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Our l a b o r a t o r y  has been i n v o l v e d  f o r  t h e  p a s t  two years  i n  a  s tudy  o f  
top-c lass h i g h  jumpers sponsored by the  U.S.O.C. and T.A.C. ( " E l i t e  Ath-  
l e t e  P r o j e c t " ) .  The h i g h  jumpers a r e  f i l m e d  d u r i n g  o f f i c i a l  compet i t i ons ,  
us ing  two cameras s i m u l t a n e o u s l y ~  Computer programs a r e  used t o  c a l c u l a t e  
30 body landmark coord ina tes  throughout  t h e  l a s t  s t r i d e s  o f  the  run-up, 
the  t a k e o f f ,  and the  b a r  c learance (Dapena et aJ., 1982), and l a t e r  t o  
c a l c u l a t e  o t h e r  kinema t i c  and k i n e t i c  parameters o f  t h e  jumps (Dapena, 
1978, 1980a, 1980b) and t o  produce coniputer p l o t s  showing d i f f e r e n t  views 
of s t i c k - f i g u r e  sequences o f  the  jumps. 

While the  optimum h i g h  jumping technique i s  n o t  known, a  l o g i c a l  
r a t i o n a l e  may be f o l l o w e d  t o  reach p r o v i s i o n a l  conc lus ions  about  i t s  char -  
a c t e r i s t i c s  (Dapena, 1 9 8 0 ~ ) .  P a r t  o f  t h i s  r a t i o n a l e  i s  e x p l a i n e d  i n  t h e  
p resen t  paper. 

THE TAKEOFF PHASE 

The most i m p o r t a n t  p a r t  of a  h i g h  jump i s  the  t a k e o f f  phase ( F i g .  1). A t  
the  s t a r t  o f  the  t a k e o f f  phase t h e  c e n t e r  o f  mass (c.M. ) o f  t h e  jumper 
u s u a l l y  has a l a r g e  h o r i z o n t a l  v e l o c i t y  (mean = 7 .1  m/s i n  o u r  sample). 
Dur ing t h e  t a k e o f f  phase t h e  ground pushes back on t h e  a t h l e t e ,  reduc ing  
h i s  h o r i z o n t a l  v e l o c i t y  t o  about  3.8 m/s ( F i g .  l a ) .  T h i s  r e s i d u a l  h o r i -  
zon ta l  v e l o c i t y  g i v e s  t h e  a t h l e t e  - the necessary h o r i z o n t a l  d isp lacement  
t o  reach the  l a n d i n g  p i t .  

The v e r t i c a l  v e l o c i t y  a t  t h e  s t a r t  o f  t h e  t a k e o f f  phase t y p i c a l l y  has 
a  small  nega t i ve  va lue  (-0.3 m/s).  Dur ing t h e  t a k e o f f  phase t h e  a t h l e t e  
e x e r t s  a  l a r g e  downward f o r c e  on t h e  ground. The r e a c t i o n  t o  t h i s  f o r c e  
( F i g .  I b )  g i ves  the  a t h l e t e  a  l a r g e  upward v e r t i c a l  v e l o c i t y  by t h e  end 
o f  the  takeo f f  phase (about  4.4 m/s f o r  jumps around 2.20 - 2.30 in), T h i s  
v e r t i c a l  v e l  o c i  t y  component i s  t h e  most i m p o r t a n t  f a c t o r  c o n t r i b u t i n g  t o  
the  h e i g h t  o f  t h e  p a r a b o l i c  p a t h  t h a t  f o l l o w s  t h e  t a k e o f f ,  and consequent ly  
t o  the  r e s u l t  o f  the  jump. 

I n  o r d e r  t o  maximize t h e  v e r t i c a l  v e l o c i t y  a t  the  end of t h e  t a k e o f f  
phase, the  jumper needs t o  r e c e i v e  a  l a r g e  v e r t i c a l  impulse f rom t h e  ground. 
That i s ,  the  p roduc t  o f  v e r t i c a l  f o r c e  and t ime should be as l a r g e  as 
poss ib le .  





