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The optimum weight of a baseball bat
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By U~íllg u \Vell kllown rclation of musde hiolllcchanic:.; t.:allcd Ihe Hill's forcc-\'clociIY rclalion. ;lud lllodclling (he hall ami bat collisioll
a...a t'wlltal illdaslil' collision. \Ve llnJ Ihe oplimum \\cight 01'<lha! for driving ¡he hall a~ far a~ possihJc. givCll the hallcr anthropomclric
l'nlll!lliolls amI lhe ha! anJ hall mcc,:hanit.:alpropcrties. A dist:llssion nI' thc rcsults is abo pn:sclllcd,

}..'I'I"ll"ord,\': Ilill's forcc-\'elocily relation

11.";Uldoun resultado experimental generalmente aceptado accrca dc la hiolllcdnic<l dclllllís<:ulo. conot.:iuo como la relación fuerza-velocidad
lit' !Iil!. Y modelando el choque dI..'un hat de hcishol con la hola como ulla colisión frontal inel.ística. cnconlramos la masa óptima del ha!
par;. cnviar la hola tan Icjo:.;como sca posiblc. dadas las condiciones amrorométricas del hatcador. Se prescnta tamhién una discusión de los
rcslllt;¡L1os(lhtellid()s.

, )",HTi"/(lI'C,\: Rdacic,'m fucrza-vekx:idad tic Ilill

P,\CS: X7A5.'~: O~.20

its l)Xfj,. 01' the slOred ellergy. whilc lhe hal. which is as claslic
as lile hall. returns aholll Ihe smnc proportion. By contras!,
a hollow aluminulll ha( is dislorted ahout as lOCfr, as lhe hall
hy the collision and so slores ahout 10% uf lhe collision en-
ergy: arter lhe hit il relurJ1s thal energy efficienlly. prohahly ~II
a level of X()llr. Adding (hc hall and hal conlrihulions. allolll
26(/(' 01"Ihe collision cllergy is rClurncd. cxplaining why alu-
mil1tJlIl hals drivc Ihe hall lllllCh fasler than womlcn hats do.

In ]Inx. A.V. Hill [2111lade mcchanical cxperiments with
frog lIlusdes and ohlaincd Ihe I"ollowing rclatioll hetween the
lllllscle's cOlllractioll vclocity F and the load the muse le had
to risl' F:

where \-;llax is Ihe lIlaXimUIll contraclion velocily. which is
reached al F = n, FO is the maximulll load the nlusclc can
rise, and fl is al1 :l(ljusling para meter. Thcse three quanlitics
are characleristic nI' cvery muscle. \Vhen plottcd. Eq. (1) rcn~
ders a hyperbola Ihal culs lile l' axis at \ ;1l;\X' Ihe Faxis
at F". ami whosC' curvalure is detennined hy n; (he higger
{\ is. the slllaller (he curvalurc of the hyperbola. In a reccnt
worh: ¡:q. an inlerprctatioll lo (l was givcn as a paral11eler
Ihat lIleasures (he cOlllprolllise hetween powcr anu efficiel1cy
rca<:!led by a lIIuscle. The rclation cxpresseJ by Eq. (1) is
lIsually kllO\l/n as lhe Hi1l's forec-veloeity relation and has
bccn lestcd many limes fmm ItJ38 up lo now. A reeenl re.
view papel' H I shows how Ihis relatiol\ is valiJ rol' muscles
01"all kimls 01' animals. Indecd. De Koning 15] has found Ihat
Ihe lllllscles 01"the human arm ohey lhe same relation. From
Ihis. il is reasonahle lo a...•sllll1C Ihal a similar rc¡alion must hc
obeycd bCIWCCIl the \'elocily uf a ha( whik hatting. ami Ihe
bal's weighl.

