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This article presents a collection of reprints from national publications presented to Gideon Ariel, a pioneer in the
field of biomechanical analysis. Ariel's work involves simulating the performance of athletes on a specialized
computer to determine their optimum potential. His findings have been used to correct performance flaws in
athletes, leading to improved results and world records. The article also discusses Ariel's work in analyzing and
improving athletic equipment, and his predictions for future athletic achievements based on his biomechanical
analysis.

This article discusses the work of Gideon Ariel, a scientist and former Olympic discus thrower, who uses
computerized biomechanical analysis to improve athletic performance. Ariel's technology uses high-speed motion
picture cameras and sensors to analyze an athlete's movements and identify areas for improvement. His work has
contributed to the training of Olympic athletes, the design of athletic equipment, and the development of new
exercise machines. Ariel's research has also led to insights into optimal athletic techniques, such as the ideal
launch angle for a long jump or the most effective pedaling stroke for cycling. His work is expected to continue
influencing athletic training and performance in the future.

This article discusses the work of Gideon Ariel, a graduate student and assistant track coach at UMass, who used
physics to optimize athletic performance. Ariel developed a system called Computerized Biomechanical Analysis
(CBA) which uses computer technology to analyze the movements of athletes and suggest improvements. The
system was initially used to help improve the performance of hockey players by identifying the optimum pressure
point on the ice for the stick. The system was later used to analyze the performance of professional football
players and Olympic athletes. The article also discusses how CBA has been used to improve sports equipment
design, including shoes and tennis balls. Despite the success of CBA, Ariel acknowledges that the system can
only offer ways to improve and it is up to the athlete to implement the advice.

The article discusses the work of Gideon Ariel, a pioneer in the field of biomechanical analysis. Ariel has spent
over 10,000 hours over seven years creating programs that use computers to analyze the complex movements of
athletes. His work has helped to understand the intricate relationships between an athlete's many moving parts,
which cannot be assessed simply by looking at slow-motion pictures. Ariel's work has been used to analyze the
movements of discus throwers, runners, and even high jumpers. His analysis has also been used in injury
prevention and treatment, as well as in product development for sporting goods. Despite some resistance from
traditional coaches and corporate executives, Ariel's work has the potential to revolutionize the field of sports
science.

This article from Sports lllustrated, published in August 1977, discusses the work of Gideon Ariel, a scientist who
uses technology to analyze and improve athletic performance. Ariel uses high-speed cameras and computers to
break down and study the complex movements of athletes, providing insights that challenge traditional coaching
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methods. His work has led to significant improvements in performance for athletes such as discus thrower Mac
Wilkins and shotputter Terry Albritton. Ariel's research has also debunked common beliefs about athletic
performance, such as the importance of the forearm muscles in pitching and the role of the jumping leg in long
jumps. Despite resistance from manufacturers and traditionalists, Ariel's work continues to revolutionize the field of
sports science.

In a comprehensive study of tennis ball behavior, Gideon Ariel and his team discovered that a tennis ball is on the
racket for approximately four milliseconds, far less than the human reaction time. This finding has implications for
the design of tennis balls and rackets, and could potentially help reduce the incidence of tennis elbow. Ariel also
studied the shock absorption of different athletic shoes, finding significant variations between brands. His research
has led to the development of a $25,000 force plate that can measure four types of pressure exerted by the foot.
Ariel's work has potential applications in injury prevention, treatment, and athletic performance optimization. His
research has also led to the development of a computer program that can predict an athlete's optimum technique
and coach them towards it.

The article discusses the work of Dr. Gideon Ariel, a scientist who is revolutionizing sports with his innovative use
of technology. Ariel uses sonic pens, slow-motion cameras, and computer printouts to analyze and improve
athletes' performance. He once proposed the use of electric strain gauges on ski-boot bindings for safety, but the
idea was deemed too revolutionary. Despite setbacks, Ariel remains optimistic and continues his research. He
recently collaborated with Al Oerter, a four-time Olympic discus champion, to improve his performance using
scientific advancements. Ariel's work represents a new breed of sports training, combining science and technology
to enhance athletic performance.

This PDF summary has been auto-generated from the original publication by arielweb-ai-bot v1.2.2023.0926 on 2023-09-28
03:39:23 without human intervention. In case of errors or omissions please contact our aibot directly at ai@macrosport.com.
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trends & trendsetters

Have you heard about the four-way Ford, or
eating ruffage, or perfecting performance
by computers? People are talking about them.

Programming performance

“If they perform fo their optimum po-
fential,” says Dr. Gideon Ariel, *Ameri-
ca’s Mac Wilkins, Terry Albritton and
Dwight Stonas will win gold medals this
month in Montreal.” Such a prediction
‘would be considered [iffle more than
conjectura, if Dr. Arial were nat himself a
fermer Olympian from Isroel, ond o
pioneer in the ropidly developing field

of biomechanical analysis. Six months
‘ogo, neither Wilkins nor Albritton were
‘considered serlous contenders. However,
on the eve of the Montreal Olympics, they
ore favored fo win the discus end shat-
put events, respectively,

Dr. Ariel’s conclusions ore fhe result of
simulating the performance of these and
othar perspective Olympians on o spe-
clalized computer fo determine whot each
of them could do If their timing, stride,
delivery, and overall body mation were
perfected. *Tha athlefes corrected fheir
performance flaws accordingly,” soys
Dr. Aviel, “and within o month, world
records began fo fall.*

The possibilities for using computers to
perfect body motion are endless, says
Dr. Arigl. He has already found that most
people walk incorrectly, thal most shoes
will cause lowar back poin because they
are not constructed with the human foot
inmind. He has also determined, as
others of us have often claimed, thot the
Tennis ball is made all wrong. His variety,
(recently put on the morket by Spalding)
provides the player far batler control be-
couse it rests on the racquet strings
some 20 percent longer.

Pactugraphed by Ben Rase

ward, i they're %o inclined, the highest
possible marks 1o @ perlormer, But when
you watch thess events on TV, you really
can'l tell why one exercise is worth
perlect ten while another one, equally
amazing to the viewer, registors o loss
than periect 9.75

Muriel Grossleld, hersolf o three-time
member of the U5, Olympie women's
tecams and naw the coach for all entries at

rotational friction, would have brought the
same resulls

1 also emalyzed Bill Schmidt, the
javelin thrower. The computer information
. indiceed he lost foree bocausa

dropped his hip. Aftér | pointed that out,
Schmid reached more than three
hundred feet, much better than he had
ever done.”

Last yoor Ariel studied Kansas City

Royals pitcher Steve Busby. "Ha's getting
‘maimum velocity n the ball with his
form,” Aciel remarked to tha foyals
| coaches. "Bul he's going'to have trouble
with his Jee; there's foo much siress on
8" The KC. coachies turned pale. They
thought Busby's knoo problams were o
woli-kep sectet in Kensas Ciy.

‘With his compulations Ariel proves in.
the lollowing pages thet 1936 triple
gold-medal winner Jese Owens actually

When you waich
gymnastics on TV, you
can' lell why one exercise
is worth a perfect ten while
anocther registers a less
than perfect 9.75.

movement of great cilficulty is supposed fo
cost more than @ similar error on an
casiet stunt. The principle is that o womean
should pot streich beyond har
competence. -
Currently training a crop of gymnasts in)
 comverted supermarket in New Haven,
Gromsfold cbeerves that there is @ definite
advaniage for the ninety-pound Kocbuis
and Comanecis of the world. “Their
tumbling 1adius i 5 much less than that
ol all girks thet they can do more in e
lamited space o & floor exorcise. On the
balance beam they also have more rcom
10 work since they cover less distance with|
each mavement. On the wneven bars i
you're tall you come closes 1o the floor
and the bars con be adyusted o i
‘accommodate betier someane under five
Jeet" Even in training the Dyweight
females have an edge. They can begin
venlis and b boam practios sconer

ream e least 3 emy eprent speinter
Owens, howsver, was penalized by a
slow track. Ariel shaws that Soviel high
jumper Valery Brumel loap over
eight lee! il he'd just pay atiention lo
Ririel's physienl prineiples. Aecording 1o
H Hiriel's charts, one hundred feet is within
reach of modern shol-pulters. Finally,
Ariel buries that hoary cthlefic medm
perfoction requires follow-through; he
rys it s eetually eountorproductive.

Monizeal, notes some of the subileties hat
escape the camera. “The body must leok
wlantic; ot fimes you must have the quality
of demece. The supplenoss cannot be just in
the legs but in your entire appearance.
Difficulty isn't all thet counts. A gymnast
must be able 1o move forward, backward
and sideward.”

She points cul thett perfection is Aot @
relative quality. a routine movement
executed proporly scores a ten (he same
s @ much trckier stunt done exoctly right

fics, unlike

In coe Clympic eategory, gymnastics,
o, mainky because | Actually, in wormen's

egor
peclection is achievable, mainy

then their hecvier counlerparts because:
‘eqichers” can protect them more easily
when they mis.
o Gt O e ot
i rossiol "
Fand, o pramiu on the lower halfof
the body works against women with big
shoulders—amnd a bosom is fust excess

perlectons
and explained by Muriel Groadeld, the
ones you wen'l soe on the TV screen. read
on

's gymnastics,
scares are rendered by judges, who may | the male compatition, a fub dusing a
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Esquire’s
Olympics Preview:

How To Know
A Perfect Performance
When You See One

r

nluly 17, 1o the ol
‘boaming canncns, flapping
and assorted noise frem

the Likes of the queen of England, a
billion-dollar tribute to the pursuit of
perioction opens at Montreal under the
fitlo of the Games of the XXI Olympiad.
For the following iéen days, ABCs TV
cameras will long-lens, slew.matien,
instam-replay, split-screen and stop-action
the world's greatest athletes, who will run,
jump, twist, heave, sroke, guido, steer and

with o intell e of the
dynamics, whether it is Besthoven's
memipulation of notes or Terry Albrition's
memipulation of muscle tissus to move the
shat seventy-cne fee!

Ariol. As director of research for
Computerized Biomechanical Analysis in
Amberst, Massachusetts, Dr. Ariel's chief

Since 1972, he has also been

In leack amd field, perfection rests upon
the mosd efficient i of muscle.
force fo segments of the body. Until
recently, techniques for runaing, jumping
haphazar

dly,
mainly as a result of a challenger
observing the style & a champion.

sheol in an orgy of excellence

But perlection rarely helds still encugh
to be anatomized by a cainera lens.
Indeed, unt] commentaior Jim McKary or
his ille advises us of the time, or a camera
llashes on the seo: wa won't know
whothor @ US. sprinter like Steve
Williams hes run @ warld record hundred
mafers or the Soviet Union's Olga Kerbut
has outdone Nedia Comeaneci of Remania

In track and field,
perfection rests upon the
most efficient application of
muscle force to segments
of the body.

in the optional floor exercise for wemen
gymnasts.

Shol-putters adopted the warys of Parry

Even more signifi i
cannot show the mechemies exsployed by
a body Io produce a perfect shot pul f &
perfect Tsukahara vault, TV supplies &
highly pleasurable caress to the visual
sense—the same way Beethoven's Ninth
Symphony provides an orgy of delight for
the unschooled ear. But the enjoyment of
athletics—cs well as of music—increases

rold Asior & currently working o6 &
book about the FB1

OBrien in the 1950's until the latest
of iron-ball men d d by

trial and error that a martini is not the
enly thing that's improved by a twist. The
Western roll sulficed for the high jump
until the straddle leapers reached higher
altifudes. And now the flop method, which
benefited from a rule ehange that permits
the head to lead, awns the world record.

But where these refinements have all
came out of guesswork and
experimeniction, science is now on the
case in the parscn of lsraeli-born Gideon

athlotes and fesding this
visual data inlo a computer, which in um
spews oul a graphic report in lerms of
lorce, direction of force, aoceleration and
velocity of body parts. The computer
readouls give a quantitative measure of
motion, from which Ariel sees wHat's
necessary fo perfect or optimize an
athletic performance. The cnly limitations
are those of muscle and ligament. Using
data from medical science, Ariel knows ot
what point the forces exerted begin ko tear
humen Hssue.

‘Whed wins on paper, however, olten

engineer, "1 could see Wilkins dissipated
oo much muscular force overcoming the
Iriction between his shoe and the ground.
Ltold him fo pour water on the ground
where his foot rested. He threw about two
hundred thirty fee! immediately. Until
then, his best was two hundred lourteen
foot. The water reduced the ricticn drag.
A different shos, one that lowered

Esquire’s
Olympic:

is what Gideon Ari
leg joints” Whother it's em

Thus, by measuring both am

o an athlete regardless of the ef

Preview:

hree lactors determine speed in a sprint. Tho first is the
condition of the track. 1f it's solt, or if if's slippery, horizontal
force is absorbed or lost, If the track is hard and springy, Pe
none of the leq drive is dissipated. The second detorminant 9
1 calls “angular displacement of the |
Olympic sprint or a slow
walk to the bar, larward movement results from
bending the three segments of the leg—hip to knee,
koo 1o emble, ande ko ball of the fool—lrom the horizontal
Flane. In mechanical terms, the lotal amount of angular
displacement of these leg seqments in a given period of time is a
measure of how fast the log is traveling.
The third element in sprint spoed is the length of the leg sogments
A sprinter with longer limbs covers more ground in each siride,
although his angular displacement per moment in time may be the
same as of even less than that of a shorler compstitor
ular displacement per moment
in timo and leg length, Gideon Ariel can calculate the speed

such as track conditions or wifid He can thus project
sprint perfection, beyond which a humean can’t go.
Eddie Hart and Steve Williams, two U.S. sprinters
who have equaled the hundred-meter world record
of 89 seconds, were compared on computers with
Josse Owens, whose best time was 10.2 Owens and

focay

lects of external influences

Hart, both under six feet tall, showed an equal
angular displacement, Willizms, close fo
three inches taller than the others, moved
= it legs slower but covered more ground

each step. Gidean Arial's analysis: o
“triple dead heat of 99 il Owens—who ran on o slower
track—faced Hart and Williams. "Comparing Owens' times with
theirs is like metching o masn who runs in sand with sprintess on
@ hard-surface road,” says Ariel

What makes the ultimate sprinter? Rapidity of leg movement
is a functioh of the neuremuscular system. "A coach could find
the masl promising sprinters,” remarks Ariel, "by timing the
knee-jerk reflex of candidates” Other things being equal,
longer legs with a smaller lorse provides the optimum
sprinter physique. 3

Although erm movement does add to the horizontal
force, its primary function is the prevention of lorque or
‘wokble due fo hip rotation. What does limit modern
competitors are spiked shons. These
overcompensate for possible slippage. Every tine
those spiked shoes dig into the track, force is wasied
pulling them out.

1f all external conditions were ideal, Ariel fiqures that
with a ten-pereent increase in leg length over
that of tha best centemporary sprinters, and
‘with fen percent more muselo power than
shown to date, a 96 hundred meters or an 88
hundred yards is possiblo. Greater speed would
probably tear muscles, even break bones.

Wustrated by Ardrew Moszynski
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squire’s

umans appear to have been designed for horizontal

rather than vertical movement. But the

essence of the high jump is the mustering
of encugh vertical foroe to counteract gravity.
To boost the limited upward thrust achieved by
simply pushing off the ground, high jumpers
convert their horizental velocity, created by
running, into a vertical force. The conversion
technique requires sudden deceleration as
the athlete brakes his forvard progress to
change direction.

