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It haa bNn the autbor'. creat sr1vUe .. to belona to the 'tea' 
of erliDOOIII1.ta _ p}:\yII1eal educatol's 1IlO are taolO.1Il& • 111111& var1et;v 

ot probl .. 10 bt-*l plill't01'lllatl4e.at tbe Da~ ot IIil'armoa'cs and 

C;bemettas. ~ thivere1ty of 'l'eolmolo.,. It would be 

tnv1d1oua to reter to ." -=era of tb1e tea in pal'tleulSl'. bI.\t • 

creat debt ls ~ to frotesaor W.I'.J'J.07d. Bta4 of the Depu'talmt. 

tor hi. wil!lbl aM t'o~ in ClOOUl'881nI the team'. WOl1c. 

'DIll author's mtllmrphoels troll a '.-le mechan1a' to a 'sports 

ereJ'J"Idat' tws been clue ala)st 801e17 to CIll/O' ~ - h1a (tor) II1IIIltol' 

Dr. 8.J.HIIIIley. Ht will never be able to suttlolently 1"lIP-.v this debt. 

'l'o keep the Idnd 8IlI1 ~ in a ques1l1ll& m1 retreahed enouab state 

tor the _1lSII'able -...rt. 01' work whiM hIa b8en undertaken. the 

author hae bid thI .. at aood tortUIW to be ablo to rely heav11y ~ 

the lmfal11ll& ~ ot his 11111'. - <2lr1st1na. 
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A ltudy val u4e of the appUcatlO11 or metbodl ot pb,yllological 

aainatlon of ~ pert=-ncl 1IUh1D tile tleld or Jlb;yllcal lducatlOl1. 

!be •• method. embrace eleotroca1'd1ography. eleotra.yoaraphy. respiro

.etry Dd tbe1 __ t:el. flIe epecltlc actlV1tlel CCIIDCfIJ .... d V8l'I 

cycllq, rovlDi. mdns. balketball, ~ canoelllg IU'Id 

velshtUttlq. It va. tOUl:ld that e1iD1tlcet adaptlonB of nozo.l 

teClm1quel t~ pb,yllolO£lcal epalnatlon were necellllJ'y. 

IJetlUe4 IU'Id cont1'ol1e4 anal,y .. 1 vere III4e ot two of tbeee 

actlvlt1e •• 

1) An lnYeltlptlon iDto the effectl ot MVeJ'al hC~1I 

~ le • .uecle co-ordlnatlon iD bicycle pedal"" •• 

patteml vere dllc;o.ue4 .sue to the ettectl ot load, 

betweD sacle.. aDd betveeu lUb.1ectl. 

11) A deep k1nellolopcal IDd pb,yl1olopcal. 1IJIal.y811 of 

tbe uttlDaot • very beavy velaht by • VOl'ld cbawlon 

weight Utter. A rellable tabn' que ot -1IU1'1.D8 Dd 

preleJltins data val 4ev1eed. 

'1'he \lie. ot IUCh 1Dtonation .1 ce be t0un4 by tbeee IIfItbo4a 

val eI\P1~, Dd epec1ftc a,ppUcatlonl _de ill a4v1a1ns lfieral 

iDternatlODal ltan de 1'4 epol't_ 4urlns tbl11' pnparatlon t~ .. 

caJpltltlonl. 
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PhyGlcal ~ucat10n ~ be deflne~ ea BEduoatlun of the human in ana 

throuGh the performancJ of ),lhys1cal akillsB. A pbJTslcal skill is oue 

effE:ci;od by motor aaUv.lt:r, th.mJsh not. :lcoesea.rlly lIl'nducli18 IllOveoont, 

and undor a certain do~e ot nGl'VOUS oontrol. SUch skills torm the i:otal 

,h;7s1cal acUvitJ potontial of the hwla."l. Tho \1~S 1n whioh skills Qr3 

G.evolo·;od. and the eftoots u on sldUs , crform-'1oe by oxtra.'100US faci:ot'S. 

are Dimilar whatever tore:> reasons tor verformi08 the skUls. 

This v1et~ ot Physical Education est.oblishes a'differenco betwoen it 

and 'l?hye1cal F1 tncss' or 'PbyBioal 'l'ra1n1ns'. I1hose aims are Unke:! 1llO;;oo 

closely ,'rUh organic aild local muscular o~ance. or with moro or leos 

formalised metlwds of c.ohiovlnll these. It cnCOlIGassos t'ur:.'Ooes of 

Sl,)0101081cal, ~loso,"h1cal, psychologloal and J>;bys1cal naturo. It. gives 
• 

riDO to a conce.:"t ot the ;~om()lete' Ph.vBloal Buoat()r, ~ho is al'larO ot Wo 

i:ota! roso:;onslb1Utlcs and ':.raotioed ln ~ a !.l1oauoll of tU!lil=ntQ~ 

pr.1ao!plcs wIthln each teaot. ot ,bysloal oduoation. 'l211s is a vary broll!1 

conee" t., ~hich becomes nIll'Z'Ower 1 t the .ford 'eauoator' 1s taken in its 

l1t.oral Gonse. Anyone tlilo @€S not educate is ru>t a !'.hJsical educator; cllc. 

if the soc10logical ani .l1$'los:ih1oal 1lS9CQ ta are taltG;! IlS bei~18 ",resent.. thetl 

the :llYs1cal e:4uaatar ls left Id th three main tunctiOJ1S: 

1) 110 slwuld bo collljletant to analyse the ,by8ical demanaB 

of a s1 tustion. 

2) Ha slwuld be GO!;lSble of dov1s:l~ tile most suitablo 9hJsloa1 wo~cl 

of 0::> ins with thpso ae=lla. 

') Ho should ba able to eduoate 'the hl.wl.:ln operator to parfol'!il 

i:h1a s111ll Ill3 oi'flcion'i:.ly as t.ho otte.'lC!ant oircumata.:!oco 



Bance. tho f10ld of' action should oxtOIl..tl hrcn tl'!.o worltbGnch 1'.:> t!l:l l:Il,U.l1l!n8 

e1 te. from the k1 tQhen to the sp:lrtsf1ol.a - in s;~:>rt. overywhoro t.,";.Ol"O 10 

purposeful' human physical s!lti']n. In 1;,')10 oaca. pb.vs1cal cd~atoro - t\!at 

10. cduosto:':'s of tho phys1cal - should b:l ablo to loarn from ana c~::>i\)uto 

2. 

to the genaral pool of knnl1ledte conoo~ tite acquisition of p.'qoicol ChUls. 

Speciale in cortain ?iolde of ph,ye1cal cO.uoati',n such aD aool1mtic.at1cn. 

industrial f1tneso. l1ft1ns t,:)chn1QU9S. operative sldlls. fat1gI.P l"Oo1cta .. ~co. 

rCmJdial s.vmastic!J ote. ete •• should co-cpor~ta n1th 0113 an:ltho2' to aoo'rl.eve 

a cohe01' n ot' in?o!:'llBt10n and techniQuos. Cu.oh iD already bo1ns o.cn:l by ouch 

organioatione BB tho Er£Onomiofl Rcoea.rch Ooci'_ty and the Br1tish A5::;cc:1.nt10n 

ot' Sport and fI'>3d1cin:>. I'lhioh must lea4 to n broa4cn1118 ot the ola o.:lmO o'S: 

phySical educat10n and a dovalo~~t of ~la ca~ilitioe of phlfsiool uauaatera. 

'rak1na this threefold function of th:l AliTe10al Educator. then ho w111 

nood. cquipmant (both intalleotual and IIIJclmnical) to fulfil hiD !ctont:1.ono. 

His 1ntellectual 8l'IIIOur:I will 1ncludo oucll W3apona ao anatOll\1. plwOiol!lSY. 

bio-ohemistry. k1I'...30101os.v. mechan1cs and plwe10e. cybernotioo. C!)c.OO1i\G· 

experienoe. statioticG. speoifio techn1cal knewlc4ge ot' the activity. ote. ete. 

Hie mechanical needs aN mJaIle of obs0I'V1rl8. mcaourill8 and oomput1l!g. ana 

heroin lio many of tho pitfalls for tho ~sical Eduoater. In BCQu1~ th3 

knowledge and tcchn1queo 110 needs. ha will,- COl!J) into contact 91th pooplo l11th 

purposos far dif'fer:mt to his own. 'lhoro tll11 be tlWse to whom tho C!.cvolopmcnt 

of' apparatus la v1rtuall7 an and in ltsol?, and those wh!)se obsose!l.!0 llitl1 the 

cophictioat,lon of t:3Chn1quos of' observation and llXlaeurol!lE)flt provonto t%lC irom 

obsorving end IIIJlUlurtng in ordor to' pro&wa practicable r;;sults. 'nl~ liuclcal. 

cduoator must take from thOse 'mantors' that linich nill be of' tnU3t1co.l UC:J tl'l 

him in educating tlD human operator. li:l chould not be ovor con:::::n.'l1::tl tt~t hie 

to0hn1qU30 IU'O not BD llpp:lNntly soph1crt1cntcd or accurato ao oth m. 



Pl'Ov1de4 that there 115 Bu1'flclent rel1ab1l1ty and accuraoy 10 h1a tcchn1Ql1ea 

to g1 ve h1m useful data. than he can beg1n to fulfll this 'tbreefold functt on' • 

'!here 18, of oourse. a oontlou1.na demand for the furtmr development oS: 

exper1mental teohn1Quee, a demand. wh1ch will be 88t181'led by exper1Jnental 

teclm101ans. amonpt whose ranks will be some who are well versed 10 p1\VBical 

education. Ebt dsv/3,.opmllDt is a contlou1.na p!'OOess. and 80JIIIWhere alons 

the 110e aomeone has to step off the treedm111 and actually usa tWso 

instl'Ulll!lnts of reselll'oh - end havtns dlagnoeed. then act upon the diagnosis. 

'1h1e la th:3 p\\Vslcal educator - analyllls - eynthes1s - education. 

'!he Contrlbutlon of t!portl!llllen 

Researoh loto II18I\V Upectll of human p\\Vsical performance la VO!'Y often 

handioapped by a lack 01' eubJeots who are h1ghly sld.lled and efflclent. 

pollseoaina a h1sh desree of motivat.lon, and well tra1ned to reslst various 

unpleasant man11'estatlons of tatigue. However. the sportsman usually 

possellses these qualities to a pater or lellaer extent. and 115 usually very 

happy to aot as a subJeot, espeolally 10 r:c8poJ1B8 t.o a ohallense. or lihon 

the reaultina 1nf rmatlon oan be of value to h1m 10 h1s tra1n1n& or co~tltl' n 

progranrne. I!portemen are also more or lellS accustomed to resuJ,ar tra1n1na 

routlnea. thus lend1na themselves Suitably to 10ngttud1nal pbylllolOl!lioal 

studles. '1h1B ve", auitab1l1ty of the sportsmen subJeot dollS, h8WeVer, PO" 

some d1fflcl1lt problems. Not the least of the .. le the diffloulty or 

experlmental apparatus. '!he maJorlty of pb.ys1olos1oal aPPlll'atua la dee1sned 

to aooolllllOdate the noI'lllal (sedentlll'y) and eub-normal (ol1n1oal) subJeot even 

thOUSh the demands of woric st~ and 1nduatr1al fltness are lell41n3 to the 

develop/ll!lIlt of h1pr range apparatus. It ill the authorf,s experlence that 

the reliab1l1t.y and valldity 01' such apparatus dur1n8 't.esta-to-dostruotlon' 

115 alwlI¥s open to oerlous doubts. Certa1nly dur1ns reoent lnvestigations 



parameters euch as H:lart Rate - 252 boats per mlnuto 

Ventllation Rate - 100+ pGi'! iIll1nuto 

Vent1latlon Vol. - 200+ l1tro6 par m1nute 

Wns Capaelty -

Work ~tput -

7 Utros 

2 hODSO pot'IW 

Qi. • Consumption - 6+ 11 tree per m1nute 

have strained. apparatus beyond bresldng point. M.toh work 'ls noccloo on 

4. 

the development of 'high capac1ty' plvo1!JlcS1oal apparatus beforo rol1abll1ty 

will be suffioient to perm1t a higb desraa oZ experiment soPhistioation. 

A second problem lies in tho applioation of exper111P..ntal oonclus:l.=. 

'lbe sportsraan ls an aIXlormal human being, end it would bo foo11a1l to bl.1ruUy 

apply the rules govern1ng the sportmnan to normal and sub-normal elWJcoto. 

a point reinf01'oed by Haggard (1). who oayo .......... 'the so col led li'atiguo 

of the industrlal worker indicated as progroS!l1vely dlmin1ehGd por~"l."IlIOnCU 

and a feeling of tlredness 18 not the eama as the fatlgue of the athleto, 

and the attempt to explain lt end remedy lt by practloes carriGd ever !?rem 

atrenUllus athlotios leads only to 611l"OncoUS axp1anatlons and wrong ocncluolcna'. 

'lbe reverse ls also truo - If1tness tho 6avol.opmGnt of suI>-maxtIIIal ls'lmtrie 

musole tralning i'or hospital pat1ents, W'llioh mothod was eagerly dCV;lurcd by 

athletes seeking an casy path to su,premo ritnoss. '.\ha oubsG:!uont rooulto 

dld not bear out thelr optimiam. 

'.\ha author's preoant studieo have ~.'allcn lnto two main £'1010.0. '1':.tO 

first wao to devise. with the apparatus that \~1l!3 1.am3d1ately availablo. 

methods of reoording ph,ys:l.olog1oal paramotOI'O during strenUllus \'101"~. 'l\'lio 

aspeot embraced oloctro oardiograph,y. olootro 1li9'0graplv. am SOllP 11 ~t1o 

resplrometry and thcrmomotl7. '.\he seoond aopoct 11aG to llBke 010£:0: ,cnd 

oontrolled examinat10n of two types of Ill')tcr porrormanoe. observ:l.ng tIp 

effeots of varlous extranoous factors u,pcn muooular oo-ord1natlo..'I and Oll!;'dlao 

reaotlon. 



4. 

'lhsse var1ed studies have been l'epoz>tec1 1n various Ifqs. and a l1st 

of relevant publ1oatlons by the author. and copiel!l of tile work. ere contained 

In Append1cel!l~ 



5. 

(1) Bl,notrooB.l"l11oaraph.y 

To the extent of usiJlg eleotrooar41ograpby ln measur1n8 tho !):3Z'Zonnanoe 

of tho human. and at cxtrem~ly h1&h heart !.'awe. the author bel1avoo that 

analysls of the E.C.G. wave.:by normal ol1n1cal crlte1'1a wl11 sivo m101ca.d1ne 

results. '!he normal clin1cal placing oZ B.C.O. loads la ouch tlmt ro:!.e.tivoly 

llU'/le fleld distlll:lbsnoes oan be set up batwoon too leads by cross musolo 

movements. Even using the w1'1sts when tho hand.a are flxed 1n a paoll.t1,m 

awa;v from the belay's m!dn muaoullll" effort (o.g. the normal oycling position). 

sives severe problems of artefact when BUpr<:lll/9 efforts br1n8 tho arm IltlOClea 

ot1'!lllgl.y lnto play (P1S.1). In such caoOD tho author's experlcmco lmo l)...--on 

that seleotlon of electrode placements Should be such that. 

a) ~e electrodeo are IUS clooe as posD1ble tosether W1ta')ut 

stvtns problems of cross conduotion 

b) '!he eleotrodes are near enouah to the heart to obtain 

IIIBX1mum signal/nolse ratl0 with the glvcn 1otra-elcotrocb 

distanoe 

0) '!he eleotrodes are not dlreotly above musole flbres 

d) '!he elll"th eleotrode 1s at an.v oonvenient bony promin-al'lco 

where there ls 11 tUe subcutaneous soft t1ssue 

t1BinS this oleotr0d3 placemeot system tho resultant E.C.G. t.'IlVO 1n 

lts normal form sivas rolatlvely larse ampl1tude Rand S oompononts;, u;!:lch 

makes heart rate countins easler. and a oufflclently larse (if Gl!gl:\tly 

lIkewed) '1' wave to dom!lnstrats 1overslon offects. Prom tho ol1n1cal dia&loo10 

aspect. 1t ls possiblo for even a relatlvoly unsk1llGd obmrver to dotoct 

1nversion o? parto oZ the wave. al terattons 10 tell\poral phas1ne; or r!avo 

components. ~ or loot 1IIIpulses dur1llg over or under compensation. and 

rb;ytbmio al terat10ns of hoart rate (lJ1s.2). 'Jheso are discussed :l.n <1::l't.l:l.1l 10 
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G. 

vnr10us papara by Jtvman (2). Ibioe important howcwr to th3 ~s1cal cduoator. 

1s hoart rate - and this 10 generally vor}! catly to evaluate under a t11d'3 

var1ev of contUt1ona. Espeo1ally valWlblo 113 the poSa1b111ty of ClJOOUl:'CllI9nt 

of' rate as acourately as 1t fluctuates fl>cm ono beat to the 1l3Xt. and 

oontinuous mon1tor1ng of B.C.O. has pro(Iucod somo extremly 1ntaroot1ne 

1nformat1on dur1rlg dynamio short durat10n P=I' output. 

Eleotrode' P1x1ns 

1) When the axpor1mmter has to ro~ upon the voluntary and 

repeated BOodw111 of his subJeoto. his methods should bo 

IlUCh as to m1n1mtse the pByoh()log1cal and ptwB1ologioal 

effeots of' his oxperilD3lltal tcchn1queo. When these 

aubJeots are sportsmen. IIWI¥ o:i' dhom haw El pathologioal 

distrust of' wounds (howover oU2",ht) and to whom produotion 

of III!IX1mum effort la tmposs1blo t::hen 1nh1b1 too by pll1nful. 

olaustrophob10. or restr10tlve apparatus. then mathods hAve 

to 00 s1mple. pa1n free. quick and p$Yobolog1oally aoooptable. 

Suoh oontUt10JlG preolude tha uoo or noodle eleotrodes, pin 

eleotrodes. strons adhes1ve, Pi'Olongod ond/or deep skin 

abrasion eto. 

11) Mlsa1vG GlUDole IIIOvemants. heavy mroat1ns and high per1~al 

temperaturo create d1ff1cult conditions. tdl10h oan onl¥ bo 

solved by vory light and small eleotrodes (P1S.~). 

111) Por long durat10n exper1ments on 111gh cadence aot1v1t1eo t.t::l 

eleotl'Odo attaohment to the wlro noc&:! to be very robust. 

1 v) For el!;!)$1'tm nte 1nvol v1ns IIIUl,Y oubJccts in a ah!lrt spaoo of' 

t1ma eloctrodes must be easy to clean. 
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Wire Plaolns 

ftrperventllatlon, 8l'01I1I trunk llIOVCIll.o'tlts end EnUal dieturbtaleo 

by lIubJeots oan oause larp artefacts 1n tllC E.C.O. 'lb8 path taken 

by the wire must be such as to Id.n1m1se thoso effeot8. It le somat1mes 

helptul to use such artefacts 8S IIlsnalo of the OD8et end oeseatlon ol? 

oertain movements (1'1,.4). 

~1'1pheral R alstanoe 

7. 

The Btrensth of E.C.O. 81snal 90hen us1rIS the preoed1ns IDethods 10 

relatlvelY ereat, and the problems of peripheral relletanoe almost ncSligJ.blo. 

Merely ehav1na the area of IIk1n inVolved, and oleanlna with aloohol, le 

sufflo1ent. However, the method Ul!Ied Is so olose to that develop::d ::;"01' 

S.M.O. (paps 9,10,11) that the fIk1n plorc1ns aspect 18 rota1ned oven for 

B.C.O. 

M:lnltorlns of S16ll!ls 

The clrolllllStllnoes oontrollina 111sna1 IlIm1torlng fall into t!U'Oo broad 

oatssorie81 

1) Where physloal oontact with the subJeot Is either 1mpossJ.b:;'o 

or undesirable 

11) Where fairlY olose oontact Is possible, but not under 

'laboratory' condttl0D8 

111 ) Where subJeot oontact Is oOlllPlotolY oontrollable. as 1n tbo 

laboratory • 

1) In activities such as running, pl&,y1ng tae.m or ind1vldual fllWJO o!.' a. 

violent ard/or enersatio nature, or rook ol1mbtns etc •• 'wireleoo' tranom1csion 

must be used. Mm;y morG or less efflcient transmitters have been dovolop:::d 

which stve a pulse Signal, reliable ovG%' rola.tivelY short rances. 'lho 

preood1ng methods apply. end the transm1ttor Is usuallY fixed at n;:w po...-ot 

of the bod7 \!Ihare It la least l1kel¥ to GUf'f'or phyB10al interferenco - or 

la placed 1n a vehlole near to the subJect. 'l'ho B.C.O. III rarely UlJablo all 



8. 

a vave tora. .apecl~ 0'N1' longer 41.tencea, but 1. VU'y ftl1able ••• 

pul. .. counter, theN pu1ee. be1rIs MeD •• aee4le denecticma, beard .a 

e!Iart tcmea, QI' pr1nte4 CD • trace. IleulT 1I18tantaDeoWI red-out ~ nte 

can be 81veD, cd ncOl'4e4. ~ pl'be 41184vaDtage ~ I1ICh tel..ter1D8 

QllU'lltus 1a tlIat, CIIIrSJI8 violeDt activity, it becomea __ at iJIIpo .. 1ble 

to 41.U aalllllb beta d la JU1R 8D4 1Il'tetect, it' the IIIIIPl1tude 8D4 4unt1CD 

ot the utetact 1 •• 'm1 ' v to that ~ • puDe. A sr-t advantap ~ the 

.uable .spal le tbat II1r.IOI' altent1cma 10 hea1't ~ are IIOI'e -dlT 

detacte4 by tile eu thaD tile eye. Iuch .uable e1l1J1Ala eaD -dlT be 

tape 1'eC~, plu. c:a.enta by tile opentOl', tor latel' lIDB1¥e1a. 

11) ID aDy act1'f1tiea UD4ataten outa14e tile laboratoJ'y te1rly c:loae 

CCIltac:t 1. poulble vlth nb.1ec:ta, even tbau8h tbe1r sroa • ."tMAt ldIaY be 

coaataenble, pov1de4 tllet s-table apparatus 1. uae4. SUch ac:t1'f1tlea UJI4er 

poeaeat exagdnatioa ue cycUDa. n1]!111 aa I!ID4 c:auoelDa. t1e1aa the method. 

pJ"e'f1~ 4eacr1be4 tor electZ'o4e tb1ag etc., pOI'table elec:tl'OCUlUosraph1c 

epJIU'8tu. lie. produced adme quite s.oM B.O.G", where ecae eaaJ.;ye1. of the 

Wft I. po.a1ble, cd vben pulee c:01IDttaa le VU'y accunte even 10 the 

preeence ~ -.1Q1' utetac:t. (ns.'). 'Ibe •• O.G. appantus 1. carr1ed by 

the veh1cle V2I1d y be ~ by the nb.1ect, QI' by both. Ooat1nuaue 
, 

dlClllitOl'1aa over esteaaed plrioda 1. cUtftault vlth pOI'table ~ becauae 

~ JQft I'Olle en DOt large eaoush. cd collectioa of the paper 

tJoace -11 pose 41tt1cu1t1ea eipeCielly 10 1ac1eaeat watber COD41tiaaa. 

111) 1l'I:I4v c:ontrolIed labontoZ';v COD41t1cma, pov1ded the prece41zlg 

elec:tl'ode fta1IIg ~ le uaea, the pJ'Obl .. ~ obta'a1as •• C.G.!a 41D'lDs 

ft'el'l tile mat 'f101ent eDl'Ci .. are 1dDoJo. It 1. true that tlIeze ay atUl 

be artetac:t clue to •••• G., electlO4e 41Glac d nt, QI' eIdD ..", lite - but 

these can be m1n1m1ae4 QI' pz'eVaate4 c~. !be U81'Cl .. bu to be 

natncted 10 Datuzoe - of 1oc'-Uc:m bp u.iaa atattnnary bicycle, be-...," 



or I'OIf1ns _eb1De; aDd of other tne. of 1IOZ'lI:' by kee.PlDs It Y1tb1D a clo .. 

area. RCh a. w1ght 1U't1ns. 'Ibou8b the naultlU'lt I.C.G. la tile be.t 

availabla. tile tact that lt 1. obt&tne4 UDder labontOry COII41t1oDa dictate. 

extzo.a care in tile lUIIIlyeia aIId geDItftl1M4 appUcat1cm of tile reault •• 

110 ..... tl'oII aD inVa-lUb.1ect teat - nteilt point of view. aDd even OIl aD 

iJ;Iter aub.1ect baa1. povSded eJIOUgb ",,"'nil' line been obt.a'ne4 to stYe ac.a 

14ea of DOl'IU. the Dbonto1'll.C.G. 1. pJ'ObablT tile .aat uaefU1 4SagDMtlc 

"'poD tor the pll¥a1ce1 educator. 

11) lleotraa,yopapbY 

The probleu at amltor1Ds P'O.e aDd violent IIUCle acUvlty an RCh 

tbat. ua1ns pnaent avaUable techD1pa. aeveral aspect. of electro

~ an 1II,practlceble or 1Id81""" n8. J'Ol'l!IIIIOet ucmpt these an 

qwmUtatlve evaluaUon of trace. aDd lta developlent to 1ntegnltlon. Ive!r 

1ncnaa1DS ao,ph1et1catSon at a1pl nce1vere. 1ncluaJ.nc oacUloacopea aDd 

ultra violet ncar4en. an _king the proceaB1ns at aSs-la into sameth1Da 

at en art. !her. .... to be f'a1' laaa concentration OIl the eUm1Mtlon ot 

artefact at the elect1'C4. a1te. ~t~ because tJlen 1a at pnHDt vert 

Utt18 naearch into violent _ale acUvity. The autber ha_ not aucceedelS . . 

in ell:i:i1Wlatfns artefact trOll th1a type at I.H.G.. aDd ~ that retlaon b. 

not at~ any I(UaIltitati" evaluatlon of I.M.G. trace •• 

In 1959 Dav1. ade tJle :point that tJle .,'eueuta of the tI'UDk sroaaly 

disturb. the ncore aDd __ lt Dearly uael.e.e (,). ~. pJ'O&Naa in 

~. haa been IIIIch that tJle I .... G. 1. DCIIV a VI!1'iI uaatul ~ to the 

'violent IIOV8MJlt' k1nea1oloslat. aDd the tollowiDs pr1nclplee haTe been , 

4eYel0,pe4 10 that Y1th tile ellUSpnent avaUeble at pnaent _ tnl'8I't can 

be p1ne4 Into the vorlWlp of 1IUI018. 

le/lilU'dfns the p!Ienl. ca.enta IIIlde on pp. 5, 6, 7 c~ 

electro4e tS.xSDg in I.C.G •• these 1110 apply to •• G. 



mect1'o4. Po.l t1!l!!1!1ls 

ru. 1a ~bly tJMt .an Cl'1Uc:al tacet of tb1. t:ype of electro

~~, the -.1or plttaU. beiDgl 

1) akin al. mt ~ve to IIIlIc10 (ft,.5) 

11) optlmaatlon of •••• 0. dlP'.' 

111) avoUance ot atray E.M.G. f'raI other lmacle. (na.6) 

lv) total JiiQ • ....u; of e1ectl'04e (l1&.1) 

10. 

It each of tbe .. are cODd4end a. poad'ble 1ICNl"C •• of U'tetact, tllen 

lt caD be<- seen that the eelect10D of electl'04e alte 1. not 0IIly Cl'1Ucal, 

but elao apeciflc to _ch aub.1ect and _ch activity. Pointe (1), (1u.) 
-

tm4 (lv) caD only be tnate4 on a apec1t1c iDlUv1dual bad., by obaervaUon 

of the al. !It of the aub.1ect and 8electSq • .1 te at vIIlch tbe total 

utetact 18 adn1a1 ae4. rosat (11), the optSIdaatlon of .1g1111l, 18 ap1Jl 

an lD41n4ua1 facet, but • aueHl IQle ~ eleotroc1eapac1D8 caD be 

pod~. !be total electftc:al ,.cUnty of tbe .1""10 'be1na ..,...,ned le 

~ ao great .. to 1I8ke vide .cll18 ot electJ'04el umaecelauy. U.Sq 

c10ae apaoSq tactCl1'l (1), (111) an4 (lv) caD be a1n'e1 ae4 8114 ~ atnDsth 

atUl be 0Jt1IdM4 by poalUonSq tile electJ'o4el aeu tile belly of the lIIUcle, 

aDd iD 11De with the puerel l1De of tU 1lUC1o t11n'e8. 

Pe1'1pbU!1 BeallltaDce 

LeDatb.Y and palDtUl pnpntlonof tile akin 18 not dH1ftb1o for 

reIl8Oll8 vIIlch haft been atate4 earlier bap 6 ). A auttlc1atly lcnr 

ptl'1Jhenl rea1etance ( 7k) can be o1Jta1Dea by ebnJ..nB the area, cleaniDB 

vith alcohol, tm4 by plercSq the .,14U11l8 vith a .. nate4 IlI.Ue. 'fh1e 

..u bole 1. then fUle4 with electro4e .1~. It 1. not c:erta1D tbat the 

.... 0. record1D8a f'raI a relatlvely ..u uea of a 1lUC1o fB1thful.4r rec0r4 

the total actlvity of that lmaele. !be 1Dtend.ttent f1r1Dg ot aJtor eDd 

plate. gift. a co-oJ'\Ul:late4 activity that CO\1l4 be mlaleet"''18 if v1fted fraI 

oD1i1 one put of the mllele. Bo.ier, tbe tnMt of ero8e 1III8C1o act1vit7 with 
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11. 

1d!.1ah these stud1esare concemed probGbly null1fles this as a Glgn1n.can~ 

SOuro8. 8t;cpanov (4) has observed en 'waz1nllY even. recul&' form oZ 

acUon potenUal. :rem1n1soent. ot: a e1n\1l301dal CUl"lS' mul attribUtes this 

to a 'h1&h decree of adaptat.lon of' thG Blt.01' 1A'l1t.a tor ~uo 

ao~lv1t.y' • me eleotrcda poslt.lon1n& uaed a IF' CIIJ. spaclna. If a 

IIklUed perfol'lllW possesses an 1nt.ra l!l1OOular motor end plate co-ord.1naUon 

pattem o? a resular nat.ure. t.hen 11'. could be el!peoted that t.'l.O IlIl\PUtude 

ot: potentlal.a reoorded by one electrode pail." 1II1&ht. change in a roglil.D.r 

pattern. 