1. Introduction

I )ollhtlessly hasehall has sOl11ething lhat Ihe res! of lhe sport s
do nol have. anJ makcs il so spccial. That is. Ihe oplimalily
rcached with timc in lllany 01' its aspects. For example lhe
distance oetween (he hases, the distance fmm lhe hill (o lhe
pl<1tc, Ihe lenglh of Ihe hal, the size an \\'cight 01' {he hall, etc.,
llave v:tllles stl(.:11Il1al Ihe galllc !"caches a very Hne eqllilih~
rilltll which lllakcs il as spectacular as il is. Allering Ihe value
nf (lny onc 01"lhelll. would lllake Ihc hatlcrs prcJominale over
lhe pilchers. or Ihe runncrs over lhe lielders, or vicevcrsa.

In ]l)tJ5 Ihcre appeared in Phy.üo' Toda)' al1 excellenl re.
"ie\\' anicle (01' Illilny papcrs puhlishet..l mainly in Ihe Am.
.l. t'},y.\".) by Rohen K. AJair. ahOtll the physics 01" hase.
hall [1].111 thal papeL AJair analyses <.Imongolher things how
lile roughness of Ihe hall atlecIs ils Ilight. the l1lovements of
tlll' curvehall and the knuklchall in Iherms 01' hydrodynam-
ic..... the hiomechanics 01" hatting amI thrO\ving. and linally.
lile tIIechanics of Ihe hall's hit by Ihe hat. In respecl to Il1is
lasl poim. very interesting facls are elucidaled, stH.:h as Ihat
lhe ull1ision bctwccn the hat ami the hall Iasls ahout I mil-
li~ecolld wilh Ilwst of Ihe tllotllenllltll transfer taking plal"e
in ahnut 0.6 milliscl"onds. Bul also Ihal Ihe collision impulse
signal ¡akes ahoul X miJliseconds lo go Ihe 5 fcct I"rom Ihe
poilll 01"impacl to Ihe haltcr hands. So when hatted. the hall
neve!" knows wClher or nol hands were holJing Ihe hal. an¡J
lile Illolllcnllllll (JI"inertia of the hat is not relevanl in any sill1-
plL' way to lhe collisioll kinematics. On the olhcr hand. il is
also slated thal when the hall hils a wooden hato the hal COlll.
presses ahou( 2t¡f. as 1l111chas the hall. allll thus slorcs ahout
2'';;' of Ihe collision encrgy. The hall wilh a coeflicicnt 01"rcsti-
Illlion a( high vc10cilies 01' ahOlll 0.45 rclurI1s ahOtll 2orA- 01'

1" =
FO - F

F, (\----
IIl.tX F + oF'" (1)
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In tlll' Pl'l'Sl'lll \\'ork w~ willusc lhe ¡¡hove lIlenlioned l'al'\'s

lo tllld 111l'oplimulIl \\'~ighl 01'a hal lo drjye Ihe hall as fasl as

ptl""ihk, ~1\l'll lhe \\'eighl nI' Ihc hall. Ihe hall' •••appro:lcl1ing

\ l'llll'il ~. ;llId 111l'JOI\:e-\'~lol'ily rL'lalioll for a pIilYT(" h:llli ng.
¡:¡Il;lll~, \\l' discus •••Ihc rc •••ulls ohl:lincd,

2. '1'11,' hall allll tll,' hat

On ilS 0\\'11, Ihc cljualioll lúr Ihe l"lL'r~~ hali.IIKl' in lllL' salllc

,,~SIl'1ll i" ~i\l'll h~ '

1/[1I1¡'(I'I' - 1,<¡lO)-' t 111,,(1'1' + /',m).!]

=-1I11,{\iJ - 1"'11)-' + IIII'(\~' - /'(111)-" (-tI

11/1, [\~, - 1', 11') - 1//
"

(\ "J - /"1111 =- 11 (31

Sinl"l' in lIJe lTllll'r 01 lIlass sysle111Ihc 1Il0111L'1111l1lli.•••¡cro

1lL'lnfl' Ihl' l'oll1sioll. Ihe equ;llion whkh s(¡¡nds ror llll' 1110-
1lIl'1111l1\l'"l"illhc!"valiun is

