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Ⅰntroduction

"Isn'tthereanyprovenroadtosuccessinsports?"Thismust
beaquestionaskedbyanyonewhohastriedvarioussports,
achievedlittleimprovement,andbittheproverbialdust.Even
withoutsuchanexperience,youmayhavewondered, "Isit
righttokeeppracticingbytryingtoimitatetheformOftop
players,withnoclearlydefinedstrategy?Isn'tthereamore
scientifictraining皿ethod?"

Thisbookwaswrittenforallofyouwhohaveaskedsuch
questions. Itexplainsthebodilymovementsinvolvedin
varioussports,orsportsmovements,usingbasicphysicallaws
easyenoughforeverybodytounderstand.Untilnow,general
beliefsheldthatphysicalbodilymovementWasSOCOmplexthat
itwasincomprehensibleandbeyondscientificanalyses. In
thisbook,weattempttorefutethisassertion,drawingon
basiceverydayexperiences.

Hu皿anmovementbasicallyfollowsthesimplelawsofmotion,
whidlareinvolvedinsportsmovementsinvariousways. By
makinguseoftheseprinciplesinasystematicmanner,you
willsurelyImproveyourSkills.

Instructionsin皿anySportsguidancebookshavepresented
suchadviceas,"ifyoufollowthesetips,youcanImprove

∫∫
yourskills,"with"tips suchas:PutmoreSnapinyourwrist,
"or"useyouentirebodylikeawhip."Yet,theseassertions
almostalwaysrelyongroundless"hunches,"whicharesounsci
entificthatIhaveneverfeltconvincedoftheirefficacy.
Ipersonallyenjoysportsverymuchandhavereadextensively

aboutthen,includingsomehighlytechnicalbooks.Butmost
literaturemerelyexplainseasyconcepts,avoidingcrucial
points. Thereaderisleftwonderingwhethertheauthors
reallyunderstandwhattheyaretalkingabout.

Thisisunfortunateinanerainwhichsportshavebecome
valuablehumanactivitiestobesharedbyallpeople.People
canenjoynotonlysports,butalsohighlyadvancedsocial
lifeingeneral,byunderstandingscientificperspectivesthat
enrichlife and culture, inaddition to皿akinguse of
scientifictechnologleS. Infact, suchanapproach is
indispensableforanyonelivinginthemodernage. Science
shouldnotbemonopolizedbyalimitednumberofspecialists;
rather,itshouldbelongtoeveryone.

Asahighschoolphysicsteacher, Ihavetriedtofind
answerstothesequestionsandsomehowconveytheenjoyable
aspectsofsciencetoasmanypeopleaspossible. Goingback
tothebasicsofphysics,Ireasonedthatahumanbodyhas
certainmass,whichcanbemovedbycertainamountof'force'.
Thisforcecannotexistallbyitself.Inotherwords,force

camotappearwithoutfollowingtheprincipleofactionand
reaction.Basedonthisknowledge,Ihavetriedtoexplainthe
meChanismsofvarioussportsmovements.Isitthatsimple?In
fact,thisapproachenablesanalysisofvariousnOVementStha
untilnowhavebeenconsideredunexplainable.

Ofcourse,actualsportsmovementCannotbefullyexplained
bypurekineticsanddynamicsthatregardthemonlyassimple,
discreetmovementsOfanobject. Physiological (muscle

strengthandflexibility)andpsychological(mentaltoughness
andconcentration)aspectsareequallyImportant.Furthermore,
onlywhenthesefactorsoptimallyinteractwitheachother,
allowingtheathlete'smindandbodytoworkintande皿Can
exceptionalperformancebeachieved. Ifaspectsofmovement
involvingkinetics,whichhaveuntilnowremainedambiguous,
areclarified,wewillhavemadegreatstridestoward
performanceimprovement.

Ofcourse, Somesportsrequirecertaininnatephysical
compositionsorabilities,buteveryonecanfindatleastone
ortwosportsquitesuitableforhisorherphysiqueand
preferences.Therearewaysforeveryonetoalleviatestresses
placedonmusclesorjointsandtoimprovetheirsports
techniquessafely,usingascientificperspectivethatuses



thebodyrationallyandefficiently.

Withoutdoubt,thereisnoceiling,orfinaldevelop皿ental
stage,inanysport:Asathletesincreasetheirskills, they
conetoknowthemselvesbetter,todeviseandpursuetheir
ownuniquepracticingmethods. Itismyhopethat,through
readingthisbook,youwill●beabletograsptheessenceof
sportsmovements,modelyourownuniquetrainingmethods,and
upgradeyoursportsabilities.

Thisbookseekstofundamentallyreexaminevarioussports
皿OVementSusingitsuniqueperspective,andtoclarifythem
usingscientificconceptsandlawsofnotion.Ofcourse,this
approachhasnotyetbeenperfected,sopleaseletmeknowof
anyambiguitiesthatyoumayperceive.

IoweagreatdealtoMr.ShujiTsujiofTaigaPublishing
Co.,Ltd.forpublicationofthisbook.AlthoughIhavelong
beenkeenlyinterestedinthesubjectofthisbook,honestly
speaking,Ihadhesitatedtowriteabookaboutit.ItwasMr.
Tsuji,whosharessimilarideas,whofirstrequestedmeto

writethisbook.Withouthisstrongenthusiasmandsupport,
thisbookmightnothavebeencompleted.Partofthematerial
presentedinthisbookpreviouslyappearedinaperiodical
seriesentitled"MathematicsSeminar"(NipponHyoron-sha
PublishingCo.,Ltd.)andwasfavorablyreviewed.Special
thanksareextendedtoMr.TaikiSatowhoeditedthisbook,
andlastbutdefinitelynotleast,to皿yfriendsat"Galileo
Workshop"(representedbyYojiTakikawa),astudyandpractic
circleforphysicaleducation.

December1995 Ichimasa Yagi
(TokyoMetropolitan ChofuRitaHighSchool)
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Prologue
恥atdothesesports皿OVementShaveinco血on?

Abackhandvolleyintennis,aheadinginsoccer,andaplace
kickinrugby:whatdothesesportsnOVementShaveincommon?
Allofthe皿involvehittingaballtothebestpossible
destination.

Now,ifyoulookcloselyatthesenovenents,youwillrealiz
thatsomethingcuriousishappeningi皿皿ediatelybeforeand
afterhittingtheball.A皿aZingly,thebodypartmovesinthe
oppositedirectionoftheball.

★ Backhandvolleyintennis:恥ilethearmholdingtheracket
皿OVeSinthedirectionoftheball, theotherarmmovesback
quickly,evenwiththefingerstenseandstraight.(Seethe
figureontheabove.)
★ Headinginsoccer:Atthesametimeastheheadthrusts
towardtheincomingball, thearmsStretchedforwardare
pulledbackquickly.Withoutthispulling皿Otion,itis
impossibletogainenoughpowertoeffectivelyhittheball.
(Seethefiguremiddlle.)
* Placekickinrugby:Whilethekickingright(left)leg
皿OVeSforwardandcontactstheball,theextendedleft(right)
armispulledbackquicklytotheright(left)sideofthe
body.(Seethefigurebelow.)

Takebaseballasanotherexample.取enyouswingabat,your
headandbody皿OVeSlightlybackward.Sincetheheadandbody
areheavy,evensmall皿OVementSCanhavesubstantialeffects.
Ⅵlatisco血oninalltheseexamplesisthatinordertohit

aballhardandfar,certainpartsofthebodyalways皿OVein
theoppositedirectionoftheball.Inotherwords,without
such皿OVementSintheoppositedirection,theentirebody皿ay
losebalanceandpower.Thesekindsof皿OVementSarethe皿OSt
essentialofallsports皿OVementS.Inthisbook,Wewill
carefullyobservevarioussports皿OVementS,examinethe
dynamicsinvolved,andconsiderwhatisrequiredtoimprove
perfor皿anCe.