Several factors are critical to achieve the
maximum effective vertical force. According to
Gideon Ariel's compulations, as much as sixty
percent of the power can be contributed from the

inging leg and arms. His analyses.of Valery
Brumel, the Soviet high jumper who formerly held
the world record using a straddle jump style, and
of the twt 1op floppers, 1968 gold medalist Dick
Fosbury and current recard holder Dwight
Stones {seven leet six and a hall inches).
indicate that all three produce roughly the ; »
‘same lorce by using their free legs and i/
arms. AFf
However, as the compuler diograms
show, Brumel's sifaddle demands much mere backward force in order for him fo |
«convert his horizonial drive inle a vertical ene. He thus wastes a considerable cmount of
power. On the other hand, Dwight Stones utilizes his muscular effort more efficiently,
wasting much less in backward force.

Ariel simulated, on his computer, Brumel jumping flop style. The
simulation employed such information as Brumel's horizental
velocity, the speed ol seqments of his body, his leg lengths,
the museular lorce that he had developed during some
af his leaps. When Brumel flop jumped, his
backward lorce or inefliciency was reduced so
much that he cleared the bar at a fantastic
seven lee! eleven inches, almost five inches
more than the world recerd.

{oot jump approximates
weighl, aboul 1330 pounds for an athlete. -
wha weighs 190, If Dwight Stones could
generate 1750 pounds of force at lakeafl,
‘which is nol unreasonable in view of his
‘physical conlormation, he could flop eight
feet four inches. But what would iolally 47
destroy the accepled limils for the high

jump would be a lorward roll instead of the
‘backward flop. According lo Ariel’s analyses,
a dive-style jump with its minimum backward
Jorce would bring an sight-loot-ten-inch loap.
The only problem might bs the crash landing.

Dustrated by Ancvem Moszynski

Esquire’s
1pics Previ

or broad jump combines
thh!hn sprint emd the high jump in &
fusion of horizontal and vertical forces.
The union of the two expressions of force
oplimizes al an angle somewhat less than
thirty degrees from the horizontal.
Theoretically the best belistc angle
would be lerty-five degrees, but the angle
must be cut down because an erect
’human slarts his flight with his center of
gravity already several leel cff the
ground. This principle, incidentally, holds
true for the best angle of fight with the
Javelin.

Evidence of whe makes near perfection
in the long jump exists in the most
incredible performance in the history of
track and field. At Mexico City, in
Bob Beamon of the US. jumped
twenty-nine leet two and a hall inches,
‘more than a full foot beyond anything
done belore or since.

Using films of Beammon's jump, Ariel

‘him on the computer with
Handy Willias, the 1972 gold medalist
Beamon's final stride was one and a hall

ESOUIRE July 1976

hile wandering amang the athletes ot a meet in Spain in 1973,
Ariel paused to watch some East Germans put the shot, He
¥’ ¥ noticed that contrary Io accepted practice, the Germans heaved the
sixeen-pound weight with the back leg off the ground and the frent foot
coming all the way 1o the bucket o 1oe guard that rims the kounch circla
Intnocently, Ariel pointed out the flaws 1o East German coaches. They
promised lo initiate measures to reform their deviants. However, Airiel scw that
for all the talk, the East Germens kepi right on Liting than back leg, making
Eharp caniact with the 16e guard and throwing the shot goodly distances. Less
blessed with sophisticated systems lor biomechcnical study, the Est Germens
had nevertheless discovered a precious asset for pulting the shet: mesdmum
dag‘eiemhm
shot put invalves a linkage of forces generated by legs, thighs, trunk,
shoulders and arms into a united push against the ball [m?;qlmge the weight
< leaves the hand, the athlete suddenly decelerates. He halls his movement
lerwerd and applies the resultant force 1o the shet. When
on the ground at the moment of deceleration, same of the
dissipates into the earth. But when the back leg lifts off the forces i
it must travel through the body, Force that might have gone into the
gm“»._hm: q;es 1o the shot. L
n the front fool smacks ageainst the toe d, it causes a greater amount of
u'}ﬂ:ll;ﬂmmg:mvd himself by meens of mf‘lj—?c'uim of his shoegon the earth. Mam;gn‘:nmm“mm
mare force. One caution on the East an 8 - needs kness
g e German style: the shot-putier strang to withstand the
Exqually significem, Asiel’s s
the arm, in the tradition of foll

Ihustrated by Andrew Moszynsid
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even the best long jumpers collapsn the
trunk slightly as they absorb the shock at
takeaH in the vertebrae.”

Beamen's ability fo handle the forces
without absorbing some in his joints is all
the more remarkable since he fused the
forces from various segments of his body
within (075 soconds ffom the time his foot
touched the board, Other jumpers
required at leas! one tenth of a second or
more. Thus, Beamon’s linkage integrated
a series of motions and ined more
than one hundred sources of force in a
near perlect piece of synchronization

His free leg contributed as much as
thirty-five percent io Beamon's

because of the jumper's

effective deceleration of the limb. As lsacc
Newton proved, when a moving object
suddenly slows, the force within it must go
somewhere. For example, throw your fist
in the air. Stop the punch abruptly and
you will feel the force in other areas of
your body. But'l you simply permit the
arm fo extend fully, you will experience
litthe sanse of the force in your body.
Starting with the Jast four positions of

Beamon's free leg, the computer diagram

Beamon shows its movement slowed
radically, The deceleration force went into
the jump.

Beamon's swinging arms served fwo
functions. Prior to lifl-off he decelerated
them to add more lorce, as with his lree
leg. During his flight. the arms odded no
power but helped retain baldnce.

Ariel's computer indicates
rolled up 1700 pounds of force in his hip
joint. Medical ressarch suggests that at
this level, the average muscle atlachments
to the hip will tear. Therefore, it is unlikely

Beamon. When Asiel put all of the data
into the ideal long jump, he found that @

=tll would add only g tiny increment to
jump. Beaman's record probably will

the
be unsurpassed in the near future.

Future Think

The Wizard and His Magical Machines

Gideon Ariel Puts the Computer to the Service of Sport

Kent K. Gordis

In the future, the work of Gideon Aricl will
affect how we train.

Since 1971, when be first brought his high-
tech visions to LS. Olympic track and feld
training camps, Ariel, an expatriate Israeli
who's now an American citizen, has played
‘what many consider to be the leading role ina
budding field called computerized biomechan-
ical analysis

More recently, his devices and insights have
aided US. Olympic athictes, inchiding Steve
Thege. 4000 meter pursuit gold medalist, and
the 1984 women's volleyball team, which won
a silver medal in Los Angeles. In the future,
marathon runners, joggers and tennis players
‘may also benefit from his contributions.

Adviser to Olympians

The year was 1975 American discus
thrower Mac Wilkins felt confident he could
perform well at the upcoming 1976 Montreal
Olympics. Yet his throws always seemed to fll
shy of the stindard established by the Fast
Germans. Coachies and advisers tried to help,
but 10 no avail_This is when Gideon Ariel, 2
onetime Olympic discus thrower for Israel
and 2 scientist dedicated 10 studying sport,
stepped in. He was sure Mac Wilkins could
easily beat the East Germans.

Ariel was convinced Wilking's problem re
sided in his throwing motion. Using high
speed motion picture cameras and sensors
that linked Wilkins's body to computers, Aricl
established that the athlete was buckling his
kg as he theew the disc

Made aware of the power-rubbing faw, Wil
kins changed his form and went on to win the
pold medal at Montreal with 2 world record
throw of 241 fect.

Ariel’s contributions 1o training have not
concentrated solely on the elite, however, He
Fave 3 boost to the weight training boom
when he used his computers to design the cam
on the Nautilus exercise machines. lromically,
he eventually drew on his findings to question
Nautitus developer Arthur Jones's claims that
the machines exercise muscles in a complete
range of motion

“We found that the design of the cam i only
a compromise,” Ariel explained from his Tar-
buco Canyon, California, rescarch center. “If
you swing the weights ton fast, the cam will
make them fly away_from you. Jones claims
that because of this you have 1o use the ma-

chines slowly — but this Is forcing the ath
to adapt to the machine and not vice versa”

Ultimate Exercise Machine

As a result Ariel, 46, ook on a project to
create the ultimare exercise machine. He
knew from the start he was looking for 2 ma
chine with a co terized brain that would
adapt to each athlete’s body form and range of
motion instead of forcing the trainee to change
style to it the device.

He also knew that instant feedback would
be a necessity and decided to incorporate a
video monitor into the apparatus. Perhaps
most importantly, he designed the machine to
be free of inertia and gravity,

"What we have is basically a hydraulically
operated system that's controlled by a com-
puter,” he explained.."And if 1 put an athlete
ke 2 shot-putter on the machine, it can start
with a certain resistance (that permits a range
of motion of) 10 degrees per second, and end
with another {that permits) 30 degrees per
second. This kind of computcr-operated ma-
chine will adapt to the velocitics which are the
most favorable to his specific activity. No other
machine can do this*

Lest he appear biased, Aricl was quick to add
that his device is not the only computer-oper-
ated machine capable of such fears.

e also paid a lot of attention o the quality
of feedback that the athlete coubd review. “We
developed two ways to see your results.” Ariel
continued. “The first way is [0 see your output
on colored graphs. O you can create a split
sceeen with your output*on one side and the
world champion's eutput on the other.”

He added that when videotapes of buth the
subject and the world's best are available, the
monitor can shuw split screen images of the
o athletes. The complete unit retails for
516,500,

Now Aricl, a Ph.D. in exercise science from
the University of Massachuselts, is defving into
the field of eycling.

“Ir's a great, fascinating sport, because of the
complex interactions berween the bike and
the rider,” he explained. “The equations in-
volved in cycling dynamics are extremely
complicated.” Ariel noted that the sdded iner-
tia and acrodynamic factors ereated by the bi-
«cycle contribute 1o the difficulty of analyzing
cycling motions.

"But the hardest thing about cycling” he

continued, “Is simply the fact that the motions
are in so many planes. As the cyclist pedals, he
tilts the bicycle back and forth and inw an
infinite scries of planes.” Only with stationary
bicycles can Ariel's team begin to analyze cy
clists. But he laments: “This is not a very real-
istic situation.”
Computerized Bike

Using the technology of his exercise ma
chine, Ariel has developed a computcrized
ke linked toa video monitor. “Both machines
are resistance mechanisms,” he noted. “For the
hicyele machine we simply added a bike where
there was a bench before. Our hasic gual with
the bicycle machine was 1 measure what s
the basically isukinetic? force of cycling. And
on this machine the cyelist will be able t de-
termine the force he or she wants o reach
Let's say he wants 60 percent of his maximum
{force) and more resistance in the first 10 de-
grees than in the last 10 degrees of the pedal
stroke. All he has to do is enter this informa-
tion in the computer.”

Ariel first officially displayed this computer-
ized bike at the Hilton Corporation Tenmis
Show in Los Angeles in late October, 1984
The bicycle machine, complete with com.
puter, will retail for $9,500. The bicycle device
alone will sell for 84,500, he said. Tis cost is
significantly less than the exercise machine he-
cause it doesn't require the expensive hydrau-
lics of the general exercise device, he added

“We've already received 62 orders for (the
cycling machine) and we haven't even intro-
duced it yet,” Ariel said.

Prior i the summer Olympics, Ariel worked
with Ralcigh and Steve Hegg in an attempt 1o
arrive at the most efficient equipment design
“"Raleigh came to me with that funny looking
bike Hegg used at the Olympics,” Ariel ex-
plained. “We worked on its structural and
acrodynamic characteristics within the parame
cters of the 4000-meter pursuit"

During his research, he discovered that,
when Hegg accelerates at the start of the
event, the bike's small 24-inch front wheel
doesn't touch the ground for the first three or
four pedal strokes.

“We told him to lean over more to keep his
front wheel on the track.” he said. “The prob-

“characterizing activiy i which the ypeed of mation
remaing consiant altbough the force may chosge
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lem is. Steve's legs are so powerful, he could
flip the bike over.” Ariel added he has worked
with Raleigh to design a new version of the
“funny bike” that places more of the rider’s
weight over the front wheel, to hold it down.

Ariel's work has also hrought him to study
the question of saddle height. The generally
accepted rule-ofthumb in the United States
has been to place the heel on the pedal and
raise the seat until the leg is fully extended,
But when Cyrille Guimard, coach of the crack
professional Renault racing team, took his rid
ers thorugh a serics of tests hack in 1980, he
found the optimal position to be 2.5 centime-
ters (about one inch ) higher.

How docs Aricl determine position?

he

s
true we've found 2 higher saddle usual e
sults in more speed and force even if it's s less.
comfortable.” Ariel explained his findings met-
aphorically. “Everybody knows you can stand
up with 500 pounds on your shoulders, but
you can't squat with that much — it's a similar
thing with saddle height.”

The technigue Aricl used to determine sad-
die height is straightformard. “At first we tricd
different heights at, say one-quarter inch incre-
ments. We measured the athlete’s shank and
thigh. Then we placed transdueers on his legs
andd let him ride, with the computer calcufai-
ing the data”

In these tests, close approximations of road
riding were assured by placing the bicycke on
rollers, rather: than-using a stationary bicycle,
e added.

Pedal Power

The same tests bave led to some interesting
«conclusions on the pedaling stroke. The most
efficient stroke, he has found, involves keeping
the ankle as perpendicular ag possible (o the
primary range of mution. “But since this is 3
rotary motion, you really can't do that.” he
clarified. “You can't put your foot at a 90 de-
gree angle to the primary motion when it's at
the top or the bottom of the stroke — and to
atiempt it would be dangerous.™

Ariel has determined that focusing force on
the principal up and down steokes is usually
the most effective method of pedaling, He also
discovered that taping the ankles slightly can
direct more of the cyclist's force into the vee-
tors of the primary motion.

Ariel has also consulted with Shimano in
their development of the aerodynamic pedals
currently being sold on the American market.

Spying on the Soviets

Another major aspect of his work has in-
volved comparing the dynamics of American
athletes with that of Fastern Bloc stars. "But
when, for example, we want to measure the
dynamics of foreign athictes such as the Sovl-

ets, we can't wire them up because they ob-
wiously won't let us,” he lamented. "So, we use
the indirect method only."

Unlike laboratory tests that combine mea:
surement of actual motion with computer
transferred high-speed cinematography, Ariel
uses only the second method with Iron Cur-
tain athictes,

After filming the individuals under study, Ar-
el returns to his center where the film is iso-
lated in one plane of motion and then
projected onto a sereen covered with a grid of
hundreds of tiny microphones. Using 2 sonic
pen linked to 2 computer, he pinpoints, frame
by frame, the location of the athlete’s limbs
and other body parts. The computer then gen-
erates stickfigure representations of the ath-
lete’s motion.

Although he concedes the indirect method
Is not quitc as exact, it has played a crucial
role In bettering American performances in 2
number of sports, he said.

Fancy Footwork

In the past 18 months, Ariel has also ex-
panded his ficlds of interest into footwear. He
has been commissioned by the Ponry shoe
company, a subsidiary of Adidas, as a product
researcher.

“We have developed 2 number of shoes for
them,” he noted, “including 2 computerized
shoe that calculates stress points on the foot.™

Ariel added that the shoe, currently used
un!y for lab testing, might one day be mar-

ed by

H:h:s also developed a revolutionary mar-
athon shoe. "Our tests showed that Iﬂng—dl_»
tance runners need a harder shoe. We are now
developing a distance shoe with 2 two-pant

sole, onc for the heel, mk‘br‘:hflﬂllrtl)le
foot, for the best possible support.