'1\\0 :lIl' tlll' llh.il'l'li\'cs 01"lhc hallcr \V1lL'1111L'."I;ll1ds (JWI' Ihe

"Idll', !"irs!. 11L'has lo hit Ihe hall. i\nd sccolld, arte!" halted.
lIJe h;1I11Il11sI lIy as far a possihlc. i\ very importanl facl 1"0l"

ltill1l1g IIIL' h,dl is lile \\'eigllt ofthc ha!. The slighlcr Ihe hat is,

tlll' lllor\' ra¡,id llll' s\Ving can he ami so, Ihc higg~r tllL' possi-

hilil~ tlllJilting rapid hall.... In l!li..; ..;cnSl' jt is belll'l \tI ha\'c a

h:lI a" "li¡..!hl ,1" pnssihle. Nc\"cnhelc."s a \'cr)' •••lighl hal could

11111hil\'C ;111lI11l'orlal1t amounl 01' ITlOIllCllllllTl IlO mallcr !lo\\'

last illllll\l''' and so, cn'n \\'!lcn it can hil 111l'hall. Ihis \lile

\\ ill Il(lt tly 'Pi) f<lr. This rcasoning sugf'csls lllal Ihcrl' i •••tlll

lllltinll11l1 hal'" \\-cigI11 ror ('vcr)' hatter. <lS<lll haschall play-

LT" "11(1\\. 111111l'Júllo\\'ing paragraphs \\'c \Viii lk\'l'lop lindel
"1l11ll're:lsllllahk asslllllptiol1s. a \Vay 01"cakubling tlle 0pli-

1l11llllh,ll's \\'ciglll rol' a givcn haller. if Ihc ohjeclivl' i,s lo ,serHl
lile hall ;lS br a•••pnssihJc,

¡\i,.'L'onliJl~ to i\dair 111. [he 1Il0lllClll1l111translcr from IlJc

hal to tlll' hall during lhc hit is so fas!. that lhe hall llcvcr

,,"llO\\"" \\t'lhí.'r Illl' haller"s hand" arc holdillg Ihe hal 01' no!.

:-"lllreo\L'I', lile torque lile hallcr\ hands can c.\crt over lhe hat

;11thl' 1111'"Illtlllll'nl is irrelc\'an!. Thi.s I<lClJl~rJllilS LISlo lllodl'l
lh~' hit ;1...•Illl' l"tlllisiilll 01' I\\(l simple ohjCL"lS, Ihc hal and IhL'

h;llJ. \\ ill1nllll'ollsilkring lhe ballcr's hody. Ir at thi .••pojlll \\'e

;¡"'Sl!11lí.'lhal Ihe l'ollision ir frontal (as lllUSt he for sending

lIJe 11;L11I:lr l'llt~U~.dl) :-.0. the collision can 1lL' ronsidl'l"ed ,l:-i

11;lppl'lllll¡"! in (lne di1l1l'nsioll. \Vilh al! Ihcsc assLllllptiollS Ihc

\'l'Iocily 01 llll' hall aller Ihe collisioll can hc cakulatcd as a
tUl1l,tillll lit l[¡l' \'l'lllCilies ul" the hal ílml Ihe hall hdore Ihe

l'(lllisioll. ,lIId tlw \\'eights nI" hoth lhc h,l1 and Ihe h,dl. gi\'cll

111;11\\l' "IIO\\' the fraclioll ofcnergy reslored (ahout ~(JI¡; with

;1 \\'lltH,kll hal :tl1d :!G{¡( with an alulllinLllll ha!. in tlw syslelll

tll Ilw l'l'llln 01 IHitSSII j).
A ..•l'\pbilll'd ;lhtl\'c. Ie,'s aSSUllle that thl' hal hil\ lhl' hall

in .Ill'(llllal colli"ioll, Ihallhe b;¡1 \\'ilh a mass /lIIJ appro;[ches

\\'ith;1 \l'lol'ity 1'1,.Ihal Ihc hall wilh;¡ 111;\"'SIII'J doc" il \\'ith
,1 \eIIlClI~ 1'". ;lIld Ihal in lhe rcfercllcc •••ystl'lll 01' tllL' CCIl-
[l'r 01 IHilS..•// peHTnt nI' 11ll'Clll'rgy is restorcd. Thc \'clm:ilies

