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THE SEARCH FOR SOLUTIONS | : o

TRIAL & ERROR

DAROLD CUMMINGS You have a flying start or you go 200 meters and anything that s
human powered is legal. ‘
‘KEACH. No speed limits here. Just limits of muscle and invention. When you’re after
.. the speed record for human powered vehicles, you have to experiment, tangle with the.
. gears, modify the stream-lining. Vary the position of the human englne, and try L
again. New hunches, and new combinations. . .
PAUL MAC CREADY: It’s pedaled like a blCYCle. It’s got a 96-foot wingspan. .You
have to pedal fairly hard, but then you're able to keep it up in the air. It takes a real- ;
, ly good bicyclist to keep it up for a long time. :
DAVID GORDON WILSON: Well I've done about a third of a mllhon mxles, and I hap-
pened to have designed what I think is an improved bicycle. AndI c_lon t know whether
it’s really going to be better than the past one or not. But 'm going to try it. I think
it’s)imporiant to try it. Ideas are cheap actually. If you get into the procedure of
problem-solving, you can come up very easily with ideas. But developing them to the
point at which they are really practical is a great deal of trouble. It’s why the
Gossamer Condor experience is such a beautiful example, because that was the only
plane that could be tried, could crash, they could mend it, and try it again next day.
And so I think they tried thirty-five times, before it would perform as designed.
KEACH: You try something new. So it doesn’t work. At least you know what not to -
do. Some call it tria} and error. But it’s more like trial and learn. If it’s never been
done before, how else can you figure it out? So you keep pluggmg Who knows"
Maybe you’ll get something that flies.
WILSON Trial and error shouldn’t be simply trying something at random, and then
seeing if it works. They should have some sort of a plan, and learn from the mistakes
of the previous one. : S
MAC CREADY' Others tended to follow the same route, so, one person would fnake a
_ plane, and the next one make one that was just a little better but had the same general'
phllosophy, and that didn’t permit any great leaps forward. Just slow evolutlonary
progress with a huge amount of work. V
The b1g dlfference w1th the Gossamer Condor, it was sxmple to build, easy to repair.
The whole plane is Just about getting ready to break all the time. If any part is so strong
~ that i1l never break, that part is too strong and too heavy. It’s all aluminum tubing,
piano wire, a little bit of wood, glue, mylar sheet, half mil, and quarter mil, lots of tape. -
We broke some of the tubes in the fuselage,_v we mighf be flying thirty minutes later Just ,
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-’by'putting in some splints. And we did a huge development job in a one year period,
and it was feasible to do that because construction was so easy. I've just been doing
some studies on the horsepower that it takes for a hand glider to fly. A really good hand

- glider only takes about one horsepower to keep in the air, then it dawned on me that
if you tripled all the dimensions of a hand glider, just made it three times as big, but

" made it so that it didn’t weigh any more, why then it would only sink a third as fast.
And the horsepower to keep it aloft, would only be a third as much So suddenly that s
in the range that a human can put out. We now “call ita human powered axrplane
‘because women fly it as well as men, and boys and girls as well as adults. It’s proba-
bly the easiest to fly-airplane that’s ever been made, and if you catch thermals and gO -
up to the clouds, but it wouldn’t be safe. )

'KEACH: Some clouds are unsafe for any kind of blane. Clouds filled with water below

. the freezing point, are called supercooled. The water is just waiting for an excuse to
turn into ice. An airplane can be the irigger. Ice coats the wings, they.. lose their lift.
"The plane becomes an instant rock. '

VINCENT J. SCHAEFER: In 1946, I was trying to find material that could be used to
seed clouds, because we were very much interested in preventing the icing of airplarles. |
And I had the idea that if I could eliminate supercooling, that would eliminate the icing
problem. So I searched for various materials, or just ordinary off-the-shelf chemicals
that might be used including various soils, quartz particles, and so on. . . but never had
very effective results Until one day in July of *46, when my chamber was not operat- .
mg cold enough, I got a chunk of dry ice to see if I could cool it down more. And of ‘
course, the instant the dry ice went into the chamber, I found I had the answer I'd been

" searching for for a couple of years. Then I took the piece of dry ice out of the cham- )
ber, used a smaller piece and then still a smaller piece and finally found that the tiniest
fragment was all I needed to completely saturate the supercool cloud with ice crystals. |

KEACH: So it doesn’t take much to drop the cloud on the ground, to snow, or rain.
A pellet of dry ice, the size of-a pea, shot into a supercooled cloud, can release hundreds
of thousands of pounds of snow. -

