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The relat ionship between spo r t s  and  cul ture goes back t o  ancient  times. The 
organization of t h e  Olympia Games in ancient Greece was  a cu l tura l  and ethical  
event t h a t  only a people of g r e a t  intellectual ref inement  could have 
conceived. 
Great  a r t i s t s  of those  t imes dedicated t he i r  work t o  sports .  
They thus  praised and t ransmi t ted  t o  poster i ty t he  harmonious fo rms  of t h e  
a th le t ic  body and t he  elegance of t h e  a th le t ic  ges ture ,  thereby highlighting 
t he  funct ion of spo r t s  f o r  physical improvement (Myron's disc th rower  i s  an 
example of unsurpassed elegance (f ig.  1)). They highlighted also agonistic 
aspect  by ce lebra t ing  t h e  winner;  Pindar 's  odes a r e  an  outstanding example. 
The maxim "mens s a n a  in corpore sano" was  philosophy's acknowledgement of t he  
importance of physical exercise,  i.e. of sports .  

I Many centuries  l a t e r ,  spor t s ,  a s  understood in our  t imes,  or iginated mainly in 
England and eventually became a n  important  social and economic phenomenon. 

The b i r th  of modern spor t s  c an  be s e t  at t he  t ime of t h e  f i r s t  modern Olympic 
Games, held at Athens in 1896. From t h a t  t ime,  t h e  number of those  involved in 
spor t s ,  in d i f f e r en t  ways, ha s  been growing a t  a f a s t e r  pace, s o  t h a t  spor t s  
has  tu rned  in to  a ma jo r  social f a c t .  



Athletic performance went  f rom record t o  record. 
For a long t ime progress  was made on entirely empirical bases,  by individual 
a t t emp t s  and on t h e  experience built  up through t h e  work of t he  t ra iners .  

Leading a th le tes  have been, a r e  and always will be, persons of exceptional 
psycho-physical capabil i t ies  and probably also ab le  instinctively t o  f ind  t he  
best  way t o  move in our  physical world t o  a t t a i n  a cer ta in  resul t .  In general ,  
they did not know t h e  physical laws of t he  environment in which they ' 

performed. 

However, t he  idea of a correlat ion between t he  mechanical laws and physical 
exercise has always existed in a more o r  less  la ten t  way. This  correlat ion i s  
evident in cer ta in  spo r t  disciplines originating f rom,  and tradi t ional ly 
pursued in t h e  Fa r  East .  As an  example I mention judo, in which t he  a th l e t e  
a t tempts  t o  put  t o  pract ical  use certain principles of dynamics, t he  theory  of 
which he almost  certainly ignores, t o  t u rn  his  opponent's f o r ce  t o  his  own 
advantage. 

In a period of t ime diff icul t  t o  pinpoint, roughly coinciding with t he  years  Selected p o s i t i o m  

of WWII o r  immediately t he r ea f t e r ,  the  idea of scient if ical ly applying t he  highest  scored  
principles of physics - chiefly of mechanics - t o  t he  s tudy of spo r t s  took 1980 O l y m p i c  G 

form. 
I t  was  t hus  possible, f o r  one, t o  ra i se  the  high-jump record.  All in all ,  
spor t s  has been relying on science in d i f fe ren t  ways t o  a t t a i n  i t s  aims. 

Concurrently, growing in te res t  was being shown by science f o r  t he  s tudy of the  ar t iculated segme 
human body's motion: biomechanical research was being more and more pursued t he  human body. 
f o r  various purposes bu t  evidently found significant scope in i t s  application 
t o  sports .  

The introducting and widespread use of computers gave a s t rong  impulse t o  dimensions (I 
research.  

dimensions o 
The computer can f i r s t  be used in coordination with photographic shots  of the  
moving a th le te  t o  obtain a schematic stick-type reproduction of t he  
performance on t h e  screen.  This permits  highlighting cer ta in  basic, especially 
meaningful elements. 

i 
I would like t o  mention a s  an  example a very recent  s tudy of Yoshiaki Takei of 

I t h e  Department of Physical Education, Northern Illinois University, consisting 
in an analysis of photographs of horse-vaulting by 51 part icipants  t o  the  1988 

I 
Seoul Olympics. A f i r s t  use of 
For each athlete ,  a f igure  like f ig.  2 was drawn t o  represen t  t he  vaulting A ser ies  of p 
schematically a s  mentioned before. a s  seen before  
I t  can be seen t h a t  t he  model i s  plane and the f igure  i s  of the  s t ick  type. 

I 
1 The purpose of t h i s  s tudy is  t o  cor re la te  the  success of t h e  performance a s  described above. 