Ilr 111l'h;ll \ i, i1nd hall \~, alter Illl' l'ollisioll l';lll hc ca!L'u-

1,11l'd110111tlw l'q uations 01"1110llle11tu m 's conservalit 1Ila~HIni

l'lll'r~y h;lI;llll'l'. Ll'l 1',III Ihe \'c1ocily 01 1111'lTlltel" 01' mass
\\ hil.h i•••gi\'cn hy

((, )

,
[1// 1, 11'1, - ,., 11,/ T 1/1

"
( I'!, ~ 1', lit J'! 1 } ~ (:' f

r 111/,

1~ -"-'-"-'-'-"-'J '/\~,= 1',"\ +

By soh'ing túr \ i, 1',11' il1 I-:q. (J) and suhslitutill~ inlo i:<l. (~)

\\'l' ohlain an l'qtlatioll Ihall'al! hc "'Oh'l'd for \~, ,giving

Equatioll (:;;) is 1l0lhill).! l'l"l' than Ihl' formula which pl'nnilS

LISl'a!L'ulatillg \ ./, inlellllS (Ir I'IJ' 1'". 111/"i.ll1d11/1"

Up lo nm\ \\'l' Ilil\l' tour aPPill'l'nlly indl'llL'ndcnl \'iI['i-

ahles wl1icl1 ;lrl'I'/,. I'/J.IIII,. ,ll1\II/lIJ' Ne\'L'nhell'sscvcI"Y hallel

KIl(l\\''' lhill tlJe hat's \l'lol'ily lll'pends on Il1eir íl\Vl! •••1l"engll1
;1I1d \'cIOl'ily. huI ,lIstl 0111I1L'hal's \\'eigh!. In othcr wOl"ds.

tl1el"c ll1usl 1lL' po ..•sihlc to \\TitL' I'/, in IL'rms 01' /l1/J ,1I11nllg

othe!" par,Ulll'IL'I". This la..•1 rl'l,llitll1 \\ould gi\'l' liS lhe 1lI,1\-

illlUIll jlossihll' \l'locily Ihdll';lll hl' illlpinged lo lllL' hal hy lhl'

sl'l nI' I1lUSl'll'S 01 11lL'h,¡ltL'l"'" hody, as a funelioll tll" thc h;ll'"

\\eiglll ¡)I' load. Ilil!'" j¡lln"\'l'lo(ity felalion IEq. (1)1 gi\c"
Ih •.•\c1(lcil~ nI' COlllr;Il'lioll 01 a gi\'ell Illusck' \' as a fUIl(-

lion (ll" 11lL'load r, \'L'I"Y illlportant paramelcrs in this rl'laliiln

arl' (he Illil\illllllll \'l'llll'ily ofcolllracliori I ;Ila:-;.Ihc ma\illlllm

load lh;lll'an h¡,;r"iscd hy 1l1L'IIl1lSdc rn, ~1I1d11. "hich Illl'a-

sures the Ctllllpltllnisl' hel\\'cl'll pm\'l'r output and dliciellcy

I'c<lcheL!hy Ihl' Illllsck, \ ;llax' ro, and 11 are charactcrislil'

1"01'cvery 1l1llSl'lL', ¡Iill\ rOrCl'-\'l'fol'ily rclatioll is ohcyed rOl

1lILiscfes01"\'l'ry dillel"ellt sllL'cies, as shown in Rcf. ~. hui <lIso

rOl' sets of 1Il1l"c1csas tllosl' uf Ihe hUlllan arm l.) l. in Ihis case

(1 llleasurcs ¡he glohal l'tllllpromisc het\vcL'1l ptl\vL'r ami cfti-

ril.'IlL'\' reaclll'd hy tltl' Sl't of 1l1tlsclL'sa.Sa \\'hole. Frolll ",hal

has heen l(lld ilbp\e. il's rl';lStlllahIL' lo aSSUllll' lhal Ihe rL'la.

lion hl'I\H'l'll 1'/,;¡nd 1111,í" ~ovcrned hy Hill"s cqualion:

I';,lla" heing lhe 1l1a\il1111ll1swing vclocilY ami JI/;:';IX the max-

ímlllll \veighl fol' a hal lo hc hL'ld hy Ihe haller. Both of lhelll

along with 11 arl' l'!laral'lL'rislic lúr L'very hatter i1nd can he

dCll'nllined l'.\IlL'rillll'nL;lIly hy as,,"ing ¡he halle!" lo swing hals
ur dilkrl'n[ \\'L'iglll:-, 11ll';lsurillg Ihe .swin,gs \'elucil)' ill eacl1
C;he, and ;Idjll'>lill).! [o Eq. (h).

ur ;dlllll' J1i1r,lIlll'll'l"SIh;11llave hecn lllcntiollL'd, Ihc hall's
lilas •••i" gi\'cll by ba"'l'hall rules lo hc 11/1' ~ Il,l-I kg. \\'hile /l.
111:,";'''.l'I,lI"x, alld '1 l' ,1II IIIl'a:-'lIrL'lL In I¡K'III ;:::::0.:1 fOI"wOlldcn

hah and '1 ~ O.:!l¡ tm alulllinulll h;ll\ 11]. The \'alues 01'11,

IIII,I'¡, - 111/,1'/,

1/11, + 11/1,
1'0'111
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Fr(¡URI. I L";[\in!! yc!o(ity nI' lhe 11<111;lfln ;\ fnlnta] collisioll
\\'ilh ;[ \~IlOtkll h;¡\ 11 = (J.:2. \'\. Ihe Illav.. 01 Ihe ha!. tUI dif-
ll'11'1l1;lppro;ll'l1ill~ \"('lociliL'" nf [he hall 1'1" Thl' "olid-lilll' pllll
I - I l"(llTl'''I'Olld" \(1 /'/' = ;";(J mph. lile dashl'd-linc p[OI (- -)

\(1 l' = ~HJ rnph. rhe dollcd-lilll' ( ) pInIto 1'1' = 100 mph. ami
¡Iw d<l"lll'd-dolll"d-linc p!ol (- ~) \0 /"1'= 11ll Illph. Tlle lll;¡\-
illllllll "/' ["linl", arl' I:lht'lL'd hy ,111,1S1l'ri"in ,111lhe p!Oh: Il1l' lillt'
\11:1\ he .•.] 11[-., th,'s,' 1;1'-1 ()flt'." I.S ah(l •••[HlWll

111;,1','''. ;tnl! 1';,11," liL'pClld (111 L'ach illdi\"idual. Ik Kl1ning 1.-)1
11,1"1l1L';[SUI"Cll/1 h¡r 1ll1lscll'S (JI"tlll.' hUlnan armo .11.' Illlllld l11al

1) ::::- II:! ror COIllIlHlIl I1Il'n :tml WOllll'll. as \Vcll as lúr <lrtll

lrailll'd alhk'll"". I:or 11ll' purposes of l!Ji ..• \\'{l]"1\ \\'l' \\'iJl ;IS-

'>llllk' Ihal 11 ~ ll.l rOl" Ih~ Sl'l of all the lllllSclcs iIl\Oh'l'd in
lhl' ,,\\'ing. 111;:1.'''. anJ 1';,11;''' arl' no! as r~glllar as o. huI variatc

\lTV lIluch l'nllll individual lo individual. NCVCrlhelcss sOlllC
Il'a,,()n;lblL' \';dlle ..•can he gi\'l'n. FOI"cxa11lpk. i\t1air lllclllions

¡I¡;ll a lypil'al ..•\\'ing \'l'lol'ily i ..•around (¡O IIlph. Thu ..•. lal\-

in;..' ill10 accPulH Il1al L'01l1l1l01lbah \\'l.'ighl aholll I I\g ;ll1d

l!la( lhe swing \'l'loeily dilllini ..•hes hypl'rholiL'ally as 11lL'hal ...•

\\'l'ighl ;IUgllll'lll\. lllc lIlaXilllUll1 s\\-'ing wlllCil.y ng1a" l';1Il hc

i'\1)l'ClCd lo Iw arollnd !JI) lllph. Finally \Ve \\'ill :1..•..•lI111l.11lL'