S1i!1!l Mm1 tor1rys 

Wlth the present apparatus, s1snal .,mtor1ns has been posSible only 

under laboratory 01" pseudo laboratol'",f ccDl1t1OllS. Apparatus can bo 

tranaport.ec! to excerelae', s1tes, alwa;ys in100re end near a potmr supply, 

but an AC poRI' supply and relatlvel1 eleotr1oally 41sturban:lO 1'rco 

emt1rorImImt 18 lIdv1Sable. In th1s I'lI!\Y tbo author ta e been asSoo1atod 

with E."O. of oanae I'Oll1ns (Aldw1rilJle at e.l. 5) g,vmastlc actlvit10s 

(lI'amon 6), and bas peraonall1 perfol'lilld E.H.O. of w1gbt l1ft1na. 

cycl1n8. row:lnI and tra/lp)l~. Orcat IUt'ficultles have been oxperionced 

in overcolll1n8 artetaot eet up by lIIOVOtQlt in the ulres conneot.1.lla subject 

to B ••• O. (1i'11.8). hss 41tt:lcultloa have I10t ,.t been solved. but aee. 

to vary bet.ween l118kea of E.N.O. al)1llU'atua, e.\l.Ob aake botna cS1fi'ercnt in 

lts reaction to curat.lve measures. lbo proble_ are JII!III21t1ed tlhcn the 

mvemezrt beSns exam1ned 18 Sl'08S. vlol~t. and rep6t1Uve ovao a long 

t1aIa perlod. However, the solut1on would Gsell to 11_ in elther or both 

of two m1n approaches. 

(1) To III1n1l111se the total 41splacClll3nt of the eleotrode l11rOo 

(u) To us::! screened cablos (i'1i.9) 

In IIIOst actlvit1es the artetact 400 to wire amTellmlt ls no 8%'-::0.1'. 
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b1Dannce to !!IIM}.e co-ord1natlon evaluation. and can SOIlIet1mes be ot 

u.lataDce in aupn'1m;poaq the phaaq of a mavement over theE.f.l.O. ' 

traces (P1s.1O). It does prevent ODe ma,1or ~18 - thet of nl1able 

tntesroUon. 

(111) Resp1rometry 

12. 

A varlety of IllOIe or leas rellable IIII!I'thgda ex18t tor 1lllI881U"1nS web 

~l'8 .. VQtUat1on, stroke and m1mrte w1umes, 02 ~. veut1latlon 

rate. !!.be autbor ball used sucb apparatua as KoJrra.nyi.-M1chdlS, 004art 

spl1'C11le'ter, Jaepr ~ ap11'Otest, Vltalo~, Vriebta flOll metel'll, ~ 

to t1Dd tbat at h1gh vom rates peat e1'Z'01'S are 1DcnuTed elther becGU8e 

the appuatua ball too 1011 8 capaclty or because the mask 01' 1IIOIlthp1ece 1s 

1Iw'Iequate. !i.'he greateat problem le certa'nly posed b,y the mukq method. 

It the IDII8k 18 .... 'ed to the face to prevent 'eakal!l", tben the reatl'1ction 

on ,taw IlIOftIIIent prevent. sub.1eCts from open'ns IIlOUths wide enouah tor 

iIUft'1clent t10v rates. If very pllable !!I!!ea are used. then IIIOVeIIIeIlt witb1n 

tile mask creatas talae volumetr1o 41eplacl!llleD'tll. Probleru of val.ve 

na18tallee 1Jlipoae extra 1oa4I both ~lcal and paycholoQ1C1Il on the subject. 

Besp1ratlon ate 18 ~ to evaluate, methods used b,y the author 

incllJII111S v1sUal COImt1lJS, the1'lD1ator countma, val.ve closuw COImt1nG. 

pen detlect1ons. E.C.G. vave t1uotuatlona (1'16.11), auml cOUDt1D6. 

arose chanpe in Oa content are Il101'8 or less efflciently evaluated 

~l' almost 87l'9 ca;pel'fl:lental cond1tlCX18 usinG BeclnMn DIS or. 777 

and tllOUGb not of szoeat 8CCUl'IICy, are probably the DOGt depen(lable of the 

resp1rat1on mea8UJ'eI!II!!D maae b,y Ws~. UIe leek of t1mB and 

facUlties led to 0 deeper 1nve8t1Satlon of &'eIIP1z'cDIt1'y be1Ds poatpcmed 

In(lef1n1tely • 
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13. 

(Iv) 'lbermomot!.'7l 

Jlaoent work in the Ibpartaant 0:= ~08 at Lougtlboro\.1&b Ul1verslty 

haa cravt tated t.omI!'da tho uee of ~trv, oolllb1.Md w1 th O2 uptaIro 

and blood lactate est1matlOll11, in assess1rl8 eubJeot reeporusO to t;ork. 

'lhtI authw has used Notal thel'lllOllEltry on I5UbJeots rl41nc a blcyolo 

ersometer am collaborated w1 th work dono on eurf'aoe thermometry dur1na 

oanoe11l8 (~:e 17). '1he apparatus used no a I4i'lt laboratories 

thenalstor 1t11oh proved easy and reliablo 1n operation. !b diGOomt'ort 

was experienced by eubJeots. even dur1ll8 Notal thelWlDttry. 

-_ ... --- -. --... ------... ~--

In developm. ami praotle1ll8 toolm1ques of measur1ll8 ptwBiolosical 

pare.ll8tere. the author ball pel'tormeci a numbe%' of pilot stlJl11es ovor Cl 

w1ds l"azl&6 of actlv1tles. 'Jheae h8.vo boon treated as auah. even tlloustl 

the (lata haG been of uae in 1114v1ll1ng various athletes in thelr tra1n1nc 

and ooq)Otltlon. So!IIe ot the data obta1ned 18 of suffiolent rel1abll1ty 

and Quantity to be treated st&tlstlo0J.40. e.n4 will be used in tho noar 

future M bases for several m1nol' papers, 'l'ha athletee bo1nS a.dviocd 

inolu1e. 

1) Wo%'14 Champion Wel~tl1ttw 

2) RlUonal CoxleM J'oUI:'S RotI1ll& Cr;;" 

,) Nat~cnal Sprint Cyo1Uls ChaIIplon 

~) County Pu.et I:bwl r 

5) Ols1I.Pl0 8Isketball 'r;)SIII 

6) thiV9J'81tl •• Iona Distanoo Cimoe ~on 

7) thiversltles Jlaco ","l\ftnS Cbalaplon 



14. 

Same of these pilot ltu41es are p1"8aented, veJ:8 br1e~, to c!emrclltrate 

var1atiOll8 in technll1\18l, an4 c1epth of e,ppl.1cab1llty. lI!ley are not 

presented sa coatZ'Olled ex,perlanta in Cl e:ql1clt Clc1 c1etaUe4 folat. 

'DIey Uluatrate the 8I1thOr'a att.pte to fulfU tbe ClXICept ot a 'canplete' 

PbyB1ca1 EQucator 811 418cuAe4 cm page 3. 

1. B1cyc].e B!)p!!!ter !l'est 

Over a period of saas years at tra1&bbo1'OU8h Unlve1'll1ty, Ilepu:tweut 

of !rgoDCllllcl, Dr. lmest HalIIley hu 4ew1ope4 • tea1I of card10 resptratozo;y 

asaeallllmt \Ul1DS a bicycle er;aaeteli' as • method of ~ a WON load. 

'l!ut meth0401o&v end pertolWDCtl IlO1'II8 of tlIlI test have been eltabl.1abed 

ua1D8 rac1n8 cycUeta sa IUbJecte, in CClljunctlcm with tbe B1'1tll1h CycllnG 

re4e1'lltloa. A h18b degree of rallabUlty la att.Jl1nable OD both between 

subJects end within sub.1ects bates, because of tbe inherent rel1ab1llty 

of the sub3ecte be1D8 e~ h!gbly a1dlled in tbe e.otlv1ty. !!le test 

ls described in the l1terature, (8, 9) end ba8 alao been UH4 with otheli' 

typeo of aportamen 88 a 1118th04 of CU'410 respiratory 4"81'011. end PJ"C)gI1OS1 •• 

'!be autllOll' bI!Is col.labo1'ate4 nth Dr. IIalIIley over tbe 1aart ftN ~, 

to report results of venous 1ImtatlsatlO1l8 (9, lO,U) Clc1 to stln4ard1ae 

the poeture.l cal1brat1OD of the bicycle tu'BUl*ter (12). ~ thie tSme 

tbe author baa I'JeYelope4 .~t ftZ'latioaa of test procedura, enc1 e1ao 

expmtled the teat to cover • larpr Z'IIDP of ~lolos1ca1 panmetel'8 ·and 

acc".'v4ate a Wider varlety of 1Ub3ecte. 

'Dle basic pl"Oblelll8 of such reme41al testinG of aubJecta fall 1nto 

tilree categor1es: 

(1) AP»Uoatl00 of a vorlr. loa4 

(11) IlelsUrementa of pbyalolostcal J,I8Z'IIIIIete1'll 

(111) Intel'pl'etatloa and a;ppllcatlOD of naultl 



Appl1catlon of Work 1Aa4 

0rIe of the bu8bean of work l.oa4 IIppl1caUao baa been to 8taD4ar41ae 

the 8IIOUI1t of work cbIe by tile IIIlbJect. !l'he.est &CCU1'Bte IIIMIUft8 of 

tbe ..aunt ot vork ue to tlete11ll1ne the IIIIIOIIDt of 01 C~ or to 

meuure the heat productlao of the aubJeat. !l'he tint metbod 1J:rfo1vea 

reQlftl!llttr,y CId the eecond 1rM:llwa oel.or1metr,y, 'both of wh1ch are 

unmltable 10 that their prec1ae evaluatlao 6M18J)aa ~tal teclml\l1les 

W1ch ue UU1'el1able at ~ b18b wom !'ate., eQeClelly beel"" the 

\I1eth04a Smpoae lID extra work load wh1eh 18 not etauaud betveeD aubJect8, 

and a psychological buJ.o&m of ft1'Y1n8 ettecte betw..n subJects. 

It IlUbJect peJ'tonlllDCe 1a to be measured 10 teme of work loa4, theD 

vork effiolency becCllld the orlt1cal factor. Bft101ency 1D this cue 18 

defllU14 as effective work done .. a pell'Centap of ettort(or 1Ilternal WOrk) 

i.e. x 100 • ln1clency. 

Bftort 

l!'M!Z!I SUBJEC'l'8 COOARJSClfS 

OD 11 betveen subJects bas18, tben valid cOB;Ia1'1aon8 of pbyelolos1cal 

J)8r8I!IeteJ'8 can aoly be maae u the subJectlil bave sSmuer eftlc1eDcles .. t 

the pert1cular vork teak be1D8 peJ't01'lllltd. Teat. of work cI,P8Clty tor 

between subJects ~18 bave, therefore, usuaJ.ly been aea1sned 4U"OIIJId 

type. ot vork 10 wb10b aub.18Cta bave all become O»1""e'ly efflctent 1.e. 

lleav1l¥ overl.eemed ok"'1iI -~ locClllOtor ok111a. Hence .tep-teetll, 

bicycle erga:illtere, tze.,11 • etc., wb1ch use the COIIIIIOD l1l:I4 O"fU'lea1'II8d 

8t.,118 of t:DWlt1Da atepe, blc10le r141Ds. va1k'DG l1l:I4 l'UJmiq. B)'man 

deacr1be8 the Hal'VUd atepe, tele Haater Stair, tile I!&lke ~.tl], and the 

~o1fte Bi01Cle teats (2). OD the o\her hand, the a_ 8lJPl"OGCh __ be aaae 



16. 

to _1l,1eCU IIaYSDa • co- ... 0111 ., 87 oUIer • __ tuk, be 1t iMUnnal 

01' QOft1Dl. It ill .... _t evwD v1~ tIl1a 4Jl'oecJl tbere an ~ 

IIQ8b 41ttel'eM" In ef'.t1e1tDe1 .. to ... redu UUWlSaNe, 1114 web· 

Ui ..... laA to 6INbt. 1Ie1D& ~1111114 c.c.eaJ'lllaa tile ~Wt7 

of well • ~ UM4 teat .. tile Karvud lte» tat. ea4 otMr -.u _sa. 
'¥III'l1Xlll 'i..-te1'll (13, ", 15, 16, 17, 18, 19, .). 

'.'., _ tb_ ~ alIo .... ~ w ~ tile ceUbI'atf.a 

of bte;rcle ~ftJ (12), 8ll8h waft bP1aa .... ~ 117 .SJI1'e" CCDnI'D 

to tu,......,cl IQ (ti), .." n""""el1t7 oIIhv wonen (2!" 23, a). 
!be VeI9a.n '" alto 1Ie.a ".Jectad 110 "."''1'" ~1. (25, as, 2'1). 

IucJa ...... ,.. M¥ ,., .. tlle"" 0',Pt1ld .. tbe CCBUtlau SII4 won me tozo 

.. 1I,teot1. .1IIt:f ¥tU -', bow...,., do MMIh to af:hct De clU'1"eJ'ftH' In 

taI41'V1tMl .m.s..ldU lIetIN. Kbjeete, It tile 1'I .. 1IJ'IIla 1a a"-P'2DI 

to w-m- 11QU betnea eftIwt l1li4 ~, 'ZID1n41~ IllitlJwt 

eft'lC1eaCJ -..t lie evaluate4 ......... vb1c1l 1. ~ 41ft1liNl.t, 

_ ...... CUM iIIJOMlble. Aa en 6X ,'e, OGIUISder t1Ie ear4See _tie 

w. ~ .tate WI"k 10114. It the 1ee4 18 aftte1R~ IaSatl to .... m! 

~1c won. tIleD l' h WlU~ ~ beut ftte wUl ~ • ~ 

etaw. It tbe 1MA .,..,. Ml'Gbto 1IOl'-. tilID tbe ~ ftte .b •• lA IICh1tw 

~ nu. . bIlt .. wa JI'I'Il'UMI ~ '&ti$Je ,le .a v1ll tI8/l 

to alter aub.1eCt eft'te~, _ tIIua altezo bIart me. Inel'alU la IIeU't 

ate '1UII4 to _1" ..... In M".. _01' tau ..... iD wit. lIIS4 ... be 

... ialJU't w alteftUou In nlI,1eet effto1eDc)<. !tJ.n IIaal'\ rate h 

lb1~ RlaW to won 1o.a __ to laaw 1IeIIl ..."la .... lI;f to eSS'klD 

~. II'co1Ie et al (e8) ba"- t.oaatraW \bn tJlie1'll 11 eo c1eR 

Jette .. or JIeaI't nte reeniGD 1IQQI4 VOJ:'k l*a __ bNn ..... or 

alIcld JJ50/aa. (1'1&.12). \IIa1. -.:I lie &le .. .-h to ~ In 
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IlUb.1ect efficiency u to any other effect. He~ beclllWl \ .. 'ork l.oa4 

J"I'IMl1ne constaDtt or varies IICCor&ns to acme pl'edetem1ne4 fImct1oD, It 

is not lNf'ticlent to pl'ellUtle that the 1nte1'nal VO$ dane tollawB the same 

pattern - 1D tactt such en occuzorence voul.d seem to be I!ICI8t un11ke1T. ID 

We cue, tests tm1ch p;esume the existence of any g1ven state of e1'tort 

with1D the ~ as e flmctlCID of 8 g1ven extemal woN l.oa4 must be open 

to serious 40ubts concem1ng their val1dity. 

On the other hm14. U testinG 18 be1ng used as 8 diaenostlc tool, 

1D a spec1tic .-ppl.le4 '.Situat1OD, then aub.1ect eft'1c1enoy (thougb var1able 

FJ.l1d 1naetenn'na1l1e, eCNl4 form a part of the total. evaluation. For e:uuqp1eJ 

1t rac1nS eyellste t."e1'e to be tested OD, the11' p2\ya1ol0g1eal 1'eactlons to 8 

wrIt load, then tlsst1116 them on a blCJCle 81'CIECter could o1l.oVI tho.t tbe11' 

variations in efflciency on the erganeter vOIIld be 1'eflect1nG S21il11 8l' 

V81'1atlons 1D ett1c1ency 6:ur1Il6 their rac1ns - end 88 such thelzo effect 

\q)OD the 1Irtemal vork load can be iGnOred. p1'OY1dill8 that l1near1ty 01' any 

other f'lmctiODal relatlonehip la not presumed. ID this e88e, a l'UllIIe1' needs 

to be tested OD a t1'eadmll t, en 0II1'IIIDIm on 0. 1'OUins tJaCh1ne. 8 sw1IIrDer in 

" pool etc. etc. For use in tests 8UCh as these, en ersaneter becClIleS 

ce~ a method of ~ 8 loe4 or 1'es1stanco. Its callbmtiOD sn4 

aceumcy becCllle 1'elstivelY un1mportant. 

1Jx:m:z:H SIJllIIlW!i9 C<J4PAJ!IS(JlS 

ID 8 test-retest situation, prov1de4 that the sub.1ect has not 

s1anU'~ altered his skill level betMeen the tests, then it CCIiIl4 be 

cuSUllle4 that uub.1ect effiCiency vUl. not have c!:enee4. In tble cnse, the 

lntemal effort/extemal vork 1'elstlonshlp Is of much (51'ester 1'e11Gb1l1ty. 

It"t1BS notlceable in tbe prosent teet-retest of ,mM1Ued~, that 
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althoUSb tnterven1na tra1n1na had a..?'i'cc1;.."d var10us ~slolos.1cal poramatere,

the subJeots' efflcillrlC7 at pedal~ and tho total work load, bncl 

l'tllIIIdnod slgnU'ioantly unchanged. None of tho subJeots had t'1ddon a 

bicyole between tests. 

In this partioular use of erg0m3tr.v, it IS Wl7 1mpoM;ent that 

eraometer calibration II:Ill1 measurement Ilhould be precise, beOIlUlJO tbo very 

prellUlllption of constant effioiency proposes ~ all other IlDBmlZ'CO B...""O . 

valid and reUable. 

Mlaeurement of !h'lBloloecal Parameters I 

• Solle of tha factors aft'eot1Da the rnaaou:roment of ~s101oS1clll 

parameters have boen mentionlld els&Hbere.;. Only those opecll'10 to blcyole 

erSOllJfJtry will be covered hers. 

used, having a variable oam Jllllll;netlc rJo1Gt4noe (lIIIIIlual or autol!lllt1o). 

intemal cal1bration and adjustable podnlHns !'ate monitor. 'lho org01llOter 

was modified by fitt.1n8 rao1n& pedals t'l1th toeoUps, extra-lons Ga.&no 

pillar and rac1na saddle. dropped racirls handlebars With brak;) units 

for Vipp1nc (In, •• l,). 

B.C.O. 

eleotrode cables 24 inches lons. 1.5 cm. sliver domed electrode cupo 

were soldered to the cables. '!'wo oi' theoo wore tixed in such Cl pooStlon 

11l1llE!d11ltely inf'orior to tho attaollment of pectoralis maJor and anterior 

to the heart IlS to have as Uttle soft tiaoue between tham Md t."to E'1bo 

BS poss1ble. '1ha cables lfOre run looeoly to the IIllterlor su;porlor 111110 

orest, whore a third eleotrode was attached IlS an earth. ~ cllbloo OGre 

then Joined with tjpo and. Ulowed to ~ 1003sly to the plug., .bO::. 
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Iboplro!!Ptl'lT. 

conn::etct1 t~ WO &fTa.n.yi:MIChell0 CQ!J mtoro. C;::;Iplco t'rco ~::::::c t;";:1ro 

ano4Tcecl on Cl SJotm:m D2S O;e onalyOt.l!.'. l"W.tl (.NWgcD t100 odm1nt;t'i:o:~ W 

filUns 250 11 tll'O !l;I\IC1aQ bago t11 th o!) cm1 ("" or.ncot1n8 th;::o t,:) t.) 3.n!ot ... 

mood lc.otetco t;O!i'O oot1m!ltcd i?!:'oo cmoplcrto tIllte n:: ~o t!10 "'i.nc;;ro. 

u:JinD ·the t::ltMtl. c20oc-:ib:!:l tJiJ ntr80 (n». 1.'h!o i?catuw o!? tho G:l~ t:c!J 

un!iel'tokcn b:7 Dr. J.bMMra Uath Don. ~~nt ol? J::rccn!.lm1oo. Kc~:J;pcu01 

UllIVOl1'Oity. 

'liPmom:Jtry. A L1~ li:Ibornto.-1oo ta:l!:'l:l'1.otot' t1aD uo::d t11th a I?llcbl~ 

th~cr iMGt'tc;1 l!) oc. into tho l:'::etuo (lYia.1S). 

Pl:-oocduro 

~ODure(l i'o!' oDildlo ho1gbt a.a.11l!:1tm..-7.t c.a~~ to th3 oa~ or; llioloy 

and 'l'hoooa (12). Ib thC1l lay dam cm Cl oouah ?or ;50 m1nutOD. l'.wlgc 

t:m:i.oh tUno n.e.o. olootrotlco t:Ct'O ('3.c:ll. ~ lO:1cot puloo rote. tcT;:-;:\ 

Tho oubjoot then mountsd 1h Cl bi!.O'JO!o O:;'(!::;wtOI:" and tIao :::'1. 'i:'i::..1 rn ~ 

tho i?c.oo 1OC!t. Ib th..'Ol rooted in t..'2::l ccnta3 vo:Jit!on i?or 5 o1nuwn. 

<l.uritIG tihioh t!oo hio GittlD3 1Qotln.s pule::! L"ato t= obtainc<l. 

Ib then ~lcd. th::J mohino et. !?~ C'.p.o. cna 200 tmtto 2o!l' rivo 

lll1f\utoo. thlo actinG 00 e !;l'Cr;watcJ:Y.:T ~oo. The tm ... .t ~~ t;oo ~l::!::1 

i'a:i.ooa to 250 t10tto. rmtoh tho culljoot. Cl.1nta1i'lcd f;'cr om o!nuWo. . 'l'ha 
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ergometer, and the faco mask tmO I'Ccovod. !Lh3 ergometer 10llCl1n3 t1llS 

reduced to 200 watts, and th3 subject I):.;aan padall1ns, with tho a.utomntl0 

cam onga.ged to oontinually raiso the t:Oru lond at a rate of ;:;o~. p:Jr 

mlnute. Th1a contlnuod, with vooal ootlvatlon from the opozoator, untU 

the llubJeot was UIIIlblo to contlnU'3 to m:Wita1n tho writ rato. 'En oubjoot 

than rastod, oupportod on the mncb1.no by aoolotanto, 1'01' five ttl.nutoo. 

'lhe mask l1QO refitted and oonnooted to on 02 oupply, and tho OOliJ dlGOJl8lilSed. 

'lhc oubject thon pedalled aga.1rurt. tho Nolotonoe atl!lhlch he had rinioh~ 

his proviouo bout (bcttlOOn 405 and ~75 00'1:.'1:0.) 'aca1n tc cxhauotlon (D'10.16). 

'lha mask WaG rouovod and tho subJeot rooted fer five minutes. Dw:>1n8 the 

experlment the following pnvslo1ogioal cansuromonts ~oro mad31-

1) Continuous B.C.O. (l11s.17) 

11) Contlnuouo thel'lllOlllatry 

111) Rasplrat10n rate ) 

lv) O2 uptake ~ at oech lovel of work 

) 
v) E[ood laotio acld lovel } 

'lhe teota WON repeated after olsht uc~ll:o 01' very otronuouo tr31n1ng, 

follow1ns a eeh-"dule devised by thlo au1;hor. 'lb1o dtlta waG than tabulated 

(li'1B .18) • 

lnterprotatlon and Applioation-of R10ulte 

_ 'lhe oondi Uon of' the heart ls t11dcl.y ac4apted as the moot rolic.blo 

index of goneral. fitness, and oardlec roatlon te execraleo l10D oo:m choBGn 

for many yearo In attCllJ3)ts to ovalWlte this fitness level by suoh clivarse 

organlsatlons ne Armed l1oroea, tha Intornntlonal 0lym;pl0 Collll:l1ttee, I!l3Jl;V 

lnouranoo ootJplln10tl cnd Industrial ooncomo. Jl.Ia to d1ff'1oultloo o!? 

continuous ClOJ11ter1ng of aardiac reoponoo, norms have been mootly 
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eftaltlfne& ClIICem1III MIIlUc neftti7 ~1ca - Vb1eJa ue 

~a ..... , 1IIIftUalIle ... to the Jl'O\laa of work 1ce4 

ataDCutiaa"OIl .-tlc..4 euUeJ'. ca. talt t4 theM ~ ia tbG 

eaI'I1ao ... 0ft17 GbanCtaJ'1atida .q IIGt eaeuraw~ nn.n eaztiae 

"~QJ •• 4uriq ~ voR. It ia osceivable ,bat cu41ac 

titau. cCM1l1le .~.ner W •• !Anal _1OlAI 11-.. iD be1q qoett1e 

w \be Mtinv. f.ra1aUC ~ tda10 ala at c1II'felopl .. the elJUiq. 

of tM Ja.n to ftCOYU' cp1e~ II'IIa ~ ..... 1 ..... be natb' 

i'DJ:' .ore atnaawa work (aueJl .. la~ ~ .. ). ~ MM.,. wr:/ 

tift8Nd aaulU to t ... la1DC vb10b &ilia at Geve1eplq tile baert'. a1l111'Y 

t& V1tllatua ccmtt\'l\MNll ... ~ Ill_ vorki ....... ( .. It .. 

Ci""lt !!ra'a11111) GJ' Pae~. fnla1q (50). !be ftZ'I1u lIme'tOll 

~l'Utl .. of tlIe .a __ qele .. u..,. 1Je '"17 4ilhnn to 

tu.. of. l5OO..u. SVS-1". ft .... JI'Obdle tU, cenaia 'JlIC8 of 

_un'¥' onaw a Ie_ et GQa1U7 ."Ol". (51), 84 ...... a qectt1c 

.. of audf.eo .... le 'nlD1q. 

ID tM .... 17 at of ~ '1 ..... tIle author bU 1IM4 three 

_iD CI&I'\\1M ebu8eteJ'1l1t1tac-

1) ,. UlHm tor beu\ rate to 4Jo.p ~ ....... to 

• ncoter:l »l&'Ha 

il) 1tea0Ye17 platellllewl, .... of ""'_ 1iMIan.1'Ilte 

U1) IJIeJ'MH 18 IMtUt ... 1;8 4ue to .-ret .. 

'I'M tun tve an ncOftlI'1 cbalUtarlat14l, .. .. AOIl an 1IMCl 

po~ la ....... ~ of nJatltlw h1I'l .n1YiV ~,1eeta. 

rantf1eleat ... IIaII lIefJD eoJ.leeWl lit W. tDI w eatabllab nUable 
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available auaeBta that sportsmen ol? lntematlonal stanllard will UlkJ 

between 4S and 120 seoonds to recover to a plateau at 6o.f of max1mum 

heSl't rate, the aver.. be1ng about 90 seo nds. 

The third cheraoterlstl0 la ene of' a&1'd1ao perf'onaanoe durin8 

exerclse, and as such seems more relovant to this author. In an e:?i'ort 

to overcome t.'V3 unrel1abil1ty of set l10rk loadls, a Cardlao Asscesmnt 

I1aotor has be3l1 devleed lfh1ch takee t.l),c two extrellllts of oardiac p . .:;:>formanoe 

and oompe,res them. It the 4'1ns r -Gtt.n; pulse rate ls taken an belna 

nicely adjusted to a oertain level of \'IOrI~, 1.e. ma1ntenanco 02 m1n1_ 

tunotlon, then the total availabil1ty of blood for work to bo dono oan 

be represented as 1I multiple of that lovel. ~s total. availability will 

be required at IlI8ll1mum funotlon, thC!'Oforo 

Card1&o Assessment Faotor (CAP) .. 
ileating Pulse 

The author ls atla:t'e that thie relatlonoh1p ls not linear, In that 

oe.rd1ao stroke volume varies thr~uahout the I"IDI&e or heart ratos, end 

that extre. care IllUSt be taken in tho 1lIII8I5urement of rBstlns hoart !."ate 

1Ih1ch ls easily affected by I!IIIll7 vaz<lablcs. Even eo, at lta early otacos 

of devolopiDent the CAF seems to be n valunble aid to diasnoe10. 80Il10 

1ntereet1n8 CAPls are ehownl 

" 



Name II>ve1 of R:lst:lng II1ax1IDU1D C.A.Ii'. 
Al:>:lUty WR WR 

V"usJIan '1homas National Quluplon 
(1) ('l'r1p1e Inter- Y.3 215 6.1 

national) 

J1m Jtran World mile recoro 
(a) bolder 32 185 5.7 

Tom 5:lmpson World Cycling 
(,) Cham,p1on 47 200 4.25 

Oeoff Cooka National Cycling 
(4) Qwup10n 6a 205 .3., 

Louis Martin World Weisht 
(5) W'tin!J Cbamp10n 64 192 ,.0 

Average Person 
(6) -_.-... - .... --- 7fa 180 a.5 

With these few exzwp1es. lt ls 1.nterest1ns to note the c.U.f'ferent 

CAP'" ootween endurance nthletes (1 and 2),. endurance oyolist (3~) 

8prirlt oyollst (4) and strerl,!tb l:l.tter (5). '1he e1sJ1t interna.tlonal 

2'. 

oa!'6IlIEm Who WEll'e the subjects of thl,'S Pl"lSSl.lt test demonstnted CAli" ii 

bet.-rem '.' and 4.0 
A great deal of t~ork :ls requll'ed to establ1sh the method. validlty 

and reUability of such cal'd1ao /iSOassmcnt. - '1lle author hopes to hl:We 

the opportWl1ty ot undertakinS this task in the mar tut.U1'4!I. 



24. 

ID collabornUon with Dr. EmcB~ HeliIle),. the euthOl' 

!lea OYer BaDe years eatebl1ahe4 nOJ'QS of O2 uptnke for biGh pal'

tOZ!!1lJlCB epol"tameD du1'1118 tenill8 in those 14bo1'1ltor1es. fl~ 

results hove been glven (9), BIl4 these tom (I buls for esBeSBmE!Dt 

at O2 Di.sociation efficiency. 'l5le 418@1OS1s 10 ooiDl;V sub3ective,_ 

but 10 eepec10lly s1{)nlf1cant on on intra-sub3ect test-retest ooa10. 

Vlllues obte1no4 IICf!I!I to be ltll'9'e~ !'elated to zeop1ratlcm rate, 

thooJ~ there iD BIl ~ 1mJutt1clent (lata on reoplrotlon tor any 

IlCCure.te :relatlonahlp to be' enmated. 

!ftIcmanet!7 Only one E\I'OUP of e1@lt sub3ects has been oubJected 

to thomometry, but en ~lon ttlat the IilOOt eft'icient pori'omel'O 

ore those WhoSe them.o-:regulatory syate!:ls mam1l8!D the louest teI:Ip

omture ·-r -; mctIeo e. cQl:pe!'1son between end vith1D subjects pooOl'b1c. 