In addition, Ariel has developed Fony's
weightlifiing shoe, which features a detachable
sole that allows each competitor to add the
appropriate height for his needs. Another shoc
he's designed has an inflatble upper and
would come in only three sizes, thus saving on
inventory costs, he claims.

Feverishly Inventing

Meanwhile, Ariel is working with tennis
structor Vic Braden, chalrman of the board at
the center, 1o slow down the speed of tennis
balls.

“The problem with tennis balls is that for
the millions of avcrage tennis players, the balls
are too fast,” Ariel cmphasized. “For the aver-
age Joc who likes 10 play on weckends, the
gamis]mllonhsl So, at first we were in-
volved i developing larger rackets. Now,
we've been looking into skowing down the ball
by making it larger and softer.” Although illegal
in competition, the slow ball has been a tre-
mendous success with Braden's students,
said.

He's alsa scrutinized the color of halls used
in sports. “We've found that the color most
people respond 1o is a dark orange or a light
red. We've developed orange and red balls for
tennis, volleyball, baseball and other sports.

From Mac Wilkins and the esoteric comput-
erized research involved in improving his per-
formance, to something as  appasently
mundane a5 determining the color of tennis
balls, the two constants in Gideon Ariel's work
have been his Biscination with the human body
and haw it performs, and his refusal to take
anything for granted O

BICYCLING

The computer has its limits. You can chart what muscle and bone will do,
but you can't chart what the brain will do.

on the ice for the stick and where the
most power would be genarated. He
presented his findings to his riend
and suggested thal when the boys
wera preparing to take their shot, they
put a little more pressure on the stick
to give the shot more force. The ad-
vice worked and Computerized
Biomechanical Analysis was off and
running.

A e gradu-
ate student and assistant track coach
at UMass. Tha University of Wyoming
UMass and

eir arm and leg
action and heip improve performance
even as he was working to improve
his system of plotting athletic en-
deavor. Al about this time, 1972, Gi-
deon’s work came o the altention of
Dartmouth College’s track coach,
Eric Wienbell, and ihe pair formed
CBA.

But theirs was still a relatively
unknown firm and the science that
was. evolving had not exactly swept
the sports world. Still there were
some who heard and sought help

CBA filmed members of the Kan-
sas City Ghiefs professional foalball
team and offered some advice on how
some of the linemen in particular
could improve performance.

MNo one knows*just how much it
helped because Kansas City, getling
aldar, fell on some hard times. Gideon
Insists that his system can only offer
the ways to help improve.

“After thal il is up to the athlete to
implement the advice,”" said Gideon.

“For instance, we can charl athletes
and determine what is possible from
a muscle-and-bone standpoint. Bul
you can't chart what the brain will do.

“We could check films of Joe
Louis and Rocky Marciano and

it of
their arms, legs, musr.‘le-!. etc. But
thers is no way of knowing what a
fight do if the other fighter
drops his hand, or how quickly he s
@oing to decide to throw the left hook
or right cross.

"“That's why those computer con-
tests that show what would happen if
one fighter met another, or one runner
met another, or if Red Grange ran
against O.J. Simpson, can't really tell
an accurate story. The mind, the
brain, the decision-making, when to
cut back, when to follow the inter
ference, atc. are not measurable "

Gideon and CBA have dona r
outs on what might appear to be op-
timum performances. For instance,
before the National Football League's
National Conference championship
game last winter, CBS asked Gideon
and CBA o figure out how the
respective placekick Tom
Dempsey of Los Angeles and Tony
Fritsch of Dallas, would do.
ed the joint
and muscle movement of both, plot-
ted trajectories and decided that
Dempsey had the edge because his
deformed foot with the square-toed
shoe provided more impact force on
the ball than did Fritsch

But the compuler could not
decide how either would act under
heavy pressure situations. As it
turned out, the whole study was of I
her kicker played a ma-

le as Dallas creamed the Rams,

hat the computer has found is
the upper |imit that the actual struc-
ture of bone and muscle can lake and
the figures: an B-foot-d-inch high
Jump probably never will be attained
because no one will ever be able lo
hit every facet of the optimum perfor-
mance. Such studies provide Gideon
and his firm with vital information to
be used In other aspecls ol sports
programs and improvement of parfor-
mances and equipment.

For Instance, CBA has besn
‘doing research on shoes. One study
‘was done lor the federal government
1o delermine il shoes that we wear
normally are improperly designed
and it 50 how they can be improved.

The study which has baen filed
with the U.S. Department of Com-
merce indicates that shoes as cur-
rently made and designed are a prime
cause of lowar back problems,

This sludy was merged later with
one done for Uniroyal on a belter
shoe for miler Jim Ryun to use when
running. The governmenl hasn't yat
mandated a change in shoe design
but Uniroyal has made a shoe for
Ryun (since retired) to be used by
other runners.

Its heel consists of energy-ab-
sorbing, rubber-like material that
then helps push the energy back. The
heel is designed 1o flow inlo the scle
in a kind of rol

The design was pushed further

when a study made on optimum per-
formances by runners and jumpers
Iocused on film Gideon took at the
1972 Olympics of Russia's Valery
Borzov, gold medal winner in the 100
and 200 meters. Thal film plus other
film taken of hurdlers showed that,
contrary to popularly-held opinions,
an expert runner does not land on the
bballs of his leet, the heels or the toes.

Rather, the films — taken at high
speeds and then slowed down so
they moved one frame at a time —
showed that Borzov landed on the
outside of his fool, rolled into the full
width of the shoe, then landed again
on the outside of the other shoe and
ralled in.

So, reasoned Gideon and his
team at CBA, a proper running shoe
would have a shock absorbent heel
and the heel and sole would extend
out over the oulside of both shoes.
The shoes are already under
by another major maker of athlelic
shoes and may be used in the upcom-
ing Olympics.

Similarly, a study was made for a
large oil company whose products
into the manufacture of artifical turt,
to see if the lurf is as dangerous as
pro football players claim and if a
shoe could be designed to compen-
sate for it

"Our study showed that the turf is
very dangerous. Ils lexture does not
permit any sliding of shoes on its sur-
face and when an athlete plants his
foot and then cuts or turns sharply.
the foot stays and the strain is all on
the knee.

"What we did do, howaver, was to
use all this data to plot a knee brace
of light waight that will help to curb
the accidents and their severity. We
have tesled Il wilh the compuler and
itmay be used widely on artificial sur-
faces in the future,” noles Gideon,

CBA also conducted tests for
Spalding on tennis balls to try to find
a ball thal would last longer and
perhaps play better.

Using a baseball pitching
muchlnl he CBA crow siudied ten-

s balls as they hit the ground. the
ruckel and otherwise bounced or
boomed. From the data and the com-
puter's readout, a new ball is coming
onlo the market with a different struc-
of materials and a different falt
surface. The design, notes Dr. Ariel
(he now has his PhD. in exercise
science from UMass) provides lor
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By Milton Cole

The huge athlete cradled the 16-
pound ball in his right hand poised
just behind his right ear. He whirled in
the power pirouetle that provides a
touch of grace to the brute sport,
planted his right foot and took short,
powerful steps forward and then
lunged ahead, catapulting the steel
ball up and away.

There were oohs and aahs and
the measurement

new athletic equipment — shoes, ten-
nis balls, tennis rackels — and a new
exercise machine, were designed by
Gideon and his computer.

In fact, should the L.S. Olympic
field events group establish all kinds
of records at the July games and in
other competition, officials might
possibly cast a special gold medal for
Gideon Ariel and his Computerized
Analysis Inc. (CBA).

most had thought — amateur hurler
Terry Albritton had set a world record
of 71 feet, live inches in the shot, fully
two feet further than he had ever
hurled the shot before.

If there were amazement and joy
within the U.S. Olympic team (Albrit-
ton is competing in Montreal for U.S.),
a former Israeli Olympian received
the news in his office in the quiet col-
lege community of Amherst, Massa-
chusetts without surprise.

“How can you be surprised,”
asked Gideon Ariel, “when you knew
he could do it? The computer showed
it was possible.”

Indeed, Terry Albritlon's record-
breaking throw, the effort ta improve
Doug Bird as a pitcher for the Kansas
City Royals, and the development of

In the fall and winter of 1975-78,
CBA did a study of U.S. Olympians
and asked ils computers how they
could improve their performances.
The result is a series of reports which
show what the athlete is doing now,
what is wrong with his or her form and
how to improve.

It even offers suggestions on
equipment changes.

For instance, in Albritlon’s case
his steps were loo long and he was
losing force because his shoes were
slipping on the lunge and release.

He took shorter steps, putting
more power inta each,

of the body, but stops the foot sho
when it is planted for leverage) Albri
ton hurled the ball a record distance

Obviously Gideon Ariel is not tak
ing all the credit. If Albritton were nc
an outstanding athlete with the abilit
to put the shot 69 feet, then all th
computer studies in the worl
wouldn't enable him to (hruw it
plus feet.

“But when you have an outstand
ing athlete and then try to improve o
his form you often can do goo
things.” said Gideon in his accente
English.

Six years ago when CBA begar
Gideon helped a friend discover wh
his youth hockey team was havin
trouble getting steam inte its sla
shots. Then graduate student Arie
Jus! beginning to design and improv
on his computerized biomechanice
system, took films of the boys shoot
ing the puck. Then, tracing thel
muscular and joint movements wit
an electronic pencil attached to th

he

his walk, and then wearing a shoe
modified to fit a design from CBA
studies (one that enables the ball of
the foot to turn in a lateral movement

pic

ture of what the arms, legs, etc. wer
ing.

Using physics formulae h

figured the oplimum pressure point
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If the U.S. field events group sets any records in July's Summer Olympics,
officials should cast a special gold medal for Gideon Ariel.

more of the ball to be on the racket
lenger. It is only a millisecond longer,
bul it seems to provide the player with
greater conlrol of the ball, greater
to return the shot or service.

“Those who have used the new
ball in experiments are pleased with
its performance and with their game
without knowing why.” said Gideon

And while studying the action of
the tennis bail, the CBA people
viewed film of the human arm return-
ing tennis shots and figured that the
arm was asked lo make more turning
motions in returning the ball than it
was equipped to do.

“Thal’s where tennis elbow came
from."” said Ariel who doesn't play too
much tennis himself.

Haw then to get the racket turned
50 the face hits the ball properly with-
oul making the arm go through un-
natural stresses?

The answer, CBA feels, may be
an experimental racket it designed. It
has a handle that turns. (The grip is
‘on a shaft that lels the grip turn) The
tension is adjustable so that the
amount of turn is conirolled, parmit-
full face of the racket to meet

The computer, with the electronic
pencil tracing how the sporling
equipment or sportsman performs.
can ofler insight into what is being
done wrong and how to do it right. But
often doing it right is anather matter, a
matter of human frailty and inability to

determine ihe optimum perfacmy

adjust. It all could follow the plan
designed by the computer and its ex-
perts, we'd all be superstars!

In reality, Gideon doesn't con-
template Computerized Biomechani-
cal Analysis as a means of turning out
programmed superstar a he
sees it as a means of demonstrating
best and letting the athlate
ard it, with few achiaving it.

Still, if those American-thrown
discuses, shots and javelins go flying
out of the Olympic Stadium at
Montreal this July, Gideon Ariel and
CBA may lind athletes from all over
the world bealing a palh 1o its door
and its computers. o

1
2hiate thay are studying, The lines 1n the Arer
figure seiong fo Tony Albrilion who than set &
world recard with a 71-fool, S-inch thraw; the

:0nd ligura (races a [aweiin thiower in aciion.
and the third figure shows the stress paints in &
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® CiA films spriniers in action, feeds it
inte a computer, and gets back a
graphic measurement of motion,
Jorce, acceleration, and velocity.
TOPPING OFF THE BOS TNy i v

mance up to optimal levels.

Looking at the cluster of shops in
Ambherst, Mass., you would never
think that a company based there
had helped an Olympic gold
medalist :mplo\e his performance.
Its sign, COMPUTERIZED BIOME-
CHANICAL ANALYSIS, INC, even
baffles the town's Ph.D.s, and there
are hundreds of them around. Even
the stores that flank it are mystified.
A counterman at the adjacent sand-
wich shop thinks-*‘a bunch of mad
scientists are dmng something
strange in the place.”

True — scientists do work there,
but they are not mad. In fact, busi-
nessmen from Los Angeles and
New York, from Canada, West
Germany, Greece, Finland, and
Israel pass through CBa's door,
seeking a unique service.

Computerized Biomechanical
Analysis, Inc., is the first research
company in the world organized 10
analyze human motion. And it may
be the only one. Both professional
and amateur athletes go there for
help. An analysis of the way they
run, swing a bat, or kick a ball can
make them perform better or avoid
an injury.

Athletes are filmed in action

After the film passes through
special lracing equipment, one
frame at a time, it is fed into a high
speed computer, which spews out 2.
graphic report. The readouts give a
quantitative measurement of mo-
tion, as well as the direction of
force, acceleration, and velocity of
specific parts of the body. In other
words, the contribution of each
body segment to the whole motion
is measured. With this information,
CBA scientists determine what is
needed to perfect an athlete’s per-
formance. Using medical data, they
know at what point motion begins
to damage human tissue.

“Back in 1972, New England
Patriots coaches came to us,”” says
Ann Penny, CBA’s president, “'with
films of fullback Sam Cunningham.
They wanted him analyzed. We told

IN SEARCH OF
THE OPTIMAL SPRINT

CBA, Inc., not only tells Olympic athletes how
to better their best marks, it helps design
shoes for pregnant women.

by Nat Rutstein

getting maximum velocity on the
ball, he was going to have knee
trouble because there was too much
stress on it. Royals' management
was flabbergasted because they
were trying to keep Busby's knee
trouble secret ... they had him on
the trading block.™

Sports equipment outfits ap-
proached CBA for help with design
of shoes, body-building devices,
even” balls. Recently, Spaulding
engineers sought CBA's advice on
how to develop & tennis ball that
would be easier lo control when it
hits the racquet. They got what they
were looking for and are promoting
it throughout the country.

“We are now working on & num-
ber of athletic shoes for different
companies,”” says Dr. Ariel. “We've
been able to convince some of the
ies that each

them that because Cunni
had such powerful thighs, he was
prone 1o hamstring pulls. About
two weeks later Cunningham was
on the injury list, with a pulled
hamstring .
“*Our Director of Research, Gi
eon Ariel, siudied Kansas City
Royals pitcher Steve Bushy's form
and discovered that though he was

ASTAR s HEBHHH
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H round Amherst, Mass., colleges

run into colleges—the University of Mas-
sachusetts, Hampshire, Amherst, Mount
Holyoke, Smith—Ileavinglittle room for a
real town. The population is incessanily
changing, fresh ideas flowing through a
setting that has a history of assisting clear
thought, elegant patterns. Emily Dickin-
son wrote and s buried here, and Robert
Frost’s birches are still bending.
Working today in Amherst is a man
who would hardly consider himself po-
ctic, but Gideon Ariel has been a lead-
ing figure in taking the great raw minds
of computers and bringing them 10 bear
on movement. In so doing, he has for
the first time let us see the line and meter

of human metion. Sport can never be
the same.