* Backhandvolleyintennis

★ Headinginsoccer

★ Placekickinrugby



_Chapteri

SportsMovements
ActionandReaction

Quiz; Suppose you are lost
in outer space_

How can you get back
to your ship?

Q:Aspace-shuttleisflyinginzero-gravityouterspace
withoutairorsound.Anastronautequippedwithmanyrepair
toolsisworkingoutsideofthespacecraft.Suddenlythereis
anemergenCy!Ⅰnadvertently,hehasmovedalittletoofar
awayfro皿theshuttle.

"oops!Ⅰ'vegottogetbackquick."

Tomakemattersworse,hehasleftbehindhisgas-propelled
gadgetforaspacewalkingandhislifeline.Ifhedoesn't
actfast,hewilldriftinspaceforever‥‥ Whatshouldthis
astronautdotogetbacktotheshuttle?

A:Heshouldthrowhisrepairtoolsinthedirectionawa.y
fromthespaceshuttle.Luckily,hehasmanytoolswithhim.
Ifhethrowsthenawayfromtheshuttle,hecanmovetoward
theshuttlebythereactiveforcegenerated.

Asevidentfromthisexample,allmovementrequiresa
reactiveforce.Whenarocketislaunched,itutilizesreactive
forceby.blastingoutfuelgasorgasparticles.

1/ く恥enlost,youcangobackinthisway.〉
2/くThisishowarocketflies.〉

く恥 enlost,youcangobackinthisway.〉

くThisishowarocketflies.〉



ACtlOn i(eaCtlOn

1. Whatisthelaw

that separate s thetwo?

Twoskatersarestandingonarinkandpushingeachotheras
shoⅥlinFigurela.Thiskindofsituation,whereonepushes
andtheotherpushesback,iscalled''actionandreaction''.

Inthiscase,itdoesnotmatterwhichisthe"action"and
whichisthe''reaction";buttheyalwaysworkinpairs.
Neitherofthemcanexertforcealone,Orexertmoreforce
thantheother.Inphysics,thisrelationshipiscalled,the
PrincipleofActionandReaction.

Afteractionandreactionforcesareproduced,thetwo
skatersaccelerateandpartfromeachotherasshownin
Figurelb,andtheactionandreactioneffectnolongerworks.

Butthen,iftherelationshipofactionandreaction_is
alwaysatwork,willthingsalwaysstarttomove?Not
necessarily.Let'sthinkaboutasituationinwhichonepartner
isbackedagainstawallasinFigure2.Theirhandsare
pushingeachother,Creatingtherelationshipofactionand
reaction.

However,Personlidoesnotactuallymove.Thisisbecause
anotherforceisworkingonherfromthewall,whichoffsets
theforcefro皿PersonA.Theforcesbalanceoutandshecannot
皿OVe.

OnlyPersonAactuallystartstomovebecauseacertain
amountOfforcehasworkedonanobject,PersonA.

恥at皿uStbeclearlyunderstoodhereisthefactthatevenif
therelationshipofactionandreactionexists,somethings

startto皿OVèbutothersdonot.Thiscanbeanimportant
insightforanalyzingsportsmovements.
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a <Cause>

ForceofAction

andReaction

b <Result>

Skatersaccelerateand

partfromeachother･

F igure 1 : Ther esu lt ｡fpart ing fromeach Other hasa Cause.

Figure2:S｡metimeStherelation｡factionandreactiondoes
notstartamovement‥‥



2. Whatif
askaterthrowsaball?

Figure1showsaskaterthrowingaballwithallhismight.
Thisskatermovesbackwardduetothereactionforcefrom
throwingtheball.

Thereareseveralvariationsofthiskindoflinearmotion

causedby''actionandreaction".Inthissection,1et's
examinesomesimplepatternsinwhichrepulsionandattraction
oftwoobjectsoccur.

LookingatFigure1,wecancomeupwithanassl皿ption:ifwe
throwaheavierballorthrowaballatafasterspeed,a
greaterreactiveforcewillbecreatedandfurtheraccelerate
backward皿OVe皿ent.

Thiscanbeconfirmedbyexperiments.This''Separation"
phenomenon,ortwoobjectsmovingawayfromeachotherby
repulsion,dependsonthemassandvelocityoftheobjects.

Figure2illustratesseveralcasesofrepulsivemotions
betweentwoobjectswithlightsprings.Theeffectof''action
andreaction''CausesthesameamountOfrepulsiveforcewith
thespringsandprovidesthesameamountofmomentumtOeach
object.

Afterthetwoobjectsareseparated,theheaviertheother
objectis(thus,themassisgreater),thefastertheobject
moves.Conversely,anobject皿OVeSmoreSlowlyiftheother
objectislighterinweight(andmass).

Inphysics,thiskindofquantitativerelationshipiscalled
theLawofConservationofMo皿entun,Whichworkswhenevertwo
objectsseparatefromeachotherthroughtheeffectofaction
andreaction･.Butinthisbook,insteadofthistechnicalten,
weattempttOexplainall皿OVementSOnlywiththeconceptof
"actionandreaction''.
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Figure1:Ifaskaterthrowsaball,thereactiveforcemoves
hinbackward.
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Figure2:whichgetsm｡,epowerintherepulsionoftwo
objectsthathavedifferentamountsOfmass?
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3. Nothingismoreeffective
thanaupwardarmsthrust

foraquicksquat!

Supposeyouares.tandinguprightandaresuddenlytoldto
squat.Youwillmostprobablythrustyourarmsupwardwithout
knowingit.Thisisbecauseyoucansquatquicklybyusingthe
thrustingmotionasareaction.

ThisphenomenonCanbeexplainedbyseparationofforceinto
actionandreaction.Inotherwords,itislikearocketora
jetairplanepropelledforwardbythereactiveforcefrom
fuelgasburstingoutward.

Thissquattingmotionbasicallyusesmuscularpowerand
gravitationalpulltolowerthebody;still,thefactremains
thatpartofthebodyisusedtocreatereactiveforcefora
fasterandstronger皿OVement.

Theexplanationspresentedinthisbookarebasedonthe
assumptionthatallsportsmovementsutilizethisprincipleof
actionandreaction.

Ofcourse,somemayarguethatsuchanassertioncannotbe
madeuntiltheeffectsofactionandreactionare

scientificallyvalidatedforvarioussportsmovements;butyou,
thereasonablereader,mayStillperceivefro皿yOurOWn
experiencethatyoucansquat皿uChfasterifyou
simultaneouslyswingupyourarms.

I)ravingonsuchcommonSenseperCeptions,thisbookwill
explainvarioussportsmovementsusingthebasicprinciplesof
physics.

くThrustinguparmsenablesaquicksquat.〉



4.Aspectaculardunkshot
madepossible

byadownwardkickingmotion!

Ⅳowlet'Slookathowtheforceinvolvedinvarioussports
movementsisseparatedintoactionandreaction.

★ Slidingintobase(Figure1)

Arunner,loweringhisbodytoavoidbeingtagged,throwsout
alegasfaraspossibletotouchabase.Atthismoment,aS
therunnerthrowsupbothams,the''squatting"effectcanbe
observed.

