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B A7 YYE A9 ExHol2 WE 3gHos BN Rux g £F suxe 2R
Az} Aol w3, EAEle 2R HE AEZA 7]& g FATE JRARE ATIEUE
3 EFo] Utk olF 3t ¥ I 59 FEZ APl AF gle A 5Y F, £ 10%0] T
A2 d7o gt} Age AUy dzzAM AAHRen, Al A& 0108 HEY &
€ TA A 2 FEE A8 HEAY. Fso]A9 WE Hdy) Ysld HmRES toe,
heel, 1)1 neckel Ztzt A& 001 vE o r}AE BEsigon, AG 456 H|T]27}wek60 Hz,
1/500 s) ¥ thE ]88t FAYE 71Z3ATh EHHc)2e S3YE 3AYH s BN FF
O3 22 ZES AUtk AA, 319 ¢ $AY JFE FE W 230 U HS
B 122 vff 22 Widhe] 2EAEL JF 6% oAtk B4, £UAEL Y] YR
o &9 gAYe] Wl 2L YA(EHWOIAS B2 AYE YHE) B £ o), 2RAEL
FHET &9 £30] =M S FA(EHHCIAE 9 AHE QUE) Btk AR, Y9
=9 QlAkg) v wlE AAFCEE 134 o, 9HE &AM vlE 12 otk YA, &
date] AHE Wake 2exte) £AME R HE A WA 2 o o)gzdxr} A 5
B 2Egds B3 29, 121 BY 189 HEFA oM 23 Yyehde 2ok alebA
Helo] SAYE Fo8A T 29 £AUN 1Y J¥E A A77} W= ook dtl.
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x| HE 2EZFAN B Ui JFE FE FAT T A 24v EHI=Y 29HE
(path)} JHE A] Egslo]2el $)x)(position)o|thMann, 1989). & HE 2EZIAE w57 9
dgAe 239 A9 W] HE H(line of putt)Z Aol 3, B HE A FYso)x
F AW e (normal vector)dd A HE Az} GAsfof strk Y Lolof ANl F¥ FHY
urgko] HE M3 YX8l7] Ag spF o] 29Axs HE A& met dFE o] F(straight
back and straight through) sjo} h}(Mann, 1989), 44| F¥olME HE My} HYPoz F W&
e HEY A4 fio HeAes} dojd4E 299EE YYE WS HYLE FEHNE O
A 2ok =3 He Y9 FAH(hubjo] HE deo FAMG AUX 1 FWY F FoE
$¢AA glon, HE &394 BAYCl FAH] A nAH e A= HEr} HE H& o
g $3Y $ g dolgn & & Ark wA2002)L sEASY} 2R HE AEZA EAH]
L)E Boto $58 FHEY 3$ HEY 29t JYE AF S HHo2 FEH 58 o
£ ALZ Hudqch B3] Eof olFd AN JTE FE JUE FHA(00167%)94 JHE
NE0R)e2e 2945 $4 98 4¢ HE A AY $HE olfe JeE, o
Ee £3Ye Bo] HE A& e ojFded Be =& Foh
B9l wkd] 93k FE 8 WA 2ie Yol Aol F¥uo]2d HAe 3
WEe Wakog 24T £ Jled, oty AL HEolE ¥ Az HFFAZo] 00006k b
AU, HEAst 0184ElWE ohfolr] Wi FEH ZHE WS ot ¥ F U
(Cochran & Stobbs, 1968). ¥ Palmer(1993)x= £-9] Wik J&& F= F 714 84 F €50
29 917} 0%E AR YA 10% & 29453 € IE2 YHE A FYool2Y A
7} kel e gL vl $ Adn FAEAG AF7HA] EHHolad olEAY AAE HBde
A8 EL FYPHo|AE Moz 7HH3la, HE A7 HZE offE Ao] /M uigAty NS
Gd AlA Budta it &, HE A so]2e] Mol sute] Ao glon, Hojxe o] Azt
S o|FAY olgdhe AdEE o83y FYuHol2y HAE HHele AHo|tHCochran & Stobbs,
1968; Hay, 1985; Mann, 1989; Heuler, 1995), °]&|& Wyel 718 & £AHL #oj2rt el opd
Mols], $%F9 WY}t 33¢o] obd 2xeM dojdtke Zolth. wepd FYHlol2d HAE
AagstA BAst] dSME HolAE HoE X, 3349 FA FFYE Fohle Ho] vy
2 & Aotk a8y AF7HA] HE 2ERAY AplM oldd e FiA ERE Aol gl
n, A2 AEHA gttt By B d7e JHE Al E3¥ol29 HE 3R AR £4
8 B gk w3 SEzkel 2EAT 3jold Hla, 43 2EAe] HE 2ERA V&S
AN F e N2ARE AFSedE 1 FHe] vk
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1. A4t