In the first place, it seems that we have
been proceeding on a false assumption.
We have believed that trained observers
can discern the crucial elements of ath-
letic performance, that coaches can see
what their athletes are doing wrong. “The
human eye cannot quantify human
movement,” says Gideon Ariel, ponder-
ously, because he is a big man who threw
the discus and shot for Israel in two
Olympics, because he still struggles with
his Hebrew accent after 14 years in this
‘country, and because that sentence is the
foundation of his revoll ary advance.
“The important things in performance,

sporl requires special footwear, For
example, shoes used for jumping
should be designed differently from
shoes used for running or for playing
football. Different motion and force
is required for each sport ....
Ideally, each athlete’s shoe should
be custom-made because everyone
is different.”

“Faith" is a fine invention
When Gentlemen can see—
But Microscopes are prudent
In an Emergency.

—EMILY DICKINSON

the timing, the relative speeds of dozens
of limb and body segments, the changes
in centers of gravity—these all must be
measured, weighed, compared 1o be of
any use."

Aricl is a natural teacher, reaching al-
ways for images so vivid the dumbfound-
ed or skeptical will be forced to see.
“Compare coaches with bridge engi-
neers,” he says. “Suppose an engineer fin-
ishes the bridge and says, *Wait, remove
that beam.’ You ask why, and he says, ‘|
took & survey of 100 drivers, and 75 said
it looks betier without the beam.’ That
is how coaches coach. What looks best.
But if an engineer did that there would
bea ot of cars in the river. And he would

In the back room of CBA's
unassuming headquarters is more
than $300,000 worth of equipment,

months before the Olympics, Ariel
was observing Wilkens at a meel.
And as a result of his biomechani-

cal Wilkens was even-

devices and special tracing equip-
ment, all hooked to a network of
computers in different cities. CBA
also has a special arrangement with
the University of Massachusetts
Computer Center.

Beyond the operations area is the
trophy room, where an assortment
of chrome body-building

tually able to throw the discus 16
feet further than his previous best.
Because of his dedication to
amateur athletics, Ariel refuses to
take money for analyzing a non-
professional athlete's performance.
Since receiving his Ph.D. in Exer-
cise Science from the University of
he has developed

stand out, all designed or refined by
CBA. Dr. Ariel points with pride to a
machine he designed for Universal

ym. *““With this piece of equip-
ment, an athlete is able to strengthen
his muscles by lifting an increasing
amount of weight — up to 1,010
pounds.”

Gideon Ariel is the bedrock on
which the company is built. He is
not only a pioneer in human mo-
tion analysis, but is also committed
to sharpening and refining human
physical potential. For him, his
work is a cause.

Ariel sets the tone and tempo at
CBA headquarters, and his Israeli
background has much to do with
the working climate. Everyone is
fastidious, aware of their goals,
achievement oriented, yet relaxed.
g computer readouts at 2
not uncommon for them.

Ariel can appreciate an athlete's
struggle for perfection. He hurled
the discus for Israel in the 1960 and
1964 Olympics, starred for the
University of Wyoming track team,
and was an assistant track coach at
the University of Massachusetts.
The U.S. Olympic Committee has
used his services, and so has Mac
Wilkens, the 1976 Olympic gold
medal discus thrower. Seven

Computer analysis of jumpers Vallery Brumel and Dick Fosbu
Brumel's tremendous lift and acceleration with Fosbury's novel flop style.

an international reputation and has
many friends in the sports world.
Bill Toomey, the 1968 Olympic
decathlon champion, is not only a
friend but works for CBA as a
market specialist, representing the
company in the West.

Though involved in a flourishing
business, Ariel remains a scholar.
He is still involved in university
research. Through a National In-
stitute of Health grant, he and
University of Massachusetts pro-
fessor Michael Arbib are measuring
cat coordination, trying to find out
how the animal’s brain controls its
muscles. “‘Perhaps from this
study,” he says, ‘“‘we might dis-
cover a clue as to how to improve
human coordination.” Some of the
research work is taking place at CBA.

Graduate work in exercise
science drew CBA President Ann
Penny to Amherst. She expects to
have her University of Massachu-
setts doctorate in June.

“*Ann is steady; she knows every
facet of our business,” says Dr.
Ariel. “*Perhaps that’s why the stock-
holders elected her president.™

Determination and dedication
best describe the North Carolinian,
who admits to being swept up by
Ariel's enthusiasm. “Biomechanics

is an exc field,” she says.
“‘And it's thrilling to be in the
forefront of a science that can do so
much good for people; not only
athletes, but for the average person
as wull

“‘Unfortunately very little thought
is given lo designing things like
shoes that are biomechanically
sound. More effort and money are
devoted to the cosmetic aspect than
to consideration of the bedily
damage poorly designed shoes can
generate. Back problems can result
from bad footwear.

Penny has another deep concern.
“‘Coaches seem threatened by what
we can do for their athletes. They
think we'll put them (the coaches)
out of business, but the opposite is
true. We can help them optimize
their athlete’s performance.

“‘Take the time we analyzed Bill
Schmidt, the javelin thrower. The
computer data showed that he lost
force because he dropped his hip
when executing. After pointing that
out to Schmidt, he uncorked a
throw of more than 300 feet, a
record for him.

“‘We can help Los Angeles Rams

kicker Tom Dempsey regain the
form he had when he was booting
longer field goals, Remember when
he was with the Saints, and he
kicked a 63-yarder? We analyzed
pictures of that kick and discovered
that he had more arm swing then
than he has now. The coaches made
Dempsey shorten his arm swing;
consequently, shorter kicks.”
A graduate of the University of
North Carolina at Greensboro,
Penny coached basketball and ten-
nis at Princeton day school in New
Jersey. She practices what she
preaches and jogs 10 miles daily.

CBA concluded that the ideal high jumper would combine
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find himself in the nuthouse, because he
is required to measure the strength of
his materials and design against the
weight of his load."

People are subject_to the same phys-
ical laws as bridges. Indeed, Leonardo
da Vinci believed mechanical science the
noblest, “seeing that by means of it, all
movement
Ishac Newton
1 1700,
but not as vibrantly as does eon Ar-
iel. “It doesn't matter if you lift a cow,
or throw a chair, or punch your girl
friend. Everything is according o New-
tonian physics.”

The problem. until now, has not been
that we haven't believed thi has been
that wo many things happen 100 fast for
us. The sheer complexity and velocity of
& javelin thrower's movement in the final
quarter second before release, for exam-
ple, preclude comprehension of what is
going on.

Technology helps. One of the earliest
uses of photography was to settle the
turn-of-the-century question of whether
all four hooves of a galloping horse ever
were off the ground at once (they are).
In the 1930s, high-speed cameras pro-
vided slow-motion photography to offer

perform all their actions.
described the laws of motion

a clearer view of the action. Dozens of
limb and body parts accelerating and de-
celerating could be seen and measured
and charted against one another. Patterns
af successful athletes began to appear.

“The better the athlete, the more so-
phisticated his timing,” says Ariel. “The
one basic principle of all sports—hitting
or kicking balls, punching. throwing,
jumping, breaking karate bricks—is a co-
ordinated summation of forces.”

But so delicate are the relationships
between an athlete’s many moving parts
that they cannot be assessed simply by
looking at the slowest of motion pictures.
A process of frame-by-frame, body seg-
ment-by-body segment analysis is nec-
essary to make optimum use of cinema-
tography, work that is dreary

air.” Over those years, Ariel transformed
himselfl as well, from a carefree discus
thrower to a compelling. caprizant fig-
ure, half academy lecturer, half medicine-
show barker, a character entirely appro-
priate to spark the gap, to complete the
circuit between science and sport.
Gideon Ariel is a fleshy man, with
direct, hazel eyes and a shock of black
curls graying at the temples as he enters
his 39th year. His accent bears a resem-
blance to that of Alan Arkin playing
Freud in The Seven-Per-Cent Solution,
but he shouts more. Oceasionally bril-
liant explications to visitors or students
are followed by awkward silences be-
cause his Hebraic rhythms have made
“quats and “kets” of quartz and cats. Be-
is crucial to biome-

and absurdly time-consuming. Gideon
Ari¢l gave that work to the computer and
suddenly the maddening complexity of
human motion could be matched by the
awesome memory and speed of the ma-
chine. Well, not quite suddenly. It took
Ariel some 10,000 hours over seven years
1o create the programs that instruct his
computers. Now he offers the sporting
world a chance 1o lift itsell from, as he
puts it, “the dark ages, a witcheraft busi-
ness where everything is made of thin

chamul analysis, Ariel speaks often of
“fillums.” But it is Ariel's work, not his
speech, that has made him a hero to hun-
dreds of athletes.

In November 1975 the U.S. Olympic
Committee assembled the 12 best Amer-
ican discus throwers in Los Angeles
where high-speed cameras photographed
them in action. The film was flown 10 Ar-
iel's lab in Amherst, where he calculated
the forces and accelerations of the ath-
letes’ body segments. Ariel himself flew

eBAGTe i leTRATER A
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back to California with the results, plop-
ping 50-to-80-page computer print-ouis
into the bemused throwers' laps. One re-
cipient was Mac Wilkins. The sheets of

maintaining he has not lived up 1o his po-

tential, and for once that is a judgment

supportable with clear evidence.
Shotputter Terry Albritton's mistake

numbers meant little to him, but not Ar-
iel's interpretation. “He pointed out that
my front leg was absorbing energy that
could go into the throw,” says Wilkins.
*“I had to begin to change my whole con-
ception of throwing. | used to think |
had to put-as.mych of my speed as |
could in the direction of the throw.”

Ariel, citing Newton's law about ev-
ery action requiring an equal and oppo-
site reaction, said no. “It’s vital to have
everything stopping in the discus. In the
best throws, we found a pattern, It is like
using a fly rod, or snapping a towel. You
have 1o decelerate the heavy pars, the
legs and the trunk, so you can accelerate
the light parts, the arm and the discus,”
Ariel spoke to Wilkins with special care,
because the analysis had shown him gen-
erating incredible speed in one section
of his spin. ""He was like 30% faster than
the rest, even though he was dissipating
it at the end. But if you see that, you
know the potential is there.” The com-
puter found that with a perfectly timed
summation of his forces, Wilkins could
throw the discus 250 feet.

“Itseemed a little far at the tim- . says
Wilkins, whose best was 219 1”. Indeed,
the world record was 226° 8”. But the sec-
ond and third times Wilkins put Ariel’s
advice into practice, he broke the world
record, eventually reaching 232' 6" and
winning the Olympic gold medal at Mon-
treal. He continues to throw, calmly

COMPUTER

continued

leased the shot. | mentioned this and a
caach said, ‘Oh really? We'll have to cor-
rect that.' I said, ‘Don't give me that. It's
good.” I knew we had something in com-
mon, a shared knowledge. Equations of
motion are equations of motion. I saw
notes from years before. Those men be-
gan long before | did. But they'd been
doing it by hand, Imagine 15 engincers
working a month to chart one shotput!™

There are times when Ariel becomes
unabashedly sentimental about his U.S.
experience, and this memory triggers a
pacan to the American system. “There
was a time when we needed to know rel-
ative weights of body segments. We
wrole to NASA rescarch and they sent
back books of data. No charge. That was
a tremendous help. We couldn’t have
gone on without it. But in East Germa-
ny they would say, ‘Confidential, clas-
sified.” Here, people are open-minded.”
recompense, Ariel has offered
his services at cost to the U.S. Olympic
Committee as it readies for the Moscow
Olympics. “Until 1964," he says, “talent
alone still worked. Since then sport has
been a science, not an art. There is no way
anyone is going to beat the talent in this
country if it is properly prepared.” Since
May, Aricl has been spending half his
time at the n;wi;' opened Olympic Train-
ing Camp at Squaw Valley, Calif. (page
46), working with field hockey players,
soccer players, women's basketball play-
ers, kayakers and swimmers. As usual, he
has doled out hours of fascinating advice.
‘What is the optimum free throw? “The
more limb segments yod use, the more
chance for error in coordination,” he
says. “The best players just use the knees
for lift, and flip with the forearm. Sim-
plest is best.” In a skill as basic as jump-
ing, Ariel brought about a two-inch im-
provement in onc female basketball
player whose coach had had her bending
her knees too deeply before ascent.

The ice hockey coaches were reluc-
tant to use Ariel’s services until he ex-
plained to them, for the first time, just
how it is that a slap shot by a small play-
er can attain much greater velocity than
a sweep shot by a monster. “The better
shoaters hit down on the ice behind the
puck and bend the stick so it becomes
loaded with energy. Then they flick the
puck, like this,” he said, flipping paper
balls at the astonished and somewhat em-
barrassed coaches.

Alter Torry Alteiton gul bending his ket knee on Arief's advica, e 5at 4 worid record in the shot

was similar to Wilkins', “That front leg

from the legs and back and shoulder, the
forearm is like the end of that snapping
towel, the wrist snaps far faster than any
muscle can contract. It just goes along
for the ride. so it is absolutely useless to
train the wrist."

No sport is immune to Ariel's icon-
oclastic examination. Not long ago, he
and his staff spent 4,000 hours analyzing
the behavior of tennis balls, filming them
at 10,000 frames per second as they siruck
rackets and assorted surfaces,

“Tennis people think they can feel the
ball on the racket. They talk a they
can do things to control it then,” says
Ariel, waving an imaginary racket. “We
discovered that a tennis ball is on the
racket approximately four milliseconds.
Four one-thousandths of a second. Hu-
man reaction time is 120 milliseconds or
more, so that ball s long gone beforé any-
body feels it. It is off the racket even be-
fore the racket gives.” Such a sharp jolt
obviously packs a great deal of energy
into the briefest of moments. *The mus-
cles can't react 1o it, so the elbow, which
is a single plane ji and can't pass any
of the shock along, can briefly receive a
hundred times the force it does when you
throw something. No wonder people get

R

has to you throw from,”
says Ariel. “What Terry was doing. bend-
ing that knee, was like trying to throw
from a trampoline or shoot a cannon
from a canoe.” A year ago Ariel told Al-
britton he could be the next world-rec-
ord holder if he'd stop doing that. A
month later Albritton was the next
world-record holder, with a put of
717 8"

Sometimes the camera and computer
happen upon events that blumtly refute
accepted theory. Long jumpers have all
trained by rising to their toes under heavy
weights, strengthening their calves for the
last push from the board. Aricl's anal-
ysis showed, however, thit the best jump-
ers don't point their toes until the push-
ing foot is already two feet off the ground.
“Far more important than the jumping
leg is the free leg,” says Ariel. “It and
the torso accelerate as the planted leg de-
celerates. Then the jumping leg is yanked
off the ground. That leg isn't pushing,
it's trying to catch up.”

In a study of Kansas City Royals pitch-
ers, another commonsense belief fell o
clear measurement. “You'd think if the
forearm muscles that flick the wrist were
stronger, you'd move the wrist faster and
throw harder,” says Ariel, illustrating by
flapping a limb in the manner of a rath-
er aggressive princess thrusting her hand
out 1o be kissed. “But no. Because of the
whip action, the concentration of force

Indeed, Ariel's findings and progress
in biomechanical research present a chal-
lenge 10 all coaches. After he stops call-
ing them witches and predicting that a
computer-monitored individual training
system will do away with them, he backs.
down abit, saying, "I can’t coach the Dal-
las Cowboys, but [ can give them more
information. T can tell them where and
how to hit the other players, how to cre-
ate the greatest force in blocking, how
ta brace knees, improve helmets. People
cry about removing the art from sport.
But they started it. Why do you time a
FUNNET, OF Measure a jumper, Or count
goals? Maybe we shouldn't. But once you
decide to use all those numbers, O.K..
let’s really use them.” This has some add-
ed force, said as it is while Ariel dra-
matically unfolds a printout of thousands
of multidigit measures of Offensive Tack-
le Rayfield Wright's center-of-gra
Auctuations, the paper spilling across his
desk and onto the floor.