★ Finishinginarace(Figure2)

Inordertoreachthefinishlinefasterthanothers,a
sprintercanpushhistorsoforwardbyutilizingthereaction
ofthrustingbackhisams.Thisisahundredth-second皿Oment
oftruth.

★ Dunkinginbasketball(Figure3)

Oneoftherealthrillsinabasketballgameisthedunk
shot-itislikeanaerialdogfight.Itinvolvesthepowerful
featofshootingtheballdownwardsfromabovethebasket,
whichiplacedashighasthreemetersabovethecourt.
Naturally,itcamotbedonewithoutsubstantialheight and
tremendousjumpingpower.

Thekick-down皿Otionofthelegsisworthyofourspecial
attention.Ⅵlenaplayerliftstheballwithhisarms,the
bodyispusheddownwards.

Conversely,kickingdownlegsthatwerepreviouslybent
givesadditionallifttothebody.
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Figure1:Slidingintobase(Safelyreachingabasewiththe
amsthroⅥlupward)

Figure2:Finishinginarace(Winningbythemargin.fat.,S.)

Figure3:Dunkinginbasketball(Afabul.usdunksh.t
facilitatedbykickingdoⅥlthelegs)



5.Inseparablepushing
andpulling!

★ Athrustinkarate(Figure1)

Capitalizingonthereactionforcederivedfro皿pullingback
anextendedarm,theattackingarmcanbeblastedout.The
sameprinciplemaybeappliedinboxing.Ifthepullingpower
isnotstrongenough,lessstrengthisavailableforthe
attackingam.Performthismotionandperceivethedifference
foryourself.Asyoucansee,pushingandpullingarereally
inseparable.

★ Abackhandvolleyintennis(Figure2)

Becauseabackhandvolleyisaquickreflex-1ike皿Otion,
thereisnotimefortwistlngthebodytocreatethenecessary
momentum.Thereactionforcecausedbyswingingbackthefree
armisanabsolutenecessityformakingablastingvolleyshot.

★ Atennisserve(Figure3)

Whentheservertossesupaball,theeffectsof
"action-reaction"bybotharmscanbeobserved,thoughthey
arenotaccompaniedbyaquicknotion.Next,whentheballis
hit,thereactionforceiseffectivelyutilizedbyquickly
throwingdownthefreearm.

ItshouldbeclearbynowthatmanySpOrtS皿OVementSrequire
complementingcounter-movementsinorderto皿aXinizeathletic
potential.

Athletescapitaliz.eontheseprinciplesinawidevarietyof
sports皿OVementS.Trytoconsciouslyadoptthesemovementsin
yoursporttoimproveyourperformance.

ll

円酢eIT:A_thrustinkarafe(Sufficientpowercannotbe
attainedwithoutpullingbacktheotherarm.)

Figure2:Aba仙 andvolleyintennis(Swingingbackthe｡the
armenablesaterrificvolley.)

Figure3‥Atemisserve(Theballcan behit皿｡,eP.Werfully
withcomplementarynOVe皿entS.)



6.Whatisthemechanism
ofmovingbotharms
simultaneously?

Ⅳow,let'slookintotheprincipleinvolvedwhenmovingboth
armssimultaneouslyinoppositedirections.
Supposeyouarestandingononefootandthrustingoutyour

rightam horizontallyasshowninFigurel.Yourtorsomust
bepushedbackalittleinthedirectionoppositefromthe
thrustingarm.Ifyouusesomeweightsuchasadumbbell,you
willbeabletoperceivethiseffectmoreClearly.This
pbeno皿enOnCanbeeasilyunderstoodasan"actionandreaction''
effectinvolvingyourrightarmandbody.

恥atwillhappenifbothamsarequicklyextendedinthe
oppositedirectionsasshowninFigure2?Thistime,thesame
forceusedtothrusttherightam alsoworksbetweentheleft
armandthebody;thatis,theforcesontherightandleft
balanceeachother,resultinginstabiliz.ingthebody.Thus,
youcanthrustoutyourarmsVigorouslyandstill皿aintain
balance.

Eeepingthetorsostablemeansmini皿iz.ingenergyloss,which
isveryadvantageousinvarioussports.Astablebodyensures
asteadyheadandeyes,whichenablesyoutofollowthe
movementsOfaballoranopponentaccurately.

Inthisway,usingbotharmssimultaneouslywillenableyou
toimproveyourbalance,thrustyourarmsfarther,andperfom
largermovements.Theseeffectsareobvious,forexample,in

fencing(Figure3)･Yet,becausethereis.nodirectinteraction
betweenyourarms,the''actionandreactlOn"inthestrictest
senseusedinphysicsisnotatworkhere.
ⅣOnetheless,ifyoutrytothrustanarmquicklyand

forcefully,y9uStillneedtomovetheotherarminthe
oppositedirection.Thus,Wetentativelyregardtheseindirect
butintrinsicallyreciprocalmOVe皿entSOfbotharmsaS"action
andreaction"inordertofacilitateourunderstanding.

Figurel‥恥atifyouthrustasinglearm?

(Youwillloseyourbalanceり
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Figure2:取atifyouthrustbothamsinopposite隼 ections
(YoucansecureastableandforcefulmOtlOn.)

I ､
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Fim re 3 :Ahitin fencing (The.hitcan b?inten s if ied by
皿OVe皿ent lnth eoppos lte directlOn.)



Chapt_el宣
SportsMovements:

RotationsAroundanAxis

Quiz; What will happen if a
train moves around on a round
table that can rotate freely?

也;Ⅰmaginerailsofa皿Odeltrainalongtheedgeofalight
androundtablethatcanrotatealmostwithoutfriction.Now,
Supposethemodeltrainmovesaroundontherailsina
clockwisedirection;whatdoyouthinkwillhappen?Inwhich
directionwillthetablerotate70rdoyouthinkitwill
remalnaSltis?

A ;Theansweristhatthetablewill皿OVecounter-Clockwise.

Asdiscussedinthelastchapter,smooth皿OVementOfanykind
requiressomereactiveforce.Ⅰnthissituation,thetraincan
notmoveforwardwithoutpushingbacktherails.So,theround
tablemovesintheoppositedirection,Orcounter-clockwise.

Someofyoumaynotbeconvincedyet.Then,trysittingona
swivelchairandswingonearmhorizontallytounderstandthe
principleinvolvedhere.Sincefrictioncannotbereducedto
z.eroinarealswivelchair,itwillbemoreeffectiveifyou
holdsomeWeightorswingyourarmquickly.Youwillfindthat
yourbodyandthechairrotateinthedirectionoppositeto
yourarmmovement.

Inthischapter,wewillexaminethebasicprinciplesof
sportsmovements,Suchasswingingarmsandlegsaroundthe
bodyasan axis,anddiscusswaystomaximizesucheffects.
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(取atistherelationshipbetweentherails
onthenova_bleromi tableandamodeltrain?)

(Ifyousitonaswivelchairandswinganam,‥.)



7.Theprincipleofaction
andreactioninhand-clapping?

Aswehaveseen,ifyouswinganarmhoriz.Ontallyona
platformthatcanrotatefreely,yourbodywill皿OVeWiththe
platforminthedirectionoppositetoarmmovement.Thisis
illustratedbythemodelinFigure1.Inshort,thearmand
thebodyarepullingeachotherwithforceprovidedbymuscle,
whichcreatesanactionandreactioneffectandenables

皿OVe皿entinoppositedirections.

Inthiscase,thelightarmmovesfastandheavybodymoves
slowlybecausethesa血eamountOfforceisatwork.

Whatwillhappenifyouswingandcrossbotharmsasin
Figure2?Thebodydoesnotmove.Youwillalsonoticethat
botharmscanbeswungfasterandmorepowerfullythana
singlearm.Notethatthesameprinciplesareinvolvedin
clappinghands.

