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Chapter 22: Now and Forever

This is the end of the book but not the end of any-
thing else. Ann and I continue to study, travel, 
and enjoy life. We continue selling our APAS sys-

tem around the world. I spend countless hours on the phone 
helping customers understand how to implement and oper-
ate their newly acquired software. Our CES has undergone 
new revisions and been readily received by new customers.

I could retire, I suppose, but sitting around watching 
television and failing to contribute or learn things does not 
appeal to me. I continue with my inventions since my life has 
always been about exploring opportunities. My technologies, 
unlike so many other technologies, have not become outdat-
ed. As long as there are muscles, bones, and ligaments that 
need to be studied, whether for athletic purposes, health rea-
sons, product testing, or other reasons, my technology can 
be applied.

It may seem odd that a man who grew up running bare-
foot in a land of the ancient Middle East should end up in 
California able to provide shoes which he designed. I was 

a man who discovered a fascinating technique to study the 
body through biomechanical analyses and was able to build 
a career with it. Biomechanics allowed me to create endless 
products that helped people win awards and Olympic med-
als, become stronger, and some other things that created the 
ability for people to simply enjoy life more than they had pre-
viously. These successes came from creating real things that 
had once only been in my imagination.

What stimulated this drive? I am sure much of it was 
to prove to my father that I was worthwhile. Most certainly 
it started that way but, as time passed, my imagination and 
goals became a pathway to help people. An inner knowledge, 
born out of my experiences at Hadassim, that if you try, work, 
struggle where necessary, you can be successful and achieve 
more than you had expected. Once I had an idea, I acted on 
it, such as creating a variable resistance exercise machine or 
going to see the president of Data General without an ap-
pointment to persuade him to provide free computers to 
America’s Olympic athletes at the Colorado Springs Training 
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Center. Never did I imagine myself lying on my deathbed 
thinking, I wish I had done that.

As a child, I had my dreams: the Olympics, a Cadillac in 
America, and a Ph.D. These I accomplished because I first 
envisioned them and was willing to work to achieve them. I 
must have had a dream when I took a plane and found myself 
in Wyoming which was a place that I had never known about 
nor had any idea where to find. I could not even have located 
Wyoming on a map before I arrived there.

After seeing what the East Germans were providing for 
their athletes, I had a dream of starting an Olympic training 
center in Colorado Springs. This dream led me to become 
Chairman of the Olympic Committee. With Colonel Miller 
and Data General and other companies we made the center a 
reality. I strove to make my dreams tangible and so they were.

I learned how to incorporate people into helping and how 
to select the proper people for the task at hand. Ann has been 
my love in business and in life. Jeremy Wise, Irving Dardik, 
Vic Braden, William Morrisroe, Victor Palmieri, Michael 
Greenisen, John Probe, Rudolf Buijs, Bob Wainwright, 
George Dales, John Walker and so many others have con-
tributed to my personal and professional life.

My work was not an odious job that had to be suffered 
and tolerated to earn a salary. My work was my passion. It 
was the most fun and exciting part of every day. My work was 

enjoyment and a challenging experience which consumed 
me every day.

My work efforts were in the arenas that held meaning 
for me. I loved being at the Olympics, and I found work that 
returned me to the Olympics time after time. I loved athlet-
ics, and I found work that allowed me to live with athletes 
and coaches. This love of athletes and movements focused 
my interests in the study of the mechanics of the body and 
the games. My interest and study of biomechanics grew from 
this passion. My “business” emerged from this interest.

The moment I saw Coto de Caza, I fell in love with the 
place and I imagined having a laboratory there. I worked to 
make that imagination become reality. Of course, there was 
some luck involved but there was also an opportunity. My 
talents were real and the people behind Coto de Caza recog-
nized this, so another one of my dreams materialized.

This book tells my story but it also tells a story of how to 
live a life that is full and rich and wild with imagination. How 
can someone live a life which is exciting, fascinating, and ful-
filling? The answer is to work towards what you dream of 
wanting to do. You must want something with all your heart 
and mind and then work hard to make it happen. Never give 
up on yourself and never say “No” to your dream. Always 
remind yourself that I WILL do it, and I CAN do it. The fa-
mous Irish poet, Samuel Beckett, said:

Our beautiful Tesla 90D high-performance electric car
http://arielnet.com/ref/go/2795

http://arielnet.com/ref/go/2795
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“Ever tried. Ever failed. No matter. Try again. Fail 
again. Fail better.”

This sentiment was one that I lived without knowing that 
Mr. Beckett had expressed this sentiment. I first learned this 
quote when I saw it tattooed on the arm of a tennis player, 
Stan Wawrinka. Mr. Wawrinka was quoted in The Guardian 
newspaper as saying:

“It’s how I see life and tennis. The meaning of the quote 
doesn’t change no matter how well you do. There is always 
a disappointment, heartache. You are losing almost every 
tournament. You need to just accept it and be positive be-
cause you are going to lose and fail.”

Mr. Wawrinka’s struggle to succeed in his chosen profes-
sion was as compelling as mine has been. I had been told that 
I was not good enough for the Olympics, that a computer-
ized exercise machine was too expensive, that I could not do 
something that I envisioned because it had never been done. 
These obstacles were never seen as barriers to me but rather 
as my next challenge. I always tried again, tried harder, never 
gave up.