Ariel's old boss, Track Coach O’Brien,
has thought about the threat he poses to
old-school coaches. “Gideon assumes,
rightly, that most coaches don't know
biomechanics, physics or biclogy, and
haven't got a burning desire to learn.
Coaches just use what has seemed to
work in the past. It’s true that you can't
see enough. We see positions, we see
lines, but we dont see magnitude,
how hard that foot is pushing. If we are
willing to admit we're inadequate in
those areas, we will use the techniques
he has developed.”

O’Brien sees a possible source of re-
sentment in the necessity of coaches re-
linquishing athletes to outside analysts
like Ariel. “Nobody likes to share the
credit.” O'Brien has obsefved Ariel's pre-
sentations to several coaching clini
“He's a good entertainer. You pretty
much have to respond to the force of his
personality, so it is illuminating to watch
the people when he's done. Some rush
him for more and more. They're all say-
ing the same thing. ‘Where can I use it?
How the heck can we make it available?
The others are turned off. They drift out
shaking their heads, sullen,”

One sees the same dark clouds on the
brows of corporate sporting-goods exec-
utives that fogged the brains of Galileo's
Jjudges. Science is no respecter of tradi-
tion, and Gideon Aricl is a man of pure,
almost innocent, science. In his lab is a

The tennis ball study was commis-
sioned by @ manufacturer who will use
the results to design balls that remain
on the racket longer. But Ariel was most
fascinated by having to devise a new
equation to describe the behavior of elas-
tic objects colliding at oblique angles,
because these didn't seem to follow text-
book physics. “The point of maximum
compression is not the point of max-
imum force,” he says excitedly. The com-
mercial overtones of the research did
not hold his interest. “They talk about
light balls, heavy balls. Such craziness.
All the brands were so much the same
it was like they were made by the same
machine.” *

Because 5o many of the body’s rever-
berations end up in the feet, Ariel has
Jong been interested in athletic shoes.
“That is the witchcraft business, for
sure,” he says. “Shock absorption is the
key to better distance running, no ques-
tion, but look.” He flips through a book
of data. “Some brands absorb 2,300 new-
tons, some only 1,000, That range! And
the manufacturers don't even know what
their own shoes do.”

Ariel, using an exquisitely sensitive
$25000 force plate, which transmits
readings of four kinds of pressure—ver-
tical, forward, sideways and twisting—
1o an oscilloscope, charted the forces
of footstrike in different shoes at every
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scientifically designed shotput shoe. It
has laces inside its laces and is twisted,
as if a truck had run over it, “Did you
ever see anyone put the shot while stand-
ing up straight? No. This shoe cocks the
foot into position and the double laces
save energy. It works.” No manufacturer
will touch it. “It wouldn't look so good
on display,” Ariel says. “And how many
shotputters are there in this country?"

A maker of golf shocs wanted C.B.A.
to prove its shoes were the most com-
fortable, comfort being the basis of
vertising. Science had other ideas. “What
is ‘comfortable’?” Ariel demanded.
“Does that mean a man can swing bet-
ter? What if the best shoes for golf sFots
make a man limp down the fairway? You
cannot high-jump in comfortable shoes.
You cannot shoot a cannon from a ca-
noe because the canoe is going under the
water...." The golf-shoe people depart-
ed with pinched expressions. Later they
retained Ariel’s services, warily.

A ski-boot company once got Ariel
up to Vermont to analyze the forces on
the ankle joints of a downhill skier. He
proposed, for safety, the use of electric
strain gauges on the bindings. “It was
as if someone said to General Motors,
‘Make an electric car’ It was too
revolutionary. There is one word that
seems to paralyze these people—that is
“retool”

Yet Ariel does not brood over tem-
porary setbacks. His company owns out-
right all of his equipment, so if contracts
or granis should dry up, he could press
on with research, And his own compet-
ve juices still surge. Recently, he got a
call from an old hero of his, Al Oerter,
the 40-year-old, four-time Olympic dis-
cus champion. “We, he and I, are going
to reenter the ring.” Ariel says, his eyes
gleaming. “We will put him in a more ef-
ficient position. We will cut down on
shoe friction. We will overcome physi-
ological deterioration with scientific ad-
vance!” Ariel listens to his own echoes
in the lab. “He was so nice on the phone,
I had to say yes. He told me, ‘We com-
peted in the same Games." But 1 didn't
ever make the final.”

Ariel—the scientist who is revolu-
tionizing sport with hisgsonic pens and
slow-motion cameras and computer
printouts—smiles, seeing, perhaps, a
pattern. 1 was always too emotional in
the big meets.” L]
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you want to be a discus thrower, you
have to live with the discus. Carry it with
you. Sleep with it.

That is what he did, with both shot
and discus, throwing them as much as
cight hours a day. “1 threw from pictures.
Coaches meant well, but one would say
one thing, another would contradict him.
Tt was all opinion. How did they know™"

One who knew a lot more than the
rest was Dr. LeRoy Walker of North Car-
olina Central, who later became head
coach of the 1976 U.S. Olympic men’s
track and field team. In the late "S0s
Walker coached Isracl and Ariel. “He
told us to do things we never did, like
sprints and weight lifting. and we were
all so sore after the first day we said,
“This guy is crazy.’ But he had a meth-
od. He said, ‘Go throw 500 times and
we will talk. I can’t tell you anything now
because your variability is so great.’ It
worked. | got a pattern down and we
could go from there. We talked about
forces and angles. It was the beginning
of a scientific approach.”

They also talked about college schol-
arships, and after Ariel had taken part in
the Rome Olympics and spent three years
in the Army, he came to the University
of Wyoming. “My-ife was just 1o throw
the discus,” he says. "

When he graduated in 1966, it was
found that Ariel had spent three years
at Isracl’s Wingate Institute, caming a
Diploma of Physical Education degree
in 1960. He had never thought to tell any-
one about it and had thus €ompleted
three years of U.S. college athletic com-
petition without being eligible for it
“Wyoming was fun,” he says now, “but
the coach wasn't like Dr. Walker. It
was back to opinion.”

Ariel applied 1o the mewly created
Scheol of Exercise Science at the Uni-
versity of Massachusetts, got his mas-
ter’s degree in nine months, became an
assistant track coach and then plunged
into an eclectic set of studies with all
the fervor of his early years with the dis-
cus. “There had to be 20-hour days for
him then,” recalls University of Mas-
sachusetts Track Coach Ken O'Brien.
“I'd find him sleeping at his desk in the
mornings. A professor in one of his class-
es would mention some advance in an

One such suggestion came from the
head of the computer science depart-
ment. “He said, *Why don’t you apply
‘computers 10 your mechanics” ™ recalls
Ariel, who was sick of laboricusly trac-
ing every joint on paper, limb by limb,
frame by frame. But how? How to find a
way of getting all this raw information
into the computer? The answer was a de-
vice called a digitizer, a screen lined on
two sides by 20,000 tiny directional mi-
crophones. The coordinates of any point
on the screen touched with a sonic pen
are automatically registered and fed into
the computer. While visiting the Dart-
mouth Medical School, Ariel happened
across one of these instruments, which
Iooks not unlike & movie screen mounts
ed in a conscle. “Then in 1968 Darn-
mouth started the computer time-shar-
ing concept. The potential was unbeliev-
able. All 1 needed was a $50-a-month

Look what digitizing analysis could do
for the sports that are now judged sub-
jectively, like diving or gymnastics. For
the first time we could really measure
how close a performer comes to perfec-
tion. Think of that, we wouldn't have
those prejudiced Russian judges in there
messing up results.”

/And there is always the lucrative world
of product development. The key to
opening it is the software, those valuable
programs that are generally not copy-
righted (one tiny change in a lengthy se-
ries of instructions 1o a computer obvi-
ously can cause drastically changed
results), Add the fact that few scientists in
the field are business oriented, least of all
Ariel, and the situation scems ripe for
corporate wrangling. Since receiving his
Ph.D. in exercise science in 1972, Ariel
has been invelved in a train of legal skir-
mishes with an exercise-equipment com-
pany that couldn't stomach his analysis of
its product (seutled out of court with a
public apology to Ariel), and with a col-
one-time professor over some

rental to put a terminal in my house and
1 could do anything.™

With his keyboard terminal installed,
Ariel plunged i it

g computer pro-
grams. "The whole idea is simple,”™ he
says. " Human beings are creative, but we
have terrible memories. Compulers are
dumb, but their memories are perfect.
You have to guide them, lead them step
by step, channel your creativity thraugh
the software, the programs, till you have
created a monster. It grows and you have
to write more and more programs so it
can do more and more things.” What sus-
tained those thousands of hours of labor?
“It is fascinating work. and frustrating.
For example, the equipment in our lab,
which comes from 10 or 12 different com-

rights to C.B.A. Possessed of an unshak-
able faith in his own rectitude, Ariel will
surely live out his life as one of those lit-
igation-prone scientists=—da Vinci was
one—who feel somehow unclothed un-
less they have six lawsuits pending.
Gideon Ariel does not claim to be a
true pioneer in biomechanical analysis.
Sweden's Ingvar Fredricson has been
studying the motion patterns of standard-
bred horses with a computer for 10 years,

irregularities, and discovering that most
trotting tracks are banked too much on

the and too little on the

panies, all had to be in-
terfaced. That was hard to figute out, how
to get them working together without
burning everything up. The exciting part
is the conceiving, the finding out what
you think you can do. Then it takes a
fong time to get the computers 10 actu-
ally do iL" In other words, this is ex-
actly like any other worthy craft.

In 1971 Ariel founded Computerized
Biomechanical Analysis, or C.B.A., and
landed a few contracts testing basketballs
for Spaulding and shoes for Uniroyal.
This allowed him to purchase more ad-
vanced equipment. Purdy predicts that
Ariel is now about to reap rewards far
above i i ion. “If he's

allied field, like calculus or 5
and Gideon would go over and take
the course.”

solved those problems of practical appli-
cation, he’ll find a ton of marketable uses.

“ﬁ:&a better

Scientist

turns, placing dangerous stress on del-
icate forelegs. At Penn State, Peter Cav-
anagh is well along in a siudy of human
stride patterns. But as Ed Burke, the US.
record holder in the hammer throw and
a close friend of Ariel's, says, “A lot of
biomechanical people are contributing in
their own quiet way. Gideon is contrib-
uting in his own, uh. inimitable way.”
Ariel has had occasion to see what he
might have ended up doing had he not
harnessed the computer. “In 1972 T was
in Spain and met with some East Ger-
man coaches. | looked at the East Ger-
man shotputters and saw that they all
threw with exactly the same form, as if
they had been molded that way. They
all lified their back legs before they re-
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back to California with the results, plop-
ping 50-to-80-page computer print-outs
into the bemused throwers® laps. One re-
cipient was Mac Wilkins. The sheets of

maintaining he has not lived up o his po-

tential, and for once that is a judgment

supportable with clear evidence.
Shotputter Terry Albritton's mistake

numbers meant little to him, but not Ar-
iel's interpretation. “He pointed out that
my front leg was absorbing encrgy that
could go into the throw,” says Wilkins.
“I'had 10 begin 1o change my whole con-
ception of throwing. 1 used to think 1
had to put as much of my speed as |
could in the direction of the throw."”

Aricl, citing Newton's law about ev-
ery action requiring an equal and oppo-
site reaction, said no. “It’s vital to have
everything stopping in the discus. In the
best throws, we found a pattern. It s like
using a fly rod, or snapping é towel. You
have to decelerate the-heavy parts, the
legs and the trunk, 50 y |

was similar to Wilkins'. “That front leg
has to be the solid block you throw from,”
says Ariel. “What Terry was doing, bend-
ing that knee, was like trying to throw
from a trampoline or shoot a cannon
from a canoe.” A year ago Ariel told Al
britton he could be the next world-rec-
ord holder il he'd stop doing that. A
month later Albritton was the next
world-record holder, with a put of
T1* 8",

Sometimes the camera and computer
happen upon events that blumly refute
accepted theory. Long jumpers have all
trained by rising to their toes under heavy
weights ing their calves for the

the light parts, the arm and the discus.”
Ariel spoke 10 Wilkins with special care,
because the analysis had shown him gen-
eraling incredible speed in one section
of his spin. “He was like 30% faster than
the rest, even though he was dissipating
it at the end. But if you sec that, you
know the potential is there.” The com-
puter found that with a perfectly timed
summation of his forces, Wilkins could
throw the discus 250 feet.

t seemed alitthe far at the tim- . says.
Wilkins, whose best was 219" 1. Indeed,
the world record was 226" 8”. But the sec-
ond and third times Wilkins put Ariel's
advice into practice, he broke the world
record, eventually reaching 232° 6” and
winning the Olympic gold medal at Mon-
treal. He continues to throw, calmly

last push from the board. Ariel's anal-
ysisshowed. however, that'the best jump-
ers don't point their toes until the push-
ing foot is already two feet off the ground.
“Far more important than the jumping
leg is the free leg.” says Ariel. “It and
the torsa accelerate as the planted leg de-
celerates. Then the jumping leg is yanked
off the ground. That leg isn't pushing,
it's trying to cateh up.”

In a study of Kansas City Royals pitch-
ers, another commonsense belief fell 1o
clear measurement. “You'd think if the
forearm muscles that flick the wrist were
stronger, you'd move the wrist faster and
throw harder,” says Ariel, illustrating by
flapping a limb in the manner of a rath-
er aggressive princess thrusting her hand
out 1o be kissed. “But no. Because of the
whip action, the concentration of farce

from the legs and back and shoulder, the
forearm is like the end of that snapping
towel, the wrist snaps far faster than any
muscle can contract. It just goes along
for the ride, 50 it is absolutely uscless to
train the wrist."

No sport is immune to Ariel's icon-
oclastic examination. Not long ago, he
and his staff spent 4,000 hours analyzing
the behavior of tennis balls, filming them
at 10,000 frames per second as they struck
rackets and assorted surfaces,

“Tennis people think they can feel the
ball on the racket. They talk as if they
can do things to control it then,” says.
Ariel, waving an imaginary racket. “We
discovered that a tennis ball is on the
racket approximately four milliseconds.
Four one-thousandths of a second. Hu-
man reaction time is 120 milliseconds or
more, so that ball is long gone before any-
body feels it. It is off the racket even be-
fore the racket gives.” Such a sharp jolt
obviously packs a great deal of energy
into the briefest of moments. “The mus-
cles can't react to it, so the elbow, which
is a single plane joint and can't pass any
of the shock along, can briefly receive a
hundred times the force it does when you
throw something. No wonder people get
tennis efbow.™

The tennis ball study was commis-
sioned by a manufacturer who will use
the results to design balls that remain
on the racket longer. But Ariel was most
fascinated by having to devise a new
equation to describe the behavior of elas-
tic objects coll at oblique angles,
because these seem to follow text-
book physics. “The point of maximum
compression is not the point of max-
imum force,” he says excitedly. The com-
mercial overtones of the research did
not hold his interest. “They talk about
light balls, heavy balls. Such craziness.
All the brands were 50 much the same
it was like they were made by the same
machine.” s

Because so many of the body’s rever-
berations end up in the feet, Ariel has
Jong been interested in athletic shoes.
“That is the witchcraft business, for
sure,” he says. “Shock absorption is the
key to better distance running, no ques-
tion, but lock.” He flips through a book
of data. “Some brands absorb 2,300 new-
tons, some only 1,000. That range! And
the manufacturers don't even know what
their own shoes do.™

Ariel, using an exquisitely sensitive
$25000 force plate. which transmits
readings of four kinds of pressure—ver-
tical, forward, sideways and twisting—
to an oscilloscope, charted the forces
of footstrike in different shocs at every
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ik Anetmose has

find himself in the nuthouse, because he
is required 10 measure the strength of
his materials and, design against the
weight of his load ™

People are subject 1o the same phys-
ical laws as bridges. Indeed, Leonardo
da Vinci believed mechanical science the
noblest, “seeing that by means of it, all
animated bodies that have movement
perform all their actions.” Baac Newton
described the laws of -mation in 1700,
but not as vibrantly as does Gideon Ar-
fel. *“It doesn't matter if you lift a cow,
or throw a chair, or punch your girl
friend. Everything is according to New-
tonian physics.”