!!hose ubo uere l'Olatlvely efficient uniIe1'tool.\ much of their tra'.n1ua 

tlbUot ~ c184, or 1n vam envi1'011ZlleDto. 'l5le 1'Onlte can be 

seen 1n the (late. table. 



25. 

!hue ape. to bave been fev I.C.O. atu41aa of cQUlPet1Uve 

1IV1aIIer.~ aDd \heee bave been of a pze- Cl' pon-i.telae typ. (;52). 

fte authOl'!s .laoc1atlcm with AlMDkl. et al (5) 4UJiD8 eleetro-

1IW0Sftpb,y of CfIZIOe ""'''"g led to the 1dea tb8t 1.11.0. aD4 1.0.0. eoul4 

becC1118 Yaluable tools fCl' the n~ iDto .queUe acUnties. 
t • ' • , 

Al.4vlDk1es 1.11.0. was done cm a ~dleJ' lIUfOJ'ldDg one ..moeuvn iD a 

.queUc acUv1U.s an :perf01'lll84 I'1urlD8 locCllllOt1oD, vlIlch .!lDS tlIat 

WIlesl the actlnties an perfcmIIed iD • 1Il*'i8Uy CCIlItructed tni1D1"S 

taIIk with cOIltrollable .tu 1'lcIr nas (a .tu ezogaaeter .!), tbeD 

81Il*fttua aeeda to be ptable. The foUovlDg ex;per1IIIeJ1t was petf'0r.4 

mmtly to •• tablllh \he feallbWty of m"'D8 I.C.G. 

lquient. 

of screened triple cable, 1.5 ell. ally*' dOlllelS electrod •• , adhellve 

4110S, electrtde .1el1:;r, seented lYI'lDe.e, _tezjl1'oof ma.toplaat, CopSdex 

earl1er. Two vue poa1t1(1M11 2.5 c:m. 8,lIU't vertlcaUy OD the loveJ' 8lpeCt 

of lIImIlbnum atuma. fte earth el.eetJ'Oda •• poaltlone4 cm the aplDous 

process of tile 1st !boracio ft1'teb1'8. file .ites vue CClvered f1Ht with 

watarproot plaster, then with a liberal coatlrls of Ooplda. '!be cables 

vue I'UD qp the atemuII aDd over the s""u] "er , to leave tile ~ near 

tile • ellJ'th electJ'ode, L"mn1"S qp to aD4 aloDa a pal. bel4 aboVe tile 

subject, tbence to the portable I.C.O. .Aa the aub.1ect ISVI3II. t~ tb8 



eG •. 

'Il:Ie. aub,1eat sue 1J;1.ns reatizla ana _tu lilllleztaed reet1ba tftlca. 

'Ibm tbe IUbJect ... at vutoua .,1111. ana U&SIlG ftJ'SoQa etrokea, titltU 

final') m.ne ftolatly to ~ etAftI'Sna t 6ta~ &Dd 

reauas at tbe -.t¥c1e. file reau1tant a.c.o.· a are lU'UtAt.ecl tD 

ng.19. 'Ibe;; 4euawtnte t.lw teu1bU1ty 01' tbe aetbod, aZI4 tbIt »08-

albUlty ctI accurate PQ1ae cou.ntJ.IlS. \'be eroae utefIl~. Vb1ah ooounect 

at bJ~ 'tIOI'k .tea are as").,. to tboee v2I1ch bave beaD ObV'1ated 

dur1Ilg otba act1'f1tt" by ualzIs aulIpac'toftl. e1eotl'Oh placlDp .. 

..... t tbe ..xu iIlteeatS.na po1nta ill tIIa .. tftcea tbe a»t 

~ la ~ tbe UlutnUm of bOW qulc:lclu pulee nte can 

t!rclP ~ tbe 1l1ht few eecoada aftelo _"'at efi'ort • 

• 
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,. BO!1na ·""'r!eDta 

The pz'Obleiu ~ Il§llylns • wrk.loa4 lava been previously .entloneA. 

"or 1IIdUe4 OU'SIItIll It 1a proba~ that the areawll't VOl'lt 1.-4 ~ vb1ch 

they are c.,.ble will be durSllg tlIe actual roIrSDs action. vlth It. very 

great lmolMent ~ IIOlIt ~ the I1I1IICUlature. 

ho a;ersmenta vue perf01'M4. 

Stat10nuz 1lg!1Ds1-

A;paratull A rov1Dg macblna vitb 8lldlDs eeat ~ a4.1U8te.ble 

~uUc realatance. A Kaiaar .... 0. ana accOl1trelllentl 

aa c.acrSbed earUer. JIetIooDcDe. 

!he I.K.O. method aelcrlbed nrUer Vl8 used. The 

lUb.1ect zuwe4 in t1ae vlth the metJ'OI1ClM at • variety 

~ ratel and "s"'nat III variety ~ reallltancea. It VIII 

tound that t!Ie rcnr1na machine 68 Incapable ~ prav141Ds 

sutf1cl=t rea1at1mce to Induce very high heart rate •• 

Conclue1cnll With lIuff1d~ care in electrode plac1ng a relatively 

ertefBct free I.M.G. la POllalble ci1D'1ng atatlonary 

rov1tlQ (ns.B). 'lhero.1s at pJ'elient no s~table 

1'OV1ll6 .cbine for ~ heavy work 10&4. to altU led 

OIU'IIIIIB. tbonlh IV'" an'hl BauUlus Ravlng Club ~ to 

bave m prototYlle Z'O'dIIs ergcmeter reatly in tt.e ~ar 

future. It Is pz'Obsble that suffle1ently heav.r vork 

rates coul4 be sr.dnced It,i wdDg 11 1'OVlll3 tIUIk rather 

than .Cl J'O\I'1%Is macb1ne. The autbor bca>es to verify WI 

b-;potbes1o quite &:OQ:l. 

!ramal RcrJii!fa-

An H.B.C. :Sp1.l:tt! portable pu1.ee Wemete:r. t.;pe 

re::orGer. La\m\lll. and Ell e1gbtm.n rou1n8 boat. 
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artefact changes at 

c. 

. a. Start 

b. 11 mlns. 

c. f 9 minI. 

" . 
.,' -~ . ''';''; .. ' - , 

: .' . 
, , . 

.' -", ',. . .:'" -. ,- . 



SUb.1~ •• claazled end pftlIU"ed accor41Ds to tlIe 

mt!Iod 4e8C1'1be4 earlier. \'Wo, ell. .uver electrode. 

vue 'talled 1Dto tile aub pectoral poa1t1oa. with an earth 

eJ.ecQ-ode 0tI the !5th 'lborac1c vertebra. fbe cable. 1Iiere 

l'UIl loo~ to t!le w1lIt. vlIm'e 8 nd10 traDIlII1tter w. 

atnpped at the nu. veU nay tr<a tba IIDY1n& ama of 

both t!le aub.1ect U4 the lint mm iD t!le beet. fI» pulse 

vas tcl.emeten4 b:aa • :foll.owS.Ds launch W1ch never , , , 

exceeded tbttty ytIl'Ila d1.tuce tI'CII tbe lllb.1ect. IlIe 

auMble pul.e w. tape I'eC01"de4. with IIUltable .uJrel" 
, ' 

.1pale eD4 operator CiJiiill4ta. tor later 1I1'IIIlyJ1 •• 

COIlClUlliODaI N. J8l'tlcular ~ vas~. iD III at~t to 

correlate pul .. nte. 41II'1D8 I'OV1D8 with pu1ae ntee 

OD the _ aubjeot 4url.11a tile 81cyo1e er~ teat 

..nUoned 1IIlI'11er. !be e1'W 1DoludlDs tile lIUb.1ect 

I'01I8I'l fer twenty lI1m1tea of ~ 'lP, end then did 
, , . 

two 2000 IIIi&tI'e ts-tIUlI et fUU apeec5. ID neltber . ' 

of tbeee d14 the 1lUb3ect'. pulse rate pt within ten 

beat. of 111. bloycle erac-ter te~ pt1lie - thoogh 111a 

~a1ble that iD loctl!lOt,()1' act:1T1t1ea d ... ,cg erat 
ak1ll anal,. u1ntenance of balaI1ce (e.B. ftJII1ng, 

0"""""8 and cycl1rl8). aub.1l11C~ wU1 be 1.1II1te1'1 by these 

tact=a tzaa 1'eIlcb1ug acute abawItlan. PIWIe tftDa. 

1I1ae1on aD4 ~ 1. fID ett1elent tecbn'CJ.U8 iD 



29. 

Aa a pan of the P'QU'8t1on of cCllllet1tive ptII.'I"111'8 fOJ" • lorI8 

41etazlee eauoe nee. a teua of 1aveatiSllton f.raa tile VIl1venity eD4 

the Co". of l4ucat1oll at ~ lIa've bHD cioD4uCt1ag canUolle4 

~a into canoe 118""11"8. !be Pl'i*I'Y aiu !lage been to 

eatabUah the eDe1'SY coat. u4 __ phyalologloal reactions to l~ 

4S.atance padWDs. lbia 1I'.Ifozati01l VIllI used ea • bad. tOr adVioe 

OD 4let. clo'tlI1DS eD4 tn1n1nS Mtbode to t.be cQQet1tora. !be author 

wa CCIWlete]y nQ01l81w.. tal obta1nSnS ..... 0. and co.1lAborated Vlth 

Dr. ltab1D4n Bath Ben in lUl'face an4 core tben·'-try, an4 resp1ntiOD 

anal;yda. B1oo4 lact1e ae14 anal;yde we abo..ae. llue to the fact 

that the aotivity vat Iq 4S.atuce "'nne'ns. 1t W8 DeCe8111r'Y to take 

continuoua nac"ft8tI t:IIt!m a period of an hoVe !be Im8t ett1c1ent metbod 

of do1n8 thie dms'"'ed that IIOR 4IP.PUItua IUId 1'''''''n88 be in tile canoe. 

Vb1cb le at best • very uutable VIIlI101e. AIIotlIm: 41fftcu1ty w.a that, 

OD the 4II1e ~te were pe:afcuwed, tile 811' t pdture f1uetuate4 

U"OU1I4 0° Centisnde. A atnms bftece eJ'l8Ul'e4 tbat II.PI'Y baI tile 

pa441e8 conatanU3' ehotIeNc1 the operatv. . It lays lIIICh tal the m;per1-

MDtal teclmiquee that n1lable (lata vae obta1ned in ellIIoat all case8. 

It la ~ Slillm'tant that both lSUb,1ect an4 operator'be Wll. 8k1 1]e<! 

in Jwnc114"8 • ctoub1e CUIOt - eYeD ~ IIIOISt QIIU'Iltue 1IU _~, 

the conaequencea of a cap.illt CCNld et1l1 be VSl"J ..,nw.. 
'bo BID open canoe Vlth ~cy cbaIIIbere, &1t:fU.1ly.i

~e ps _ter. fOUl' tootball bl;"O .. , battey 

operated rel1llntiOD c:ounter. tbImsI:after. ~. 

vet an4 ~ bulb ~. wb1rUng II..vsr ... tel>. 

Bact.n m ps ~aeI'. (lancet. pipettes colleot1Dg 

tubee etc.), J.S.ght J.abaratories tbeJ:ldatO'l then-meter. 



:50. 

6' 
pWe atopIaWl. databoud, Cudette portable _.c.G •. 

l1&btn1&bt .creened cablea, nte1'proot tape, 1.5 ca. 

aUvv 4c.ed electl'o4ea, e1ect:ra4e "elly, ee!'Z'ated 

8YlL'1DIe}'n.e tent, Bpat tel tv. 

'lent na ueoted at &'l98J' 8148, u4 ell applI'IlWa DOt 

a •• a.4 4v.nrla aub"ect pNlIU'atlon~. SUb"ect 

vaa ~ at laboratory five 1I11e. ftCm &'lYeI'. bated 

bead, poners.= aqect of 'tII'lata, ~ abdO'l8D aDIl 

401'11al aspect of feet U81II8 waterproof lIdllea1ve. Jlecta1 

... taJteD of Illl. Mten. aD4 of abient laborator,y 

CODd1t1C1D8. 

8ub"ect aD4 appuaWa were tz'IJlQoJ'te4 to 

&'lft1'814e, vMra aub"ect prepuatlCID aDd local eateut 

tQi1IZ'Odutely :50 1I1mlte.. Ill" aDIl ell otber appanWa 

vaa cOlllleCtadJ aDd nlI.1ect. operator ... appuatua 

j;ppanWa la tile c:eoe waal 6 volt bettery, reap1nt1aD 

COUDtv. Irof: ~ Ilit\lQl)J..,.* aDd elephant tubea, 

tl+'M.tu , CUl!ettea, Spurt tnDaltter, 8topIatcbea,~ 

collectloD l>la44va. data board. All caDOe boI'ZIe 

QIlIU"Atua vu potecte4 w:lth JC).l.ytbeJIe aMeta. elthe1' 



Data: 

Conclus1ons: 

31. 

SUbJect and operator VOZ'e CWIVIUS shoes v1th socks •. 

woollen track su1t trousers. sw1!!!!!!1 ng az,mks. th1ck. 

short anorak (llYlon, tor subJect). and leather gloves 

tor the subJect. 

The subJect then paddled tor one hour at a work 

rate cCll\P8Z'&ble to h1s n01'l!Bl long distance rate. Other 

than Wo :reversals ot d1rection the paddling was regular 

and continuous. Readings were taken enery t1YSm1nutes 

et rasplrstlon rate and volume. gas tem;pe!'tlture, heart 

rate (using sto,pvatch and pen deflections). Z.C.G. wave. 

Gas S8II\Ples were collected at tour equal intervals. and 

thrown to the r1vere1de at cormm1ent t1mes. After one 

hour the subJect slDp:ped and 'rnrnedtate post exercise 

read1ngs ware taken et all ~B. The subject and 

operator left the canoe. and recavert H.C.G. was taken 

aver 15 mSnutes. (ns. 21). 

Insufi'1c1ent subJects ware treated to FQV1de enoush 

·data tor statistical anal.ys1s. A total et s1x ex;per1ments 

were made. only Wo et vh1ch achieved the preceding 

detaU. A typical data sheet is shown (ftg.22) v1th 

IICIIIe et the anal.ys1B. 

Certain parts et the «a;per1meDt could be 1D;Iraved by 

having a tol.l.ow1ng launch e.g. gas collection, pulse 

telemetry. Within the l1m1ts ot apparatus and cond1t1ons. 

the methods proved very successf'ul. in obta1"' ng use1'ul. 

data. However. the work !'tIte was at such a level as 

could be lIIIISn1:Btued tor at least 20 hours. It is doubt

f'ul. 1t the methods would be as successtul. it the work 

rate approached II1II111-1 levele. 
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Subject; 

Time 
(minutes) 

Pre-Ex. 
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10 

15 

20 

25 

30 

35 

40 
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50 

55 

60 

Seconds 

30 

60 
, , 

90 .. 
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120 

150 

180 
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240 
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C)'C 1f", Beltoverz 

'Jbe tnlcal pattem ~ track C1Ule nc1Dg 10 that c~lt01'8' 

vU1 enter iD I'St!IYeI'al ncea, which M:¥ iJIYOlYe tbIa in beata and 

npechases.. and ~ abOrt duratiCll b1P loCtiV1ty bumta vltb1n • few 

hou.re. !!.'heir abUity to recover qJllckly betlilecm these burets ~ 

ectlV1ty 18 en mportant teotor iD thelr Oft1'llll p'rto1'll&l1ce. ID an 

attspt to pin 8CII8 iDtOzat1oD OD cu&ac reeover,y, the author 

pertODle4 the tollow1Da lnveat16atlO1l8 at tbe Ifeet1ns ~ ~1ou. 

lotttnatAJ ~ee1sted by Hr. 1oZII8D 8lIe1l .. tbe Br1tlah 0J0l1DS l'ec1II1'atlao 

'atlcmal Coachi aDd v1th the collaborat1oD ~ several intemat1aDal 

cyoUeta. 

ClU."4ette portable e1nale, chenel battel'1 •• M.G. 

1c1"efllled la4e to 1 sq. iD. plate elect~8 so.l.c1ered 

to ,n 41a. apr1DS cll»a (1'1a- 2') Stopvatch. 'looth

bl'llSh, cottaD wool, electroI!a jelly. 

Just betore the ~ ~ the race, the poater.lor 

as»ect of the V1'1et vu sczubbed v1th the toothbl'Uh 

~te4 v1th eleotroa.e .1ell7 uutU • a1l.4 e~ 

vas J1"(XtIIced. r.e~ after cl'08'iDS tbe ttn'Bb'tns 

lma .t tbe eD4 ~ the race tbe aubject WQ1l4 alov &am 

68 .ucb .. po.a1ble. !!Ue 18 a d1ft1cult operatlal. 

because subject. lII1gbt be tnrIellms at near~ 40 lI.p.h., 

an4 SI track biCyclea ha'Ve DO lmIkea it u neceaH1"lf to 

~ bllCkwv4a pre.sure CIl the fiXed vbeel and 81'1P tbe 

t:tont wheel v1th a hImd. However, akllled subjects cm 

atop v1tb1n 200 J8I'de (~20 eeca.). !!le 

aubject tha cUPIC!OU1ted and eat CIl a Chair, .t the hIDe 

til:!e ha'Y1n8 the VJ'1ate l'Ubbe4 a fft tJJDea Vlth cottaD 



.., -Cl) 



Ooo.clus1aaa: 

vaol _resnated with electrode .1ellJ. b 

el.ectzocSo 'llere then cl.1ppe4 SI\, poaltl00.. Yltb 

this method It VU poaalble to obta1D quite soo4 

B.O.O'a v1th1n :50 eecOll4a of croaaiDQ the finlshlns 

Une. '.I!l1a !l.O.O. can tbeIl be CCIltlmU"18 4ur1DB 

I"flCOftr:f. (ns. 24) 

A't the tSM of pe1'tcrm1Da tbeM teata tbere \1118 no 

tal ,ter paUeN"I. Ylth.1z. \\he reetr1cte4 I'IIIUua 

of tftClc a pJl.ae tl'UElll1tter 'lIOQl4 be of sreater use 

1n 41esnoaes of C&1"d1ac lIUfm -me. '8le IIIlthor 

lmow8 of no telelletenDs appentwt Vb.1cb could g:lve 

an II.C.G. OftI' tbe .. l'IIII6Sa, I!IJI4 aClllle cCllbinat:lon of 

t:elemeter:lDa and cUJ'IICt 1.0.0. 1IIOI11tor1n8 VOI1l.d be 

tbe beat IIIe'tbod of echS.eriD6 a tull. pl.:tae of carc1i8c 

react:lon to tb:l8 fom of atblet:lc ptrtomaDCe. 

JlesUtbaU Ilmtat1gatlO1U1 

JIec,,'.. of an 1ntereat iD tbe card:lec " •• nAa of a team S1DI aw:h 

as bu1tetbaU, and to 1I:lwat:lgate the probl.eu of pulae Utl emete1"1DQ in 

a atrenuoua and 'abock-f\1l1' env1zouaeut, tile author coll abol'&te4 v1th 

Hl'. 'lcm Ooraer, Oollege of l4ucat:loo., Yorll, WllO llaa aimner intereaw. 

Ua1Dg the •• 1.0. Spurt tftDIIIltter and telemeter, an4 the tftDlll!lltter 

~t, c1eacrilled earlier, vel'1 ntteble c1ata vu obU:lned. !tle 

tranlll!l1tter 8D4 aer1al 'lleJe covered W a vest, vlth tbe aeJ:'1al wrt1ca1 

and cloae to tile aepreaalon between the op1Dal eJeCtor .. 1 ... 1_. 'lVo 

:lDVeat1gatl00.a vere made. 'J!Ie ftl'at W88 a cmtfmlOd te;e l'8COrCl1r.l8 of 

the env1roWientdl SOUDC2s lIUlI8:rlqmed upon the PJl&e beat eount!a I'IIIr1Ds 



~ . 

• 45 .1m&te t1'a1nSq aeaalcm. 9Ie eeoCDd vu 8 CCDtfDU0U8 te;e 

ncOl'41D& at pi1ae beat aOl1Dd8 nth ~ae4 operator eCillWilt8 

whUe the 1lUb3eot tociI 1IU" iD an 1Dtematf 0!I!\l baaketball etch. 

Scae at tbe 4&tIi 18 IhaIm iD ne. 24",- . 

. ConcllUl1ooa: DIe ~ qpuatuti la 9}J1te nU.ble iD tb1a IdII4 

at 1ICt1v1ty, nth the toll..av1Da except11l1l11, 

1) B1ow& ca the tl'IID8I1tter 1IOMts.. CIaIlU extl'll

pal.au to be tranaaitt.4. When l1ateD1D& to the ... 

NC01'41Ds tlleee 418tu1'be11cea to the nomal m;vthm: I!I1'e 

9}J1te ee8~ detectable. 

2) Ule tftNIII1tter can be mtche4 ott by 8aIII ehocks 

c1ul'1rl8 plq. 

') Vnleea neat can be I'elU,ier~' cUape1U4 flr:ca the 

electl'oc1e altes, extentIe4 per104e at 1IOl'tl teD4 to 

tIeatIoy the .abalon. 

V.fAA1ftlD1 !xpe1'1Mat I : 

'l'he eutbor ball :recen~ beeD enseP'1iD the p1enn'ns at tl'Iin1J:l& 

acbe"'" e. tor a 1101'14 ve1&'htl1tt1Ds ChulplC1l, iD prepan.tlC1l tor the 

~ O~10 Gua. WeiSht 11ft1Ds iD eQlWetlt1C1la 18 -eaaent1el1y 

a &hart ~~CIl ex;p1011ve lIC"Z' event. anc1 as ouch .ea relatlvel;v 

t..., ., ..... 114. CIl the cazd1o-nsptrat.or,v aystaI. !be t1'a1D1Dg .... lC1'l8 

which vefShtl1ftera have to perfOl'll 1n 0.1' to develop their pcM!l1' 

and techn1que tOJ'cClllJ8tltlC1l8 are, balreVer, extftIIel,y d mC7!1'SD, CIl 

both local IWICUl.a1' .ut ClI11'l'11ao ent1u:rImce. b ve18ht1f,fteZ' neea. 
at-'Da In 0Z'Ile1' to be able to train. 

'DIe 1Ub3ect bad pl'WY1oual7 UD4eZ'takeD the noma1 b1OJCl,e eiif>tW!ter 

teat. a, • n er ~ that 4eac1'1bed earl1eJ'. '1b1a gave val'l8ble lDfomatiCll 



no. 240... 

IIu.I't Bate During a llalketball 'lnSn1ng aeadem 

fte rate. represent tbe actual m ...... of beIIJ't beet. 4UJ'Sna tile aSnute 

conceJ'lleC1. 'file total.tnlDSn8 ee.a1oD R • .,ut Snto tbNe peJ'1oda~ 

each at a lOIIel' work rate the ita pre4eeealOl'~ v:t.th DO relt between 

.... 10111. 

!lBSI0I 1 
IISnute JIiii8e 

IDSIOJr m 
ICSnute iiii .. 

1 145 1 151 1 151 

2 l.64 2 155 2 152 , 160 , 162 , 15' ,. 1.61 .. 1"9 .. 15' 

5 1.61 5 154 5 141 

6 1.61 6 149 6 149 

7 159 7 157 1 1118 

8 160 8 156 8 1116 

9 1.6, 9 149 9 151 

10 160 10 150 10 14, 

11 l62 

JIICOVIU 
JUnute iiil18 

1 lIt6 

2 110 , U7 

.. U1 

5 95 



v!d.ch cou14 be wsea CD a teat-rateat beau .. a _aure ~ ~.eaeut. 

Ita relev&Dce to car41ac 4m nil, ~ ve1ghtUft1D8 lad DOt beeD 

eltabUabe4. aDd 80 tlIe tollOVSDa QlIIb'1IDent val 1!Iade. 

J\pIIuatual Kat1ft' •• C.G •• 10 ft. 1isht cablel. 1.5 ell. 

allVU' ctt.ed electrodea. a4lleaive diSCI. adbeaive 

tape. eJ.ectz'oda Je~. aenate4 IY1'1DS~ I •••• c. 

Spun pul .. teJ.emter. atoRclodt. O~lc bar + 

450 lba. veilhtl. ve1ghtl1tt1q plattOl'll. 

1lathc41 

llelVltll 

CCDC1ualou.l. 

'.rile IlUbJect .8 prepued by tlIe .et!Iod described 

eul1er. ContSIIUaIlII •• C.O. 8D4 pulae teJemetry 

vaa pertOllllBd dur1Ds • cC!'ll'lete ve1ghtllttlDa 

tnt.n1q aelalCD laat1D8 nearly two boura. v!d.ch 

vaa followed by a BtttP !eat. 

'.rile data il ahOIIIl 111 ftp. 25 8114 26. 

IlU1':lDS tile .. aalOD tbe BUbJect. vbo le a Jearo. 

neated ~. '.rbere vas DO displacement ot 

eleotl'Odea. !be IIIJV "ta be1D8 ptl'tOlme4 were 111 

moat caaea extraely nolent. aDI1 :relUlted 111 a 

certa1II degree of et eat 8114 •• M.O. lU'tatact. 

!hil d14 DOt 4eavoy tlIe •• C.O'I uaetulzIel. aa a 

pulP counter. IUId save a cood aisual ~ tile occu:nence 

of ao. lit.. However. tbe pl'eclae tom of tbe 8.C.0. 

at th1a po1Dt VBI lht. ~ audible pulae tal8IIeter 

vu eapeclally tntaNatlaa. and U' UIPllt1ed could 

..u aD exce1leDt teach1Dg aid 111 that tlIe tJ 111""oua 

adaptatlcm of tbe subJect'a pulae to dlttezent plaNa 

~ activity val belt appreciated by tbe ear aDd eye 

111 coa.1UDCtlCD. !b11 ldaptatlOD Ihand pattema ~ 

cudlac reapoDl8 v!d.ch coul4 Iave 8J'8It algDlt1c8Dce 
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-. 

1 
1. 
1 
1 
1 

• 

:." . 

166 176 40 11, !to 
17} 176 25 12} 60 
In lB2 45 129 25 
178 1.78 58 127 tie 
179 at doYn. plateau 127-121 afte10 l20 MCCDbI. 

m-ll9 platen tw 9i 1If.mltea. 
t'beD dzcJpJe4 to 

160 166 22.5 125 4G 
S.D. -19.45 ,-.. -18 

0n4lia1. 1'1 .. to • ~teau at lBB-.l87 .tw tbe 1aat 105 ... eCl"d. or teat 

1 . 
1.6} 

Je 
- '- . '\li;'Q7· .. ~ 18 

12, 1.20 

.25 26 
120 U1 

" ~ 112 110 

, 
1.118 

11. 
128 

19 
121 

ZI 
1.l8 

'5 
110 

" .' 
1.4} 

12 
124 

20 
117 

m 
m 

~ 

5 6 7 8 
137 1.36 134 132 

l' 1.4 15 1.6 
128 1.,51. 121 122 

2l 22 23 24 
120 120 1.l8 11.6 

29 30 ,1 ~ 
U2 m U1 m 
YI }8 }9 40 
108 92 1111 m 

1.5 
15 
1.5 
15 

14 
S.D. = 8 
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a. 
L1f't 

Clean to 
ehoUlder 

CleQD ana 
Jerk 

i B1sh Pulls 
to va1st 

POIIV 
SIl8tl1h 

b. 
lfo.Made 

} , , 
2 
2 
2 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
1 
2 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

--
~. ---::~· .. l:._; 

-~.'. -... ---:-
" 
" 
~ 

Pul.IIe'Bate PluctuilUons .dur!D8fa,We1e!lt Llft1Ds '1'.rs1D1DscSeas1an 
,-" • '., .. ...,- . ., 1'1' _ r -_" • 

c. d.- e. f. g. 
Peak Pulse Bate B1gbeet Peak 1':lme ID GeCO. Lawest Pb1nt f1me ID GeeS. time ID BeeS. 

Dur1Dg .uter to reach (4) after (d) (d • t) f - next 11ft 

1!58 150 10 131 " '160' 160 20 136 " .158 l.68 10 115 ~o 

·15' 16, 10 111 45 
155 161 10 98 '5 
151 16, 15 m '5 
1116 15' 5 lot. 45 
14, 159 15 108 10 
1~9 160 10 112 65 
1'9 161 a; 116 60 
1~1 158 5 116 40 

2 mlImte rest to DeZt series 

152 160 10 1S' 20 
l.64 111 SS 1}4 20 
~ 112 20 129 " l.62 111 10 119 15 
158 110 10 126 60 
166 172 25 125 90 
lD1 11' 20 129 60 
180 185 40 149 60 
1.88 

l.cII8 slmr rec~. Plateau at 1S1 atter 120 seccmds. Bent 40IlD to aa.1ust 

148 
150 
l.64 
149 
160 
155 
].60, 

·159 
169 
156 ' 
166 
'154 
156 
154 
1;7 
148 
1;)' 
15' 

ktbe ve1gbts v1th DO effect an pulse~te. 

156 40 121 55 
,l.68 }o, 1!58 25 
178 3Q' ,1:52 '5 
166 10 " ,'i,20, , 65 

,.~;. 

IT} '5 ,,1S':. 15 
'i29 50 170 20 ". t:,. 

174 ~140 .' '5' 
-:----

l'l&teau at12lJat'te:r 95 ,aec~a., .• ~ 4OIlD,~;ad,1uat ,~·wetsbtB v1th DO effect 
sat' down f01'\~~~al~_'c!I-o,p;pe40~lP7~125 ,oecU.Jat:1'cm. Biased a beat to 

,.,lC!i1. 'oJ'"98., :;0 aeec:iDdBlliEff;ore tlIe ,flnt 
'of the,DUt ~e-s-' . 

161 25 ~5' 10 
172 25 '125, 55 
167 15 125 25 
116" 25 120 '5 168 3D 126 15 
168 15 128 '5 
168 20 I 119 25 
168 '5 l26 60 
159 25 126 15 
,lSJ 25 1:19, 50 
157 5 satdarom ,aDd, :reached 

8 platea~ 08c~t1D8 101-119 after 10 1ecc:iDd8~Renst.....,,_~, 51111nutea 
.. '. . '. - l"': •. -', 

~ 159 3D 132 80 
160 166 50 ' lu, SS 
l.62 l.64 20 ' "12}' ' ;5 
168 1~, 40 '>1:1,'" ' ,'5 ·rH . \_ ;'1 . 

