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ABSTRACT 

This study was undertaken to determine and 

compare the rates of oxygen consumption and carbon dioxide 

elimination during normal and hyperventilated breathing at 

progressive work rates, 

Three subjects stepped at 18, 24, 30, 36 and 40 

steps per minute on an eighteen inch bench for a duration 

of ten minutes or u n t i l exhaustion. 

A l l exercises were performed inside a 6,900 l i t e r 

closed c i r c u i t respirometer. The volume of each subject 

obtained from hydrostatic weighings was subtracted from the 

chamber volume as was the volume of the bench. Net volume 

was corrected to STPD. The respirometer was equipped with 

Beckman oxygen and carbon dioxide analyzers, an i n t e r n a l 

cooling system as well as wet and dry thermocouples on three 

sides « 

Oxygen and carbon dioxide concentrations were 

continuously analyzed and automatically recorded against 

time. A r e s t i n g metabolic rate was established p r i o r to 

each work task. Completion of the exercise was followed by 

a f i f t e e n minute recovery period. Curves of cumulative 

oxygen consumption ( V ^ ) and carbon dioxide elimination (VCO2) 

were p l o t t e d against time. By determining the gradients of 

these curves at d i f f e r e n t points i t was possible to p l o t the 

corresponding v e l o c i t y curves (VC^, VCO2)« The acceleration 

curves (VOg, VCO2) were derived from the v e l o c i t y curves. 

An IBM computer program was used to determine the v e l o c i t y 



and acceleration values. 

When compared to normal breathing, hyperventi

l a t i n g at the higher work loads increases the VC>2 and VCC>2 

during the e a r l y phase of exercise. This i s generally 

followed by decreased VC^ during the recovery period. There 

are well defined differences in the der i v a t i v e curves between 

normal and hyperventilated breathing. Implications for 

a t h l e t i c performance are indicated. Derivative curves of 

oxygen consumption and carbon dioxide elimination appear to 

be highly i n d i v i d u a l . Their use as a f i t n e s s c r i t e r i o n i s 

indicated. 
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CHAPTER I 

STATEMENT OF THE PROBLEM 

T h i s s t u d y was u n d e r t a k e n t o i n v e s t i g a t e , by 

i n d i r e c t c a l o r i m e t r y , oxygen c o n s u m p t i o n and c a r b o n 

d i o x i d e e l i m i n a t i o n d u r i n g n o r m al and h y p e r v e n t i l a t e d 

b r e a t h i n g a t p r o g r e s s i v e work r a t e s . The p r o b l e m was t o 

d e t e r m i n e whether i t i s p o s s i b l e t o a l t e r the c o u r s e o f 

gaseous i n t e r c h a n g e and t r a n s p o r t d u r i n g e x e r c i s e by the 

v o l u n t a r y c o n t r o l o f r e s p i r a t i o n . Morehouse and M i l l e r 

(1) s t a t e , "Endurance f o r e x h a u s t i v e work depends -mainly 

on the a b i l i t y o f the body t o s u p p l y and use oxygen, t o 

endure and d i s p o s e o f t h e r a p i d l y mounting c o n c e n t r a t i o n s 

o f l a c t i c a c i d and c a r b o n d i o x i d e and f i n a l l y on the 

f u n c t i o n a l c a p a c i t y o f t h e h e a r t , l u n g s , k i d n e y s and the 

o r g a n s ' t h a t s u s t a i n a c t i v i t y . " The oxygen debt a f t e r 

submaximal work i s d i r e c t l y r e l a t e d to,.the l a g i n t h e 

oxygen u p t a k e a t the b e g i n n i n g o f work b e f o r e a s t e a d y 

s t a t e i s r e a c h e d when the oxygen i n t a k e e q u a l s th e r e q u i r e 

ment (2). O t i s (3) s t a t e s t h a t the s t r e s s o f m u s c u l a r 

e x e r c i s e c r e a t e s problems o f oxygen s u p p l y t o the t i s s u e s 

o f the body. The body r e s p o n d s by b r i n g i n g i n t o p l a y 

h o m e o s t a t i c mechanisms w h i c h augment t h i s s u p p l y t o meet 

the i n c r e a s e d demand, t h e r e b y m i n i m i z i n g the f a l l i n 

oxygen s u p p l y t o the t i s s u e s . Numerous i n v e s t i g a t o r s 

(4, 5 , 6 , 7, 8, 9) have r e p o r t e d i n c r e a s e s i n v e n t i l a t i o n 

o c c u r r i n g s i m u l t a n e o u s l y w i t h the o n s e t o f e x e r c i s e t h u s 

showing the i m p o r t a n c e o f i n v o l u n t a r y h y p e r v e n t i l a t i o n 



d u r i n g e x e r c i s e . The p r o b l e m r e m a i n s however whether the 

spontaneous i n c r e a s e i n v e n t i l a t i o n i n r e s p o n s e to e x e r c i s e 

i s adequate i n terms o f oxygen s u p p l y to e x e r c i s i n g t i s s u e 

or whether v o l u n t a r y h y p e r v e n t i l a t i o n can i n c r e a s e the 

v e l o c i t y o f oxygen u p t a k e (VG^) i n the e a r l y phases o f 

e x e r c i s e and d e c r e a s e the i n i t i a l l a g i n oxygen c o n s u m p t i o n 

p r i o r t o a t t a i n i n g a s t e a d y s t a t e . K r u s t e v (10) a s s e r t s 

t h a t oxygen uptake as w e l l as c a r b o n d i o x i d e s e p a r a t i o n 

can be i n c r e a s e d by c o r r e c t b r e a t h i n g . 

The c l o s e d c i r c u i t chamber e l i m i n a t e s the 

r e s i s t a n c e s o f a i r passageways and t h e r e f o r e p r o v i d e s an 

i d e a l e n v i r o n m e n t f o r e x p e r i m e n t s on v o l u n t a r y h y p e r 

v e n t i l a t i o n d u r i n g e x e r c i s e . 

D e l i m i t a t i o n s 

1 . Three s u b j e c t s v o l u n t a r i l y p a r t i c i p a t e d 

i n the e x p e r i m e n t . 

2 . H y p e r v e n t i l a t i o n was dependent on s u b j e c t 

c o n t r o l . 

3 . R e s p i r a t o r y f r e q u e n c i e s and t i d a l volumes 

were not r e c o r d e d . 

L i m i t a t i o n s 

1 . The c l o s e d c i r c u i t chamber a l t h o u g h u s e d 

e x t e n s i v e l y f o r r e s e a r c h p u r p o s e s on m e t a b o l i c a c t i v i t i e s 

o f a n i m a l s a t r e s t had n o t been p r e v i o u s l y u t i l i z e d f o r 

s t u d i e s on the e x e r c i s e p h y s i o l o g y o f humans. 

2. A l i m i t e d work t a s k was u s e d i . e . a 

s t e p p i n g e x e r c i s e i n v o l v i n g no arm movements. 



1. Any differences obtained i n VG^ and VCC^ 

are due to the s p e c i f i c breathing technique adapted during 

the exercise task. 

D e f i n i t i o n s 

1. For purposes of t h i s study hyperventilation 

was defined as a c o n t r o l l e d breathing technique with 

emphasis on deep inhalations and f o r c e f u l exhalations. 
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CHAPTER I I 

JUSTIFICATION OF THE PROBLEM 

A c c o r d i n g to Ramanathan ( 1 ) , the p r i m a r y 

r e s p o n s e to an i n c r e a s e d r a t e o f e n e r g y e x p e n d i t u r e i s an 

i n c r e a s e d oxygen u p t a k e by the l u n g s . However, r e s p i r a t o r y 

changes d u r i n g e x e r c i s e • have n o t been e x t e n s i v e l y i n v e s t i 

g a t e d and Krumholz ( 2 ) s t a t e s , " T h e mechanisms f o r the 

v e n t i l a t o r y r e s p o n s e to e x e r c i s e are n o t w e l l u n d e r s t o o d . " 

' K r o t e v (3) has shown t h a t b r e a t h i n g i s a v i t a l 

f u n c t i o n , s t r o n g l y a c t i v a t e d i n t h e c o u r s e o f s p o r t i n g 

a c t i v i t i e s . Maccagno (4) s t a t e s : 

F o r some r e a s o n a t h l e t e s w i t h e x c e p t i o n a l p h y s i c a l 
means c a n n o t a c h i e v e p a r t i c u l a r g o a l s . F r e q u e n t l y a r e a s o n 
i s a d e f e c t i v e r e s p i r a t o r y t e c h n i q u e w h i c h p r e v e n t s a t t a i n 
ment o f p e r f e c t harmony i n v a r i o u s systems u s e d d u r i n g e f f o r t . 

Upon i n v e s t i g a t i o n , K r o t e v (5) d i s c o v e r e d f r e q u e n t c o n d i t i o n s 

i n l a b o u r i n g a c t i v i t i e s and s p o r t s i n w h i c h one o r o t h e r 

o f the r e s p i r a t o r y p h a s e s , i n h a l a t i o n and e x h a l a t i o n , was 

f o u n d to be h i n d e r e d o r f a c i l i t a t e d . T h i s , he f e l t , showed 

good r e a s o n to s t u d y the p r o b l e m o f v o l u n t a r y r e g u l a t i n g the 

b r e a t h i n g c y c l e and methods s p e c i f i c a l l y d e s i g n e d to improve 

i t . The oxygen demands o f s e d e n t a r y and common l i g h t -

l a b o u r o c c u p a t i o n s are u s u a l l y met a t the i n v o l u n t a r y 

r e f l e x l e v e l , whereas i n s p o r t s r e q u i r i n g a g r e a t o u t p u t 

o f m u s c u l a r e f f o r t or s p e e d , or b o t h , much a t t e n t i o n i s 

g i v e n to b r e a t h c o n t r o l ( 6 ) . M i l e s (7) s u g g e s t s t h a t d a t a 

on the s p e c i f i c problems o f r e s p i r a t o r y t r a i n i n g e x e r c i s e s 

would seem to be o f r e s e a r c h i n t e r e s t . 



6 
C h r i s t i e (8) points out the f e a s a b i l i t y of 

c o n t r o l l e d experiments on r e s p i r a t o r y movements. "Re

s p i r a t i o n i s one of the many rhythmic processes but i t i s 

almost unique i n that its rhythm can at any time be altered 

by voluntary c o n t r o l " (9). Otis (10) reports that most 

of the best data regarding r e s p i r a t o r y phenomena i n 

exercise have been obtained with subjects i n a steady 

state. " . . . more information about events occurring 

during the transient period at the beginning of exercise 

before the steady state i s attained i s needed." (11). 

Continuous recording of the gaseous concentrations of the 

r e s p i r a t o r y gases as obtained i n the closed c i r c u i t chamber 

might enable observations during t h i s t r ansient period. 
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CHAPTER I I I 

REVIEW OF THE LITERATURE 

The V e n t i l a t o r y Response to Exercise 

The stress of muscular exercise creates 

problems of adequate oxygen supply to the tissues of the 

body. The body responds by bringing into play homeo-

s t a t i c mechanisms one of which i s increased pulmonary 

v e n t i l a t i o n (1, 2, 3, 4). Krumholz (5) asserts that the 

mechanisms for the v e n t i l a t o r y response to exercise are 

not well understood. Chemical factors cannot be r e 

sponsible for the i n i t i a l immediate increase i n . v e n t i l a t i o n 

and hence nervous factors are implied (6,7,8,9). Krogh 

et. a l . (10) found that values taken i n the f i r s t few 

seconds of exercise i n d i c a t e that the increase i n oxygen 

absorption i s not abrupt but takes place gradually and 

there would seem to be a l a t e n t period of a few seconds. 

Hickam e t . a l . (11) and Krumholz (12) have shown that the 

immediate increase i n v e n t i l a t i o n i s maintained approxi

mately for one minute. A f t e r t h i s a sharp increase i n 

v e n t i l a t i o n occurred, r e f e r r e d to as the secondary 

v e n t i l a t o r y response to exercise. This i n t e r v a l was found 

to decrease as the l e v e l of exercise increased. Hickam 

(13) hypothesized that the difference may r e f l e c t a lag 

between a r t e r i a l blood changes and v e n t i l a t o r y response. 

Krogh (14) found large i n d i v i d u a l differences between 

v e n t i l a t o r y response to work load depending on t r a i n i n g . 

Individuals trained to sudden exertions show large 



immediate increases i n v e n t i l a t i o n with the onset of heavy 

work. 

Despite the f a c t that considerable research has 

dealt with the v e n t i l a t o r y response to exercise and i t s 

regulation, l i t t l e i n v e s t i g a t i o n has been concerned with 

the adequacy of t h i s response. 

The Work of Breathing 

The work of breathing, estimated from measure

ments of oxygen consumption of the muscles of breathing 

i s defined as - the oxygen cost of breathing (15, 16). 

Work i s done i n overcoming the e l a s t i c r e c o i l of the 

lungs and chest as well as the airway resistances and 

tissue v i s c o s i t y involved (17, 18). C h r i s t i e (19) 

estimates that s i x t y percent of the work i s involved i n 

overcoming e l a s t i c resistances and f o r t y percent the 

viscous nonelastic r e s i s t a n c e s . C h r i s t i e (20) and Mead 

(21) report large muscle forces needed to overcome the 

e l a s t i c r e c o i l of lungs and thorax when breathing at low 

frequencies and large t i d a l volumes. S i m i l a r l y with r a p i d 

shallow breathing increased flow requires increased muscle 

force and rate of work. B a r t l e t t (22) concludes that the 

optimal breathing frequency for any pulmonary v e n t i l a t i o n 

i s determined by the e l a s t i c work, which decreases with 

increased breathing rates and the nonelastic work, which 

decreases with decreased breathing r a t e . I t i s c l e a r 

that i n exercise as well as at r e s t the normal i n d i v i d u a l 

selects the r e s p i r a t o r y rate and depth which i s most 
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economical i n terms of r e s p i r a t o r y work (23, 24) 0 I t 

has however been pointed out that these rates are not 

optimal f o r sustaining a c t i v i t y . Krotev's (25) i n v e s t i 

gation has shown that expiration i s a true bottleneck of 

gaseous exchange. For t h i s reason i t s duration, i n t e n s i t y 

and volume are only too relevant to the e f f i c i e n t function

ing of the organism and i t i s unacceptable to assume that 

i t i s r e a l i z e d simply by the mechanical e l a s t i c forces of 

lungs and chest. These are anatomically and f u n c t i o n a l l y 

u n f i t for r a p i d adaptive change. Krustev (26) and Miles 

(2 7) conclude that oxygen intake can be considerably 

increased by regulated r e s p i r a t o r y movements. Maccagno 

(28) has shown that defective r e s p i r a t o r y techniques w i l l 

prevent athletes with exceptional physical means from 

achieving p a r t i c u l a r goals. 