I believe that life must be full and the joy is to live it to 
the fullest—with learning, doing, beauty, risk, and with love. 
In this book, each chapter has shown how life came to meet 
me and how I responded to each challenge.

Throughout my life, I have had people to guide and 
help me. I did not do everything by myself. The teachers at 
Hadassim, the people of Wyoming, and my wife, Ann, were 
all major contributors to my growth, successes, and confi-
dence. Few people, if any, can become successful without 
dreams and encouragement.

A year ago, I almost died from renal failure. Ann encour-
aged me to seek a kidney transplant despite the difficulty of 
my age which, at that time, was 75. As was presented in a 
previous chapter, receiving a kidney transplant at my age had 
initially seemed almost impossible to achieve. But to be able 
to compete in the Olympic had also seemed to be an impos-
sibility. Yet because I worked hard and never stopped trying, 
I was able to compete twice, in 1960 and 1964. When my kid-
neys failed, Ann explained that I was training for the most 
important “Olympics” of my life which was to get a kidney. 
She told me, “we will get your ‘Olympic gold medal’.” As you 
read in the previous chapter about the “Kidney Connection,” 
I did get my “gold medal.” I have a transplanted kidney from 
an amazing donor, Dr. James Hackney, so now I have the 
most valuable “gold medal” of life.

Another extremely important aspect of our life is study 
and education. Ann and I are not only involved with our 
business. Learning is an essential component for each of us. 
We have never stopped studying. We have several avenues 

Our Endless Pool, we love it
http://arielnet.com/ref/go/2712
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that we pursue to acquire knowledge: travel, On-line studies, 
and DVD courses.

We have participated in many trips with Stanford Travel 
Service, Smithsonian, and National Geographic. With the 
excellent guidance and instructors from Stanford University, 
we explored Vietnam and Angkor Wat in Cambodia, partici-
pated in two music courses in Italy, and traveled to Patagonia 
to see the farthest points of the Americas. We sailed from 
Copenhagen, Denmark to St. Petersburg, Russia along the 
“historical waterways of the Baltic” with guidance from the 
Smithsonian. On this trip, we met Lech Walesa, a Polish pol-
itician and leader of the labor union, as well as the former 
leader of the Soviet Union, Mikhail Gorbachev.

We traveled to Peru and climbed to the top of Machu 
Picchu with National Geographic and from there we ex-
plored a section of the Amazon River region. We always 
select trips which incorporate learning with lectures as well 
as guided excursions. We are only interested in trips which 
focus on education.

Most of the On-line courses are scientific or math-based 
classes. Many universities and colleges provide videos of 
each lecture in a particular course. For example, I recently 
“took” a course on “mechanics.” The most amazing part of 
the course for me was that the professor cared more about 
the students actually mastering the subject matter than he 
did about the grades they would receive. He explained that 
this course was the basic knowledge that the students would 
need for the remainder of their college courses. Therefore, it 
was imperative that they master each topic presented. This 
sentiment reflects my own opinion about school and educa-
tion. You must learn it for yourself and not for the grade. If 
you do not make the material “yours” in your head and part 
of your understanding, you are only cheating yourself. A bad 
grade might disappoint parents or the teacher, but the person 
who suffers the most is the student if they do not master the 
subject matter. Education benefits only the student. Grades 
benefit everyone else.

Another source of study for Ann and me are DVD’s. 
There is a company, The Teaching Company, located in 
Chantilly, VA, which offers DVD and downloadable class-
es in an enormous variety of topics. From this vast resource 
provided by The Great Courses, we have taken more than 
50 “classes” and loved every one of them. The topics ranged 
from history, science, math, art, music, and amazing people, 
such as Leonardo da Vinci. Ann and I have the classes on 
our smartphones so wherever we are—gym, car, or waiting 
somewhere—we study. Once Ann told me that she was jog-
ging while listening to a lecture on supernovas. When the 
professor said to watch the supernova explode, she did and 
ran into a big bush. She explained that the bush was not in-

jured by her crashing into it and, yes, the supernova explo-
sion had been truly awesome.

In addition to these on-going studies, my latest project is 
to improve my photography skills. I have several books and 
DVD’s to use to reacquaint myself with some of the basics of 
photography and I want to be more comfortable with each 
of my three Nikon cameras. Since each one of them is more 
sophisticated and robust in abilities, I want to learn each one 
of them thoroughly.

Next year, July 2018, we signed for the “Circumnavigation 
of Iceland”. Because of our many classes in geology and how 
the Earth works, we are traveling to where two of the conti-
nental plates meet. We want to stand with one foot on each 
plate. Awesome!

These are only a few of the things that we study. This is 
what Ann and I have pursued for many years. We do not pre-
tend to be experts in European history or the Middle Ages 
nor are we masters of geology, but we want to keep our brains 
stimulated every day. It is said that your body must be used 
or you lose the ability to use it. Brain research shows that this 
axiom is also true for our mental abilities. We try every day 
to “use it so we won’t lose it.”

Travel has been a passion for both Ann and me. We have 
been all around the world and some places we visited re-
peatedly. Ann can never get enough of the wildlife in South 
Africa and I am fascinated by Italy.

I have also attended many conferences and was a speaker 
at many of them. Again, rather than enumerate each of my 
presentations, I have provided links for anyone who is inter-
ested to see or follow these trips and/or lectures.

Future projects we are working on include the Virtual 
APAS where analysis of the human body from the mechani-
cal point of view will be easier to conduct and be automated. 
I hope to be able to use this new, exciting system at the 2020 
Olympic Games in Tokyo which will be 56 years after I was 
there to carry the flag and compete in the Olympic Games.