111axill1Ulll 11;11.... \n:ight III hl' 1II;:l,P; =::: :~(J I\g. \Vith all lhi ..•

qU;lIl1ltil •..•lkl~rlllin~d. 11lL'()nl~ \'ariahlL' qllantilic." rl'llIain-
lIlg ;Ire lhe halrs \'clm:iIY helorc t!l~ colli ..•ion alld lile ha!' ..•

\\'l'ighl. Tllc h:lIl's n:locily hl'fore the collisioll depclld 011
Ihe pi1L"l1l'1;lIld range fr(llll :',() lo 110 Illph. In Fig. l. plOlS

Id \~, l'S 111";lrc pn:",cllled rOl" dilferl'1l1 \'alucs uf /'1'. \\'ilh
JI := 11,:2tl!ll' \'al11e fllr;¡ \\(ltldcll ha!). Thl''''C plot ..•arl' lhlllC

h~ IllL'an" 01 hl. t))' \\'ill1l"lll gi\'en hy hl. (2) and 1'" gi\'l'll

by Fq. tí)). 111¡:ig. ~. sil1libr plols an..' prl'sellted. hUI wilIJ
1/ = (t, :,!(í ( 1IJl' \';t1l1CfOl";11l;111I111inu11lha( 1.111I!losc plllh il l'an

hl' oh"l'r\'cd l!lal a..;1'.xpeclL.'d. lhere i ...•an optí11l1l1ll \'allll' fOl"

Il1l' h;I(" \\l'i;.!lll ir Ihe hall i ..•rl'qllin.:d lo !L';¡\'l';\" ra..,¡;1" po"-
"ihlL' ;dlc!" Illl' l'olli"íOIl. <llld Ilms 10 l1y a...•I"aras po'\Sihk. In

1111.'lollowill1! "'l'clíon we di"clIss "'OlllL' inlerl'sting L1l"I" <lbOUl
llli" 0plil1lllll1 weighl.

Fllit'I{1 ~, 1.1'd\lll~ \"l'h1l'ity oí' [l1e hall aflcr a fronlal collision
wi[h an ,lllllllinlllll ha! 1/ = tL~fi. l',\' lbt: l1lass of llit: ha!. t"m
diftl'll'1l1 appríl;Il:lllll~ \l'J¡Il"ltics of (ile 11;1111'//' The ."olitl-lillc'pI01
( - ) ctllle"pond" ¡Il l'), :::: ,"O rnrh. lile LÍashed-linc plol (--) [(l
1"),::::~l()mph. tlll' Lill\ll.d.lilh.' pl{lt ( \ [\1 I'/' = lOO mph. ,lIlLÍ [he
Li;I"tlL'd.dollL'Li-lillL'plol (- -) lo /'" = 110 mph. The m;l.\imulll
1'" p"illl" ,Ire !:lhl'kd h~ ,111a'-lcr"Í.\in ;111(he r1o[s: [he lirlL' lhal hL'\l
lit." 111¡'"L'1,1,,11ll1l'" i" ,Ih" ,,1](1\\11.

J. llisl"lIssinll aIHI l"OIll"!lISiOIlS

First Id ;111\\'C lIlusl rl'lllark 111<11Illc \',tllIes 01" 1'!,Il'IX. IlIi;l<l"
<llld '1 \';¡ri;ltc I"ro11lindi\'idual lo individual. aIHllhal in thi.'"

\\'01'1\ \\'l' han: lhCd l"l'a."onahlc \',tllIes rol' slIch paralllClcrs

\'ihich dclillc a l1ypoll1l'lical halle!". AII the plo!s ¡'JI r.\'. II/¡,

sho\\'11 in Fig ..•. I ;1I1L12 are l'onvc\ will1 a single lllaXilllUtll

lhal dl'lermines 11ll'oplillll1111 ha!'" \\'cighl and 1111.'1l1aximUlIl

vl'llll"ity \\ilh \\ hicll Illl' hall kavL'''' lhe hal afIer lhe l.(lllisioll.
110lh 1111'(llI1" 11)polhl,tíl'al hallc!". It cm he ohservcd thal t!le