112 stayed at 172 t01"~5 ~and8. tI:l~ !~<i:ppe4 .~ ,152 ID 25 seccmda then 
... ~ ....... _ W!! ____ .ft_ '" ','. __ • 

20 
10 
10 
20 
15 
20 
20 
25 
15 
15 

10 
10 
5 

10 
5 

15 
-5 
.5 

SO 
20 
5 

20 
SO 
40 
5 
0 

5 
10 
15" 
10 
5 

15 
15 
20 
10 
5 

5 
5 
5 

10 

- t: 
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ill tbe tn1ft1ns or 1P01't-*l, .n4 alIo ill t!Ie un4e1'

etlD4Sns or cal'lUac rtmcUClIl. 'fbou&b t!Ie nact1ala 

or one wb.1ect cannot be taken aa I'eUable data, 

it ia 1nte1'eatillS to cana14e1' ICDe aapecta or tbil 

---_._._ .... _----------

A t;vpicll patterD or n&pODle can be Hen by taktns tbe MIlD 

val.uel of an pa~. DurS.na a lUt tbe Mart ate roae to 160, 

nains ItUl furtber to a peak of 168 at 22 aeaca4a after tbe 11ft 

c_led. Tlw ate tIleD 4lN.Ppe4 anrr tbe nut 110 aecOD4a to 125, .n4 

tben roae sra4Ua1l1 over tbe nut lit aeccm41 to the atIrt or the 

next lUt. 

!he var1etlO1l ill atel at _cla atqt nn.cted e1tber tbe lensth 

of t1ae QeIlt on .. cla 11ft, fI' tbe lIO'D'dlP lS.tte4. Lowest ntea wen 

rec0rde4 vbUe tbe wb.1eot vaa et.aD4Sns p1'epU'1ns ffl' tbe oat lUt, 

fI' durina prolonp/l eeated nit pauael. Tbe,y Uc1 not occv ill tbe 

atogpe4 or Cl'O'lCUd podtion. At tiMe vben tbe wb.1ect bent 4CND to 

ad.1U1t velshtl not ae a part of e Uft, tbere.a no 4ro.P ill beart nte. -
rate va8 acb1eved le.1 quickq. 

The biPet beert I'8te ncOl"ded vel dutlns the pertonance of a 

1105 lb. COIP,Plete lS.tt above the bead, to a nte or 188. At tbia po1nt, 

and at the two otIIer MPR beU't nte pointl ¥here tbe lUt vel tile 

laat or a aerial, the heart ate 414 ~ cantlnU to nee CD lUt 

CiitllQllMlt.101l. 

»unns a wb MI"'-' ate:p teat done at the end or tbe •• alaD, 

tbe bIU"t nte nacJ1a4 188. !lie rate tbIm took , IIlnutee to recover 



'51. 

to the .an zecovel7 level ot l25 that had been _clw4 10 a IIIeIIJ1 

tse ot 110 aeC01l4. 4uZ'1II8 velghtl1tt1l:la. 

B.II.0. t1ur1Da !la","" tnSns 

Coacb1Ds atlIo4a 10 tJ'll~"n'n8 IIave tar lImY yeu. ba4 to 

~ OD sub.1ective kiualolo81cal 8Jl&4tae. t~ tile 4evelopl!Dt 01' 

techD1c:al paz'fOlWDCe. In 01"du to ...... the poaalble value of 

B.M.O. 10 till. type 01' activity. both tbe .tlonalllen!s 'l'J'II'IIPOl'n'ns 

CbuplO1l and a ccu,p1ete begS nner. .ct.d •• eub.1ecu 10 the tollov1na 

~t. 

Appuatual 

Method: 

OffDv 8 c-banne\ •••• 0. 10 ft. l.aa4. nth 1.5 CIa. 

eUYel" 4caed electrode. IUI4 banaM plup. Uaato

pleat tape. eleotzoo4e .1elly. ~8 nlO1'. cotton 

wool, alcobol.. _rker pen. iiifiZi1'te4 needle ayr1Ds.e, 

li.teD tJ'll'WoUue. 

!be lIUb.1ect. vue ~ by tbe metb04 de.Ci'1bed 

earlier t~ • .M.O. of ftb1al1a ADter1oi', tatenl. 

Oaetl'OC.'Deliua. v.etua ,,,,,,.U. aJI4 lateral 81cep. 
1'ea>£'18. !loth lIUb.1ect. perfozme4 erect boImclDg 

OIl the tn'lpoUne. 'lbe 1IIr' 1Jed lIUb.1ect then per

t01'lle4 coneecutlve back 8C111Ueault. 10 tbe .traight 

poeit1cm. The operator atoo4 OIl tile edge of the 

tnllr!PO"Sne. bolcUng the ~ .nd.8Il8UJ'1Ds that 

tbey dJ.4 not 1oter.tere nth the eub.1ect.' lIOVeIIII1ta. 

~ of the •• M.O. trace. obtelDf'4 are ebcw 10 

ftp. gr IUI4 28. Bey 4 ...... etrate the cClll!Plete 

poaeiblUty ot •• 11.0. lUI8l¥ai. 4uzirIS tnmwo"nSng 

iliClVemant.. Unt'ortuna~. the 1Dk vas old, ana the 

traces be~ ... 111ge4 IUI4 faint 10 pleces. 
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Point. of eapec1al in'tel'e.t ~cb emerge 1'1'cIII 

tbe trace. Hel 

i) !be Focell. of IIIWJcUlar e4aptlti01l 4UrirIg 

ekUl acqu111 ti01l 

U) 'IlIe 4ittennce in IDWIcle CCMmUDatiOll 

betveen pUled aDd ,maUled aub.1ect •• 

iU) '!lie ach1.evement of lIU8C'IllAIr rel.IIXatlon 4UrirIg 

vlolent activlty 

iV) 'IlIe a1nteDaDee of certain a.atbet1c poatUNa 

4uriDg t11gb.t 

v) The occu:rrence of large 1IIOVtIlIIIm1l utetacll' at 

certa1n ateges in tJ'l!!l!P"'UntDg IIIl!lOeU\'1'eS. 

ConcUialO1l1 (JIUot; If;ud1ea) 

'!he tOJ'egolDg teats allCIr a pictunl to be built lW of an in41Vid1al'1I 

state of 't1tDe •• !. eapec1ally 1t in eOD,1lmctlcm v1tb other teat •• of 

ek1ll.. lIOVV an4 l*'IODIU ty eta. ID tbe pReent atate of the art, 

p~e1cal e4ucatora .. t examS ne IUCh c:n'flftll picture. 1D11Dl¥ fIIam a 

backgr0QD4 of qJUlence aDd IUl)Jective lntelpretaticm. fil1a 1. an 

lmIItletactoJ'y state of .rta1n tJ'CII IDIlQ,Y points of View, eapec~ 

Ilnce tbe relative ~ce of each piece of tbe ,1lpaJr 1. not known. 

b t1nIl. cr1ter1cm Sa. , ..... 11n8 1n41v1duale IIII1It be tbe1r pel'1'~ 

at aDy s1ven actiVity. UAi'onunately, Ws 1. DOt. dI\ple taak wen 

ael.ectiOD of teaIIII depend. u,poD a J;II'I41cticm of eventuall*'fomance, 

an4 In such Cl... u.e • .-ntl' of the aepu:ate panmetera 1. of great 

uae .. even 1t the eonelatlcm of amtheaa p8l'QI!tera 11 at an unsatl.· 

fac1lor7 level. Wbe autbol' ba. been recerttq ecmcerll8d v1tb s1Y1ns eucb 



39. 

advice to the dlattors of the Alsteur Bov1a8 Aaaoc1atlon" the British 

CycUDs J'edenSlOD" aDd the Great Britain O~1I,Pic Basketball ClBIlttee. 

!beae •• aoclatlons,. aZI4 otlIers,. .re us1nS wchadYlce 1D the adYsnce 

aeleatlOD of DBtlonal teas. 

ID an eJ1'riromIeDt vhere tacU1t1e., U. IIZI4 eDn'&'{ tor tn'n1ns 

are lJ.Ja1ted" then such ..... IIIlIIJ1t. ot var10ua .thletic pu'Ulaten can 

stve IICD8 Sn6tcatlon ot tlIoae vh1ch UW14 be Hn),y to 81ve s:reateat 

pert01'lllllDCe gaan." if concantftted 1WOIl dur1zIa tn1ll1Ds. ID thi. VIIY, 

the III08t efticiexrt utW .. tlOD of tnlnSna ts. can be achSft'ed. It' 

the teat. are reUlble, then they can allO .ct •• c~tore of 

intormation h'aa reteat1DlJ, and be used to PUSS the ett1c1ency of 

AD Il.ectralllyographlc MIalylll of • lepttltlve 
LoeClllOtor 8t1l1 

Three SubJect. each pedlUed • bicycle ~ at VIU'lous 

:rates aga1nat verious rell.tanc... llect~graphSc 1UI8ly1l. ot 

three -J01' leg IIII18Cle. Ihond that there vue .ignificant T8l"1atlons 

1D the ptterDa ot lII1.cular co-ord1!1atlon 1DYol\'ed. 

IntJ'Oduetlon 

JIumoov (,,) quota. the tollov1D8 def1D1tlon ot sIdll • "The 

abU1ty •••••••• to imlu"nlte tbe right lllUacleS to tlle I'lght degree 

with tlle I'lght IlDIOUJ1t of 8peed at the r1sbt aa.nt." Where the sk111 

under epm1nation caD be de.mbed .8 'eloHd'" that le to say v1rtually 

tlle _ bovever IIIIIlI¥ tlmls it le pertOl-.c'l" theft 1 •• ten/llt7Jcy nongat 



40. 

phyll1eal educators and k1nell1oloS1ats to regari the IlU8cular pattern a 

and co-ordlDatlcm.. lnvolved ea Mgh'l' zepro4uclble both v1th1n and 

between subJects. &Juts a11d nllcber (~) diec:overed a 'high degne 

of ~tabU1ty IJllIOl!8 subject. and for an.¥,;tme subJect'l which may 

111 part have been cauaed by the1J:' 1lOD-1Dclualon of atyplcal auacle 

recOZ'd. 111 the overall IIIIalyll1a. In anotber exper1aent ('5) the 

8fIlIIO authlms present ev1deDce that 'the pattern of IIUIIcle actlon 

potential ••••• VlSS cona1atent'. aDd 1lluatrste tbe1r evidence with a 

dl.gl'8lII of the precise co-ordinaUon end tillle phlia1n8 of major lea 

:IIIU.ol •• du:rinS blcycle pe4a1Una. Jrpcm (;56) 111 an analysl. 01' e 

nannepetltlve closed ek1ll, agree. with BDuts (37) that the mu.cular 
) 

patterns elIov • !high degree of zoeproduclbU1ty. Bove'Ier. wemn 1GPored 

'.typlcal' NcOZ'da and di.carded NCord. of 'incorrect lIIOV'eIIImts eccord1Ds 
) 

to competltive aesthetlc; cr1tel'14l. Batty. and Josepb (38) foUowed tile 

p1'8ctlce of diaregardina obaanatlcm.. which dld not fit into 'typical 

phaaa.' In arriv1ba at tb1r ccaclua10n that subJect. ahcnf 'remarkAbly 

s1ll1lar! patterns of IlUscular sct!Y1ty durlns nomal plt. fheae and 

other observatlons 1Dd1cate that alI1llll, eapec1all,y be&1':Uy onr·laarDed 

closed M'"" .... n" quite pncli10 pbasinS and CO-o:d1natlOl1 of the 

our caplcitl •• for adaptlon are enomoua, which woul4 sea to agree 

IIIOl'e closely with pNsent knovledse that reintoreaent 111 a character

lstlc of IIIWIcle flbre pertOl'lWlCe. L1ppol4 et. cl. (40) d8llOl18trate 

II1sntlon of actlvity fraal one IIIWIcle to I1IlOther after prolonge4 

acUvity. and tbe autllor has daon.trate4 voluntary gross changes 111 

IIIWIcular co-ordinatlon to the I'bys1ological Soclety (U) l1g.29. TIle 
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zehab1l1tatlon of »&1i1ents hav1ns pb)tIIleDl. 4iaabU1t7 baaitor ~ 

Jean dep.nde4 to • peat extent cm the hlllllm'. ability to .... 

hia lIIIlMul.~ to 41tteftDt patterna .t _at - to devel.op 

'triok' IIOVElIIEIJItll. ~t voluntary ettert can zeault 111 Qhanp. in 

_le oo-o1"\Unatloo; vblln I'etailliDI the bale aovesat patterna 

l'IIQ.U1l'e4. .eeDII to be vel.l ellt.bl1lheA. Constant Jl'aCtlce of altered 

IlUSCle pattem. can alao l.e&c1 to the elltabllalJent of 't18V' meth0d8 

of p.rtomirli B skill - nich cO-CiIrd1natloo becc.es le.. an4 less 

ooaee1ous as learn1q Pl"COae4I. !I!lel'e doe. IlIrto appear to haw ben 

en atte.pt to 41lCovar 1t obsqM 1n wacle 00-0r41l1&t1oo occur 

lnvoJ.UJ1~ ea Q.UiCkly 8' durlna .\-lcces.1Ye lIIeJ8tlt1cna at • heav1l¥ 

m'e1'-leamed rC];etltive locUllOtor .k1ll. 

1ar4t in the developlent o~ the 1l1~le, enthuaiaa't. attelllpte4 

to 4aTl.e tha 1liQ$1; etflclaut. 1I1tertace between the I"ider BD4 h18 

machlue. IBvel' II~ anti. JIlIeh1rw 4iaeNllQ1l8 of vaq1n& de&rH8 of 

camplexlty were sub~ectod to 'ilhat could be 4ncl'JlJeci &11 'er&OBQlllo 

.. ae._t' - 10lIl8 of a ~lte hl&b11 Qjhl.tioatet 1118thaatlcal and 

mechanical tne (~l. a.2, 4,). !!.he caab.1ne4 ettect8 ot IlUCh lnve.t

lpt1cna fIl'ld fJf elIJ1r1e1a nlulte4 111 the evolution at the prea.nt 

ohlan wheel Btld c1rolllU pedal path a)'Sw.. whlch IiaI aYeDtuall¥ 
V' 

raaabed •• t&4\e of euch neehanlcal eftiC1GDC7 as to Jl8J'1111t the h15blY 

tza1Dad performer to achleve &Jeede of 120 1I.:p.b. beh1nd IIIOto1'J,*le, or to 

COYeI" ovar 30 III1lee in ona hClir unpaea4. or 500 allee in cme _ .1a1lU~ 

wwacad. !!.he ~.leal pal'IIIOtem ot tbj ... -ueh1ne laterface haft 

not l!IICe1ve4 lUeh dOH .C1'Ilt1ny 0Yel' the JUN, althlUlh 1IlSe 'ok11PII' 



~. 

actlOD vas dlacuaaed iD 8QIII8 detail iD lB89 (44), and iD l.888 by 

Lord Bury aDd G. ycy B1l11er Vho wut lDto sreat detail re8U'dlDs 

",olllt aJ1Sle8 and 11mb poslUona (45). the studies of A.V. B1l1 

lDto tbe deVelop!IEDt of opts-J. power by a IllU8cle prcllllte4 ftl'loua 

inVestlptlOl18 lIIto tl:Ie rate of bicycle peelslUng. Bie O,Pt11la1 

cOIltnlc:tiOD time of 3u8t under 1 eec0D4 ~ to fit very lll!atly 

iDto the nndlns. of J!er:te4lct and Cethcart (46) Vho ISl/8Pstect 

greatest efficiency of peda1.1lDs at 70 r.p.a. However, a padaJUns 

rate of 70 per mlnute Is ecblend by cCllblDed aacle "",n!JIentll. any 

lD/llv1dusl ·"'c:le ba1'd1y belDs capable of V01'klIIs ~ f(g longer 

tlIaD ~ of a slqle NVOlutlOll t s1viD1 a contrac:tlOll time ot 
60 
Dio • 0.'" aeCOZl4s. D1cltenlJOD (47). vbo 1IO%'ked oloae1y 91th i'I'ote •• (g 

B1l1. .s.ccmrred that the optiIPa time tor ODe toot mvement (balt a 

pe4al revo1utlO1l) vas 0.9 sec. tie gave BD opt1muDl peda11lD8 rate 

ot "r.p.a. It We tlD41D8 were to relnf01'C8 B1l1~e O,Pt1llllll COD

t1'actlOll rate It vou14 Dee4 to be eltabU.bed that each l!IU8c:le vas 

vork1ng t(g 50 of each revolutlOll. 

~ee two auase.tect rates of 70 r.p.lI. and " r.p.m. dltteJed 

very gzoeatly. and Cathcll't ausseated to Gury and Vlahart; that they 

redDW1 M tl:Ie aueatlcm (48). the reault belDs • flsure of 52 r.p.III. 

(ha11'vay between tbe two prevlous figures) and a conclualOD that 'It 

preference of raclDS cyclists t(g pedeJ J1ns rates between 90 and 120 

r.p •••• augest that tbere are otber facter. than optiml!1l1W101e fibre 



contraction rate wMch aftect tile effl.c1ency of grol. IIIlScle IIiOVOtiillt. 

PreY10ua inTeatSsaUona by the IUthor into cyc11Ds Ilddl- be1ght, 

and by Baaley into tl'Wlk poaltlOD (12) !laTe deIIonatrated the 

a1SD1f1canee of poatural eft'ectl. It ftl 4ec1de4 to 1nYutigate 

otbe1' pal'8lIIeterl (lUb.1ectl, loada, pe<!alUng ratel, IlUlClel) ua1Dg 

electrc:layosra»1\7 and ataUltlcal aDalya1e ot '¥V1aDce. 

Sub"ntl' 'flIn!e male lUb.1ecta, aged J 25, U 25 and m " vue 

uae4. SulI.1ecta J and U vue active llIortll!lel1, vho ba4 

been ualDa • bicycle e1'sc-ter u • .athod of applying 

VOl'k loII4 t= ar41o-1'ellliratory tralntng, but vue DOt 

racing cycl1at.. SUb.1ect m ft. • tint cetegorlf 

racing cyeUat tD M, !oft aezlllon', vbo ba4 al.o UJIed 

tMs ft'8OIIIIIter £= nplar traSn'ng. 

(1) A IUIn"ud bicycle erscaeter .a 4ea1gne4 by MIlUer 

Y1th ftl'lable ea _gnetlc realatance, and p""aJUng 

rate 1D41cat=. !lie ergc:aeter w. 1IDCS1t1e4 by .Wtione 

of:-

.) ILclq nddla, pedal., toecl1pa, and ,haDdl.ebara. 

b) A photo electric der1ce nplltel'1ng • 1.5 volt 

output .1 the left pedal paaaeil tbe front 

borilOl1tel point. 

(11) AD eight cbannel pen oecU'OgN»h (01'fner '.l'nIe I) 

CQqprle1ns • 4-0 ~ and mulUIY1tch1Ds Iyatem 

au1 table t= electroencephalosra»iW. 

(111) 6 electro4e lead pa1n, Y1th banana pluga and 

1 cm. c1rcUlar 4cme4 alectrodea pre.sed frail 1 lID. 

aUVe1' ebeet. 



Hetho4. 

(Iv) 20 Ill. ayrSngewith 10. 1 118J'Z'8te4 t1p Dealll.~ 

1 CII. c1rculu' double a14e II4lIedve 41"a~ Cflllbri.4ge 

electro4e Jelly, 1" elaatoplan at1'1p.~ Ball. nSOl', 

cottaD wool~ al.cobal. 

(v) I.I.M. 1620 41gltel ~ • 

• qui],!!!1t I'!!I!r!UOD. '!he bicycle 8l'gaaater .. -

levelle4 IID4 call1bnte4 accOl'41D8 to tlle laamd'acturer'. 

beJldbook. aM'''e he1gbt ... ac1,1uated acc~ to 

Ifaley IID4 flaIa. (12). !he OBcS)1OSNPh ... 1Ie1'rtce4 

an4 ce HUate4 accOl'41D8 to it. banflbook. Paper awed 

... cbecke4 an4 fG11D4 to be 28.1 ... pe1' aec0D4. fboto 

electric pedal poa1tlon IEl'kn .. a cbecke4. 

SUbject !J:!pu!tlan. ..ch IlUbJect lay on a c11D1cal 

couch ozo pl1Ilth IID4 tile a1d.D aurtace of tlle 1'0lIl' ID'.cle8 

OD tbe left lea .• ('Hb1aU. AIrte'1or, J.atenl Oa~a~ 

Yaatua JIe41al1 •• an4 J.atel'al Bicepa I'e6u'le) was cleaneil 

ua1Dg cottan wool ~te4 with 8lcbbol. '!be subJect 

t.beD ut OD tlle er~ aDd tile auacle. 1181'8 palpated 

Vh1le ha pe4aUed. !he elect~e poa1tlODa wue..,.ke4 

OD the Ik1n IIUl'fIlce ua1Dg • balloopeD, v1th c1rclea ca. 

l.ll CII. 41m. lodUana 1181'8 eelected vhlch lay 41nctly 

0ft1' tlle ..sn .,1Cle belly for t!Ie -.101'lty of the let! 

IIICIITZ jlt an4 Yblch 414 DOt lie too cloeely to other 

muacle.. 'fbe lnter-elect~ apace fozo each pail' 1188 

a5 ell. 

b sub.1ect th8D lay OD t!le pl1Dtb an4 the eleetro4ea 

vue attac!le4. An area ca. ," aQ,U.Ue •• aha"fed 81'OUIlt1 



the el.ectzoo4e slte. An tuUleaive d1.c vaa place(l 

91th1D the marU4 c1rcle on tbe 1Ildn. b aer.rated 

t1pd uee41e of a Q1'1Dee fWed 91th electJoode .1el4r 

vae l'Otate4 a tflfl timea 1n the centre of tile c1l'cle. 

to p1e1'Ce tbe cOl'D1f1e4 layer of the ep14em1a. rue 

small bole vas tben f1Ue4 91tb electro4e .1el1Y. The 

dCIIIe4 electrode vs. f1l1ec1 91th electrode .1ell;v, 8114 

caref'ull.v but f1mly applied to tile a4hea1ve 41ec. Any 

electrode Jel.ly e8C8ll1n8 tbJoouSb the bole 1n tbe daIIe of . -
the electl'o4e ws NlllDve4. !he elecVc4e _s tben VV'J . . 

1'lIml;v tal*1 91th aD elaatopla.t stnp, 8114 beavy pr8SI1UN 

appUe4 41s1tall;v to the electrode to obta1D .... x1mm 

a4hea1on. '1'lIe _ IIIIIthoa 118. uied 111 f1Jd.Jlg a G~ 

eutb eleetrod8 to tlIe paWl BI' aurtace. 

'lhe e1ectl'o4e l"8a1et8Dce .. cbeckecS IIDI1 1n all ca ... 

fOIID4 to vary betUUD ~ • 1 K. '1'lIe lIIib,1ect 1IIOIIDte4 the 

~, &Dd petlaUea ~. Y!dle.the pith.ot J.eaet 

IIIOIIemeat avw the ak1n 1'01' tbe lead. vas detulll1Md. 

'll:e leads wre tben taped to I'UD to a CClllllOD point 

(latenl aspect of Jmee), frOIII whII1'e ell leads were tal*1 

tosetber oe 0 e1rlsle cable to the B.HoG • .1unction box. 

ID a&ut1on. 0 pall' of eub-pectoral B.O .G. electrodes 

were attached, to prov1de 1ot0l'llllt1on tOl' enotller aer1ea 

of ~te. F'-a 30 

i'I'ocedure. Esch sUbJect r"eUed the bicycle ercamete 

at 60 I'.p.m. oga1nat a SO vstts zes1atance 1'01' 5 m1nuteo 
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1!6. 

vith the ~.G. c~ :rllnn'ng. J)uzo1ng tb11 

t1IIIIt the tracel obta"".,., were obecked aDd mw"ftClUans 

aa"uated to 81ve I !!dntmn et ca. 1 _~ total pen 

detl.ect1on apUtu4e for .. ch 1IU8Cle. 

It WI cUeco.ued that the read1Dsa 81ftll by 

!1b1al18 Ante1'1or were UDZ'eUable, 111 ttat occalSmel1y 

then voal4 be 110 electzoc..yognaph1c IcUnty traa the 

.. llcle 4Ul1.ng pene,uns. 'IlI1a aaaele WI tberetore 

excluded fl'cIIIl the Itatlat1c:al analyall. thousb tracel 

obtAined at beav1er load. vere rel1lble eDQIrab to ausseat 

• t3P1cal pattem et··.CUOII tor the 'l'1b1AlU_ Ante1'1or. 

fbe nalltusce W_ then ra1eed gndn811y OVU' I 

lJC'1od of • Idnute to 150 wtte. !he wb.1ect then 

I 'n'" peaeUtas '.'nat th1a realatanca tor • turthe%' 

1I1nute. Zllll •• 1'IpII~ to • "~ or 250 .tte. 

'the wb.1ect then stopped and nate4 tor 5 lII1I1utea. 

'l'h1. procedun w. Jel)eated vith the aub.1ect 

»-68 "'n8 It 75 r.p.m., and lsalD .t go ~.p... !be 

total ~t took ,., 1I1nutes. clur1ns vh1ch tiM 

wb.1ecta cUd not Gipedeuce greet tat1gue 

'!be cond1t1ona or petJeU'ns tor each or the tbJ'ee 

aub.1ect. CID be ahovn thue. 

load 111 .. tt_ 

60 1150 150 250 
o 

r.p ••• 15 50 150 250 

go 50 150 250 



UlI4eJ' each ot theae Dine c0ll41Ucma. MallUJ'eD!nta 

vere lIIlde of the c1uJ'aUon of act1Y1ty ot each ot tile 

tbree IlUeclea. tor ten couecutive pedall'fio1.utlcma. 

Then ten l'fiOlutlOll1J vera taken at the end ot tile 

" IIlnute aepnt ull4eJ' tile gpec1fic con41tlcma. A •• cle 

".s con.14ere4 a. be1D& actlve aa lloon a. there ".a aDy 

dlacemable """nge 111 tile I.M.O. tllaee fJ'CIII tile DOlae 

1.,.,.1 dUJ'1zIg lnactlv1t;,r (l'1I.}l). laeh IIIhlUJement 

".. then COl;lue4 vi th the total t1ae tor one pedal 

revolution at the parUculaJ' J'.p.lI. l'IlteJ thua eaeh 

rea41Ds represented tile tnct10n ot a total pedal 

J'evolution t1lle thllt a partlcUlaJ' IIUIcle ".. "",*sng. 

Wlth, lIUb.1ect.(S). ,pe«alUng ntel (V). , rel1e

tane. leadl(L). ''I',.cle. (Il). &Dd 10 ~.(T). there 

were a total ot 8.1.0 _aU1'elllltlltl Vh1eh were lIUb.1ected 

to AIlalyl1a of VlI'1anee u.1zIg an I.B.M. l620 cUgital 

cCDiPUteJ' ~....-e4 by DaY14 (11). '!be callPlete data 

la 8hovD 111 Fig. ,a. and tile AIIaly.la of Vaz1.aIlce. 
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I'm. 32 
I ••• G. WYI1. of .ic;;cle hda'''yData 

lach t1~ npeHllt. the • of • total 1'ftQl1ltlcm that the .a!cle 
va. VOZ'kUs. 

$~ I -1t\III I - 60 r.p .... 

Ga.t1'OSD!5U! 

5 1Ep. -
5O_U. 
18.5 
25.' 22., 
20.2 
15.5 
18.5 
11.2 
11.2 
l!M 
16.5 

.,.!tu Wia11. 

5 tp. al.O 
27.0 
52.0 
~.O 

~." ".1 
~ ... 
~., 

.0 
~.1 

Ilm. hp'i' 

5 •• 54.9 
55.6 
56.6 
55.9 
52.2 ..,.2 
55.6 
"'.6 
55.9 
".9 

l' .. "1.6 .. ,.6 
~.5 
1.2 112., 

"1.6 
"1.6 
~ 
"1.9 
"1.9 

l' 1Ep. 52." ,.. ... 
54.8 
56.1 
6'.5 
58.5 
60.5 
56.8 
". ... 
60.8 

25 •• 

25 •• .'.1 ..... , 
~.1 .. ,.6 
"'.1 
"1.1 
~.1 
"1.1 
".1 
~.7 

25 Jcp. "'.9 
56.' 
5!M 
55.2 
60.7 
60.0 56., 
61.7 
611." 66.8 



ItlII.JE'1' I - Ilun D - 15 r.F .a. 

15q.. 

Vsetue lkdleae 

5 tp. 29.2 15 lip. 1&0., 25 lip. ".8 
26.8 S9.5 ~2.~ 
51.2 51.8 ". ".~ '9.0 ~., 

}S.l a..t..6 ".0 ,.,.6 "1.2 !la., ".1 )9.9 ~,.6 ".., ~.9 ~.1 
}S.l 110., ~1.0 
Sl.T t9.9 41.8 

Dleepe J'e.n-ls 

5 kp. ~.8 15 k8D1. 55.8 25 kp. 6,.2 
1.0 58., 55.5 

54.1 61.8 ~.9 
1a8.6 59.2 6/3.7 
41.8 54.1 65.' 
54.6 61., 61.5 
41.4 56.2 65.8 
5}.7 66.1 68., 
54.1 57.9 61.5 
~.l 56.6 66.6 



Chlat!'oe!!!!!1ll8 

5 kga. 
50 watts 

- 2:;.5 
25.0 
2,.; 
26.0 
22.4 
25.0 
21.9 
24.5 
26.0 
25.0 

Vsstus Meala110 

5 ke;Il. 29.1 
28.6 
27.5 
)1.6 
26.5 
•• 1 
,0.6 
32.6 
27.; 
32.1 

BicepS ham!e 

5 kQil. 44.9 
116.4 
lIS.5 
49.5 
51.6 
50.5 
59.2 
52.0 
54.6 
;;.1 

25 118d. -

15 koD. 36.4 25 ksD. SS.4 
}5.8 }8.4 "., SS.9 
56.4 110.4 
,4.8 ,:).9 "., 41.5 
35.8 42.0 
~.8 '9.9 
'1.9 38.4 
40.4 '!M 

15 koD. 51.9 25 kgD. 69.1 
52.1 62.0 
60.4 6o.p 
51.9 64.0 
6'.5 64.0 
60.9 61.1 
58.9 65.5 
61.4 64.0 
51.} 11.2 
".8 11.1 



SIJlloJIC'l II ., Run 1 • 60 r.p.m. 

Gastrocnemius 

Vaatua Medialis 

15 kcJD •. 

Biceps FemoriD 

15 1Ioa. 

25 Iton. -

25 kOD. 

25 k{lm. 66., 
66.6 
61.2 
6,.G 
G2.~ 
59.2 
6,.2 
(11.9 
5~.1,; 
58.1 



SUB.UCT Il - Bull II - V r., .•. 
QQet~ua 

59 vatte 150 watt. 250 watt. 

