a 'traditional' large format pinhole camera? No,
of course it won't, if it is ultimate lens sharpness you
are after, then size matters. But DSLR pinhole offers
both convenience and instant results that traditional
pinhole can't match. It also offers the ability to suddenly stop action, albeit slow action, but as high ASA’s
are getting better with each model year, with enough
light you can shoot with faster speeds than ever possible before. The noise or digital grain incurred at high
ISO’s only adds to the look and feel of the imagery. It
also offers an aesthetic that until now did not exist. The look of the recessed cap, with its increased
sharpness and pronounced vignette is an art form
that is just now being realized. With its increased
exposure accuracy in the field and almost free cost of
operation, high quality pinhole solutions like this one
are emerging as solid tools for the photographer and
fine artist alike.

DIRK FLETCHER
www.dirkfletcher.com
dirkfletcher.blogspot.com
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Frozen Moments
Paul Johnson

z

I’m Paul Johnson and I love to photograph
sports. My interest in photography began as
a combat pilot in Vietnam. I bought my first Single
Lens Reflex (SLR) camera and devoured photography
articles and tutorials during downtime between missions and ventured out into safe areas of the city to
practice what I had learned. My fascination with action
photography began the same way it does for many
parents, who want to cover the sporting events of
their kids, like I did 20 years ago. Using my pro-grade
equipment, I was able to capture sharp action pictures
of my son and daughter’s games. Of course that was in
the age of film and I was conservative with the number of images I shot, trying to limit a game to a couple
of rolls of film. No holding the shutter and blasting off
dozens of frames to capture the one defining image in
a sequence. It was all timing.
As my timing improved and through my knowledge of
the game and anticipation of where the action would
occur, I began to get some great images and to “see”
things in the developed pictures that I had never seen
while watching the action live. Thoughts crossed my
mind like, “Oh my, Dan was biting his mouth guard in
the corner of his mouth and had his eyes closed while
he shot the ball” or, “Wow, Laura was biting her tongue
as she caught the ball at the tip of her glove.” The little
details that escape notice when seen as part of an
action sequence were showing up in some fascinating
images. Such is my love for the frozen moment during
sports action that defines the athlete, their effort and
emotion in a fraction of a second at a moment in time.
We watch the game, cheer the team and celebrate
the outcome from a distance at a field of play. We see
video replays of key plays at professional venues, but
only the player, coach, and the sports shooter on the
sidelines get so close and personal with the faces and
the detail of the play as it happens. We see the event
in a new light from the photographer’s images that
are published in the media after the game and the
outcome are determined.
In this age of digital photography, the ability to capture and freeze the moment has advanced to a point
unimaginable by film photographers only ten years
ago. Digital image feedback is instant in the screen

of the Digital SLR (DSLR). Camera shot bursts of 12
frames per second ensure that the exact pinnacle of
the event is captured, enabling the photographer
to review and keep only the very best images. The
same is true for the mom or dad on the sidelines of
their children’s games. Quality cameras and telephoto
lenses are widely available and affordable to families of modest means. Vast amounts of photography
instructional materials are available on the internet at
no charge and the power of image enhancement software, which has brought the darkroom to any desktop,
is robust and in many cases free of charge. I’d like to
present some key shooting strategies gained from
over 20 years of sports photography for the aspiring
parent wanting to capture those lifelong memories of
their child’s activities.
Outdoor games are typically played on large fields
and you need to get close to the action for interesting shots. Not only close, but standing in the right
position. Before you shoot, watch the game. The most
intense action usually happens in certain areas of
the field. Different players have tendencies to turn or
change directions in a certain way. Know what usually
happens under specific circumstances during the
game. For instance, youth football plays tend to be
mostly end runs left or right. Even at the high school
level there are many more running plays than passes.
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Shooting from the sidelines behind the line of scrimmage in a football game might capture the quarterback handoff to a running back coming your way,
but standing downfield ahead of the play enhances
the chance to get a runner’s cut on a defender, a
great downfield block and even the touchdown and
celebration. Understanding the game you want to
photograph is the first step in capturing great shots.
Once you’re in the right position, getting close to the
action usually happens using a telephoto lens. Most of
us have seen pro photographers at sporting events using cameras with huge lenses. Photo editors demand
the very highest quality images. But a relatively inexpensive lens such as an entry level 70-300 telephoto
zoom are sharp enough for family memories and are
priced reasonably. The camera attached to it needs
to be a DSLR with an eye-level viewfinder. It is next to
impossible to shoot action in daylight with a telephoto lens while viewing on the screen at the rear of a
camera. When shooting telephoto, it’s difficult to even
hold the camera steady enough to view the image on
the screen.
Now that we’re at the right place on the field with the
right equipment to have a chance to take a great shot,
we need to make the proper camera settings to freeze
the moment. Shutter speed needs to be set at 1/500th
or 1/640th of a second to freeze most sports action. As
a frame of reference, I know that something moving at
100 mph will travel 1 ¾ inches in 1/1000th of a second
which is a common sports shutter speed on a camera.
Since most things in youth sports happen at a speed
far less than 100mph anything above 1/400th of a
second shutter speed will freeze the moment just fine.
Now if we have enough light to be able to shoot at
that speed at the lowest number aperture setting on
the camera, we’ll get some great results. The camera’s
ability to capture a good image depends on a combination of shutter speed, lens opening, (aperture),
and sensor sensitivity setting. In the past, the lowest
commonly available film speed, (sensitivity), was 800
ISO which produced considerable grain in the picture.

The magic of this Frozen Moment is the
ball at the tip of the player’s glove as his
hat is falling off of his head. Note that
the background is blurred but you can
still read HANDS which further pulls the
eye to the focus of this shot.
The composition is excellent with head,
hat and ball in good position.
Photo was taken at the Ripken World
Series competition in Aberdeen, MD

Most of today’s DSLRs will easily produce a sharp image at a sensor setting of 800 ISO. Pro level cameras
will even record quality images at a sensitivity setting
over 12800 ISO.
We’re now at the right place near the field, at the right
time, with the right camera and lens and right settings
to freeze the magic moment of our little sports star. I
suggest you hold the camera in vertical orientation,
(portrait), not horizontal, (landscape), since players are
vertical in nature most of the time in action pictures.
It is of utmost importance that you do not forget to
press down on the shutter button as you are watching the moment happen. I can’t begin to tell you the
number of magic moments burned into my brain and
nowhere else because I was so caught up in the excitement of the moment that I failed to press the shutter
button. Go ahead and laugh, it’s happened to all of us.
Indoor sports where a flash is not allowed are much
more difficult but not impossible for the family
photographer to capture. A lens with a large aperture
(smaller number) is needed, along with a camera that
records clean images with high sensitivity because
of the lower light conditions. A surprising number
of sports will allow flash except when its use causes
danger to the competitor such as gymnastics.
Let’s take a look at some pictures I’ve taken and discuss them:
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Not all Frozen Moments happen
on the field. Look around you
and stay in touch with all that is
happening.
Notice the joy on the player’s face
and her victory fist pump as she
hugs her dad in excitement. This
is one happy “Wildcat”

Frozen moments happen when
you may not expect them. This
image is a “once in a lifetime”
family shot that took some luck
and situation awareness to
capture.