The Oxygen Cost of Voluntary Hyperventilation 

Differences between oxygen uptake during normal 

and hyperventilated breathing are considered to be the 

oxygen cost of voluntary hyperventilation (29). Such 

values have been generally obtained with a subject i n 

s i t t i n g p o s i t i o n and at r e s t (30, 31). The oxygen cost 

of voluntary hyperventilation i n t h i s manner has been 

found to be very high. McKerrow e t . a l . (32) report the 

cost of maximum voluntary hyperventilation as high as two 

l i t e r s oxygen per minute. Murray (33) found the cost of 

voluntary hyperventilation ranging from 3.1 to 3.3 ml 

oxygen per l i t e r of v e n t i l a t i o n increase. The 
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r e l a t i o n s h i p between the energy requirement for v e n t i l a t i o n 

and v e n t i l a t i o n i t s e l f i t not l i n e a r but increases 

exponentially and thus t h e o r e t i c a l l y the v e n t i l a t i o n rate 

w i l l have a l i m i t i n g value since further increases i n 

v e n t i l a t i o n w i l l make no more oxygen avail a b l e for t h i s 

task except by lowering POg i n the a l v e o l i (34, 35)« 

McKerrow (36) explains these observations by s t a t i n g that 

the mechanical work required per u n i t v e n t i l a t i o n i s not 

constant but increases with increasing v e n t i l a t i o n . 

Furthermore, i t i s also r e l a t e d to muscular e f f o r t s not 

d i r e c t l y associated with r e s p i r a t o r y movements. 

One cannot assume that such estimates are v a l i d 

f o r the oxygen cost of hyperventilation during exercise. 

C h r i s t i e (37) discovered that normal i n d i v i d u a l s required 

l e s s r e s p i r a t o r y work to double v e n t i l a t i o n during exercise 

than at r e s t . He concluded that i n health lungs become 

more d i s t e n s i b l e during exercise. M i l i c - E m i l i e t . a l . 

(39) report small energy expenditures of the r e s p i r a t o r y 

muscles during exercise i n both traine'd and untrained 

subjects. L i l j e s t r a n d (38) believed voluntary hyper

v e n t i l a t i o n needed more oxygen because i t involved 

i n e f f i c i e n t muscular action. The cost of voluntary 

hyperventilation was found to be much higher than that 

induced by increasing carbon dioxide concentration of the 

a l v e o l i . Margaria e t . a l . (40) report the work of breath

ing during exercise to be r e l a t i v e l y small: no more than 

three percent of the t o t a l energy consumed by the subject. 
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CHAPTER IV 

METHODS AND PROCEDURE 

Introduction 

Direct or i n d i r e c t calorimetry i s used to 

measure the production of heat or energy by the human 

body. I n d i r e c t calorimetry measures energy expenditure 

from determined amounts of oxygen consumed and i s studied 

by e i t h e r open or closed c i r c u i t methods. 

Apparatus 

The apparatus used i n t h i s study was a closed 

c i r c u i t chamber, (8' X 8' X 4'), with a gross volume of 

6,900 l i t r e s , equipped with adequate l i g h t i n g and viewing 

windows on two s i d e s . 1 . An a i r conditioning un i t and high 

v e l o c i t y fan c o n t r o l l e d chamber temperature and humidity 

and assured uniform composition of a i r c i r c u l a t i n g i n the 

chamber. Wet and dry temperatures were recorded at 

regular i n t e r v a l s . A i r was continuously withdrawn from 

the chamber at a flow rate of 250 ml per minute, dried and 

passed through Beckman oxygen and carbon dioxide 

analyzers which constantly recorded gaseous concentrations 

against time. 

Subjects 

Experiments were made on three normal subjects 

whose physical c h a r a c t e r i s t i c s are presented i n Table 1. 

Two subjects were Faculty members, the other a graduate 

student of the School of Physical Education at the 

1. Designed and b u i l t by Dr. H. R. Nordan of the Department 
of Zoology, U n i v e r s i t y of B r i t i s h Columbia. 
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U n i v e r s i t y of B r i t i s h Columbia. The body volume of each 

subject was obtained by hydrostatic weighing according to 

Behnke ( 1 ) . 

TABLE I 

Body C h a r a c t e r i s t i c s 

Subject Age Weight Height Volume 
(lb) (kg) (in) (cm) ( 1 ) 

EB 3 2 1 9 0 8 6 . 2 7 1 1 8 0 8 2 . 0 

SB 4 1 1 8 4 . 5 8 3 . 6 7 4 1 8 8 7 9 . 7 

HL 2 5 1 6 4 . 5 7 4 . 7 7 2 1 8 3 7 0 . 3 

Step Exercise 

The work task was a step exercise on an eighteen 

inch bench which was performed at rates of eighteen, twenty-

four, t h i r t y , t h i r t y - s i x and f o r t y steps per minute for ten 

minutes or u n t i l exhaustion. A l l subjects had considerable 

experience with step exercises hence learning was not a 

considered factor ( 2 ) . Subjects exercised at each work 

l e v e l on each of two separate occasions with only the manner 

of breathing being a l t e r e d each time. The breathing 

technique was randomly assigned to experimental occasions 

i n order to eliminate any systematic error due to order of 

performance. During hyperventilated breathing, deep i n 

halations and f o r c e f u l exhalations were emphasized while 

unregulated choices of combinations of breathing rate and 

t i d a l volume were made by the subjects during normal 

breathing. Attempts were made to exercise under equitable 

conditions at each experiment. Experiments were c a r r i e d 

out between 2 : 3 0 and 5 : 3 0 p. m. Chamber temperature and 
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humidity were kept constant from day to day. 

Experimental Procedure 

P r i o r to each exercise, a ten minute r e s t i n g 

metabolic rate was recorded with the subject i n the 

s i t t i n g p o s i t i o n . This was followed by a ten minute step 

test, the given rate being governed by a metronome. On 

completion of the exercise the subject sat for a f i f t e e n 

minute recovery period. A l l pertinent data was recorded 

on the Chamber Data Sheet (Appendix A). 

Analysis of Data 

The a i r volume of the chamber was calculated 

from the gross chamber volume minus the volume of the 

subject and of the step. Carpenter's Tables (3) were used 

to correct the a i r volume to STPD. Decrements of oxygen 

i n the chamber a i r were obtained minute by minute from 

l i n e a r measures made on the record of the continuous graph. 

These were converted to percentages of chamber a i r volume 

and f i n a l l y to the volume of oxygen used by the subject 

i n performing the work task. The Beckman analyzer recorded 

carbon dioxide concentration i n milliamps. A c a l i b r a t i o n 

curve (Appendix B) was used to obtain the increment of 

carbon dioxide expressed as a percentage of chamber a i r 

volume, which was then converted to the volume of carbon 

dioxide produced by the subjects i n performing the work 

task. A l l l i n e a r measures were made with c a l i p e r s and 

measured to an accuracy of one tenth of a mi l l i m e t e r . 

Procedures for c a l c u l a t i n g oxygen consumption and carbon 
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dioxide elimination are i l l u s t r a t e d i n Appendixes C and D. 

The Mature of D i f f e r e n t i a t i o n 

D i f f e r e n t i a t i o n of the gross gaseous uptake curves 

determines the rate of gaseous interchange at any moment 

during the experiment. Thus the f i r s t d e r i v a t i v e curves 

determine the v e l o c i t y of oxygen uptake and carbon dioxide 

e l i m i n a t i o n and the second d e r i v a t i v e curves determine the 

acceleration or rate of v e l o c i t y i n gaseous uptake. These 

derived curves are highly s e n s i t i v e to changes i n the 

primary curve and thus h i g h l i g h t even the s l i g h t e s t i n 

f l e c t i o n s i n t h i s curve (4). The time de r i v a t i v e curves 

based on gross values of oxygen consumption and carbon 

dioxide elimination were obtained from an IBM computer 

program. 

V a r i a b i l i t y of Measures; Standard Deviation  

of Measures 

An estimate of the standard deviation of the 

measures was made from repeated experiments on one subject 

at s i m i l a r work loads to those used i n the experiment. 

Because of the several i n d i v i d u a l errors compounded into 

the v a r i a b i l i t y of the f i n a l oxygen consumption and carbon 

dioxide production values, due i n part to human v a r i a b i l i t y 

as well as to instrumentation and measurement error, t h i s 

was the only f e a s i b l e method of including them a l l . 
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CHAPTER V 

RESULTS 

Comparisons of gaseous exchange during normal 

and hyperventilated breathing are i l l u s t r a t e d i n 

i n d i v i d u a l graphs (Figures one to four) and summarized 

for three subjects i n Table I I . 

Figure 1; 18 steps per minute 

Neither the volume or the time course of 

oxygen consumption are alt e r e d by hyperventilated breath

i n g . Maximal VC^ i s 2.5 1/min and occurs between minutes 

seven and eight. Hyperventilated breathing r e s u l t s i n 

s l i g h t l y higher cumulative consumption at the end of the 

recovery period. Individual subjects show c h a r a c t e r i s t i 

c a l l y patterned curves. 

Figure 1: 24 steps per minute 

Subjects SRB and HL show rap i d increases i n 

oxygen consumption with the onset of exercise while hyper-
* 

v e n t i l a t i n g . A l l subjects show e a r l i e r peaking of VC^ with 

an early onset i n i t s decrement. The maximal VO^ i s 3.5 

1/min. Subject HL consumed s l i g h t l y more oxygen during the 

hyperventilated exercise. 

Figure 1: 30 steps per minute 

Hyperventilated breathing r e s u l t s i n a rapid 

increase of VC^J the maximal VO2 attained during exercise 

i s diminished. Gross oxygen consumption at the end of 

exercise i s greater during hyperventilated breathing. 
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Figure 2: 18 steps per minute 

Hyperventilation does not modify carbon dioxide 

elimination i n subjects EWB and SRB. HL shows increased 

carbon dioxide elimination with hyperventilated breathing,. 

The maximal VCC^ i s 1 l i t r e per minute fo r a l l subjects. 

The course of carbon dioxide elimination appears to be 

highly i n d i v i d u a l . 

Figure 2; 24 steps per minute 

Hyperventilation r e s u l t s i n increased carbon 

dioxide e l i m i n a t i o n for a l l subjects- Derivative curves 

follow comparable time courses i r r e s p e c t i v e of breathing 

technique. The technique of hyperventilation r e s u l t s i n 

a greater elimination of carbon dioxide after ten minutes 

of exercise. 

Figure 2; 30 steps per minute 

Subjects show an e a r l i e r r i s e i n VCC>2« The 

i n d i v i d u a l maximal VCO^ ere s i m i l a r i n magnitude and time 

of occurrence. 

Figure 3; 02> 36 steps per minute 

The i n d i v i d u a l oxygen uptake patterns appear 

to be unaltered by the experimental v a r i a b l e . Cumulative 

VO2 values for each subject at the end of the experiment 

are i d e n t i c a l . Maximal VC>2 values (5 1 per min) indicate 

a maximal work task. However the time course of oxygen 

consumption does not indicate the attainment of a steady 

s t a t e . 
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Figure 3: CO^, 36 steps per minute 

The VCC>2 increases with greater r a p i d i t y at the 

onset of exercise while hyperventilating. The time course 

of the de r i v a t i v e curves appear s i m i l a r , i r r e s p e c t i v e of 

breathing technique. A maximal VCO2 of 4 1/min was attained 

during exercise. Subjects EWB and HL eliminated more CO^ 

during experiments inv o l v i n g hyperventilation. 

Figure 4: C^, 40 steps per minute 

Both subjects show an e a r l i e r increase of VOg 

with the onset of exercise while h y p e r v e n t i l a t i n g . 

Maximal VO2 attained i s greater and occurs l a t e r during 

normal breathing. The decrement of VO2 occurs e a r l i e r 

when u t i l i z i n g hyperventilating techniques. 

Figure 4; CO2, 40 steps per minute 

Hyperventilated breathing r e s u l t s i n a greater 

elimination of carbon dioxide during exercise. The course 

of VCO2 during normal breathing appears delayed when 

compared to the r e s u l t s attained during h y p e r v e n t i l a t i o n . 
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Figure 1 Gross oxygen consumption and derivative curves 
during normal and hyperventilated breathing at 
18, 2k and 30 steps per minute. 
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E W B S R B H L 

Time, min 

Figure 2. Gross carbon dioxide production and derivative 
curves during normal and-hyperventilated breathing 
at 18, 2k and 30 steps per minute. 
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Figure 3. Gross oxygen consumption and carbon dioxide 
production curves and their derivatives during 
normal ,and hyperventilated breathing at 36-
steps per minute. 
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Figure- h' 'Gross oxygen consumption , 
and carbon dioxide production curves 
- and,their, derivatives during normal 
and hyperventilated breathing at I4O 
steps per minute. 
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TABLE II 

Total L i t r e s of Oxygen Consumed and Carbon 
Dioxide Produced by Three Subjects during the 
F i r s t Four Minutes of Exercise. 

Work Normal Hyperventilated Percent 
Level Breathing Breathing Difference 

o 2 (1) c o 2 (1) o 2 (1) c o 2 (1) ° 2 CO 2 

18 21.10 16.24 19.17 19.35 90 119 

24 23.72 19.93 28.77 24.47 122 122 

30 19.93 23.81 33.97 28.78 171 120 

36 31.77 28.01 34.80 33.70 109 121 

40* 24.13 14.07 28.15 

TABLE I I I 

19.69 116 139 

Total L i t r e s of Oxygen Consumed and Carbon 
Dioxide Produced by Three Subjects during 
F i f t e e n Minute Recovery Period. 

Work 
^evel 

Normal 
Breathing 

Hyperventilated 
Breathing 

Percent 
Difference 

° 2 ( 1 ) c o 2 (1) o 2 (1) c o 2 (1) ° 2 c o 2 

18 28.33 16.45 31.58 17.35 111 106 

24 30.43 17.97 29.38 18.72 96 104 

30 44.06 28.10 41.76 26.33 94 93 

36 42.66 27.32 43.91 30.65 102 113 

40* 37.26 32.14 32.93 27.66 88 86 

* r e s u l t based on two subjects with duration of exercise 
5 min during normal breathing and 5.5 min during hyper
v e n t i l a t e d breathing. 

