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ot .obtsined.for,she reiationships of oxygen debt and-anaerdbic

o ABSTRACT ceoe

‘This 'study. vas done tc determine the relationship of /

' . . ’ oo L] . »

the following:factors; .‘) ' Co = T
- (1) Anaercobic component ° - ST ‘ e
v . {2) Efficiency component : oL R Co -

L e -~ RS ce T
and "V(Sk\ Aerobié'component, - L
p . .

to a one minute maximum perfor ance. - e -

6 - ~ ]
The sample (N = 20) was subjected to two tes ts;-a.maximum,

oxygen consumptlon test and -8 ‘one mlnute maximum_ performance

]

v

(MMP) test In addltlon to these tests, age, helght welght

-.and percentage bcdy fat wé;e ‘obtained.

~All oxygen consuthJon and work values were expressed
Fd Y
as ml. and Kgm respectlvely per Kg\of body weight. Efficiency
¢ . - ! .
wag deflned as “orr done in Kgm/ml oxygen consumed

-, RS

spearman s ranP correlatlon coeff1c1ents and t- tests

.l
.

for paired sanples were employed?hQ\the statlstlca}.analy51s

_of the data. Significant correlations ( at .01l level) were

Co ) . .. ¢
" work. to the one minute maximum performance. Significant
PR ) . . .
* 4 «ooa * . .
differences ‘were fourid betwecn’ aerobic and anaerobic vork '
.

and between'aerobic.and anerobic efficiencyf . . , B

e : - It was concluded that, (1) oxygen debt tends toward

- - -
a p051t1ve relatlonsh1p Wlth MMP ; (2) anaeroblc ‘work has -a
A} - ‘(
posltlve llnear relatlonshlp w1th MMP; (3) ability to work

anaeroblcally is more important to attaxnlng a hlgh MMP
s N . Ean "'

than ablllty'to,work aeroblcally; (4) AerOblG/EffICIGDCY

)

.
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(.05 level) than anaerobic
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during MMP 'is'significantly higher

efficiency; and (5) all of the compdnents - ‘aerobic, anaerobic
and efficiency, make some ¢ontribution to .the MMR. tr
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" Chapter 1

‘INTRODBCTION

[N

- relateo areas,

.9 man s\ablllty to perform

lacklng is that ~of one mlnute max imum performancea

vy b

" Statement of problém:.

‘ N
- N »

9 -
| N

Despite-theAgreat strides in exercise physiology and.’
there remalns‘h large v01d in the knowledge of

7 *One’ area ine vhich. knowledge is e

When studying thlS topic the followlng questlon

components,

e (1) anaerobic v .

(s efficiency;

and ~ ;(3) aerobid ‘

“to a maximum one minute performance?

3

arises; What is _the relat1ve importance of each of the

There have been numérous studles of the varlous

LY

1

aspects of aerobic metabollsm,,anaeroblc metabollsm and
o

o™

’ eff1c1ency. However,.the ieﬁatlonsh;p of these factors to h "

0-

one m1nuteamax1mum performance has,, until now‘ been dealt

1963) runs which took up to thlrté%g’mlnutes to attaln

"Wlth less. The' llterature does refer to "all—out“ (Nagle

_ There is’ no doubt that exhaustlon %mcurred but the phrase,

’ [ G
'

"all ~-out" 1mp11es maxlmum effort from beglnnlng tS end.

*

The duratlon of “the work not the 1nten51ty, was. the factor

most llkely to have resulted in exhaustlon, due to depletlon‘

of the muscles

‘energy stores.

Accprdlng to Magarla (et al 1964)



. , . o . ) ‘, . L‘ * ) . ) . /
' an, athlete runnlng all-out is unable to ‘continue fer more

-

‘than forty seconds. This forty second 11m1t was also
w observed by the experimenter during a 1aboratory session

L}"l whlch physlcal educatlon students were told to ride a
’ -~
\blcycle., ergdmeter as fast and as long as they could.
i\,iy W

It is common knowledge that at the beglnnlng of

exerc1se, the body S cardlo-resplratory system experlences
Ao, > y 4
Olﬂ a lag, cau51ng an oxygen def1c1t whlch must be repald at
; ' t

o the end, of exer&c:Lse as the oxygen debt. Although a study °

. . by Lukin (1963) reports a repayment to oef:.c1t r‘mtlo from

. [-;I‘ - .

- that the two’ gpprox;unately cancel each cther out/ - Other

. , {
s s studles, one by Henry (1954) demonstrate the poss:.b:.llty of

estlmatmg totat oxygen requ:u:ements for glven perfc»rmances

" and another ‘by Cunhlngham (1966) indicated a pos:Ltlve linear

relatlonshlp between excess-lactic acid and oxygen debt.

4

BN . Such studgles as the hbove, although they prov:Lde
"' " for' a greater understandmg of eerchic ang anaercblc

metabollsm, do not describe thﬁf rela.tlonshlp in terms of:

a one minute max,1mum per formance.
" ¥ . Y .

e N - ‘ . - .
Purpaose: - N . S
. ¢ N A
L1

' - The purpose of this 1nvest,1gat10n ‘was to. determlne .

the relat:.ve 'J.mportance of ﬁach of the followmg.

. .‘ 3 o .(1) J&:aeroblle component

/"— | , \_(?) Efficiency component ) o

B ﬁmd . (3) Aerobic cemponent, L :
‘ ‘to‘a one'minute maxi)m\'m\ performance. -

.
v
L]

’ L R

N

el

! - 6 to 3. 6 for mild to intense exercise, it is generally held



&

”

-

F

o

Significdnce of Study:

i
- N
!

An extens:l.ve dlscussn.on of aeroblc and aneroblc'

)

metabollsm and efflciency _may be found 1h any textbook of
exerc:.se phy51ology. The relatlonshlp of these fact.ors to.