There is clearly an element of luck
in this Frozen Moment of a player
scoring a key goal in a championship game. Understanding the
game and this player’s moves,
the right place, the right time, the
right camera and lens, the right
settings to freeze the ball and the
goalie in mid-air, and a whole lot
of luck with my timing are what
make this a successful action shot!

Be aware of your surroundings as not all of the magic
moments happen on the field. There is strong emotion at any event on the sidelines, among the spectators in the stands, and especially on the field immedi-

ately after the winning goal is scored, the touchdown
is made or the homerun is hit. I have often been
so focused on the moment that I totally missed the
emotion-filled aftermath.

Happy shooting! Freeze those moments and relive them visually for the rest of your life.
www.pfjphoto.com
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A Journey into the World
of Pinhole Photography
Richard A. Johnson

Why pinhole photography?
For the past 44 years I have been on a journey as
well as a love affair with the art of black-and-white
landscape photography. My tools of choice had been
medium- but mainly large-format cameras. I have
followed the philosophy of the West Coast and f /64
approach to recording the landscape. This group
believed that photography should not be painterly in
nature but produce images that are extremely sharp
with great depth of field with detail. Needless to say,
my original view of pinhole photography was not very
high. I rarely got excited over the idea of fuzzy images
made from poking a hole in an oatmeal box.
Over the past few years, I have been searching for a
different approach to my photography and image
making. I started researching on the internet for information about pinhole photography. As it turns out, I
was very, very, very wrong in my assumptions about
what pinhole photography was all about, as well as
the range of quality an image could achieve if you
understood the science involved.
To say the least, I was intrigued and impressed, and the
more I searched for information, the more I learned
about this wonderful world of pinhole photography.

As of January 2012, I have been on this wonderful and
exciting journey in the world of “Photography Without
A Lens” (What a rush of excitement and information!)
The traditional approach to this medium brings me
back to the very basics of what photography is all
about. The extreme depth of field, the other-worldliness, and the ability to record accumulated time have
put the “Magic” back in photography for me.
I understand that an obsession about something is not
a good thing, but I must tell you that I am obsessed
with the wonderful world that has been opened up to
me. I view my world in a completely different way now,
through the use of a camera with no lens - pinhole
photography. “What A Journey!” It has been almost
four years since I have been able to make a pilgrimage
to one of my most favorite places to photograph, New
Mexico, often referred to as the “Land Of Enchantment”.
Over the years I have come to understand why this
phrase has such a strong meaning to me. The light in
this part of the country is beyond belief. The formations,
canyons, and the views of the landscape are breathtaking. It always feels as though I am traveling back to a
time when the earth was very young in its formation.
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“The White Place” with the 5x7 Pinhole Camera
I had the misfortune of only being at this magnificent
place for one day. As a matter of fact, it was my last
day before returning home. I did something I normally
don’t like to do when traveling, which was to make
one and only one exposure per scene with the pinhole
camera. I chose to do this to increase my yield of images because I only had ten 5 x 7 film holders with me.
I must say I was a bit nervous about this idea.
When using sheet film with a pinhole camera, there is always the possibility that anything could happen; a holder
not seated right in the camera, a scratch on the negative, the possibilities of light leaks, or a misjudgment in
my exposure compensation for reciprocity failure.

At this point I was feeling a bit overwhelmed. With
these thoughts going on in my head, I tried to put my
concerns about technique aside and to become one
with the pinhole camera. To experience all the beauty
around me, to be in awe of the endless structures, striations and, sculptures. There were caverns of all types
and sizes with amazing amphitheaters that stretched
out over the landscape. These fantastically white cliffs
seemed to rise from the ground resembling skyscrapers, rivaling any of our large metropolitan cities. In
places they seemed to be over 500 feet tall. The lighting was magnificent, everything appeared to glow and
radiate from within the formations themselves.
I tried to get a feel for what I was experiencing around
me, to become one with my environment. To be using
equipment and approaches that dated back to the
very beginning of photography in a place that I love so
much.
I knew in my heart and soul that I would have to return
to this magnificent place known as “The White Place”,
Plaza Blanca.
What an experience.

All images and text © 2012
Published and produced by Richard A. Johnson
Photographed on a one day visit to Plaza Blanca
“The White Place” New Mexico in March 2012
The images were made with a 5 x 7 wooden pinhole camera
from the Lensless Camera Company.
The camera is inserted with a 650micron laser drilled pinhole
from Lenox Laser Inc.
The 5 x 7 camera is a 200mm focal length
equating a pinhole f-stop size of f/310.
The film used for these images is Kodak TMAX 100
rated at 80 ISO and TMY rated at 400 ISO.

www.richardjohnsonphotography.com
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Steven J Sasson
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Steven was born and raised in the Bay Ridge area of Brooklyn, NY,
the middle child of three boys. Steven and his brothers attended
the Brooklyn Technical High School. Throughout high school, Steven
had an intense interest in electronics and drove his parents crazy with
all of the discarded TVs and radios he dragged home from around
the neighborhood so he could salvage electronic components for his
home projects.
After graduating from RPI (Rensselaer Polytechnic Institute in Troy,
NY) with a BS and a Master’s degree in Electrical Engineering in 1973, Steven joined Eastman Kodak Company as an
electrical engineer working in an applied research laboratory in the Apparatus Division. He has worked at Kodak for
35 years.
Steve worked throughout the seventies engaged in a number of early digital imaging projects. Among these was the
design and construction of the first digital still camera and playback system in 1975. In 2004, Steven moved to the
Corporate Commercial Affairs (CCA) organization within Kodak where he served as the project manager for a major
Intellectual Property litigation until his retirement from Kodak in February 2009.
While working at Kodak, Steven met his wife Cynthia. Steve, Cynthia and their two kids now live in Hilton, NY. Steven
enjoys playing basketball and jogging, in spite of the present state of his 62-year-old knees.

Most Notable Industry Recognitions:
2001

Eastman Innovation Award

2006

Progress Award, Photographic Society of America

2007

Visionary Award, Photographic Manufacturers and Distributors Association

2009

Rochester Intellectual Property Law Association Distinguished Inventor of the Year

2009

Honorary Doctor of Science from The University of Rochester

2009

National Medal of Technology and Innovation

2010

Professional Photographers Association (PPA) Technology Impact Award

2010

George R. Stibitz Computer & Communications Pioneer Award (American Computer Museum)

2011

National Inventors Hall of Fame

2011

Rensselaer Polytechnic Institute Hall of Fame

2011

Davies Medal for Engineering Achievement (Rensselaer Polytechnic Institute)

2012

Honorary Doctor of Engineering from Rensselaer Polytechnic Institute
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Disruptive Innovation –
The Story of the First Digital Camera
Steven Sasson,
Inventor of the Digital Camera

INTRODUCTION
Thank you for inviting me. This seminar is really interesting and a lot of fun. It is very interesting to meet
people who live and work with light- it’s kind of what I
do as well. So I’d like to share with you the story of the
development of the first digital camera. It took place
in Rochester, New York in 1975 at Elm Grove Plant,
the main apparatus division for the Eastman Kodak
Company. They made things like cameras, any photographic apparatus, camera projectors, film equipment
all in this facility which was quite large. I had a chance
coming right out of college at RPI to work there at the
Applied Research Laboratory, called the Apparatus
Division Research Laboratory. So I want to share with
you some of the work I did back then, and then some
of the ensuing work that led to the modern day digital
camera.