A f a s t  ho r i zon ta l  v e l o c i t y  a t  t he  end o f  the  run-up may lead  t o  a 
l a r g e r  v e r t i c a l  f o r ce  dur ing  the  t a k e o f f  phase. This may happen i n  t he  
f o l l o w i n g  way: A t  the s t a r t  o f  t he  t a k e o f f  phase t he  t a k e o f f  l e g  i s  
p lanted we1 1  ahead o f  t he  body (F ig .  2 ) .  The momentum o f  t he  body makes 
the  l eg  bend a t  the  knee. The jumper t r i e s  t o  r e s i s t  t h i s  bending, b u t  
the l e g  w i l l  s t i l l  f l e x ,  s t r e t c h i n g  t he  knee extensors.  The e l a s t i c  com- 
ponent o f  the  muscles and a  s t r e t c h  r e f l e x  mechanism may then a c t  ( i n  a  
way s t i  11 no t  c l e a r l y  understood) t o  produce a  very  s t rong  con t rac t i on  of 
the  extensor muscles o f  the  takeof f  leg,  e x e r t i n g  a  l a r g e  v e r t i c a l  f o r c e  
on the  ground and s t r a i gh ten ing  t he  t a k e o f f  l e g  again.  

The t ime dur ing  which v e r t i c a l  f o r ce  i s  app l i ed  can be increased 
through an increase i n  t he  v e r t i c a l  range o f  mot ion (AZ) covered by t he  
c.m. dur ing  t he  t a k e o f f  phase (F ig .  3 ) .  For t h i s ,  the  c.m. has t o  be low 
a t  the  s t a r t  o f  t he  t a k e o f f  phase and h igh  a t  t he  end o f  it. Most jumpers 
are f a i r l y  h igh  by the end o f  t he  t a k e o f f  phase, b u t  i t  i s  d i f f i c u l t  t o  
be low a t  the  s t a r t  o f  t he  t a k e o f f  phase, as i t  requ i res  a f a i r  amount of 
s t reng th  i n  the  non-takeof f  l e g  dur ing  the  penu l t imate  s t r i d e  ( s t a r s  i n  
F ig .  4 )  and the  l ea rn i ng  o f  a r a t h e r  unnatura l  p a t t e r n  o f  movements du r i ng  
the l a s t  s t r i d e s  of the  approach run.  Consequently, a  f a s t  and low 
approach run  can be achieved, b u t  i t  requ i res  q u i t e  a  b i t  o f  e f f o r t  and 
t r a i  n i  ng. 

I f  an a t h l e t e  learns  how t o  r un  f a s t  and low, there  may be a  new 
problem: he may a c t u a l l y  be too  f a s t  and t oo  low. I f  the  takeof f  l e g  i s  
no t  s t rong  enough, i t  w i l l  be fo rced  t o  f l e x  excess ive ly  dur ing  t he  take-  
o f f  phase, and then i t  may n o t  be ab le  t o  make a  f o r c e f u l  extension.  I n  
o ther  words, the t a k e o f f  l e g  may buckle under t he  s t ress ,  r e s u l t i n g  i n  a  
very bad jump. There probably i s  an optimum combination o f  run-up speed 
and he igh t ,  and t h i s  optimum may be d i f f e r e n t  f o r  d i f f e r e n t  a t h l e t e s .  

APPLICATION 

A p l o t  o f  c.m. heig,ht  a t  the  end o f  t he  approach run  (hT ) versus f i n a l  
speed of t he  approach run  ( V H  ) i s  shown i n  Fig.  5. ~ a c R  d o t  represents 
one jump by one a t h l e t e .  To t a c i l i t a t e  comparison among jumpers t he  c.m. 
he igh t  i s  expressed as a percent  o f  t he  s tand ing  he igh t  o f  each a t h l e t e .  