- SCHAEFER: To be actually realistic about it, I was searchmg very hard to find somethmg
that would produce ice crystals. That was, I'd been working on that for over two years,
but by a very fortunate accident, which we call serendipity, - I found that the dry ice

‘was the thing I was looking for. ' o o : :

KEACH: The Tour de France, a brutal test. 2,500 miles in 20 days. The riders are almost
equal. The bikes almost exactly alike, so you have to work hard for small advantages.
Champion Bernard Hinault pedals with a circular motion. "~ Easy on the metal. So

* he can use a lighter bike. You try almost. anythmg To cut- wind resnstance, some
riders are experlmenting with shirts made of slick material. In terms of the energy
you put in, and the speed you get out, bikes are already the most efficient transportation .
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ever invented. But you can’t stop there. Theres always next year's race. Sometnnes :
pioneers set out with nothing but a hunch, Back in 1901, an immunologist named Paul

body, and kill them. A magic bullet, he called it. Doctors called him crazy. In this
laboratory, Professor Ehrlich, tried chemicals compoimds one by one on diseased
animals. A laborious process. He tried ten. He tried fifty, one hundred, three
hundred. Finaliy, yéars later, number 418 gave him his first positive ansWef, It killed

the infection. It also killed the mouse. But now Ehrlich could narrow his search.
He started trying all the chemlcal variations related to compound 418. Then at try

606, a compound he called Salvarsan it killed the infection, and spared the mouse.
Salvarsan became the first real cure for syphilis. Other man-made chemicals would

~ be identified as disease fighters. Medicine had a new arse'nal Chemotherapy - was
born. Ehrlich’s approach was to test everythmg — a'kind of brute force techmque,

still used by some researchers. Others use a deductive method. Like Dr. Phllhp
Crews who was looking to see if nature has evolved answers of its own. Some or- )
ganisms in the sea are shunned by other living things. They may contain chemicals

that can be used to fight diseases.

DR. PHILLIP CREWS: We go out and we look for plants and animals that seem to be
‘ being avoided by, by other species. Now this suggests to us, a clue. A source for, '_
for interesting new chemistry. There are a number of compounds we’re isolating from .
the ocean that have never been seen before. And in fact, we're askmg oprselves: “Can
they be active perhaps against insects? Not only insects, but disease? Thisis a really

neat tide pool because it has a lot of dlﬁ'erent specimens. And, thlS one here is really
different — this long one right here. Or in fact the eel grass right here. And in fact,

at this spot, there’s lot of different specimens of seaweeds, probably a 100, and we're

just interested in two of them at this spot. More or less by a trial and error typeprocess

" we found that the one we collected earlier, and then this one down here by the starﬁsh;-
are the ones that are chemically interesting to us. Once the investigator’s fully convinced

that this is the particular specimen that warits to be investigated and it’s all clean'and
homogeneous, it’s . . it’s next packed in this apparatus for the actual extraction. And

the extraction process is very much like, essentially, extracting coffee from coffee beans.
Next, a small disc is impregnated with the crude extract that we’ve just won from the
apparatus to the right here. And then the next, they inspect for a zone of acuvnty And

you can see that this spot on the lower foreground, certainly shows a nice ring of, of
area where the bacteria did not grow. It’s a trial and kind of revision, of. . . of, of our

» thought proc‘ess, Or a kind of a trial-and-error process. It really never stops. In
fact, the information that we put together today by means of perhaps new techniques .
that come tomorrow may be proven invalid. Or be shown to be slightly lacking in one
or another different propositions. This is really kind of a common experience that all -
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sc:entists have, and and learn to, to.live with and in fact, that s .what makes scrence-
‘really;so excitmg because it’s an ever evolvmg kind of field. o
KEACH Lookmg is as much fun as finding. It’s deciding where to start loolung that's