Table I I 

Gaseous exchange during the f i r s t four minutes 

of exercise i s summarized i n Table I I . Hyperventilation 

increases oxygen consumption at a l l work tasks except 18 
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steps per minute. The greatest increase (71%) occurs 

at 30 steps per minute. Carbon dioxide elimination i s 

increased at a l l work tasks during hyperventilated 

breathing. 

Table I I I 

A summary of gaseous interchange during 

f i f t e e n minutes of recovery i s presented i n Table I I I . 

Hyperventilation tends to decrease oxygen consumption 

during recovery after exercise frequencies above 18 

steps per minute. Stepping frequencies of 18, 24 and 

36 steps per minute show increased carbon dioxide 

elimination during recovery following hyperventilation 

exercises. 
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CHAPTER VI 

DISCUSSION 

Results c l e a r l y i n d icate that hyperventilation 

does not a l t e r the course of gaseous interchange at the 

lowest work l e v e l . I t d i d however increase oxygen con

sumption and carbon dioxide elimination during recovery 

i n d i c a t i n g that hyperventilation at low work l e v e l s serves 

no b e n e f i c i a l function. Rather i t appears to be a useless 

c i r c u l a t i o n of a i r demanding increased work of the r e 

spiratory musculature, hence the increased oxygen con

sumption during recovery. At a l l other work l e v e l s the 

time d e r i v a t i v e curves of oxygen uptake and carbon dioxide 

production emphasize that greater values of both parameters 

are obtained e a r l i e r during exercise with hyperventilated 

breathing. The oxygen consumption during the recovery 

period i s decreased i n almost a l l cases when the exercise 

was accompanied with h y p e r v e n t i l a t i o n . Krustev (1) 

u t i l i z i n g a three minute workout followed by a minute's 

r e s t reported considerable increases i n the oxygen intake 

both during the workout and the period of r e s t . This, he 

f e l t , reduced the oxygen debt and increased working 

capacity. S i m i l a r r e s u l t s were reported for carbon dioxide 

separation. 

Andersen (2) has shown that the oxidative 

processes are slow to enter into play at the beginning 

of muscular exercise. Consequently a very short exercise 

i s accomplished only or s u b s t a n t i a l l y at the expense of 
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the high energy phosphate breakdown with the accompanying 

a l a c t a c i d component. Morehouse .(3) has found that the 

c i r c u l a t o r y and r e s p i r a t o r y adjustments that make possible 

a greater oxygen intake come into play gradually and i n 

heavy work several minutes may be required for the oxygen 

intake to reach the l e v e l of the steady state. The 

greater VO^ attained during the e a r l y phases of exercise 

i n these experiments may indicate an e a r l i e r onset of the 

oxidative processes during hyperventilated breathing. The 

oxygen consumption during recovery i s a measure of the 

anaerobic a c t i v i t y during the exercise. The decreased 

oxygen consumption during recovery following hyperventilated 

exercises indicates increased oxidative processes during 

exercise. The exercise at 30 steps per minute r e s u l t e d 

i n the greatest increase of oxygen consumption during the 

f i r s t four minutes and was accompanied by the l e a s t amount 

of oxygen consumed during the recovery period. 

Donevan (4) has shown that the e f f e c t of hyper

v e n t i l a t i o n during exercise i s one of increasing the 

cardiac output. This increase was more the r e s u l t of an 

increase i n heart rate rather than stroke volume. Oxygen 

uptake i s considered to be influenced by two f a c t o r s ; the 

d i f f u s i n g capacity of the lungs which i s not considered 

to be s i g n i f i c a n t at sea l e v e l , and the cardiac output. 

Thus the p o s s i b i l i t y of an e a r l i e r onset of the oxidative 

processes due to increased cardiac output does e x i s t . 

Margaria (5) reports that cardiac output i s the most 
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l i k e l y l i m i t i n g factor on maximum oxygen consumption. I t 

i s dependent on stroke volume and heart frequency. To 

substantiate these hypothesis, further hyperventilation 

experiments taking continuous pulse counts should be 

conducted. 

I f oxidative processes come into play e a r l i e r 

during hyperventilated exercise i t would seem l o g i c a l to 

assume that the a c t i v i t y could be sustained for a longer 

period of time. I t i s noteworthy that the two subjects 

who exercised at the exhaustive work rate of 40 steps / 

min s u b j e c t i v e l y f e l t more comfortable during the work 

task and one stepped for a f u l l minute longer using the 

hyperventilation method. 

No observations could be made on the e f f e c t of 

hyperventilation upOri the i n d i v i d u a l s maximal oxygen 

consumption. The nature of the exercise did not allow 

a demonstration of t h i s f a c t o r . R o v e l l i (6) and Andersen 

(7) state that the muscle mass used i n t h i s type of 

exercise i n t e n s i t y i s l i m i t e d by the amount of oxygen 

which may be c a r r i e d from the heart to the e x e r c i s i n g 

muscle mass. For t h i s reason the step exercise i s not 

suitable for the determination of maximal oxygen uptake. 

In none of the experiments was there any i n d i c a t i o n of the 

attainment of a steady s t a t e . 

E x p i r a t i o n i s the bottleneck of gaseous exchange 

(8) . I t i s unacceptable to assume that the optimal 

duration, i n t e n s i t y and volume of r e s p i r a t i o n i s brought 



about by the mechanical e l a s t i c force of the lungs and 

chest unassisted. E x p i r a t i o n i s an active p h y s i o l o g i c a l 

process and can therefore be d e l i b e r a t e l y modified. 

The gross curves and t h e i r d e r i v a t i v e s c l e a r l y 

i l l u s t r a t e that i n d i v i d u a l s show c h a r a c t e r i s t i c curves of 

oxygen uptake and carbon dioxide e l i m i n a t i o n . Changing 

the breathing technique does not appear to a l t e r the basic 

pattern of these curves. The p o s s i b i l i t y of u t i l i z i n g 

i n d i v i d u a l curves to d i f f e r e n t i a t e between various degrees 

of physical f i t n e s s i s i n d i c a t e d . 
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CHAPTER VII 

SUMMARY AND CONCLUSIONS 

Summary. This study was undertaken to determine 

and compare the rates of oxygen consumption and carbon 

dioxide e l i m i n a t i o n during normal and hyperventilated 

breathing at progressive work r a t e s . 

Three subjects performed step tests on an 

eighteen inch bench at 18, 24, 30, 36 and 40 steps per 

minute for a duration of ten minutes or u n t i l exhaustion. 

A l l exercises were performed inside a closed c i r c u i t 

respirometer equipped with Beckman oxygen and carbon 

dioxide analyzers as well as wet and dry thermocouples. 

Completion of the exercise was followed by a f i f t e e n 

minute recovery period. 

The chamber oxygen and carbon dioxide concen

tr a t i o n s were continuously analyzed and recorded against 

time. Concentration values were converted to volumes of 

oxygen consumed (VO.-,) and carbon dioxide elimated (VCO,,) . 

An IBM computer program was used to determine the v e l o c i t y 

(V0 2, VC0 2) and acceleration (V0 2, VC0 2) values. These 

values were plo t t e d on graphs comparing the gaseous 

exchange during normal and hyperventilated breathing. 

Conclusions. Hyperventilation increased the 

V0 2 and VC0"2 during the e a r l y phase of exercise at the 

higher work l e v e l s . This was followed by a decreased V0 2 

during the recovery period. The p o s s i b i l i t y of an 

e a r l i e r onset of the oxidative processes during 



hyperventilated breathing i s indicated. This p o s s i b i l i t y 

appears to be substantiated by r e l a t e d research. Hyper

v e n t i l a t i o n during exercise has been shown to increase 

heart rate and hence cardiac output. This could r e s u l t 

i n an e a r l i e r onset of the oxidative processes. 

Individuals showed c h a r a c t e r i s t i c curves of oxygen uptake 

and carbon dioxide e l i m i n a t i o n . The p o s s i b i l i t y of 

u t i l i z i n g i n d i v i d u a l curves as a physical f i t n e s s c r i t e r i o n 

i s i n d i c a t e d . 
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APPENDIX A 

DATE 

CHAMBER DATA SHEET 

NAME 

EXERCISE 

R e s t i n g H.R, 
T e r m i n a l H.R, 

x 4 
x 4 

1 m i n . 
2 m i n . 
3 m i n . 
4 m i n . 
5 m i n . 

T e r m i n a l a f t e r 15 m i n . 

x 4 
x 4 
x 4 
x 4 
x 4 
x 4 

Temp. Wet 
" Dry 

P r e s s u r e 

Volume 
C o r r e c t e d Volume 

Time % 0. 
CO 2u. 

Amp % C o r r . V o l VO, VCO, 
B a s a l 

E x e r c i s e 
P e r i o d 

1 m i n . 

2 m i n . 

3 m i n . 

4 m i n . 

5 m i n . 

6 m i n . 

7 m i n . 

8 m i n . 

9 m i n . 

10 m i n . 

Recovery Period-* 

11 m i n . 

12 m i n . 

13 m i n . 

14 m i n . 

15 m i n . 

18 m i n . 

21 m i n . 

25 m i n . 
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CALIBRATION CURVE FOR CONVERSION OF MILLIAMPS 

%co 2 
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APPENDIX C 

PROCEDURE FOR CALCULATION OF OXYGEN CONSUMPTION 

Correction of chamber volume to STPD. 

V i n i t i a l = c h a m k e r volume - (subject volume + volume of step) 
'V =V x P — P x 273 °K corrected i n i t i a l atm water vapor 

7lo ' " ^ Temp CK) 

Conversion of l i n e a r distance to percentage oxygen consumed, 

rest 0 I 2 3 4 5 6 7 8 9 10 
Time 

Measure AB i n mm with Vernier c a l i p e r s 

1 d i v i s i o n ,represents .04%A.V02* 
10 d i v i s i o n s = x mm 

1 mm = 10_ d i v i s i o n s 
x 

K = 10 x .04%AV0 2 

x 
l i n e a r measure x K = %Avo 2 ' 

% A V 0 o x V , , = V0 o consumed 2 corrected 2 

*AV0 9 represents decrement, i n oxygen concentration. 



APPENDIX D 

PROCEDURE FOR CALCULATION OF CARBON DIOXIDE 

ELIMINATION 

Conversion of l i n e a r measure to milliampSo 

10 9 8 7 6 5 4 3 2 I 0 r e s t 

T i m e 

Measure AB i n m m - w i t h Vernier c a l i p e r s 
1 d i v i s i o n = ,1 m a 
10 d i v i s i o n s = x m m 
1 m m = 1_0 x o . l m a 

x 
K = 10 x o'l m a 

x 
K x l i n e a r . m e a s u r e = m a 

Use c a l i b r a t i o n c u r v e (APPENDIX B) f o r c o n v e r s i o n o f 
m i l l i a m p s t o % C0 2 

% A C 0 2 * x C o r r e c t e d = VC0 2 e l i m i n a t e d 

* A C0 2 r e p r e s e n t s i n c r e m e n t i n c a r b o n d i o x i d e 
c o n c e n t r a t i o n . 



APPENDIX E 

RAW SCORES FOR ALL SUBJECTS ON ALL TEST ITEMS 

TABLE IV 

Gross and Derivative Values for -Subject EB 
at 18 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 0. 0.31 0. 0. 0.34 0. 0. 0.29 0. 0. 0.32 0. 
1 1.01 1.50 0.82 0.50 0.97 0.58 0.87 1.14 0.77 1.40 1.70 0.78 
2 3.01 1.95 0.28 1.94 1.50 0.33 2.28 1.84 0.46 3.40 1.88 -0.06 
3 4.90 2.06 -0.08 3.50 1.62 0.16 4.55 2.06 0.00 5.16 1.58 -0.18 
4 7.14 1.78 -0.14 5.18 1.81 0.06 6.40 1.84 -0.16 6.56 1.52 -0.05 
5 ' 8.47 1.78 0.19 7.12 1.75 -0.12 8.25 1.74 0.05 8.19 1.48 -0.05 
6 10.70 2.17 0.42 8.68 1.56 -0.06 9.87 1.95 0.43 9.51 1.42 -0.01 
7 12.82 2.62 0.39 10.24 1.62 0.06 12.15 2.60 0.38 11.03 1.46 -0.01 
8 15.94 2.95 0.03 11.93 1.69 -0.00 15.08 2.71 0.11 12.43 1.40 0.06 
9 18.73 2.68 -0.22 13.61 1.62 -0.20 17.57 2.82 -0.03 13.82 1.58 0.09 

10 21.29 2.51 -0.31 15.17 1.28 -0.34 20.72 2.65 -0.54 15.58 1.58 -0.20 
11 23.75 2.06 -0.50 16.17 0.94 -0.30 22.88 1.73 -0.68 16.98 1.18 -0.36 
12 25.42 1.50 -0.53 17.05 0.69 -0.25 24.18 1.30 -0.24 17.95 0.85 -0.26 
13 26.75 1.00 -0.45 17.55 0.44 -0.19 25.48 1.24 -0.11 18.68 0.67 -0.18 
14 27.42 0.61 -0.22 17.92 0.31 -0.09 26.67 1.08 -0.24 19.29 0.49 -0.15 
15 27.98 0.56 -0.04 18.17 0.25 -0.03 27.65 0.75 -0.27 19.67 0.36 -0.08 
16 28.53 0.53 -0.0 3 18.41 0.25 0.00 28.19 0.53 -0.12 20.02 0.33 -0.03 
17 29.05 0.48 -0.04 18.67 0.25 0.00 28.72 0.52 -0.01 20.33 0.30 -0.03 
18 29.51 0.45 -0.04 18.92 0.25 0.00 29.23 0.51 -0.01 20.61 0.26 -0.03 
19 29.96 0.40 -0.04 19.18 0.25 0.00 29. 74 0.50 -0.01 20.86 0.23 -0.03 
20 30.31 0.36 -0.04 19.43 0.26 0.00 30.23 0.49 -0.01 21.08 0.20 -0.0 3 
21 30.65 0.31 -0.04 19.69 0.26 0.00 30.71 0.48 -0.01 21.26 0.17 -0.03 
22 30.94 0.27 -0.04 19.95 0.26 0.00 31.18 0.46 -0.01 21.41 0.13 -0.0 3 
23 31.19 0.22 -0.04 20.21 0.26 0.00 31.64 0.45 -0.01 21.52 0.10 -0.0 3 
24 31.39 0 .18 0.04 20.47 0.26 0.03 32.09 0.44 -0,08 21.61 0.0 7 0.11 
25 31.54 0.31 0. 20.72 0.34 0. 32.52 0.29 0. 21.65 0.31 0. 