First,moveaSinglehand.Youwillfindthemotiondifficult
toperformbecausethebodysways.Next,clapyourhands:your
bodyismoreStable,andyoucanswingyourhandsmuchmore
quickly.Thisisbecauseyourbandsorarmsareforcefully
interacting.

Thereisnodirectinteractionbetweenbotharmsinastrict

sense;butinvarioussports皿OVementS,theyare,without
doubt,inseparablyrelatedwitheachother.Sinceitwouldbe
cumbersomeandconfusingtoalwaystakethebodybetweenthe
amsintoaccount,wehavedevisedasimplifiedmodelto
indicatethedirectinteractionsofbotharms(SeetheFigure
onpage33).
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Action Reaction

Aswivelchairthatcanrotatesmoothly

Figure1:ThemechaTisnofmOYenentSOf孤 am andabodyin
theopposltedirectlOnS.

Figure2:whatifb.tha,nsa,esinultane.uslyn.vedand
crossed?



8.Armsarehelping
eachother!

Now,let'slookintothemovementOfopeningbotharmsWith
asimplified皿OdelasshowninFigure1.Supposewespring
openthetworods,WiththesameWeightattachedtoeachtip.

Tbesameamountofforcefro皿thereleaseofthesprings
worksonthetworodswhichrotateinoppositedirectionsat
thesamevelocity.Ofcourse,inthiscase,therotation
referstorotationangles,whichindicatehowfarthearmsare
opened.

Asitturnsout,thisphenomenonissimilartothatoftwo
personsondifferentboatspushingawayeachotheratthesame
velocity,causingseparationby''actionandreaction''.In
thiscase,pushingthesamespotintheoppositedirections
leadstoarotarymotion.

恥enwecomparethismodeltothemovementsOfhumanarms,
thespringsofFigure1,ifplacedalittleclosertothe
center,canberegardedasmuscles.Also,sincethetwoarms,
whencrossedinfrontofthebody,createastronginteractive
forceandhelpeachother,thismodelcanbeappliedforboth
repulsionandattraction.

Inthecaseofsportsthatusebotharms,Suchastennis,the
ams'lengthsandweightsarenotalwaysthesamesince
playersholdracketsorbendtheirarms.

Figure2illustratesthecaseinwhichaplayerholds
somethingheavy;Figure3isaplayernotonlyholdingaheavy
iteminhishand,butalsobendinghisarm.

Inanỳcase,allsportsmovements,ifregardedaspushing
eachotherini_hejp_pi934eqjrections,canbeexp旦_aimedbythe
fundamental"actionandreaction"relationship.

ObjectsoftheSameWeight
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RotateattheSameSpeed

Figure1:A血｡delforOpeningarms

Figure2:AmodelforOpeningarmswithaweightinOnehand

Figure3:Amodelforbendingthearmwiththeweiやt(Keeping
thearmClosertothebodyforalongertlme
acceleratesmovement.)



9.Aniceshotwithopenarms!

Whenrotatinganarm,Wedonotalwaysusethereactionof
theotherarm.Rather,aswillbediscussedlater,Weusethe
effectsoftwistingthebodyandturningthehead.Still,if
youwanttomoveyourar皿fasterandwith皿Oreforce,itis
essentialtoutilizetheotherarm.Bysodoing,youwillbe
abletoachievebett6rbalanceandreduceswayingofthebody.
ThisexplainswhymanySportstrytOmaximizetheeffectsofa
ctionandreaction.

Let'staketennisasanexample.

Figure1showsthebackhandstrokeofatennisplayer.She
hitsaballwithopenarms.The strokeandtheballdoesnot
seemtOhaveenoughpower.

Iontheotherhand,Figure2showsatypiPalbackhandof
top-rankingplayers.Toacceleratetherighthandholdingthe
racket,theleftam isswungtothebackofthebody.Ⅰn
addition,inordertoswingtheracketupward,thelefthandis
lowered.Becausethelefthandisswungtotheback,thewhole
bodymaintainsasoundbalance,andgeneratesadditionalpower.
LeftlegmOVe皿entbehindthepivotleghasthesameeffect.

Capitalizingonthereactionofthelefthandandtheeffects
ofactionandreaction,theseplayersdemonstratepeak
performance.We,asordinaryplayers,cansurelyimproveOur
ownperformancebyactivelyandeffectivelyutilizingthis
principle.
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輔 rel‥Aba｡姐a｡dstrokeintennis(耶th｡utpullingback
theleftam,thestrokelackspower.)

Figure2:Astrong?ackhand(involvingnotonlytheleftam
but,anazlngly,eventheleftleg)



10.Armsandlegs
helpeachother?

Aswehaveseen,openingandclosingbothamsquicklycan
beviewedasamotionofactionandreaction.Butifwelook

closelyatwalking,Wecanseethatbothamsandlegscross
eachotherindividually.(Figure1)

Itisdifficulttowalkandmaintainbalancewithonlyone
armSWinging.Itisalsodifficulttowalkwhileonlybending
oneknee,keepingtheotherstraight.Whenwewalkbrisklyor
run,bendingelbowsandknees,Wearecrossingthemeachother.

InFigure2,OnlytheforearmsareCrossing,withtheelbows
aspivots.InFigure3,bothamsarecrossing,Withthe
shoulderjointaspivots.Ineachcase,theactionandreaction
effectscanbefeltindependently.

Figure4Showstheordinaryswingingmotionofbotharms,
whichincludesthemotionsofFigures2and3.Inthiscase,
theeffectsofactionandreactioncanalsobeperceived
independently.

AsshowninFigure5,werunbybendingand皿OVingbotharms
andlegs.Inthiscase,thesaneprincipleisworkingonthe
upperandthelowerpartsofthelegsindependently.Tryto
皿OVeyourarmsandlegsandperceivetheseeffectsfor
yourself.

Aswehaveobservedinthissection,botharmsandlegs
utilizetheeffectsofactionandreactionindependently;
handsandfeet･alsoareindependentlyinvolvedinactionand
reactionrelationships.Thispointwillbepursuedfurtheron
page62.
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Figure 2:Crossingofonlyforeams

Figure 4:Swingingofbothams

Figure 5:Ru血ingmotion



11."Action-reactionn
alsoworks

betweenthearmsandthehead?

Sofarwehaveexaminedthecaseofcrossingbotharms,but
howaboutmovingthematthesametime?

Let'Slookatthe皿OtionshowninFigure1:movingbotharms
upanddownquickly.Firsttryitwhileempty-handed.Ifthe
effectisnotclear,moveyourarmsupanddownwithdumbbells
orotherobjectsinyourhands.Youwillnoticethatthe
movementsOfyourneckorheadfacilitateyouram movements.

Whenyoulowertheweights,youleanback;whenyouraise
them,yourheadleansforwardandispulledclosertoyour
arms.

Thistime,bothams皿OVeSimultaneouslyanddonotcauseany
effectofactionandreactiononeachother.Butyourarmsand
headareattractedandrepelledinaccordancewiththe
relationshipofactionandreaction.