Education, travel, innovation, exercise. These are the 
many interests which have stimulated our past. We are hope-
ful that we can continue to study and travel in the future. We 
hope to keep our brains and bodies busy as long as we live. 

We added an amazing exercise device called the Endless 
Pool. We purchased one and now we can swim in our back-
yard and “run” on the treadmill located in the water on the 
bottom of the pool.

The name of this chapter is “now and forever” and this is 
where Ann and I are in our lives. I can hardly wait for tomor-
row because I have another dream.

Following are some of our recent explorations together:
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Alaska, July 2017
Ann and I visited Alaska a number of times. This fascinating 
state is larger than Texas, California and Montana combined, 
with only 700,000 people and 30,000 bears.
Some of the facts about this great state are:

• 17 of the 20 highest mountain peaks in the United 
States are located in Alaska. 

• There are over 70 active volcanoes in Alaska. The last 
volcanic eruption in the state occurred in 1912.

• There are over 3 million lakes and 3,000 rivers locat-
ed within the state. 

• The strongest earthquake on the North American 
continent occurred in Alaska in 1964. The earth-
quake measured 9.2 on the Richter scale. 

• Alaska is located less than 50 miles from Russia. 

• Alaska is known for its cold winters, and the aver-
age temperature in Fairbanks in January is –1 degree 
Fahrenheit. That is warm compared to the lowest 
recorded temperature of –80 degrees Fahrenheit, re-
corded in 1971 at Prospect Creek Camp.

• Twenty-five percent of the oil produced in the US 
comes from Alaska. 

• The largest salmon ever caught—a whopping 97.5 
pounds—was caught in the state’s Kenai River. 

• Alaska is so big that the state of Rhode Island could 
fit within it 548 times, and my country of Israel 83 
times.

• “Alaska native” refers to original inhabitants from 
the Aleut, Eskimo and Indian groups. 

Flying in and around Alaska in our rented plane
http://arielnet.com/ref/go/2201

http://arielnet.com/ref/go/2201
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People think that it is always cold in Alaska, but, many 
days when we were there, the temperature was 80 degrees 
Fahrenheit, higher than at home in California! An additional 
factoid of interest is that in the summer, when we were vis-
iting, there was daylight for 24 hours per day. This why the 
flowers are so beautiful in Alaska.

Alaska contains about 98% of the U.S. brown bear popu-
lation and 70% of the total North American population. An 
estimated 30,000 brown bears live in Alaska. Of that number, 
about 1,450 are harvested by hunters yearly. After the invad-
ers killed most of the natives they are killing now the bears.

Ann became fascinated with the bears in Alaska. On 
every of our trips around the world we shot many photos, 
and oftentimes, we would create albums and calendars from 

selected photos. Ann and I were fortunate to always have ac-
cess to the best cameras such as the Nikon D3s and D300— 
and more recently the D750 and D850—and many excellent 
lenses, ranging from $100 to $15,000. 

Even though we photographed many bears, we could not 
tell one bear apart from the other. But watching the National 
Geographic website after visiting the bears of Alaska everal 
times, it came to our attention that one particular bear kept 
appearing again and again in one of the locations that we had 
visited. As it turned out, his name is Otis and Otis is one of 
the most famous bears in the world!

Ann and I recognized this bear and wondered if we had 
him in one of our calendars. Well, if you notice in our calen-
dar on the right, on the cover and on February the 5th there 

Previous trip to Alaska with Yariv and Aviva Oren in 1993
http://arielnet.com/ref/go/2202
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Bear-watching in Alaska in 2013
http://arielnet.com/ref/go/2203
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is a bear in the back in his “Office”. This is Otis the Bear. You 
may laugh at my use of the word “office”, but actually they 
designated this location where Otis is often spotted as his of-
fice! The calendar was made in 2017, but our photo on it is 
from 2013.

Ann started watching the bears online day and night. 
While she was working, cooking, or reading, the website ex-
plore.org was on her screen. She would tell me every 10 min-
utes what Otis was doing at the moment. She even got her 
sister Barbara addicted to Otis.

On Monday, July 24th, I got up in the morning, and Ann 
was excitedly watching Otis going about his activities. At that 
point–out of the blue–I told her. “Ann, tomorrow we are go-

ing to Alaska. I start being jealous of this Otis.” She replied: 
“No way!”. So, I told her to better get the tickets now or I 
would be going by myself to have a conversation with Otis.

It took a few days to organize the tickets and on Friday 
the 28th we found ourselves at the airport, ready to fly first 
class to Anchorage, Alaska.

And what a wonderful trip it was! For a week, we took 
private planes to visit spectacular locations, and were really 
excited to visit Otis again in his natural habitat.

And then the unexpected happened. Ann and I got sick. 
I started to have a fever, and we both start coughing nonstop. 
Upon returning home in California, I immediately made an 
appointment with my nephrologist to find out when I was 

Walking on glaciers in Alaska in 2013
http://arielnet.com/ref/go/2204

Beautiful flowers of Alaska
http://arielnet.com/ref/go/2205

The brown bears of Alaska, including 
“Otis”, the King of Bears
http://arielnet.com/ref/go/2206
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going to die. He sent me to make an X-ray and made sure 
he would get the result at once. The X-ray came back report-
ing no problem and no infection. I was happy but wondered 
how it was possible to not have any problem while having 
a 101-degree fever which is usually an indication of infec-
tion. So I called my doctor—which is a great doctor—and 
told him that something is not right. So, he immediately sent 
me to a pulmonary specialist who requested that I have a CT 
scan as soon as possible. 