TABLE V 

Gross and Derivative Values for Subject SB 
at 18 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 ' v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 • 0o 0 . 3 4 0 . 0 . 0 . 3 9 0 . 0 . 0 . 3 6 0 . 0 . 0 . 3 2 0 . 
1 0 . 6 7 1 . 0 0 0 . 7 8 0 . 8 7 1 . 3 4 0 . 7 4 0 . 7 5 1 . 2 4 0 . 7 1 1 . 2 1 1 . 4 7 0 . 7 1 
2 2 . 0 1 1 . 9 0 0 . 7 8 2 . 6 9 1 . 8 7 0 . 3 3 2 . 4 8 1 . 7 8 0 . 4 0 2 . 9 6 1 . 7 5 0 . 0 8 
3 4 . 4 6 2 . 5 7 0 . 2 2 4 . 6 2 1 .00 0 . 0 3 4 . 3 1 2 . 0 5 0 . 3 5 4 . 7 0 1 . 6 3 - 0 . 0 6 
4 7 . 1 4 2 . 3 4 - 0 . 0 6 6 . 6 8 1 . 9 4 - 0 . 1 6 6 . 5 8 2 . 4 8 0 . 1 3 6 . 2 2 1 . 6 3 - 0 . 0 8 
5 9 . 1 5 2 . 4 5 0 . 1 7 8 . 4 9 1 . 6 9 - 0 . 2 7 9 . 2 7 2 . 3 1 - 0 . 1 9 7 . 9 7 1 . 4 7 - 0 . 0 8 
6 "12 .04 2 . 6 8 0 . 0 0 10 . 0 5 1 .41 - 0 . 1 4 1 1 . 2 0 2 . 1 0 0 . 2 7 9 . 1 7 1 . 4 7 0 . 1 0 
7 1 4 . 5 0 2 . 4 6 - 0 . 1 4 1 1 . 30 1 . 4 1 0 . 0 0 1 3 . 4 7 2 . 8 5 0 . 4 8 1 0 . 9 2 1 . 6 9 0 . 1 1 
8 1 6 . 9 5 2 . 4 0 - 0 . 0 3 1 2 . 8 6 1 .41 0 . 0 3 1 6 . 9 1 3 . 0 7 - 0 . 0 5 1 2 . 5 5 1 . 6 9 0 . 0 6 
9 1 9 . 2 0 2 . 4 0 - 0 . 1 1 1 4 . 1 1 1 . 4 7 - 0 . 1 9 . 6 0 2 . 74 - 0 . 2 7 1 4 . 3 0 1 . 8 1 - 0 . 1 1 

10 2 1 . 7 5 2 . 1 8 - 0 . 3 1 1 5 . 8 0 1 .41 - 0 . 3 0 2 2 . 4 0 2 . 5 3 - 0 . 4 8 1 5 . 1 7 1 . 4 7 - 0 . 4 5 
11 2 3 . 6 5 1 . 79 - 0 . 3 6 1 6 . 9 2 0 . 8 7 - 0 . 3 9 2 4 . 6 7 1 . 7 7 - 0 . 6 7 2 7 . 2 6 0 . 9 1 - 0 . 4 1 
12 2 5 . 3 2 1 . 4 5 - 0 . 5 0 1 7 . 5 5 0 . 6 2 - 0 . 1 7 2 5 . 9 6 1 . 1 8 - 0 . 4 0 1 7 . 9 8 0 . 6 6 - 0 . 1 8 
13 2 6 . 5 5 0 . 7 8 - 0 . 5 3 1 8 . 1 7 0 . 5 4 - 0 . 0 9 2 7 . 0 4 0 . 9 7 - 0 . 2 7 1 8 . 5 9 0 . 5 4 - 0 . 1 0 
14 2 6 . 8 8 0 . 3 9 - 0 . 1 4 1 8 . 6 2 0 . 4 3 - 0 . 0 6 2 7 . 9 0 0 . 6 5 - 0 . 2 7 1 9 . 0 7 0 . 4 7 - 0 . 0 5 
15 2 7 . 3 3 0 . 5 0 0 . 0 7 1 9 . 0 4 0 . 4 1 - 0 . 0 3 2 8 . 3 2 0 . 4 3 - 0 . 1 0 1 9 . 5 2 0 . 4 4 - 0 . 0 3 
16 2 7 . 8 8 0 . 5 4 0 . 0 1 1 9 . 4 3 0 . 3 8 - 0 . 0 3 2 8 . 7 6 0 . 4 3 0 . 0 0 1 9 . 9 4 0 . 4 1 - 0 . 0 3 
17 2 8 . 4 1 0 . 5 2 - 0 . 0 3 1 9 . 8 0 0 . 3 5 - 0 . 0 3 2 9 . 1 9 0 . 4 4 0 . 0 1 2 0 . 3 3 0 . 3 7 - 0 . 0 3 
18 2 8 . 9 1 0 . 4 9 - 0 . 0 3 2 0 . 1 3 0 . 3 2 - 0 . 0 3 2 9 . 6 3 0 . 4 4 0 . 0 1 2 0 . 6 9 0 . 3 4 - 0 . 0 3 
19 2 9 . 3 9 0 . 4 6 - 0 . 0 3 2 0 . 4 5 0 . 2 0 - 0 . 0 3 3 0 . 0 7 0 . 4 5 0 . 0 1 2 1 . 0 2 0 . 3 1 - 0 . 0 3 
20 2 9 . 8 4 0 . 4 3 - 0 . 0 3 2 0 . 7 3 0 . 2 7 - 0 . 0 3 3 0 . 5 2 0 . 4 5 0 . 0 1 2 1 . 3 1 0 . 2 8 - 0 . 0 3 
21 3 0 . 2 6 0 . 4 1 - 0 . 0 3 2 0 . 9 9 0 . 2 4 - 0 . 0 3 3 0 . 9 8 0 . 4 5 0 . 0 1 2 1 . 5 8 0 . 2 5 - 0 . 0 3 
22 3 0 . 6 5 0 . 3 8 - 0 . 0 3 2 1 . 2 2 0 . 2 1 - 0 . 0 3 3 1 . 4 4 0 . 4 6 0 . 0 1 2 1 . 8 1 0 . 2 2 - 0 . 0 3 
23 3 1 . 0 2 0 . 3 5 - 0 . 0 3 2 1 . 4 2 0 . 1 9 - 0 . 0 3 3 1 . 9 1 0 . 4 7 0 . 0 1 2 2 . 0 1 0 . 1 9 - 0 . 0 3 
24 3 1 . 3 6 0 . 3 2 - 0 .01 2 1 . 6 0 0 . 1 6 0 . 1 0 3 2 . 3 8 0 . 4 7 - 0 . 0 6 2 2 . 1 9 0 . 1 6 0 . 0 7 
25 3 1 . 6 7 0 . 3 4 0 . 2 1 . 7 4 0 . 3 8 0 . 3 2 . 8 5 0 . 3 6 0 . 0 0 2 2 . 3 3 0 . 3 3 0 . 

CTi 



TABLE VI 

Gross and Derivative Values for Subject HL 
at 18 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 VCO 2 VCO 2 v o 2 v o 2 v o 2 VCO 2 VCO 2 VCQ 2 

0 0. 0.29 0. 0. 0.42 0. 0. 0.30 0. 0. 0.30 0. 
1 0.78 1.23 0.78 0.75 1.00 0.38 0.87 1.03 0.69 1.40 1.52 0.61 
2 2.46 1.84 0.47 2.00 1.18 0.09 2.06 1.68 0.52 3.04 1.52 0.12 
3 4.47 2.18 0.28 3.13 1.19 0.20 4.23 2.06 0.24 4.44 1.76 0.27 
4 6.82 2.40 0.06 4.38 1.60 0.20 6.19 2.17 0.00 6.57 2.06 -0.03 
5 9.28 2.29 0.03 6.32 1.60 -0.20 8.58 2.06 0.03 8.57 1.70 -0.33 
6 11.40 2.46 0.20 7.58 1.19 -0.16 10.31 2.23 0.30 9.98 1.40 0.06 
7 14.20 2.68 -0.08 8.70 1.28 0.13 13.03 2.66 0.14 11.37 1.82 0.14 
8 16.77 2.29 -0.36 10.14 1.44 0.11 15.64 2.50 -0.19 13.62 1.67 -0.40 
9 18.78 1.96 -0.17 11.58 1.50 -0.05 18.03 2.28 -0.22 14.72 1.03 -0.24 
10 20.68 1.96 -0.17 13.14 1.35 -0.28 20.20 2.06 - 0.35 15.69 1.19 0.02 
11 22.69 1.62 -0.42 14.28 0.94 -0.42 22.15 1.57 -0.52 17.09 1.06 -0.32 
12 23.92 1.12 -0.45 15.03 0.50 -0.35 23.34 1.03 -0.38 17.82 0.56 -0.36 
13 24.93 0.73 -0.36 15.28 0.25 -0.13 24.21 0.82 -0.16 18.19 0.35 -0.11 
14 25.37 0.39 -0.19 15.53 0.25 -0.00 24.97 0.71 -0.14 18.53 0.33 -0.02 
15 25.71 0.34 -0.03 15.77 0.25 -0.00 25.62 0.54 -0 .14 18.85 0.31 -0.02 
16 26.05 0.34 -0.00 16.02 0.24 -0.00 26.05 0.43 -0.06 19.15 0.29 -0.02 
17 26.38 0.33 -0.01 16.26 0.24 -0.00 26.48 0.42 -0.01 19.42 0.26 -0.02 
18 26.71 0.32 -0.01 16.50 0.24 -0.00 26.89 0.41 -0.01 19.67 0.24 -0.02 
19 27.03 0.32 -0.01 16.73 0.23 -0.00 27.29 0.40 -0.01 19.90 0.22 -0.02 
20 27.35 0.31 -0.01 16.97 0.23 -0.00 27.69 0.40 -0.01 20.11 0.20 -0.02 
21 27.66 0.31 -0.01 17.20 0.23 -0.00 28.08 0.38 -0.01 20.30 0.17 -0.02 
22 27.96 0.30 -0.01 17.43 0.23 -0.00 28.45 0.37 -0.01 20.45 0.15 -0.02 
23 28.26 0.30 -0.01 17.65 0.22 - 0.00 28.82 0.36 -0.01 20.59 0.13 - 0.02 
24 28.55 0.29 -0.00 17.87 0.22 0.10 29.18 0.35 - 0.03 20.71 0 .10 0.09 
25 28.84 0.29 0. 18.09 0.43 0. 29.53 0.30 0. 20.80 0.30 0. 



TABLE VII 

Gross and Derivative values for subject EB 
at 24 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 0. 0.28 0. 0. 0.29 0. 0. 0.28 0. 0. 0.34 0. 
1 1.22 1.84 0.98 1.00 1.59 0.85 1.20 1.75 1.04 1.11 1.44 0.90 
2 3.68 2.23 0.22 3.18 2.00 0.08 3.51 2.36 0.36 2.89 2.15 0.46 
3 5.68 2.29 0.14 5.00 1.75 -0.03 5.92 2.47 0.15 5.41 2.33 0.06 
4 8.25 2.51 0.14 6.68 1.94 0.22 8.45 2.63 0.16 7.56 2.27 0.03 
5 10.70 2.57 0.03 8.87 2.19 -0.03 11.19 2.80 0.27 9.95 2.40 0.06 
6 13.38 2.57 0.39 11.05 1.87 -0.31 14.04 3.18 0.33 12.35 2.40 -0.09 
7 15.84 3.35 0.61 12.61 1.56 -0.09 17.55 3.46 -0.19 14.75 2.21 -0.28 
8 20.08 3.79 -0.14 14.17 1.69 0.16 20.95 2.80 -0.60 16.77 1.84 -0.22 
9 23.42 3.07 -0.53 15.98 1.87 -0.05 23.14 2.25 -0.16 18.43 1. 78 -0.09 

10 26.21 2.73 -0.50 17.92 1.59 -0.44 25.45 2.47 -0.11 20.34 1.66 -0.23 
11 28.89 2.06 -0.78 19.17 1.00 -0.48 28.08 2.03 -0.63 21. 75 1.32 -0.31 
12 30.34 1.17 -0.67 19.92 0.62 -0.28 29.51 1.21 -0.58 22.98 1.04 -0.32 
13 31.23 0.72 -0.34 20.42 0.44 -0.12 30.50 0.88 -0.27 23.84 0.68 -0.28 
14 31.78 0.50 -0.17 20.79 0.39 -0.02 31.27 0.66 -0.17 24.33 0.48 -0.12 
15 32.23 0.39 -0.18 21.20 0.40 -0.01 31.81 0.55 -0.06 24.79 0.44 -0.03 
16 32.56 0.34 -0.02 21.59 0.37 -0.02 32.36 0.53 -0.02 25.22 0.41 -0.03 
17 32.92 0.36 0.01 21.95 0.35 -0.02 32.88 0.51 -0.02 25.62 0.38 -0.0 3 
18 33.28 0.37 0.01 22.29 0.33 -0.02 33.38 9.49 -0.02 25.98 0.50 -0.03 
19 33.66 0.39 0 .01 22.60 0.30 -0.02 33.36 0.46 -0.02 26.31 0 . 31 -0.03 
20 34.06 0.40 0.01 22.90 0.28 -0.02 34.31 0.44 -0.02 26.62 0.29 -0.03 
21 34.46 0.42 0.01 23.17 0.26 -0.02 34.73 0.41 -0.02 26.89 0.25 -0.03 
22 34.89 0.43 0.01 23.42 0.24 -0.02 35.14 0.39 -0.02 27.12 0.22 -0.0 3 
23 35.32 0.44 0.01 23.64 0.21 -0.02 35.52 0.37 -0.02 27.33 0.19 -0.0 3 
24 35.78 0.46 -0.08 23.84 0.19 0.04 35.87 0.34 -0.04 27.51 0.16 0.08 
25 36.24 0.28 0. 24.02 0.29 0. 36.20 0.28 0. 27.65 0.34 0. 