‘a one mlnute maximum performance however, did not appear

in the review. of llterature. The awareness of the*relat'ion—

shlps of the components to one mlnute maximum performance

is of obv1ous J.mportance to sprlntmg events of approx:unately

\

one mlnute duratlon as. in 5w1mm1ng and track Less obvious

is the value of such knowleuge t_o hockey, basketba,ll,', .

wrestl:.ng, gymnastlc and many other sport‘s, where ccmpetitors'

are often requlred to er.ve as hard as they can for one

-

minute. . An m‘;rovement in one minute maximum performance’ ‘

would result in improved athletic performance.
i ‘

HypotheSJ.s , e

it was hypothesmed that there .are no correlatlons
between aeroblc metabollqm, anaeroblc metabol:.sm, and

.efflciency, on the one hand and one minute maxmum per,ﬂormance

> on the other._:, o T , : < | .o "!33';5\

-

41 .. Limitations: , .- . - %‘ ‘ ‘ s .
‘_‘.' , N . ! . v . . L -

(1) WOrk done as a result of increased resp:.ratory

and c:.rculatory act1v1ty durlng recovery may have resulted
" in an overeetlmate of oxygen debt. As can be seen 'in fig.-1,
..oxygen debt is-I greater ‘than the oxygen def:.c:.t. This
. difference' 15 thought to .be the result’ of seve;:al factor's-
(a) g-l'uconeogenesis , ' .. |

. . ,
(b) restoration of electrolyte balance

(c) cooling of the e]:evated body temperature .

v
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G . through c:LrC\.Llatory actlvlty. ST " .
.tan._é . ,' (d) ' lncreased adrenalm level, ‘which causes &Q S .
oo ‘.1ncrease in oxygen utlllzatlon but decreases%; ‘ -

“the” .efth.ciency of this usag, . | cr e

T E : (Morehouse and Miller 1971)" o e e

- ’ L. -
.

o -(2) Malntalnlng restz.ng p051t10n (fJ.g 2) durmg "
¢ Q@ o R4
recovery, Wh:LCh took from 11. to 27 mmutes,’ may have caused -
\ S

fatlgUe of postural muscles thus 1ncrea51ng oxygen consumptlon" v

-~ kN

For a glven workload fatlgued muscles demand more oxygen than -

.'rested muscles (Clarke 1957) Nt LT e ~\” E T

+ . . E . v
- .‘ . s
- .

(3). Anxlety prior. to testlng could haVe created an

,c -,

;anrease ‘:m restlng heart rate of the subj,ects." If thlu

- °
’ o
» ot

-state of anx1ety was not al.s,o present during" recovery then

an underestlmatc of oxygen debt nay have cccukred since "\"I_ ] o
. / _ '\ e .

'-heart rate wae the cr:.terlon for determlnlng récovery time, R

. Antel and Cummmg (19?9) , ‘when study:.ng the effect of en;vblonal

: 1nd1cate, however, ,whether or not pre exerc1se emotlons haiv

13

-perfiprm ’(b) dr1v1nq too’ hard dur:mg fJ.rst half of the test, .
it

with veloc:.ty but w:z.th the square of veloc:Lty ‘(-Knuttgén and

any J.nfluence on recow,ry.

N - . (4) Some subjecte 'may not Lhave ylelded a maximum .

stlmulatlon on exerc.1se heart rate, found.. that the effects . <

bf emotlon are’ not blocked durmg exercise. : They“dld not . _3;

. . (- -

a -

effort due to, (a) lack’ of 1ncent1v'e or w:.ll:mgness to

v

result g in a——ilmJ_ted performance due to lacta.fe formatlon,

or’ (¢) not' worl?fhg suff1c1r~ntly for the &rst thlrty seconds..,.-' o

(5) In - runnlng, oxygen qost dt!es nﬁ rise llnearly . \

a i

4
Ralston 1952). Because of the resultlng decrease ln S é}:@
.ﬁr - .

e’ff:.c:.ency aeroblc work done may . have been overest:l.mated. -

L 1

F

a
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performance was based on the subject's gffidiency in the

not indicate proficienci in other activities. :In the case of .

3

.The aerobic work .done during the one minute. maximum
- . . % ’

maximum oxygen intake test. For example, if ‘the oxygen

consumptlon during’ the ‘one minute max imum performdnco was

"~ 75 % of the maximal oxygeﬁBconsumptlon and ‘the phyolcal B s
: yd

worklng capac*ty was 1000 Kgm (arbltrary value), then the

-aeroblc work done in the maxlmum performance test was

750, Kgm. . . .

lc“

(6)_'Efficiency~of anaerobic work may have been

slightly’ 1naccurate as a result of K ;

~té)' changes in resplratory quotlent durlng and after
work - with intense work R;Q; may‘approxlmate
1 whereas during’regovery;R.Q. may be as bigh
%és'i.S'or aleow esiq.7: (Karpovich ané.f ' | .

Sinning 1971j.

. f

- (b) Metabolic'rdfe can,be'eleVared above normal

as iong as eight hours after exerci ce. (Gra§
and DeVries 1963) ., Whether or not this prolonged
‘ﬂ . . elevation is ‘an aftereffect of exer01se (Blochemlcal
P change) or a contlnued repayment of oxygen def1c1t
‘is not agreed upon. _ .
(7). Proficjency_on'the expérimenraf epparatus,does

swimmers, for instance,’ the. stretch reflex may play an

inhibitory role due to the greater degree of flexion in the

- knee.and hip joints. The eXtensors of these joints were thus -

-~

stretched to a length uncommon-in hese- subjects.

4 .
. ¢ ('



Definitions:

One minute Maxlmum Performance - the maximum amount .
f

'i;f S of work the subject was able to do on the experl-l".

f~ mental apparatus flg. 3 page 10. The work 1hc1ude§

3' both aeroblc ‘and’ anaeroblc work.

)

SLon Aerob;c component - consisted of the woir”done in

Kgm and which can be accounted for by ‘the VO,

. .
consﬁwéh durlng one mlnute maxmmum efforts..

i}

Anaeroblc component. - conSLSted of ‘the work done
\ anaeroblcally and the oxygen debt 1ncurred
Oxygen debt. 1ncluded the lacta01d and alactacid
and the increased. oxygen utlllzatlon due4Zt‘the

factors descrlbed in llmltatlon 1 page 3.
EfflClCncy - conSLsted of both aerobic and- anaetoblc

and due to the nature of determlnatzdn was expressed

-
as Kgm/ml of . oxygen. C L
/ .
‘ “u
. .- Wl
- . N s " )
S o . . SRR A
7. .
, y .

-
L]



bd" .* - Chapter 2' ; : .o
METHODOLOGY, .

~

Research-design: .~ : N o : .

The su jects were given two tests (1)‘5 mérimum-

cxygen”consump ion test _(VO2 max) and (2)ua.dne'minute
. o 3 Toe ‘&
© . maximum perf mance teet, vith the first being“done on

one day and the latter not less than two.days later. 1In

.both tests the squects were required to drive .an appdratﬁs'
. (£ig. 3) consisting of two bicycle ‘ergcmeters so arranged as
to be pedh}led with both arms-and legs. The reaéqn for, such

an arrangement being to ensure that fatigue was the result of

1
4

‘depletion| of aerég;c and anaerd?ic resources. ' ' '
I'the first day, in addition to admlnlsterlng-gge ..
V02 max test, age, hei ht and weight were recorded and -

fsklnfold easurements were obtained using Harpenden skin-

fold ca}ip¥rs: - o , . .
; s , o e s |
(‘m
S ElE' \ Ill,l b N . r - ,-

The sample (N—20) was chosen on the ba51s of two: ma1n

?
criterla, (l) avallablllty and (2) act1v1ty level. ATXCt1v1t3Q.Q>

level was con51dered one of the criteria because of the nature K

: B
in‘which the testing was- done - VO2 max waé&measured directly;

- not estimated from a submaximal workload™ Such an effort by

4

'inacﬁive subjects might haVe proven harmful.' The sample was .

hiad LI

dlscramlnatory ln that all subjects vere males._-The all ‘male

' sample was a dellberate measure to av01d any 1nf1uence the .

variable, sex,mmight have had. The subjects‘ranged from

. ) . x

ot ' . ' ! -9- L . ' ' . Loe

\ ' T . N S
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individuals who folloved irregular patterfis of ectivity to

very highly conditidned.cqmpetitots. Means and ranges fdr‘

;ge, height, weight and pefcentage bodx;fét follgw;'

38 ~ R !