The problem, until now, has not been
that we haven't believed this; it has been
that 100 many things happen too fast for
us. The sheer complexity and velocity of
a javelin thrower's movement in the final
quarter second before release, for exam-
ple, preclude comprehension of what is
Eoing on.

Technology helps. One of the earliest
uses of photography was to settle the
turn-of-the-century question of whether
all four hooves of a galloping horse ever
were off the ground at once (they are)
In the 1930s, high-speed cameras pro-
vided slow-motion photography to offer

Ogaizig.

a clearer view of the action. Dozens of
limb and body parts accelerating and de-
celerating could be seen and measured
and charted against one another. Patterns
of suceessful athlctes began to appear.
“The better the athlete, the more so-
phisticated his timing.” says Ariel. “The
one basic principle of all sports—hitting
or kicking balls, punching. throwing,
Jjumping, breaking karate bricks—i:
ordinated summation of forces.,
But 5o delicate arc the relationships
between an athlete's many moving parts
that they cannot be asséssed simply by
looking at the slowest of motion pictures.
A process of frame-by-frame, body scg-
ment-by-body segment analysis is nec-
essary to make optimum use of cinema-

air.” Over those years, Ariel ransformed
himself as well, from a carefree discus
thrower to a compelling, caprizant fig-
ure, half academy lecturer, half medicine-
show barker, a character entirely appro-
priate to spark the gap. to complete the
circuit between science and sport.
Gideon Ariel is a fleshy man, with
direct, hazel eyes and a shock of black
curls graying at the temples as he enters
‘his 39th year. His accent bears a resem-
blance to that of Alan Arkin playing
Freud in The Seven-Per-Cent Solution,
but he shouts more. Occasionally bril-
liant explications to visitors or students
are followed by awkward silences be-
cause his Hebraic rhythms have made
“quats” and “kets” of quartz and cats. Be-

tography, work that is dreary
and absurdly time-consuming. Gideon
Aricl gave that work to the computer and
suddenly the maddening complexity of
human motion could be matched by the
awesome memory and speed of the ma-
chine. Well, not quite suddenly. It 1ook
Ariel some 10,000 hours over seven years
o create the programs that instruct his
computers. Now he offers the sporting
world a chance 10 1ift itself from, as he
puts it, “the dark ages, a witchcraft busi-
ness where everything is made of thin

cause is crucial 1o biome-
«chanical analysis, Ariel speaks often of
“fillums.” But it is Ariel's work, not his
speech, that has made him a hero to hun-
dreds of athletes.

In November 1975 the U.S. Olympic
Committee assembled the 12 best Amer-
ican discus throwers in Los Angeles
where high-speed cameras photographed
them in action. The film was flown to Ar-
s lab in Amherst, where he calculated
the forces and accelerations of the ath-
letes’ body segments. Ariel himself flew
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- STARIS REBORN

PeA Waser Lavey MRS
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H round Amherst, Mass., colleges

run into colleges—the University of Mas-
sachusetts, Hampshire, Amherst, Mount
Holyoke, Smith- little room for a

of human motion. Sport can never be
the same,

In the first place, it seems that we have
been on a false

real town. The population is incessantly
changing. fresh ideas flowing through a
seiting that has a history of assisiing clear
thought, elegant patterns. Emily Dickin-
son wrote and is buried here, and Robert
Frost’s birches are still bending.
Working today in Amherst is a man
who would hardly consider himself po-
etic, but Gideon Ariel has been a lead-
ing figure in taking the great raw minds
of computers and bringing them to bear
on movement. In so doing, he has for
the first time let us sce the linc and meter

back to California with the results, plop-
ping 50-to-80-page computer print-outs
into the bemused throwers' laps. One re-
cipient was Mac Wilkins. The sheets of

numbers meant little to him, but not Ar-
iel's interpretation. “He pointed out that
my front leg was absorbing energy that
could go into the throw,” says Wilkins.
“I had to begin to change my whole con-
ception of throwing. | used 10 think 1
had 10 put as much of my speed as |
could in the direction of the throw.”

Ariel, citing Newlon's law about ev-
ery action requiring an equal and oppo-
site reaction, said no. “Its vital to have
everything stopping in the discus. In the
best throws, we found a partern. It is like
using a fly rod, or snapping @ towel. You
have 10 decelerate the-heavy parts, the
legs and the trunk, 50 you can accelerate
the light parts, the arm and the discus.”
Ariel spoke to Wilkins with special care,
‘ecause the analysis had shown him gen-
erating incredible speed in one section
of his spin. “He was like 309% faster than
the rest, even though he was dissipating
it at the end. But if you see that, you
know the potential is there” The com-
puter found that with a perfectly timed
summation of his forces, Wilkins could
throw the discus 250 feet,

the warl
ond and third times Wilkins put Ariel's
advice into practice, he broke the world

ecord was 226° B, But the sec-

record, eventually reaching 232" 6™ and
winning the Olympic gold medal at Mon-
treal. He continues to throw, calmly

After Terry Albrton qu berding s laft knee on Arisf's advios, ha sél & workd mcord in the shot.

‘We have believed that trained observers.
can discern the crucial elements of ath-
letic performance, that coaches can see
‘what their athletes are doing wrong. “The.
human eye cannot quantify human
‘movement,” says Gideon Ariel, ponder-
ously, because he is a big man who threw
the discus and shot for Israel in two
Olympies, because he still struggles with
his Hebrew accent after 14 years in this
country, and because that sentence is the
foundation of his revolutionary advance.
“The important things in performance,

maintaining he has nat lived up to his po-

tential, and for once that is a judgment

supportable with clear evidence.
Shotputter Terry Albritton's mistake

was similar to Wilkins'. “That front leg
has 1o be the solid block you throw from,”
says Aricl. "What Terry was doing, bend-
ing that knee, was like trying to throw
from a trampoline or shool a cannon
from a canoe.” A year ago Ariel told Al-
britton he could be the next world-rec-
ord holder il he'd siop doing thal. A
month later Albritton was the next
world-record holder, with a put of
T BT

Sometimes the camera and computer
happen upon events that blunily refuie
accepled theory. Long jumpers have all
trained by rising to their toes under heavy
weights, strengthening their calves for the
fast push from the board. Ariel's anal-
ysis showed, however, that the best jump-
ers don't point their toes until the push-
ing foot is already two feet off the ground.
*“Far more importam than the jumping
leg is the free leg,” says Ariel. “It and
the torso accelerate as the planted leg de-
celerates. Then the jumping leg is yanked
off the ground. That leg isn't pushing,
it's trying to catchup.”

Inastudy of Kansas City Royals pitch-
ers, another commansense belief fell 1o
elear measurement. “You'd think if the
forearm muscles that flick the wrist were
stronger, you'd mave the wrist faster and
throw harder,” says Aricl, illustrating by
flapping a limb in the manner of  rath-
‘er aggressive princess thrusting her hand
‘out to be kissed. “But no. Because of the
whip action, the concentration of force

“Faith” is a fine invention
‘When Gentlemen can see—
But Microscopes are prudent
Inan Emergency.

—EMILY DICKINSON

the timing, the relative speeds of dozens
of limb and body segments, the changes
in centers of gravity—these all must be
measured, weighed, compared to be of
any use.”

Ariel is a natural teacher, reaching al-
ways for images so vivid the dumbfound-
ed or skeptical will be forced to see.
“Compare coaches with bridge engi-
neers,” he says. “Suppose an engineer fin-
ishes the bridge and says, ‘Wait, remove
that beam.' You ask why, and he says, ‘1
took a survey of 100 drivers, and 75 said
it looks better without the beam.” That
is how coaches coach. What looks best.
But if an engineer did that there would
bealot of cars in the river. And he would
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from the legs and back and shoulder, the.
forearm is like the end of that snapping
towel, the wrist snaps far faster than any
muscle can conteact. It just goes along
for the ride, so it is absolutely useless to
train the wrist,"”

No sport is immune to Ariel’s icon-
oclastic examination. Not long ago, he
and his s1afl spent 4,000 hours analyzing
the behavior of tennis balls, filming them
at 10,000 frames per second as they struck:
rackets and assorted surfaces,

“Tennis people think they can feel the
ball on the racket. They talk as if they
can do things to control it then,” says
Ariel, waving an imaginary racket. “We
discovered a tennis ball is on the
racket approximately four milliseconds.
Four one-thousandths of a second. Hu-
man reaction time is 120 milliseconds or
more, so that ball is long gone before any-
body feels it. It is off the racket even be-
fare the racket gives.” Such a sharp jolt
obviously packs a great deal of energy
into the briefest of moments. “The mus-
50 the elbow, which
is a single plane joint and can't pass any
of the shock along, can briefly receive a
hundred times the force it does when you
throw something. No wonder people get
tennis efbow.”

The tennis ball study was commis-
sioned by a manufacturer who will use
the results to design balls that remain
on the racket longer. But Aricl was most
fascinated by having to devisc a new
equation to describe the behavior of elas-
tic objects colliding at oblique angles,
because these didn't seem to follow text-
book physics. “The point of maximum
compression is not the point of max-
imum force,” he says excitedly. The com-
mercial overtones of the research did
not hold his interest. “They talk about
light balls, heavy balls. Such craziness.
All the brands were so much the same
it was like they were made by the same
machine.” *

Because so many of the body's rever-
berations end up in the feet, Ariel has
long been interested in athletic shoes.
“That is the witchcraft business, for
sure,” he says. “Shock absarption is the
key to better distance running. no ques-
tion, but look.” He flips through a book
of data. “Some brands absorb 2,300 new-
tons, some only 1,000, That range! And
the manufacturers don’t even know what
their own shoes do."

Aricl, using an exquisitely sensitive
$25000 force plate, which transmits
readings of four kinds of pressure—ver-
tical, forward, sideways and twisting—
o an oscilloscope, charted the forces
of footstrike in different shoes at every

SPORTS ILLUSTRATED August 1977

Gideon Ariel and his Magic Machine - Book 1

9/12

2023-09-27



point of foot placement. “You se¢ pic-
tures of runners, it looks like they're land-
ing on their heels, but they're not. The
good ones don't. They flick the foot
down flat at the last instant. All
these companies are making wonderful
heels and the best runners are never
coming down on them.” One company,
Pony, bowed to Ariel's advice and has
brought out a shoe tested in his lab.
Visiting Ariel's office and laboratory,
tucked away in a storefront between
Erik’s Giant Subs and Radio Shack, one
sees wonders everywhere, like the clec-
tronie display on which he can call up
ihe style of a shotputter or quarterback
in the form of a sequence ‘of glowing
green stick figures. “You have to be
very responsible to change the form of
any good athlete,” he says. “The bewer
the athlete, the more it seems wrong to
fool with him.” So Ariel has programmed

lier world record of 7° $%4”. We found
that of the total forces generated, the
flop style has a higher vertical com-
ponent. The computer had Brumel use
the flop. Had he known about it when
he was jumping, Brumel could have
cleared 7° 117, So we will one day see
an eight-foot high jump.”

Bud Greenspan, who produced The
Olympian series on PBS television, pro-
vided Ariel with slow-motion film from
1936. He wanted to know who was the
better sprinter, Jesse Owens or Eddie
Hart, the present coholder of the world
record for 100 meters at 9.9 seconds.
Owens had run 10.2 on cinders, with-
out starting blocks, Hart on polyure-
thane, with blocks, but Ariel saw no
problem. “We knew the angular dis-
placements, so we knew how many de-
grees per second their ankle, hip and
knee joints displaced. We knew the

When Mac Wilkins headed the advice of Ariel's computer, ho set a world record in the discus.

the computer to fool with an electronic
copy of the athlete instead, changing an-
gles, timing, even weight, and with each
change he computes how performance
would be affected. Seeing that, the imag-
ination goes spinning off into a giddy fu-
ture, where performance can be pre-
dicted years in advance, where technique
and training can be fitted to individual
talents. It turns out that Ariel is already
disappearing into that future.

“We examined film of Dick Fosbury
winning the Olympic high jump in 1968
and of Valery Brumel jumping his ear-

COMPUTER

leased the shot. I mentioned this and a
coach said, *Oh really? We'll have to cor-
rect that.” I said, ‘Don't give me that. It's
good.’ | knew we had something in com-
mon, a shared knowledge. Equations of
motion are equations of motion. 1 saw
notes from years before. Those men be-
gan long before | did. But they'd been
doing it by hand. Imagine 15 engincers
working a month to chart one shotput™

There are times when Ariel becomes
unabashedly sentimental about his U.S.
experience, and this memory trigaers a
paean to the American system. “There
was a time when we needed to know rel-
ative weights of body segments. We
wrole (o NASA research and they sent
back books of data. No charge. That was
a tremendous help. We couldn't have
gone on without it. But in East Germa-
ny they would say, ‘Confidential, clas-
sified.” Here, people arc open-minded.”

As.if in recompense, Ariel has offered
his services at cost to the U.S. Olympic
Committee as it readies for the Moscow
Olympics. “Until 1964," he says, “talent
alone still worked. Since then spert has
been ascience, not an art. There is no way
anyone is going to beat the talent in this
country if it is properly prepared.” Since
May, Ariel has been spending half his
time at the newly opened Olympic Train-
ing Camp at Squaw Valley, Calif. (page
46), working with field hockey players,
soccer players, women's basketball play-
«rs, kayakers and swimmers. As usual, he
has doled out hours of fascinating advice.
What is the optimum free throw? “The
more limb segmenté you use, the more
chance for errer in coordination.” he
says. “The best players just use the knees
for lift, and flip with the forearm. Sim-
plest is best.” In a skill as basic as jump-
ing, Ariel brought about a two-inch im-
provement in one female basketball
player whose coach had had her bending
her knees too deeply before ascent.

The ice hockey coaches were reluc-
tant to use Ariel's services until he ex-
plained to them, for the first time, just
how it is that a slap shot by a small play-
ef can attain much greater velocity than
a sweep shot by a monster. “The better
shooters hit down on the ice behind the
puck and bend the stick so it becomes
loaded with energy. Then they flick the
puck, like this," he said, flipping paper
balls at the astonished and somewhat em-
barrassed coaches.

length of the bones and the speed of
the film frames, so we knew how much
distance was covered per second. We
let each man cover 100 meters and com-
puted the time it took him.” The wil
ner? Jesse Owens.