Thisisalsoobservedinkendo,theswingingupanddowna
bamboosword,or
yourmotlOnSare
buttheeffectis
effectiveblowto

phenomenonCanbe
ofyourheadand
plVOt.

insimplyswinginganystick(Figure2).When
slow,theeffectcannotbeclearlyperceived;
unmistakablewhenyoutrytodeliveran
youropponent'shead,forexa皿ple.This
viewedastheresu.ltofactionandreaction

arms,Withtheareaaroundtheneckasthe

Figure3showsthemotionsinvolvedin皿OVingarmsupand
downwith̀theshouldersrotatlng.Ifyouleanyourheadinthe
directionoppositetoarmmovementandutilizetheeffectsof
actionandreaction,youcanmoveyourshoulderssmoothly.
Thiskindof皿OVementSisusedfortennisserves.
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Figure1:whatisnecessa,yf｡,皿｡Vinga,msu｡anddown
quickly?

≧＼

/I,蓼 - 三 I I-_tI-Lt

-TL .･.･･..

Figure 2:Delive,inganeffectivebl.wonheadinRend.

(耶ththehelpofyourhead,youcanscore.)

Fi即re3‥Rotation?ftheshouldersandneckinvolveaction
andreactlOneffects.



Chapter3
SportsMovements:

HorizontalRotation
Quiz; Two rotors; in which

direction does each rotate ?

也;Let'sthinkaboutrotarybodilymovementsusingthe
analogyoftheprinciplesofahelicopter. Imaginea
helicopterwithtworotors(Picture1). Dotheyrotateinthe
samedirectionorintheoppositedirections? Youmight
intuitivelysurmisethatthehelicopterwillmaintainabetter
balanceiftherotorstum inoppositedirections.

A;Thatisright.Theansweristhattherotorsturnin
oppositedirections.Let'sconsidertheprinciplesinvolved.

First,wewilltakealookatasinglerotor,asshownin
Figure1.Bytuningarotorthatisplacedonaturntable
abletorotatesmoothly,thetumtablewillrotateinthe
oppositedirection.Thissituationcanbecomparedtotheone
inwhichamanwhoseweightisnegligiblerotatesthelight
rotorbytreadingforwardonheavytumtable.

ThisimaginarymantumStherotorquicklyusingthereactive
forceofkickingthetablebelow.Heretheprincipleofaction
andreactionisappliedtorotarynotion.

Iftranslatedintolinear皿Otion,thesituationislikea皿an
seatedonaheavycartwhoispushingalightcart,asshown
inFigure2.Inthiscase,thelightcartwillalsomove
faster.meserelationshipsarecalledtheLawofConservation
ofMomentu皿inthecaseofalinearmotion,andtheLawof
ConservationofAmgularMomentumforrotarymotion.Sinceboth
pbeno皿enaareduetotheprincipleofactionandreaction,
thisbookusesonlytheprincipleratherthananarrayoflaws,
tofacilitateeasyunderstanding.
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璽 喜 書 ~_5--､EFS

二･

P icture 1 :Tworotors:inwhichdirectiondoes.eachrotate?
(courtesyof.KawasakiHeavyIndustriesLtd.)

Fipre1:whentPeupperparfisturneq･thelowerpart
mOVeSlntheopposltedirectlOn.

Fi即re2:Ifyoupush,youarepushedba｡k!



くCo皿OnfactorsofsportsmOVementS〉

13."Actionandreaction"
isthecauseofeverything!

恥 havesofardiscussedvariouscasesofactionandreaction

insportsmovements.Itisabouttimetoreviewanddetermine
commonfactors.

sportsmovementsCanbegenerallydividedintolinearmotion
androtarynotion.Foreach,thissectionintroducesthe
conceptof''separationphenomenon"･

AsindicatedinFigure1,rotary皿Otionsaredividedintotwo

types:first,血enonlyarmmovementsOCCur,andsecond,a
generalcasewhichincludestwistingthebodywhilejl皿ping.

Inthesecases,twoobjectsfirstseparatefromeachother,
illustratingtheactionandreactionrelationship.Sinceboth
objectsmovewiththesaneaJnOuntOfnonentum,itwillalways
betruethatalightobjectmovesfastwhileaheavyone皿OVeS
slowly.

ThesephenomenaareCausedbytheforcederivedfro皿aCtion

andreaction,butwearegenerallyunawareofit,Soweget
confusedandseemtOendupwithcomplicatedarguments.Some
evenvoicedoubtwhetherconceptsofdynamicsinsports
movementsareeffectiveforimprovingsportstechniques.

Whatweattemptinthisbook,therefore,istoqualitatively
analyzeallsports皿OVementSinaccordancewiththeprinciple
ofactionandreaction,inordertodemonstratetOthereader
theroleofactionandreactioninsuchmovements.

Itisnottoolatetothinkaboutdetailedexplanations
afterward.

Cause- Resu1-t

(pushingwiththesa皿eamOuntOfforce) (achievingthesame･agq些亡亜__mo些§IPtun)

⊂=⊂) Rpelledbylightsprings Fast SlowAction Reaction <- -‡,

'=⊂):∋≡hd llThePrincipleof 仰 ＼⑳
q)∈∃ Llght HeaVy
■一...■ー｣ TheLawofConserVation

ActionandReaction ofMomentu皿

亡⊂)II...一l+JC):宅声.iL■cd+.) ∽ Repelledbylightsprings HeavyLight

薫

一二cd SlowFast｢コ仁∃=⊃⊂)hrd⊂∃⊂)'=く8+J Action ReactionRotation.AXis

⊂)C< TbePrincipleof TheLawofConserVation
ActionandReaction ofAngularMomentu皿

q)▼･.･.･.一,_⊂) AlightpersonpushingarotorAction. . ;Reaction LightFを 雲 .:..,.....i
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20.Istwistingthebody
thesameastwistlngaSpring?
肌lSCularstrengthisoftencomparedtoaspringorarubber

ly
strip,asindicatedbythephrase, spring-likemOVement''.
Thiscomparisonisinstructiveforourdiscussion becauseit
involvesanimportantpoint,discussedbelo肌

Figure1showsthetop-of-the-swingpositionafter皿aXimu皿
twistingofthebody.Eventhewrinklesinthisgolfer'sshirt
makethegolferappearasifhiswholebodyisabouttospring
backintheoppositedirection.Inactuality,ifthetwisting
powerisreleasedatthisnonent,thebodywillhardlymovein
theoppositedirection.Itisoftensaidthatthespring-like
powerderivedfromtwistingthebodywillleadtoalongdrive;
whathashappenedtoit?

Theanswerinvolvesmusclefunctioning:thatis,musclesonly
producepowerduringcontraction,whereasaspringproduces
powerduringbothcontractionandrelease.

Figure2Showstherolesofvariousarmmuscles,whose
resultingpowerisgenerallyusedtotwistthetorso.Asis
evidentfromtheFigure, twosetsofmusclesareusedtotwist
thebodyandtoreturnittoitsoriginalposition.

Whentwistingthebody,themusclesinvolvedactuallyworkto
maximizeextensionofthemusclesusedtoreturnthebody,in
preparationofuntwisting. Forreturningthetwistedbody,
therefore,asecondsetofmusclesisemployed.

Ⅶithoutsuchknowledge,youmightthinkthatatwistedbody,
likeaspring,canreleaselO哨 ofenergy"stored''intwist
position.Suchamisunderstanding皿ightleadyoutotwistyour

bodytoanunneQeSSaryextent.

ZB

Figurel‥Is,,twistingthebody"thesameaStwistingarubber
strip?

A:Musclesthatcontractthearm
恥enAmusclescontract,
Bmusclesrelax.

＼

嶺 B‥

lfyoutrytOS血 ltaneously
contractbothAandBmuscles,
youwillbeinan wunneCeSSarily
strained汀state･Youcannotmove

yourarmSmoothlywithoutthe
｡｡ntra｡tion/relaxationtradeoff
betweenthetwosetsOfmuscles･

Musclesthatextendtheam
恥enBmusclescontract,
Amusclesrelax.