A lot of which was done at Kodak that nobody knew
about because we were very quiet about it. Kodak
was the first to make this first camera- it was a portable device you could pick up and carry around to
take available light, photograph and record it on a
magnetic tape/disc, and then view it on a television
set. This system was operational in 1975 with a lot of
demonstrations of the system throughout the year.
But of everything I’m going to be telling you about today, there was no public acknowledgement until 2001.
It was kept very quiet. Through the demonstrations,
even as part of a small laboratory, we wrote research
lab reports. I wrote a report to document the results. I
wrote it in 1976, but no one really reads these technical reports. I wrote it to describe where this might go,
so it might give us a new approach to photography. I
hoped that some of the benefits might be true.
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A CAMERA WITH NO MOVING PARTS
This is basically how it all started. There was no big
study about the project, but a thirty-second conversation between my supervisor, Gareth Lloyd, and myself.
He was in charge of the electronics group in the
research laboratory at Eastman Kodak. He told me he
had two filler projects I could do since I had only been
there for about a year. I could either do some modeling on exposure controls on excel movie cameras, or, I
could work on this new imaging device, CCDs- maybe
something to help
CCD: Charge-Coupled Device,
with metrology in the
an electronic light sensor.
manufacturing department. He wondered if I
would take it and play with it to see if I could come up
with something. I immediately jumped at the CCDs
opportunity because I had done some work when I
was at RPI working on my master’s thesis about silicon
control rectifiers and how they can be controlled by
light. We didn’t really have any specific goals, so I formulated a task. If I wanted to do some imaging experiments with this, why don’t I take some images? Then,
if I could build some sort of camera device, I thought I
should be able to move it around and make it portable. So I wanted to build some sort of self-contained
portable camera device. I didn’t know what it would
look like. Then I thought, if I had images, it would be
nice to look at them. But of course, I had no way of
printing them at that time. So I thought if I got it in an
electronic form, maybe I could view it in an electronic
form. I would build something to view images on a
video screen. And then, because I was an electrical
engineer, surrounded by mechanical and optical engineers, I though
it would be really cool to build a
camera with absolutely no moving
parts! That was just me being from
Brooklyn, we do things like this!
It was just a challenge. It’s funny
how technologies change. At the
time Kodak didn’t really have any
electrical engineers. They had optical and chemical engineers. Most
cameras were mechanical marvels.
But at the time I was hired, it was
the first year they had hired electrical engineering because more of
the unit manufacturing course of
the camera was going into flashes,
exposure controls, motor controls,
and things like that. So that is why
they were interested in the electrical people, and that’s
one of the reasons they came and got me.
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Let me tell you about the CCDs. They were invented by
Boyle and Smith in 1969 at Bell Labs in their attempt
to see how they could come up with an electro-static
version of magnetic bubbles. They were commercially
available in the early 1970s. The first two-dimensional
device that I was aware of was this device by Fairchild
in 1975. It was an area array 3x4m of inactive area,
with a 100x100 matrix, which meant it had 10,000
pixels. The active area there was pretty small, very difficult to work with, but these were the first ones out.
I’ll never forget when the box arrived- you got these
chips that came in a little plastic box plugged into the
foam. When I first opened the box, there was a piece
of paper folded on top. There were 12 preprinted
voltage designations- those were the voltages for the
clocks associated with driving this device. Next to each
one were the actual voltages for where this particular device worked when it left the production line
hand-written in pencil. At the bottom it said, “Good
Luck!” And you needed that, because this was all input
device, and if one of those voltages were off, you had
no output. It was up to you to figure out which one
was off or wrong, so they were very difficult to work
with. But it was very fun because it was a new type of
way to do imaging.

WHY ALL DIGITAL?
The approach that I decided to take was an all-digital
implementation. A lot of people have said, “That’s
really thinking way ahead!” And I have to tell you,
honestly, I didn’t think digital was going to take over
the world or anything. I had digital
experience, and you go to what
you know. If you had any sense at
all back then, you would try to go
toward the helical scan mechanism.
But that required a lot of mechanical complexity, and I simply did
no know how to do that, nor did
I have the budget for it either. So
I thought, if I could freeze time, a
signal though, which is what digital
does, then I could handle it. I could
do it without any moving parts at
all. That’s really why I took a digital
approach, as impractical as it was at
the time. So I wanted to try to come
up with a camera- and that’s what
I called it, a camera- with a removable image storage medium. The
reason I did that was to have a sort of “film” camera.
When we try something new, we always put it in the
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context of something we
are used to. So this was going to be a camera capture
device where the images
were captured on a removable medium. Then I had
to electronically capture
this, and I had to view it,
with no way to print it at
all. I didn’t have a budget
to develop anything like
that, so I thought I could
develop some type of playback system that would use
the only electronic display
medium that I had- the
television set. So this is the playback device that would
drive the television set.
I want to mention that I was surrounded by the smartest people in the world concerning imaging in the
Eastman Kodak research environment- both in the
corporate labs and the applied labs where I worked.
Any expert in any imaging was only a five-digit extension away. If I needed any information about optics,
electronics, chemistry, mechanics, or anything like
that, these people were great. I had some very strange
questions back then, and they were more than happy
to help me and answer those questions. I think I had
home field advantage like nobody’s business!

THE SMALL PROJECT WITH NO BUDGET IN THE BACK LAB
The situation I had then in the corporate research
laboratory broke down into big projects, major projects, medium projects, small projects, and then the
filler projects that really didn’t have a budget. I was
allowed to go buy that CCD and that was just about
it. Everything else I had to scrounge together. Nobody
told me to build a camera, so no one was going to pay
for one. They just wanted some experiments. They
would have been happy if I had taken this device, set
it up, got it running, and put some MTF measurements
in- that would have been fine. It was very open-ended,
so it was a very small project. We didn’t have very
many people to help work on this, so it was just me
and a few technicians, one of whom was Jim Schueckler. He worked with me shoulder to shoulder full time
until the end. They were all extremely talented guys
working multiplex between projects. We also had no
space. You ever hear stories about the back lab? Well,
there was a back lab that was used as a storage area.
This project couldn’t command anyone to move out of