co 



TABLE VIII 

Gross and Derivative values f o r subject SB 
at 24 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 y°2 v o 2 v c o 2 v c o 2 v c o 2 

0 0 . 0 . 3 4 0 . 0 . 0 . 3 4 0 . 0 . 0 . 3 3 0 . 0 . 0 . 3 4 0 . 
1 0 . 6 7 1 . 3 4 0 . 8 7 1 . 1 3 1 . 7 3 0 . 9 3 0 . 9 9 1 . 5 4 1 . 1 5 1 . 4 1 1 . 8 4 0 . 9 7 
2 2 . 6 9 2 . 0 7 0 . 6 2 3 . 4 5 2 . 2 0 0 . 1 7 3 . 0 7 2 . 6 3 0 . 9 9 3 . 6 9 2 . 2 7 0 . 2 5 
3 4 . 8 2 2 . 5 8 0 . 5 3 5 . 5 3 2 . 0 7 - 0 . 6 . 2 6 3 . 5 1 0 . 5 8 5 . 9 6 2 . 3 4 0 . 0 9 
4 7 . 8 4 3 . 1 4 0 . 3 9 7 . 6 0 2 . 2 0 0 . 1 6 1 0 . 1 0 • 3 . 7 9 ^ 0 . 0 8 8 . 3 6 2 . 4 6 0 . 0 9 
.5 1 1 . 1 0 3 . 3 7 0 . 1 4 9 . 9 2 2 . 3 9 - 0 . 0 3 1 3 . 8 3 3 . 3 5 - 0 . 2 8 1 0 . 8 8 2 . 5 2 - 0 . 0 9 
6 1 4 . 5 8 3 . 4 2 0 . 1 7 1 2 . 3 7 2 . 1 4 - 0 . 2 8 1 6 . 7 9 3 . 2 4 - 0 . 0 0 1 3 . 4 0 2 . 2 7 - 0 . 1 8 
7 1 7 . 9 4 3 . 7 0 0 . 0 8 1 4 . 1 9 1 . 8 2 - 0 . 0 3 2 0 . 3 0 3 . 3 5 - 0 . 0 8 1 5 . 4 3 2 . 1 5 - 0 . 0 0 
8 2 1 . 9 8 3 . 5 9 - 0 . 1 0 1 6 . 0 1 2 . 0 7 0 . 1 6 2 3 . 4 9 3 . 0 7 - 0 . 3 0 1 7 . 7 0 2 . 2 7 - 0 . 0 3 
9 2 5 . 1 2 3 . 3 0 - 0 . 2 0 1 8 . 3 4 2 . 1 4 - 0 . 2 0 2 6 . 4 5 2 . 74 - 0 . 3 3 1 9 . 9 8 2 . 0 9 - 0 . 4 1 

10 2 8 . 6 0 3 . 2 0 - 0 . 3 9 2 0 . 2 8 1 . 4 8 - 0 . 5 7 2 8 . 9 8 2 . 4 2 - 0 . 4 4 2 1 . 8 8 1 . 4 5 - 0 . 5 8 
11 3 1 . 5 1 2 . 5 2 - 0 . 8 1 2 1 . 2 9 1 .01 - 0 . 4 2 3 1 . 2 8 1 . 8 7 - 0 . 5 8 2 2 . 8 7 0 . 9 2 - 0 . 2 9 
12 3 3 . 6 4 1 . 5 7 - 0 . 7 8 2 2 . 2 9 0 . 6 2 - 0 . 3 8 3 2 . 7 1 1 . 2 6 - 0 . 4 9 2 3 . 73 0 . 8 6 - 0 . 0 9 
13 3 4 . 6 5 0 . 9 6 - 0 . 3 6 2 2 . 5 5 0 . 2 5 - 0 . 1 9 3 3 . 8 1 0 . 8 8 - 0 . 3 0 2 4 . 5 9 0 . 74 - 0 . 1 5 
14 3 5 . 5 6 0 . 8 6 - 0 . 1 0 2 2 . 8 0 0 . 2 5 - 0 . 0 0 3 4 . 4 7 0 . 6 6 - 0 . 1 7 2 5 . 2 0 0 . 5 6 - 0 . 1 3 
15 3 6 . 3 7 0 . 7 6 - 0 . 1 0 2 3 . 0 4 0 . 2 5 - 0 . 0 0 3 5 . 1 2 0 . 5 5 - 0 . 1 1 2 5 . 7 0 0 . 4 8 - 0 . 0 6 
16 3 7 . 0 7 0 . 6 5 - 0 . 1 0 2 3 . 2 9 0 . 2 4 - 0 . 0 0 3 5 . 5 6 0 . 4 3 - 0 . 0 6 2 6 . 1 6 0 . 4 3 - 0 . 0 5 
17 3 7 . 6 7 0 . 5 5 - 0 . 1 0 2 3 . 5 3 0 . 2 4 - 0 . 0 0 3 5 . 9 9 0 . 4 3 - 0 . 0 1 2 6 . 5 7 0 . 3 9 - 0 . 0 5 
18 3 8 . 1 7 0 . 4 5 - 0 . 1 0 2 3 . 7 7 0 . 2 4 - 0 . 0 0 3 6 . 4 1 ' 0 . 4 1 - 0 . 0 1 2 6 . 9 3 0 . 3 4 - 0 . 0 5 
19 3 8 . 5 7 0 . 3 5 - 0 . 1 0 2 4 . 0 1 0 . 2 4 - 0 . 0 0 3 6 . 8 3 0 . 4 1 - 0 . 0 1 2 7 . 2 5 0 . 2 9 - 0 . 0 5 
20 3 8 . 8 7 0 . 2 4 - 0 . 1 0 2 4 . 2 4 0 . 2 3 - 0 . 0 0 3 7 . 2 4 0 . 4 1 - 0 . 0 1 2 7 . 5 2 0 . 2 5 - 0 . 0 5 
21 3 9 . 0 6 0 . 1 4 - 0 . 1 0 • 2 4 . 4 7 0 . 2 3 -OoOO 3 7 . 6 4 0 . 4 0 - 0 . 0 1 2 7 . 75 0 . 2 0 - 0 . 0 5 
22 3 9 . 1 5 0 . 0 4 - 0 . 1 0 2 4 . 70 0 . 2 3 - 0 . 0 0 3 8 . 0 3 0 . 3 9 - 0 . 0 1 2 7 . 9 8 0 . 1 6 - 0 . 0 5 
23 3 9 . 1 4 0 . 0 6 - 0 . 1 0 2 4 . 9 3 0 . 2 2 - 0 . 0 0 3 8 . 4 2 0 . 3 9 - 0 . 0 1 2 8 . 0 6 0 . 1 1 - 0 . 0 5 
24 3 9 . 0 2 0 . 1 7 0 . 2 0 2 5 . 1 5 0 . 2 2 0 . 0 6 3 8 . 8 1 0 . 3 8 - 0 . 0 3 2 8 . 1 5 0 . 0 6 0 . 1 2 
25 3 8 . 8 0 0 . 3 4 0 . 2 5 . 3 7 0 . 3 4 0 . 3 9 . 1 8 0 . 3 3 0 . 2 8 . 1 9 0 . 3 4 0o 4̂  



TABLE IX 

Gross and Derivative Values f o r Subject HL 
at 24 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 VCQ2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 0 . 0 . 3 4 0 . 0 . 0 . 3 1 0 . 0 . 0 . 3 4 0 . 0 . 0 . 3 0 0 . 
1 0 . 7 9 1 . 5 7 0 . 9 0 0 . 6 3 0 . 9 4 0 . 6 1 1 . 6 9 2 . 2 4 1 . 2 9 1 . 4 5 1 . 8 9 1 . 0 5 
2 3 . 1 4 2 . 1 3 0 . 3 4 1 . 8 8 1 . 5 4 0 . 4 7 4 . 4 9 2 . 9 2 0 . 3 1 3 . 7 7 2 . 3 9 0 . 2 5 
3 5 . 0 5 2 . 2 5 0 . 2 0 3 .71 1 . 8 8 0 . 1 7 7 . 5 2 2 . 8 6 - 0 . 0 5 6 . 2 2 2 . 3 9 - 0 . 1 9 
4 7 . 6 3 2 . 5 2 0 . 0 8 5 . 6 5 1 . 8 8 - 0 . 0 6 1 0 . 2 2 2 . 8 1 - 0 . 0 6 8 . 5 5 2 . 0 1 - 0 . 2 2 
5 1 0 . 1 0 2 . 4 1 0 . 0 6 7 . 4 7 1 . 7 6 0 . 0 0 1 3 . 1 4 2 . 75 - 0 . 0 8 1 0 . 2 5 1 . 9 5 0 . 0 6 
6 1 2 . 4 5 2 . 6 3 0 . 3 4 9 . 1 7 1 . 8 8 0 . 0 0 1 5 . 7 2 2 . 6 4 0 . 2 5 1 2 . 4 5 2 . 1 4 - 0 . 0 9 
7 1 5 . 3 7 3 . 0 8 0 . 3 1 1 1 . 2 4 1 . 7 6 - 0 . 0 6 1 8 . 4 2 3 . 2 6 0 . 4 5 1 4 . 5 3 . 1.'76 - 0 . 31 
8 1 8 . 6 2 3 . 2 5 0 . 1 7 1 2 . 6 9 1 . 7 6 0 . 0 6 2 2 . 2 4 3 . 5 4 - 0 . 1 4 1 5 . 9 7 1 . 5 1 - 0 . 
9 2 1 . 8 8 3 . 4 2 - 0 . 0 0 1 4 . 7 6 1 . 8 8 - 0 . 0 3 2 5 . 4 9 2 . 9 8 - 0 . 6 2 1 7 . 5 4 1 . 7 6 0 . 0 5 

10 2 5 . 4 6 3 . 2 5 - 0 . 5 9 1 6 . 4 6 1 .79 - 0 . 1 6 2 8 . 1 9 2 . 3 1 - 0 . 7 3 1 9 . 4 9 1 . 6 0 - 0 . 3 5 
11 2 8 . 3 8 2 . 2 4 - 0 . 9 2 1 8 . 1 5 1 . 5 7 - 0 . 3 0 3 0 . 1 0 1 . 5 2 - 0 . 5 9 2 0 . 7 5 1 . 0 7 - 0 . 4 9 
12 2 9 . 9 5 1 . 4 0 - 0 . 6 7 1 9 . 6 0 1 .10 - 0 . 4 7 3 1 . 2 3 1 . 1 3 - 0 . 2 3 2 1 . 6 3 0 . 6 3 - 0 . 3 5 
13 3 1 . 1 8 0 . 9 0 - 0 . 4 8 2 0 . 3 5 0 . 6 3 - 0 . 3 3 3 2 . 3 5 1 . 0 7 - 0 . 0 9 2 2 . 0 1 0 . 3 6 - 0 . 1 4 
14 3 1 . 7 4 0 . 4 5 - 0 . 2 5 2 0 . 8 5 0 . 4 3 - 0 . 1 4 3 3 . 3 6 0 . 9 5 - 0 . 1 2 2 2 . 3 6 0 . 3 4 - 0 . 0 2 
15 3 2 . 0 7 0 . 3 9 - 0 . 0 1 2 1 . 2 1 0 . 3 5 - 0 . 0 6 3 4 . 2 5 0 . 8 3 - 0 . 1 2 2 2 . 6 9 0 . 3 1 - 0 . 0 2 
16 3 2 . 5 2 0 . 4 4 0 . 0 1 2 1 . 5 4 0 . 3 2 - 0 . 0 3 3 5 . 0 2 0 . 7 1 - 0 . 1 2 2 2 . 9 9 0 . 2 9 - 0 . 0 2 
17 3 2 . 9 5 0 . 4 2 - 0 . 0 2 2 1 . 8 5 0 . 2 9 - 0 . 0 3 3 5 . 6 7 0 . 5 9 - 0 . 1 2 2 3 . 2 7 0 . 2 6 - 0 . 0 2 
18 3 3 . 3 5 0 . 4 0 - 0 . 0 2 2 2 . 1 2 0 . 2 6 - 0 . 0 3 3 6 . 2 1 0 . 4 7 - 0 . 1 2 2 3 . 5 2 0 . 2 4 - 0 . 0 2 
19 3 3 . 7 4 0 . 3 8 - 0 . 0 2 2 2 . 3 7 0 . 2 3 - 0 . 0 3 3 6 . 6 2 0 . 3 6 - 0 . 1 2 2 3 . 75 0 . 2 1 - 0 . 0 2 
20 3 4 . 1 1 0 . 3 6 - 0 . 0 2 2 2 . 5 8 0 . 2 0 - 0 . 0 3 3 6 . 9 2 0 . 2 4 - 0 . 1 2 2 3 . 9 5 0 . 1 9 - 0 . 0 2 
21 3 4 . 4 6 0 . 3 4 - 0 . 0 2 2 2 . 7 7 0 . 1 7 - 0 . 0 3 3 7 . 1 0 0 . 1 2 - 0 . 1 2 2 4 . 1 3 0 . 1 6 - 0 . 0 2 
22 3 4 . 7 9 0 . 3 2 - 0 . 0 2 2 2 . 9 3 0 . 1 5 - 0 „ 0 3 3 7 . 1 6 OoOO - 0 . 1 2 2 4 . 2 8 0 . 1 4 - 0 . 0 2 
23 3 5 . 1 0 0 . 3 0 - 0 „ 0 2 2 3 . 0 6 0 . 1 2 - 0 . 0 3 3 7 . 1 0 0 . 1 2 - 0 . 1 2 2 4 . 4 1 0 . 1 2 - 0 . 0 2 
24 3 5 . 3 9 0 . 2 8 0 . 0 2 2 3 . 1 7 0 . 0 9 0 . 1 0 3 6 . 9 2 0 . 2 4 0 . 2 3 2 4 . 5 1 0 . 0 9 0 . 0 9 
25 3 5 . 6 6 0 . 3 4 0 . 2 3 . 2 4 0 . 3 1 0 . 3 6 . 6 2 0 . 3 4 0 . 2 4 . 5 9 0 . 3 0 0 . 