Figure2:Different皿uS?lesareusedtobe里 ndextendanarn･
...sincemaXlm皿 aChievablepowerlSOnlyaboutone
thirdofmaximummusclestrength･Thus,youdonot
havetoexertenormousStrengthtonaxinizethe

powerofyourswing･



Chapter4
SportsMovements:

UsingtheLawsofGravity
Quiz; Make haste slow ly一一一

can you go faster
by takin一g a roundabout way?

Q;Supposetworollercoasters,Aandち,startatthesame
timefromtherightendandrunonthetwodifferentcourses･
恥ichdoyouthinkwillreachthefinishfirst?

AlthoughtrainBacceleratesontheseconddownhill,itwill
decelerategoingupthelasthilL Thus,AandBwillreach
tbefinishatthesametime‥‥

A =‥.Youmightreasonthatway,buttheansweristhatB,
acceleratedonthedownhill,Willtravelthroughtheflatpart
fasterthanAandreachthefinishbeforeA.Ⅶhydoesthis
happen?

Theanswerisgravity.馳enrollercoastersgodownhill,they
getacceleratedduetotheforceofgravity.Inotherwords,
gravityistheunseenplayerhere.

Thisprincipleisusedforgliderraces,asportutilizing
nopropellingpowersource.Thisexplainstheeffectivenessof
descendingoncetogoaheadoftheothers,andthenascending
tomaintainanadequatealtitude.Rapidtransitsubwaytrains
also皿akeuseofthisprinciple.Asyoucansee,acceleration
createdbygravitycan beutilizedinnaJlydifferentways.

Ⅳaturally;gravityplaysanimportantroleinsports
皿OVementS.Inthischapter,Wewilldiscusstopicsrelatedto
thisprinciple.

Which gets to the finish first?
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ChapterS

SportsMovements:
CentrifugalForce

Quiz= How can the two balls be
si'multaneously

put into the corners?

Q;Twosmallironballsareplacedinsideagrooveshaped
liketheletterW.Howcanweputtheseballsintothepockets
onbothends,andcanwedoitsimultaneously?

Itiseasytoputoneballintoonepocket,butwhenyoutry
tosinkbothballs,onealwaysseemstOfallout.取atshould
wedo?

A :Theansweristoutilizecentrifugalforce;whichwill
easilysolvethispuzzle.

Holdthecenterofthisboardonyourfingersandrotateit
severaltimes.Thetwoironballs,usingthe皿0mentumOf
horizontalrotation,willmoveupwardsandtowardtheoutside
andenterthepocketsneatly.

Anobjecttendstogodownadownhillslopeduetogravity,
butwhencentrifugalforceisgreaterthangravity,itwill
moveuptheslope.Inthisway,centrifugalforceworkson
everyrotatingobject.We皿ayfeelitsubstantiallywhen
swlngingabator皿OVingalongacurve.

Inthischapter,wewilllookintobowcentrifugalforce
affectssportsmovements.
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Pockets

也;Howcanweputtheminto
thepocketssimultaneously?

A Rotatetheboardandutilize

centrifugalforce.



Chapter6
SportsMovements:
CenterofGravity

Qu iz ; Which of the two pieces
of a carrot is the heavier?

Q;SupposewehangacarrotwithastringasintheFigure
andkeepithorizontallybalanced.Next,imaginethatthe
carrotiscutintotwopiecesalongthestring,andthatthe
twopartsareweighed.Dobothhavethesameweight?Orisone
ofthemheavierthantheother?Whenthewholecarrotis
banginginbalance,thecenterofgravityexistsonthe
imaginarycuttingsurfacealongthestring.Evenifwerotate
ithorizontallyinthisstate,itmaintainsitshorizontally
balancedstate.

A;TheansweristhatBisheavier.Thisisthesa血eaS

balancingaseesaw:aheavierpersonsitsnearertothe
fulcrumandalighterpersonsitsfartherfromit.Inthecase
ofthiscarrot,thewholecarrotkeepsitsbalancebecausethe
weightsofseparatepleCeSCOnCentrateOntheirrespective°en
tersofgravity,thusbalancingoneanother.

Thisexamplehighlightsthefactthatthebody'scenterof
gravityisn'tnecessarilyinthecenterofthebody.Weshould
beawarethatwhenwe･extendandbendourarmsOrSWingabat,
Ourcenterofgravityshiftsconstantlyandisnotactuallyin
thecenterofourbody.

ActualsportsmOVe皿entSWillnotbeoptimizedifonefollows
theclaimthatifthelowerbodyisstrongandfirm,thecente
rofgravitywillnotmove.Inthischapter,wewillthink
aboutwhat.happenstothecenterofgravityinsports
皿OVementS.
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a;Whichisheavier,AorB(thetwopieces
ofacarrotcutinhalf)

Heavier

A;ちisheavierthanA.

Balancingacarrotcanbeexplainedbythe
sameprincipleusedforbalancingaseesa肌



Chapter7

SportsMovements:
HowEasyltlstoTurnAround

Quiz; Which of the two wheels
rolls faster?

Q;AsindicatedinFigure1,therearetwowheels(AandB),
eachofwhichismadeoftwodiscsconnectedwiththreeiron

bars.Botharereleasedfromthetopofaslopeatthesame
time.Ahasthethreebarsplacedneartheedgeofthediscs
vわileBhasthebarsnearthecenters.Bothwheelsweighthe
Same.

Now,whichonewillrollfaster?Toanswerthisquestion,it
isnecessarytoconsiderwhichiseasiertoroll,0rwhichhas
itsmassCOnCentratedatthecenterofthewheels.

A;Thecorrectansweris"BrollsfasterthanA.''Ifyou
thinkofaspininfigureskatingasinFigure2,thisproblem
willbeeasiertocomprehend.Apersonrotatesdifferently
whenthearmsareextendedandbent.This(howdifficultitis
torotate)iscalledthe"momentOfinertia''.

Inthischapter,toanalyzeVarioussportsmOVe皿entSrelated
tothemomentofinertia,Wewillusesuchsimplerexpressions
suchas"howeasyitistorotate"or"howdifficultitisto
rotate''.∫ amsurethatyouwillbeabletofindsomeuseful
hintsforeverydaysportsactivities.
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Figurel:which.fthetwowheelsr.llsfaste,?

a.Difficulttorotate b.Easytorotate

Figure2:Figureskatings,ins



Chapter8
SportsMovements:

Snaps
Quiz; What will happen
if you swing a racket

on.a turntable ?
Q;Supposeyoustandonaturntable,fixyourrightarmby

holdingitwithyourlefthand,andswingtheracketbyonly
皿OVingthewrist,asshowninFigure1.Inwhichdirection
willthetableturn?(Ifyoutrythesamethingwithouta
racket,youwillnotnoticeanymovement.)

A=Theansweristhatitwill 皿OVein"thedirection

indicatedbybinFigure1".Althoughonlythewristwillseem
tomoveindependently,detachedfromthebody,thatisnotthe
case. Becauseboththewristandtheracketareconnected

throughthear皿tOthebodywhichissupportedbythe
turntable,thebodyitselfwillbeaffectedbythemovementOf
theracket.Ifonlythewristissw皿gWithoutaracket,the
bodywillnotbeaffectedbecausetheweightofthewristis
negligible.However,ifitisswungwhileholdingaracket
withacertainweight,forcewillbetrans皿ittedthroughthe
armtothebody,whichisrotatingintheopposite･direction.