their lab, so we cleaned out
this storage space. That is
where we built the cameraat the end of a long, dusty
hallway in the back of the
lab. In summary: our plan
was unrealistic, no one was
paying attention, we had
no money, and hardly anyone knew what we were
working on. So the situation was just about perfect.
This is how the camera
goes together. I had to deal
with optics but couldn’t
build any optics. There were lots of people who could
design lenses, but I couldn’t afford any of that. Luckily, I worked upstairs from the manufacturing line
for Excel movie cameras. So I thought I could get the
aperture from the Excel Super 8 movie film. It was a
lot larger than my aperture for my imaging device
assembly, so that’s what I did. I went downstairs and I
stole a broken camera out of the used parts bin. I used
it for the optics assembly. The image assembly had
to be custom built. The CCD for the driver electronics
all had to be custom built. We had to fit that into the
imaging aperture of the imaging optics. The A/D converters were very interesting. They were being made
by Burr-Brown and were very fast and very expensive.
Luckily, at that time they were developing digital volt
meters. Motorola had developed a set using, successive approximation instead of the flash conversion
technique which was the usual conversion technique
at the time. Successive approximation would continually guess, like a pipeline structure. I was able to get
chips at twenty dollars and so I was able to do an A/D.
I was very fortunate
A/D: Analog to digital converter there. We had formed
digital memory, but it
was very crude at the time. The biggest chips available
were 4,096 bit chips. And the idea was that we had to
store in the camera. We had to build a custom board
for that, and fit that in the memory. Then the more
permanent form of storage was the digital tape. I was
able to find a digital data recorder that was used for
well logging. I found that in the back of a magazine.
But it was used to record and hold the information for
me, which would be the analog of film. The way these
things go together is the light goes through the lens,
gets imaged on the CCD, and if all of those 12 voltages
happen to be just right and running okay, what you
get out is an analog signal. As post-analog set wide
signal goes out, you can see dark to light and the volt-
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ages get lighter and lighter. Each picture comes out by
sequence, line by line. Then you do two interlay fields,
and that goes to the A/D converter then that converter, running at high speed, basically presents a digital
representation of each pixel. In this case, I used four
bits per pixel. I know I needed six bits per pixel, but I
used four because SSI (Synchronous Serial Interface)
was used in convenient chunks of four at that time,
and it made the camera more manageable. It would
be loaded into the digital memory. This whole process
took 50 milliseconds. In 50 milliseconds I would do the
exposure, capture the available light, and capture it into
the onboard memory. Then, from the onboard memory
it would be read out rather slowly over a period of
about 23 seconds to the permanent storage medium.
This was an odd architecture at the time, but now we
have become used to it. All these digital cameras use
the exact same architecture. It’s not that it’s such a great
invention. it’s simple because of the simple physics.

DISPLACING THE EXISTING TECHNOLOGY
Film is a great technology. If you ever try and displace a
technology, you will be the most ardent admirer of the
existing technology. Film was really good. Film was a
great transducer, storage device, and imaging device.
You could take a picture, store it there as a latent image,
develop it, and use it to project. It was amazing, and one
piece of film was just a few cents. There was no element
in the digital chain that would ever replace all of that
except by decomposition. You can see all the elements
where the transducing was done by the CCD, then converted into something useful in the A/D, then stored it
temporarily there, which was all done by a piece of film
before. Then I had to have two forms of storage. Film
could store for years, whereas a CCD could only store
for milliseconds if you wanted to maintain any signal
to noise. So that is sort of the architecture that is even
used in today’s digital cameras. When you first got the
digital camera, you would take a picture and the light
would blink at you, and then you could take another
one. That is what was going on, reading from that fast
memory to that slow memory.

THE FIRST RESULTS
So, after about a year, this is what resulted. You know
that expression, beauty is in the eye of the beholder?
Well, that looked beautiful to me. This device was
heavy, about eight pounds or so, the size of a toaster.
It was powered by a lot of AA batteries. There is the
digital storage cassette on the side. It had a picture
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capacity of 30. A lot of people ask me, “Why 30?” This
is one of those things you have to think through when
you are doing innovation and getting the idea across.
I could have put hundreds of images on that tape- the
bit density was nothing. I could have made it ten times
that, but that would have made the concept all the
more alien because there were no personal computers at that time. How are you going to deal with an
image storage device? No one knew what that was, so
the more new things you throw at someone, the more
distant it seems. So I set it for 30, the number between
24 and 36 because that was the film number size. It
got across the concept, although I knew at the time
I could store a lot more. Then the optics came from
the Excel 55 movie camera, and the design itself was
foldable. This was it, there was no test bed. We could
just rebuild it and repackage it. When it was built the
first time, it was built in this device, and this is how
I remember it because I would spend 99 percent of
my time changing it because it was broken a lot. Only
when I would do demonstrations would I fold it up
and carry it in. The memory board had to be handwired by a guy named Bob DeYager because we had
no money to do circuit boards. Yes, he did need to get
glasses when he was done with this. He had to handwire all of this because we had not done anything with
this architecture before. And this was an architecture
that had to be read in rather quickly and then read out
relatively slowly- it had to maintain the image so the
architecture was there. Things were on top of thingsone board was on top of another, and so on. As we
built it and refined it, it just kept growing.
The camera itself still exists in its original state at the
Eastman Kodak Company right now. A lot of museums
want to get their hands on it. I think Kodak is going
to give it to the George Eastman House, International
Museum of Photography, as it represents a significant
historical milestone for Eastman Kodak as the developer of the first digital camera.

DEVELOPING THE PLAYBACK SYSTEM
But that’s only half of the story. Everyone talks about
the camera, but half the effort here is getting to look
at this image, so we had to build a playback system.
In 1975- we were struggling with how we were going
to get this. We had to take this digital information, this
digital matrix of pixels, and display it on a television
screen. Personal computers weren’t out yet in any
established way, but there were microprocessor development systems out. It was called new bus based on a
new Motorola architecture. It allowed us to build new
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custom boards to fit it in this development system, so
that is what we did.
We had no money and these systems cost several
thousands of dollars. So Jim and I wrote an excuse
about how we had to do some research into microprocessors and that it was coming along and being
used for everything and that was true. We wrote this
really flowery explanation of all the things we could
do with this thing. They allowed us to buy it. We got it,
and it disappeared into our lab for the next two years.
So don’t let anybody tell you creative writing isn’t
important for engineers! A lot of custom circuitry and
software had to be done for this. Remember, I only had
100 lines and 100 lines of information. An NTSC signal
has about 490 display lines on the television screen.
So I had to do imaging processing interpolation to get
the inNTSC: National Television System Committee
formation up. (the analog television system standard)
We had
to do image manipulation by microprocessor. We had
to do assembly language programming, and if you’ve
ever done that you know how tortuous that can be. It
was a very trial and error kind of thing, and basically all
by hand. But it was the first time we’d ever done this at
all. We were taking this information and doing this interpolation in a vertical direction, and then we output
to a standard television set because that was the standard we had. This picture is from the original technical
report of what the playback system looked like. On the
far left you see the tapes - that was my photo albumand here was the tape drive, similar to the one in the
camera. But this one was bigger and we ran all over
the ribbon cables and built custom boards in there to
be able to download this information. Then we had a
microprocessor go in and do the interpolation, had a
full NTSC frame in there, and then to quickly read that
out and insert all of the timing and NTSC required signals to create a standard NTSC signal. Finally we would
go over to a standard television set. That is what our
playback system looked like.