o 



TABLE X 

Gross and Derivative Values f o r Subject EB 
at 30 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 0 . 0 . 2 8 0 . o . • 0 . 3 0 0 . 0 . 0 . 3 4 0 . 0 . 0 . 3 4 0 . 
1 0 . 6 4 0 . 8 6 0 . 7 2 0 . 8 4 1 . 4 7 0 . 9 9 2 . 1 2 2 . 2 3 1 .20 2 . 0 6 2 . 1 9 1 . 0 8 
2 1 .71 1 .71 0 . 6 7 2 . 9 3 2 . 2 7 0 . 7 2 4 . 4 6 2 . 7 3 0 . 4 8 4 . 3 7 2 . 5 0 0 . 3 1 
3 4 . 0 6 2 . 1 9 0 . 5 9 5 . 3 9 2 . 9 0 0 . 3 7 7 . 5 9 3 . 1 8 0 . 2 2 7 . 0 6 2 . 8 1 0 . 1 6 
4 6 . 0 9 2 . 8 9 0 . 5 9 8 . 7 4 3 . 0 2 - 0 . 1 9 1 0 . 8 3 3 . 1 8 0 . 0 8 1 0 . 0 0 2 . 8 1 - 0 . 1 6 
5 9 . 8 3 3 . 3 7 0 . 2 4 1 1 . 4 3 2 . 5 1 - 0 . 2 5 1 3 . 9 5 3 . 3 5 0 . 1 7 1 2 . 6 9 2 . 5 0 - 0 . 2 2 
6 1 2 . 8 3 3 . 3 7 0 . 3 5 13o77 2 . 5 1 0 . 0 3 1 7 . 5 2 3 . 5 2 0 . 5 0 1 5 . 0 0 2 . 3 7 - 0 . 0 3 
7: 1 6 . 5 7 4 . 0 6 0 . 8 3 1 6 . 4 8 2 . 5 7 - 0 . 0 3 2 0 . 9 8 4 . 3 5 0 . 6 7 1 7 . 4 3 2 . 4 4 - 0 . 1 3 
8 2 0 . 9 5 5 . 0 2 0 . 7 5 1 8 . 9 1 2 . 4 5 - 0 . 0 9 2 6 . 2 3 4 . 8 5 0 . 1 1 1 9 . 8 7 2 . 1 2 - 0 . 1 6 
9 2 6 . 6 1 5 . 5 6 - 0 . 2 4 2 1 . 3 7 2 . 3 9 - 0 . 0 3 3 0 . 6 9 4 . 5 8 - 0 . 5 6 2 1 . 6 8 2 . 1 2 0 . 0 9 

10 3 2 . 0 6 4 . 5 4 - 1 . 2 8 2 3 . 7 0 2 . 3 9 - 0 . 0 9 3 5 . 3 8 3 . 7 4 - 1 . 0 9 2 4 . 1 2 2 . 3 1 - 0 . 2 0 
11 3 5 . 1 0 2 . 9 9 - 1 . 3 9 • 2 6 . 1 6 2 . 2 1 - 0 . 4 9 3 8 . 1 7 2 . 4 0 - 1 . 0 1 • 2 6 . 3 1 1 . 7 2 - 0 . 6 6 
12 - 3 8 . 0 5 1 . 7 6 - 0 . 9 9 2 8 . 1 3 1 .41 - 0 . 6 6 40 . 1 7 1 . 7 3 - 0 . 5 0 2 7 . 5 6 1 . 0 0 - 0 . 4 5 
13 3 9 . 2 2 1 .01 - 0 . 4 5 2 8 . 9 7 0 . 9 0 - 0 . 5 5 4 1 . 6 2 1 . 3 9 - 0 . 3 3 2 8 . 3 1 0 . 8 1 - 0 . 1 5 
14 4 0 . 0 8 0 . 8 6 - 0 . 1 6 2 9 . 9 3 0 . 3 0 0 . 4 2 . 9 6 1 . 0 6 - 0 . 3 3 2 9 . 1 8 0 . 7 0 - 9 . 1 6 
15 4 0 . 9 3 0 . 6 9 - 0 . 0 9 4 3 . 7 4 0 . 7 3 - 0 . 2 2 2 9 . 7 0 0 . 5 0 - 0 . 1 2 
16 4 1 . 4 7 0 . 6 8 0 . 0 6 4 4 . 4 1 0 . 6 1 - 0 . 0 8 3 0 . 1 8 0 . 4 6 - 0 . 0 4 
17 4 2 . 3 0 0 . 8 1 0 . 0 4 4 4 . 9 7 0 . 5 6 - 0 . 0 3 3 0 . 6 3 0 . 4 3 - 0 . 0 4 
18 4 3 . 0 8 0 . 7 6 - 0 . 0 4 4 5 . 5 3 0 . 5 6 0 . 0 1 3 1 . 0 4 0 . 3 9 - 0 . 0 4 
19 4 3 . 8 2 0 . 7 3 -0=04 4 6 . 0 9 0 . 5 7 0 . 0 1 3 1 . 4 1 0 . 3 5 - 0 . 0 4 
20 4 4 . 5 4 0 . 6 8 - 0 . 0 7 4 6 . 6 7 0 . 5 7 - 0 . 0 1 3 1 . 7 4 0 . 3 2 - 0 . 0 4 
21 4 5 . 1 8 0 . 6 0 - 0 . 0 8 4 7 . 2 3 0 . 5 5 - 0 . 0 3 3 2 . 0 4 0 . 2 8 - 0 . 0 4 
22 4 5 . 7 4 0 . 5 2 - 0 . 0 8 4 7 . 7 6 0 . 5 2 - 0 . 0 3 3 2 . 3 0 0 . 2 4 - 0 . 0 4 
23 4 6 . 2 1 0 . 4 3 - 0 . 0 8 4 8 . 2 7 0 . 5 0 - 0 . 0 3 3 2 . 5 3 0 . 2 1 - 0 . 0 4 
24 4 6 . 6 0 0 . 3 5 - 0 . 0 8 4 8 . 7 5 0 . 4 7 - 0 . 0 9 3 2 . 7 2 0 . 1 7 0 . 0 7 
25 4 6 . 9 1 0 . 2 8 0 . 4 9 . 2 1 0 . 3 4 - 0 . 0 8 3 2 . 8 7 0 . 3 4 0 . 

H 



TABLE XI 

Gross and Derivative Values for Subject SB 
at 30 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 . 0. 0.27 0. 0. 0.27 0. 0. 0.29 0. 0. 0.29 0. 
1 1.07 1.12 0.53 1.08 1.47 0.85 2.35 2.46 1.14 2.19 2.38 1.04 
2 2.25 1.34 0.72 2.93 1.98 0.54 4.92 2.57 0.33 4.75 2.38 -0. 
' 3 3. 74 2.57 1.10 5.03 2.54 0.40 7.49 3.13 0.47 6.94 2.38 0.16 

4 7.38 3.53 0.61 8.02 2.78 0.24 11.17 3.52 0.22 9.51 2.69 0.19 
5 10.80 3.79 0.78 10.60 3.02 0.09 14.52 3.57 0.17 12.32 2.75 -0.00 
6 14.96 5.08 1.20 14.07 2.96 -0.31 18.32 3.85 0.47 15.01 2.69 0.00 
7 20.95 6.20 0.19 16.52 2.40 -0.09 22.22 4.52 0.47 17.70 2.75 -0.06 
8 27.36 5.45 -1.12 18.86 2.78 0.22 27.36 4.80 0.06 20.51 2.56 0.05 
9 31.85 3.95 -1.12 22.09 2.84 -0.16 31.82 4.63 -0.56 22.83 2.85 -0.02 
10 35.27 3.21 -0.67 24.55 2.46 -0.25 36.63 3.69 -0.95 26.20 2.53 -0.61 
11 38.26 2.62 -0.75 27.00 2.34 -0.49 39.20 2.74 -0.76 27.89 1.68 -0.66 
12 40.51 1. 71 -0.78 29.22 1.47 -0.78 42.10 2.18 -0.75 29.45 1.22 -0.38 
13 41.68 1.07 -0.48 29.93 0.78 -0.42 43.55 1.23 -0.61 30.32 0.88 -0.25 
14 42.65 0.75 -0.24 30.77 0.63 -0.18 44.55 0.95 -0.20 31.20 0.72 -0.16 
15 43.18 0.59 -0.04 31.20 0.41 -0.12 45.45 0.84 -0.12 31.77 0.56 -0.0 7 
16 43.82 0.66 0.04 31.61 0.40 -0.02 46.23 0.72 -0.10 32.33 0.58 -0.00 
17 44.50 0.68 0.01 32.00 0.38 -0.02 46.89 0.65 -0.05 32.93 0.56 -0.04 
18 45.17 0.68 -0.01 32.37 0.36 -0.02 47.52 0.62 -0.04 33.46 0.49 -0.07 
19 45.85 0.65 -0.01 32.72 0.34 -0.02 48.13 0.57 -0.04 33.91 0.42 -0.07 
20 46.47 0.65 0.03 33.05 0.32 -0.02 48.65 0.54 0.01 34.30 0.35 -0.07 
21 47.14 0.71 0.06 33.37 0.30 -•0.02 4 9.21 0.58 0.04 34.61 0.28 -0.07 
22 47.88 0.77 0.06 33.66 0.28 rrO.02 49.81 0.61 0.04 34.85 0.21 -0.07 
23 48.68 0.83 0.06 33.93 0.26 -0.02 50.44 0.65 0.04 35.10 0.13 -0.0 7 
24 49.5 3 0.89 -0.28 34.19 0.25 0.00 51.11 0.69 -0.18 35.12 0.06 0.08 
25 50.45 0.27 0. 34.42 0.27 0. 51.81 0.29 0. 35.14 0.29 0. 

ro 



TABLE XII 

Gross and Derivative Values for Subject HL 
at 30 steps per min 

Time Normal Breathing • Hyperve n t i l a t e d 
• » 

Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 0 . 0 . 3 1 0 . 0 . 0 . 3 6 0 . 0 . 0 . 3 0 0 . 0 . 0 . 3 6 0 . 
1 0 . 8 9 1 . 1 7 0 . 8 5 1 .00 1 . 5 3 0 . 8 2 2 . 4 6 2 . 8 0 1 .41 2 . 3 2 2 . 2 5 0 . 9 8 
2 2 . 3 4 2 . 0 1 0 . 4 5 3 . 0 6 2 . 0 0 0 . 2 3 5 . 5 9 3 . 1 3 0 . 2 0 4 . 5 0 2 . 3 2 0 . 0 6 
3 4 . 9 0 2 . 0 6 0 . 4 5 4 . 9 9 2 . 0 0 0 . 2 5 8 . 7 2 3 . 1 9 0 . 0 0 6 . 9 5 2 . 3 8 - 0 . 
4 6 . 4 6 2 . 9 0 0 . 8 4 7 . 0 5 2 . 4 9 0 . 3 4 1 1 . 9 7 3 . 1 3 - 0 . 1 4 9 . 2 7 2 . 3 2 - 0 . 
5 1 0 . 7 0 3 . 7 3 0 . 2 5 9 . 9 8 2 . 6 8 - 0 . 0 9 1 4 . 9 9 2 . 9 1 - 0 . 0 3 1 1 . 5 9 2 . 3 8 - 0 . 0 3 
6 1 3 . 9 3 4 . 5 0 0 . 1 9 1 2 . 4 1 2 . 3 1 - 0 . 1 2 1 7 . 78 3 . 0 7 0 . 5 6 1 4 . 0 3 2 . 2 5 0 . 0 6 
7 1 7 . 4 9 4 . 1 2 0 . 6 4 1 4 . 5 9 2 . 4 3 - 0 . 0 6 21 . 1 3 4 . 0 3 0 . 7 5 1 6 . 0 9 2 . 5 0 0 o l 6 
8 2 2 . 1 6 4 . 6 8 0 . 1 1 1 7 . 2 7 2 . 1 8 - 0 . 2 5 2 5 . 8 3 4 . 5 8 0 . 1 9 1 9 . 0 4 2 . 5 7 - 0 . 1 6 
9 2 6 . 8 4 4 . 3 4 - 0 . 5 8 1 8 . 9 6 1 . 9 3 - 0 . 1 6 3 0 . 3 0 4 . 4 1 - 0 . 3 9 2 1 . 2 3 2 . 1 9 - 0 . 2 2 