The CT scan came back and indicated that I have a full 
pneumonia. This is a dangerous condition for anyone, but 
especially for a kidney transplant recipient. The pulmonary 
doctor put me on penicillin. The reason is that modern anti-
biotics are affecting the kidney. Apparently, the bacteria for-
got about the antibiotics from World War II. I refused to go 
to the hospital and stayed at home. After 3 days I started to 
get better, and this where the next episode started.

Wyoming, August 2017
For two years, Ann and I planned to go to Jackson Hole, 
Wyoming, to watch the total solar eclipse of August 21st, 
2017. Some of the hotels were fully booked for this event for 
years in advance. We were lucky to find a room in an exclu-
sive hotel for a discount price of $1,200 per night. This was 
the famous Hotel Terra in Teton Village, Jackson Hole.

Ann had made the reservations more than a year before, 
and here I was, in bed with pneumonia on August 17th. Ann 
had to cancel the airline reservations, but it was too late to 
cancel the hotel reservation.

It was 4 a.m. on August 18th. I could not sleep and I was 
thinking about the eclipse. I had a dream that I was floating 
on it. I woke Ann and asked her: “Please get up and make 
a reservation to go to Wyoming”. “No way!” she answered. 
“Okay, so I am going by myself ” I said. Well, she got up 
and miraculously was able to get plane tickets to Bozeman, 
Montana, and to make a rental car reservation in order to get 
to the hotel where our room had been reserved for 3 weeks 
and which we could not cancel.

So, we were getting all our stuff ready for travel, includ-
ing our clothes and the gear that we purchased to take photos 
of the eclipse. This is a story by itself. When you want to take 
good high-resolution photos of the Sun and especially a total 
eclipse, you are talking about purchasing expensive photo-
graphic equipment. And to purchase equipment for photog-
raphy of the Sun you need to learn about astrophotography 
to know what to purchase. Well, I started doing it in 2016, 
more than a year before the eclipse. This was why I was will-
ing to die rather than have $50,000 equipment sitting idle on 
the floor in my house!

Our trip to Alaska had been a great lesson in photogra-
phy. I met all these crazy photographers with the best equip-
ment in the world. And while talking with them about their 
equipment, I was on my cell phone with Amazon and B&H 
ordering equipment. I already had a lot, but these guys had 
the best, and to go to take the eclipse I wanted the best. This 
is why I can start a photo store in my house now with all the 
extra equipment that I did not need. Business-wise it did not 
make sense to spend one year learning and a lot of money for 
a 2-minute solar eclipse. But, you will see, it was worthwhile.

So, one year ago I started learning about the Sun. I think 
there are more books about the Sun then about algebra. 

After you learn about the Sun to some extent you are still 
a novice in knowledge. You can get a college degree that only 
covers the Sun and all the physics and chemistry involved. 

My CT-scan result: pneumonia!
http://arielnet.com/ref/go/2207

Personal collection of photographic gear
http://arielnet.com/ref/go/2208

http://arielnet.com/ref/go/2207
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But for me and Ann our focus was to learn how to photo-
graph the Sun and especially the eclipse.

The Sun is made mostly of hydrogen atoms. So, in order 
to observe the surface or the flares in detail, you need to con-
centrate on specific wavelengths that are associated with hy-
drogen. Otherwise your photographs will just show a yellow 
or white disk. Anyone with any camera can just get the photo 
of the Sun like that, but it looks boring!

The Sun contains many elements, but the most abundant 
by far is hydrogen. The visible layers (the photosphere and 
the chromosphere) constitute the only part of the sun that is 
cool enough for hydrogen to exist in its atomic form and it 

is here that we can see the absorption and emission spectra 
for hydrogen. 

It is helpful to think of a hydrogen atom as a small ‘so-
lar system’ with the heavy nucleus as the ‘sun’ in the center. 
This particular solar system has only one planet orbiting - i.e. 
a single electron. Due to the laws of quantum physics, this 
electron can only orbit the nucleus in specific orbits which 
are given a number n. 

When electrons jump from the lower to the higher num-
ber orbits, they absorb a particular amount of energy and we 
can observe the absorption spectrum. When they fall back 
again they release the same amount of energy and we can 
observe the emission spectrum. The amount of energy ab-
sorbed or released in this way can be related mathematically 

to the wavelength at which we see the absorption and emis-
sion lines on the spectrum. 

Hydrogen can absorb and emit in the ultraviolet region 
of the spectrum (the Lyman series) but the emissions and 
absorptions we see in the visible part of the spectrum are the 
Balmer series and occur when electrons jump from and fall 
to the n=2 orbit. 

The Balmer series lines that we see are imaginatively call 
alpha, beta, gamma… and so looking at the diagram on the 
left you can see the whole picture.

The line that appears in the red part of the spectrum is 
created when an electron moves between the second and 
third orbit (n=2 and n=3) and the wavelength at which this 
occurs is 656nm. It is this line that is called the “hydrogen 
alpha” line, and hydrogen alpha filters are designed to block 
out as much of the spectrum as possible leaving only a very 

The inside of our Sun
http://arielnet.com/ref/go/2209

Quantum energy levels in hydrogen atom
http://arielnet.com/ref/go/2211

Hydrogen absorption & emission spectra
http://arielnet.com/ref/go/2210
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small bandwidth through which light can pass at the H-alpha 
frequency. 