.Vétiable' . Mean . Rénge
. Age ‘“' ' . '21 65 yr. ./ °15-26 - - .
- B neigh;_-' 174.63 ‘em. " ’60~73_\ )
- Wweight . £71.97 kg. 60-.45 - 98.41
o s rat . {;Eg . ( '2.55 - 6.47 -

_? rocedure:. - o o

Prlor to admlnlsterlngkthe VO2 max test ‘the aqe,

'
.

helght and wclqht of each _subject .was recorded Sgbjegts' ,
- i T
weighed in the nude'and height .was measured in bare feet

vith‘éubject standing straight. .
In addition to the-ebove anthropometric~measurosl

'shanfold measurements were alss‘obtalned : Abdom1na1 chest

o and arm sklnfolds were meagured u51ng a Harpe den callpers

\ 'l
(flg. 4, 5 ,.6). -Brozak.apn Keys' -formula or estlmatlng .

)
» specific gravity~wa§&employed . . . S | ;

Specific gravity = 1. 1017 - 0.00028A - 0. .000736B -
o ~ 0,000883C" ..( o
Where A = abdcminal skinfold. mm ‘ ) ;
B = chest skénfold. mm
C = arm skinfold. mm _ . ;

.-

and the resulting value used to determlne the percent body fat

from table 7‘Rage,39. ) . .

The~V02,max test was tHen.conducted in the foldowing

manner’s : ' : . 33 Lo

Electrodes were attached at the forehead, upper bortion

. B N

' v Of sterum “and lower portlon of sterum to offer the least

1nterference from neuromuscular actJv1ty. Heart rate was
S

v
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« * L

recorded via telemeter on a Hewlett Packard heart rate counter;

. ‘ .
The pedals and seat were ad1usted 80 that the arms ‘ :

‘.

and legs could be fully extended The Gas()hsk (fig. 8 pP. 21),,_

though not 1deal, was raised or lowered to afford maximum

‘comfort w1th1n the limits of the apparatus.

Sub;ecta breathed through.a low re51stance gas mask
{l)
with attached rubber mouthplece. The use of a_noae plug )

. pregented any.loss‘of air. 'On each testing the gas mask, and’

. nose plug were chécked for leakage. - ‘ P '

: . | e

The'apparatus having been made as confortable as

possmble,the subject commenced pedalllng Ehe apparatus at
approxlmately 60 rpm. Tensioh was lncreased xntermlttentlp,
allowing one minute for circulo*respiratory adjustment: The -
ratio of arn teh sion to leg ten51on was approx1mately l 3.

As ‘the subjectv' heart rate approached 170 .one and a

half mxnutesdhwere allowed for adjustment to the workload.

When the 170 heart rate—was reached the flrst of a serfg% of

~ one minute explrec air - collectxon ‘was taken. At the end of -

- 2

each,collectlon the suhject was encouraged to,contlnue, the

tension'was.increased one and a half minutes were allowed for ‘

'adjustment to new workload heart rate was recnrdeu and explred

air was.collected for one m1nute. The range“ln tlme to reach’

~a maximum worklazd was. elght to thHirteen mlnutes.

Pubberlzed Douglas bags were used to collect expared .

[

air during each one minyte collection. The bags were arranged

"as ;n flgure 7 connecte w1th rubbervtublng and two way valves.

. The two way valves allowed control of the direction of air flow.

. ne

. . . . ’ . > .
. : . .
' D
§ - - ) )

¢
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3

Each bag was 'shaken to thoroughly mix the expired air

and the volume measured by passing it thfough a.dry spiromete?;.WM?
Sémples were taken at the béginning and when thé'bag was a;mos£‘ /
compietei& emptied. The sample voiumg (%é?Tml) was added to
“the Bag-éolume. Each samplé'was run through'a Rapox gas‘

analzJef to detexmine pegrcentage difference in oxygen. N

Robm!temperature and barometric pressure were recorded. -
The volumes cbtained were converted to STPD,’using formula in

itable 1, and,mﬁitiplied by the percéhtage difference in oxygen to

\

determine' voldme of oxygen consumed. The highest value obtained

' for each subject was used as VO, max. %
In the one minute imum performance test the appar-

atus used was the same as for-the VO; max test. . This test
consisted of (1) a five-minute~résting volume to determine
resting metabolic rate, (2)/a one minute. maximum performance

a

and (3) fecovery. o

-

The sudbjects werg: ired to sit on the apparatus.

and breathe through «the w‘resis;gncé mask for six minutes.

In order %o allow a more accurate measurement of reétiﬁé

_ metabolic fgte the first mipute'wasqused merel? for .practice’ -
'_earlier obServa&ion indicated Ehﬁt subjects' tiaal volumes '
tended to decrééée thus increasing respiratoryywork:‘ At the
beginning of t?e second migﬁ%z;the eéxpired air was dirééted
"into bag 1 (fig. 7, p. 16) by means of the two way valve.

The bég.was closed at the end'of,the sixth minute. The

subject wqé then allowed to femove the gas mask and dismoubt

the apparatus; ‘Resting heart rate was recorded'at approximately-

the five minute mark. The resting gas %olume was .immediately:

measured and the percentaggzdifference_in Bxygen recorded.
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. At®° this ‘point the subjects were put through a two . ¢«

) , . e ) ) - i‘-‘\f

" and one-half minute Warm~up consisting of two minutes of - .

e a

- treadmill runnlng at 6 wph w1th 0 1nc11ne followed by teh | '1f

N et

_push—ups'and ten squats. The warm—up served to 1nc;ease ~¢ e

“the heart rate to approxlmate;y 120 beats /mln and Eb prepare
" 'y ) .
the muscle group for: actlon. The next step was the one mlnute A

- 4

'performance. The sub;ect was agaln seated on the apparatus ;"

and. the ten51on was set at from 120 - 130% of "that used in .- S
e . : . /,L T
the VOz‘max tost., Vaflatlon in_ tensaon occdrred as a result/

of, slipping when the bicycle ‘was stopped after the settlng

had been made. ;\‘ o : e . '

A maxrmal performance was encouraged by relatlng ' ‘,

~ time left at five second 1ntervals and by verbally proddlng 2

Re s

the subjects. (Ubrick and Burke- 1957),#. C "-f

o -
. -

. . The expired_volume of ‘air during this one minute*

l*-

was collected in bag 1. At the end of the one minute, air

flow was directgd into, bag 2, at the dnstant'that‘bag 1 was )
\ . . .

closed. As edch bag was filled-air was drrected into the . .. *

next one in- the series. (flg. 7). ThlS .was contlnued

s . ..)-' . \"
until the heart rate returned to within flve beats of the -

- E1N
restlng rate. At this p01nt gas collectlon ceased and the

subject was permltteq to leave, Recovery time was recorded

s ‘ ' . - :
ih minutes. *As in the VOz'max.tgst all volumes were mcashrpd,

.. temperature and pressure were recorded and percentage differences

'.' - .t . - ' 4 . ! . -
in oxygen were determined. v Lo .
' oL

- . .
A v ' . M . R c.



th]w“‘. as shown on. pages 51 and 52 Appendlx G..