,~. - 61.2 15 •• - 5lM 25 Irp. - ~1.8 
5'.0 6,.2 5lM 
50.9 It2.1 5",1t 
56.0 50.4 52.1 
56.5 ".4 52.1 
53.0 55.1 ~.1 
".6 59.4 58.5 
55.2 55.5 41.8 
58.2 41.6 50.4 
58.6 54.2 49.1 

V •• tua Ila41aUa 

5 kp. 26.1 15 qa. ,...6 25 kp. 44.8 
32.' ,l.a ~., 
2'1.2 '9.' 4,.6 
32.' '1.1 11.2.7 
25.9 }7.1 }S.4 
}O.a ".7 }S.9 
".2 '5.0 }7.1 
29.1 }O.7 '9.' 34., '1.6 ,s.4 
24.1 }4.a }S.4 

B1Cl!)?! Ft!IIOl'le 

5 Itga. 14.7 15 kp. 52.1 25 kp. 58.9 
2Il.1 51.2 62., 
le.5 54.7 12.6 
16.5 48., 61.9 
~.1 45.1 72.6 

.1 47.4 1,.0 
21.8 52.5 14.7 
20.7 48.7 6!l.9 
19.4 ~.8 70.5 
20., 53.4 68., 



SUBJIC'R n - B\Ul m - 90 r.p ••• 

aa.b'o:MW'a 

~ watt. 1~ watt. 2~ watt. 

5 Iqpa. - 58.5 15 Itp. - ~., 2, qa. - 1+8., 
5a..5 55.' ".2 
56.0 52., 42.1 
55.0 50., 45.1 
,a..o 42.8 a.1.1 ".a. 45M 47.2 ".a. t.6.8 45.7 
49.9 a.5.' 49.8 
51.4 t.6.8 ~.6 
54.5 5i., }T.l 

v .. tua l18diaUa 

, lp. ".1 15 kp. 30.2 25 qa. }4.5 26., ~.2 }a.5 
29.5 ".1 ,0.5 
'5.1 :».a ".0 
27.5 '1.1 ~., 

15.' 50.2 ,1.' 
29.5 '5.1 }a.0 
24.9 a8.1 ",0 :».6 }T.T 29.5 
2f1..4 }C),2 ~o.o 

Dtem 1'eIIor1. 

5 kp. ,1.6 15 lp. 1tl.2 25lp. 55.9 
27.5 .. ,.8 58.4 
,a.2 ".8 6,.0 
22.9 55.' 68.6 
56.2 4'[.8 6'.5 
30.5 51., 68.6 
41.2 55.' 66.0 
29.5 51.' 61.0 
26.5 51.8 62.0 
'1j1 48.8 5'.9 



stm.lIC'l m - Iba 1 - 60 l' .p ••• 

Gae1;!'9C!IP1W1 

50 VII"a 

~ )p. - (/{.1 
65.9 
65.9 
69."-
65.9 
11.1 
12.9 
61.7 
66.6 
65.9 

Vaatua _tal .. 

5 kp. 38.12 
118.6 
"1.6 
ST.l 
~9.9 ,." }g., 
ra·2 
0.9 ".1 

IIC!J!! hw41a 

, kp. 

150 Vlliota 

15 taa. - Tr.O 
15.' 
16., 
fO.o 
16.0 
Tr.a. 
Tr.o 
78.0 
69.0 
Tr.o 

15 kp. ",.8 ".5 
.'.9 ItS., 
'9.0 .. ,.8 
",., 
~.o 
"9.0 
"7.' 

15 .... 66., 
6,.0 
61., 68., 
70.0 68., 
~.o 
Q.8 
10.0 
n.8 

250 VIItta 

25 lip. - 111..6 
~.2 
~.o 
111..6 
78.1 
Tr.O 
69.a. 
~.O 
85.0 81., 

25 kp. "S.l 
112., "".1 
/j.~.1 
116.2 
.. ,.1 
4'.1 "2., "., ""., 



StlIlolEC'l m - Run 11 - 75 lI' .p.a. 

Cilstroc~us 

59 watts 150 watts 250 w&tts 

5 kga. - 60.2 15 kga. -61., a, k;;JD. - 78.6 
61.5 68.6 70U 
62." 66.0 78.1 
61.1 68.6 71.6 
60.6 69.0 62.5 
60.2 5!M 7,.8 
59.8 72.5 75.5 
55.5 62.1 78.1 
Go.1,) 60.8 '(8.1 
59.' Go.S 65.5 

Vlilllty MealaUs 

15~. 25 k&a. 



StIB.JmI III - Itua In - 92 r., .•. 
GutroelMlldua 

50 watt. 150 'l1li1;1;. 250 'IIIItt. 

5 kp. - 61.8 15 •• - 59.' as lp. - 65.6 G2., ~.1 TI.1 
57.1 .a 72.5 
58.6 ~.6 n.5 
5'1.1 58.4 19.8 
54., 6,.1 16.1 
49.' 60.5 16.1 
56.6 59.5 14.0 
59.1 6,.1 TI.1 
61.2 62.6 10.9 

V •• tu! MeilUUI 

5 •• 41., 15 k&IL 41.4 25 tp. 41.' ".7 58.8 47.' 
58.9 ~~:~ 41.' 
58.9 ".0 
35.8 1&6.5 49.9 
'9.4 4'.9 41., 
'5.' !lO., 51M 
56.4 55.8 47., 
41.5 46.5 4g., 
'1.1 45.5 55.1 

Diem JItaotl1 

15 •• 



L 

·.:. 

-, 
\ ... 

-, Fig. S3 

";. 

TABLE 2. Moan duratioga 

Muscle 
V:med 
Ga.stroo 
B.fem. 

All 

Pedalling ,.to 
(rev/moo) 

60 
75 
00 

1 
48·6 
31·2 
47·3 
42·3 

30-6 
44·7 
42·8 

Sub~oots 

II 
68·6 
42'4 
63-2 
68'1 

60-6' 
56-7 
56-0 

- ------ ----~-

, 
' III 
31·4 
38-1 
58·0 
42-5 

42'1 
42·7 
42·8 

All 
4lHi 
37·2 
56-2 
.47,6, 

47-4 
48·0 

, 47·5 

0' 

50 
44·2 
31-3 
44·4 
40·0 

Load (watts) 
0 

150 250 
40-0 65'3 
38-8 41·6 
56-8 67-3 
48·2 54-8 

. Not significant 
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118. 

D1scuaa1~ 

!rile anal.;,ra1a of variance table shava that the variation In 

nIIlael.e action time. betwen auecesa1" pe&Il zevollltiou !lae a 

probab1llty of o.~. Though tlIi. 11 not at the same de ...... of 

.tatistlcal a1gn1f1eance aa other p81'lllleteJ'8, lt 1. 1IO!'th ena'nSns 

the actual meaaureDiUta III01'e closely. !belle elxnr that far the 81 

seta of 10 conaecuti" pec1al NYolutlon meaaunments tllere VII. a IIIeIUl 

action U. of 47 .64~ of • NYoluUon, aD4 III S.D. of 15.~. If tile 

1D41v14ual seta of 10 zevollltlou are "",,1II1no4 tile] .ach alloW a range 

ot value. between the IRjn1m"" aD4 ... hum meaJ1lftlJllmt reeorded. !be 

flIIpl1eat ot these 1'1IlI9IS vaa ,.~, eg. the aetual 10 .... .uawnt. venu 
• • 

44.8, 42." ~.4, 42." ~.o, 42." 4,.6, 42.7, 41,0, 41.8 and the 

range of T1I1ues was 41.0 to ".~. 

The largest of the ranges zoeeorded valll 

• • ;0." 46.8, }B.2, 4,.8, 5,.8, 65.9, 57.', 46.8, 4,.8, 5,.8 s1v1n8 a 

r8Dge ot values of }B.2 to 65.910 i.e. f!1.7_ 

The aeaD extent ot tha 81 rangea tar 10 ecmaeeuUTe zoeeordSJlga VIIa 

1O.~. 'fheretore, iD spite of the blgb probab1llty uaoc1ated with 

these rea/lSnSa, the average bloek of ten pe4al NYoluUQDII .boWed that, 

with1D these, a 1lUlC1e va. act1" on average tar Just UDder bal.f the 

ts., bUt WUld ftl'Y thle proportion by~. We doea not _ to 

zoe1ll1'orea tile C.-Dt. eOl1ce1'D1llg tbIt !b1gb repro4ue1b1Uty~ ot 

lIWIeular co-ard1nat1on patterns -aDi0ne4 earUa. 

Though of peater statistical s1sn't1eanee (p • 0.0'1'6), the 

effects of paaplJ1ng rate upon 1III1eel.e co-ordlDat1on an WJry ..n. 
At the three rates the mean pJ'Ol)Ol"t1ona1 aetlv1tyzoee01'd1nga vue: 



49. 

60 l'.p.IL "1.". 
l' r.p.a. a.s.~ 

go •••• "7f~ 

'file otbU'l' ~ aa.1Cl' ~tel'8 UDder 1Jrrat1&atloD (aub"ecte, 

1O&4e an4 lIWIC1ea) b&a m:-ly tdgh elBd.ftc:anc:e lenla (1O.1~) 

!be aualyde also above la Ita 1Dterac:Uon valUhI 

6V I) OUbJecte vuled elgrd.fteantl,;7 10 tbeU nactlOlll 

Gt to charaeee in pedalling rate, an4 1o.tbe co

ordlaaUon Of \IIUIcle srou;pa. 

'fL 11) 'file emats at c!'lAanps 1n P"'1el1 '"g I'8te WftI 

.YN c1:f.~ tOl' dJtt~ lQe(tI, aDd alllO. 'Cl'. 

dUtet1t4t .ac1ea. 

UI 111) Husolae nactlO 4Uttientl;.? to 9Uiatlona s.o 10£4. 

1.,) SubJecta ~ W'f.1~ tol" 

SVL a) the 1IIIY ~ velocity ettecte weft altered b;.r ~. 

SVH b) the -.1 their velOCity ettects cJ1.ttuwl betwen e'ac].el. 

~. c) the W.Y the load eftecto 'f8J'1e(l betudD amacw. 

v) ~s vu1.e4 ft1'Y elSD1f1cantJ.s11n tbell' :nact1oll 

to the (t1ftel'8nt etfecta at veloc1V ~ ohanges 

In loII4. 

SVUC VI) Gub3ect3 VU'ied elazd.t1cll%ltl:t In the way tbe1r .wclAt:: 

co-ord1Datlon adapteC t.hrougb the efteetB at 41ftaeDt 

loads upon elJansea Sa pe6plUne rate, 



50. 

~. InftatSpt10D hu bIIU c:once:DI4 ..sn1y vltb the tlunttoa 

of ts.. *t each a1aQle tu wmb4. J)Qe to 1&$ of ca1.cN1at1OD ts.. 

tile t ,<1nl nlattonahl» bet .... the -a'ale. bat not tIeeD cal.::;led, 

lUllS to t!la1l extat tbe \lH of tbe ~ !c::o-oJ\Ur1atloo' 10 the tat bas 

oat; bile ItJ1.aUy 8CC\Jftte. In eatabUlblIIa the luaI mS ..,.., MaM.v . 

dInSf'1cut 4Ulwe.uce. sa the CUNUcD tbat -.eltl .... 1iOIbIa, m1 , 
~t t,-_ 'fUSatlou an DO\ ItIW1'I1 bet .... n ptIIIe1"na rn.., ~ 
mS lUIlJect.)lt :. ~ .. "QCla'bly be poatulet14 bt tllmI aut be 

cUmrwnees 10 t V.lUll c:o~t1cm of tr. ··.el .. t.mc1'1114. Vitb 

tbe exs.uq data It wU1 be p,,"ble to cODlide tbIt pnci. t ;iJtII1 

patteD of the .'"el .. In .. ch G8C1ftc ~ m1VC'1f¥ We 

~t!leds 'fta.~h .Dd IIJlIQ1e ~UOn 41qnu CIIQ be CIftVD 

rt:l ...... lUllS t;.'i4cal eondltlcu re. .. cb lUb.1ect, lUllS eC111PU't14 vltb 

Iol:ot. 1UlISJ'S1Cbft' (55). 'ebo baW 40ne .''''1.1ItIJk (1'1a.»). eom~ of 

tile ~a Wt.en the .. vU1 bit 4va to tbe tact tbat 41tfti'ellt 

..cc:ueb61&bt .~. W1'8 upo, tbet toec1Sp _ UIIt4, lUllS to 

otbIr ~;t.a1 ..utab1Q. Inm U all ~tal CCII'l41t1cas an 

s~, t.bUe vl11 .un. ,. SE'QS' c".".. SD -.c:le co-al'CU.IattoD 

bet.II" n1ltectl, CI4 predcm"lN'\ly 1nTol.\mt8r:I cbuast' v1tbSD ~te. 

AD;; ez-tnetScz of .. sole eI:Iti'&7 • .... '-'Stun durSIIe ~ 

.ct1Y1tle • ..a. to eataW,!:) the ~1 .. leIIgth of tt. tl:O !II1ICle 

Ss~ ~ tllu to pesuDI':ueb intorat1cD (1&6. "'1 • .a). 
haSrwtlema of _le c~t1cn 1n lWIea401cct* 1IlVeIt1aIt.I.clDo 

abo\il4 s1V. fUll ac:coanta of ~ conatt1oDa, mS of the nne.e 

of Nwts obt4,.., (~, », _ .. yr, ,s) .Q! I1lCIUl4 ~"J t1le 4eSne 

of 'Z'iI,IJ:f\JdUC1b111'Y' bet_ 811CCe .. l,.. ~ ot • 1IklU. 

"a. tbe »1'IIcUcel Irt .. "'~et, tbe ftZI8It _ .,... of n,acle acUQD 

DIe4t to be kDCND sa 4ft1..Sna trasmns ..tbod8 ClD5 t,ecbn1~ edaptlUODa. 
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Leg muscle coorilin,at"ion of pedalling 
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Fxo. G 
Summary of muse!C-:l.CUOIl potcntin!s during' one cycle pl:lccd on tl. ache~:Ltic time 

CO:.:r.~". CrcMc8~ nctivity is confic.ed withill dOl.lb:o linca, lesser !l.ctiv:ty conti.:lues 0.1 
sin:;lc linc (Cr., srucilis; S. a.:I.d T.F.F .. 5!l.rtont:1 a.nd tC:l.'lor fl!:5Ci:l.c !c:noris (tensor 
illSC:~C !:\:':I(:): Qu., <1undriccps; T ~~ .. tib::l1is :l.ntcriori Gl., glutncus m:w:nUl IUld 
mcciius; Ca., ;;r.stroencmius; Hn..,hn.mstri::.;sl. 

Houtz (3S) 

.,' 

" 

" 

" 

" 

Fig. 1. Diagram. to illustrate muscula.r activity phases during the rotary move· 
ment (shaded). (a) Most experienced, (b) lOOst experienced subject, compared 
~ith Houtz & Fischer (1969). 
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It 1. of 11ltu1.t to eeui4er ~ nueu tor .. 11 't'U'1Ulmaa 

ill vbat alpt 10C1ea1l7 haft lien UJHteI w lie • "17 tne18el7 

l.HzM4 ~hal .kill. Oftrh'a11a111C of 1,,~or u4 otMzo ~ 

altl11a hU 1MIn ,1UUtlet OIl \he .... ;UIl .. t.ut It '&1OOft. ,.~' 

51. 

of ~ fIIDIUoa ( .. ~). IIIIIJl ettHw., lie Jut1tiet _,. the 

QJaNDt .f..nar1~ lift_ IIO'ftMRW • tile 'n'--1bUlt,' of 

lIOVeuDta. ad.., aot lie 4ue to __ 1Dtr1 .. 18 ~nlaz' eo

orti_UOD. la \he athor' ..... l'1.... atbletu haft tor ~ JMI'I 

MiIltl1M4 ~ Wobal .. ot .on1niq loea.otor .. t1.vltJ ailn Ya17111C 

their IlllAle eo-o1't.1IlItiOD volUlltll'117, __ p" .. at work nlato .... 

tile y1ew of 1DV01WlWq ...... 1D eo-o1't.1aatloa. VIlu I.ODe YObRtu'l17. 

tlJ'" chaD ... allow a .main "P'II of ftlOftJ7 ",. .,..11'11 _le 

fat1... l1li4 thl. 1. ,oe.1b17 .. hieft4 &lIo 117 111Yollatu7 .'P.II. 
iCNeftI'. volllllW17 IbM ... of eo-ol'tinatlOD •• a ,lY1q aaoR 

eaapletl nn to • _le, VbUHI 1IJ'f'ollla~ ebaa&H IIJIU'HtlJ 40 

DOt. ID ..,n1t1.,. loeClaotoI' .. tlY1t1e., _laI aelUlft re.t ,.1'1* 

ot w,ryiq .-uti •• &eA t,IIIIIltlt1 •• tul'iDIIMh .,.ale ..... the .. 

1,1IYOluB\u7 .hanlll 111 .ucle ect1v1\7 ""'17 al_r \be ~1V Cui 

,.rlI.I»I the tIIal1t,) v1thOllt att .. tiq .... floe ••• ,._ IU~ (SO) 

tu atuI.1e4 .... • tten. OD JOWl' Clll'Qut of .CIltinllOld enak1q .. 

apiDlt 1.tna1tterR .1'IIDk1q. u4 !Id .1Iovn tha~ eoatllNft8 .,.U. 

YOrk :is the acet pro4uet1ve v"th npl't. to JOftI' OIltpd. ~ ftIUlw 

wn with UIltra1ae4 lU~j"t. •• perton1q JIaD4 .%'MIl1q. ... 1117 DOt 

lie ltincrU7 &Jl)l1cable to tbe pmenl .1tlatiCll. !hen toea aot .... 

to be .utfie1l11t 10t0~UOD to COBl to 8D7 loaehUliOD abo\at tl..e 

.... ODI foJr oM.pI iD IIIIN1IlaJ' .o-o1't.iaaUOD. 
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Cuta1Dly the vien of eQIIt !1k1ll' paycholos1na are pert1nent. 

Poulton h .. deacribed the 'cloaa4 1k1ll~ aa the 1n1""n« up ot a 

pattern ot ~t ••••• aDd pzoactia1Ds this pattern so that it v1l1 

becCIM Y1rtually a habit (51). Enapp describea 'sr0cwe4 pathwaya! 

iD tbe tomatlon ot such habit~ ••••• l.eal'Ud ~ nspcnaes' 

(49). fheae can be 4elcr1be4 as the !alsoclatlcm1st! vlevpo1Dt, Wich 

1fOUl.d be IIOst applicable to such. Ild.U aa bicycle pedal"ni. Ib1s. 

'oIlton voul4 eaU !a ale_ U1ll vlth pze4ictable requiz IItS!. 

!he akUtI1l pe1'fomer . v1U be able to 'ftl'y bis .tho4 of ach1ev1rla 

a ht81":Y ft'P1'Oducible locomotozo action a. a variety of respoues to 

a nr1ety of IItSauU. HoveYer, the asaocl.tlcm1~ attitude is that 

the pertOl'lll!lr learna a sreat nUllber of habits of pe4.'12"8 iD mer 
to cater tar: the.e 'ftl'iaUona SD at1laul1. 

OD the other hand 0l4t1e14 takes tbe vievpo1nt that 'iD • IIk11l 

the effect1ftness of the behaYlour is dependent \WOO the .bsence ot 

stereotyplns. Tll8 IIOtor actiYlty .at be regulated. by, aDd appzoprlate 

to, the exterDa1 dtuatlon." (ret.5'). CertaSnly 4urS,ns bicycle pe4all1ng 

the external dtuatlOD regulates the ak111 to auch an atent that it 

could be ccns14ere4 an 'open 4k1 u '. With reference to another loco

motor &k111 (m-1ni) Hartman has add 'It 18 always the total 

orsanl" ••••• not 3uat thoee outer mechanl.u that are .,n con

ap1cuously luVolved'. ftese ~tapD!ns of !t1al4 theory! of ~ 

pert01'lll8llCe IIIIY that both learD1ns and pe:t touanee ot lk1l1a 4.,.nn an 

SDalghttul .ppzoaeh (~). 

Aa so often bappeU vlth l1uEl pe:t'f01'llAllCe the f1rIa1 place ot 

l()C(a)tor MUa v1l111e .... idlere aloDs the cont1znDII between !open! 

aDd !cloee4!. CertaSnl,y, ..... pects ot the ak1l1 of bicycle 



peda1lsng 1.1:1.11 l'e!Jtr"n stcreOi::';petl e:ta clcMd G tee 'cuter 1l£Cl:&n~BL'S' 

(op.C;-.t.). JUst ca ce~nJy. t· e lIe1ll"tLuscr;l'l.1a' oeclllln\L'JI --nvol,ed 

pr--Jliuco an ~ntCll'·,te ~ety er eftector cc-a'6:.zmt::.cns to copo v~.th 

tlle infinitely 'liCl'2aN.e ~nment. et Cj'Cl~. !i!le feet UJY 

cont~nue to 0;.& ~.n Q clrcul.ar pntll~ and the ~, ~n a nc;;'prccat:l.D[J 

cuc. 'tut t:.:e ~tat~(na et neu:,c!'l18CNler co>crdilmt:lon ere 

iIl.'IlI1!lIISural;J.e • 

TIle lot.o1e 1lOlSit~oo :e o,.cely IllllIlm'Jaed lTJ HeUetran4t C;\) 

fill bis revlutJ vI llterctuJ'8 ec:mcem:1.lI8 motor 1ecrn:itIJ. ''l'l't~1'e ere 

amy '*"8fII :ln W'..l. ell t2le IJ8J!Ie goeJ. can be l"Caciuld and G. ClID undunac iGUllly 

(cnd oonacicualy •••• Olthor) pie .• oDd c~:coses ~!.it1U t::.e .9QJl!Ut of 

those avcUn'ble, CC8~ the Lurdeu of Mi~ ••••• J end ttus CA~ 

t:.le range cnd eensSt:v,\ty et hi' ~'Ve.ent~. ~e ~8,-eal 

t::ero»iet, e>op tC:rettll. JIllY8:leel eCluC4tcr Cl' oeech l'''y vl,'!,) to 

::mpoae upon t':e !l\l"·cn Gtitjeot 8OIll8 prec:lee Ilntl. apae1f':c tecJmique 

~ fllcve::ent. bw"t en ::.nf:ln::.te.!:/, 11': .. 11v108 :..t!C!l:'ne ..... ll.'8kea ~tB 

cw autonooIOUIt edjuatt.'teDta. Instead ot surp:rcau::ng these, we 'WuJld 

do well t:) study t::em' • 



COIIDlua1oua 

1) !here are M.gbl;V IIlpIt1caDt 411'ferencea in the 

II\UIculal' co-ordlllat1on of aub3elrta 4ur1ns blc;ycle 

pedall1n& at YU'l0U8 retell and ... ins\; different 

vork loadll. 

11) Stu41es of ~clflc blo-cbaa1cal .nd kin.alological 

pIl1'SIIIterll dWl'1ll& blc),cle pedall1Ds ahould reter to 

the preDlae auscular co-ordination ot 1D41vldual 

aub3eDtll and muscles. 

111) T'ra1n1D/1 tor blC)'Cle pedallinS ehould include 

deve~ta1 elematll tor neurc.uacul.ar adaptation 

to environmental and tattaue c!lan&es. 



,. '1'tEil' (rr lM1: 11 Hart n)"us 1!It'"a~cd. by eloCtrt>· 

cudit.graphy, elect1'lq.:;grapty, C:l.OO ph:;to~, 

se;;;.entall.lCva::ent ~ .. 1e. 

we' ()1tlUt1ng ea a sport, thuugh tllere ewe IJtl!'IY 

:references pertaill1nJ t;) :liftinc tec:miquea Sn 

(55). :U.ect~ogmW has been uaed liy stepen~v in 

a ~:1 l:::g'f-or1entated ~ et tow cfi'ecto I...t tru1ninu 

t'I1 "''ea e):lt litters (56), wh~ ftSUicts bie ctJllcJ.\iSkns 

:ruain:'.y 1;:.l the neul'Cl~olul!Y of tra1n::'I!J. Cno (!n) haD 

SI.Ale I::> tal' ea to ItJ:9 ti.at h::s 11.li.O. stu4y of >re:l.~t·· 

liftinil '.'lIS t.le t:1rst to hnve been d:me. ile used his 

_suits to ca;.e a Kinealo1~al evaluat:1oo <:3 t;.;o 

leMm,..knta (S:!) cnd Benm (~» \.'OUld C31test 

this etatement. 0nD exz;1enenced S;;:.J() (uf1'"~c;.;:t:l.es of 

prcc~81::.-n So that 110 VIlO un::ib~ to det1ne t::e ectual 

'boO¥ ~8:1t2~:n at _ ",~t :!Il tme, t:J c "rre·w.te ~T;;.tJ 

Ius :E.~~.G. tmcco. ~e (CO) llas :reccmtly ct.;..plcteo. 



19.u1pnt: 

B rUv iAv.et1pticms by the .uthor iDto 

cardiac funct10D dlU'lII8 va1sht tra1Dlll8 .U(gested 

that • clo.v .,..., MtiOD of a e1DaJ,.e l1f't IIlsht 

stft ftluabl. "aulte. At t!I1B t s.- the ve1glrt 

llftv cODC8l'M4 iD the.. teate •• u,p81"1aclll8 

d11'i'1culti •• dur1.Ds c.rtaiD plae •• 01' bi. lift, ana 

the .utllor dec1ded to Iak. a tull k1Daa1olos1cal 

iAv.et1sllt1OD of the -JOJ' lea IIlUIclee lDvolved iD 

l1f't1Dg. 

1) .AD 8 came] pG oacu'osnph (Offner 'rype 'f) 

cCll,Pl"1elll8 a d.c. aJII)l1f1v &Dd allt111V1tchiDs eyata 

au1table tor .lectro encapbalograplw. 

11) 12 81ect1"Od. lead palre, vith baMM plusa 

aDd 1 all. c1rcular da.d electrod •• pzoe.aed frcII 

1 _. .Uvv abeat. 

111) 20 81 •• ~ vith 10. 1 HJ'fttad t1p needle. 

1 ea. c1rcular double .14e .dlae.1 .... 41.c., C8IIbr1dga 

electrode J.lly, 18 ela.toplaat atnp., RoUa n~ 

cotClaD wool, alcbbo1, 18 a1rcu1ar .dlIeIl1 .... plasterll. 

1v) O~10 va1sht lltt1Dg _ aDd 165 ks. 01' 

"!Pta. 

v) Dol ... 16 _. ciDe C8Ml'8, vith 16_. 

lena, 1/~ .. c. abutter epead aDd Koda:k ~x NYer&a1 

~ lIIOUDtad CID. tripod vith C8Ml'8 look'ng dmee. 

vi) 1., volt 1I;Iut .1gDal fl'CII a!l8ttv clo81lJ'es auto 

ollcillograph trace. 

v11) SeJPll8lltal anal,ye1a 'Spaedf'nme' ~kad iD 1 ft. 

d1via1cms. 

v111) 1 .. c. et01lOlook, 1 III1Dute stopwatch. 



~ CI.lC~ wcs scrv':'ce4 cnd oilltroted 

ccc:ra.:.ns to t:anUf!lcturel" S llnn4'bo~!. Paper epeed 

~"C8 c!::ecte4 6IId tcrmil to be 20.1 m. per .ec:;;m1. 

S!lutter olcsure e:l.euale and 1/10 eec. t1ll:ing a4;nnl8 

cnd ~l.ed in aucb B VOY 6fJ t~ inolu4e the C:JJplete 

eag1ttal. plene of the l~ftel" mu1 ae~ e.nalyais 

tnme. Cai::era vu ~ wound 1:et'ow each l'7.tt. 

StcJ1llfltob and ItcJOlock veze b(;tb olleCke4 and fO".mcl 

t!) be correct ever 11 t1Ille range ... t 55 eect>n48. S;yringe 

';;"'0.8 tilled y't1} eleotrcae Se~, caN beill}1 taken t·. 

exolu4e 811' bubbles. 24 etlhea;ve Mace weN prepared. 

Md 2~ 2" It 1 n .tr~PI r-f olaatclllnat. 

SUbject p'!!pfttSon and I?rocedu~. !r' .. 8ubject ..... Cl. 

}2 yem:'8 014 expl.U;le.te J8I!itican Eepc. and had i1egl~.g:;'b1e 

tllc SU1'faee. The auoject l£;y GB a pl1nth cntl each 

IlalBCle elect~ .1 te W8 aetemined by oonVllot:'n;;; 

the tnUl5Cle over 11 ~ aZIll:?'1cr to that d\Al8 ihll'lag 

Q Htt. 'l"'.ro edhea~ve d::aoB weze tixe4 Ilt the 8:l.te vt 

Gil.t.ug t::e geneftll. !;.ne et the eOllJCl.e f':''{;l'ee. 'n:e 

acrrnted IletIClle s;yr:.n.;o '\Ies rvtnted :'Q t1Je centre et 

eacll It' BC t::l II~ eree t:Je e'p~j'!emi8. cnd th". BIIlll llcle 



50. 

vae tUle4 .. 1th elect~ .1el.ly. !he cIaae elect1"Cde 

.... t1l1e4 nth ellctZ'Ode ,,~. and care~ but 

t1J'1Dl.y e,ppl.:1e4 to the l14bee1" 'lAIc. AIrS electrode 

Jelly ucaplol through tue hol.a 18 the centre ot the 

electro4e .. ~. !he el~ vu then "17 

til'ally taped nth aD el&Itoplaat atrip, ant heavy 

pJ.'IUMUe .p,tl1ed cUpta1ly to tbe electrode to obta1D 

.. xi •• I4IIellora. !be a_ procedure vu I1Hd ill 

t1x1Da IU1 earth ellc~ to '\be anterior alqlerlor 

Utac en.t. 

'1'!Ie I.C.G. eleetl.'Otell were attaclle4 Sa •• 1.ner 
taall101D 1Iee41ateq tatuior tb the Pectorel ..acle 

!B. JCMIlt10D where the ..... leaat IUbcuteDeoua 

80ft tt.llIe. AU electJool'Je rea1Jtuc.a wen cheeked, 

.ad tOWl4 to var;y betweeD 5 - 1 k. '.!.be leIM1a were 

tbIm ta;pe4 to 1'Im to • CceDOIl po1at at the left h1p • 

. Ill4 tun Uped topt}aer to I'U1l to tile oacUlopapb 

plUS box. 

!he ...cle. CODCl1'I1e4 10 tilt. prelNlftt10ft went: 

left le,: ftb1alt. Anterior, Lateral CI4Itl'OCDlatu., 

Y .. tua Med:1alt.. Lateral Bicepll ~ri •• 

Oluteu Mexi.· 

Heart, Rectu. AbMIlImla, I.-tor 'ptDu, 

l'ectorel1l 111.101', K1CJ4le Deltoid. 

White e1rcular edbee:1ft tina wre placec1 00 t1Ie 

rllht alela at the exte11l8l I!alleulu, tlb1al platelll, 

peatel' te.oral trocbeDter, de1t014 la line nth hM4 

of lnaIrua, lateral c~le at JNHrua aDd tbe enil 

ot the 0l3mP1c bar. 



o 
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59. 