2 A7l 3@ty F UG TTAo| 59 ogolnl, Aol 3 ojie) 200 z=2
Q%8 59, 2EADEL TTAY) B gk 200 4 5wl UL BT oEsy
olgon, HYe WIT BT TP Y Aol AYATAA Ado] BY W& A
Aesgon, 4 Fod St TEENE YA BAO2RE Wy,

2. HEUE

oo

EE 492 SeAga AUl AX S SFHTAE AN A o]Fj AT Q2260 x 0.9 m)d]
A1F 0108 mo] & b AA TG FUS 4L DEAL AFo AHLE FHEE Fatol
o Hojx9 Zole 012 m Hof £ 00283 m 28| o2 UM FZES AFAHE BERE
(neck) 74A]& 008 m k. 2 FHolx WS A d}7] Hao toe, heel 22T neck ¥ 7z}
AE 001 m o wpAE HA3Ach 33449 HF & 47 98k F the] Panasonic AFS] AG456
HT 271w 2H60HZ) & o] 8315 om, o] o] ME 2¥=w 1/500%22 stgich 7ivete] Fole A
BAG Eolgh fAEHA StgEd ole £4 Al A=Y £AYE BHoh A olsisted] Be
EFo] gtk ¥ eAe sdUAREH BEog o, §Algo] 35 A4 HEg 3 o e
Aol MEE dhe BAS At o i YA E 3 mE YT ZRAEL WY 2EZ A
g el A Ue WAR AEAT AY Ao HEd A3 w&e Ao, Tl &R
EE FEY A5 A AEAE Huig F017) Y8 FAHYEL 03x03x1.0 me] V]2 A
Ak o (e, 200), Fhelet sjwel $XQo] A7 Hol=F sivla} A=E 2Wsgrh

3 AEEY & A2

F thel Fleetel =318 WE-& F2A7] st =319 elo]Zo el 5= 7](Horita SR-50)E. A]
12 71589 4L AR 33 A x(tral) FolA 71 o]dFelztn asE 138 A9}
A3 AL 48 B4 2339l Ariel Performance Analysis System(APAS)& ©] &3t}
77k} glo|ZoA ol 23491 HE G2 APASe)| FE DLT W& 5ol 34 2% geg o
ozen, AR EARHAM A2 £ e 245 glol7] H8M YUY B 6 Hzoll A AA8)
At AP & HYl WEo 2o 015 S xF 0, wHa) waky A3l o]F S yZ 18n
Azl Wk AFE o]F& 2202 9t §2YY 71E W (reference plane) e x& 7 yZo] gtz
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€ HE A dW(sagittal plane, xy H)C.Z, y&3} zFo] W= WL A5 (frontal plane, yz H) 0.2
211 x53 z30] e WS AW (transverse plane, xz B) 0. 2 3le] Ho)x9] Wile] BAZ B
Ak HE 23X FAHYL Hol2g) FE E(toe and heel)d| A A& A7 AF Ghx y, )&
olg3le] HREFOZ ALIA} EMAHE o=@ 2(address), ¥ $3 (transition), ¢} E (impact), 3)
L]/\](ﬁmsh) T A Fstel BHSGTHHR, 2000). YHE AH L S 71E0R so] o
E7} dojd Al oM HE 52 Y(frame) =, YHE A 0.083524 YWE & 0083527A o]t} &
Huee 2 % Az e 34, 290 B o Sol7ke AKinput angle)sh 99
E Fo Y& Fate w2 output angle) 2 HEH T S{UA] Aol HAGAA Y 4EF 78}
Ron, oAl T (0.0835) AFAM HAY7AY 4, 220 JUE AN Zdrg 7agT).
A, #loj28] AE olmd 2 JHYE AFT Aratolg FEPon, HA AN Ade A
Ho2 AEsith BE WY B BEUAE FatAon, MY vl(ratio)E 734}

.