Hydrogen Alpha filters typically have a bandpass in the 
region of 0.5Å to 1Å (Å = Angstrom) where 1Å is 0.1nm.

Well, we are not going to learn astronomy in this chapter, 
but I want to show that photographing the Sun is quite com-
plicated. The instrument to achieve it is shown above:

In our case it was even more complicated since we want-
ed to attach a DSLR-camera to the lens so we could docu-
ment the photographs in high resolution.

Professionals with special equipment can get photos as 
shown on the right with the Hydrogen Alpha filters. There 
is no way we could achieve photos of such stunning quality; 
you need to be out in space on a satellite. But, we tried our 
best with what we got.

Ann and I practiced taking photos of the Sun for a long 
time before we left to Wyoming for the eclipse. We had the 
necessary DSLR-equipment consisting of the Nikon D3s and 
the Nikon D750. The D750 has a foldable LCD display which 
permits you to avoid looking through the eyepiece and risk 
damaging your eyes!

We tested our equipment with all conditions possible to 
us. When you photograph the Sun you do not know what 
shutter speed or f-stop to use.

DayStar hydrogen alpha filter
http://arielnet.com/ref/go/2212

DayStar filter mounted on DSLR camera
http://arielnet.com/ref/go/2213

http://arielnet.com/ref/go/2212
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It is difficult to take good pictures without having a sol-
id understanding of ISO, shutter speed and aperture—the 
Three Kings of Photography, also known as the “Exposure 
Triangle“. While most new DSLRs have “Auto” modes that 
automatically pick the right shutter speed, aperture and even 
ISO for your exposure, using an Auto mode puts limits on 
what you can achieve with your camera. In many cases, the 
camera has to “guess” what the right exposure should be by 
evaluating the amount of light that passes through the lens. 
Thoroughly understanding how ISO, shutter speed and aper-
ture work together allows photographers to fully take charge 
of the situation by manually controlling the camera. Knowing 
how to adjust the settings of the camera when needed, helps 
to get the best out of your camera and push it to its limits to 
take great photographs.

Let’s quickly review a summary of the Exposure Triangle 
as a refresher:

1. ISO—the level of sensitivity of your camera to avail-
able light. It is typically measured in numbers, a low-
er number representing lower sensitivity to available 
light, while higher numbers mean more sensitivity. 
More sensitivity comes at a cost though, as the ISO 
increases, so does the grain/noise in the images. 
Examples of ISO: 100, 200, 400, 800, 1600.

2. Shutter speed—the length of time a camera shutter is 
open to expose light into the camera sensor. Shutter 
speeds are typically measured in fractions of a sec-
ond, when they are under a second. Slow shutter 
speeds allow more light into the camera sensor and 
are used for low-light and night photography, while 
fast shutter speeds help to freeze motion. Examples 
of shutter speeds: 1/15 (1/15th of a second), 1/30, 
1/60, 1/125.

3. Aperture—a hole within a lens, through which light 
travels into the camera body. The larger the hole, the 
more light passes to the camera sensor. Aperture also 

controls the depth of field, which is the portion of a 
scene that appears to be sharp. If the aperture is very 
small, the depth of field is large, while if the aperture 
is large, the depth of field is small. In photography, 
aperture is typically expressed in “f ” numbers (also 
known as “focal ratio”, since the f-number is the ra-
tio of the diameter of the lens aperture to the length 
of the lens). Examples of f-numbers are: f/1.4, f/2.0, 
f/2.8, f/4.0, f/5.6, f/8.0.

To have a good understanding about exposure and how 
shutter speed, aperture and ISO affect it, we need to under-
stand what happens within the camera when a picture is 
taken.

As you point your camera at a subject and press the shut-
ter button, the subject gets into your camera lens in a form 
of light. If your subject is well-lit, there is plenty of light that 
travels into the lens, whereas if you are taking a picture in a 
dim environment, there is not much light that travels into the 
lens. When the light enters the lens, it passes through various 
optical elements made of glass, then goes through the lens 
“aperture” (a hole inside the lens that can be changed from 
small to large). Once the light goes past the lens aperture, 
it then hits the shutter curtain, which is like a window that 
is closed at all times, but opens when needed. The shutter 
then opens in a matter of milliseconds, letting the light hit 
the camera sensor for a specified amount of time. This spec-
ified amount of time is called “shutter speed” and it can be 

Chromosphere of our Sun
http://arielnet.com/ref/go/2214

Prominences in the Sun’s chromosphere
http://arielnet.com/ref/go/2215

http://arielnet.com/ref/go/2214
http://arielnet.com/ref/go/2215
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extremely short (up to 1/8000th of a second) or long (up to 
30 seconds). The sensor then gathers the light, based on a 
pre-defined sensitivity, also known as “ISO”. Then the shutter 
closes and the light is completely blocked from reaching the 
camera sensor.

To get the image properly exposed, so that it is not too 
bright or too dark, shutter speed, aperture and ISO need 
to play together. When lots of light enters the lens (let’s say 
it is broad daylight with plenty of sunlight), what happens 
when the lens aperture/hole is very small? Lots of light gets 
blocked. This means that the camera sensor would need 
more time to collect the light. What needs to happen for the 

sensor to collect the right amount of light? That’s right, the 
shutter needs to stay open longer. So, with a very small lens 
aperture, we would need more time, i.e. longer shutter speed 
for the sensor to gather enough light to produce a properly 
exposed image.