oplill1111ll ha!"" \\l'ighl i ..•:Irnllnd 1 kg. and thallhe maximurn

hall\ h'l\lcily is hl'IWl'l'll X() <tlld lOO mpll. Tlle,,,,c \'alues rc-

",clllhlc \'l'ry 1ll1lcI1 lhc rl'al one ..•111. \vhich indc~d eontirm ..•

lhal llll' \;illIc." nI 1';,""". 11/;:1"". <lJld /1 \\'e lI ..•cd. arc in rael

re;l",ollahk. Another illlmcdiatL' oh"'crvatioll is lhat ti cOlJlra!"~

i"ul] 01'Figs. 1 :tllL! ~ dl'lIIon-.lratcs lhat our hypolhl.'lieal hatler
\\"ollld scol! Illc hall LlIlhc!" \\'illJ an alulIlinulll hal lhan \vilh

a \\lll)l1cn ha\. a" il i.., \\'L'1I 1\110\\'11Inr l'\'ery ha..;chall playcL

"11 illlLTcsting qlle"lioll ari"L'" whl'll OIlC oh,cf\'l' Ihat 11ll'op-
lill111111hal." \\'l'i¡!lll <lllgllll'nh \\'ill1 lhl' tlpproaching hal1', \e-

Illl'il~. :Illtllh:l1 i". sl1uuld nl!l' hypolhl'(ical h;llll'l ll ..•e hl';l\ ier

h;lls \\hl'l1 Ill' l'ol1lrol1h 1:lslcr pilchns'.1 01' cnurse I1P\' SillL"l'

:IS \\'l' IllL'111iollCd;t!)(l\'c Ihe hall"" n.'locily al"tL'r lhe hil is not

lhl' \l111~\'ariahk [o hl' tlplilllilL'd. hUI ¡¡Iso lhc ..;wing \'cloc-

il~. and 10[' (hal ¡l ...•prdLTahk a ..•Ii~hler hat. FOr1ullately. our
ploh ..•l1m\' 111;11lile uplil1llll1l bal ...•\\"eighl does nol v,lriale lo

11l11dlwilll lhe appro:lcl1ing hall's vclocity. and lhal rOl" hats
wilh ;11l1:l"'Sc1o..,l' (o lhl' oplilllUIIl tlIlC. lhc Ica\'ing halrs ve~

R('I', MI'\, rú. -l-t (5) (1')lIS1 529-531
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100:i1Yis nol much smallcr Ihan lhe lllaximum. These l~lCts
pcrmil liS cOllcludc l!lal any hatter wOllld ehoosc a ha! \vilh
a wei~hl equa! 10 Ihe oplimulll weight al 80 mph rOl" or ('ven
smaller rOl"Ilaving a gooJ chanee lo hil faSI halls, hUI no! lo
1Il1lch 111<11il wOllld he in Ihe parl wlle!"e lhe leaving hall's
\\.'loc;IY diminishcs rapidly as lhe hal bCCOl11CSslight\.'f. 01"
coursc, whal should Ilcver he done is lo cho()se a hat \vilh a

1. R.K. Ad;lir. Phys. li'l/lIY, (~fay 1995) 2(l. ¡¡nd rcfcrcllccs
II1l'rl'ín

1. A.v. Ifill./'mc. Roy. .)0('. /l126 (1938) 136.
.{. 1\1. S,Hl!i1J;\1l ami F Angulo-Brown, .1 Thl'OI: /l/o/. (Xl)

([997) .191.

weighl higgcr Ihal IlIc oplilllum sincc thcn holh lhe hatting
powcr and Ihe swing \-t.::!ocity would diminish.

Finally. \vc \\'ould lik\.' lo \.'Illphasi/e thal the analysis prc-
scnlcd in lhis \\'or\.. c(luld hclp wilh very simple cxpcriments
(l110Sl' Ilcccssary lúr 1illdill~ 1';,11;<:\, 111:,11;1:\, and nI. lo Ihe dc-
Icnnill;tlioll 01"lhc atk'qU<lIC hal rOl" c\'cry playcr \vilh not so
l11uch Iri~lIs_

.1. R.K. JoSCphSOll. t\/IIIIIl// Re\'. PltnlO/. 55 (199.1) 527.
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