4743} ¥ &9

1. 29E A%9 A2t & ghALZ}

Table 1. Input and cutput angle of sweet spot (unit: degree)
total total 0.0835s 0.0835s 0.0167s 0.0167s

subjects input output before after before after
angles angles impact impact impact impact

expert 1 2.341 14.628 0.963 3.448 up 0.633 up 1.267

expert 2 4840 11.389 2.067 3.592 up 1.935 up 2.262

expert 3 349 15.029 3.541 4.845 down 1254 up 1.219

expert 4 3.301 12.927 1.853 4.785 up 0.604 up 1.280

expert 5 3434 13.487 1.880 4.492 up 0437 up 1.068

mean 3.482 13.492 2.061 4.172

SD 0.892 1.449 0.932 0.615

ratio 1 : 39 1 : 2.0

novice 1 3.309 8.026 1.202 2.505 down 1111  down 0.643

novice 2 6.800 15.908 3172 4.436 up 0.998 up 1.673

novice 3 6.572 19.699 3.742 7.326 up 1.305 up 2.542

novice 4 3.036 12.199 1123 4.913 up 0.701 up 1.356

novice 5 3.633 15.862 2.354 3.497 down 0.992 flat 0.000

mean 4.670 14.339 2.319 4.535

5D 1.854 4.414 1.165 1.813

ratio 1 : 31 1 : 20
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<E 1> 299 A9E 2Fo] 28 Yalof Bolste Zwst QUE Fo) UM 9H2 e
AEE Ued Aolth AAALE 2 W AR} 2RA ok YAz dlze) Fe Roz U
ik 3, 4EA] 298 AEs} Svsd 2ol HAEE A F Aoz AR, wH 2y
Aee 299 AT BTy Fool B2 B2 4 £ UL 02 AR¥ AT wAe v

Wi H =@t 2E 2 R dhalzte] AUjAoz & FoE YEint. AA FYY HLq
E 8271 QAT whabzto] 1390)0, 2B ale]l ALdE 1310)%th A9 HALe Ao
APHEA AHEL A ZQd ATl it watze A A9Rnh 2 njgo] Aws)

Astslo] A} 2HA T3] YA WiAlzbo] 128 YEPdTh 299 Zr|dE W= F
BAE B85 Fato ASdsht AHE Eo o]2W 1 FAPL getsjAE Aoz R YYE 3
At A9 FeAE 4 Fole Yot AT WALZ o] of 129 HIE YEh, YHE Fd
Ne EYd=7 398 Blg2 $Hole AR AlgEch W 299 AP PPAin I3t
9 Ao g Byov, BEEe A JHE w2 FAH(0.0167s)9] HAH olz2w, 1 Foe Y3
=7 Y2 SEhe AEE RARUY F £ 9Ee 2Dl A2 gE1UA B3 42
(ascending blow)dl= Zo|tf, 2HAEE £& AFS HQ Re dg9 AR s7Hge Hy
2EZA7} Ztasle AAEEY 54 i Aoz Algdh