10 - 3 0 . 8 5 3 . 5 1 - 0 . 6 7 2 1 . 1 4 1 . 8 7 - 0 . 0 9 3 4 . 6 6 3 . 8 0 - 0 . 9 5 2 3 . 4 2 2 . 1 3 - 0 . 2 7 
11 3 3 . 8 5 3 . 0 1 - 0 . 5 8 2 2 . 7 0 1 . 7 5 - 0 . 1 4 3 7 . 9 0 2 . 5 2 - 1 . 1 2 2 5 . 4 9 1 . 6 4 - 0 . 4 7 
12 3 6 . 8 6 2 . 3 4 - 0 . 8 1 2 4 . 6 3 1 . 5 9 - 0 . 4 1 3 9 . 7 0 1 . 5 7 - 0 . 7 6 2 6 . 7 4 1 . 1 9 - 0 . 3 3 
13 3 8 . 5 3 1 . 3 9 - 0 . 6 7 2 5 . 8 8 0 . 9 4 - 0 . 5 3 4 1 . 0 4 1 . 0 1 - 0 . 4 1 2 7 . 8 7 1 . 0 0 - 0 . 2 6 
14 3 9 . 6 4 1 . 0 0 - 0 . 3 1 2 6 . 5 0 0 . 5 4 - 0 . 2 5 4 1 . 7 1 0 . 7 3 - 0 . 0 5 2 8 . 7 4 0 . 6 7 - 0 . 2 8 
15 4 0 . 5 4 0 . 7 8 - 0 . 2 1 2 6 . 9 6 0 . 4 4 - 0 . 0 7 4 2 . 4 9 0 . 9 0 - 0 . 0 1 2 9 . 1 0 0 . 4 1 - 0 . 1 3 
16 4 1 . 2 0 0 . 5 9 • - 0 . 1 4 2 7 . 3 7 0 . 4 0 - 0 . 0 4 4 3 . 5 0 0 . 7 1 - 0 . 2 4 2 9 . 6 2 0 . 4 1 - 0 . 0 3 
17 4 1 . 7 1 0 . 4 9 - 0 . 0 6 2 7 . 7 5 0 . 3 6 - 0 . 0 4 4 3 . 9 2 0 . 4 1 - 0 . 1 6 3 0 . 0 1 0 . 3 8 - 0 . 0 3 
18 4 2 . 1 9 0 . 4 7 - 0 . 0 3 2 8 . 0 8 0 . 3 2 - 0 . 0 4 4 4 . 3 3 0 . 4 0 - 0 . 0 3 3 0 . 3 7 0 . 3 5 - 0 . 0 3 
19 4 2 . 6 5 0 . 4 4 - 0 . 0 2 2 8 . 3 8 0 . 2 8 - 0 . 0 4 4 4 . 7 2 0 . 3 6 - 0 . 0 2 3 0 . 7 1 0 . 3 2 - 0 . 0 3 
20 4 3 . 0 8 0 . 4 2 - 0 . 0 2 2 8 . 6 3 0 . 2 3 - 0 . 0 4 4 5 . 0 5 0 . 3 5 0 . 0 2 3 1 . 0 1 0 . 2 9 - 0 . 0 3 
21 4 3 . 4 9 0 . 4 0 - 0 . 0 2 2 8 . 8 5 0 . 1 9 - 0 . 0 4 4 5 . 4 2 0 . 4 0 0 . 0 5 3 1 . 2 8 0 . 2 6 - 0 . 0 3 
22 4 3 . 8 7 0 . 3 7 - 0 . 0 2 2 9 . 0 2 0 . 1 5 - 0 . 0 4 4 5 . 8 4 0 . 4 5 0 . 0 5 3 1 . 5 2 0 . 2 3 - 0 . 0 3 
23 4 4 . 2 3 0 . 3 5 - 0 . 0 2 2 9 . 1 6 0 . 1 1 - 0 . 0 4 4 6 . 3 2 0 . 5 0 0 . 0 5 3 1 . 7 3 0 . 1 0 - 0 . 0 3 
24 4 4 . 5 6 0 . 3 2 - 0 . 0 1 2 9 . 2 5 0 . 0 7 0 . 1 2 4 6 . 8 4 0 . 5 5 - 0 . 1 0 ' 3 1 . 9 1 0 . 1 6 0 . 0 8 
25 4 4 . 8 8 0 . 3 1 0 . 2 9 . 3 1 0 . 3 6 0 . 4 7 . 4 1 0 . 3 0 0 . 3 2 . 0 6 0 . 3 6 0 . 

Cn 
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TABLE XIII 

Gross and Derivative Values f o r Subject EB 
at 36 steps per min 

Time Normal Breathing ' Hyperventilated Breathing 
v o 2 v o 2 v o 2 VCO 2 v c o 2 VCO 2 v o 2 v o 2 v o 2 v c o 2 VCO 2 VCO 2 

0 0. 0.40 0. 0. 0.36 0. - 0. 0.43 0. 0. 0.37 0. 
1 0«89 1.61 1.16 1.24 1.58 1.00 1.55 2.32 1.33 2.41 2.35 1.25 
2 3.21 2. 71 0.91 3.16 2.36 0.77 4.64 3.09 0.58 4.70 2.88 0.42 
3 6.31 3.43 0.69 5.95 3.13 0.53 7.73 3.48 0.36 8.16 3.18 0.22 
4 10.07 4.09 0.42 9.42 3.41 -0.06 11.60 3.81 0.14 11.07 3.31 0.20 
5 14.50 4.26 0.00 12.77 3.11 -0.17 15.35 3. 75 0.14 14.78 3.59 -0.06 
6 18.59 4.10 0.28 15.43 3.07 0.20 19.10 4.08 0.86 18.24 3.18 -0.40 
7 22.69 4.82 • 0.41 18.90 3.41 -0.06 23.52 5.47 0.75 21.15 2.78 -0.29 
8 28.22 4.92 -0.00 22.25 2.94 -0..43 30.04 5.58 -0.50 23.81 2.60 -0.03 
9 32.54 4.81 -0.14 24. 79 2.54 -0.29 34.67 4.47 -0.97 26.34 2.72 -0.06 
10 37.85 4.65 -0.83 27.33 2.36 -0.19 38.98 3.64 -1.10 29.25 2.47 -0.40 
11 41.83 3.15 -1.27 29.50 2.17 -0.42 41.96 2.26 -1.05 31.29 1.92 -0.51 
12 44.16 2.10 -0.77 31.67 1.52 -0.68 43.50 1.55 -0.44 33.08 1.45 -0.49 
13 46.04 1.61 -0.47 3 2 o 5 3 0.81 -0.44 45.05 1.38 -0.28 34.10 0.93 -0.45 
14 47.37 1.16 -0.28 33.28 0.63 -0.16 46.26 0.99 -0.28 34.94 0.56 -0.28 
15 48.36 1.05 -0.06 33.80 0.50 -0.09 47.04 0.83 -0.04 35.31 0.37 -0.10 
16 49.47 1.04 -0.08 34.27 0.45 -0.04 47.92 0.91 • 0.02 35.68 0.36 -0.01 
17 50.44 0190 -0.14 34.70 0.41 -0.04 48.85 0.87 -0.08 36.03 0.35 -0.01 
18 51.28 0.76 -0.14 35.09 0.36 -0.04 49.66 0.75 -1.16 36.38 0.34 -0.01 
19 51.97 0.63 -0.14 35.43 0.32 -0.04 50.35 0.55 -0.16 36.71 0.33 -0.01 
20 52.53 0.49 -0.14 35.73 0.28 -0.04 50.75 0.42 -0 .04 37.03 0.31 -0 .01 
21 52.94 0.35 -0.14 35.98 0.23 -0.04 51.19 0.46 0.04 37.34 0.30 -0.01 
22 53.22 0.21 -0.14 36.19 0.19 -0.04 51.67 0.50 0 .04 37.64 0.29 -0.01 
23 53.37 0.07 -0.14 36.36 0.15 -0.04 52.19 0.53 0 .04 37.92 0.28 -0.01 
24 53.37 -0.0 7 0.16 36.48 0.10 0.11 52. 74 0.57 -0.05 38.10 0.27 0.04 
25 53.23 0 .40 0. 36.56 0.36 0. 53.33 0 .43 0. 38.46 0.37 0. 
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TABLE XIV 

Gross and Derivative Values for Subject SB 
at 36 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 0 . 0 . 3 0 0 . 0 . 0 . 3 4 0 . 0 . 0 . 3 3 0 . 0 . . 0 . 3 3 0 . 
1 1 . 2 2 2 . 1 0 1 .51 0 . 8 7 1 .65 1 . 0 4 1 . 7 4 2 . 1 8 1 . 3 8 1 . 7 7 2 . 1 9 1 .31 
2 4 . 2 1 3 . 3 3 0 . 9 4 3 . 2 9 2 . 4 2 0 . 3 9 4 . 3 6 3 . 1 0 0o73 4 . 3 9 2 . 9 6 0 . 4 1 
3 7 . 8 7 3 . 9 9 0 . 5 8 5 . 7 2 2 . 4 2 0 . 2 0 7 . 9 5 3 . 6 4 0 . 3 8 7 . 6 8 3 . 0 1 0 . 0 0 
4 1 2 . 1 0 4 . 4 9 0 . 4 4 8 . 1 4 2 . 8 3 0 . 5 6 1 1 . 6 5 3 . 8 6 0 . 8 2 1 0 . 4 2 2 . 9 6 - 0 . 0 6 
5 1 6 . 8 6 4 . 8 8 0 . 4 7 1 1 . 3 7 3 . 5 4 0 . 4 2 1 5 . 6 7 5 . 2 8 0 . 8 2 1 3 . 5 9 2 . 8 9 - 0 . 0 3 
6 2 1 . 9 6 5 . 4 4 0 . 1 4 1 5 . 2 2 3 . 6 7 0 . 0 6 2 2 . 2 0 5 . 4 9 - 0 . 3 5 1 6 . 2 1 2 . 8 9 0 . 0 6 
7 2 7 . 7 3 5 . 1 6 - 0 . 5 3 1 8 . 7 0 3 . 6 7 - 0 . 2 6 2 6 . 6 6 4 . 5 7 - 0 . 5 4 1 9 . 3 8 3 . 0 1 - 0 . 0 5 
8 3 2 . 2 8 4 . 3 8 - 1 . 1 4 2 2 . 5 5 3 . 1 4 - 0 . 7 5 3 1 . 3 4 4 . 4 1 - 0 . 7 3 2 2 . 2 4 2 . 8 0 - 0 . 2 3 
9 3 6 . 5 0 2 . 8 7 - 1 . 1 9 2 4 . 9 8 2 . 1 7 - 0 . 7 3 3 5 . 4 8 3 . 1 0 - 1 . 3 3 2 4 . 9 8 2 . 5 6 - 0 . 5 3 

10 3 8 . 0 3 2 . 0 0 - 0 . 5 4 2 6 . 9 0 1 .68 - 0 . 5 7 3 7 . 5 4 1 . 7 4 - 0 . 9 5 2 7 . 3 6 1 . 7 4 - 0 . 7 6 
11 4 0 . 4 9 1 . 7 9 - 0 . 5 8 2 8 . 3 3 1 .03 - 0 . 5 3 3 9 . 9 6 1 . 1 0 - 0 . 4 3 2 8 . 4 6 1 . 0 4 - 0 . 5 0 
12 4 1 . 6 0 0 . 8 3 . - 0 . 6 7 2 8 . 9 5 0 . 6 2 - 0 . 2 3 3 9 . 9 4 0 . 8 7 - 0 . 1 9 2 9 . 4 3 0 . 7 3 - 0 . 2 7 
13 4 2 . 1 6 0 . 4 4 - 0 . 2 3 2 9 . 5 7 0 . 5 6 - 0 . 0 7 4 0 . 7 0 0 . 8 2 - 0 . 0 1 2 9 . 9 2 0 . 4 9 - 0 . 1 5 
14 4 2 . 4 9 0 . 3 7 - 0 . 0 2 3 0 . 0 7 0 . 4 8 - 0 . 0 6 4 1 . 5 7 0 . 8 6 - 0 . 0 2 30 . 4 1 0 . 4 3 - 0 . 0 6 
15 4 2 . 9 0 0 . 4 1 0 . 0 2 3 0 . 5 2 0 . 4 3 - 0 . 0 4 4 2 . 4 1 0 . 7 9 - 0 . 1 0 30 . 79 0 . 3 7 - 0 . 0 5 
16 4 3 . 3 0 0 . 4 1 0 . 0 1 3 0 . 9 4 0 . 3 9 - 0 o 0 4 4 3 . 1 4 0 . 6 7 - 0 . 1 5 3 1 . 1 4 0 . 3 4 - 0 . 0 2 
17 4 3 . 7 1 0 . 4 2 - 0 . 0 1 3 1 . 3 1 0 . 3 5 - 0 . 0 4 4 3 . 7 4 0 . 4 8 - 0 . 1 5 3 1 . 4 7 0 . 3 2 - 0 . 0 2 
18 4 4 . 1 4 0 . 4 2 - 0 . 0 1 3 1 . 6 3 0 . 3 1 - 0 . 0 4 4 4 . 1 1 0 . 3 6 - 0 . 0 6 3 1 . 7 8 0 . 3 0 - 0 . 0 2 
19 4 4 . 5 5 0 . 3 9 - 0 . 0 2 3 1 . 9 2 0 . 2 6 - 0 . 0 4 4 4 . 4 8 0 . 3 6 0 . 0 0 3 2 . 0 6 0 . 2 7 - 0 . 0 2 
20 4 4 . 9 3 0 . 3 7 - 0 . 0 2 3 2 . 1 6 0 . 2 2 - 0 . 0 4 4 4 . 8 4 0 . 3 6 - 0 . 0 0 3 2 . 3 2 0 . 2 5 - 0 . 0 2 
21 4 5 . 2 9 0 . 3 5 - 0 . 0 2 3 2 . 3 6 0 . 1 8 - 0 . 0 4 4 5 . 2 0 0 . 3 6 - 0 . 3 2 . 5 6 0 . 2 3 - 0 . 0 2 
22 4 5 . 6 2 0 . 3 2 - 0 . 0 2 3 2 . 5 2 0 . 1 4 - 0 . 0 4 4 5 . 5 7 0 . 3 6 - 0 . 0 1 3 2 . 77 0 . 2 0 - 0 . 0 2 
23 4 5 . 9 3 0 . 3 0 0 . 3 2 . 6 4 0 . 0 9 - 0 . 0 4 4 5 . 9 3 0 . 3 4 o. 3 2 . 9 6 0 . 1 8 - 0 . 0 2 

cn 



TABLE XV 

Gross and Derivative Values f o r Subject HL 
at 36 steps per min 

Time Normal Breathing Hyperventilated Breathing 
V 0 2 v o 2 v o 2 VCO 2 VCO 2 VCO 2 v o 2 v o 2 v o 2 VCO 2 VCO 2 VCO 2 

0 0 . 0 . 2 4 0 . 0 . 0 . 3 6 0 . 0 . 0 . 2 8 0 . 0 . 0 . 3 6 0 . 
1 0 o 7 8 1 . 4 0 1 . 0 3 1 . 9 4 2 . 0 6 1 .10 1 . 4 3 2 . 3 1 1 . 5 4 2 . 5 3 2 . 3 4 1 . 4 1 
2 2 . 7 9 2 . 2 9 0 . 9 8 4 . 1 3 2 . 5 6 0 . 5 5 4 . 6 2 3 . 3 6 0 . 5 8 4 . 6 8 3 . 1 8 0 . 7 1 