THE TECHNICAL REPORT
Here is another picture from the technical report.
When you are in Kodak, you just don’t take a picture
or imaging system, and say, “Here it is!” You have to
take a standard test image. So I went to one of the
image scientists in the research lab, and he gave me
the standard black & white test signal test image that
we used for black & white imaging systems. It’s called
a “Boy-Dog”; it was one of our favorites. He said that I

have to use this and evaluate on this image. So what
I did was, I took the “Boy-Dog” transparency, put it on
a piece of Plexiglas, back-lit it with some fluorescent
lights, and then I had to hire a photographer because I
was not allowed to take pictures in the Eastman Kodak
Company! It was one of those strange rules that really
shouldn’t apply here. So I took a picture of it with our
camera, loaded it to the display unit, had it displayed on
the TV set, and moved it right next to the TV set with
the original. Then I had the Kodak-certified photographer with a film camera come up and take a picture.
This is the only image that represents how this system
performed; this was also from the technical report.
Here is a blowup of that image. It demonstrates a
couple of things. What people typically did was walk
right up to the TV set and look at it. They saw every
single artifact that the early digital system had. You
can see the contouring, the inadequate bit depth, and
the jumps since we only had four bits. I tried to do a
gamma correction curve, but four bits is four bits. This
first dog has whiskers, but you can’t see any whiskers
there. Lack of resolution is pretty obvious there, the
size of the array itself. There are a lot of drop outs and
noise. You can see a lot of these arbitrary dots and a
lot of photo response dead cells, non-uniformity. This
was one of the best things they could produce at the
time, but it wasn’t perfect. This is how people reacted
to it and we got a lot of questions about this. People’s
reactions were, “How is this going to unfold? Where is
this going to go?” The first thing you start looking at
when you see a new development is the fact that it’s
not perfect. So that’s what they looked at.
It was in 1974 I had my first conversation with Gareth.
We took our first image and displayed it in December
of 1975. I like to tell the story of this very first image
because you might not realize this but starting in
1974, we worked on this for over a year in the back lab
and we never saw an image that whole time. We only
saw oscilloscope traces and digital voltage measurements. We would work on the system, looking at bits
and traces on the scope, but we never actually saw
images because we had no way to do it. Later in 1975,
one day Jim and I realized we probably could take a
picture and look at it. We looked around the lab and
thought that it was about the ugliest place you could
possibly take a picture. So I picked the camera up and
I walked down the hallway and found this young lab
technician named Joy Marshall. She was sitting at the
teletype, yes we had teletype back then, and I asked
her if I could take a head and shoulder shot, and she
agreed. I took the shot and when the tape started
running you could tell you had taken the picture. We
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went back to the lab, popped the cassette in the playback unit, and up pooped the image. You could see
the white background and her long hair, but her face
was complete static, totally unrecognizable. Jim and
I looked at this, and we were overjoyed with what we
saw. I remember saying, “So much is working, this is
fantastic!” and he said the same thing “This is unbelievable!” because we both knew that there were 1000
reasons why you might not see
anything. We were really happy
with this. But Joy had followed
us into the lab and was standing
in the hallway. She said, “It needs
work,” and turned around and
walked back down the hallway!
What had happened was when
I had designed the playback
system, I had reversed the order
of the bits- it had all ones or all
zeroes. If it was all dark or all light,
it was okay, but anything in between was sort of flipped. It was
just a mistake in my brain. It took
us about an hour to figure that
out. Then up popped an image
that was quite recognizable, and
that was the first digital image. So
Joy was the first person to have a
digital snapshot taken of her.

DEMONSTRATIONS AT KODAK
The technical report was published in 1977. That’s what
those images came from. We filed the first patent in
1977 and it was issued in 1978- the first patent for a digital camera. Then the internal demonstrations began.
This is where the fun started. Let me tell you how this
worked. First of all, it was never talked about outside of
the company. We weren’t even allowed to talk about it
inside the company because I was standard research. It
wasn’t because it was that terribly interesting to people.
What I would do was show it to my boss, Gareth Lloyd. I
went to him when we took our first image and told him,
“Hey, the camera is working.” He was the only guy that
I actually talked to the whole year. He said, “Fantastic,
we will bring some people in and show it to them.” But
I said, “No, it is portable- you can carry it around.” So he
said, “Let’s set up some demonstrations.”
When this works, you show it to your boss and he gets
comfortable with it, and then invites his boss. And
his boss brings his friend and they get comfortable
with it and they invite their boss. There was a whole
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series of meetings that went on like this. The meetings were pretty much all in a windowless conference
room with a long table down the center for around
15 people. Jim would take the playback system, put it
on a cart, and move it to the back of the room. Then,
when people were seated, I would fold the camera up
and walk down the hallway. I would go in and take a
head and shoulder shot of the first person seated on
the right arbitrarily. While the tape
was spinning, I would describe
what this was, because they really didn’t know, and that was a
clever way to hide the 23 second
I needed in order to take the
second picture. So when it was
done, I would take a picture of the
second person sitting on the left. I
would put the camera down, pop
the tape out, hand it to Jim, and
then up popped the image. That
is how the demonstration went. I
had a whole plan and description,
but I didn’t get through the whole
thing any of the 15 times I showed
the presentation because people
had lots of questions. I called their
reaction “curiosity in portion.”
This all caused a lot of conversation, and the sequence of events
caused a higher and higher interest in management
up to the head of the entire equipment design of
Kodak, which was pretty high. But it never went to the
corporate offices. There was a reason for that. They had
heard about it. They called over to our research laboratory, and said they heard about this research device
that captures images and displays them- should we
come over and look at it? And the head of our research laboratory said no. They came and told me this
second hand. I thought, that’s strange, why wouldn’t
they want to show this? I’m a young engineer; I would
love to meet the CEO of the company! That would be
fun, right? They said no because it wasn’t ready for
prime time. When I think about it, looking back, there
were so many questions unanswered. We were taking pictures in a conference room in Eastman Kodak
Company, without film, and displaying them without
printing, in 1976. It was probably not the proper way
to be invited to the corporate Christmas party. We
hadn’t used any of the infrastructures that Kodak had.
There were so many questions that they didn’t know
how to answer, and I didn’t know how to answer. They
were uncomfortable with that, so that was why the
demonstrations only got up so high in the company.
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One of the things they said was that it was too far out
there for consideration. And it wasn’t just because of
the technology. It had to do with the fact that there
were no photo finishers, and this entire imaging chain
business model didn’t use any of the stuff that Kodak
had been developing for over 100 years. So it was really disruptive to the point of an explosion. We didn’t
know where the pieces were going to go. So they
didn’t take it too seriously, but they did have some
firm opinions. And they were sure that people would
never want to look at their pictures on a television
set. They were absolutely sure, and I remember arguing that point with them. Not because I knew I was
right, but because we had a film slide business where
people would sit and look at slides. I could image a
slide on a turned off television set and put it on there.
But they were sure that no one would move on, they
would only want prints. I understand that because it
was part of the business model, but I didn’t know if
real people had actually told them that. Then there
were a lot of questions. How are you going to store
images? Remember I had those tapes lines up. I didn’t
have any personal computers. What is an electronic
photo album going to look like? What about image
quality? When are we going to get image quality
to something useful? After we would do the image
demonstrations, they would always get up and go to
the television set and look at it really closely. So we
had a horrible image, at a much closer than normal
human distance. They would look at it and ask, what is
this defect, what is that? Why is that there? There were
always defects, and so it wasn’t close enough qualityfilm quality.
There is the idea itself, and then there is the technology you use to display and advance the idea. Don’t
confuse the two. I used digital here, ahead of its time.
But “digital” didn’t help me as much as you would
think. I couldn’t have “digital” in the title back then
because digital had a very different reputation. It was
expensive, complicated, esoteric, and unreliable. It
just didn’t have a reputation yet, and there were no
consumer digital products yet. For the general public,
there weren’t any digital products out there except
for maybe calculators, so it really didn’t help me. It
made the concept more distant, but it did represent
that I had no moving parts, and no dependence on
analog signals. There were a lot of other developments taking place at the time that were never apart
of these conversations by the way. I ended up calling
the demonstration and talk “Filmless Photography”
which was a really bad choice of titles, especially after
you learn about public relations when you do this kind
of thing. I was thinking a substitute for film that you