‘ tough. - ; ’ ' “ L B
WILSON The art of framing the question is often as 1mportant as the solutlon 1 start-
ed thinking about this bike for a number of reasons, but one of the main reasons was
. _the contmual reports of horrible accidents that people had. There are three mam s0rts
of accidents, but the worst sort is the one where you go over the handlebars Your :
. hands tend to be grabbing hold of the brakes in an emergency as I've done many
~ times, gripping a hold of the_m like mad. . . and your hands therefore get trapped under
the handlebars and you go forward and you lead with your head. Now this bike you.
lead with your feet. Putting a full support seat brought about an enormous sense'of
. comfort and, and attachment to the machine. Suddenly you felt as if you were in the
machine and not just on it. And I often feel like singing. It’s always easy to lookv
back and say, and why didn’t I go straight to this design? But I think that’s .one of
the beauties of design engineering, rather than pure 'analysis — you can’t analyze
exactly what the human frame is going to like. o . Al
RACE: Turn it this way. You set it on the asphalt. Put the kickstand down. We're
the only person that got a kickstand here today. ‘ '
Ladies and gentlemen, once again the IHPVA wishes to welcome you to the Fourth
\ Annual Human Powered Championships being held here in Ontario Motor Speedway.

KEACH’ Trymg a new idea, or tuning an old one, means using Trlal and Error. It seems
, meﬁicnent, but itisn’t. It you’re after something new or better, it can work when no-
thing else wﬂl »

ANNOUNCER:  The magic time is 5.94 seconds, 50.04 miles per hour. That is the bar-
rier. No human has ever achieved that speed. . ‘

CUMMINGS: If you were to take a regular street bike up to fifty-five miles an hour, you
couldn’t even pedal that fast. It’d be physically impossible. You know, you’d be turn-
ing probably on the order of 400 rpm. See the size of the sprocket it takes to make the
thing go the speeds we're talking about. It’s mostly trial and error. There’s NO super-
market that carries these bikes. You can’t go' down and, say, put in an ordér. Give
me o'ne'with‘a low frontal area but easy to pedal . . . and structurally sound.

BRADFORD NUSBAUM: Most people, you know, they put a lot of money in their bear-
ings and ‘ours is inexpensive. Ours, our whole thing:-- we spent forty v'doll‘a"rs on
_the whole, whole bike. ' k ' .

NUSBAUM: We named it Go For Broke-and we had a couple of crashes, so it’s broken
— 4 —




CUMMINGS: The richest guy in the world couldn’t go buy one of these things and win.
For instance, you could go out and buy the best (foreign-made) car there is, but they're
pretty darn good, you know. Finish in the top ten percent without an extremelyv high
level of skill. But in the bike race, it requires a completely unique design, but it’s, no-
thing’s been done. There’s no standard, there’s no criteria for what, what is a winner,
you know, what is a loser. _

NUSBAUM: We just picked up old bicycle parts from you, you know, a bunch of differ-
ent bicycle stores and just found some used, old, old frames. And then we cut ’em up,
welded them all together, came up with a, the bike. . ,

ANNOUNCER: Fantastic. The first people to ever go over fifty miles an hour in a human
powered vehicle. A 50.21 miles per hour, 8.51.

DRIVER: Yeah, oh, that’s great. I love this thing, man. You ready?

NUSBAUM: I'm planning to be an engineer. It gives you a chance to put your ideas, -
you know, out on paper, and then when you see your finished product, you can look at
that and say, Wow, I did that, you know. It’s really something interesting. You "
know, you can be proud of what you’ve done. '
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MODELING

KEACH: At the speed of sound, mistakes can mean disaster.

MAN: Landing check list complete. Landing check list complete.

KEACH: Anillusion of flight created by a television camera and a computer to train pxlots
Experience without risk.

MAN: The airplane is in excellent position for the approach to this runway. We're lead-
ing 500 feet above the ground. Again we’re on course. Our speed is reference plus
ten. Sync is 700.

. KEACH: This is a rehearsal for reality.

MAN: 100 feet. There’s 30, 20, 10 touchdown. And.you pull the power off. Exerc1se
the speed brake. And we---just a little left rudder.

MAN: When you’re in here and strapped in the seat, this is an airplane. There’s no other
way to explain it. And that’s really the essence of the simulation.

KEACH: A model is always less than reality. It’s a problem reduced to match our abll-
ity to solve it.  The massive sculptures of Henry Moore begin the size of toys.

HENRY MOORE: 1 usually make my original idea in very small, so that I can turn it
over, and look at it like one’s own hand, and see it from inside and outside. And then
when I think that that idea is good enough, then it comes here. This is what I made

. before making this big sculpture. But in my mind as I made this, which I could turn
overe and look, this was the size I meant it to be. So if you’re working in that size, you
can’t turn it over and look. You see, this view is for me interesting. That view is in-
teresting. That is. That is. And so on. But with the big one you can’t do. that.
So now 1 work from little maquettes this size and I can imagine them any size I like.