The precision with which Ariel's ma-
chines can trace movement patterns has
widespread application in injury preven-
tion and treatment. “Any little pain will
change the pattern of locomotion,” he
says. Just now, Ariel has finished an anal-
ysis of film sent by the Dallas Cowboys,
who wanted to find out if injured players

Indeed, Ariel's findings and progress
in biomechanical research present a chal-
lenge 10 all coaches. After he stops call-
ing them witches and predicting that a
computer-monitored individual training
system will do away with them, he backs
down a bit, saying, "1 can't coach the Dal-
las Cowboys, but I can give them more
information. I can tell them where and
how to it the other players, how to cre-
ate the greatest force in blocking, how
10 brace knees, improve helmets. People
cry about removing the art from sport.
But they started it. Why do you time a
runner, of measure a jumper, or count
goals? Maybe we shouldn’t. But once you
decide to use all those numbers, OK..
let’s really use them.” This has some add-
cd force, said as it is while Aricl dra-
matically unfolds a printout of thousands
of multidigit measures of Offensive Tack-
le Rayfield Wright's center-of-gravity
fluctuations, the paper spilling across his
desk and onto the floor.

Ariel's old boss, Track Coach O'Brien.,
has thought about the threat he poses to
old-school coaches. “Gideon assumes,
rightly, that most coaches don’t know
biomechanics, physics or biclogy, and
haven't got a burning desire o learn.
Coaches just use what has seemed 1o
work in the past. It's true that you can’t
see enough. We see positions, we see
lines, but we don't see magnitude,
how hard that foot is pushing. IT we are
willing to admit we're inadequate in
those areas, we will use the techniques
e has developed.”

O'Brien sees a possible source of re-
seniment in the necessity of coaches re-
linquishing athletes 1o outside analysts
like Ariel. “Nobody likes to share the
eredit.” O'Brien has observed Ariels pre-
sentations 1o several coaching clinics.
“He's a good entertainer. You pretty
much have to respond 1o the force of his
personality, o it is illuminating to watch
the people when he's done. Some rush
him for more and more. They're all say-
ing the same thing. ‘Where can I use it?
How the heck can we make it available?
The others are turned off. They drift out
shaking their heads, sullen "

One sees the same dark clouds on the
brows of corporate sporting-goods exec-
utives that fogged the brains of Galileo's
Judges. Science is no respecter of tradi-
tion, and Gideon Ariel is a man of pure,
almost innocent, science. In his lab is a

were returning to normal patterns.

The possibilities for rehabilitation, or
the teaching of any sort of muscular co-
ordination, are enormous, especially now
that Ariel has a little computer that can
take instructions from a stick. Unlike the
$8 million University of Massachusetts
computer that Ariel dealt with through
telephone connections and a Telex key-
board, his new one, the size of an clec-
tric stove and costing only $60,000, dis-
plays a set of functions on a screen and
the operator selects the one he wants per-
formed by directing a ficating indicator
light with a lever Ariel calls a joy stick.
In a slot goes a black, magnetic insert
that can hold nearly a million bits of in-
formation. The term for these is flexible
diskettes—"floppy di: in Ariel’s ar-
got. “In scientific ing, a man will
have his own floppy, containing his
whele athletic history and an individual
program computed for his needs. As he
‘works in the gym or on the field, the com-
puter will monitor him, giving him
stant feedback directions ... congratu-
lations.” Dr. Gerry Purdy, author of
Compuerized Running Training Pro-
grams and one of the few men in the
ficld who share Ariel's dual expertise in
computers and exercise science, says of
this, “My first reaction is that he’s bor-
dering on artificial intelligence. Academ-
ically, it's not unreasonable, but from a
practical standpoint, it's like Star Wars™

Yet clearly the last obstacle to such
an instant system is the fact that film
takes time to be developed, and video
tape is not yet a suitable replacement be-
cause of insufficient clarity and speed.
But we are at a stage now where a com-
puter can divine an athlete’s optimum
technique in an event and coach him to-
ward it. “Of course, if a high jumper
doesn’t wan to land on his back, that's
another problem,”™ says Ariel. “That's
psychology. We can't do anything about
that.”

Gideon Ariel's own psychology is
nearly as fascinating as his science. A
clumsy, shy boy, he grew up in a board-
ing school near Natanya, about 20 miles
north of Tel Aviv. Poor in sports, he
nonetheless longed to be an athlete, and
in 1956, when he was 17, he found that
the best Isracli discus man had thrown
less than 160 feet. Something clicked. “I
can do better than that,” he said and em-
barked upon four years of training, al-
most demented in his intensity. Speak-
ing to a class at Amherst, he said, “If

scientifically designed shotput shoe. It
has laces inside its laces and is twisted.
as if & truck had run over it. “Did you
ever see anyone put the shot while stand-
ing up straight? No. This shoe cocks the
foot into position and the double laces
save energy. It works.” No manufacturer
will touch it. “It wouldn't lock so good
on display,” Ariel says. “And how many
shotputters are there in this country?

A maker of golf shoes wanted C.B.A.
to prove its shoes were the most com-
fortable, comfort being the basis of its ad-
vertising. Science had other ideas. ““What
is ‘comfortable'™ Ariel demanded.
“Does that mean a man can swing bei-
ter? What if the best shoes'for golf shots

igh
You cannot shoot a cannon from a ca-
noe because the canoe is going under the
water...."” The golf-shoe people depart-
ed with pinched expressions. Later they
retained Ariel's services, warily.

A ski-boot company once got Ariel
up to Vermont to analyze the forces on
the ankle joints of a downhill skier. He
proposed, for safety, the use of electric
strain gauges on the bindings. “It was
as if someone said to General Motors,
‘Make an elecric car.’ Il was too
revolutionary. There is one word that
seems 10 paralyze these people—that is
‘retool.” "

Yet Ariel does not brood over tem-
porary setbacks. His company owns out-
right all of his equipment, so if contracts
or grants should dry up, he could press
‘on with research. And his own compet-
itive juices still surge. Recently, he got a
call from an old hero of his, Al Oerter,
the 40-year-old, four-time Olympic dis-
cus champion, he and 1, ar going
o reenter the ring,” Ariel says, his eyes
gleaming. “We will put him in a more ef-
ficient position. We will cut down on
shoe friction. We will overcome physi-
ological deterioration with scientific ad-
vance!™ Ariel listens to his own echoes
in the lab. “He was 5o nice on the phone,
I had 1o say yes. He told me, ‘We com-
peted in the same Games.' But | didn't
ever make the final.”

Ariel—the scientist who is revolu-
tionizing sport with hisgsonic pens and
slow-motion cameras and computer
printouts—smiles, seeing, perhaps, a
pattern. “1 was always too emotional in
the big meets,” -
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you want 10 be a discus thrower, you
have to live with the discus. Carry it with
you. Sleep with L™

That is what he did, with both shot
and discus, throwing them as much as
eight hours a day. “1 threw from pictures.
Coaches meant well, but one would say
one thing, another would contradict him.
It was all opinion. How did they know™"

One who knew a lot more than the
restwas Dr. LeRoy Walker of North Car-
olina Central, who later became head
coach of the 1976 U.S. Olympic men's
track and field team. In the late "S0s
Walker coached Israel and Ariel. "He
told us to do things we never did, like
sprints and weight lifting, and we were
all 50 sore after the first day we said,
“This guy is crazy.’ But he had a meth-
od. He said, ‘Go throw 500 times and
we will talk. T can't tell you anything now
because your. variability is so great’ It
worked. | got a pattern down and we
could go from there. We talked about
forces and angles. It was the beginning
of a scientific approach.”

They also talked about college schol-
arships, and after Ariel had taken part in
the Rome Olympics and spent three years
in the Army, he came 1o the University
of Wyoming. “My.life was just to throw
the discus."” he says.

When he graduated in 1966, it was
found that Ariel had spent three years
at Isracl's Wingate Institute, earning a
Diploma of Physical Education degree
in 1960. He had never thought to tell any-
one about it and had thus completed
three years of U.S. college athletic com-
petition without being eligible for it.
“Wyoming was fun,” he says now, “but
the coach wasn’t like Dr. Walker. It
was back 10 ion."

Ariel applied to the newly created
School of Exercise Science at the Uni-
wversity of Massachusetts, got his mas-
ter's degree in nine months, became an
assistant track coach and then plunged
into an eclectic set of studies with all
the fervor of his early years with the dis-
cus. “There had to be 20-hour days for
him then,” recalls University of Mas-
sachusetts Track Coach Ken O'Brien.

“1'd find him sleeping a1 his desk in the
mornings. A professor in one of his class-
s would mention some advance in an

One such suggestion came from the
head of the computer science depari-
ment. “He said, “Why don't you apply
computers to your mechanics™ " recalls
Ariel, who was sick of laboriously trac-
ing every joint on paper, limb by limb,
frame by frame. But how? How to find &
way of getting all this raw information
into the computer? The answer was a de-
vice called a digitizer, a screen lined on
two sides by 30,000 tiny directional mi-
crophones, The coordinates of any point
on the screen touched with a sonic pen
are automatically registered and fed into.
the computer. While visiting the Dart-
mouth Medical School, Ariel happened
across one of these instruments, which
looks not unlike a movie screen mount-
ed in a console. “Then in 1968 Dart-
mouth started the computer time-shar-
ing concepl. The potential was unbeliey-
able. All 1 needed was a $50-a-month
rental to put a terminal in my house and
1 could do anything.”

With his keyboard terminal installed,

Look what digitizing analysis could da
for the sports that are now judged sub-
Jectively, like diving or gymnastics. For
the first time we could really measure
how close a performer comes 10 perfec-
tion. Think of that, we wouldn't have
those prejudiced Russian judges in there
messing up results”*

And there is always the lucrative world
of product development. The key to
opening it is the software, those valuable
programs that are generally not copy-
righted (one tiny change in a lengthy se-
ries of instructions to a computer obvi-
ously can cause drastically changed
results). Add the fact that few scientiSts in
the field are business oriented, least of all
Ariel, and the situation seems ripe for
corporaie wrangling. Since receiving his
Ph.D. in exercise science in 1972, Ariel
has been involved in a train of legal skir-
mishes with an exercise-equipment com-
pany that couldn't stomach his analysis of
its product (settled out of coun with a
public apology to Aricl), and with a col-

Auriel plunged pro-
grams. “The whole ides is simple,” he
says. “Human beings are creative, but we
have terrible memories, Computers are
dumb, but their memorics are perfect.
You have to guide them, lead them step
by siep, channel your creativity through
the software, the programs, till you have
created a monster. It grows and you have
0 write more and more programs so it
can do more and more things.”” What sus-
tained those thousands of hours of labor?
“It is fascinating work, and frustrating.
For example, the equipment in our lab,
‘which comes from 10.or 12 different com-
panies, all had 1o be electronically in-
terfaced. That was hard to figure out, how
1o get them working together without
‘burning everything up. The exciting part
is the conceiving, the finding out what
you think you can do. Then it takes a
long time to get the computers 1o actu=
ally do it.” In other words, this is ex-
actly like any other worthy craft.

In 1971 Ariel founded Computerized
Biomechanical Analysis, or C.B.A., and
landed a few contracts testing basketballs
for Spaulding and shees for Uniroyal.
This allowed him to purchase more ad-
vanced equipment. Purdy predicts that
Ariel is now about to reap rewards far
i i ion. “If he's

allied field, like calculus or
and Gideon would go over and take
the course.”

Partment of
Ufl!l':mny‘

Want 5 bette
Now scien

By Gaylen uy
Give me a kig yyry, n;

SPOTLS sciences ar Denyey

abave
salved those problems of practical appli-
cation, he'll find & ton of marketable uses.

Irman of the de-

81 professor over some
rights to C.B.A. Possessed of an unshak-
able faith in his own rectitude, Ariel will
surely live out his lifc as one of those lit-
igation-prone scientists—da Vinci was
one—who feel somehow unclothed un-
less they have six lawsuits pending.
Gideon Ariel does not claim to be a
true pioneer in biomechanical analysis.
Sweden's Ingvar Fredricson has been
studying the motion patterns of standard-
bred horses with a computer for 10 years,
predicting lamencss from minute stride
irregularities, and discovering that most
trotting tracks are banked too much on
the straightaways and too little on the
tumns, placing dangerous stress on del-
icate forelegs. At Penn State, Peter Cav-
anagh is well along in a study of human
stride patterns. But as Ed Burke, the US.
record holder in the hammer throw and
@ close friend of Ariel’s, says, “A lot of
biemechanical people are contributing in
their own quiet way. Gideon is contrib-
uting in his own, uh, inimitable way.”
Ariel has had occasion 1o see what he
might have ended up doing had he not
harnessed the computer. “In 1972 1 was
in Spain and met with some East Ger-
man coaches. 1 looked at the East Ger-
man shotputters and saw that they all
threw with exactly the same form, as if
they had been molded that way. They
all lifted their back legs before they re-
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analyzing the image of a triple

Jumper. The pencil-shaped object in
his hand computes stress on joints.
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Dr. Gideon Ariel of the Com-
puterized Biomechanical Analysis
Center, in Amherst, Mass., turns Lo
computers (o help improve athletic
performance. Dr. Ariel specializes in
body movement —how an athlete
should move in order to insure op-
timum performance. “We take high-
speed film of the athlete in motion,
then analyze it frame by frame. The
data is fed into a computer Lo calculate
the velocity and acceleration of each
Joint. Then we determine the forces
acting on the joint., This tells us whether
the total movement is efficient.”

New York optometrist Dr, Richard
Kawner is one of about 100 specialists
In the country who are involved in im-
proving athletes’ eye-movement
skills—aim. focusing, and eye and
body coardination. These are the skills
an athlete needs to locate a ball in
space and know where it is in relation
to himself, so that his body can be in
the right place at the right time.

Dr. Kavner's exercises can also help
improve peripheral vision. Other exer-
cises require his clients to perform
Chaplinesque-type feats by wearing
glasses that distort normal spatial
perception. Ce

Besides testing athletes, Ariel tests equipment —
": Dallas Cowboy Rayficld Wright.

“patients’

think it is.

"By setting the eyes in conflict with
what the body reports,” explains
Kavner, “you can teach athletes to
form new assoclations with eye and
bedy movement. These exercises shaw
athletes that by changing their body
posture, they can change how they
see, and become more skillful at shoot-

the athletes must walk a narrow beam
and touch a ball hanging nearby at the
same time. Fheball isn't where they

ing fouls or g2 tennis serve.”
Several weeks ago, Leslie Covilla

beat everyone on her track team, in-

cluding the boys. When asked about

like track shoes. Among his current

her future plans, she said, “Nothing
special " But Dr. Marvin Clein chimed
in, "Just look at her T-shirt—it says
Moscow 1980."

Indeed, the next Olympiad will feature
a host of Americans whose perform-
ances will be aided by sports science,
Starting in May. the first U.S. Olympic
Training Center in Squaw Valley,
Calif., will provide Olympic hopefuls
with the latest sclentific advice from
the experts. Tune in to the Moscow
Olympiad for results.

Athletics as science

US Mav 1977

U.S. sports medicine neglected, MD says

INSTEAD OF pot-bellied men in sweat-
shirts and whistles telling everyl o
run laps, there are people like Gidean
Ariel, PhD, a computer scientist from
Amherst, Mass.,, who competed in two
Olympiads {1960 and 1964, as a discus
thrower for Israel), and who now does
amazing things in the field of biome-
chanics.

Dr. Ariel figured out a way of taking
motion pictures of athletes performing
typical spors maneuvers (3 basketball
player making a jump shot, for exam-
ple), and translating the critical body
motions onto a computer grid,

he computer analyzes the athlete's
movements, step by step, and produces
a thick printout that in essence com-
pares how the athlete performed the
maneuver with the theoretically “per-
fect” way to perform the maneuver—
demonstrating exactly how, and where,
the athlete should modify and improve
his technique.