1 evaluated by t he  judges, with cer ta in  medical parameters ,  specifically, the  

I t r a j e c to ry  of t he  cen te r  of gravity. This t r a j e c to ry  i s  displayed on the  From the  photo 
monitor, and t h e  a th le te  can evaluate f o r  example t he  correlat ion of a more o r  segment a r e  c a  
less  long o r  high t r a j e c to ry  with t h e  f inal  score. 

I ~ 
1 
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record.  All in  al l ,  Fig. 2 

The computer  a l so  made i t  possible t o  work out  mathematical  models of t h e  
human body by represen t ing  i t  as a manikin consisting of a number of 

o r  t h e  s tudy  of t h e  a r t i cu la ted  segments ,  i.e., a kinematic chain, which schematically represen ts  
and more pursued t h e  human body. 
in  i t s  appl icat ion 

Certain an thropomet r ic  d a t a  a r e  needed t o  cons t ruc t  t h e  model: geometr ical  
a s t r o n g  impulse t o  dimensions ( lengths,  widths,  diameters ,  e tc . )  and iner t i a l  dimensions (masses,  

e tcl .  More precisely, t h e  d a t a  t h a t  a r e  absolutely necessary a r e  t h e  
dimensions of t h e  body segments (chest ,  limbs, e tc . ) ,  t h e  position of t h e  

hie sho ts  of t h e  cen te r  of g rav i ty  and t h e  mass  of each segment, mass  dis t r ibut ion (i.e., t h e  
duction of t h e  moment of iner t i a )  within each segment. 

n basic, especially 

There a r e  various kinds of mathematical models, chiefly as concerns mass  
dis t r ibut ion in connection t o  type of application. 

of Yoshiaki Takei of A widely used model i s  Hanavan's: he schematically represented each segment  
University, consisting with simple geometr ical  p a t t e r n s  of homogeneous mater ial  ( f ig .  3 ) .  

c ipan ts  t o  t h e  1988 

A f i r s t  use of mathematical  models i s  t h e  following. 
=present t h e  vaulting A s e r i e s  of photographs of t h e  athlete  performing a n  exerc i se  i s  f i r s t  taken 

as seen before  in  t h e  case  of horse vaulting. 
the st ick type. The a th le te  i s  represen ted  in t h e  computer by a mathematical  model of t h e  type  

t h e  per formance  a s  described above. The computer thus  has  t h e  a th le te ' s  an thropomet r ic  d a t a  
, specifically, t h e  

displayed on t h e  From t h e  photographs,  t h e  dis tance covered, accelerat ion and speed of each  
at ion of a more  o r  segment a r e  calculated and t h e  iner t i a  f o r c e s  ac t ing  on t h e  a th le te ' s  body 
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have one degree of freedom only. 

To  make t he  meaning of t he  program and of i t s  resu l t s  c lear ,  we  shal l  f i r s t  
show a very simple application with these examples. 
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Fig. 5 

The f ig.  5 shows t he  evolutions of an a th le te  who takes  a f r e e  movement in 
space in t h e  phoetal position. His motion with respec t  t o  t h e  cen te r  of 
gravi ty i s  uniform and continues unchanged with t ime through t h e  en t i r e  
movement, according t o  t he  law of inert ia .  The f ina l  configurat ion of t he  body 
i s  t he  same of s ta r  

Fig. 6 

The f ig .  6 shows t he  same athlete: initially, he moves according t o  t h e  same 
pa t t e rn  and in t h e  same posture as before; at a cer ta in  momento however, a s  
specified in t h e  program, he extends his r igh t  arm. .It c an  be clearly seen 
t h a t  t he  body's motion is a f fec ted  by t he  protruding arm. 
In f ina l  position t h e  body is turned f rom the  ini t ia l  position. 
In a similar  way, any movement of any segment can  be simulated and i t s  e f f ec t s  
displayed on t h e  screen. Evidently, several segments c an  move simultaneously. 



The fig.  7 simulates a dive and shows how the  diver can perform evoiution 
during the fa l l  by suitably moving his a rms and legs. 
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Fig. 7 

As you can see, in these f igures the  body i s  not shown a s  a st ick f igure  
abefore, but i t s  various segments a r e  tridimensional; this  has no mathematical 
or  inertial significance and is  only meant t o  faci l i tate the  interpretat ion of 
the  f igures  and motion. 

Programs of th is  kind might be quite useful fo r  athletes; if th is  approach i s  
pursued, one might expect t ha t  in the  near fu tu re  athletes will be able t o  
study their  exercises on the  basis of their anthropometric parameters s i t t ing  
in f r o n t  of a screen. 
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