'!be sub3ect 414' two PN,PIIZ'8tary Ufts With l40 kg. 

DvlDs We t1me the OSCillograph tZ'l;lCes vent checkeil 

OD aU cbennels, ad tar all muaeles by selectar 

W1tch1Ds. ibI total ...... eut t1me wall ""...,. aDd 

the podtlou1118 of sesmeutsl ~ls ~. 

'!he subJect tbeu did four strict 011Jqplc style 

una, et lIlO, 147 .~, l60 aDd 167.5 kg. ibI 

procedu%e tar each of these was, 

i) Sub3ect stood abol1f; 7 ft. t':raIl the bar untU 

he felt ready to Uft. 

11) Sub3ect said "b' at whlcb t1me the C6llle2'8 

vas etuted, eacb shutter closure belzlg !larked OD 

the oeclUograph trace. 

111) !'he prepIIfttton, lift, repla~t aII4 NCovery 

were 1)el'1'0l'IIed and an pUtrmetera vera couttmldby 

maaltared. 

Iv) !he camera ne stopped otter ca. 45 seccmiis, ad 

recOl'dllls c._. 

Il!e leg IIWIclea aDd I.C.O. vue IIIOD1tored <lur111S 

all fOur Ufta. b otbeJo IIWIcles were ~ et 

least cmce eacb. Fj~s, 3" of 37. 





FIG . 37 



·leaultll. 

59. , 

An elIIlI\Ple of tbe reaulta ImISlable fraI weh 

~ta 18 IlbovD in ng.38*. Here, the c1nefUIII 

h .. been proJected via an .nale/! II1rror onto a dl'IIvS.D& 

b0ar4, and Une trac1Dge _de (aubleq,1lently aca1e4 

dOW) of the Utter' e exact position at certain 

key pointa dur1Dl the lUte !he aepentel aualye1e 

ball revealed tile patb of the bar,vb1cb 111 ehom a. . 
11 perpu41cular be18bt in tMe 41qna. 'l'he IUalbenuc 
of the abutter elosures t!Jen perII1ta an accurate ,. 

uatch1Da of tile osc11lognph trace to thaee 4rn'1Dge. f 
'Ibe t __ rJtere allow 'VU')' accurate 1Ietl8U1 IIta of 

the tt. duratlon of eacb beU't beat, 11134 the COD

t1pntlOD of tile VJmt 1& e1sD1f1cent at certain '8teps 

in lis. 40 i 

Ue1q tMe date, 1t ls poulble to develop a 

IWIel1o.lOSlcd plcture of tbe IIIIJor lower leg musclell 

dur1nS tile 11ft., (ng. }9)' 

* I ea 8l'llteful. to Mr. Drian Sav1lle, CCillliClUilealth Scholar, 

ll-.Part.nt of III'gon"SCII aDd Cybenletice, Lougbboroup UD1vera1t;y 

of' 'lechllology, vbo _de the l1ne drav1l:lge. 
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Bio1ns with 
bar OD 
ebonl"erll 

4 lIi 
(}Ol -~) 

• 

Full squat 

o· 

~t.i', . " 
';-, " '.'.,". . 

BltteDs10n 
aga1nst 
resistance 

Gluteus Madmn
Vastus Mea1nlSs 
Oastroeneet us 

Gluteus Mad!D!18 
Vastus .....,taus 
Gast1'o"M!!1'US 

Biceps Femoris 

ftb1al1s ADter10r 

lleCtus Abdoonn 
SaCroap1nal111 

CcIDtJ'olJ.ed Gluteus Mutnwe 
f'1a101l Vastus M .. '18l1s 
tbeD ez-
tCaa101l Galltroc!lem1ue 
api nst 
realatsnce Biceps I'elIm-la 

fth1al1s Anterior 
Bectua'MOONe 
Sacros,p1na)t 0 

, . " .' -".~, "",; 
. '. 

. . " ' ........ /'" ... , :y..... ~ ',' -:;-o.J, •• 

FOT H bdornin'o.s '. ,., 
..-!~..;..., "'f'.$~~'::.:'.~~'~~~'~'~' .. -.::.~.: '.-:. 
ReAd Flbtl~.I\1,n I 5 .", "."':;'~" 

. ... ~~ ~f ':"i:.· . 

---."'-- --- - -- .. - --,....,~' " ~!r';"" -.- ~- ~ -.- ~ _." 

Ka1nt.enanee of hip angle 
btensl00 of knee. nll11D8 hip 
Sl1sht ankle 4!l'JtteDB1cm. tIleD 

. ma1DterI8nce of lower leg position 
Ka1nteIIance of hip &ua1e 
Vez'7 .B11gJlt poatural ef1'act " 
lIegl1g1ble effect 
Maintenance of sp1Dal e:&teDs1on ' 

BEtmIa1cm of hip. Stnms iD earl3' 
staaea 

ftIJal. ... exteDa10D of kIIee. . 
l:xteDs1on of &Dkle. m1"'nsbeel 
btens10D of hip. ~ at all stages 
BID'st. of postunl activity bdote 

zoe1axins GS heel n1;es 
IesJiSSble etreet 
Stroas sp1D&l ~-exteD81ciD .' 

1IesJ'stble effect 
Beal' SSbl e effect 
Begl.1SSble effect 
Ieg1'SSble e1Wect 

. 1feogl's1b)e effect 
Heavy buret of activity' 
VI!/ry little activity 

BipexteDa10D 
Knee eztena10n 
BUght pootural act1vity (v1th 

tibia"e AI1ter1or) . 
BJ»"."'QD ~ 
Bl1sht poatmal activity (v1th 

Gaetrocnem1uo 
IIesUslble effect 
lIa1nteDaDce of ap1Dal atens10n 

1111 
IUJ, 
Ma1ntenanee of a11gJ1t aDkle 

dora1tlexf,on , 
li1l (pPU't f10aII ODe Isolated 

poatU1'al bunt) 
IUJ, (apart trail ODe Isolated 

pootural buret), 
IIegUglble effect· 
lIa1nteDance of sp1nal exteDs10D 

Bipextena10n 
ContJ'olled Jmee ney1cm. tIleD 

extene101l 
tJnloek1ll8 ot Jmee. then poatmal. 

!be -.101' ~ of tbe leg 
mavellllmt takes place before 
tbe bU' leaTes tbe floor. 
SaDe body I!!CI!!I!Dtum ls 
abSCl'bed by a ben«'I'ns ot tbe 
bar by 2_3D

• so tllat tbe 
Centre of Gravity of tbe bu 
hao Gtarted to mave before 
tbe Mscs breIk contact 

ibe bar 1s seven aa much 
~ MM-htwli a. possible. 
80 tIlat 1 t CODt1nue. to flIICIVe 
~ after tile IIII1IIcleil 
relu. !he m,1Ol'1ty of W, 
pbaae 111 achieved by hip 
exten .. 'OIl. aDcl ~ ap1rlal 
~-aten·'OD 

'l'b111 ahawmt 18 lJl'Odw:ed ~ 
gnv1ty. an4 alllO by tbe 
reacttOD lIIprtus gS,veo to . 
tile body by tbe ImU pl!lUng 

tile bu uparda. ~ Bectus 
Ab4""'nas activity'la PJ'Ooo 
babl3' to achieve tbe 1D1t1al 
~vic tilt 1dd.eh allowa tile 
l.oveJ' Umba to fold UDder 
tbe we1ght of tbe body. 

Tbe 'at1ck1ns point'. at 
which th1a lUteJ' would 
1!Q'l'IIIR1ly taU. 18 ahow:D at 
1'l'8mes 289-29J; Were Vastus 
Med1el1s activity 4ecnases 
I!!!'I!!e!!tarily. !b1s 1!!!l rels'. 
activ1 ty le PI'Ol""8"'" while 
the Jmee 18 ,locked iD tbe' 
eftCt pos1tiOD., 

A soo4 example,of a sk1lf'Ill 
p!l'fomer's ab1l1ty to 
abh1eve IIIUSCUla1' reluatian, 
Co-arcl1nAtian of ftblaUa 
Anterior. Gastrocnemius OD/l 
Biceps ~ls be1ng 
suft1c1eDt to .snts1D a 
total of CS.' 600 lba. :lZI 
balance. 

- -:-- - - -.--
_ .... _------_.-

TIle we1gbt 10 lweniU 
eufftc1eDtly to allOll 
~ 1III'I!IMtum to be 
develc:J»ed.' Very tiDe 

~ aDtlt!exteD~ ", - 7- .co-ort"nn~~.~. -'-- ,~ 

UnlockSna of. JaIee. tbeD hip ~-
extAms101l 

Posturel cOoOl'lUDatlon v1th Gastroc. 
Ii1l 
Spinal ~-exteDaiOD 
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CarMac Palae FlreSU!!l'l!lY Heeourements 4U!'!!n El 167.' 5. Lift 

Bach pulse ls ~osed 88 en ~valent r.p.m. U lt vezoe l!IB1'ntained 

f01" 1 l!I1nute. 

ftme I'jlt· 'l1ma 
Oiics. nr-HCO. 

l24 
~ 
126 
126 
129 
129 
l29 
l.26 
121 

5 a8CO. U'. a. 15 seco. 
lU 
U5 
115 
U1 
UT 
12~ 
126 
121 
126 
l.26 

I'_p.m. 
U9 
121 
132 
1~ 
129 11, rb. U7 
1!52 
U9 
121 . 
W 
le 
121 
123 
l2tl~ 
l2G 
134 
157 • c. 

~ 
14, 
14, 

-

~oece. ftae rl~m. 

134 
137 • t1 
1}7 

~~ v., 
1110 
15' • o. 
1110 
14, 
157 • f. 

25seco. 157 
157 
157 • (l. 
157 
157 
157 , 
l.64 
149 
l.64 
l.64 
l.6o 

30 sees. 15' 
1~9 
1'1'8 
15' 
149 
15' 
15' 
15' 
157 

O1ft'erence 111 rate betveen euccesalve pulse x .. 5.4 r.p.m. 
S.D •• 6.5. r.p.m. 

• 11. Has been 111 cl'OllCh pol1tlon 2.5. see0n4s 
• b. S1IIks back to loIiest squat rm4 beGiDS to 11ft:, 
• c. IIzoect podt1on nachea. bar OD shoulCiers 
• 4. I.C.G. 1rMtrted, erect posltiaD. ams above head 
• e. Jlar zoeaches shoulders on V8¥ (law, erect 
• f. liar nacbeo floor, stoopec'1 poslt1on 
• 8. Stl:lnii 10, no W1sbt 



Discusslou 

ID his II.M.G. GDalysls of the Gl'Ia and pectoral glrdle in ve1sbt 

lU'ters ZUlIu1aDts (58) conoluded that top grade performers aeh1eve 

better co-ord1IIation otllO._nts as a reaul.t of their ricb motor 

...... lenCIIJ tbeyare able to concentrate ccmalderable IIIUSCUl.ar effort 

et tbe l'1gbt IICIIIIllt ana to l'el.ax their lllUSeles durtns 1n41v1dual phases 

in tbe eucutlOD of a ..,.t!iIS4t. !I!b1s lIae been observed by this author 

iD e8rUer vorlt on t1'!DlpollD1ng. 8JId ls n1c~ ln tbe present 

ve1gll1;l1ftiDg traces (i'1~M8). see stases 2 (260). 4~ (,,a), 5 (~). 

7 (;,86). IDdlvldusl muscles ........ strate tbe tacWty of 1Dte:rpoa1Ds 

lIudden IUI4 cCll\Plete periods of II.M.G. silence of ~ 1/10 tb. second V1thln 

JIII1'1od11 of VV'i/ sreat activ1ty. Wasst10n per10da of longer duratlou. 

e.S. , seconds for GlutelUl Maxim .s, are probably iDtegra1 to the 

perfamer'lI resttns 8lI4 lII81'shall.1Dg of tOJ'CllS in preparation tor 

8DOtber IIIlsslve effort. n ls .mlSke1.y that the very short puaea 

have this ma1n Mctlon. IUI4 It Is more likely that tbe relaSation of 

tension Is eSMd et tao1l1tatiDg the 1n1t1ation of sudden an4/or power-

fUl ..,v&eAts by antagon1st lllUSolea 8.'DIJ/or 81'BYlty. As 800D liS this 

1n1tlatlO1l lIas been lIIlde, the IIWScles are then called into eccentJ'1c 

act10D to control the IIOVeIIeDt vb1eh by then has aravtty 8S tte pr1me 

1IO.e:r. It Is possible that this _.G. silence Is 0Dly apparent, rm4 

that electJ'alUSCulel' aotlvlty bfyC1114 the tnquency :raII8'I aa4 outside 

tbe lIQUt'1cat1OD level ot this particular electJatrc:cnpb Is iD tac1l 

tllktns pleclI. The IINo1 .. phIIsiDg of tbe recardad B.H.O. fUs the 

MChan1csl anal;rsls so vell that It 111 probable that ... 0 it SClllle 

S.M.G. activity Is be1Ds lI1IIaad. it is \1DUkely to be of e1gn1tlcallCe 

iD this 81'OIS 1IIl.Iculal' aov-.nt analyalll. 



61. 

Dads (62) ill bia dllcuaalO11 of l1f't1D8 _clllmtca, Doted that 

'above certaill welshtl (of the order of 50 q.), the 11tter \lilY 

cODVert trca a kneea bent to a atOClP1D8 poature 4U1'1.Dg the 11ft. 

IDdee4 then ay be Cl we1gtrt lJ.a1t of about thi __ eD1tlld. above vb1cb 

welshte cazmat be lU'ted ill ~ aptt1D8 01' lmMe bent poatun.' 'llleee 

I'aU'ka were nlevant to eaen1 vorldDs dODlllt10111, aDd 30 q. to a 

nomal yorkel' would probably bave tll8 .... effeot es pubsllS 100 ks. 

to an '~Ialy IIt1'on8 weight Utter. Ho •• ,el', the l!I'1Ilcll1les lay 

apply equally well to both vben 111't1D8 at 01' 11hZ' maz1la8l welghts. 

CIIl'tB1D1y nth thle aub3lct, the -3orlty of tll8 prel1.'nary kUH . 

f1ex1on had dleappeared before tll8 welght lett the f1oOl' BVEII TlIOOOB 

TB! Stm.TEC'l'S JltOi'lSSED TlCHllIQUI WAS DESIGDD 'l'O AVOID 'l'BIS. Clo .. 

aua~.ts of the o1Jle film lIhoVa tbat tha tp1Jlel exteDeor IlUSclea _t111 

played a ,,1n1y 8t&bUleiDg funotion, ill .iIltain1as tha flat 01' 

!J.v]jIe1'-uteDd1d 11I1Ila1 contlsuration. 'l!ba .. In part of the bod;; _..ut, 
eD4 thue tll8 welgbt 1IO'f'8MIXt. COMa frea hip utanalon. the E.M.G. 

trace at W. ataee (1 - 2) abova a 4acre&'1D8 Iffort by VBatUB 

He41aUa, an4 fall'ly constant l31c8]1' an4 Gluteus ¥aV_nl act1vity. It 

_y alaO be tbat pDUIIIIlt1c MCban18118 eH ~ at this stap, a 

po1Ilt _4. by Davia (}). fhe decreased E.C.G. IIJII)l1tuda 18 pftlbably 

1DI!1catl~ of iIlcnaaed 1Iltra-thOl'ac1c lINlaun, ua thl uxt .. nlS 
or ~nts nth this lub.1eot vUl includ. sbdra1Ml lII'8a8UJ1l 

telaatl'y to WUJI1Date the prob1ea. 

In tbe .. 1U'tiDg of IlUCh IIIIlletve welshts, lt 111 III01"e 11kely that 

tha ve;; IIhZ'ly etmlehten1Dg of the l_gs le a .. caesarl II81tOIUVN 

to l'emove tbe lUieee tI'ca tbe ]jIath of the QsceD41D8 bar. The 



Ga. 

onetDiil _ iI:Iett1a le c~ OYUCC118 (vhUat the bid' 1" beD11DI.d 

With the aid at 8U'oas k.IIee uteutcm (tli1a pWat be1DG I1Igq quite 

clarl,v iD III 1'01";;:. pl./.ltfCll'll ual,val0 of tl:!1o iIOi pt lty Pa:11I8 • 

pe1'8ODI!1 C' mtcaiit<lll i'ta.U); 1Iut Ue aJ.ID;t axactl,v vertlcal _ 

pat!l# wMch Se also oloaal,y coiacideDt With su)Jact Centra of GaVSty 

path, <lletatu the M1'l.7 v1tli4ftw1 of the bMs. ID tlo1Da ver;; 

heavy equat ......... to. au:b oa betwen lItGi/Ita 3 - 4. the acll1eVaent 

of fUll kDM ataDaiCID la a IMlCh IIOra gradual poe.... Ben. of coune. 

t~ eacu/1l11g \tu path dot. not .. ~.$o1tata v1tlldravalllO ... nto of 

tbo kDlal. Bow.ar .. this u thtl 1I01nt at whicb tile 111'ter voula 

BONally 'a111 aD4 the acc.lUetlcz of the b81' •• 1Dd1ceted by tbe 

vertical be1.8bt/ts. grQb la aJch a.Uer durlll8 tbt8 atege. Tile 

body poalttOlUl uti Imee IiIIIl b1p utAm81C1ll charaotez'1etloa are vUJ 

a,·uap betwen these two 11ftlq lICVatnte. aDii the abl11t; 01 the 

lUtu to acb1en ~ttIly twice the powv 4unus tile first 8tcS

tllla\ he caD iD tile eec0b4 lay be 1.1 ~ortu1toua result of tI:.e poutural1J 

.. c.slUg bee ~ b1p uteDalOD techD1que UNd. 

Flo:j'<l eIId SUYer (6,. ~) !lava ahoIm elAo\~ally tbat 

tbuw la 11t\18 aJaCulu a~l.v1ty iD M1ntIl1D1Da the erect belan::ed 

poaltloD. 1'he P'G8Dt vorll U41cates tbnt th18 la trIa n8D VbItJl the 

IN'bJect ill IlallmetllS a total of w11 CMn' 200 ta., a1lclm iD etage 

4 - 5 - at leest $1= the 8l80188 01' Wo :lDvastl@ation. 

~ rapzcduotbWty ~JII,1.aeulu co-ozodlDatlOD bas alna/ly be8D 

dtsouaaatl at leusth a.p. <»apa of prav10ua c,,-c11Da I/QU'). \ia1(jht 

ltftlDa caD be Clescr1bed aa a closed euU. vttb predtctab18 n(lU1ra

-.ta. GlIil 6a 8Wlb 1t cou14 be anUeSpited ~t the ptterJuJ of 
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lllUaCular co-or/linatlcn vculd be quite reprcXJuc:,ble. Ono (5$) 

notices the d:Ue:rence ~:n E.tl.G. amplitudes between repet·tioos ot 

tt. Stlllle 11ft 118:1n6 different ve.(pts. In line vith generclly bejel 

op:l.nions tlmt 5.ntagmte4 E.J.I.G. 1. p~1onal. to the level et 

muaoular aot1v1tJ. !l'be present study ahovs, in a44;.ticn to 1lIilPl."tude 

ohanges, quite tllS-l'l!ed VIlrlat10na ~n pattern ot aot v:lty at d1ffel'etlt 

resistances, not onlJ ot a temporal nature but alao of a phuinS 

nature. 'l'hese G1'e quite ditterent to theae observed tor loccmotcr 

ectiv~ty in an ea!'laer work (lo,U), cnd con be seen :In l'~g.41 b ODd 

repreaent oetuG! e.lte:rot1ona in ~ J::Ovemeat pattema, sbzVn in 

clae analyeis. 'l'b2B asree8 v th Ono's 8~tement tbat 'the co-ol'dinot'cn 

~ 80t:"1I6 cuscles CCClU',",1IS on llft·:1IS to one'. l~ eapac;ty i8 

observed cnly at th:1e vcry s.;tuat:'.oo, but not ot ~ ottler cendit :cua'. 

PU1't. er to thi., the cc>-ol'dLnat ,00II v1U oleo wry bBtWeensuecessive 

repet:ttcna et 11fts v,:th ~ 6iven ve1Qbt. Au S:.unden (65) bu said, 

"l'beD eonat4ared 1n detail, tbe e&lptGt:;'QIl ct an indlvidual even to 

a 81.mple M~1 defined tu!1, ls unIque to that individual witb zvspect 

to his oopab"l~tSes aDd limitations". 

1'ho pulse rate recorda (1'18.40) demon8trate orest card1ec 

tolerenoe. Eorlier .xperlmenta bad revealed that this subJect bad 

typleal ool'diec reaot! ona to var CU8 phoaee of bie ve:gbt l .. ftios, 

part: culnrly in ve.ryina hie pulae rate reoet:l.c.:ns to cUfferent tJpee 

of effort, MUerent lengthll ~ reat eDC1 tU~tel'etlt preparat:ll.u& t. r 

l1tttD3 (page 3~ ). 'l'b~8 study e!'l~\I8d that: 

i) bendillfl 4~ dS.d not tmced ntely affect rate 

1; ) rate lc--.. -ered ot ozoat1ce.l prepezoe.t en po!nts 

~:::") 8isn~t<.cont rate ~norecse CD nohie..-1ns erect pc8:!.t1cn 
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Iv) no alp!f. cant 1ncreuea dur.:n8 eftort 

v) lnva:reiOll of wave U Ilnlll and ve~&bt vere elevated 

above ahcrul4ere 

vi) l:ipifi.ant rate i11GlNUO ea lSubJect ltoops to replaee 

bar 

64. 

vU) ucUlatlng plateau of rate for 10 lecOl14a after exerclle 

'!'he unuaual t01'll of the t:re.ce _t,.0ne4 ill V. val alaoat eefta1J1l¥ 

due to the electr6ae p1&c1Q1. PreY101la invest _ptlons had not reveale4 

!.C.O. wave 1nvere~,0I1 duI' Ili liIIUar act v!ty. Durng such activity, 

the heart'l pollt!ulIl relationsh1p v:.tb the electrode litel vUl 

change, aD4 cause IUlIb revereala of polarity. It 1a not certain 

whether wave tluctuat .. ona at ver1C1U1 poJnte are artefact or extra 

ayato1ic etreeta. Kavever thia aubJect bad no prevloua hiatory of 

such efteetl durina extell8ive perlo4a of cOl1tlnuoul !.C.O. lII'mitor1nc 

1n we. gbtlltt1aa I.aaiona, or York capacity telte on e b1070le erscaeterJ 

and the reaaOl1l are probably artatBctual. '!be lntonatlO11 COll~ of 

the praaent ftCorda la wry II'8&t, 8lI4 onl¥ • fw poJ!Dta b&va ben 

41acu .. ea 111 l1li7 deta11. '11le aYltea ot acqulr1q and preaent1q the 

information all ill 1'18.,s, has lent itself to easy duplication end 

4iatr1butiOl1 of the racol'd. M such, II&JIl" k1nHloloi1.te end Cla.che., 

haVe been able to use the intonation tor theoretical ~1a, and 

practical tield application. 

ne IUbJect and h1. ooach vara able, v:!.tb the authOr, to un4ert&ke 

en exhaustive 11114 valuable 8IIalye1. of the 11tt~nc technique, -niOb led 

to .au alteration 1n technique (put,iou1arly of too1l plac1nc an4 eft'ort 

phU1q), vhich ... :re followed by incnue4 11tt::'na llSrt01'lll8llCtl. It 

ehou14 alao ba .entloned thet the IlUbJect :reacte4 beneticlally to the 

peyehol.oclcal eftHte of such ecient!ftc enquiry. 



CClllClbllX1a : 1. 

2. 

,. 

4. 

5. 

B1IIIultaDeoua 11.14.0 •• fl.C.G •• olne tilm and 

ee~ta1 8II8l181a i8 a valuable 814 to the 

uMeNtalllUng of human lIotw p'rtoMellCe. 

!'hit ekWe4 aubJect ie cC1l&ble of achie'ring ver:! . 

IIhcrt p'r.loda of II.H.G. ellellce during exteDc1e4 

--perloda ot anat actlvit1. 

Gnat weiSht. IIq be 11ttecl traa 8 8tooP'd 

llOSitiOD -.er:! ettiel~ b:f • Killed .. rtormer 

whon apill8 1. IIlBmtaiDe4 111 l\nIer-extenaloo 

thz'ou8hout the 11ft. 

Ver:! heErl)' welgbta are 11tte4 1I0lt eu1~ it the 

1l&th of the Cent:re of Gran ty of the we1gbt 11 

clClee~ coinoident wlth the p'J'P'I141cu1ar l1ne of 

torce of the utter. 

91eft le little _ular activity Wen a akille4 

aubJect IIl81nta1ne en enot etan41ng po.lt10D 

C81"r:f1rl8 a Wr:f hea"l)' weiSht. 

6. Muaole oo-ordill8tlOD pattema are not cbe~ 

re;pl'\:lducible betveeII IUCc •• eive npetlt101U1 of a 

11ft u.!ng cen.tent loa4a. OJ' between "1181" 

lltta uaing 41tteJ'ellt loa4a. 

7. Ca1'd1ac rate 1'll1IpoIIM' to work c10ne whUe l1ft1rl8 

beaYJ welghta are subJ .. t to vai71II8 tble lag8 8!14 

toUow 41tfe:reDt oornlatl00 elXlatanta. '!he .. eN 

4e}lendent upon the ~. duration, p'rlo41c1t)' and 

1004 ot the 11ft - en4 upID ~1olo61oal tactOJ'l 

aueb 88 held iD8Pftat1oo. lIItra-thonoio pzeeau:re., 

BnIltaD10al 41lpo.1tioo, etc. 



66. 

El!Uogue 

'Rlla wrh bae SClU:Jllt to eetablieh Q tuo WIlY link bet\.-een 

erscmomce ODd p?lye1CGl education within the field of phisioloateal 

DBseSsmcnt. Xta author hee covered 0. bl'OO4 apectl'llD of ~lcal 

r:0t01' pe~cm::cnce and diecovere4 0. fEulcll11ltll.na 1nt~nity of avenues 

of I'eIlOO1'ChJ aleo he bao beccme conVinCed tbe.t (jI"eot ndVSllCes in tho 

Ullderatcnd1D(\ and dovelop::ent of bUlrml n:otOl' pertomance will CM:CUI' 

in tbe Deal' fUture DB thellO avenues becCXJe ins~ttulJ.y elIIPlored. 

Due to the ehOl'tneao of t1me ava110ble tor euch WOl'h, same tcpics 

cUd Dot zeceive the fuller exc;;J1oatlon thnt their ~e wnonted, 
" espec1oll;vr 

i) Eft'ecta on muscle co-ol'd1l11ltion pattema b7 

11) l·!etllods of obtclD1IlB)evsluatina and present1D/J data 

concem1116 !nom I:Otol' pe~o=nce. 

111) Cud1ac l'eoctiona to exercise, an(l the estsbl1shl:ent 

of relloblo cBl'diac pedcmuenee testa. 

file author hopes to haVe the opportunlty of dewlopill3 his vor:.t 

in tbese fieUla. especially 1l1nce there 1e El GN'.nna need tor IUCb 

intOJlll8tiOD ultlWl tho ocope of ~ical EQucotioo. 
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:. /ELECTiiOMYOGRAPilIC ANALYSIS OF.' LEG MUSCLE COORDINATION DURING BICYCLE' PEDALLING. ·l· 
',fE."J.Hamley.-and Vaughan' Thomas; Dept.Ergonomics, Loughborough University, England. . 

I' A. nalysis.of Skilled .. and unskilled subjects pedalling a bicycle ergometer showed I' 
,significant differences in the pattern and duration of activity of their four main . 
ileg muscles (Tibialis anterior, Gastrocnemius - medial head, Vast~ medialis and . 
. ! Biceps·femoris - long head).-The results indicate that unskilled performers show I· 
lmore consistent repetition of the myogram but utiliz~ their muscles in a markedly - . , . , 
(differen~ pattern from the skilled performers who show considerable variation in I· 

ImuBcle interplay_ "This interplay produced good augmentation between muscles and "; , . . 
i marked economy of high activity duration when working against higher loads. Three 

I
, loads· (50, 150, 250 watts) and three pedalling rates (6\), 75. 90 rpm). were tested. 

In gene~al increased loads resulted in inc~eased duration of activity_ Skilled 
I performers showed more obviouB economy of' activity at h~gher loads and pedalling 

I ,rates. Their myograms were more closely rela~ed to loads; different pedalling, 
rates for handling the same load caused little change in pattern. The myogram -

1/1 also al tered with' posture. Changes in saddle to pedal distance above or below 
.ij 109% of leg length (Hamley & Thomas, J.Physio1.1967, v 191, 5r57P.) caused more 

/-

. ,1 

. \ 

i iactivity and changed both duration and relative position-Qf activity in the cycle ' .< 

":~" .. ,v.'".:" ",1' I action. Our records indicate that there are considerable skill and posture factors! . ':' ,~""" ,J 
~ . in the dynamics of the bicycle ergometer. These must be ,considered when assessin.g \. '\, ':,"_' _ ',( 

.'_. . Ltthe work output of unskilled performers. . .~ ,- ,'.. . _ .! ;,.' . :: _ .• ' . .• .i.: ....... . :"j 
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I:"',: 'OC'8 S lEA IR? C e=ff rifF <:A ([)) lE iF 0 !MDn 0 (()) PS 
" .. TilE 'po" or cycling Is rull or gi";ml<ks ·.nd· old ,,'v.;' laIc, .nd .Iher. Is no ",p.ct· Anquein on "" .. in" hi. big """" .. b, Ch;;;;: 
I; or the I!:amc that IS,_clouded In more mystery and .bout _bleb more rubhbh hI biked . ~:~~ I~: 1)~';;~~WI\~J\,:i~ehfJ!~I~::II:r e~1llrn~~~ 
: ·.tban "soupl('ss(':" In Engli!.h word't, smoothMss.or nuidltr oC movement. .' .' Illl~d 10 be Widely th""~hl th"t sllltl,Ir.$,IIC 

I
'· . The first difliculty one ('ncounte':s Is In MOnlng the term, and 1 ha\'e taken Slime trouble" wn:ol h, D J:rr:lt cxtent dcrmndcnt on .. anclil1J:" 

I ~ to ask eminent cyclists and C'o:u:hc~ what thc' wortl means. ,....,. : ability, hul L'ni(,lcnt "n('I«.'ra like Peter (,jurdl,n,' 
, ' The mO:olt common renction Is a ,.aJ;\le ~plllt. , . - . ': ,:' , . I\rlhur Mr.t(';Jlrc and TqnlmJ' Sil1l!J50n would 

I
'. trrinJ:, .:IOU then some indeterminate wanlo - tincl it a difJif'ull joh to rnnvert clliticnl non'-' 

ahout' how IWII"Ie!l!l1!!' is obtained rath,er th:m However. Ihe SU\lreme ohslacle lit the·· .o('\crs like I-;ric Thflmprwn. ' ,. 