Le t  us see what should be expected t o  happen i f  an a t h l e t e  changed 
h i s  p o s i t i o n  on t h i s  graph. A  change toward the  upper l e f t  quadrant f rom 
h i s  present  p o s i t i o n  (F i g .  6 )  would imp ly  slower v e l o c i t y  and h igher  c.m. 
The a t h l e t e  has probably t r i e d  such combinations before, because most 
young h i gh  jumpers s t a r t  jumping us ing  slow and h igh  approach runs:  i t  
i s  the  eas ies t  t h i n g  t o  do. Therefore, t he  a t h l e t e  has probably t r i e d  
before po in t s  i n  t he  upper l e f t  quadrant from h i s  present  p o s i t i o n  on t he  
graph, b u t  he i s  now a t  t he  lower r i g h t  corner  o f  i t .  Th is  probably i n d i -  
cates t h a t  he jumps b e t t e r  i n  h i s  present  p o s i t i o n :  h i s  t a k e o f f  l e g  i s  





probably n o t  buck l i ng  a t  t h a t  p o i n t .  Consequently, i t  seems reasonable 
t o  assume t h a t  a change toward t he  upper l e f t  quadrant would be 1 i k e l y  t o  
r e s u l t  i n  a d e t e r i o r a t i o n  o f  performance. 

I f  the  a t h l e t e  c h a ~ g e d  h i s  p o s i t i o n  toward t he  upper r i g h t  quadrant, 
the des i rab le  increase i n  v e l o c i t y  would be accompanied by an unwanted 
increase i n  c.m. height ;  if he changed h i s  p o s i t i o n  toward t he  lower l e f t  
quadrant, the  des i r ab le  decrease i n  c.m. he igh t  would be accompanied by 
an unwanted decrease i n  v e l o c i t y .  I n  these two cases i t  i s  no t  poss ib l e  
t o  say whether t he re  would be an iniprovement o r  a d e t e r i o r a t i o n  o f  per-  
formance, b u t  i t  seems reasonable t o  expect r a t h e r  smal l  changes i n  per -  
formance g iven  the  combination o f  des i r ab le  and undes i rab le  f ac to r s .  

The lower r i g h t  quadrant imp l i es  f a s t e r  speed and lower c.m. 'This 
should r e s u l t  i n  b e t t e r  jumps, unless the  a t h l e t e  i s  too  f a s t  and too  low, 
i n  which case the  t a k e o f f  l e g  w i l l  begin t o  buckle.  I f  t he  a t h l e t e  had 
experimented w i t h  jumps i n  t h i s  l a s t  quadrant and s t i l l  decided t o  s tay  
i n  i t s  upper l e f t  corner ,  t h i s  would be a s t rong  suggest ion t h a t  t he  a th -  
l e t e  a l ready  i s  a t  h i s  optimum combination o f  speed and c.m. he igh t ,  and 
t h a t  f a s t e r  and lower approach runs would make h i s  l e g  buckle.  But  t h i s  
lower r i g h t  quadrant requ i res  a f a s t  and low approach run, and i t  was i n -  
d ica ted  before t h a t  t h i s  i s  d i f f i c u l t  t o  achieve, as i t  requ i res  q u i t e  a 
b i t  o f  e f f o r t  and t r a i n i n g  be fore  i t  can be done c o r r e c t l y .  Consequently, 
many a th l e tes  have never experimented w i t h  t h i s  1 ower r i g h t  quadrant. 
Therefore, i t  i s  assumed t h a t  t he  optimum combinat ion o f  speed and c.m. 
he igh t  i s ,  most l i k e l y ,  e i t h e r  a t  the  present  p o s i t i o n  o f  t he  a t h l e t e  on 
the graph o r  somewhere i n  the  lower r i g h t  quadrant f rom it. 

Jumpers a re  encouraged t o  l e a r n  a f a s t e r  and lower approach run, and 
then t o  experiment jumpiog w i t h  t h a t  run-up. I f  the  a t h l e t e  i s  ab le  t o  
jump h igher  than before, he should r e t a i n  t he  new run-up; i f  t he  t akeo f f  
l e g  buckles, he should go back t o  h i s  o l d  technique. Most o f  t he  e f f o r t s  
f o r  change are concentrated on the a t h l e t e s  i n  the  upper l e f t  sec t i on  o f  
the graph (F ig .  5), because they a re  thought  the  most 1 i k e l y  t o  b e n e f i t  
from fas te r  and lower run-ups. 'The j ~ ~ m p e r s  i n  t he  lower r i g h t  sec t i on  
o f  the graph are more 1 i ke l y  t o  be near t h e i r  1 i m i  t s  f o r  buck l i ng  and, 
consequently, f a s t e r  and lower run-ups are  n o t  s t ressed f o r  them, 
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