KEACH: The small statues give Henry Moore freedom to explore his ideas before they
are cast in bronze. Edward Allen i needs only the bare bones of a- structure to test his
ideas. He can build and tear down a house within minutes. .

FDWARD ALLEN: I've constructed here out of plastic strips a model of a floor plan of

a very simple, one room house. And this house has a door in the one side of it, and it
has a window in the other side: And I'm going to experiment with this one room, to
see if I can work out ways of getting better cross ventilation through the rooms, so that
all the parts of the room are swept by the inoving air that’s blowing through the room.
I could, for example, move the window to one corner of the room, rather than in the

-center of the room. And you’ll notice from the dye stream that this has two effects
— it causes the main stream of air to be deflected diagonally thr?ugh the room, and it
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also causes a little bit of a swirl to 'occur in the other corner of the room. There’s a
different kind of arrangement we could try: it’s very easy with this, it’s very fast,tostart
making incremental changesinit. And if something doesn’t work, you just put it back
and you try something else instead, until you get a pattern that works. It’s a good
analogue for air flow. That low velocity, such as the velocity of wind around buildings,
water and air act essentially the same.

KEACH: A few pieces of plastic aren’t a house. They don’t have to be. A model doesn’t
have to look like the real thing. It just has to act like it. Air, water, or blood. To
Dr. Joe Cannon, an engineer, they all behave the same way.  He uses fluid dynamics
to understand a problem in medicine.

DR. JOE CANNON: When you approach a very complicated problem, you generally
break it up into smaller pieces that are much easier to study and interpret the ;‘esults.
Then you build from there and you make it progressively more complicated and study
it pretty much in stages. We have here a rubber cast of the arterial system of a dog.
You can see how complicated the system is, the tremendous number of branches, re-
gions of sharp curvature. It would be virtually impossible to study fluid flow behavior
in a system as complicated as that and ever hope to interpret the results.

KEACH: Cannon pulls out relevant features from a tangle of detail. In a few branches
of glass tubing — an imitation of life. '

CANNON: First we’re going to use a dye injection into the flowing fluid to tag some of the
fluid elements, to show the path that they take as we change. the velocities and flow
rates through the main portion of the artery and through the branches. We may be
able to visually see separation if it occurs, or swirling motion if it occurs. We feel by
studying the blood flow patterns in this particular section, that we will gain useful infor-

~ mation about the blood flow patterns in the human body.

" KEACH: Arteriosclerosis could be a plumbing problem. The fatty plaques that clog
arteries tend to collect where the flow of blood is irregular. A map is also a model.
The Inland Sea, where Japan catches much of its food, and dumps much of its indus-
trial wastes. Keeping the wastes away from the food is a problem. Three thousand
islands, 300 miles of water, reduced to the size of a football field. This model is more

~ than a map. It shrinks time as well as distance. Plastic disks trace a 24-hour path of
industrial pollution in nine minutes. '.There’s no way to put a monsoon in a room, but

Dr. Warren Washington has put one in a computer. '
DR. WARREN WASHINGTON: If the Indian monsoon fails, there’s a great deal of food
" shortage in India and in Southeast Asia. The present state of computer models is that
they are able to simulate the Indian monsoon quite, well. Okay, what you're seeing
here is the wind at two levels in the atmosphere simulated by a computer. And we've
got two sets of arrows here, there are yellow arrows, which are the low level flow, and
-the blue arrows are the upper level flow. We're trying to carry out sensitivity experi-
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ments, such as changing temperatures, the solar flux from the sun, things of this sort,
to see what sort of effect they have on the Indian monsoon. If we’re able to prove that
the models are capable of simulating either a January or a July, a typical month, then
we will know that the models are good And that they can be used for testing various
hypotheseis. '

KEACH: The immense complexity of a monsoon can only be defined by numbers Equa-
tions become moving arrows that replay the weather.

WASHINGTON: If we’re able to understand on the climate system, then that’s going to '
feedback to the common man on the street, because he’ll be able to predict his future
better if he knows what the ¢limate’s going to do.

KEACH: . In Japan, where heavy storms threaten ﬁelds; homes, and lives, researchers are l
working in the rain. What does a cloudburst do to the soil? What about three weeks
of rain? In real life it might take decades to collect enough information. In this rain
room, earth scientists can make artificial storms, varying the size of raindrops, the con-
sistency of the soil, the duration of the rain. They canrun through several seasons of
weather in a short time. Models can predict effects, and suggest precautions. .Dr.
William Trager is trying to find a vaccine for malaria, which affects more people in the
world than any other disease. His colleague, Dr. Robert T. Reese ... He tests vac-
cines on owl monkeys. Vaccines trigger immunity — the body’s own defenses. So
a monkey’s health is a model for our own.