1 :'Ihatl a!tcmpt to O\'('l'tome the difficulty by (ound :'lInnru::rt ('yclil>ls, There i3 no ONE In~ one'~ most I';uitllhlr. rldinJ:; p01'>ilion. Evcn" 
. discmslnJ: I he mechanics of cyClinJ;: from fir!lt . m<lr:ic formula of i!ear mtios, ete.. and efforts 'In con!l.idcrinl: ICJ:; nr.lion otone, factor" ,,,ch L": 

\

' ",ha' It is. ' \,ariahility DC phY:'ilquo rmd temperam('nt, . A part of the Icamins: prnce$!'I li('lI In IIdllpl- ' 

I 
prlnciplc!l;. hoplr.\: lu arrive at ,0uJJlI!!'!I.'I~ beroro 10 r('strict s:car ratios. hoth here and in other (rank length. 't()('·('lip len~th. hori7.onhll .:Ind 

, very lont!, . cuuntries. 1:'1 hound to rC:'Iult in injustice. . pcrpl'ndlcul.;r.r saddle adjustmcnl arc 01 ~re., • 
, As wilh th(' c·,r. wc !ecd !uclinto the body, The rC:oItrietion!l mir.ht have no elTect nn the importance. . -. 

'.' '\" ..... hkh burn!! rll~1 to ntake (lOWer, S:1\'ing hy" t)'J1C or rider .whrt hmrtiuns be!>t at hlRh reys. :, Ihpt'rlmtntlC I have 'u~, concluded "how ' .. 
': producl:o; (hent, W.:Iter, c:lrhon-dioxlde or 'but he a'~e\'ere IImitnlilm 10 the rider ..... ho Is. , • highly "Iltnlfh"anl f':1T«t nn power output [' 

, . Thi" ('omhu&lion is a falicinaUng op('utlon,' n~allse of thi!l viltl<lb:lity In human per- "hal :'Ih11113r ("n'l'cl" lronl the other adJus,," 
'. " mnnnxidr and residual ,ub!>t:mcc!. etc.), . at his mo:;t l'Oiclcnt on hh:h J:can;. ,01 ~:l(ldl~ h('h~hI-1 ,,'nuld c .. ped ".,OIU,," 'I' 

.,1 nhclIIt whkh rncinlt ('yeUst!! !lhould he well In-' rorm:lnce,' suhjective opilllons on J:IArlng mcn~ mcnUonl.'!d, .: , " '. ;' . " 
, formed, IJUt it i!ll not the suhjed 01 this article." become cven Ir"!l. reliable. I will J:O ~o tar a! 

• . Our cnllt'l'rn Is with the trao:'lmission or thiS . 10 :O;3Y that with our limlt('d knowled~c 01 ' 
po\\cr ilUn mO\'in!! 'the vehicle. cyellnr. mrchanies. it is nnl possihle for I:ear; .' Don' 't be shocked :,' 
, ThrnllJ:h a ."stem 01 leven, both the car inl! or pldallinl! rates to be specified {or any 
"nil Ih(' hud.\· \'Cln\'crt thl:ol pnwer Into move- indh'iclual nn nn a ,.riari b!l.sl", . . 
n1('nl. IIn\\'l'\'('r. the nATE at which, luel 1:01 By thl" 1 m('an that In order to dctNminc' 
burnt up deprllds upnn the speed m~chankal hi, most !luitahle $:caring, the rider (and hi!l'·' Th~ p('rmulation'- of thcse ractora (and 
effic,icn(')' and i:earin~ or lhe 'en&ine and cn:lch. ir he hOl!C ,me) mu!!t cxp('rinlent nVf'r D 'olhcr&. le rf'Olch nnd rake) an: \'cry num(:rou!I 
vehicle full ranJ:e or I:COlr nUos Dnd over D variety o,f .. Dnu Hh' onty hllll~ or 011 ridcr dis('ovNin1; hi~ 

In I:eneral" hls:her gean and lower r~'S conditions, uslns;: a lrtop:wateh .:11 the tinal nlUl>t emci~nt rid in!: position i:oI, Al'I wilh (H'urA, 
a li'I\·lns: nf fuel. but this doesn't proYide . criterion. .by inlelliJ:cml .nod earcCul experimentation. 
acc4\.leraUon and nec~. a stronger pro- The similarllies hetween molor "nd rider, A 'mther raclnr ill\'oh'cll In "'fI"I,ll'!I,~t! i~ lIlOt 

'.' n,,""·' unit" , . '. h:",i"!: diverl!~d a lilllr., we mU:'I1 now strain, or l'i\1prlr.ncss, !lere lhf' posilion t5 a ('om-
the likenes~ stili fllrth('r. Trllnsmh'5ion IIYl'It(!m.· plicat('d onc. Co·ordlnation can be D('hle\'l,'d 

. ean he dcsiJ:n('d for the car to give D.:; 'hi/:h a by practiC'c. bul It I~ Important to nole thal 
, m("('h;mir:ll efficiency 015 Is pos.<:ible with the . abcn~, prartice or a co·ordinn~inr. action ,bould' 

tedmltllle!! ,~l h:.nd. ' 
, i'\:nfure h:a!l till~"n 11 lon~ UrnI'" 11t r('!!"h (a) III Ihe rCl'olution r:l.lc rcquirl'd In rAdlll,!:' 

lht" pr,,~('ot ,;Int!e or hunl:\u d"'I~n, Dnd (lJl in the !lame pOl'lition a!l In radnr: : • 
'H' ha"Po to ",:aloc do with our budtc-.. DS (cl with the 'time rCloi5tanee, le ,car ratio 
thrv ('xI"l. as in mchlJ:;. " 

Th(' ('\'ol"tlnn or Ihc bicycle' It~df I" nn ~ know that the wis(' he"d~ will shake nt 
«'Xtlnlpl(' 01 nlan':oI c-rrnrl~ to achle\'c ("nil tlH-". hut these MC Ihe IJ:le'ts uf "kill h:nrninJ! 
morc- c-rr\ric-l1t I'cU·prolltl1slon. - • and I ben"ve (hat thcy arc all appheOlbh' tu 
lI:l\'inJ.! r('.llched ,~·h:l.t mu~t btl orar optimum cyrle raclO;: as to anr olh('r skill • 

. d('vclopnu1I\t oC his \'~hicle, the only COUI'SC H",in!:: ~ald this. must ('Iso !lay that lhc' 
-Idt "or the racln~ cyclist is to drvelop thn,,:e., nblllly tll rev ("I\lickly Will come Irom 10\\,·I:('/lr., 

other aspct'l!i or propul~ion that I mentioncd . trainin(:-.",nd that power will be (]cWh)I)(~ll by' 
c-arlier~mcicnt Jt:carioJ!', hiJ::h powr.r·to-wci,ht hi.:h·l;ear trainin:;:, Training S('hl'llulc!I shutlld 
ralin, :lOd mC'Ch:lI\kal f'fficicllf'y. _ cnlltaln IIn ch-ment of (,3ch. bul thc cn-ordina·. 

Thl'! 1:(':1rlul{ ",111 bc !lolvc~d bv perl>nn,,] . lion will only come from tralnin, un the· 
('x~f'rim('nl. power·h.,·w('ll!ht· raUo b,· .. happy ntedium ,. J:CDr. 
bu[ldtn;; up pow"r and k('rpln, down. 'Joint nlobilitv and m11"cle vlscosit}o ror Ihe 
"'('I~ht: but ml'ch.ntcal t'm~lcn(y Is pcr- - .: cyrli5t. whn d,Ot-!I .not ,require ~xtrcma ranK~ 
haps the d('nnlUon wc hnc been secklna: . 01 mnvcment In hiS jOInlK. may bo obtained tn' 

. (or" !l;oupl(',,!'c." . ' , , le\'eral ways, . ' 
'.' T~ expand Ihis iJcrinitiun (which .. may I "''''Y': .. fo'irliUy, U the rider firmly bellcves In It, ~ 
. b: mlne-so you are (ret:! to <ldopt or dlscanl it almo~t. tm)'thln~ could be efTccUvc-t"\'en 
as )IOU wish I), $()IIJ1le,~.~e: t~ the abUlty more- emhrcK'ation I There are. ho\\'e\'er, stronc 
nr·l('~' effidenth'_ to tran~mlt po1l.~r from the gchools nr lhoun:h! which suro:;('st thtlt warmth 
hllman body I"to the blc1c1c-. S.)uplt'ssc is .' m:a:'l';;:I~e. a\'oidr:n('c I')( 11'(11):;, peritKIs of tlland: 
thrrefore. a !IIkill. And like anp' "ther 5k111 It In~. ('tc .. are effident nlcthoo:'l or heiith!cnlnl:" 
Is t/epen<lcnt In Dart Qn natura ah11lt,y and in . Ulis kind Q( snpplen~!IS. . . 
part on lcaminl! (practice). . ' .. ' , . fint e\'cn h('rc, Ihe rider 1:'1 bl'i'ie nd,'ls('d ' 

SOlm[esu Is demonstrated Just as much by' to dl..coH'r for hi",,,,,,,, what !Ill Its hint-

,~t.II~II~~~i~~~~~i~~~~i~~~lliliil! .;.<; .'. . .. ::,' ~!!.~,~II"eo,'e~y will ant)" ca:ue ',ranl ('xpert.. .. 

• ,' ,.,.,:' '~"'~:',:' .' 1'00 n11'1\)' !'('('m 10 ~ln\:I!lhlv rollow IhC"·,. 
.:./';-::: ,;;', ,'_;, .. ,. , '. t(,rhniqlle!lo or tht" .. rniot m3n" ","hout 

,! •. :,. ;':.:A~:';.;-:' . ::.:,~ .•. ;.:.:,: .• :.;., .. ,:.::.~.:.:.:: .. ~.' ~~'j::~~. any con. .. lderallon to eh('lr suit .. ' 
::~.".::."".' .....• '. '., Tu be Sllro mu('h thl!t la valuable can be' Ir:trn('(j (rom, the ('xP('ticne(' of othel'3 In the 

'" i :~: '::.: IIPort. bill the recent ranla"Uc I\\lcce,",,' or 
"U.lIssian sprinters.who Irllin And rnc(O on \'cry',' 

": ,," bIt: J::"ear~ ;It\" hut one indication 'or !.he benefits 
or ~n OrltrinAT And petsonnl approach to cycle 

.' CZECH AlDERS' , raCing nnd tralnlnJr. . ,.-

Vaughan Thomas 

'" 
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£ L0~[f8~~' @~~B~~B~~.:". 
How.inuch do you know about salt? How much do you.::·\~/,: . 

" care? If the. answer to either of 1J1ese questions is ncar·- ,~:."(~ ~.: .. 
· zero, then you may nO,t be obtaining 35 much benefit from ~':"">, '.' . 
· your training. or as m,uc,h success in your racing, as you could. :.~>::::: 
· Recent comments in the CYCLING, and conversation with .:':.::::. I'::~ __ 

racing 'cyclists of all categories, have revealed a surprisjng:·.~ .. ····· 
Jack of knowledge on onc of the basic {acts of cycling fitness.", .. 

· Now don't ,cl' me wrong chewing ,)'our way throu:::h ;:r. block ot·: '. 
\"' ••. _" ....... sail e\·or)'h·~sQ~d~~·\o~~il::~~!:h~r:n ~~~);mt~a~lew~~:~c~e::e:;; ~"::' :; .. 

. could \'erl' well be 010 root ot some of these .. ' 

""~~I.'ii~"" ... 'k~i~;,.;'."well to CO\'er the basic principles of the S3lt.::~:" 
balance in hUnlan" . I ~hal1 dcscribe an extremely·eom.:' 

systcm In a ver)'.much,sll1lplilied way, and in layman's terms, .:: 
hope that the more scienWically minded reader will tikip the ne);t,', 

." 

:" . 
.. " . " to: 

....... : ..... , ~ .... ,-: .. ~.~ 

.' ~,':';"," 
" . ~ .... 

... 1:' couplo ot para.rnphs, rather than betome bored. . ,~ 
The body Is composed oC microlocopically·slu;:r.lI cells. suspended in 

• fluid. The corrcct lunctitm oC Ihese cells dCIJen(b on tho Ill;).in •.. 
tellance oC ,"ood w(lrkink, conditiolls,' And onc inljloruull a~pcct or' bllt as the a..:llvily b clo:tcndtid over 01 period oC hnur,ll;, or the h'ol. . 
. lhlli environment iil the b::.ll1nce kept between the 5l1H .1Ild lhe watcr weather keePS up. tho ImballUlee becomeS scriou5-beim: associated 
jn the body, '. . •. \I'ilh Incrca.dn: decree' of lethtlr:y. crtlmps, or other .1I:nl oC body 

. Under normal conditions of minimum work the kidneys co])e (I\lita. Incm<:lency, ' 
Ddeelutllcly' wit.h the maintenance oC this btll:mcc. nul as lioon as. /\1 UU~ tlOint I mu!;t refule n lell('r wrlllen by Doctor Chrl,.topher 
ronditions become unu:<.ually hot or humid, other, (aclo:!) arc, lnlro· ': ,VC'ou;u'd in Ihe n,'ccmher 11 h;MI\! 01 C\'C:I.INO, whll't1- erlilrllll'A IOUl\10 
due'ed whkh Illay 1l11!oct the bulnnce and CaUt;e memelelley III tha 01 the .. tall'menls 1 made in " prcviou6 h:ller ubout .... a IIcdlmatl,,,· .. : 
bud),'", wllI'kin,: )llIrts. . . ' : (ion" . , . :,., 

11"r C'yl'lhl~ UII'r~ nre (wo mnJor chnllg:('li III condhluns, 011('- : ;UorC' Clr It-.~s r.e('('nt f(':<.can:h Cl, 2, 3 nnd many other' standard 
All IIIC'r"II"c III ti'l' nth-. ut wurk, !loRd lW'-.;I,n IncrC.;I,:\e In (',,;h·tlial '. \c,,;L-;) h.;l,:\ :.lIem'n that the .hum.an body "Ill aclJu,.t to prulolllt('d 
"'l\\lU'~rnh1re or l!umhhl)'. In bOlh lhelic ('IIS(" the, normal rc:.uit "". Joi"cat1ng by nherln; the 'prollorlloll\ o( !i.\I, 111 the fluid ,"('ereted • 

• 11 ,,,'''.· .. ''0 .In swenU,:,A' .. , . . ' In {nct, un Interuutional bible or medlcnl prnetllloner. (") ,h'cH 
IhoUI:h Il s('ems JlI.o&:lcal lor .the body to sta.t upsel1m;:: 1I1Is lables :;howlll;;' the rate oC nlicrlltion oC this proportion. 
balancc JUst nL a IlIne when iL needli .II:! be at p<':'lk ~1r:cLcncy... 'rh\! body; bein~ the wondcrful mechanism that it is, w1ll ~.adu .. lly . 

. _~It.,.""l<ras usual a \'ery good reason In nddl~lOn.lo mtllnta:mn~ the, .. acclim;ttitie jt,.ell to re!:ular sweating by decrcasinc thll amount oC 
'. bnlance, the ~{)dY, must a~so. mamtam .. 3 ne;1i ·const<lnt, . salt s::iven up per unit volume oC sweat. It also alters this propor-'· 
I~r",,,or:'''''r •• and tho ",ncch:l'"!llilU of ~\\eallOS:: IIi ~el!ilt:ned to do j~st tion Cram minut to minute AS tha duration oC a period ot .we .. tin~:· 

tcrm SWCiltHlS" in lis" phYllOlolo;lcl11 sense, mean m;: increases C '. '. 

the &\\:eat elands,. Pcrspi~ntion, on the o~~er hand,': These ~re the 'ph)'siolo;ieal facts, and upon these Cac:ta t must base ~':" 
;';';P,,,.t~;m.l~a perlneal.?n o{ flUid throu;:;h the ~kl~. my consideration of 'the preparation' raclnC' cycUsts &hould undergo. 
" Increase~,:elther due to mllscles \\orkmt; hard· to prevent salt deficiencie'5 occurrln!: . ,,~ 

,temp~rature ~lSI,:"g, the sweat, glnnds nulonlatlcnlly ... · There seem to be two ways at tacklln~ the salt·water balance prob. ".:; 
With flUid (a nll);t~nl of salt and \\ater). ,Heat (tom the ... Iem. The lirst is to tieclimntise \he body to heavy ~nd prolon:cd :.;, 

area ?f the. body IS then \1sed up in e,apor~t.l.n: tho. 8\\'e"ling (ns the tUtn<lCC worker or stoker does); the second is to ':'1 
a coolmg. etrect t~ the bod>: as a ,whole, ,anc! leil-';I~ .. the ensure immediate replacement of salt loss. .The second method J,. i 

&urfa~e af th~ skm. One Important POint here IS that .' would seem ta. be the eaSiest, eSJ,ccinlly if thc I<Ilt is la~en in 8" .;. 
must eyaparat~, ,al'!d not,lust. be mapped . off or fall oIf in ,,_ palntable fonn;' but the method must be a rough and ready ene tn·· .. ] 

dr"pl.'U,. othe!,!lse ~e. co~mg cnect. iI,losL. The .. whole ,procedure " that the rider 'can ne\-'er be sure 1ust haw much salt he is !:oing to ~: .. 
us two vle~ou8 c.treles. ':;~ ::',.,1oso, and it would tcnd to be a c'ase of' repl."elng somethjn~ o'lready>,: 

:::;<.; ';"':'lost, rather than not losing It in the Srsl·place. ' .. :~ 

SWU.T 
PRODUCED 

'.:: . The first method mi;ht gh'e the best results in the long run, :.'. '; 
.'" and I hne flrlit·hand expel'ienef' oC the dUclenc)' oC acciilllntisa .. A:~:; 
.::;" lion' under artllie:.1 conditions (bullhl!: kettles ctc.· In a batb- .- , 

.; ,c. -'-____ J.;, raom ~ ~) to !'.trcn;;thcn IlIl' opinion .. : 1 

,,' " ..... '. Acclimatisation in training l'ihould not havc the 'aim oC reducing the 
. ~': ~:;':;':eyclists' tendency to s\l:eat, beeaus(I this is part of his temperature- ':, 

',' .,~.:« ;\regulatin:: system. Rathel should his training conditions be such a& . 
,'. .:,: .. ~ to produce constant sweatinc-cven in midwinter I .:" 

.y 1" . ," Of course, I .efer to specilie trainln!: sessions-profuse SWeating •. 'j 
, :'; during a predominantly·social ride. in "cry cold conditions should -:r:: 

,.~ be ""valded other thnn perhaps over the last secllan oC the ride. During·~,:.· 
:-' , tfaining·sessi~ns riders should follow .the Contln~ntal. practlcc of .:;. 

'. wrapping up \\'ell-" Long Johns" are Ideal I I Of coune the result- " 
.'. ing wa.rmth will alsa do no hum to lUusele viscosity ~md Joint supple- ': 

,-,--'-:---. :. neSs. :~.~ 
SaU" ." Whichever method 'one chooses, or even if onc uses both method, ::;, 
; .... ,,': .!. simultaneously, matters littlo.· As long as fac1na- cyclists' are aware.:, ~ 

in ~ .. of the possible eIfecta 01 salt water imbalance, ancl take lome step." ,.~ 
L..:-c;;._--l ': to combat the problem, then one ot the possible Cat.lSC'. of.·bonk':',~;:'l 

: .~; The connectln; IIn.k Is th! awca,t procluC<!d., but tha \ • .!t:tl link tor ,",' wlu no loneCl' 'urn tho tor~ book upslda clo"·n. VAUCUAN TJIo;\iAS, ::,;~:~ 
r ~e cyclist is the only on." o\er wh.ch he has ~olunta~ Control (other .. ': :." (Loughborou,b CoUe;e)' ,; '.! 
··than the {act that he deliberately eauscs the increaso In body tempera-, lC~I(!'(wCI:. . (.," 
,Jure in the first place). . . . . , ". ,,,,1, A,JoIpl_I"III1,/4loPal 01 )lall.l" ",,' ".· .. ·r'. ',. '.,.' 1 

::;' The bo~y, In itl natural mnocence, has swea~ed a ,,:la ~clutlon-Iho 'J. UciO, )1 • .J,ful /:,'"u'\'lI ~.IIItt~ 1i,...'t"1U1 /1o'jlOI1 ,,...Phllll6laekGl 'h~4'. c. " r 
: :CYclist, in his n:lturQl igllOrQnCC, merely t .. ~e. In water (m ... ny oC Its Uot b' ... lt'oIIuJo:n~. .' .' '~. .' . ' ',~', 

morc-or.lcss pleaunt Corms) and ne!:lccta to replaco the ,sOllL For.' .. 1 I. JM. AlMfltal JOIIt'IIaI fJ/l'fIll,"*'oIl-ltCllfJn 01 ClilACltiCI n"u .. reh'~.nn.. ; .. ' 

'.: ::;':"~~~,t~:hltt~~,::':U.llin' "l\~;;";:.~~~{~,~~~',~:~.'::;~]:~~:~t:~<",,:::;~.::;G~~~'.::~.""~'_-' .. ,>SX:.~~~;!::;:~:~::;.:: 
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I,' .r, A method of calculating stride length from anthropometric data in 

" i; . ,1 

I' 
I 

'l 

I 
i 
I, 

race walkers. 
! : ,1 , , ' " .. ,.d •• 

Farley, G.R. Loughborough'College of Education, and 
Thomas, V., Loughborough University of, Technology. 

The total population of international race walkers currently 
competing in Great Britain (N = 19) wa~ studied in an attempt to 
discover the existance of a relationship between stride length in 

,,: .t"', 

I,; 

: : " 

',':" .\ 

racing and leg length. The Bubjects' leg measurements were taken, I' I 

using a standard 'Abawerk' anthropometer, from floor to ,inferior pubic 
ramus, the subjects standing unshod on 'the floor in the anatomical . 
position. Stride length was measured physically, 'from indentations 
made by the feet within a specially marked piste during an actual race. 
Cine film was taken of all subjects, a) to ensure that their walking 
action remained within the definition laid down by the Race Walking , 
Association, and b) to assist in the,analysis' of the ,individual subjects. 

The statistical analysis included the calculation of a product 
moment coefficient of correlation,1 and a regression 'coefficient to 
obtain.a prediction formula for stride length. 
The nesults were: 

.;: . a.) There is a correlation between leg ... length and' racing stride 
length of international race ~alkers (r~= O~556) which ~s significant 
ai;, 0.01. 

- b.) The racing stride length of international race walkers can 
be predicted within a mean error of 5% from the formula 

Y =' 1.31" X • 2.15 cms 

wher~ Y = stride length and X a leg length. ' 

21' '" 
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Some physiological methods of assessing the performance of racing cyclists
r

' 

, ' 

HAMLEY, E.J" and .THOMAS, ,V. 

. Department of, Ergonomics and Cybernetics, 
Loughborough University of Technology 

Leics.' '.- Y 
. , . :.:. 

' .. 
.. " 

! 
Physiological assessments, ar,(being' ~ade of racing cyclists (i) at, 

'rest, (i'i) during a gradually increased work load test, (Hi) during a 
constant load test at high rate of-power output maintained to exhaustion • 
The .physiological parameters bEdng investigated are:., . 

, . . • :.';' 1" • , 

1'_ 

(a) 
(b) 
(c) 

Electrocardi~grarn , 
Oxygen uptake .. 
Total ventilation. 

~ '.: r; "!: • . '. 
" '/ i' 

I. Together with an investigation into the subjects' racing and training habits, 
the results'of test-retest in the laboratory allow an assessment to be 

: ' 

,1", 

, 
I, 
j 

, 

made of the subjects' racing fitness, a guide given as to future traini~g 
and a prognos is of raci ng performan,ce. 

these 

\.", 

"" . 

'. , •. :, , 
" 

Norms have bee'n established' of central 'tendency and 
physiological parameters amongst 'racing cyclists. 
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. Where should the team coach beP 
by Vaughan Thomas 
Ask the players - if they are a 
losing team the answer will be 
a warm one! If they are winners. 
then they will probably accept 
that the coach is a handy man to 
call substitutions and timeouts. 
and launder the team uniforms I t 
There are a few, however, who 
believe the coaches' functions to 
extend far beyond these limits. 
It is interesting to trace in the· 
evolution of team games a chang· 
ing attitude towards coaching. 
Very soon in the development of 
any team game the players dis
cover what Gestallt psychologists 
have formulated. that is, 'the 
whole is greater than the sum 
of the parts'. A team has attrib
utes that are not simply the total 
of players attributes. and to 
achi,eve this it is necessary that 
the players have some common 
purpose. The purpose could 
merely be to play basketball for 
fUn, or to satisfy self assertive 
tendencies at all levels of the 
conscious Qr sub-conscious, or 
many other combinations of 
motives. Whatever their purpose, 
the players find a need to estab
li:;h common methods of achiev
ing their aims, and the idea of 
the team captain and/or commit
tee evolves. There is then an 
ultimate authority to govern the 
methods of the team, this auth
ority being more or less demo
cratic depending on the type of 
team. 

In the team captain we see the 
embryo of the coach: indeed. 
some team games never go be
yond this stage - but as the de
mands on the captain/coach 
develop, then we find in some 
games that different people will, 
take over some functions. They 
go under many titles - manager,' 
trainer, coach. non-playing cap- ~ 
tain etc. - and examples can be 
currently seen of all these in the 
international sporting scene e.g. 
soccer, rugger. basketball, tennis, 
etc. 

The main point of this article, 
however, is to discuss how a 
coach can be best placed to dis
charge his duties to the team. 
Firstly, what are these duties 1 
Neglecting the trivial or purely 
administrative, they approxi-
mately comprise:- . 

Pre-Game: Physical Prepara-
tion: Technical Preparation; 
Psychological Preparation. 
J Game: Tactical Direction; 
Team Administration; Team 
Motivation. 

These basic headings are not 

clear cut, and form ~ny sub
divisions. The point IS, how 
many could be better done as 
a player. and' how many as a 
non-player 1 As far as pre-game 
preparation is concerned, a team 
captain with the game qualifica
tions could achieve as much or 
more than a coach, in that he 
can set an example to inspire his 
team in their efforts. The situa
tion is more complicated regard
ing 'game' leadership. Opinions 

'are sharpely divined about tac
tical direction. It takes an un
usually perceptive and experienc
ed player to make good tactical 
assessments during a 'clutch' 
situation. and many player
coaches have found either their 
playing or their coaching (or 
both) suffer under the strain. 
There are some players, however. 
whose close involvement with 
the situation does not lead to an 
inability to 'see the wood for the 
trees'. and whose close proximity 
to their team mates enables them 
to more efficiently control the 
play. How many times has a 
coach sat grinding his teeth on 
the bench, just dying to get on 
court and make the thing work I 

Team administration is a 
different problem. There is much 
that a bench coach can do that 
is impossible for a player-coach. 
Paramount is the preparation of 
a substitute for entry to the 
game. but also :- spot analysis of 
statistics. time elapsed checks. 
treatment of minor injuries, etc., 
etc. Much of this could be carried 
out by a !!i0od team follower 
(or manager). but the analytic 
preparation· of a substitute. espec
ially in man for man, is a matter 
for a bench coach. 

Team motivation is certainly 
easier from the floor than from 
the bench. And in a game where 
motivation and confidence play 
the major part in the perform
ance of skills. the direct contact 
of the player coach can make the 
most significant difference to a 
team's performance. Wales' inter
national ,victories both i" this 
country and the continent over 
the last couple of years have been 
due to this massive morale and 
confidence. which can overcome 
even the: most talented of oppon
ents. 

Before coming to any con
clusions on this issue, consider 
the situation in this country in 
senior men's basketbaU at the 
start of this season: 
International Champions: Wales: 

Nineteen' .' 

"'" "' .. 
, '\ National Club Champions: 

Oxford; London League Chame 
pions: VaUXhall: Inter' 'brea 
Champions: Bedfordshit .. · run
ners-up East Midlands; Intere 
mediate Champions: Loughe 
borough, runners-up Doncaster": 
Panthers: Universities Ath. 
Union Champions: Birmingham, 
runners-up Loughborough. (All 
Player Coached). , 

The majority of the major titles 
are won by player coached 
teams. It may be that the environ
ment is different here - but an 
American report says that the 
coach of the world's top pro. 
team, Boston Celtics. has become 
team manager, and that in future 
they will be player-coached by 
Bill Russellll 

So what 1 There is, as yet, no 
proof on this issue. If there has 
to be a decision between a good 
player-coach. and an equally good 
coach. then hopefully the issue 
will be decided as objectively as 
possible. In this country the 
situation is. however, very rare I 
What is more common is when 
the best coach available is also 
a star player. The issue here can 
only be settled by balancing the 
loss to the team on either count 
if the person does not fulfil both 
functions. or by equating the 
relative loss of efficiency on one 
count with the gain on the other 
if the person does fill both roles' 
Decisions where the issue is not 
in balance. due to gross deficien
cies as player and/or coach, are 
relatively easy to make. 
. Accepting that such paragons 

as good player-coaches exist. 
under what conditions should 
they operate 1 

(1)' They must hold their place 
in ~he squad easily on, playing 
ment. 

(2) They should play in such 
positions that they can control 
both offence and defence, e.g. 
quarter-back (playmaker) on 
offence, and (if possible) pivot on 
defence; whether zone, man for 
man or combination. 

0) They must adhere to the 
code they set the players, but 
also act so as to command res

. pect as a coach. Herein lies per
haps the greatest difficulty, to be 
'one of the boys' whilst remaine 
ing something the others are not. 

There is no doubt that the 
player-coach system will remain 
for many years in this country -
certainlr until coaching becomes 
a suffiCiently attractive vocation 
to get the services of the best 
men. Whilst it remains, there wiU 
be more harmony and success if 
all concerned consider the prob
lems of the player-coach, as the 
benefits the system can bring:" . 
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The tragic death of former World Champion Tom S'impson in th~ 1967 Tour 
. de France startled the athletic world. Vaughan Thomas. our English research 
scientist correspondent from Longhrough University. has sent us this explanation 
o(some o{".the modes of operation of the "Hu71UJn Engine" - which ,will be 
of interest to an cyclists. and of particular inter~ to top riders, and tt? 
sometimes over-zealous coache$.. We hope it may' prevent a similar tragedy 

, in this country. 
( 

'. 
, . 

-Fred VeLong 

by VAUGHAN THOMAS 

Recent occurences in the various 
fields of sport. particularly in. cYcle 
racing. have posed some intriguing 
and vital questions to those who are 
concerned with the development of 
the human's ability to produce power. 