InChapter2,weobservedthatifanarmisswungona
turntable,thebodymovesintheoppositedirection.Thesame
prlnCiplecanbeviewedasworkinghereandmovingthebodyin
theoppositedirection.Moreover,ineithercase,arotary
motionwillresultfromtheeffectofactionandreaction.

AsindicatedinFigure2,evenifyoutrytothrowaball
usingonlyyourwrist,thepowerwillbealmostnegligible.
However,snapscanbequiteeffectivefortransmittingmuch
greaterpower.Ⅰnthischapter,wewilllookatthetransmission
ofpowerthroughoutthebodyfromVariousangles,andtryto
provethatseeminglyfeeblesnapscanactuallygenerategreat
power. 71

Fi即re1:取athappensifyouswing
aracketonaturntable.‥?

Figure2:Howfarcm y?uthrowaball
byonlysnapplngyourWrist?



59.Therearetwoways
tosnapawrist!

ⅥlenWeheartheword,"snapping, weusuallythinkofthe
∫′

wayindicatedinFigure1.Butthisisnottheonlysnapwe
use. Thereareactuallytwokindsofsnaps.Unlesswe
distinguishthemfromthestart,Ourdiscussionmaybesomewhat
confusing.

Thetwokindsofsnapsare,ofcourse,alateralsnapanda
verticalsnap.First,swingingthewristlaterally,Orrotating
itaroundthewristasapivotasinFigure1,iscalled

"hinglng".A"hinge"isasmallpartattachedtothesideof
adoor.This皿OVementisfrequentlyusedinashoulderpassin
basketball(Figure2),inservingorspikingavolleyball,in
pitchingabaseball,etc.

Theother皿OVementiscalled"cocking,"whichmeansSWinging
thewristverticallyasinFigure3.Thisistypically
exhibitedinthemovementofhittinganailwithahammer
(Figure4).

Ingolf,turningthewristupwardisfrequentlycalled
"cocking";whileturningitdownwardiscalled"uncocking".
Actuallythesemovementsareaccompaniedbysomelateral
血otion.Otherwise,itwouldnotbepossibletomovethewrists
smoothly.

Inanyevent,thesewrist皿OVementSarequitefrequently
foundinbaseball,golf,kendo,etc.,andarecharacteriz.edby
the皿OVe皿entOfthehandthatresemblesthebreakingofthe
wristdownward,asshowninFigure3C,atthemomentofimpact.

Thisoccursbecausetheam isstronglypulledbyalarge
centrifugalforceatthemomentofimpact,aSisusuallythe
caseingolf.

『 ((h /?

Figurel‥Hinging (lateralrotation｡fthewrist)

1
---

=uHl

-ヽI

Figure 2: shou′1der pass in basketball

F igu r e 4 :Thenotion ofhitting F igure 3: C?cking (vertical
anailw ithaha皿 er rotat ion Of thewrist)



60.Bodilymovements
canbeexplained
bythesemodels!

Bodilynovenentsseentobehardtograspclearlybecausethe
bodycanmovequitefreely.Buttherearesomecommonfactors
lookingatagolfswingorabattingmotion(Figure1),We
noticethatfirstthelowerpartofthebody,whichgenerates
twothirdsofaperson'sphysicalpower,pushesofftheground,
leadingtoareactionthatcausesthebodytoturn.Thenthat
rotationenergyistransmittedtothearms,andfromthereto
thecluborbat.

Intheupperpartofthebody,inparticular,Wenoticethat
thepowerisconveyedinsuchtheorderof"torso"*am "*
apparatus".Yet,inordertolookintothisphenomenoninmore
detail,Weshouldreplaceitwithasimplermodeltomakeit
easiertounderstand.

Inthecaseoflinearmotions,wecanuseamodelinwhich
threecartswithdifferentweightsarepushedwithone'slegs
asinFigure2.Atfirst,theseconnectedcartsmoveatthe
sameSpeed.
Startingfromthisstate,firstApushescart(2);thenB

pushescart(3)･Thefinaloutcome享sthatonlythecartat
thetop,(3),is.accelerated･ThatlS,duetotheeffectof
actionandreactlOn,thepushedcartaccelerates.
Thiscouldserveasasimple皿Odelifwecomparethepushing
powerofAandちtothemusclepowerofaperson,andcarts(1),
(2),and(3),tothetorso,thearm,andtheapparatus.

Thisprinciplecanbealsoappliedtoarotarymotion.Figure
3Showsdiscsdfdifferentweightthatrotatefreely.Atthe
momentadiscispushed,thereisanactionandreaction.
Howeverthis皿Odelisnotquiteadequatesinceinthecaseof
rotarymotions,theeaseofrotationcanbechangedbybending
thearmsOrtheapparatus.Thispointwillbediscussedlater
ingreaterdetail.
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Figure 1 :whatcharacteristicsdoagolf,swingand
aswlngOfabaseballbathavelnCOmmOn?

F igure2‥恥atifthecomectedCartsarepushed
oneafteranother?

Fi即re3:取atifrotatingdiscsarepushedOne
afteranother?(Eachdiscrotatessmoothly.)



61.Whatisthemeaningof
"Useyourbodylikeawhip"?

Althoughthusfarwehavecomparedarm皿OVementStOthe
simplemotionofsticks,hl皿anamSactuallyconsistofmany
separateparts.Handsalsohavefingerswithnumerousjoints.

Figure1indicateshowthefingersareinvolvedinthrowinga
ball.Thesubtlemovementsoffingerscannotbeignored;the
entire皿OVementCanbesubdividedintotinyparts.

Theoftenheardadvice,"useyourbodylikeawhip,"canbe
easilyunderstoodbyi皿aglngthattheforceisefficiently
transmittedfromlargerparts("levers")tosmallerones,with
eachjointmovlngflexibly.

Figure2showsthemechanismOfhowawhipworks.Although
eachsectionalonedoesnotcontribute皿uChintermsof

strengthandmagnitudeofthemovement,ifthesesectionsare
combinedandtheforceisconcentratedonthetip,boththe
皿OVementandvelocityareincreasedandabletoperforma
greatamountofwork.

AwristmaySeemfeeble,butsinceitislocatedonthetip
ofanarm,OraWhip,itcanbeusedtoconcentratetheforce
oftheentirebody.Thisexplainstheconceptbehindthe
expression,"snapyourwristwhentbrowlngtheball.''Ingolf,
the"whip''effectisevenmorepronouncedbecausetheclubis
bent.

Thiskindofmovementisnotonlylocatedintheam orupper
partofthebody;theentirebodyorthelegscanbeinvolved.
AsseeninFigure3,kickingaballinsoccercanbeviewedas
akindofrotarymotionaroundthehips.
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F igure 1 : Throw ing a baseba l lwith asnapp ing movement
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Figure3:Asoc?erkick:LegsmoveFigure2:Theprincipleofawhip
inarotarymotlOnaroundthehips(Awhipisa皿ult卜leveledlever:

(Thelegisusedlikeawhip)･ themagnitudeandthevelocityof
mOVementincreasetowardthetip.)



62.Youcanhammeranail
harder

ifyoustopyourhand!
Infact,awhipconveysforcethroughmultiplelevels.But

sinceitismucheasiertothinkofthe皿eChanisminsimpler
terms,WeWilluseatwo-stepmodel.Let'sfirstlookatthe"
Separation''phenomenoninlinearandrotarymotion.

Whentwoobjectsseparatefromstationarypositions,they
willmoveinoppositedirections.Butwhentwoobjectsmoving
inthesamedirectionatthesamespeedseparate,aswhenone
objectpushestheother(Figure1),the皿OVementSareSO
complicatedthatwemaymissthesubtledynamicsunlesswe
observethemclosely.Inalightpush,cart(2)anddisc(2)
areordinarilyaccelerated,andcart(1)anddisc(1)are
decelerated.