Now what would happen if the lens aperture/hole was 
very big? Obviously, a lot more light would hit the sensor, so 
we would need a much shorter shutter speed for the image 
to get properly exposed. If the shutter speed is too low, the 
sensor would get a lot more light than it needs and the light 
would start “burning” or “overexposing” the image, just like 
magnifying glass starts burning paper on a sunny day. The 

Spectacular scenery near Jackson Hole, Wyoming
http://arielnet.com/ref/go/2216

http://arielnet.com/ref/go/2216
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overexposed area of the image will look very bright or pure 
white. In contrast, if the shutter speed is way too high, then 
the sensor is not able to gather enough light and the image 
would appear “underexposed” or too dark.

To solve this problem, we used the ability of the camera 
to use “bracketing”. In short, bracketing is taking the same 
photo more than once using different settings for different 
exposures. Why would you do this? Say you’re photograph-
ing a mountain landscape. The grass would require one set-
ting to be properly exposed, the mountains would require 

another and the sky yet another. But you can only choose 
one setting for one photo. Shoot! Now what? Try bracketing!

Now we were ready to leave for Wyoming. It was August 
17th, and the only plane tickets available to get us close, took 
us to Bozeman, Montana. We arrived in Bozeman and rented 
a car to drive to Jackson Hole, Wyoming.

The first night we stayed in a beautiful hotel in Montana. 
On the way, we decided to go through the beautiful 
Yellowstone National Park in Wyoming and a take a road 
through the Grand Tetons.

Yellowstone National Park & the “Old Faithful” geyser
http://arielnet.com/ref/go/2217

My Ann in a hotel in Montana & Hotel Terra, Jackson Hole, Wyoming
http://arielnet.com/ref/go/2218

http://arielnet.com/ref/go/2217
http://arielnet.com/ref/go/2218
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Path of the total eclipse, August 21, 2017
http://arielnet.com/ref/go/2219

Principle of a solar eclipse
http://arielnet.com/ref/go/2220

http://arielnet.com/ref/go/2219
http://arielnet.com/ref/go/2220
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Yellowstone National Park is a nearly 3,500-sq.-mile wil-
derness recreation area atop a volcanic hot spot. Mostly in 
Wyoming, the park spreads into parts of Montana and Idaho 
too. Yellowstone features dramatic canyons, alpine rivers, 
lush forests, hot springs and gushing geysers, including its 
most famous, Old Faithful. It’s also home to hundreds of ani-
mal species, including bears, wolves, bison, elk and antelope. 

The next morning, Ann and I started practicing photo-
graphing the Sun with our equipment. We needed a special 
solar filter to protect the lenses and the sensor of the camera.

From there we continued to the Terra hotel in Jackson 
Hole Wyoming. Jackson Hole Valley is formed by the Teton 
Range on the western side and the Gros Ventre Range on 
the eastern side. Grand Teton National Park occupies the 
north-western part of the valley encompassing much of the 
Teton Range as well as Jackson Lake. The town of Jackson is 

at the southern end. Between them lies, on U.S. Route 26, 
“Glacier View Turnout” offering a view of Teton Glacier on 
the north of Grand Teton, and the National Elk Refuge, home 
of the largest elk herd on earth. The Snake River threads 
through the entire valley from its headwater in Yellowstone 
in the north to the mouth of the Snake River Canyon at the 
southern tip of the valley. Blacktail Butte is a prominent land-
form rising from the valley floor. The average elevation of the 
valley is over 6,500 feet (2,000 m) above sea level.

When viewing or photographing the partial phases of a 
solar eclipse or the maximum phase of an annular eclipse, 
you must use a solar filter. Even if 99% of the Sun is cov-
ered by the Moon, the remaining 1% crescent is dangerous 
to view with the naked eye and can cause serious eye damage 
or blindness.

You can find information on solar filters and where to 
purchase them on astronomy websites and in magazines. 
Safe solar filters for cameras and telescopes are available as 
either “Full-Aperture” and “Off-Axis” filters. Both of these 
filters fit over the objective (front end of the telescope) or 
camera lens. Do not place a solar filter in the filter slot of the 
larger telephoto lenses that feature those filter slots!

Full-aperture solar filters are the preferred filters of 
choice. This is because the filter completely covers the front 
of the telescope so the entire mirror or lens is used. No refo-
cusing of the telescope or camera lens will be needed when 
you remove the filter at the beginning of totality or when it is 

Experimenting with different exposures
http://arielnet.com/ref/go/2221

The Sun, captured with a solar filter and 
acceptable exposure
http://arielnet.com/ref/go/2223

Compare solar filter and regular UV filter
http://arielnet.com/ref/go/2222

http://arielnet.com/ref/go/2221
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replaced back on the telescope/camera lens at the end of the 
total phase.

Solar eclipses may be viewed and photographed, provid-
ed certain precautions are taken. You can photograph a solar 
eclipse with any type of camera such as a DSLR. The longer 
the focal length of the lens, the larger the images of the sun 
you’ll be able to make. 

