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ABSTRACT 

Thi s  the s i s  descr ibes the con s truct ion , computer i sation 

and s imu lation of a ma thematica l  model of the runn ing athlete . 

The model  i s  i n  part biomechanical  and in part biochemical ,  

i n  par t  theoret i ca l  and in part empi r i ca l .  

A three variable ( f orce , veloci ty and d i s tance ) Newton ian 

biomechan i ca l  model o f  Kel ler ( 1 9 7 3 ,  1 9 7 4 ) is  examined , 

and extended to i nc lude a fourth variabl e , power deve loped . 

Thi s  mode l s egment i s  feed - f orwa rd l i nked by equating mech­

a n ical powe r deve loped to bioenerge t i c  powe r supp l i ed .  

A proposed three component bioenerget i c  model  of Margaria  

( 1 97 6 )  wa s examined i n  deta i l  ( Morton 1 9 8 4 ) , but  f ound t o  

b e  unsui table .  Thu s an emp i r i ca l  three component mode l 

segment wa s deve loped . :Oioenergetic  power i s  supp l i ed by 

three variables , oxygen uptake , and g lycoly t i c  a nd a lactic  

body energy s tore depletion s . The g lycolyt i c  proces s  i s  

o f  par t i cular  i nteres t ,  s ince the a ccumulat ion of lactic  

acid  i n  the worki ng mus c l e  can  i nduce fat igue . A two 

compartment , worki ng mus cle a nd blood volume , phy s iolog i ca l  

mode l s egment origina l ly deve loped by Freund and Zou loumian 

( 1 98 1 a ,  b )  for post 8Xerc i se is exami ned f or u s e  during 

exerc i se . Thi s  s egment takes as input the lactate produced 
' 

by the g lycolytic  energy process  and c i rculates i t  betwe e n  

compartments , or removes it  by biochemical breakdown . La ctate 

concentrations i n  the two compar tments are the mode l led 

variables  i n  this  segment . F i na l ly a negat ive f eedback 

l i nk in the who le model  i s  provided by a fatigue equat i on , 

where the maximum muscular force exe r table is constra i ned 

i nversely  by the lactate concentration increase in the work­

i ng musc les . The athlete of course can by choi ce operate 

at  a f orce be low the constra i n i ng l eve l , i n  which ca se the 

feedback l i nk does not operate . Sooner or l ater however , 

except for the l owe r workloads , muscular lactate w i l l  bui ld 

up to such a l eve l a s  to i nvoke the feed-back . 
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Pa rame ters of the whol e  model  i nc lude i ni t i a l  body e ne rgy 

s tores , max ima l mus cu lar strength , res i s ta nce to mot i on , 

d i f f us ion constant s for lactate ci rcu lat ion , bioenergetic 

parameters of the ox idat i ve , g lycoly t i c  and a lactic  e nergy 

proces ses , biomechan ical energy equ ivalents , body ma ss , 

fatigue coe f f i c ients , etc , twe nty four i n  numbe r . These  

parameters bind the relat ionships be tween the nine  variab l e s  

o f  the who le mode l ,  expres sed as nine s imu l taneou s d i f ferent­

i a l  equat ions w i th respect to t ime . Pa rame ter values were 

i n  some cases obtai ned by estimation from data on exe rc i s ing 

subj ec t s , spec ia l ly co l l ected for that purpose .  I n  other 

cases  values determi ned exper imenta l ly by o ther r e searche r s  

a nd publ i s hed in the l i terature were uti l i sed .  

S imu lation wa s performed us ing numerical  i ntegration me thod s 

provided by a computer programme f rom the NAG l ibrary o f  

rout ines ( NAG , 1 9 8 3 ) . S imulated resu l t s  o n  a l l  n ine 

variab l e s  are rea l i s t i c , conform i ng we l l  to those observed 

in the labora tory on exerc i s i ng s ubj ect s . There rema i n s  

s cope however f o r  future ref inements , in the ma i n  improving 

the theoret i ca l  content of the who le model and in  the proces s 

extending i t  to inc l ude the recovery per iod after exe rc i se . 