However,ifpushedwithanappropriateamountOfforce,the
cartanddisk(1)canbestopped,acasewhichisanalogousto
ompletelyconveyingmomentumOfthebodytoone'sarmsOr
Sportsequlpment.

Asimplerexa皿pleofthiscaseisfoundinhammeringanail:
ifyoukeepyourwristflexibleandstopyourarmmovement
i皿皿ediatelybeforehittingthenail,theha皿merWillaccelerate
andthenailcanbehitwithmuchmoreforce.Thisisexactly
whatoccursinthepreviousexamples.Ifyoudrawbackyour
armalittlemore,the･tipoftheha皿erWillbefurther
accelerated.

恥athappensifthecartinFigure1ispushedwithmore
force?Thepushedcartisfurtheracceleratedandthepushing
unitactually皿OVeSintheoppositedirection.
Figure2depictsfiguresimmediatelyafterimpactinbaseball
andgolf.Theleaningbackofthebodyinthedirection
oppositetotheflyingballoccursforthereasonspresented
above.Thisprinciple,though notco皿 Onlyrecogniえed,is
actuallythesecrettohittingaballharder.

Figurei::whatiftwoobjectsmOVlng
atthesameSpeedarepushed?
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63.Snappingis
"actlOn-reaction"!

Ⅰntheprevioussection,itwasstatedthatyoucanhammera
nail皿Oreeasilyifyoupullbackyourwristslightly,using
thewhipprinciple..Thiseffectisquitenoticeableifyoutry
thiswitharope.Asyouswingtherope,releasingtheforce
willstopyourwrist;ifyoustartwithyourwristina
slightlycockedposition,theendoftheropewillaccelerate
witha"swishing"sound.

Thus,oneendacceleratesastheotherendisstoppedormoved
intheoppositedirection.Thismotionisoftencalled"using
asnap,''andtheentiremotionisactuallybasedonthe
principleofactionandreaction.ThisisqulteObviousin
Figure1,whichshowsthebackwardmotionoftheforearmwhile
thehandismovedforward.

Becausesnapplnghasthegreatacceleratingeffect,itis
usedinallkindsofsports.

Takeaspikeinvolleyball,forinstance.AsFigure2
depicts,asettertossestheball,thenthespikerquickly
jumpsup,avoidingtheopponents'blocks,andsmashestheball
intotheopponents'Courtbycontrollinghisorherwrist.

Ifthespikingplayermakestoolargeanarm皿OVementWhen
closetothenet,heorshemayinadvertentlytouchthenet.
Thus,asnapping皿OVementtOpullbackthear皿Slightlyis
necessaryatthe皿0mentOfthespike.

Figure3depictsaju皿pShotinbasketball,whichincorporates
snappingmovementinthefingersaswellasthewrist.Such
movementsSupplementjumpingpowerandallowgoodballcontrol.
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Figure2‥Aspikein
volleyball(Stopthe
ar皿SWlngandmake
effectiveuseof

snappingthewristl.)

Figure3‥AjumpShot
inbasketballinvolves

snappingboththe
wristsandfingers.

トAction

F igure l ‥恥at isa snap
reallymadeof?



Chapter9
SportsMovements:
･R e 一aC t iv e,_Motions
笹C.bQuJVtd

Quiz; How high does
a ball bounce

when placed above another?

Q;Supposeyoudropaballonthefloor.Howeverhighitmay
bounce,itwillnotbouncebacktotheoriginalheight.What
willhappeniftwoballsofdifferentsizes(e.g.atennis
ballandabasketball,showninFigure1)areplacedoneabove
anotherandthendropped?Thecentersofthetwoballmustbe
alignedwithoneanother.

A =Let'sdoit.Althoughitisverydifficulttoalignthe
centersofthetwoballsand皿akethetemisballbounce

vertically,whenthisisdone,theballbouncewilleasily
surpassyourheight(Figure2).Eveniftheballsarereleased
onlyfromaheightofonemeter,thetennisballmaysometimes
bounceashighastenmeters.

Thebigbasketballundemeathtouchesthefloorfirstand
bouncesback;then,thesmalltemisballcollideswiththe
basketballandreceivesthebasketball'skineticenergy.Asa
result.thetennisballcanbounceup皿uChhigher･thanthe
originaldroppingpoint;meanwhile,thebasketball'sbounce
becomesalmostnegligible.Asthisexampledemonstrates,if
theenergyderivedfromthebounceofoneobjectisproperly
utilized,anotherobjectcanperformmuchgreaterworkthan
originallyexpected.

TheprincipledescribedabovelooselydemonstratesSports
movementsthatmaximizeour皿uSClepowerpotentialby
utilizingmotionsthatopposeoriginallyintendeddirection,
thenquicklyreturn.
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Figurel‥Howhighdoesitbounce?

F也re2‥R｡｡ei,ingkineticenergy
fromthebiggerball,thesmallerball
canbounceuptosurprisingheights.



Epilogue

Thekeyphrase
isstill

"actionandreaction".

Attheoutsetofthisbook,Weintroducedseveralmotions
forthrowingaballasfaraspossible,inwhichwenoticed
thatsomepartsofthebodyalwaysmoveinthedirection
oppositetotheflightoftheball.Thisphenomenonislikely
themostco皿皿Onandessentialofallsportsmovements.We
developedaseriesofargumentsandexplanationsbasedonthis
aSSu皿ptlOn.

Particularlyinsportswherekicking,hitting,orthrowlnga
ballisessential,movingthecenterofgravityatthemoment
oftheimpactcausesatremendouslossofenergy.Therefore,
balanceismaintainedbymovinglighterpartsofthebody,
suchasthearms,intheoppositedirection.

Inotherwords,thephysicalmechanismatworkisthe
PrincipleofActionandReaction.Thebodymovementthat
maximizesthisprincipleisthe"snap''.

Insportsthatdonotuseaball,thesameprinciplecan
explainbodynovenentsquitereadily,andbeusedtomaximize
athleticperformance.

Along-heldmaXi皿intheacademicworldgoes,"Goodtheories
arealwayssimple."Thisbookintroducesoneofthemostbasic
prlnCiplesinphysics,thePrincipleofActionandReaction,
toclarifyvarioussports皿OVementS.Thoughyoumayhavebeen
bewilderedatfirst,asweexploredvariousfactorsinmany
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sportsmovements,Wereturnedtothissimpleandcompactform.

Inthehistoryofphysics,therewasatimeWhenNewton'S
theoriesweretoutedasbeingcapableofexplainingevery
physicalphenomenaaroundus.Butactuallyhistheorieshave
limitationsandtheywerereplacedbyEinstein'stheories,
whichincludethoseofNewton.Nowthereisa皿OVetOfind
limitationseven･inthetheoriesofEinste-in.

Takingallthisintoconsideration,rememberthat''theories"
arenothingmorethanmodelstoexplaininnumerablephenomena,
andtheytendtohaveintrinsiclimitations.

Thisbookhasintroducedseveralmodels,which,ofcourse,
havelimitationsandwilllikelybeabsorbedbymore
comprehensiveandbroadertheoriessomeday.Yet,atpresent,
IbelievethatthePrincipleofActionandReactionisa
usefultoolasasimple,easy-to-understandframeworkto
analy乙eVarioussportsmOVe皿entS.

Isincerelyhopethatyouwillbeabletousethisworkto
improveyourSkillsandtechniquesinasmanysportsas
possible.