With a DSLR, you can also combine a super telephoto 

lens with a teleconverter to increase the focal length. How 

large you want the sun to be in the frame will determine what 

focal length and what lens to use. For a DSLR camera with 

a full frame FX sensor, choose a focal length of 2000mm or 

less. For a DSLR camera that has a DX sensor, the maximum 

Solar Eclipse Exposure Guide
http://arielnet.com/ref/go/2224

http://arielnet.com/ref/go/2224
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focal length is about 1300mm; any longer and you won’t be 
able to get the entire sun in the frame.

However, if you also want to capture the Sun’s corona 
during the phase of totality, then you should choose a fo-
cal length that’s shorter still—no more than 1400mm for an 
FX (full frame sensor) camera, or 900mm for a Nikon DX 
camera.

If you are using a telescope on an equatorial mount, the 
electric drive will track the Sun, keeping it centered in your 
camera throughout the eclipse.

A solar filter must be used on the lens throughout the 
partial phases for both photography and safe viewing. These 
filters typically attenuate the sun’s visible and infrared energy 
by a factor of 100,000. Almost any ISO can be used because 
the sun gives off abundant light. The actual filter factor and 
choice of ISO will play critical roles in determining the cor-
rect exposure.

The easiest way to determine exposure is to run a cal-
ibration test on the sun on a clear day prior to the eclipse. 
Digital cameras are ideal as you can see your results almost 
instantaneously. Shoot the mid-day sun at a fixed aperture, 
(choose an aperture between f/8 and f/16) using every shut-
ter speed from 1/4000 second to 1/30 second. Looking at the 
exposures, choose the best shutter speed/aperture combina-
tion and use them to photograph the partial phases of the so-
lar eclipse. Your camera’s histogram function is an excellent 
way to evaluate the best exposure. The histogram should not 
be clipped but should lie toward the upper end of brightness 
values. Because the sun’s brightness stays the same through-
out the partial phases, no exposure compensation will be 
needed. You may also decide to bracket your exposures to 
ensure that you photograph the solar eclipse with a perfect 
exposure. If you ran your test on a sunny day and the eclipse 
occurs on a hazy day, increase the bracket of exposures an 
additional f/stop.

Certainly, the most spectacular phase of the solar eclipse 
is totality. For a few brief seconds or minutes, the sun’s pearly 
white corona, red prominences, and chromosphere are 
visible.

The great challenge is to obtain a set of photographs that 
captures these fleeting phenomena. During the total phase, 
all solar filters must be removed. This is because the Sun’s 
corona has a surface brightness a million times fainter than 
the sun’s visible disk or photosphere, so photographs of the 
corona must be made without a filter. Furthermore, it is 
completely safe to view the totally eclipsed sun directly with 
the naked eye. No filters are needed, and in fact, they would 
completely hide the view.

The average brightness of the corona varies inversely 
with the distance from the sun’s limb. The inner corona is far 

brighter than the outer corona, thus, no single exposure can 
capture its full dynamic range. The best strategy is to choose 
one aperture and bracket the exposures over a range of shut-
ter speeds from 1/1000th of a second to 1 second. You should 
rehearse the actions of setting up the camera and adjusting 
exposures because it is common for photographers to be-
come easily distracted when viewing this phase of the solar 
eclipse, so much so that you forget to make pictures.

This guide features various exposure suggestions for the 
different features of a solar eclipse. Whichever exposures you 
do choose, bracket by one or two f/stops to ensure you get 
the best possible image. Use RAW format if your camera has 
this option because it allows greater flexibility in adjusting 
the exposure when processing your images after the eclipse.

So, after being a student of the Sun for more than a year 
Ann and I arrived in our hotel in Jackson Hole and start-
ed experimenting with our equipment to take photos of the 
Sun. We had already found that using the Hydrogen Alpha 
filter is not the way to go since the Moon would cover the 
Sun and these photos we would not want to filter in any way. 
A photograph with the full spectrum would be important!

We tried many setups to get clear photos of the Sun since 
the next day would be “Judgment Day”. There will be no 
more total solar eclipses in the USA for 20 years. 

All DSLR cameras work with a Bayer matrix. Each pixel 
has a color attached and a simple way of looking at this is 
they are set in a pattern of 4 across the whole chip. The lay-
out is different for each camera but in essence the same the 
pattern for most is RGGB, so 1 red 2 green and 1 blue. The 
quarks being in the Ha band means a color camera is only 
using 1 pixel for every 4; only the red one would be used. 
That makes the camera less sensitive than a mono camera as 
it is only using a quarter of the chip to image. 

This makes focusing quite hard as the camera will show 
mostly red on the live view when trying to focus. It is the 
same when using any color camera on a Ha solar setup. One 
way to make focus easier is to set the f/stop to f/5 and then 
set the live view to show exact exposure setting. In the menu 
set the camera to record JPEG and RAW files.

In the color settings set the camera to Monochrome 
or Black and White. This will remove the color on the live 
screen to make focus easier. Locate the sun in the live view 
and set the lens to around 200mm. And make sure it is in 
manual focus not automatic. Brighten the live view screen so 
it is easier to see the adjust the focus manual by rotating the 
focus ring on the lens. On most cameras you can zoom in 
on the live view to zoom in and adjust the focus until some 
detail can be seen. The exposure time will need to be adjusted 
so its not to bright. 
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An average exposure might be around 1 second. In live 
view it should show this as you adjust it. By looking at the 
limb of the sun it could make this easier to achieve. When 
you see some detail then try taking an image using a trigger 
so you don’t jog the camera pressing buttons. Look at the im-
age on the live view and expand to check the detail. Adjust 
exposure up or down to get more detail. It is far easier to 
attach the camera to a computer to do this as it has a larger 
screen and makes for a better focus. For prominence images 
you might need to run at say 3 seconds as the objects are not 
as bright. When you start to get images you are happy with 
take a few pictures of the lens setting with a phone to make 
setup the next time a lot easier. The images captured will re-
tain color in the RAW file and monochrome in the JPEG. 