' L 1 . b s
SR T VR T
_Yreatment of data: . i L L S
R . , .- l‘ \ » "‘. [ . i o o ) . . Lo L “' le
) The data were collected on data COllectlon sheets

corrected to STPD and recorded ‘on page 38 (Table 6) of f'

g

g 1 Appendlx A.. Values for oxygen consumptlon were expressed

’
. H N N
I e

1n terms of mls/kg of body we1ght (Astrand) The trtest

- o

for palred samples and Spearman s rank correlatlon were

"employed ln ihe stat;st1ca1‘analysms of. the data.

. ! (Appendlx :

- .'g. B, P 41) In the case"of smgnlflcant correlatlons a. llne

All volumes were )

.'.!.

- of best flt was graphed b“ means of llnear regressron/equatrons. T
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P:,.Chapter 3

N N f " . .\ - . ' ' (r
' RESULTS - DISCUSSIONS ~ . ~ : . -2
A A S I T

_'Results: R zu.i,.f‘ . ~-" | . T '
- ' Table 2. Phygical"bhﬁfaéteristicsuqflthg subjects. o
oo L LT
" Subject: Age, Height (em:) = Weight (kg) % body.fat
1 S o150 17717 ' 65,68 ° . 3.43.°
2 16 T179.07 - - - 71,14 - 4036
3 17 . - 179.07 .0 64,55 . .. 2.73
A 21 . 175.26 . 72,73 - 2.4
5 N .25 . .. .184.02 98.41 6,47
6. 2400007 18038 76,36 . 4,92 -
7 22 . - 176.53 " 68..64 4136
8 2z © ... ©184.02 ° _87.27 - .  "5.48
9 20 .. 1. 1 177.80 - 0 . .75.45 .7 '6.32
0 21 v 180.34 - 80.91° . 5.72
11 - . 23 ~ *165.74 62.84. * . 3.80
120 0 T 220 . 177.80 . 77.27 . 4.64
13, - 23 . . 168.91 . . -61.36 334"
24 . 0. 247 ¢ tls2.407 - 62.27 - ©5.91
15 . S22 . 175426 .. 66.36 .. 4.59.
L 16 Sec25 L . 171.45° . 70.0 .7 .3.89
1z [ 26 . 166.37 70,91 - 4,50
18 f . 23 ..175.26 0 84,09, 4.7 -
19 © J20 160.02, . .60,45 .- . .5.76
20 z2 . 180.30 &y 0285

. LT - . a
— . L |




_J . . f. F) T '.‘;.~' 'A.' ) .
Table 3. - xygen corsumptlor and work done /}g of body welght- dur1rg 7P ard bax1mun cxvgen irtake test.
One minute maximum PerfchFnce ' o o

\

-

‘Sub. VO, curlng Cxygen debt  Wcrk done Zercbic verk @ﬁaér. work ' Rer, ELnaer. 602 ‘Physical- Wor.
(ml/kg) (ml/kg) (Kgm/kg) done (Kem/kg) done(Xgm/kg) Effic. Effic. . mak , K 'Capacity
. ' ’ . . . : (Kgm/ml) (Rgm/m1) - (m1)’ . (Kcm/kg)
= - - - - — — E . . -
1 . 45.9 28.9  27.27 - 15.9 .. ? 11.37 - 1346 .393  64.4 22.3
2 '45.16 . 76370 35.85 . 14069 - 2116 . .325 . 779 82.8. - 26.94
3 42.32 - . 67.2 . 39.68 . 15.98 23.70 .- - .377 . 353 74.7° . 28.20
4 36.19 . .- 59.6  36.11 14.92 21.19 .412 .356. 59.5 .. 24.53°
5 % 29.00 56.6° 27,797 15.09 . 12.70 . .520 224  43.7°  22.74
6. 38,31 -2.1 - 27.3%  -14.55 12,79 7 - N379 0+ 46.9 17.81
7- '43.22 -, T .g1.1 - 37.35 " 20.32 \ - 17.03 < 4>O\ .200 46.% - 22,05
8 39.46 " '52.8 '30.27..  16.29 13.98_" _  .413 ‘w265 - 42.1 17.38
s .:37.04 " 44.3 . - 31.05  19.04 T12.01 .514'.,'- 271 - 34.0° 17.48
'10 31.63 o~ 7049 T27.47 11.27 16.20 - - .356° ' 228 . 46.3 16.45
11 35.70 S 112.4 - 41.30 12.81 "38.49 .359 283 55.5\*\§\zo.27 '
12+ 36,70 - 84.s . 38.23 16.14 22,09 - .43%9 261  48:5  21.33
13 ' .36.30 . - 78.6 41.40_ . 17.93  .23.57 ' .494 209  44.1 21?1@\' d
14 40. 82 . 101.6 . 40.56 15.81 ., © 25.75. - -.387 . ,252  57.8 ° -22.38%
15, <41.51 5 §6.4 31.22 16.12 -15.03 S .390 . | .174 52.6 20.52
16 © 37.26 ° , . 86.5 ' _ 41.65 11:46 - 30.19 .308 - 348 e4.1 0 19.72°
17 - 36,97 - - 75,4 ¢ 37,83 °  -16.55 21.28 - . .450 282  41.3.  18.59
18 36.40 . 69.7  732.59 . 15.627 16.97 © .429 .243 5€.€ 24.29
18 34.62 . C-T74.0 0 ' 3_1.'770 T 17.65 C 1412 . .509 o .191.@ 31.6 16.11
20 - 43.76 -~ 97.9 - 38.34 .- -23.02 - " 15.32  _ .526 .  .156 ' 55.5  29.19
>
Lol -y
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. Table 4. Correlation Coéfficients for Relatiohship . oo
‘ ! b - . ¢ . . - s ‘
: - of Various Factors to a One Minute’ ,
. Maximum Per formance LS
N o

.
L6
- ’

A N ~ * 4 IR

‘ Factor . 4 .\ r: - r required at':bsblevélﬂ \\ \)
- R L . o

' pPhysical. work capacity .304  =-¢377 r L3717 ° .
. o. ) . . ~ ' N - .