didn’t have to buy, didn’t run out of, and could view on
a TV screen. I thought that would be nice, but I wasn’t
thinking about all those other things being developed
at the same time. Without those things, the utility of
the modern-day camera would have been marginalized. So the conversation was really incomplete in
those ‘76 meetings. We didn’t talk about those things
being developed. We knew personal computers were
coming, but who knew that they would be in the form
that they are today. Certainly the Internet was still
very distant, and photography as a whole was as well,
which is something we take for granted now. Now
with the inkjet printer you just print something out.
This was not in the vision back then, so I just want to
put the reaction in the context of the times and not
lose sight of that.

PREDICTING THE FUTURE
Now, about the technical challenges, the question
I was asked all the time was when is this going to
consume photography? When is it going to be real?
Like I would know! I didn’t spend a lot of time thinking about it. I thought people would ask me how I got
this to work. What tricks did I use? No, they wanted to
know in the future, when is this going to be available
for the consumer? So when you get asked a question
every single time by people who are getting paid a lot
more than you are, you really want to come up with
an answer. Since this is based in digital, and I’ve got
Moore’s Law, I called the labs. I asked, if I wanted to get
the lowest form of a consumer image, (which was 110
film at the time), how many pixels would I need? They
answered me right away, saying easily one million, two
million if I wanted color. I had 10,000 pixels and they
weren’t in color, so I used Moore’s Law and extrapolated that out, not
even considering
Moore’s Law: Approximately every
the fact that the
two years, the number of transisbait part of this
tors on integrated circuits doubles.
was a CCD which
was a transducer. I have no idea if Gordon Moore was
thinking of camera devices when he came up with
this idea, but I was desperate. I came up with 15 to 20
years as an answer on consumer availability, so that is
what I told them in the demonstrations. I must tell you
it didn’t turn out to be a bad estimate, but for all the
wrong reasons. There were so many things that happened in the next two decades. We launched our first
consumer digital camera 18 years later. I would say 22
to 26 years later was the digital photography transformation, more or less. At 26 years, there were more
digital cameras sold than film cameras.
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anything about. Kodak, like most companies that are
significant in their field, really control the whole flow
of things, they have their hands in everything and
that’s how they maintain the quality. At Kodak we
didn’t have any control over digital technology. We
couldn’t do anything about the development of microprocessors and memory, we had no business there.
So the critical technology that the digital camera was
going to rest on was going to come from someone
else. It was a scary thought, but since that was clearly
going to happen, Kodak increased their digital design
technique significantly over the next few years.

Clearly, images still needed a lot of development.
There were three technologies we had to work on.
The first was the images themselves. They clearly had
to develop a lot, and Kodak really took that on. They
didn’t talk about it much until the 1990s and worked
on it extensively. We needed at least 200 times the resolution for photographic quality. Most of the people
who were developing these CCD imagers were really
interested in replacing the Vidicon tubes- that was the
market they saw.
Vidicon Tube: Small TV camera tube
If I could just
Around the time I was doing this work, the question
replace this tube that forms a charge-density image on
of color was always important. Bryce Bayer was a
with a solid state a photoconductive surface often used
researcher in the corporate research labs. He solved
of silicon dimen- instead of a CCD for converting an
this problem, and it’s called the Bayer Array. If you own
sional stability, it optical image into an electrical signal.
a digital camera today, I don’t care who’s made it, it has
would save me
a Bayer Array in it. It was developed and patented by
money and make the camera smaller. So that was their
Bryce. It captured
market, and Kodak knew very early that if this was ever
Bayer
Array:
A
color
filter
array
(CFA)
information in a
going to happen, it was not going to center around
for
arranging
RGB
color
filters
on
a
two-dimensional
the television set or the Vidicon tube. It was going to
square
grid
of
photo
sensors.
mosaic, basic black
center around the merging computer world because
& white sensors,
the standards imposed by television sets were restrictand
turned
it
into
a
color
signal.
How
are you going
ed when it came to photographic quality. You would
to
trick
the
eye?
If
you’ve
read
Bryce’s
patent, it’s not
never accept NTSC artifacts in your still pictures. So we
about
the
digital
camera,
it’s
about
imaging
and how
knew that it had to be more than that. They worked on
eyes
see
and
how
you
can
fool
the
eye,
it
being
sensiit and developed some of the first megapixel sensors.
tive
at
different
sizes.
I
found
it
fascinating,
and
I
met
In fact, to this day the spin-off of that work is still gowith
Bryce
a
couple
of
times
because
I
couldn’t
handle
ing on at Kodak.
color. I had no idea, no practical implantation to do
experiments. But fortunately, he did, and it’s one of the
The second critical technology that needed developseminal patents in this digital camera world.
ment was something I called “digital film.” What form
of storage can store digital information as reliably as
Then there was still video floppy starting in the late
imaging information that is stored on film? Remember,
‘80s. It was introduced by Sony and called Mavica. It
if you have a displacement technology, your new idea
was a small disc, two inches, and it would rotate at
has to meet all of the criteria and specifications of the
60hertz. It would take the output of a CCD, convert it
existing technology, and then exceed it in at least one.
to an analog signal, and record one frame, or a quarter
People will not accept deficiencies in the areas that
of a single frame. It would rotate a real-time recordthey already had some good performance in, at least
ing of an analog signal. It was a lot like a VCR, but
in broad markets. They will only take it if it has somethe encoding was a bit different, no digital. People
thing new. You’re not going to lose anything there. We
thought it was digital because it had a little disc like
had to do what film did- we couldn’t accept any kind
for your computer, but it was totally analog. I loved it
of reliability hit or failure rate in respect to digital storfor two reasons. The first reason was because Sony put
age. I said digital was still very esoteric and unreliable.
it out there. They were talking about doing electronic
And in the next few years, I looked at this particular
still imaging and all of a sudden, Kodak got interested.
problem working with EAROM and precursor flash
There were a lot of people working on this besides mymemory
self, and we couldn’t get management’s enthusiasm
EAROM: Electrically Alterable Read-Only
because I
on this in the early ‘80s. But the minute a competitor
Memory (types of nonvolatile memories
thought it
like Sony shows up and starts talking about it at trade
that are rewritable, but time-consuming)
was one of
shows, (even though they haven’t introduced the camthe more
era yet), that got them interested. Sony is not a small
critical problems to work on. Digital circuitry was also
company. We started getting some more dollars. I alcritical, but it was something that Kodak couldn’t do
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most wished we could have paid Sony to get us going!
The second reason I liked video floppy is that I knew
it would never work. If I take a NTSC signal, you would
never accept the image quality that comes off of it
as compared to a print. Remember what I said about
the existing technology and displacing it? You can
look at it on the television and see that it’s not good
image quality. People are
not buying that, not in the
broad market. So I knew it
wouldn’t work. We looked
at it very carefully- we did
a broad spectrum analysis
and saw gaping holes in
the imaging spectrum.
We finally started to get
going in the early ‘80s.
Then Kodak introduced
it at shows because Sony
was getting a lot of traction
with their work in electronic imaging., so Kodak
researchers had developed
something like it but we
never told anyone about it because there was always
this conflict between film and digital. We showed a
1.3 megapixel sensor with a color filter array on it at a
1986 show. No one had built anything like this before.
We knew where we were going. We weren’t trying to
be displacement Vidicon tubes. We were looking at
photography so we had to have millions of pixels. It
was just an experiment, but that was the first time it
was shown in 1986.
The third and last technical hurdle to the acceptance,
or the possibility, of digital photography was image
compression. Image compression is where you do
mathematical operation on a stored image, an XY
matrix of digitized pixels, and you throw away as many
bits as possible; and yet you can still look at it like you
didn’t throw anything away. It’s basically “lossless”, the
term I like to use. Back in 1986 to ‘87, I was working
with a very famous scientist, Dr. Majid Rabbani, one of
the world’s experts on image compression. He worked
in the corporate labs. I asked him how we could do
something with real image compression. Compression
algorithms are very complicated and were run on big
computers with beautiful prints they would show you,
and it was very impressive. But it took image scientists
and big computers to do all of this. I wanted to do
image compression in a small box. What should I do,
because there were about 24 different algorithms in
competition throughout the world, trying to become

