Biomechanics from the Big Bang
to the Cloud

The Geoffrey Dyson Award and Keynote
Presentation

By
Gideon Ariel, Ph.D.
w ' " "" F 74 B|omechan|cal Wizard WL i

;& www.sportsci.com/wiz




It all started with the Big Bang










Newton, Sir Isaac (1641727),Albert Einstein1879¢ 19595
Twoscientists, separated by two hundred and fifty years of time
and experiences, formulated and explained the laws of nature
which relate to our modern field of BiomechanicEhe pioneering
work and creative concepts of seeing natural phenomena of Isa:
Newton and Albert Einstein have provided us with tools to study
and understand bodies in motion.
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motion, was F=ma and with It,
he created our field of
Biomechanics.The fact that
Force depends on mass and
acceleration established the
principles that govern any field
of Biomechanics

ACCELERATION 2nd Law of Motion

rate of change

- | F =Mma

force = mass x acceleration
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Einstein’s Universe



Although nature commences with

reason and ends In experience It IS

necessary for us to do the opposite,
that Is to commence with experience
and from this to proceed to investigate

the reason




Billions of years after our Earth was formed, humans appeared

and we began our own creative histo@mne of the greatest of
Fff 2F 2 dedldechandRwadiédnard da Vinci
Leonardo lived from 1452 to 1519 and was one of the first
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D Vines

Just three years before beginning his paning of Mons Lisa cel Glocondo
Leonardo Da Vinci gave us a full description in 1500 of the camera

obscUra,

one of his drawings

An uniikely player in this story, Da Vinci also presented
a drawing of a magic lantern in 1515, If mentioned at
al in Da Vinci biographies, optics including the camera
and lantem, are usually listed last. However Leonardo
was well ahead of his time even in this branch of
physics,



Giovanni Alfonso Borellj16081679)

More than 100 years after Leonardo, another scholar
and scientist developed and studied human and
machine interactions. Giovanni Alfonso Borelli

actuallycalculated forces on the body at different
gaits and positions of movement

‘Giovanni Alfonso Borelli Table X

" On the Movement

~ of Animals




Giovanni Alfonso Borelli is often described asftiber
of biomechanicsHe was born in Naples in 1608. His D
Motu Animalium published in 1680, extended to
biology the rigorous analytical methods developed by
Galileo in the field of mechanidSorelli calculated the
forces required for equilibrium In various joints of the
human body well before Newton published The Laws
Motion. Borelli was the first to understand that the
levers of the musculoskeletal system magnify motion
rather than force, so that muscles must produce mucl
larger forces than those resisting the motion.



No race of any importance will be undertaken without the
assistance of photography to determine the winner ... in an
Important race thedecisionof the camera wouldoe preferredto

that of the judges- EadweardMuybridge ¢ (1830:1904)

The Lumiere's

Daguerre

Who invented motion pictures?

No one. No one person that is.

No individual can claim the title for his own. However, they are all co-inventors of a
medium which has been waiting to be discovered for more than two thousand years.
The time has come. (above) Some of the many names involved.



Marey. In the late 1800s, EtienréulesMareylooked for

ways to apply the new medium of photography to the new
science of physiology. He built cameras that could capture a
rapid sequence of images, then focused them on moving
people.With his cameradylareyneatly dissected time and
space, revealing the dynamic rhythms of the human body In
motion
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a | NJpbofdgraphic skills contributed to the high speed
photography we employ todayultiple cameras. In 1882,
EtienneJulesMareybecame the first person to eliminate the
need forTheFrench inventor did this by capturing motion with
a photographic gun that initially used a glass plate that rotated
like a gun barrel to capture the pictures






