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caling principles and performance in
port

es Lois d’échelle appliquées aux perfor-
ances  en sports

. Introduction

nspired  by  the  idea  that  world  records  for  running  pro-
ide  data  of  physiological  significance  [1],  Hammerman  has
ompared  performances  of  men  and  women  in  different
ports  and  event  types  and  distances,  in  order  to  see  if
here  is  any  universal  parameter  that  relates  them,  indepen-
ent  of  the  particular  capabilities  and  requirements  of  any
port  [2].

In doing  this,  Hammerman  has  found  a  surprisingly  sta-
le  ratio:  in  athletics,  for  nine  indoor  distances  from  60  m
o  3000  m,  the  quotient  of  the  mean  women/men  record
peeds  is  0.90  ±  0.01;  and  for  21  outdoor  distances,  from
00  m  to  marathon,  it  is  0.89  ±  0.02  (for  example,  the  quo-
ient  of  the  19.19  s  of  Usain  Bolt  and  21.34  s  of  Florence
riffith-Joyner  is  0.899).

This  is  even  more  astonishing  if  this  procedure  is
xtended  to  other  sports.  Hammerman  did  it  also  for  kayak-
ng,  for  different  distances  and  number  of  paddlers:  the
ean  ratio  was  0.88  ±  0.01.  For  swimming,  for  a  total  of

0  categories  of  events  covering  all  the  olympic  distances
nd  the  four  styles,  the  mean  ratio  was  0.90  ±  0.02.  The
ame  happened  in  track  cycling,  holding  the  same  even  for
he  hour  record  (54.50  km  for  men,  47.98  km  for  women,
ielding  a  quotient  of  0.88).  In  rowing,  the  mean  ratio  for
everal  categories  was  0.90  ±  0.01.  In  speed  skating,  it  was
.92  ±  0.01.

In  summary,  after  considering  90  categories  in  all  the
forementioned  sports,  Hammerman  arrived  to  a  shockingly
table  trend:  the  ratio  was  0.89  with  a  standard  deviation  of
nly  0.02.  And  what  is  more,  such  ratios  seem  to  have  been

olding  for  at  least  50  years  [2].

The  same  author  suggests  that  such  constant  could  stem
rom  the  ratios  in  the  haemoglobin  concentration  [2]  (in  men
t  is  in  the  range  13.6—17-5  grams  per  decilitre;  in  women  it
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s  12.0—15.5,  yielding  ratios  of  0.88  at  the  low  end  and  0.89
t  the  high  end  [3]).

. Results and discussion

ere  another  view  is  introduced,  using  basic  scaling  prin-
iples  of  physical  performance  that  were  first  hinted  at  by
alileo  [4]  and  that  would  apply,  in  particular,  to  the  running
erformance  in  athletics.

A runner’s  maximum  speed,  v,  depends  on  the  force  F
pplied  by  the  muscles  used  for  running;  on  the  mass  m
f  these  muscles  that  undergo  repeated  acceleration  and
eceleration  in  performing  the  action  of  running;  and  on  the
isplacement  d of  the  point  at  which  the  force  F  is  applied.

 simple  dimensional  analysis  using  Buckingham’s  theorem
5]  shows  that  the  only  dimensionless  combination  of  v,  F,

 and  m  is  mv2/(Fd),  i.e.,

2 ˛  Fd/m

(if  we  name  the  spatial  dimension  as  [L],  the  time  as  [T]
nd  the  mass  as  [M],  then  v  is  [L]/[T]  and  F  is  [M][L]/[T]2;
herefore  v2 is  ([L]/[T])2, the  same  as  Fd/m, which  is
M][L][L]/[T]2[M]  =  ([L]/[T])2).

In  order  to  make  a  comparative  analysis,  if  we  assume
n  ideal  good  runner  that  does  not  waste  effort  by  bobbing
p  and  down,  i.e.  by  vertical  displacement  of  the  centre
f  mass,  his  or  her  total  mass  is  not  in  itself  a  key  deter-
inant  of  v  [6].  Therefore,  v  would  be  determined  by  the

quare  root  of  Fd.  At  this  point  it  is  crucial  to  note  that  the
ean  stature  ratio  female/male  across  the  main  developed

ountries  seems  to  follow  another  universal  human  constant:
round  0.92  [7].

Now,  if  we  assume  that  d  is  proportional  to  the
tature,  and  if  F  in  humans  were  proportional  to  the
aemoglobin  concentration,  then  by  using  the  haemoglobin
atio  female/male,  we  would  arrive  (for  running)  to  the  ratio
escribed  in  [2].
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