It works. Earlier this year, discus
thrower Mac Wilkins came to Dr. Ariel's
Amherst lab and went through the
whirling, ballet-like motions of the dis-
cus throw for the benefit of Dr, Ariel's
high-speed camera.

WILKINS HAD been throwing the
16-pound disc about 216 feet lately, but
the computer 3aid he should be throw-
ing it 250 fept, and spotied a point
where his left leg was working the wrong
way, against the throwing motion instead

Wilkins corrected the error and, two
days later, broke the world’s discus rec-
ord with a 232-foot throly.

Dr. Ariel’s computer can be wsed for
much more. He displayed an inch-thick
printout analyzing the standard shoot-
ing and passing motions of four women
baskeihall players baund for the Olym-
pics.

He has a 10000 frames-per-secand
camera that can analyze the way a ten-
nic hall strikes the racket. In case you're
interested, a tennis ball touches the
strings of a racket for only 004 seconds,
<o that the “thump” you feel in the
racket is not the ball—it's the reaction
of the strings themselves, which is much
longer lasting

Biomechanics, like other phases of
sports science, has applications outside
athletes, too. Dr. Ariel used the same
camera-computer technique to figure
out how people with leg protheses can
be made to walk without the limping.
body-twisting motion common among
those with artificial legs.

THE COMPUTER churned out 2 quick
answer: for a person with an af'iF':chE
left leg, put an eight-pound weight
the right arm. Then he'll walk easlly
and normally.

“There’s so much we can learn from
these kinds of applications. Things like
that, ahout biomechanics, that coaches
and athletes jusi aren’t aware of. The use
of the arms, for example.

*You can use your arms 1o lift your
body off the floor. | weigh 220 pounds
and, see, | can lift my feet off the floor,
just by using my arms.” He demonstrat-
ed, swinging his arms up sharply, lifting
his museular, fullback-sized an
inch or two off the ground.

Computer man Dr. Ariel and surgeon
Dr. Dardik get along famously, each
calling the other “a genius,” falling
into animated conversations  about
groundbreaking new  research while
watching films of sticklike figures on a
computer grid, uncoiling in slow-motion
jumpshots.

“WHEN | WAS A physician at the last
Olympic games, athletes would come up
1o me with questions about training,
about nutrition, about drugs. That's
what gave me the idea 10 talk to the U.S.
Olympic Committee about setting up the
institutes, There are so many things we
don't know about.””

Anabolic steroids, for example—the
hottest question in Olympic sports right
now. Both Dr. Dardik and Dr. Ariel
testify that use of the strength-increas-
ing hormones is widespread in
country, and universal in some other
countries, though neither physicians nor
athletes know how dangerous they might
be.

“In the last Olympic trials,” Dr. Ariel

said, “if you were in the weight events
(shot put, discus throw, and hammer
theow), you wouldn't even make the

trials if you weren't taking steroids. In
the shot put, the difference between
those on steroids and those not was as
if one group was putting 16-pound
shots,

and the other was putting 40-

DA isn't sure steroid use is
that widespread, but it is centainly a
problem. “If an athlete asks me, should
1 take steroids, | would say no. But we
don't really have enough information
on it ane way or the other. Peaple are
manipulating their bodies, and we don't
know what the long-term eifects are.”

That's a result of the apparent lack of
interest in sports medicine in the Unit-
ed States, he and Dr. Ariel believe.

“The technology is there,” Dr. Ariel
remarked. “This country has the talent,
big corporations could provide all the
equipment and funds we need just as
a donation.”

He pointed out that there were plenty
of companies in the United States who
make pulmonary function equipment
like the one recently danated to the
training center—but the one donated
came from a West German firm, given
to the US. Olympic Committee.

“People think athletics is an art. But
it's really a science,” Dr. Ariel said. “If
nobody cared whether you won a gold
medal or not, if you weren’t compet-
ing against others, then maybe you
could call it an,

“BUT THE MOMENT you put a stop-
watch or a measuring tape to something,
it becomes a science.”

Dr. Dardik adds that the goal of the
institute is a lot broader, and a lot more
dimm than merely the 1968 Moscow

"Wefle not just a bunch of jocks up
here, wraining for the next Olympics,’
he declared, pointing out there had al-
ready been a lpmu[f from the program
in his own bacl

Dr. Dardik has m up a
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Vascular surgeon Dardik (left) and computer scientist Ariel are

collaborating ar the Squaw Valley Sports Medicine Center to learn

more about physlcﬂ fitness using unique specimens—Olympic
hletes.

Roy_Pattyramn

‘When Ining Dardik, MD, was a col-
lege kid in the mid Fifties, he was not
only captain of the track team at th U, of
Pennsylvania, but also a top-notch sprin-
ter.

He almost made it to the 1956 Olym-
pics in Melbourne in the 400-meter dash,
and planned to try again the next time
around, at the 1960 Rome Games.

But in 1958 he entered medical school,
and that ended his dream of :ompe:in;
in the Olympics. “In thase
couldnt just leave medical school for

says.
of achieving fame as a
quarter m\en, he achieved fame as a
yascular surgean. With his brother Her-
Bert and Ibrahim Ibrahim, MD,
oped a coronary bypass ;ul\ technique

using human umbiical c

procedure has hilped a lot of
arteriosclerosis patients lead more active
lives, but Dr. Dardik shrugs it off as
“on tive.” He would rather pre-
vent heart disease than treat it.

ALL OF WHICH explains what he's do-
ing in Squaw Valley, Calif,, helping to
train young athletes for the 1980 Olym-
pics. He's not just interested in helpi
the United States win more medals at

& 1980 Moscow Games—he sees the
young athletes a5 walking, lalking
laboratories of physical fitness who
could h?lp improve the nation's health.
The Olympic Committee ap-

inted Dr. Dardie o 5ot up_ the first
of several Olympic Sparts Medicine In-
stitutes, on the grounds of the newly-

ned Olympic Training Center in

MD aims to improve nation’s health
using Olympic athletes
as ‘walking fitness labs’

the three of them won the AMA’s Hek-
toen Gold Medal last year.
Squaw Valley, with two goals in mind:
to help Olympic-caliber athletes learm
more about their bodies and improve
the physical fitness of the nation.
Penpl! ask me, why do you do this
s a vascular surgeon, how do
ynu mr An orthopod, yes, but a vascular
surgeo

“I treat people with coromary dis-
ease, and | work with bypass patients,
which is sot of seeing the end of the
spectrum of physical fitness. And here
are these athletes, who are the best
physiological specimens we can produce
in this country, and | think somehow
we can evaluate the process in physical
fitness and use it to our advantage.

“THESE OLYMPIC athletes, these are
ordinary people. Ordinary people who
have talent. And they need 1o train and
learn to live with that talent. We can
learn so much from them.”

Winter Olympics at Squaw Valley, the
Olympie Training Center is a busy and
intense place, though it only opened
for business two manths ago, and all the
ecquipment and facilities have not yet
arrived and been set up.

An average of 200 Olympicquality
athletes and coaches (by invitation uulyl
a day train in the center, some staying
for only a days, some for a few
weeks. They represent an assortment of
sports, from basketball to swimming 1o
kayaking, and the armmphm Il m
center, snuggled in ane

Squaw Valley, 15 miles Fram ule
lahoe, is that of a cross between a col-
lege campus and a monastery.

ports medicine=sporls science, a
Dr. Dardik and othess at the iraining
center speak of it—has suddenly
come a great deal mom wphwitlcaled‘
a3 have training methods
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Englewood, N1, using Olympic P
to work “one on one” with juvenile
diabetics. With the help of the American
Diabetes Assn. and the Juvenile Diabetes
Foundation, diabetic kids (along with
children with other illnesses, including
psychmlncal\y disturbed kids) vr?'r be-
ing taken through fitness pro-
glamﬁ conducted by the ermplc S

'nm paint was 1o develop in the kids
better cardiovascular condition, 1o re-
duce their otherwise elevated chances
for arteriosclerosis later in life, he said.

BUT THE SIDE effects had been equal-
ly worthwhile: the youngsters’ insulin
needs were lowered sharply, for exam-
ple, and all of them felt better, looked
better, and displayed much greater seli-
confidence as a result of the Olympic
fitness program.

Now he has bigger plans. He wanis to
expand the diabetic fitness program, and
he's planning (with the assistance of the
US. Olympic Commitiee) ta set up as
many as six sports medicine institutes
around the country. One is now being
developed in Colorado Springs, Colo.,
with the cooperation of the Air Force
Academy, and another will be set up in

the East next year. —Roy P
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Dr. Ariel's Revolution
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BIRTH OF A WININER:

A SIX STEP SYSTEM

The Original: What do you do if you already have one of the best designed

all-purpose training flats on the marketplace, a running shoe rated by

Runner's World as the second best in mechanical performance? Well, il you
are Pony Sporting Goods you do not stand back and pat your backs. This shoe. the
Pony Runner, is now a distant ancestor in the rapidly changing world of athletic
footwear. And the main reason is that for runners who are serious about their art
— and how many arc not these days? — there is a new generation of footwear in
the marketplace. In their quest for the perfect sneaker, Pony, with the assistance
of that ingenious New York scientist Gideon Ariel, is pushing the
development of athletic footwear into areas previously only talked about. If that
sounds far fetched, then maybe it will be more believable if you understand what
happened when Pony took this shoe, along with others, to Ariel, one of th: most
brilliant minds in North American sport development. As director of Com-
puterized Biomechanical Analysis Inc., and a consultant 1o the U.S. Olympic
Committee, Ariel has been a pioneer at tying the science of motion into physi
skills necessary to perform athletic feats. His efforts, however, are now being
turned towards the improvement of athletic equipment, particularly footwear.

The Development: With this information, Pony's design and production

engineers knew the structural requirements and materials critical 1o the

creation of a running shoe which would most sufficiently provide the two
qualities Ariel determined were absolutely necessary in an athletic shoe; shock
abserption and return of energy. Ariel explains: “You see pictures of runners, it
looks like they're landing on their heels, but they are not. The good ones don’t.
They flick the foot down flat at the last instant. Too many companies were making
wonderful heels and the best runners weren't coming down on them.” What Ariel
knew from his studies was the slight, but powerful, rotation of the foot which
occurred during each contact with the ground in an athlee’s stride. DifTerent areas of
the sole were performing different functions, yet nearly all athletic footwear,
including Pony’s original Runner, had uniform soles with some type of grid
pattern or nipple affect. Pony designers, working with Ariel, slowly developed a
sole with two distinct features, each conceived 1o provide the shock absorption
and the return of energy deemed invaluable for high performance. They changed
the shoe’s construction by using two sole materials, realigned the nipple pattern
on most of the contact surface and added a “'traction grid"’ on the inside of the
sole, where motion study showed the runner used his pawer during cach stride.

he Testing: The foot has a complex and highly efficient system of joints
which helps give it tremendous flexibility, movement and weight-bearing
capabilities. Moreover, 50 per cent of the bones in the human body are to be
found in the feet, with each foat comprising 26 individual bones. During the act of
running, the many movements of the body influence the position of forces on the
foot and its parts, forces which zre transferred 10 the shoe. Ariel decided that, since
footwear must be designed 1o perform in stress conditions, it must therefore be
analysed in realistic ‘‘action” conditions. Although this type of dynamic testing
cannot be simulated in a laboratory, the usc of a highly-sensitive force platform
enabled actual running to be done in Ariel's test centre, where the forces were
traced. measured and quantified immediately. High speed cameras producing
slow motion ci were used in with the force plate to
record the forces of “foot-strike™ in different samples at every point of contact
under actual performance conditions. The force platform, with the frame-by-
frame evaluation of the motion picture film, fed data 1o a highly-sephisticated
computer. When Ariel had all the informat he felt was needed 1o be;
analysis, he moved to the next step in the complex process — the computer.

his

The Analysis: So delicate are the relationships between an athlete’s moving

parts they cannot be accurately analysed simply by looking at the slowest of

stop-act film. A process of frame-by-frame, body-part by body-part
assessment is necessary 1o make optimum use of film, a process thal is
excruciatingly time-consuming. It took Ariel about 10,000 hours over seven years
1o creale the programs thal instruct his Thi i
work, however, now meant that he could quickly quantify information pertaining
to the entire running motion, including the effect it has on the shoe. The resultant
data yielded the instantancous forces on the shoe as a function of time, providing
data not only on the biomechanical behavior of the runner, but the critical
information on how the physical construction and material composition of the
shoe performed during actual conditions. Without this highly-developed process,
Ariel felt the construction of a truly efficient running shoe could not be done.
‘What he found when testing the Pony Runner was that the shoe, as it was, could
not be refined sufficiently to produce the desired *‘ultimate™ product. Ariel
decided, under exclusive contract 1o Fony, to work to develop a shoe based upon
the motion of the fool in relation to the body, and the stresses placed upon the
shoe materials during a race.

The finished product: With the addition of a lightweight, durable upper and

the familiar Pony chevron symbel, the company has what they feel is the

maost sophisticated racing shoe on the market. The heart of these shoes,
though, is that Aricl-conceived sole. There are two versions of the shoe, the
training model (shown) and the racing model. The trainer is slightly heavier and
more durable than the racer, because it will be needed for those long, gruelling
practice sessions. The racer is expected to be used for exactly that — racing. The
VSD sole (patent pending) is, by the way, endorsed by Jim Bush, the head track
and field coach of the University of California at Los Angeles (UCLA). All of this
research. presumably. cost money. but Thom Gravelle. executive vice-president
of Pony, i adamant that athletic footwear prices will not skyrocket because of it
He said at the bbginning of the year: ""Our strategy is 1o market the finest athletic
footwear at prices that will give the retailer a decent profit margin for a change,
and yel give the consumer quality products at prices which are not outrageous.”
The Racer, he thinks, will fill that hepe and then some. Reaction 1o the shoe has
been favorable, but it will have to prove itself in the future

The future: While Pony and other companies struggle to keep their product

at reasonable prices, the research and development continues. But where will

it lead? What luture refinements will athletic footwear undergo
scramble o come out with the most ““modern
perfect sneaker may one day be over. Ariel, in his continuing work for Pony, is
developing = are you ready? = an inflatable running shoe. Someday. an athlete
will simply slip the limp casing of the shoe over each foot, fill it up with air and,
presto, a perfect fit. He may not even have shoelaces (o tie. More important, Pony
points oul, the shoe will be good for his feet, absorbing shock better and reducing
the likelihood of shin splints and blisters, The arch for this shoe has been
going on for more than a year now, and company officials expect another year-
and-a-hall’ before they will be ready to take orders for the shoe. The inflatable
shoe will be lighter than the conventional model and may only come in four sizes
— small, medium, large and extra large — because the shoe will mold itself to the
fool. Ariel envisions the shoe as having a valve that will accept the nozzle of a can
of compressed air, and can be released to deflate the shoe. Laces will be replaced
by an clastic band. If the shoe works, and sells, what will be the next step in
footwear development? Ariel just might have some secret ideas on that subject —
but he’s not telling.

producers
shoe? Well, the quest for the

Gideon Ariel and his Magic Machine - Book 1

12112

2023-09-27



	Ariel Dynamics Inc. Media Library - Article
	Gideon Ariel and his Magic Machine - Book 1
	Selected Reprints from National Publication Book 1