.fﬂﬁaximum pxygeh intdke - .298 . =377 r .377
VO during MMP . ¢ - . .013  -.377 r .377
B . ) . ' . )
T gt 0y debt | .762%  -.377  r 377 |
'  Rerobicrefficiency =.065 [ -.388 r .388 o R

‘Anaexobic efficiency . .329 Y -.388 .r .388

’ .. Aerobic’ work doné"during - R A R o ' '_‘
ciMMP - C..100 -;3f§ r -.377.
.-Anagroﬁic‘WOrk done during . o ’ S ..ﬁ‘
MMP R .899* '=.377 r,; .377, <..- .
. ‘ . ’ : * )
o T T %
: '*-significaﬁéfbéyond the .01 level. B L - ‘(/
i o S . - NE
: ) . ' [} "‘ ’ ,)
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_As indicated in table 4 most of the factors studied

~
.

shoyed some relatiqnshiphﬁb the one minute maximum perfo:é
.mance. Howevelr, the only two variﬁBlés for whith a statis-
tiéally si@nif;paht correlation was cbtaineq.wéré oxygen

" debt énd anaerobic Qork., The:cozrelation'éoefficient for

~

oxyge debt to one minute maximum performance was .762

wﬁile that. obtained between work done anaercbically and one

minﬁte maximum'performance was .899, Both values were
1]

found to be sxgnlflcant beyond the .01 level. Linear

regr9551on llnes wvere plotted fer each on pages 25 and 26,

v P -
. .

respectlvely

Although the coeff1c1ents for thchal work capacity,

3

max1mum oxygen 1ntake and anaeroblc efflclency d1d not
[

attain 31gn1f1cance.1tlappeareu tirat these varlables were
“ . - ‘ | \
related to some degree to the one minute maximum.perfor-

nakbe . , '_ . s

b5 )

In addition to the correlation studies t-tests were

-

Y

’ Employed to determine the importance of certain components N
‘to the one minute maximum performance. The following infer-

ences were made from the data rgébrded in table 5.

(1) Work done anaerdbically during. the one minute
v, ) ]
: maxlnum performance was greater Lhan the work. done aeroblcally

(2) AeroBic efficiency durlng the one mlnute maximum
‘e

performance was 51gn1f1cantly hlgher than anaeroblc eff1c1ency\

S . .
¢ . \

Discussion: }' ‘ o

3

. - In- v1ew of the statlstlcal analy51s one mlght conclude

that the only factor which was of any-lmportance to the one,

4
'
.

d "



v x

‘minute maximum perfOrmance/qes the anaerobic component.

As seen in the nesults the anaerob:c component, w1th

,

'correlatlon coefflclents cf 762 for oxygen debt and .899

»
b

for work done anaeroblcally, was' the major factor 1n

determlnlng one qgéute max imum pelfoxmance ~One must
~

be careful, however,:not to exclude the other” factors.

Though they did not attain sxgnlflcance statlstlcally

they are* 1mportant to ach1ev1ng a maximum one mlnute

performance. For example, two: subjects have equal skills

- and ability to build up oxygen debt but one has a -slightly |

higher VO, during the one mxnute perﬂormance. broviding

'chat eff1c1enc1 is also equal the subject ‘having’ the higher

N02 would.yleld the'gfeater amount of work /kg of body-
weight. R a |

) ) . . “ ‘. N
It appeared in the exercise physiology texts surveyed

- : . hl

by the investigator that dominant role of the‘anaerobic

‘component in intense work of short duration is supported.

Phis study has provided additional .testimony to the impdrt-

. : . 4 . 9
ance of the anaeroblc‘component but in a maximum effort

T

of ona minute's- duratlon _ o
Ls in‘'the case of Henry s . study (1&54) 1n which

total oxygen requirement was estlmated for given perfor-~

-

mence, the oxygen debt incurred and the eneerobic work. 'h\\//;//
may be predicted’ for ajéiéen one minuﬁe'éerformance from N
equations 1 and 2 respectively. B ,/ S

v e'éuati'on 1: "y = 25.42 # .133x where y = MMP e

X o= Oxygen ‘debt

' A . . ' R v
EN o

26.

—



)

equation 23 y-= 22.38 + .66x where ¥y MMP
) C . X’ Anaeroblc work
c e . . , ) . R

-t

As seen in table 3, page 22, a v‘aq:lue for. ox/y)gen debt-of.

"=2.1 was obta‘ined. by sub‘jbc;t 6 and an anaerckic work value of

12) 7& Kgm," This was, an apparent contradiction since nothing

is obtamed for nothlng. When the -2 1 value was dropped from

the calculatlon of the correlatlon coeff1c1ent an r of .125°
was obtalx?e? and the followlng equation formulated. ®
equation 3 -y =:23.61 + .156x- _ ‘

‘Where - .y = Mmep .

X = Oxygen debt. ‘ N

’ @

- Higher correlat;.ons for oxygen debt and anaeroblc
work might have been obtained if the determ‘ination of aerobic

work; as described in limination 5 page 6 . had been . more ,

. . o L s . ’ . _

accurate. - - o SN
Selkurt' (1971) stated that "oxygen cost does not fise

linearly with velocity, but exponentially”. Thé exponent of

. the oxygen cost rise with ‘velocity increases usually ranges

from 2 to 3. ' Although aercbic efficiency was found to be-.
significantly greater than anaerobic efficiency a factor of
2 or 3 woulu have eliminated that dlfference apd concelvably

resulted 1n ‘anaerobic efflcn.eh:y being greater than aerob:.c

efficiency.

”

Morehouse and Miller (1971) re'po:.:‘ted that sevex"é

3

work was as little as’40% as efficient as aerobic wik.\ In

this study anaerobic work was" founa to be approxmat ly 37%
less efflcn.ent than aerobic work.
Y s - i 7/



following conclusions: ’ i )

‘Chapter 4 -~ =~ - o e

~ SUMMARY - CONCLUSIONS

The purpose of this study was to deaermlne the relatlve

'importance of the varlous components, ae\"roblc metabollsm, :

] o

anaerobic metabollsm and efficiencys, to a one mJ.nute maximum

—~ =
-

performance " (MMP). Although there have been many’-studies

'done with respect to these factors they had not prev1ously

been- related to a one mlnute max1mal effort. o A ._',._
The sample )N~20) was chcsen on- the, bas:.s of avall—

ablllty and act1v1ty level Eﬁubject was required to

undergo (l) a maxﬁnum oxygen intake test and (2) a maxlmum

one ma.nute performance test. A restlng velume for oxygen

. A
con.,umptlon pcr minute, a cne minute maximum performance _ (

_on’ theé expefimental apparatus and a reccvery oxygen con-

sumption comprised the MMP, The braking apparatus used in

the study con51sted of two- blcycle ergometers’ so arranged

. @
as to be pedalled by .both arms and 1egs 51multaneously.

t
*

Statlstlcal ana1y51s employed Spearman's rank corr-.
elation to’ determlne relatlonshlp of'varlous factors to MMP .
and paired t7tests to_establlsh the relative 1mportance of
the component’s of a MMP, The results Qb‘tain_ed lec\l to the

1l . v . .‘
(1) The Anaerobic component was the most: significarit

factor in determining MMP.