the image compression standard. People got very animated over image algorithms. It was like talking about
religion or politics. So we were going to have this great
“bake-off” throughout the world. Kodak was involved
because we were doing the prints for this bake-off
and doing visual comparison between the different
algorithms. I went to Rabbani and asked him what the
answer was going to be.
He said quite clearly, “It’s
going to be discrete cosign
transform. The world is
going to realize this is the
best way to do it.” I asked
if we should use it for our
development, and he said,
“Absolutely.” Naturally then
I looked at how cosign
transform is done and it’s a
very complex mathematical operation. I went back
to him and asked, “You got
anything easier?” He said,
“No, that’s your problem.
This is the way the world
is going to decide.” It’s an
image science question, and discrete cosign transform
is when you go and take the spatially-oriented pixels
and turn them into representatives of spatial frequencies. Then you can get rid of the spatial frequencies because you know what the eye actually can see knowing that it’s different on the diagonals, on the verticals,
and on the horizontals. You can get rid of things that
way, and it’s called the human visual response. You can
get rid of 90 percent of the original that you captured,
and you can’t tell the difference.
So we wanted to come up with a product to see if it
would actually work. The only all digital product we
had was the transceiver, and it was one of the most
important products in the development of digital
photography. The idea was to come up with a box
about the size of a VCR. At the time, it was going to
basically capture an image, put it into a frame store,
do this magic image compression, then send it over
a standard telephone line, and so be able to transmit
an NTSC quality image in under a minute. It sent a
still image over a conventional telephone line using a
9600bit modem. That was the idea. It was part of the
electronic imaging product family that we were developing at that time. We were building and playing
with still video floppy like everybody else, but this
product was all-digital. It was all focused on this, and
it was the first product to use discrete cosign transform- the basis of JPEG.
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One of the big challenges
we had with this was how
to do these calculations
fast enough in a very low
cost DST processor. We
just couldn’t get it to run
fast enough. I had learned
enough about image compression to call the people
at Texas Instruments, who
made the DSP (Digital
Signal Processor) chip we
were using, and tell them
about the DS image compression, because we were
using their chip for that.
They had never seen it used for that, so they were
very interested. My motive was to find the guy who
actually designed this chip, because I knew he could
make this thing run faster. I had been taught enough
that I could scoot through a presentation for them.
I showed the Colonel that we couldn’t get it to run
fast enough, and asked if anybody knew about this
chip. This man in the back, named Ray Simar, raised
his hand and said, “Yes, I designed that chip.” I asked
how fast he could make it, and he said, “I can make it
go much faster than the standard development tools
allow.” I said, “That’s what I want to hear!” and within
a week we had a test case back from these guys running much faster. It was one millisecond per block,
one block being 16x16 pixel major.
There was a lot of innovative, cutting-edge work
being done here. It was the first of what I call application of image science. There were two things:
transforming the image, and then knowing exactly
which spatial frequencies to throw away and which
to digitize or threshold at different levels. Kodak
really knew a lot about this. We knew how and what
people liked in images, and we knew what we could
get away with. We were uniquely positioned to try a
lot of cutting-edge science that went into this, and
we were very excited to do so. We had not done this
just to develop this product. There was so much new
technology that we thought we wanted to try this
first. There was an image frame store that was a DCT
(Discreet Cosign Transform) compression block, and
then there was a modem. Then, you would hook a
video camera to the front, and it would capture a still
off of the video camera- that’s how CBS news used
this product. But what if you replaced it with a CCD,
and what if you got rid of that modem and replaced
it with a memory card? What if you shrunk the whole
thing down and ran it off of batteries with a lens in
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the front? That was the
intention all along, but we
couldn’t make that step
in one step. There was so
much new technology in
the new transceiver, and
that was a very innovative,
high-tech product and
no one had ever heard of
it. But it represented the
milestone for what we
wanted to do here. What
we wanted to do was to
build a real digital camera.