The color can be extracted from the RAW file when imported 
to Photoshop. All setting are adjustable for a different focal 
length. So with the lens set at 50mm you might need an ex-
posure speed of 1/160. 

And now the crucial time arrived. On August 21st 2017, 
the day of the eclipse, we arranged with the hotel to take us 
to special place at 8000 ft. elevation. The sky was crisp and 
sunny with perfect conditions to photograph the eclipse.

The critical time was from 11 a.m. to 2 p.m. to follow the 
complete pattern of the Moon covering the Sun.

What a great this trip was. And it created another mon-
ster, we became addicted to Astrophotography. It is time for 
our next adventure. We need to get the proper telescopes to 
explore the Solar System, the Milky Way Galaxy, and beyond!

Sequence leading up to the total solar eclipse
http://arielnet.com/ref/go/2225

Total eclipse; the Baily Beads and the Einstein ring are visible
http://arielnet.com/ref/go/2226

Sequence of the Moon leaving
http://arielnet.com/ref/go/2227

http://arielnet.com/ref/go/2225
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Photographic composition of this memorable event
http://arielnet.com/ref/go/2228
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Photo collections. Africa
http://arielnet.com/ref/go/2787
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Photo collections. Italy
http://arielnet.com/ref/go/2788
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Photo collections. Travel
http://arielnet.com/ref/go/2789
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Photo collections. Conferences
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• Ariel was the FIRST COMPANY to create a biome-
chanical system for scientific, educational, and com-
mercial applications. (1968)

• Invented and build the FIRST AIR SHOE (1971)
• Tested with Howard Head the FIRST LARGE-

FACED TENNIS RACKET. (1974)
• Built one of the FIRST PERSONAL COMPUTERS 

to be utilized in analyzing sports performance. The 
project was funded by the Secretary of Finance, 
William Simon and the CIA director William Casey 
and Dr. Irvin Dardik. (1976)

• Introduced the FIRST ELECTRONIC DIGITIZER 
(sonic) for use with 16mm film tracings. (1970)

• The first to connect a force platform to a computer 
AND to write the software to control it. (1972)

• Invented and developed the FIRST VARIABLE 
RESISTANCE EXERCISE Equipment. (1972)

• Provided the first hardware-software controlled in-
terface for other input signals, such as EMG inte-
grated with the movement analysis system. (1972)

• Supplied to Kistler Force Plate producer the FIRST 
DIRECT INTERFACE to the computer and A/D 
converter on Data General Mini Computer. (1973)

• Suggested and established the FIRST UNITED 
STATES OLYMPIC TRAINING CENTER at 
Colorado Springs, CO. Gideon Ariel was appointed 
as the founding Chairman of Biomechanics. (1976)

• Established the first organized Olympic Training 
Analysis in the United States at the Olympic Training 
Center in Colorado Springs. The APAS system is 
used at the Olympic Training Center. (1976)

• The FIRST to GRAB VIDEO IMAGES and store 
them on the hard disk for subsequent processing. 
(1980)

• Provided the FIRST COMPUTERIZED VIDEO 
DIGITIZING using the computer’s display monitor 
as the tracing medium. (1980)

• The first to invent the VARIABLE RESISTANCE 
EXERCISE EQUIPMENT. (1969) 

• The first to invent the Computerized Exercise 
Machines. (1972)

• The first to connect the motion analysis system with 
the Ariel Computerized Exercise System (CES). 
(1972)

• The FIRST BIOMECHANICS COMPANY to con-
duct RESEARCH IN SPACE with NASA.

• The first Biomechanical Company to have a Web Site 
available on the Internet. (1991)

• Introduced the first ON-LINE digitizing system on 
the Internet. (NetDigi) (1993)

• Introduced the first AIR SHOE (Way before Nike) 
(1970)

• Introduced the first DOWNLOADED, full 
Biomechanical System from the Web to your own 
computer. (1997)

• Introduced the first Biomechanical System to cap-
ture DIGITAL VIDEO from the CAMCORDER 
CAMERAS directly to the hard disk and allow high 
speed digitizing.

• The first Biomechanical Company to introduce in-
terface to Digital Video (DV) technology in stream-
ing video directly from digital cameras to hard disk 
with real time 3D analysis at 240 Hz. (1999)

• Established the “Net Society of Biomechanics” - NSB 
to allow biomechanists and others to share data on 
line and exchange data in real time. (1999)

• Introduced the FIRST AFFORDABLE HIGH SPEED 
CAMERA at 240 Hz to be used with direct captur-
ing to hard disk and up to one hour of continuous 
recording. (2000)

• First Virtual Biomechanical desk top World Wide, 
(2000)

• Full Biomechanical Analysis on Wireless Cellular 
Phone, August 2000.

• Swing Watch Inc. The first Wireless Biomechanics 
Company. So this is how sports and fantasy can 
combine to create real life.

Gideon Ariel, Ph.D. 
Accomplishments
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