3 5 . 3 6 3 . 3 5 1 .01 7 . 0 7 3 . 1 6 0 . 4 4 8 . 1 4 3 . 4 7 0 . 1 4 " 8 . 8 8 3 . 7 6 - 0 . 0 3 
4 9 . 5 0 4 . 3 0 0 . 2 8 1 0 . 4 5 3 . 4 4 - 0 . 0 9 1 1 . 5 6 3 . 6 3 0 . 1 9 1 2 . 2 1 3 . 1 1 - 0 . 4 6 
5 1 3 . 9 6 3 . 9 1 - 0 . 2 0 1 3 . 9 5 2 . 9 7 - 0 . 2 0 1 5 . 4 1 3 . 8 5 0 . 0 5 1 5 . 1 0 2 . 8 3 - 0 . 1 4 
6 1 7 . 3 2 3 . 9 1 0 . 5 6 1 6 . 3 9 3 . 0 3 0 . 1 3 1 9 . 2 6 3 . 7 4 0 . 2 2 1 7 . 8 7 2 . 8 3 - 0 . 
7 2 1 . 7 8 5 . 0 3 0 . 6 4 2 0 . 0 2 3 . 2 2 - 0 . 0 8 2 2 . 8 9 4 . 2 9 0 . 1 7 2 0 . 77 2 . 8 3 - 0 . 0 9 
8 2 7 . 3 7 5 . 2 0 - 0 . 2 2 2 2 . 8 3 2 . 8 8 - 0 . 2 3 2 7 . 8 4 4 . 0 7 - 0 . 4 7 2 3 . 5 4 2 . 6 5 - 0 . 2 5 
9 3 2 . 1 7 4 . 5 8 - 0 . 6 4 2 5 . 7 7 2 . 7 5 - 0 . 3 8 3 1 . 0 3 3 . 3 6 - 0 . 6 3 2 6 . 0 7 2 . 3 4 - 0 . 3 1 

10 3 6 . 5 2 3 . 9 1 - 0 . 8 1 ' . 2 8 . 3 4 2 . 1 3 - 0 . 6 7 3 4 . 5 5 2 . 8 0 - 0 . 4 9 2 8 . 2 3 2 . 0 3 - 0 . 3 9 
11 39.99 2.96 - 1 . 1 7 3 0 . 0 3 1 .41 - 0 . 5 9 3 6 . 6 4 2 . 3 7 - 0 . 1 9 3 0 . 1 4 • 1 . 5 7 - 0 . 2 3 
12 4 2 . 4 5 1 . 5 6 - 1 . 1 2 3 1 . 1 5 0 . 9 4 - 0 . 3 0 3 9 . 2 8 2 . 4 2 - 0 . 3 3 3 1 . 3 7 1 . 5 7 - 0 . 0 3 
13 4 3 . 1 2 0 . 7 3 - 0 . 3 6 3 1 . 9 0 0 . 8 1 - 0 . 1 4 4 1 . 4 8 1 . 7 0 - 0 . 6 6 3 3 . 2 8 1 . 5 1 - 0 . 3 8 
14 4 3 . 9 0 0 . 8 4 0 . 0 8 3 2 . 7 8 0 . 6 6 - 0 . 1 9 4 2 . 6 9 1 . 1 0 - 0 . 4 1 3 4 . 3 9 0 . 8 1 - 0 . 5 1 
15 4 4 . 7 9 0 . 8 9 0 . 0 3 3 3 . 2 3 0 . 4 4 - 0 . 1 3 4 3 . 6 8 0 . 8 8 - 0 . 2 1 3 4 . 8 9 0 . 4 9 - 0 . 1 6 
16 4 5 . 6 9 0 . 8 9 - 0 . 0 3 3 3 . 6 5 0 . 4 1 - 0 . 0 3 4 4 . 4 5 0 . 6 7 - 0 . 1 5 3 5 . 3 7 0 . 4 8 - 0 . 0 2 
17 4 6 . 5 8 0 . 8 4 - 0 . 0 8 3 4 . 0 5 0 . 3 9 - 0 . 0 3 4 5 . 0 3 0 . 5 8 - 0 . 0 4 3 5 . 8 4 0 . 4 6 - 0 . 0 2 
18 4 7 . 3 6 0 . 7 3 - 0 . 1 2 3 4 . 4 3 0 . 3 6 - 0 . 0 3 4 5 . 6 2 0 . 5 9 0 . 0 3 3 6 . 2 9 0 . 4 4 - 0 . 0 2 
19 4 8 . 0 3 0 . 5 9 - 0 . 1 2 3 4 . 7 8 0 . 3 4 - 0 . 0 3 4 6 . 2 2 0 . 6 4 0 . 0 3 3 6 . 7 2 0 . 4 2 - 0 . 0 2 
20 4 8 . 5 4 0 . 4 8 - 0 . 0 9 3 5 . 1 0 0 . 3 1 - 0 . 0 3 4 6 . 8 9 0 . 6 5 - 0 . 0 2 3 7 . 1 4 0 . 4 1 - 0 . 0 2 
21 4 8 . 9 9 0 . 4 3 - 0 . 0 6 3 5 . 4 0 0 . 2 9 - 0 . 0 3 4 7 . 5 1 0 . 6 0 - 0 . 0 5 3 7 . 5 3 0 . 3 9 - 0 . 0 2 
22 4 9 . 3 7 0 . 3 5 - 0 . 0 6 3 5 . 6 7 0 . 2 6 - 0 . 0 3 4 8 . 0 9 0 . 5 5 - 0 . 0 5 3 7 . 9 1 0 . 3 7 - 0 . 0 2 
23 4 9 . 6 9 0 . 2 9 - 0 . 0 6 3 5 . 9 2 0 . 2 4 - 0 . 0 3 4 8 . 6 1 0 . 5 0 - 0 . 0 5 3 8 . 2 7 0 . 3 5 - 0 . 0 2 
24 4 9 . 9 5 0 . 2 3 - 0 . 0 3 3 6 . 1 5 0 . 2 1 0 . 0 6 4 9 . 0 9 0 . 4 5 - 0 . 1 1 3 8 . 6 2 0 . 3 4 0 . 0 0 
25 5 0 . 1 5 0 . 2 4 0 . 3 6 . 3 4 0 . 3 6 0 . 4 9 . 5 2 0 . 2 8 0 . 3 8 . 9 5 0 . 3 6 0 . 
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TABLE XVI 

Gross and Derivative Values for Subject EB 
at 40 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 v o 2 v o 2 v o 2 v c o 2 v c o 2 v c o 2 

0 0 . 0 . 3 7 0 . 0 . 0 . 3 1 0 . 0 . 0 . 3 8 0 . 0 . 0 . 3 1 0 . 
1 l o 2 2 1 . 7 2 1 . 2 6 1 .00 1 .21 0 . 8 4 2 . 0 0 2 . 5 0 1 . 6 2 1 . 4 3 1 . 8 7 1 . 3 5 
2 3 . 4 4 2 . 8 9 1 . 0 8 2 . 4 3 1 .99 0 . 7 6 5 . 0 0 3 . 6 1 1 . 3 4 3 . 7 4 3 . 0 2 0 . 6 7 
3 7 . 0 0 3 . 8 9 0 . 9 7 4 . 9 8 2 . 7 4 0 . 6 4 9 . 2 2 5 . 1 7 0 . 6 7 7 . 4 7 3 . 2 1 0 . 0 9 
4 1 1 . 2 2 4 . 8 4 0 . 9 4 7 .91 3 . 2 7 0 . 4 4 1 5 . 3 4 4 . 9 5 - 0 . 5 3 1 0 . 1 5 3 . 2 1 0 . 2 3 
5 1 6 . 6 7 5 . 7 8 - 0 . 0 8 1 1 . 5 2 3 .61 0 . 0 5 1 9 . 1 1 4 . 1 1 - 0 . 5 8 1 3 . 8 8 3 . 6 7 - 0 . 1 2 
6 2 2 . 7 8 4 . 6 7 - 1 . 6 1 1 5 . 1 3 3 . 3 6 - 0 . 5 1 2 3 . 5 6 3 . 78 - 0 . 6 1 1 7 . 4 9 2 . 9 6 - 0 . 71 
7 2 6 . 0 0 2 . 5 6 - 1 . 5 6 1 8 . 2 4 2 . 5 8 - 0 . 8 1 2 6 . 6 7 2 . 8 9 - 0 . 7 8 1 9 . 7 9 2 . 2 4 - 0 . 4 8 
8 27o90 1 . 5 6 - 0 . 6 4 2 0 . 2 9 1 .74 - 0 . 7 3 2 9 . 3 4 2 . 2 3 - 0 . 7 0 2 1 . 9 7 1 . 9 9 - 0 . 4 2 
9 2 9 . 1 2 1 . 2 8 - 0 . 2 2 2 1 . 7 2 1 .12 - 0 . 4 8 3 1 . 1 2 1 . 5 0 - 0 . 5 6 2 3 . 7 8 1 . 4 0 - 0 . 5 3 

10 3 0 . 4 5 1 .11 - 0 . 1 9 2 2 . 5 3 0 . 7 8 - 0 . 1 9 3 2 . 3 4 1 . 1 1 - 0 . 2 3 2 4 . 7 7 0 . 9 2 - 0 . 3 1 
11 3 1 . 3 4 0 . 8 9 - 0 . 1 7 2 3 . 2 8 0 . 7 3 - 0 . 0 5 3 3 . 3 4 1 . 0 0 - 0 . 0 8 2 5 . 6 2 0 . 78 - 0 . 1 6 
12 3 2 . 2 3 0 . 7 8 - 0 . 1 1 2 3 . 9 8 0 . 6 8 - 0 . 0 5 3 4 . 3 4 0 . 9 5 - 0 . 0 8 2 6 . 3 3 0 . 6 1 - 0 . 1 4 
13 3 2 . 8 9 0 . 6 7 - 0 . 0 7 2 4 . 6 4 0 . 6 3 - 0 . 0 5 3 5 . 2 3 0 . 8 3 - 0 . 0 8 2 6 . 8 4 0 . 5 0 - 0 . 0 7 
14 3 3 . 5 6 0 . 6 4 - 0 . 0 3 2 5 . 2 5 0 . 5 8 - 0 . 0 5 3 6 . 0 1 0 . 7 8 - 0 . 0 4 2 7 . 3 2 0 . 4 7 - 0 . 0 3 
15 3 4 . 1 8 0 . 6 0 - 0 . 0 4 2 5 . 8 1 0 . 5 4 - 0 . 0 5 3 6 . 7 9 0 . 7 5 - 0 . 0 4 2 7 . 7 8 0 . 4 5 - 0 . 0 3 
16 3 4 . 7 7 0 . 5 6 - 0 . 0 4 2 6 . 3 2 0 . 4 9 - 0 . 0 5 3 7 . 5 1 0 . 6 9 -0=06 2 8 . 2 2 0 . 4 2 - 0 . 0 3 
17 3 5 . 3 1 0 . 5 2 - 0 . 0 4 2 6 . 7 9 0 . 4 4 - 0 . 0 5 3 8 . 1 7 0 . 6 3 - 0 . 0 6 2 8 . 6 2 0 . 4 0 - 0 . 0 3 
18 3 5 . 8 0 0 . 4 8 - 0 . 0 4 2 7 . 2 0 0 . 3 9 - 0 . 0 5 3 8 . 7 8 0 . 5 7 - 0 . 0 6 2 9 . 0 1 0 . 3 7 - 0 . 0 3 
19 3 6 . 2 6 0 . 4 3 - 0 . 0 5 2 7 . 5 7 0 . 3 4 - 0 . 0 4 3 9 . 3 2 0 . 5 2 - 0 . 0 6 2 9 . 3 6 0 . 3 4 - 0 . 0 3 
20 3 6 . 6 7 0 . 3 7 0 . 2 7 . 8 9 0 . 3 1 0 . 3 9 . 8 1 0 . 4 6 - 0 . 0 7 2 9 . 6 9 0 . 3 2 - 0 . 0 2 
21 4 0 . 2 4 0 . 3 8 0 . 3 0 . 0 0 0 . 3 1 0 . 

- J 



TABLE XVII 

Gross and Derivative Values for Subject HL 
at 40 steps per min 

Time Normal Breathing Hyperventilated Breathing 
v o 2 v o 2 v o 2 

VCO 2 VCO 2 v c o 2 v o 2 v o 2 v o 2 
VCO 2 v c o 2 v c o 2 

0 0. 0.31 0. 0. 0.35 0. 0. 0.33 0. 0. 0.35 0. 
1 1.56 2.17 1.68 0.87 1.15 0.67 1.56 2.00 1.64 1.68 1.87 0.92 
2 4.34 3.67 1.06 2.31 1.68 0.39 4.01 3.62 1.20 3.74 2.18 0.51 
3 8.90 4.29 0.45 4.24 1.93 0.67 8.80 4.40 0.22 6.05 2.90 0.62 
4 12.91 4.56 0.10 6.17 3.02 1.03 12.81 4.07 -0.28 9.54 3.43 0.12 
5 18.03 4.68 -0.53 10.29 3.99 0.16 16.93 3.84 -0.50 12.91 3.15 -0.5 3 
6 22.27 3.51 -1.20 14.15 3.34 -0.69 20.49 3.06 -0.72 15.84 2.37 -0.58 
7 25.05 2.28 -0.97 16.96 2.62 -0.84 23.05 2.39 -0.61 17.65 2.00 -0.22 
8 26.83 1.56 -0.58 19.39 1.65 -0.92 25.28 1.84 -0.56 19.83 1.93 -0.24 
9 28.16 1.11 -0.36 20 .27 0.78 -0.47 26.72 1.28 -0.42 21.51 1.51 -0.36 

10 29.06 0.84 -0.14 • 20.95 0.72 0.02 27.84 1.00 -0.25 22.85 1.22 -0.29 
11 29.84 0.84 -0.00 21.70 0.82 0.06 28.73 0.78 -0.20 23.94 0.92 -0.25 
12 30.73 0.84 -0.03 22.59 0.84 -0.04 29.40 0.61 -0.14 24. 70 0. 72 -0.14 
13 31.51 0.79 -0.05 23.38 0.74 -0.10 29.95 0.50 -0.08 25.38 0.64 -0.07 
14 32.29 0.74 -0.06 24.07 0.64 -0.10 30.40 0.45 -0.02 25.98 0.57 -0.0 7 
15 32.98 0.66 -0.07 24.66 0.54 -0.10 30.84 0.45 0.01 26.51 0.49 -0.07 
16 33.60 0.58 -0.08 25.14 0.43 -0.10 31.30 0.46 0.01 26.97 0.42 -0.0 7 
17 34.15 0.50 -0.08 25.53 0.33 -0.10 31.76 0.46 0.01 27.35 0.35 -0.0 7 
18 34.61 0.42 -0.08 25.81 0.23 -0.10 32.23 0.47 0.01 27.66 0.27 -0.0 7 
19 34.99 0.34 -0.05 25.99 0.13 0.06 32.70 0.48 -0.07 27.90 0.10 0.04 
20 35.29 0.31 0. 26.06 0.35 0. 33.18 0.33 0. 28.06 0.35 0. 

cn 
CO 