THE FINISHED PRODUCT –
THE FIRST COMMERCIAL DIGITAL CAMERA
What I did this time was to have the good sense to go
talk to a real camera designer. His name is Bob Hills,
and he has designed more cameras than I’ll ever know.
He had been designing film-formatted cameras for
over 35 years at that time- you name it, he’s done it. So
I went to him and said, let’s try to build a real digital
camera. He said, “Okay, Sasson, if we are going to do
this, this is going to be a real camera, it’s not going to
be one of these crazy things that you built.” This one
was going to work like a camera, look like a camera,
and act like a camera.
We were working with Chinon at the time, and we
developed this camera which most people have never
seen before. It was based from Chinon Technology
bodies, and was operating in 1989. Inside of it was a
1.3 megapixel CFA image. It could do “burst mode”, the

30 u 3rd Annual Light Seminar at Lenox Laser

first time that was ever on a digital camera. There was
a memory card in the slot on the left. This camera was
really the first modern digital SLR. We built about six
of these, and we made some forays into marketing to
see if anyone would be interested in selling this. We
ran into some difficulty because quite frankly, people
said they could sell it, but if it came at the expense of
one film camera, they would not. But at this time, if a
couple of guys in a Kodak research lab could build this,
what could Sony do? What could Canon do? I thought
then that there was no question that in a lot of people’s
minds, digital photography was indeed going to significantly impact film photography if not displace it, and
this camera was the proof. This camera also generated
some of the most valuable intellectual property in the
digital camera space today. You might have heard of Kodak and their IP licensing activity that has made billions
of dollars. This is one of the patents that they licensed.
It basically defines modern DSLR architecture. This first
camera was never produced. There were only about six
of them and only one in existence right now at Kodak,
hopefully en route to the museum.
The first one we actually commercialized and offered
for sale was to the US government. They were very
expensive and there were only a few who could afford
it. It was called the Hawkeye Imaging Accessory. It
was called Hawkeye because it was built at a Hawkeye plant and “image accessory” because we weren’t
allowed to call it a camera. The guy who designed this
was Jim McGarvey. There was some resistance here because we built the electronics on a Nikon body with a
module underneath to make our digital camera practical and useable. One of these cameras was the first
portable flown into space on the space shuttle mission
in 1991. Soon after, we came out with a professional
DCS with a bigger hip pack, also built on a Nikon body.
We sold about 1000 of these at $25,000 each.

THE NICHE
When you have a new technology, you want to try
and find the niche. Our question was who would
pay $25,000 for this? We can’t keep selling them to
the government. It turned out our niche was news
and sports photographers, because they could take
a picture at a sports event and have it on the cover
of the magazine or newspaper within hours. That
was money! $25,000 isn’t that much if you can scoop
everyone else with a picture. These guys didn’t like
carting around all of the stuff for it, but the ability to
view the image and get it back to your office. That was
real money to them, so they could afford it.

The next camera came out a year later in 1992 called
the DCS-200. Here you can see a big shrinkage on
all of the electronics. It all fit into one box. It was
also the first time we put “Kodak” on the camera.
The camera designers had been getting a little annoyed every time “Nikon” was shown on Nikon-based
systems, because people thought Nikon did it. But
we bought the Nikon cameras. Nikon didn’t know we
were working on them. They saw it for the first time
at the show. So people thought that Nikon must have
made the digital cameras, but they didn’t. That is why
Kodak was written in bigger letters than Nikon on the
next camera. We sold about 3,000 of those, quite a
jump forward. There were more news photographers
getting them and more desktop publishing applications. This was the professional arm, and that’s usually where you find your first niche when you have a
technology unrolling.

WORKING WITH APPLE
In 1994, Apple Computer came to us at Kodak. Their
computers were more imaging friendly than Intel
devices at the time. It had to do with the architecture
of the CPUs they were using. They told us that if we
could build a digital camera, it would be great onramp
for their computers, and both parties could sell more.
We were happy to do it. This camera was designed and
built by the Eastman Kodak Company, but it showed
up as the Apple Quick Take consumer camera. It was
the first color consumer camera under $1000. It had
640x480 resolution and held about eight images. It had
a SCSI (Small Computer System Interface) connect so
it was a little crude. It was our first attempt. We went
through Apple channels because Kodak didn’t have any
channels. There was this conflict going on- how are we
going to sell film and then sell this? So there was this
battle that took place, and that is why the camera first
went through Apple channels. It looks like a binocular.
Tom Kelly, the designer of this camera, told me that
he was told it couldn’t look like a film camera; it had to
look like something different. So that’s why it looks like
that. There was real financial pressure because we had
this existing business that had been going on for quite
some time. The DC-40 looks remarkably similar except
this one had Kodak a little bigger, 720x512 resolution,
and held a little more. It was fundamentally our first
consumer camera, in 1995. In 1997 the first megapixel
cameras came out. There have been a million pixels
more every year since then. The consumer cameras
have increased by 1 million pixels in resolution up into
present day where we are at 14 million pixels. You get
them whether you need them or not.
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PUBLIC RELATIONS TOURS
We didn’t talk about this work until
2001, and then it showed up in a
newspaper article in Rochester. Then
a few years later, Kodak started to
realize that this might be a good idea
to show that we are a digital imaging
company. So they asked me if I would
go on a public relations tour of China.
They were introducing a new camera
and they wanted me to tell the story
of the first camera to establish Kodak
now that we were competing with
real electronics companies that have a
long history in this field. People didn’t
think of Kodak in that way before.
So they sent me to public relations
school, which was a whole different
experience. There I learned how to talk with the
press, and then I went on this tour. In China, when
you do an interview, it is really organized. You sit at
a long table, the news people come in, line up, and
they ask you one question at a time, one person at

a time. Then, when they are all done, they all get up
and walk out. Then the next group come in and sits
down. Between these breaks, I would get feedback
from my PR guys. I had PR guys with me all the time,
giving me a critique after every interview. It was like
going to college all over again!

PERSPECTIVE
I brought some of the first tapes that I recorded the first pictures on to these interviews. In between one of
the breaks, it was sitting on the table next to the camera that we were introducing- the EasyShare One with
about six megapixels. It came out in 2005/2006 with a nice fold-out memory. It was a Wi-Fi camera, quite
ahead of its time. You could plug in a Wi-Fi SIM card and it would upload to your server. It had about 256 MB
of memory in it. It was a really nice camera. We were introducing it, and there was my first tape right beside
it. I realized they were about the same size, and it just clicked. I remembered an old saying about engineers		
Engineers always over-estimate what they can do in five years,
			
and under-estimate what they can do in 20 years.
				And I would add,
					
They can’t imagine what they can do in 30 years.
Thank you.
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Pinhole Photography Online Resources
Do you want to explore pinhole photography yourself now? Lenox Laser has the resources to harbor growth in the
art both as a profession and as a hobby. We are committed to partnering with you to not only create a dialogue direct
from engineer to consumer, but also to challenge the status quo. This can only be accomplished when photographers using our apertures in the field communicate with us.
Lenox Laser invites you to join the conversation- upload your pinhole photos and send us feedback.
We’re on:
Search Lenox Laser on Flickr to follow our event photos and see
the work of photographers who have tagged our pinhole apertures.

Customer Profile Shout-out!
Search the username jonespointfilm for beautiful pinhole photos

”Like” us to see Daystar Laser Inc. upcoming
events and links to past events on Facebook.

Subscribe to Lenox Laser’s YouTube channel
to see videos from all of our events.
You can watch the seminar presentations
included right here in this book!

New!

See and share photos of your old cameras or homemade pinhole cameras
+ the photos taken with them on Instagram.
Follow Daystar Laser, and tag us in your snapshots using #daystarlaser.

And as always, visit – LenoxLaser.com – for products and more