=30~ '



,.( } Work done anaeroblcally was s.u]nlflcantly greater

(.01 level) than work done aeroblcally ‘ N
(b) Llnear relationshlps existed betweeﬁ" oxygen g

debt and MMP (r = .762) , and between anaerob::c

» [y

work and MMP (r = .899).

(2) Effieiency was the sécond"wmost'imporéant com-

perient with cerrelatien coefficients of . 329 and ,065.

-

respectively for the relaticnships of anaerobic and aerobic

-

eff1c1ency to MMP.
b

(3) The aeroblc component was found to be of least
" ‘import'ance in determining Mﬁl;&‘ Cpefficients of .100 and

013 were obtained for aeroblc work and Va4 durlng MMP.

_ Recommendatlons :

Wlthln tH8 ljmitations of the study.the conclusions
arrived at were considered to be valid. Howgver, there are

s
¢ /

. several ways in which future studies in this area might be
improved. ' . \ )

S ' ! l

» Instead of using one test to establish one minute

© . i

~ |

.

ﬁ\aximum p,erformarice the subjects could be required to unde:;'gjo

the test several tlmes. he 'investigator noted that a few

subjectu could have mqlnta;med their hlghest speed for longer )

tl;lan 30 seconds while some faded durln‘g ‘the final ten secénds:

‘ - [ ' . -
of the test.: Ifractice tridls would ensure that a maximum
) i}erforménce was attained by allowing thé investigator to

"ghorten or lengthen.the ‘pacing time for e‘éch_subject.

. Monetary or"other ‘type‘s of inéentives‘ could be emplcyed

to increase willingness to work.  The practice trials’might

_serve as eticouragement to do better on successiyve performances.
. ,.' . £ -

3



the relationship between excess lactlc acid and MMP.

Future studies mlght be cnhanced by'an investlgatlon

of heart rate adjusting during the MNP. The more rapidly

N

. the c1rculoresp1ratory system 1s able- to adjust the greater

-

w111 be the role of the aerobic component.

As has already been p01nted out. a’ study by‘Cunningham"

(1966) 1ndlcated a 11near relat10n§h1p between ‘excess lactlc

acid and oxygen debt. It would be 1nterest1ng to determlne i
\ Hn the

basis of the substltutlon anlon one- mlght assume a hlgh

\

positive correlat10n~between the two. ' - :

‘
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Table 6 -Oxygen'Consumptiéh and Work Done per

Noa

1

‘Appendix A

Y ' ' .
Total Body.

Ry Weight
'.’ . . LN
. sub- VOy liax  PWC Resting One Minute.Performance
- 1 (in L) ‘ " (Kgm/min) VOé (L) VO2 auring 09 Work dcne
1 4.2315  1464.52 0.4427 * 3.0155 1.8960 .1791.12 -
2 . '5.8872 . 1916.82  "0.4151  3.2132 5.4266 - 2550.24
'3 4.8187 - 1820.44 0.5801  2.7321 5.5131 2626.44
4 28267 1784.16 "0.3490 ©  2,6322 5.5131  2626.44
// 5 .-4.2993 2237.64 0.4153 2.8542 5.5810° 2734.68
6  3.5815  1360.32 0.4213  2.9252 0.1611- 2088.00
.7 3.2177  1513.5 0.3749  2.9669 5.5689 2563.50
- 8, 3.6706 ' 1516.38°  0.5158 . 3.4439 4.6044 - 2641:68
~© 9 2.5665  1318.8 0.4312  2.7944 '3.3411  2342.70.
10 . 3.7494 1334.16  -0.4747  2.5591 5.7356 2223.00
11 3.5485  1273.8 - 0.3583 " 2.2433 7.0659 2595.24
12 3.7442- J7§?48.08‘ 04413 2.8359, 6.5295 2953.86
13 ' 2.7051 . 2336.26 1 0.4047  2.2272 4.8212 1540.40
14 - 3.6006  1393.5 -  0.3322  2.5419  6.3267 2525.88
15 3.4917  1362.0 0.3699  2.7546 5.7321 2071.80
16 . 4.4902  1380:48 0.4015°, 2.6081 6.0560 2915.52
17 . 3.0895  1318.26 .  0.3878 . .2.6072 5.3437 2682.54
18  4.7578  -2042.88  0.4425  3.0608 5.8610 2740.20
19 - 1,9104 '973.74  -0.3988,  2.0929 4.4755 1920.38
20. 3.4784  1831.2 - 0.3752 , ¢2.7451 © 6.1426 2406.04
v
, % )
- a,‘\ ——(\ — g .- -
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Table 7: Cdnversi:on',o‘f. Specific Gravity to Index of Obesity.

w. 8

spec‘ific.: B 4 Pt
"Gravi‘ty ' h o (.?O'o o
Leso.s " 29,06
L.oas = o T26.m1
Loso 2398 |
1,055 - - | : 21.48 . ’ Y
L- 060 -7 19.00 ‘
1.065 . 16.50
e e gl L e
. ,}.055; o 11.69° o
: 1.080 . s (L "
- 1.085 ‘ 694
1.090° :-;_fﬁ C ihss
. -.: 1095 : - - - : .A. - .
| Y

V]

Rathbun, E.N.; and ,Pace,-.,-N: .Studies on Bod"y Comg';fos— '

ition Showing the Determination of Total Body Fat by Means of
. 4 P

the Body's Specific Gravity. dJournal of Bidoéical.ChEmf‘é"j;‘ryi'

: - 158:667_676 May 1945..

a
- 2
]
-
2
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£
t
‘e
-
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- c°‘c
o

10

15

16
17
18

-l?

L4
’
1
1
e .
1]
.
-
e S — T
"
-~ \
-
ad

mnm
4.6

6.5

292
12.8

13.6

. 14,5
15.5
16.5
17.5.

-

-

.. Table 8- 'Pressure of Waﬁ'

21
22

23

G.l

-

ta

-40

Vapor/in Millimeters.of Mefc’ury- .

24 .00 .4

.25
.26

2 7/

e’
29

1

m .
18.7
19.8.
21.1
a22.4"
23.8
25.2

\26.7 .-‘ .