REESE: All except about three animals in this room are immune now.

KEACH: Models are tricky. We need to be sure that the information we get from them
doesn’t lead us astray. v

REESE: What you want is homogeinity within your animal model. When you're trying
to do any kind of science, what youvwant to do is to be able to change only one com-
ponent at a time. If you had too many variables in your system, you can’t determine
what has caused the change. In other words, what you're trying to do is, we’re trying’
to immunize. We want to know if we inject a particular thing, will it induce immunity ?
But let’s say some of those animals have the capacity to respond very well on their '
own. We could be misled in thinking we had induced immunity, and indeed, it had
nothing to do with what we did. '

DR. LINUS PAULING: When one builds a model, it’s difficult to build a model if one’s
ideas are fuzzy. Because the model is necessarily precise.

KEACH: Dr. Linus Pauling made the structure of a protein visible. This rough map led
him to the first of his two Nobel prizes. k ’ ,

PAULING: In 1948 I was in bed with a cold. And after reading detective stories or science
fiction for a while, I thought: why don’t I think about the ‘structure of proteins?
And 1 took the sheet of paper and made this drawing of a polypeptide chain. I had
known the dimensions since the 1930s, more than 10 years earlier. So I made it rather |
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more carefully than this. And then I folded it along a line, not this line, but another
line the first time. And I repeated that fold in parallel to the first one several times and
finally found how to fold it so that the hydrogen atom attached to nitrogen just points
toward the oxygen atom on the carbonyl group. Then I made some calculations and
the other metrical properties of the Alpha Helix came out from the calculations. Later
my associate, Dr. Cory, and I, built a large number of different molecular models,
space filling molecular models, and this is the molecular model of the Alpha Helix.

KEACH: His laboratory is his mind. The tools of his mind — models. '

PAULING: Well, these models are helpful in carrying on research. The models themselves
permit you to throw out a large numl;er of structures that might otherwise be thought
possible. But then I think that the greatest value of models is their contribution to the
process of originating new ideas, developing the imagination. _

KEACH: Models break the barriers of time and space. A million gallons of water let
astronauts practice wofking in the weightlessness of space. If you don’t hold on, you'll
drift off. In space, an astronaut can easily move a nine ton beam. New pounds, but

new problems.

HARALD ROBINSON: Minimal surface research, or playing with soap bubbles, can solve
.some of those problems for us, and suggest new shapes that most of us haven’t seen
before. ‘

KEACH: Harald Robinson is NASA’s smallest contractor. He works with soap bubbles,

finding new shapes for model homes in space.

ROBINSON: A film of soap wants to be very small, wants to be as small as it can be.
And to show that it actually has a force that wants to pull it smaller, I'm going to break
out that little window. The loop is round and wants to stay round, because the soap
has surface tension. We can use that to solve all sorts of problems. This little piece
of the model I'm going to build represents a room of a building in outer space. It might
bea workshop, it might be a bedroom, or a dining facility. And I’'m going to show you
now how this shape was derived.

KEACH: Models are where you find them. A building is discovered in a bubble.

ROBINSON: Qkay, that’s more like the bubble. . And then that turns out to look like this
eventually‘. And then that piece, if we make a lot of them, we can make these little
units with little housing modules. . Fits on anywhere in any direction. And then we
can use those in combination. Like you see here. It’s important that these individual
units can stack up, so that you can get a great number of them into the nose cone of a
rocket and take them up into outer space. ‘_

KEACH: James Blinn explores the solar system without ever leaving the ground. _

JAMES BLINN: A lot of the simulations and the modeling that goes on with a computer
has to do with models of objects in space, things that are real or simulated .as being po-
tentially real. Making images of what we expect the satellite to see as it goes past a




system. Like the image that the Voyager spacecraft is gomg to see, lookmg at Jupiter
and looking at the moons of Jupiter as we go past.

KEACH: Jupiter, the largest planet. A cloud covered giant in the company of its moons.

The computer showed how it would look to the Voyager spacecraft one year before the
encounter. A trip in a time machine. A journey hundreds of millions of miles.
Everything had to be right the first time. Voyager needed to know what to expect.
Where our models go, we can follow. ' C
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