~). This aspect of. human perfonnance is 
usually measur.ed in sport by the 
ability to move an object such as a 
barbell. a discus, a javelin. or tO,move 
the body with Or without a vehicle
in locomotion. The most vital prob
lems arise in the locomotor sports 
such as running. walking. cycling. 
rowing. ' canoeing. sking. Swimming. 
etc. especially when these are con
tinued for' extended distances. In 
their efforts to improve perfonnan~e, 
cyclists have pushed themselves to 
serious collapse, and even to death. 
The coach or the cyclist if he has no 
coach. has a tremendous responsi
bility to understand how the ~uman 
(loco) -motor works, because he is 
literally playing a game of life and 
death. '. 
An Analogy 

Desirable though it may be, very 
few 'coaches and perfonners have a 
more than sketchy knowledge of hu
man physiology and body mechanics. 
It has been my experience that the 
basic concepts can best be grasped 
by an anology between the human 
machine and the motor . car, though 
one can often run into difficulties if 
the analogy .... is carried too far. Es
pecially,. one. must be continually; 
aw~re.:that the higher mental proces
ses cl:(' the human provide control 
mechanjsms that cannot be applied to 
the internal combustion engine. Still, 
with these provisions in mind, we can 
begin to examine our analog. 

No engine can do work without fuel. 
and the human processes the food 
he eats into a sugar substances called 
glucose, which is the basil:. fuel of the 
human engine. The liver acts as a 
f:uel tank. trom which glucose is taken 
by the blood to wherever combustion 

is to take place. The fuel pump is the 
heart, which has an automatic inbuilt 
ticking-over rate, this rate being 
speeded or slowed by impulses ~rom 
the nervous system. 

The glucose <;::annot bum wit\l.out 
oxygen, which is filtered from th~ air, 
in the lungs, and then joins the glu
cose in the blood. This fuel oxygen 
mixture is then taken to the. combus
tion chamber of the muscle fibre. 
However, the human engine has far 
more than six cylinders, in fact there 
are millions, though they do not all 
fire synchron·ously. This fine control. 
is ma~nly a feedback mechanism ac
tivated by demand at particular 
site(s )'. 

The actual chemical combustion in 
the mu~cle. is extremely complex, and 
even ye~ not fully understood. How
ever, a . broap. view .spows that the 
ignit~on is sparked by a nervous im
pulse to the muscle fibre, which then 
uses the energy re~eased to coritract
thus exerting a force and tending to 
shorten the muscle. If enough cylin- •. 
ders are firing, then resistance to 
movement will be overcome, and the 
muscle will produce movement. The 
rate of this nervous 'sparking' is 
!again under' the control of the ner-' 
!vous system. and the timi\lg is such 
,that one spark, is followed by a short 
recovery phase (similar to the cylin
der refilling phase) during which time 
the fibre cannot be re-used. The 
smoothness and strength of the pow
er output of.a giv~n mu~cle, and of 
the total body output, is a product of 
the timing (coordination? and force 
of all the collective muscle fibres, as 
is the running of the automobile en-

. gine. The development of skilled and 
efficient locomotion is very much a 
matter of ensuring that when power 
is desired that "it is in the COrrect 
direction, unopposed by power exer- . 
ted in another direction, at just the 
right power output, and that the mus
cles concerned are the' most efficient 

for the job, and acting within their .\." '" . 
most efficient raI].ge. j 

The combustion in the'muscle fibre j 

gives waste products, some of which l ~. 
are resynthesized within the muscle, !;. 
but the remainder have to be elimi. n 
nate through the body's exhaust sys- .11' .. ' 
tem, in that this level is monitored .~ 
at various control centers which then 
assess the demand for more fuel and ,; 
oxygen. They then alter the rate of J 
the heart and lung operation. Here, i~? '.1 . 
then, the first. fundamental difference' , 
between the human engine anet-the I( 
internal combustion engine. Human :i 
control is basically by feedback of .'\ 
infonnation from wi,thin the organism, ,': I 
motor car control is basically .feed·:

I
', 

forward of in fonnation by the opera': . 1 
tor (who, being human, is still opera. '1 1 ting on his own feedback mecha- t 

nismsl) I 
The Cooling System . 1'111 

Virtually all machines have an 0p., 1 . 
erating temperature at which they! ,I 
function most efficiently, and a dan-,'! 
ger temperature at which the ma-:! 1 

chine will seize up. The human is no I \ 
exception to this rule. One of the pro. ' 
ducts of combustion in the engin.e· ~ I I 

. heat, and machines usually have cool-'I i . 
ing systems which operate on the ... 1 
basis of feedback control .. The desired. 1 .\ 
operating temperature is used as a I ~ 

. 'set point', and the actual temperatur~ 
compared with this. If the actual tern. I i 
perature is too high, then the cooling I ; 
system comes into operation. In the '. r 
automobile, this 'set point" and com- ! I 
parator is a the"!'ostat; the ~uman is J 11 

a kind of living thennostat, where i 
each locality operates its own cooling 1 \ 

system depending upon its own tem- j I 

perature, and where the whole body 'I ; 
can assist in the general dispersal of ! 
heat. I 
The Control. System !. 1 

We have previously seen that the ; \' 
basic difference between the human I 
and the' automobile machine' is the J .L 
type ~f control. The motorist can diS-\ \ 
regard, if he wishes, the signals which ' 
reach him that 0.11 is not well with this ! 
machine, and thrash the machine un- i 
til it breaks without suffering any 1 
direct inhibito'ry factors himself. Of j 
course, most cars have a governor, 
~hich prevents over reving the en-, 
gine, but the human responses' to all 
the ·stresses on his own various sys. 
tems are virtually automatic - they 
are virtually all governors: More. 
over, these governors are all inter. 
connected in a complex manner. 
which normally prevent the human 
from 'hanning his 'engine' by loco-- r' 
motor activity. This can be iIlustrat~ I 
by a diagram. ' I :1 
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Psychological Limit: This phrase 
describes the subjective feelings of 
fatigu~ (pain, stiffness, heat, brea~
ing difficulty, visual, acuity, coordl-

~ . nation defects, etc.) which will 
eventually cause the human to either 
stop' or decrease activity. At that 
pOint, the psychological limit for that 
individual has been reached. This 
limit can change under a variety of 
stimuli (e.g. 'raining, acclimatization',
m'otivation, drugs) and is the main 
point of attack for the locomotor 
athlete's coach, attempting to get as 
close as rossible to the control limit. 

Contro Limit: At this point, 

drugs can overcome these controls. 
The moral and ethical aspects of this 
kind of athletic preparation are be-

l yond the sCope of this article. How-

\

. ever, it should be pointed out that 
some of the deaths in locomotor sport, 
particularly in tour cycle racing, have 
resulted from attempts to artifically 
alter this control. limit. 

Physiological ~ Limit: At this stage, 
complete control of some functions 
is lost, particularly respiration and 
circulation, resulting in system co}.~ 
lapse and death. The normal, heal~hy, 
human being cannot reach this limit. 
By delaying the psychological limit 
by some means such as stimulant 
drugs, the extra-ordinarily" fit cyclist 
runs the risk of reach.ing this limit. 

lOne probable example of this ·risk 
is the recent tragedy of the death of 
ex-world road champion - Tom 
Simpson. Without intimate access to 
the French documentation of his 
death, it is impossible to speak with 
complete certainty. l?ut I had given ,. 
Tom some intense phYSiological .ex
perimentation during the previous 
winter and base my comments on my 
personal knowledge of his physical 
condition and habits. Here was an' 
'imrfiensely strong and-experienced 
rider, in good general health and with 
a very sound heart, who succumbed 
to a vari!!ty ~f control over-riders. and 
died. His basic preparation was quite 
sound, though it is doubtful if it in
cluded enough acditp.itization to 

where body systems are being stres
sed to dangerous levels, some measure 
of 'cut out' l'ontrol will hc established. 
Muscles may rail tu ('(llltract.-Il1()ve
ments become totally ulll'oordillatcd, 
or, most commonly, so much blood 
will be diverted to the working mus
cles that the brain· win receive slightly .. 
less than it needs and become un-, 1 

conscious. It is possible that training . f 
and acclimitazation can alter these I 
levels, and it is certain that some 

. fierce heat and high altitudes. He, 
unfortunately, did not take a great 
deal of salt, which indicated a pos
sibility of' salt-wat~r imbalance. How
ever, these slight defects would nor
mally have resulted only in a p~r-. 
fOllnance decrement or a blackout, 
quite within the capabilities of his 
normal mechanisms. The critical com- . 
binatiofl. of: 

(a) intense motiviation 
(b) drugs 
(c) alcohol 

which over-~ode his· nonnal responses 

FOR YOUR CYCLING ENJOYMENT 1967! 
Custom-built racing and toJring frames and bicycles by 

,CINElLI end HETCHIN'S.I JACK TAYLOR Tandems. . 
Wheels ,built to your requirements. Reshaped and softened saddles'. 

: ". . Prompt attention to mail orders. 
Recent additions to our .'ock: 

.# • CAMPAGNOLO NUOVO RECORD DERAILLEURS 
CAMPAGNOLO SPECIAL RECORD CRANKSETS - HURET LUXE DERAILLEURS 

A.V.A. & SUPER CHAMPION COMPETITION RIMS 
TA CRITERIUM CRANK SETS AND CYCLo-TOURJSTE 

TRIPLE CHAINWHEELS , 
CLEMENT ElVEZIA & GRAND SPORT TUBULARS WITH BUTYL 

INNERTUBES 

CUP E RT,I NO I B I K E S HOP 
Phone, (408) 252·2073 

io080 Randy Lane I Cupertino, California 95014 

AMERICAN CYCLING 

Tom Simpson undergoing hart and br.athing 
checb during cycling to exhaustion Long-

• brough Univenity 
to intense heat, altitude, exhaustion 

.' and salt-water imbalance - allowed 
him to reach his physiological limit. 
It seems farily certain that other 
deaths have resulted from similar·. 
circumstances, both in the world of 
cycling and in other locomotor events 
-not only deaths, but also collapses ,,' 
resulting in physiological damage. 

We have considered just a few 
facets of the complex machine that is 
a cyc1ist. Such nn article can do nQ 
more than scratch the surface of the 

. ·subject. It is my fervent hope that 
these words may lend some caution 
to the activities of coaches and cy
c~ists in their search for ever-improv
ing perfonnances. 

HOME TRAINERS or 
ROLLERS 

All Types in Stock 
Fre[lch - Italian 
COMPETITION 
DIALS' ..&~~~ 
AVAILABLE 

Tubular S.eel 
Folding Frame 

. Silent Running 

Write f~r fr •• pamphl.t to: 

MEL PINTO IMPORTS 
P.O. Box 17104, Washington, D.C. 20013 
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American Cycling's Technical Section's aim is" to bring its readers the 

the facts on bicycling as a "Space Age" sport. The following article, written 
· exclusively for our readers c/eservcs your careful attention. re-reading, and 

filing for future reference. I am sure you will find it worth careful study. 
I've followed the authors instructions anll have altered saddle heights 

.. that secmcd:corrcct to me for years on many tours. In a very short time those 
· ,bikes that were not yet altered then felt amiss. The recommendations below 

- --..,...:... --

, appear applicable "/or both racing and touring cyclists. . . . 
, . . Vaughn Thomas is prc.sently doing research for his doctorate at Longh
borough University. England. He waS National Cyclo.Cross Champion in 1955, 
played OlympiC basketball in 1960 and 1964. was English National Champion 
and International Racewalker in 1963. has coached six sports .ranging from 
volleyball to mountaineering. and is widely known for his writings on prepara· 
· tion of cyclists and athletes for competition. tactical coaching and sports 
phYSiology. 

Fred DeLong. TechnicalBditor 

Scientific Setting of Saddle Position 

" 
By VAUCHN THOMAS 

Di,,/, 'Phys, Eel, 

TilE DEPAHTMEIIOT OF Ergonomics'.· - _ eombine the overall effect into one. 
and Cybemetics of Loughborough p.lrameter ~ snddle height. One of, 
University, Englnnd, is concemed the principle problems of this type of 
with an overall exnmination into the experiment is that of standardising or 
factors nffecting human perform.ance eliminating varinbles. which will af· 

. on the bicycle. This research. em· feet the item being measured. There 
bra c e s physiologic<ll. psychological, were the pro~lems of fatigue, position, 
mechanical, kinetic and other factors. wolrm-up, leaming, motivation, etc., in 
Our work is furthered by the willing addition to those already mentioned. .. 
("C)-operation of many' British racing Consequently, the expeIiment design 
cydists - a two WHy benefit - who, . became one of a short duration, maxi-
by acting as experimentnl subjects, mal power test, with all vnriables, ex-
allow experimentation to extend to cept the saddle height, standardised 

. the limits of both hum.m and machine or accounted for in the statistical 
perfonnance. It is our hope to an.alysis. 
eventually build an analog of cycling The Experiment 
perfonnum'e, in order that a corn· A Mueller bicycle ergometer. was 
puter may be progr:tmmed to give adapted with racing equipment. all 
complete insight into all the" pant· dimensions being stant.lardised except 
meters of cycling. saddle height. A harness was designed 

The most l'ritical factor of cycling which, (a) ensured thnt. the cvclist 
is, of comse. the leg action. This may sat on the saddle in a position \~hich 
be considered as a co·ordinatiOli. of put his 'axis of hip rotation as nenr as 
mUllY factors:·- possible to the saddle pillar, and (b) 

(a) Toel'iip length. . prevented him moving from this 
(b).~ Degree (lf :lnklillg. position. (See Illustration. I). 
(c) Cr'Ulk length. 
(d) Pedal path, 
(e) Degree and position of knee 

f1cxion. 
(f) Amount of limb movement. 
(g) Saddle position (horizontal or 

angle). . 
(h) Saddle c<?mpositioll 

(flexibility) , 
(i) Pedalling mte. 
These are aB i,~teH'elated to Vill)'· 

ing degrees of complexity, and we 
decided that it would be better, at 
first, . to . standardise the mechanical 
variables (a.c.d.g. and h.), und to 
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Uhntrotion 1 
Vaughon Thomo. on the M .... II.r Ergom.~r 

The equipment was: - Christophe r· :.~~ 
long toeclips, 6,." cranks, circular 1 , 
pedal path, Unlca plastic saddle. 

A heavy work load was set (506 
kg/m) and the subject timed' in-', 
perfonning this work load at four I 
different saddle heights. One hundred 

,..~ ! 

subjects, ranging from beginIl;ers to. l;','j " 
wo rid champion Tommy Simpson, l
thus gave 400 readings which were ,. 
subjected to statistical analysiS. I ~ 

. The'saddle heights were respective. f 

ly 105. 109. 113 and 117% of inside" " 
leg, the measurements being obtained : ' 

(a) of saddle height from pedal' 
'spindle to top of saddle. along the f 
line of the seat tube, (See iUustration 
2). . , 

'/ . 
"" -Y""I,,' I , . 

,; . J • f-) J 
. " /-1 

1', /~ ! 
.-<.- ,,(~ .. ~ 

\ . 
.i 

!'-====:";' I ,:,,~ I ,I 
" 

> 

, . 

lIIu·.trodon 2 
M.a .... ring .oddl. h.ight 

(b) of inside leg from floor to the 
bone in the crotch, known as pubic 
symphasis palpation, subject standing 
without shoes. '(See Illustration 3). 

Results 
Tht! experiment showed very con

clusively (significance level of better 
thall O.IX) that for a short duration 
tusk of power output on a bicycle -

(a) Alterations in 'saddle height of 
4~ of inside leg measurement affected 
power output by approximately 5%. 

(h) The most efficient s a cl die 
height is 109$ of inside leg measure
ment. 

These v .. lues were average figures, 
.md there 'will be variation bctw(!cn 
l·y<';lists dtle to individual build and 
idiosyncrucics. How eve r, recent 
studies have shown' that the better 
the ricler (in terms of his racing 
ahility) the nearer does he tend to 
have his saddle to this recommended 
height (rho = 0.665 y. Large varia· 
tious tend to be compensated b.y 
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Illustration 3 
Mea.uring leg length 

alterations in the degree and even 
the directiqn of ankling. 

Discussion 
Having obtained these results, of .. : 

what use are they? The experiment 
was highly specific -.....,. to r a c i n g I 
:cyclists, to ergometer perfonnance, to 
short duration power output. Wc are 
wary of reading too much general lip. 
plication into specific facts, but in the 
ubseflce of other' information then we 
can look for leads and possibilities in I 

what facts we have. Firstly, for short 
duration events such as sprints and I 

plJrsuit the formula height is the one 
most likely to enhance power output . 
\Ve believe that this likelihood will also 
extend to longer events, the only valid 
factor against this extension of appli
cation being one of comfort. How
ever, comfort is more a case of what 
the rider becomes accustomed to. 
The skill of pedalling a bicycle is 
leamt by very many repetitions of a 
very simila~ movement, and the most 
skillful cyclists usually take great care 
in maintai:ning their saddle height at 
the level.~ tp which they have' ae· 
customed. fhemselvcs. Any alteration 
to this height will tend to lead to 
discomfort, which will become more 
manifest as the dUl":ltion of eff.ort is 
extended. The beginner cyclist will 
not experielice this problem of altera- I 

tion discomfort if he sets hi~ saddle 
initially at his most efficient height. 
The experienced cyclist will need to 

. make any changes in small amounts 
and at long intervals. For instance, 
the average cyclist could make up the 
distance between ,his present saddle. 
height and tlie formula' height by I 
four or five. adjustments of ~.. at I 
monthly intervals. • 

AMERICA;'\' CYCLISG 

Secondly, this formula· height was 
detennined ~fter standardising the 
other parameters of leg' action. lodi· 
vidual riders can make adjustments to 
the fonnula height by' considering 
their own pecu]nrities - short feet on 

'. long legs, placing of shoe plates, posi.;. 
tion of saddle clip, "give" in saddle 
material etc. We are not yet in a 
position to derive a fonnula to em
brace al.1 these details, though w~ are 
at pres.ent worki!Jg on electromyo
graphic strabophatic assessments of 
leg and ankle action. . 

~-fost researchers like to not· only 
discover 'what', but also ·why'. Our 
opinions at the .moment on the 'why' 
may be summarised: 

(a) Changing ~addl~ height results 
in alterations of the amount of angular 
movement made by the thigh. We 
have' no precise figures for ~ this as 
yet, but it set:;ms that the following 
.graph approxi.mates to the situation. 

MORE, 

Iv LESS 

100 10S 110 l1S 120 

SAODLE HEI(;ttT (' OF IttSIDE LEG LEH(;Tttf 

1II .... tration 4 . 
An9 ... lor Di.placement of Thigh in Pedalling 

(b) Muscles' in particular move
ments have optimum strength ranges. 
These ranges are highly speCific to 
the activity, and it is probable that 
the leg is capable of exerting more 
power when it approaches the fully 
extended position. On the other hand, 
fluidity of movement (suplesse) is al~o 
important. The cyclist is concerned 

196$ World Champion Tom Simplon 
undergoing test. 

with ~nverting angular oscillation of 
the thigh to almost linear reciproca; 
tion of the lower leg, and then into 
an elliptical path of the ankle joint 
and circular motion of the toes. Any 

. complete straightening of the knee 
proves a disruptive factor. The formula 
height seems to provide the optimum 
conditions for both power ouput. and 
~uplesse. 

The results of this research have 
aroused fierce controversy in Britain. 
After the initial scepticism had died 
down. the position is now emerging as 
one of strong support from the ranks 
of international cyclists, divided opin. 

Jons from .the ..,. coaches and a variety .
of informed support from the scientists l' 
in the field. This position is a 
favouf3ble one' in which to pursue 
our research. \Ve hope that readers 
of American Cycling will voice their 
opi!1ions, either through the magazine 

.' 'or directly. \Vc, in our turn, hope to 
keep our AmeIican colleagues infonn
ed of any progress we make in this 
field. 

TOUGHEST ONE-OA Y RACE IN AMERICA 
Two Stages - Over 70 miles of high altitude torture 

New Mexico's Sandia Crest 
OL YMPIC DEVELOPMENT ROAD RACE 

JULY 16, 1967 

AL TIT~DES, 5000 to over 10000 feet 
TERRAIN: Mountainous 

COURSE, Paved 

Entry fees: U.S. Cyclist $5.25, Military $2.75, Foreign $2.50 
'": Post entries dovble 

FREE ACCOMMODATIONS 

Over $1000.00 in prizes • including: First Prize 
An automobile with full tank of gasoline 

ALL ENTRIES MUST BE IN BY JULY B, 1967 

For information and entry blanks write: HUNTER P. JONES, Chairman 
Sandia Cr.lt Road Race 
13203 We.tvicw Ct. N.E. 

. Albuquerque, New Me~ico 
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Use of h.ndleb~rS' rer"ome er ~ 

By E, J, Jt.m.EY and V. THOMAS, Departmenl of Ergonomiu and Cyber-:, 
netics; Uni .. r&ity of Low;/Worough " ' '_ ' , 

I 
Beca.use performance on th~ bicycle ergometer is measured by heart rate· 

and oxygen uptake related to work calibraWi in kg, m/sec or watt.., it has ' 
become 0. standard met~od fo~ assessing physical work in other activities: 

j
'Where only physiological observations can be made, This has been simpli" . 

!, fied by using the progreasive load increase device designed by' Miiller which 
i gives a. continuous correlation between' physiological and physical para.. 

meters. The calibration' curves shown were constructed from data using 
, skilled cyclist-athletes instructed to use the ergometer without changeS in ' 
I style during the experiment. Unskilled performers gave much more varied : 
, ~ults. From the demonstration it will be seen that precise adjustment.. of 
I the ergometer to suit the performer "are essent,ial. 

Three main points were examined. 
(I) The effect of saddle to pedal distance on power output is most 

I marked. Statistical. analysis gave a significance level of 0·1 between 
, saddle heights and between the 100 performers. In a few cases habitual 

use of shorter height.. by a performer altered the curve to the left. The test 
involved the time required to complete a preset load of 500 kg, m. Leg 
length was measured from Hoor ,'to symphysis pubis palpation on the 
standing performer. Saddle heignt was measured froni saddle surface to 
pedal axle surface in a straight line along saddle pillar and crank. The 
results show that in 8: power output test the most effective distance is 109%. , 

(2) DiffeI'l'nt stylea in use of the handlebars alter the efficiency of doing' 
the test work. ,This is more marked in heart rate than in oxygen-uptake' 
~hanges with cbange in work-load. Styles concerned with an 'upright 
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.stance', i.e. no ~upport f~om the armS or simpie ~upp~rl with~ui~~~~ion; -","'
o~.the shoulders, result in lower heart rates fo! lower work-loads than styles ,', 
usmg the ~un extension of the racing position allowing' grip and p:uU 'action ',:
by the hands. At high work·loads the gri;> and pull stance caused lower 

(3) Preliminary myographic and photographic studiea of pedalling ac
tion show that much of the movement of the ankle compensates for 
changes' in saddle height. T~ere is minimum movemeJ?t when the optimum' 
.:wdle to pedal distance isused;'The effect on performanoe of chang"; hi 

',' 

heart rates and lower oxygen uptakes. In these tests saddle heights were" ,C;-
set as in (I), the handlebar sun_ at the aameheight and pedal rate at '" 
00 r.p.m. Hear: .rate was recorded con.tinuouslY!>1 e.c,g, and oxygen up-
take by multi-mIet fa.cemasks, resplrometers f and continuous oxygen 
analysers.' " 

, cadenoe varies with the range of work-load such that pedalling rates beloW' 
, 60 r.p,m. give'irregular data when the load is above 10 kg.m/ .... but at 

lower loads low cadence is preferential. For higher' work·loads, pedalling' 
rates over 60 r.p.m. give better'iinearity of data, but it may be tbat Our 
result.. are related to the skill of our performem who habitually use 
cadences of 90 to 120 r.p.m. ' " f' 

. '''\'-:,: ~ .. 
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Analysis of leg mus'c\e~action in~ a repetitive locomotor skill 

By H. DAVID,E. J,'HAMLEY and V. THOMAS. Depart_ol Ergonomiu 
and Cyberndiu, University 01 Loughborough ' 

Skill. may be divided intO those which are repeiitive and highly repro
ducible and those which are not. Locomotor skills ~ amongst the most 
repetitive and there is a. common pattern of muscular co-ordination which 
is overlearned and therefore"' efficien'tly utilized. Electromyographio 
analysis of three major leg muscles (vastus medialis. gastrocnemius ",nd 
biceps femoris) was made during pedalling on a bicycle ergometer. Three 
subjects of different cycling experience were used and tested on t~ loads .~, 
(50, 150 and 250 W) and at three pedalling ratea (60, 76 and 90 rev/min), ~ ~ ~:. ; 
the results being related ~to the rotary movement (Fig. 1). This diagram ..... :, 
shows there are greatly differing mnscular~:patterns in the skill of bicycle .. 

'.I>edaJling .. ' ~ ~ . . •. ~ ~ - ~_ .. ~ .. 
. The muscle interaction w.as also analysed. statistically. For each of the 

. twenty~seven trials the percentage of time during which each 'muscle was 
ac'tive (duration) was obtain~d by averaging over ten successive pedal 
revolutions. The cighty~one means so obtained were analysed by factorial 
analysis of variance, Table 1. The statistically significant_means are given. 
in~ T,\ble ~2. 

There are statistically very significant differences between subjects; 
between loads and between muscles in duration. Variations in pedalling' 
rate produced no change in dura.tion averaged over all individuals, but 
individuals differed significantly in their respo~ to differ~nt pedalling 

Fig. 1. -Diagram to iDuatra'te muscular activity phases during the rotary mo~ 
ment (shaded). (0) Moat experienced, (b) least experioneed IfUbject; eomparod 
wit~ Bouts ,& Fiseher (1969). 

1 

.. 
TABLE 1. Analysis of va.rianoe 

Dura:tion = (percentage of revolution muaele ia active) 
S;gni1i. Variance 

Souroe of variation 8.S. dF ~ M.S.S. ratio can .. 

S = aubjecte 43,885'0 ~ 21·942·5 142·30 0·1% 

P ... , ~ing raw 63·A~ ~ • 31·9 
L ~ oa.da . 29,668'8 2 14,83'" 96·20 1>1~ 
111 = muscJoe 49,887'4 • 24.943'7 161·18 1>1 
S x P intm'action 2.113·9 • 528'5 3·43 6% 
S x L interaction 80·6 • 20·1 ~N.S. 

S x M interaction 36,022,3 • . 9,005,8 68'40 0'1% 
P x L interaction 491"4 • 122·8 " N.S. 
P x M interaction 299·0" • 76·0 N.B. 
L x M interaction 4,726-3 • 1,181'8 1'68 1%' 
S x P x L interaction 1,146,5 8 .~ 143·3 N.S, 
S x P x 1tI intern.etion 2,650" 8· 332'4 2·15 N.S. 
S x L x M interaction 8,341'6 8 1,161'7 1·57 IH% 
P x L x M intero.ction 548,8' . 8 SS·6 ~ N.B. 

Residual 2,467'1 . 18 ~~ , 164·2 , 
TotoJ 183.402'8 ; ~ SO • -

j TABLE 2. Mean duration"~. 

Subjoc .... Load (watts) ; 

Muacle I II III All 60 160 260 
V.moo 48·6 SS'6 31·4 49·5 44'2 49·0 66·. 
G"'"", 31·2 42·4 38·1 31:2 . 31'3 t8'8 41·6' 
B.fem. 47·3 63'2 68·0 56!2 44'4 a·. 87·3 

All 42·3 68·1 42·6 47·8 40·0 48·2· 6H 

Pedtilling . 
",to 

(rev/min) - ~ ~ 

60 39·5 60·6 .. 42·1 47·4 
'7. 44·7 56·7 42·7 48·0 llot significant 
90 42·8 66·~ 42·8 47'6 

rates. Muscle co~ordination 4iffered greatly between individuals. It·was 
affected by load but was nof'~ffected by pedalling rate, There were no. I 

. other significant interactions.' '. ~.; 

~ It is probable that some of th.se.diffc~cnces were due to the skill of the. 
performer. It can be demol18trated that both selection of an efficient range, 
of contraction for the muscles and ,the ability to shift within this range to ~, 
._~commoda.te to varying _conditions are impo.rtant factors in this skill. _" .. l 
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Cardi~c and other muscular responses 10 heavy wel~hl IIftln~ 
By·T. CoRSER, E. J. HAMLEY', B. SAVILLE and V. THOMAS. Depart;"";'. 
oj Ergonomics, University 01 Loughborough . _ 

The actiyity involved in heavyweight lifting tasks presents problems of 
skill as well as cardiac tolerance. Analysis of this skill is difficult in cases 
where the load is very great as the duration of the lift may frequently be 
determined by the need to prevent injury, or too grea.t compression of the 
thora.x. In an attempt to develop suitable methods co-operation was 
offered by an international weight lifter. The recordings taken afford an. 
interesting demonstration of the information obtained by standard eight-, 
channel pen:o.cillography and synchronized cinephotographY·· .. i 
.~ The figure shows the recordings with traced ·outlines from the relevant I 

. cine frames taken of a standard Olympic' lift of 167'0 kg. It will be seen' 
that a. complete analysis can be made of the exercise in spite of the very. 
short phases of actual activity.· The muscular co-ordination was highly 
skilled and has quite discrete periods of almost complete e.m.g. silence 
from the major leg muscles at several. stages in the lift. The total exercise 
was completed in 33 sce. ..:. . . 

The e.c.g. w~ from chest leads ~n 'the left seventh rib about'7 cm from 
sternum. Analysis of the trace shows several distinct changes in'"cardiac 
function. 

(a) Marked, slowing occnrred in anticipation of the lift while bent 
forward. " 

(b) Changes in heart-rate from beat to beat were markedly constant 
during the lift; calculated as beats/min the mcan difference between 

consecutive beats was 5'4, S.D. 6·5 with only ot:lB be~t significantly 
different. This occurred at the' clean' position (no. 4) where the COnsecu- -
tiv.e beats calculated:to rate/min WerB 134, 157, 137, and may have heed. 
caused by the very sudden inha.lation at t~is stage~ i . 

(c) Invcrsion of Q.R ••• complex occurred in.the full arm extension (no. 6)', 
during th~ period of high intrathoracic pressure. Probably this also 
caused.' the apparent missed beat as the weight was lowered;.' 

(d) Full elevation of heart-rate to maximum values only occurred after 
. the exercise had been completed. . ,.' 

'T:::'~ _. •. - - -- .--

, Fig. 1 

While it can be demonstrated that a ,iarge part of the skill in lifting 
heavy weights is concerned with achiev.ihg .J?~riods of c.m.g. silence, it is 
probable that this also minimizes the cOnditions which 'might potentiate 
cardiac embarrassment. No signs of cardiac intolerance were detected in 
this particnlar performer d~g heavy weight lifting. '. 

We M-e most. grateful to Mr LoW. Martin," world mid-hoavy weight. l~~ ohampioD f~ 
hi. willing co·oper&t.ion.. , . ..,...... '. . - , ", . 
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