28.3

30 .’0

90

100

~ -

il 4

< mm

31.8 .

2.2

55,3

T 92,5

149.4 0~ .
233.7
355.1

3 Dull, Metcalfe & William, Modern.cﬁemisiry P. 676"

525.8 '
760.0
[}
J’ .



‘Appendix B

S
' 0.

~

Relctlonshlp cf PWC to 1 n‘.mute ll‘la}\lmo.l performan}faest"stétistic: ‘ %
Spearman ) rank correlatlon coefficient I

' rg =1 - 6 Ed%
e ~ n(n%-1)

_.337?.4'- Z .337 was're/wuired‘for statistical gighifica_hce at the
. +05 level,. SR ' '

Renks . e ‘ | _
Copec [ - - e \
8 200 - . -2 144 .
S . 64 L
2 © 5 -3 ) 9 ' : _ i T .
4 w0 -6 g6 |
R ¢ AR ¢ S 5 Sy
6 19 -3 e
> 9 - _ ‘
18 1¢ - 4 @
17 15 2 4 /
19 18 1 L . CL
13 3 10 .- 100 . ‘\ e
w, . 2" . 8 64 '
7. 4 3 9
120w =2 T e |
141 by 130 169 Lo
15 8 T ' 49
5 12- -7 49 S .
200 13 . 1w weemTTTT ‘
= 926
Pg =304 D - oo T TR
. (not S1gn1f1cant af .05 level) - o .
- - = X "



‘s
'
]

.

-~

*

42

o Co . . S . .
Relaticnship of VO, Max to 1 minute maximal performancé Test Statistic:
Spearman's rank ccrrelation ccefficient

4

=.3372 r 2 .337 rgduired for significance at .05 level

~
1

' 3ank§%‘,

'rg = 1 -_6E&2 ?
n'(n2—l') . {"/\_»

't

(not statisti
\not e

-

cally sigﬁifiqﬁnp_gt .05 level), - —— '~

v '
V02 Max NP a_ a2
: .o . O . .
-3 200 - -17 - 289
1. 11 =10 100
2 . .5 s 3 9
5 ¢ 10 - 5 | «25,
16 17 -1 1
12.5 , 19 L 6.5 42.25
12.5 L9 . 3.5 12.25
17 16 - 1 1
19 i 15 4. 16
14 18 -4 16
8 3 5 .25
11 7. - 16
15 2. 13 . 189
.6, 4 Ty 4
10 14 -4 1€
Y 1 3 9
.18 L e ) g 10 100
7 12 ' -5 2
26 " 13 . b7 S
g . 6 3 L8
| T v L =933.5
" rs= .298 e . -

AT

"}19 .



s

Relationship of Oxygen debt to 1 minute maximal performance
.Test statistic. - .“ -

re=l - €ed? © . = .

n(n-1) .

’—.3372’ rj .337 re:;uiréd for significance at .05 level . :
S, _

Ranks '

Oxygen éebt" " mp - ad ' s

19 20
S T -
15 - . 10

16 T 1y

~¥

20 o T
17 16
10 ,". " 15
12 : 18,

3
6 o7 |
s . 2 - 36
| 4
5 T 1a.
_:',. 4 L : 1
w0 .7 e
13 T 12,
11 13 | g s .,
3 : 6 - -3 S
re = .762° e e e

' Significant at .01 level («2Z.534)

.
B
-
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Relationship of Rerobic comporent to 1 minute maximal performance.,
Test statistic: . oo e RN
.."..‘ =

o 2 . , .
Ty = 6Ed . T .,

-

' 2
n{n<-1)
-.337 ' r .377 for significance at .05 level

Rarks

. PR P
- Aerobic | : MMP a 62

L. 20 ~19 36 .
2 1l . -9 - 8l | |
5 5 - - -
M. - .. .10 7 a4 16 ) -
20 " B A N 9
o 1w . -10 . 100
s =s e
- 6 . -8, - 64
1 Lls =4, 16
19 18, 1o S .
17 3 L 14 -196 B
L . & o 36 .
%6 e, 2 - 14 - 196
'7. '_° o 4. \3..
6. R 7 D R
0 . .- 1=~ e
12 B Y 4 . 16
15 - 1 3 |
‘18 13 5
3 6 . -3 |
(notlsignificaﬁt)

.. -— _— -
. © - e
PE—
: ¥ . :
- - - - o - .

o e e Y
- -
d L}
»
R
-
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Null Hypc;thésis‘, . Ké: u'o- . where u = aerob:.c work™ = W
o ~ ~ “0"' anaerobic’ work
£,
‘mest Statistic :° 7 t = ‘ |
' | cn 3 ' "v/% (Al-gl) - E(AQ~A~)2
i o ny +npy = 2 P
A g Ajy . m-Ap ARy - Ap-Bo
2ercbic work Anaérobie work “° . - ' ' ~ s
"dr/méﬁﬁkg " kgmlmln/kg _ ' :‘ '
15.9 ~ 11 ﬁ7 4.53 - - =0.16 - =7.38 °
14.6¢9 21.16 -6.47 . =%.37 . 2.61
15.98 - '23.70 "=7.72° . .. -0.08" 4,95
14,92 2119 . =6.17 -1.14 2.4
1509 12.70 2.39 -0.97 ~6.05 - )
14.755" 12.79 - 1.76 ¢ =1.51 . '-5.5%6 .
20.32 ‘17003 - 3.20. 4.26 .. =172 - -
1€.29 13.98 2.3l ©0.23 =477
19.04 12.01 . 7.03 . 2,98 : -6.14 .
11.27 16,20 . -4.93  =4.7% -2.55 .
12.81 26.49-7  -15.68 . '=3.25 9.74. . M-
16.14 ©22.09 -5.95° -, 0.08 -  3.3¢ ‘-
17..93 .23.57 . =5.64 . 1.87 . . 4.82
15.81 . 25.75% ~9.94 -0.25 7.00
16.19 15.03 ° ‘1,18 - 013 -3.72
11.46 30.19 - '-18.73 ~4,60 11,44
16.55 - 21.28 -4.73 . 0.49 | .-2.53 ¢
15.62 - 16.97 T 21,35, ¢ . =0.44 -1.78
. 17.65 14.12 . 3.53 . . . 1.59 ~4.63
- 22,02 is.32 7,76 < " 5.96- . =3.43
. E 321.23 374.94 . ~53.61 . N
A 16.06 18.75 ' ' -2,68 . . o
v €= 2,723 | o
. 'significant at .01 level (<= 2.539) _



- . ‘. -
/ N v : S . '

' Eff1c1ency = Qut put. E%E ~ L .;'
.. Input 02 ' ' '

Test Statlstic- t =4 ; . g - JE}El‘El) E(E _52)2
. . S}fﬂ' : ’ nl-i-nz%

‘Vihere E} = Aeroblc Eff1c1ency S “." ' ' oL 0
~Ep = Afaercbic Efflcelncy )