2. o= A9 AHE A[FHZt| Ho|AL| ZtT X}O|

Table 2. Clubface angles between address and impact with the three different planes unit: degree

subjects xy plane yz plane xz plane
expert 1 0.1 0.2 12
expert 2 1.0 04 -0.7
expert 3 21 0.3 -1.3
expert 4 21 -0.2 1.1
expert 5 0 3.9 -5.0
mean 1.06 1.00 1.86
sD 1.03 1.62 1.77
novicel 17.3 -9.9 15.6
novice2 27 -3.7 5.8
novice3 21 51 48
novice4 51 -5.7 5.0
novice5 6.7 7.6 39
mean 6.78 6.40 7.02
sD 6.17 241 484
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<E 2= ozglast dUERY ZYHol2e AERolE YR Foltk xy HelA ZH o]
29 Z% Fole £EAY} HWFE 1065 A vlale] 2RAE P 67B=RE, 53 2HA 1
We 17352 Aws Be Z2E0E Byt xy We 2 Fguclad AZEFH)A HE 3
Ao Uehdth T8 F 9 W $ES wAstn xy Hogy B 2ERI IPE 2HAY &
dzle) BH HE ARG o|gds ZEs) e 2 Aoz ARHY yz WA FYwH o
e & BE L0EE Wt 2RAE 6459 AoE eyt yz B9 Fede
HE A Wgoz HuE 98e stk yz HolMu Bo] YHE dohW 2EAL] 2L S¥
Aol BRo ¢ ©e olgg HY R0z AREth xz Wel ASdE B FAUTE YA 9
e =0} <E 2o oFW £UA 2 3, 5We £o £7Yo] FYHolanT M2 FHolE B
Az #Holxe st AN Z) v, £dA 1, 487 vEU AP FYolavt &9 23
quTh MEA+Z) YEth 2% 82 1, 493 B&UAEe] 2ERA ¥ B ¥4 2 35
W Bo Hl&A 92 HOE & E HEo] & AoE AEEY oHY EAE <& PH F
st wE Y=o Weko] 9z FaHA FHsHo|27 FAWAGR) HEER YUE ¥ 2&
sdoE Eol 08 4 k. ARHOE Ihe W W FHAY, U FYHo| 2} U=
= 2w e xR 2Yso|art nEE FHHHY $IRo ojghwst e, o
Ho Mg Eo W 9A ojgd Axrt g JOE ARHL:

de I o
Lot g g
1o

g &
r

v. 2

rfu
W

2 A

B dps £dAS} 2RANY WE 2EZ3 EAL vnsty] w@A 2dg AASLA A
S5tk Agle] @ NP @)L 59, 2EA7} 58 F F 105030k EgFo2Y &
e 3x}gHoE BAF Ay e e AEL Itk AM, FYY HF FHY 9%
ze o $290] A A$ BE 1EZ ¢ Fe wHd XRAEL FT 6E oFoIAT
24, AASL 2YY $AYRT &9} $AYo] Wty 2L WA(FYso|2E B YHE ¢
dE) 3y 4 9oy, 2RAEL FYnt &9 $3Y0] =24 8¢ BA(FHANLE d2 ¥
ga JHE) Hdg A, Y Ale v E vlE AAHozE 134 oY, YHE Eof
Aol vl 12 Aolch WA, el FAWE ke 2l FUE YgRo HE W PF
A B o ogzwrt A My AERIE 23 29 12z B3 29 HIFH gPA 2n
7} e 2Rt maty HEY AU 208AT B 23UH 239 4% A A7
7} ¥ sjolof gt}
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ABSTRACT

Comparisons of Putting Stroke Characteristics
between Expert and Novice Golfers(II)

Jin Park’ - Young-Sup Lee” - Byoung-Hwa Ahn™

The purpose of this study was to examine the putter head movement during the putting
strokes. Highly skilled 5 golfers(less than 3 handicaps) and 5 novice golfers(having no golf
experience) participated in this study. A target distance was 3 m. Movements of the putter head
were recorded at 60 Hz with two video cameras(1/500 shutter speed). The results showed that
the angle of the clubface of expert golfers was almost 1 degree, but the novice golfers were
more than 6 degrees. Expert golfers moved their hands faster than the head movement, therefore
the clubface was not opened during impact. However, the novice golfers moved their hands
slower than the head movement, therefore the clubface was opened during impact. The ratio of
input and output angles of total movement was 1:34, however, the ratio of input and output
angles of impact zone was 1:2. The angle of normal vector of expert golfers was less than the

angle of normal vector of novice golfers.

key words : putting stroke, putter face, normal vector, input angle, output angle
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