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A Comparison of Throwing Motion
between Skilled and Unskilled Player in Water Polo

Masaru KAGA, Kazutoshi KOBAYASHI and Atsunori MATSUI

The purpose of this study was to compare throwig motion between skilled and unskilled
player in water polo, using two VTR cameras: one bellow the surface and the other above. The

results obtained were summerized as follows:

1) The skilled player, when he threw the ball, moved his body upward by flexing and expanding
his legs, and then lean his body, with twisting of trunk.

2) The holizontal velocity of each body segment was calculated. In skilled player, the horizontal
velocity of hand increased followed by elbow and shoulder, in order to have the preparative

~action for twisting trunk.

3) Usig equation of motion, the force generated by legs action during throwing movement was
estimated. The skilled player showed larger force than unskilled player, which seemed to be
useful for lift up body, twisting body and swinging the arm movement.
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Fig.1 Arrangement of two video cameras.
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Fig.2 Stick figure of throwing motion in each
0.1sec (skilled and unskilled) .
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Fig.3 Change of horizontal velocity of top of
finger wrist, elbow and shoulder joint in
throwing arm (skilled and unskilled) .
(1)—(5) shows each of motions in Fig. 2 .
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Fig.4 Change of horizontal velocity of top of
finger and wrist, elbow and shoulder
joint in throwing arm (unskilled) .
(1)—(5) shows each of motions in Fig. 2 .
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Fig.5 Change of C.G. location (skilled and
unskilled) . .
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Fig.6 Estimated force by legs action (skilled
and unskilled) .
(1)—(5) shows each of motions in Fig. 2 .

B EBBARD BTV EEZ 6ND,

oD Eds, BEETEHICE 2BV
PRGSO EET S 2ED, BEOUVRDR
BOIRD , BINAABER &, KERR—-NVAE—
FeEL-HOOEETEFETRICLTNS ¥
A (S

4. % &

KERD T = » ¥ a— N OREREWER, BuEE
LRBEEZ TN 1R DOWT, KEB X UK
EFED2 O EFA/BET 2 2 L 1T X DI

WEF L7z,
ZDFREBUTIRT,

1. MEFAEG»BONIERET -5 2&
By szricky, HERIEOAT 4 v 7
o F v — %8Bk, TORBR, PAHE TRIRKD
B, HOB| S OFREMoBALIZEY BhE LF
SN SENAAEEEB IR L bic, B
OV 2Z T,

2. BERMOKEREZEH Lz, BET
i, FHORENEFTREL LD, ThZELT,
I BOBEEBRKEL Bo>TW, Ihik, BiF
DUV EWERAVE DD T, £Ezoh
72

3. EEAHER»S, HOBS WL > TEER
AKipoZFaHEERLEL I3, BERETIER
BEE IR TARE L, »oRREMb RV, Z
DHE, BEBCEER2 LR SE, ThicdoT
BEO VR REOIRED 2/AOERELBIRD
TERWRRCT A EEZ NI,

T+ &

B X D &ET2NDHEEICDONT

K CHATE 1A IR S R R T B BRI R
@< (my) &, ¥H (Fb), ESH (mg) &,
TRHOBE LD ET LR S BENZIT LN
(F)»Ez ond, FHEEESERLLKOE
BB L WO TKDEESZ L LT, ZORZM
b3EH (Fb) &,

Fb:WX%—X ( 1 —K') ..................... (1)
rLTERDBND, L, I I TWIRHAEE, S
BEOE, K3HE 8| - ALEofERLoM%z
HoblLTnd, LrLESN (Fb) & SESHR
LTW2KOEETHBEDT, FEOLTEK
o TR L2 ET 2 BHERTE, Ny 7 A4
VR TRZIZ, H B ARk ECHY,
Mo BAEREMAIEATIIEBLTWS DL L,
7 4 —LOEES BRO ETEC IV REE
R L T 2 kO ER (FY) BRI 5 &
25k, '

Fb' (1) =W x—é—x KI(£) roevreemeennesnnesnennes @)
&0,
Fb(t) =Fh—Fb (£) «-eeevererersesuesnsnnueneees (3)

rid, 12720, KRR EEROERELOMT
Hb, ZOBEHOBLEBLOBREFAOMEE
(y) »o, BHFCEIRE,

my=Fb (£) FFL(t) —mg eeeeeerermenmemmmrreess (4)
%7z, W k37,
F1(t) =my+mg—Fb(t) (5)

OBEFEE B THEHEIC LY RO, RBEE
HEIONGEE X, EEb S>ROLELBHRES
MEET -2 (y) s, 5 EBE 2 REUE T
BRI D MAEERTY, R—VFEENLE
BE TOMEEERED L,

—fl e LT, EETOkgDH (RO RLBHHE)
PDEEOHLEFAOBE L, B ALE



R EARLIcHLU TEEEZRIET 2 L LIZEEI
i, A3 eRM@ &Y

o=wxé«(1—Kw+mmg
L7, S=0.985, K'=0.148 X UW=mgTh 5
DT,

F1=8.88

L, #8.9kegd I THB LEHTE S, Th
W, REBRIZBIT RNy « A4 VIR THOE
BLELCTHY, HICEB2HDOKRE S HIZIFHER
THBONELRALUTH 5,

AKEFFE T, KFEARDTIERD P o7,

& £ x W
1) B.Benedek, M.H.Villars : MERAR, ERD
WE—EEB X UEWE I VR & oY,
HEENE, 1973
2) ‘Hamming, R.H., B, SHFHR: 74
FNT 4V F, BEEEN HATAE, ppl09—111, 1980

10)

11)

12)

13)

— 245 —

AN D WhOREE, REAFLRS, 1984
IE—E, FHET FEEREIERT vy -
& 2V, BABEFERES, 34, 362, 1983
MHBE, 24 ABEROR—AANY Y 72
B B IR, FAESIEREELRX
MAFEFE, 24 bR ERBIT 2 TRONE
CHWNFEED A = X LCET AR, BREAET
FWEE1LS, pph9-62, 1984

TG BB BEOEL, KE O RIFH, 1958
B, V—B BRSTC X 2ES ORE,
Jap, J, Sports, Sci, Vol. 3, No, 9,
pp666-674,1984

KBS BEEMNTOFA & DEECBTHEE .
Jap, J, Sports, Sci, Vol. 2, No, 3,
ppl82—199, 1983

FREIFSE, i34 | RimEEEAOERSHT—1&%
FoBE—, BEFEEFFES, 341386, 1983
ERRIFSE, i34 | BEED HEIAERE—K
HKOBE—, BREEESKRES, 33 444, 1982
GRS © AERICB T B BIEEE, Jap, T,
Sporst, Sci, Vol, 2, No. 9, pp518—526, 1984
W.Bravhe, O.Fischer . On the Center of
Gravity of the Human Body, Springer-verlag

Berlin Heidelberg, 1985