346 .393 . =.047
325 L2770 - o048 :
'.377 0 .353 - 024 RS
o412 .356 L0S6 L. A
45200 . .224 Cl206 T
.379 . * ‘ * S ' '
.‘470 ' ‘-u.;09 T o ..2_.61‘ . - ) ‘ \ ’ -\
413 . .265 - . * .148 |

.514 V271 .. .243
.356  .228  ° .128 - o
.35¢ L2530 0 1,106 L .
L4390 .26 .- . a7e - -
.494 . L2090 . - 195 . )
.387 - - -.253 134 :
.390. - .174 - .16 - " T
1 .308 - .349 . -.041 . . .
.450° - .282 - l.e8 ] ..
- .429  .243 - .186
.50 Y L1191 ¢, .318
| .526 156 . . . _.370 - y

"E = 8.024 E =5.037. EC= 2.987
E} " .422 By 265 D 57 .
Ce=12.77 .. T o

Significant at .0l level (= 2. 552)" o

T

*Value of ~2.1 indicated no oxygen debt, thus no effxciency Value.
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Relationship -of Aerobic efficiency to’ 1 minute maximum perfor-

mance. -

" _Rate’ of anaerocbic ATV formation is of greatest

g "

importance in.one minute maximum performance.

* Subject 6

o

[y

rg =1 - 6.42
. n(n2-1) '
‘Rer eff.  Anaer eff. MM d; % dz “dy2
17 .1 T 18 -2 4 -18 324
18 ¢ 7011 7 69 -4 16 '
14 - 3. s 9 81 2. a4
T 2 . .10 11 ;81 64
2o, 18 . 17 -15.225 22 1y,
6 . 16 i P S 7' °49
T 16 -6 36 =7 49
3 : 15 -1z 144, -7, 4
.16 :ig . 18 -2 -4 240, ;é'-
15, 115 . U3 12 144 285 92,25
8 ' 10 71 3 o
5" | 5 2 39 3.0 9
13 o 15 4 9 el 7.5 56.25 .
a2 - 18 . f.; 14 -2 4 4 16
1 & - 1 18 324 +3 9 ‘
7 © 6 8 -1 1 -2 g
9 13 12 -3 4§ 7 1 1
4 "17 13 -9 8l 4 16 -
1 19, 6 -5 25 3. -9
1233« 776.5
" r. for Aer.Z MNP = —.065. ’ .
r-for Aqééf. iv§:MMé = .329 . - R

£
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: : ' B U
?I‘ = go "i-'gl X ) . . .
. Y, B '
B1= SSxy o B, = By x
. ssx’ o '
SSx =§Efxl_-§)2 = fxi 2 - (xp2 &
L T ¢ -
Yo -x 0 ﬁaebt x2 7 x v2
Work SR St o * Y
Anaer. o
v - s ; . REEEN -
27.27 28.9 835.21 788103 © ~ 743.6529
'35.85 - 763 . 5821.69 2735.355 | 1285.2225
39.68 " 67.2 4515,84 ° '2666.496'°  1574.5024
36011, 59.6 3552.16. ~ 2152.156  1303.9321
27.79 56.6 3203.56 . 1572.914°  772.2841
27.34 -2.1 ‘4,41 ~57..414 747.4756
37.35 81.1 6577.21°  3025.085 . 1395.0225
30.27 . 52.8 . 2787.84-  1598.256 ' 916.2729
31.05 . 44.3 1962.49 1375.515 . 964.1025
27447 70.9 5026.81  _ 1947.623 75476009
' 41.30 , 112.4 12633.76  4442.12_  1705.69
38.23 '84.5, 7140.25 3230.435 ,1461.5329
 41.40 78.6° .7 6177.96 3254.04°  1713.96
(40.56  101.6 10322.96 4120.896 . 1645.1136
31.22° 86.4 7464.96° . 2697.408 . 974.6884
41.65 .  86.5 - 7482.25 . -3602.725  1734,7225
37.83 - 75.4 . | 5685.16°  2852.382 - 1431.1089
32,59 - 69.7. . ' 4858.09 2271.523  '1062.1081
31:77 74.0 5476.00 2350.98°  1009.3329,
- 38.34 97.9 ' 958441 3753.486  1464.9556
£ 695.07 . 1402.6 111112762 ~50441.498 24675.2813
m 34'7535'.* 70.1; %\\; - o ; S |

L . “t




. 4 o ' K -A.ppem.iix C L
subject " j; '*  Barometric Pressure
Test - ' " remperature .
i , P _ ,
Resting VO03/min. : Lo c D
' vol. of égpiréé'aif for 5 min, )
‘Percentage:chaggeiin oxygen - R
‘ ‘&ol. of_oxygeh cpnsumed'in 5 min.. _ R
'Vél. of . oxygen copsumed in'i min. .
Régfing.hearé rate ’ m ;
1 Minute!Maximél Perfofménce , ;' ‘ ,.j.
Tension setting - Arms L ‘Legé '
Cyclés during 1 min. " Arms ' ' Legs | ,
"W?rk "done, y .“" I .
: '
-Vol. expired air col}ec@éd during 1 miii;{i( .
Percentage changéfin oxygen i S o
n Vol.‘of oxygen consuﬁed‘dqring 1 min. ‘ ,
Oxygen debt R e
L ReCO.VfJIY“'t‘itmé N . ' N -
. ! ) z
t  Recovered ﬁfart rate . 3
i ':yql.‘éir expired during-reéo&ery S | _j . ) .
, . : N :
Percentage c@ange'ih oxygen - ’ : N

Vol. of oxygen consumed during recovery .

~

H

< N.B. All volumes converted tg STPD before pxygen consumed

. .";.

'.Iwas calqulafed. _ . : L )
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-Subject

Test .

skinfold Measurements

L]

.Abdominal'

Chest
Tricebs

4Sp¢cifip gravity =
VO2 Max.

'Bag'# Heart  Tension
. Rate Arms
1;

P 2 N
3.
®

-+ Legs

' Arms Leggi

?hysical Work Capacity .....;.;;.x........i;....

Volume of expired air cpnverted to STPD.....,...

(Maximum value -only)

V02 Max..--'.----;-'-'---..'..--'.'-8’."-..‘..-.o-o.'-.-‘-:-‘..

L ‘ 52
a' .l " . ‘ & ' - . ’
" Atmospheric Pressure - '
PR . :L . -
" Room Temperature i
. . N o . N 3
a ' 1 ) '
A R '.."
. LN o
4 R 'r;" B
. ¥ , t
WA
‘Setting - Cycle/min . : Volume - change

expired air in ong%g

~
4
L4
.
>
'
1
s. -
¢
‘ -
J. -
. +
.
-
.
‘ .9
13
. ]

N 4

. .
r















