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Relationship between swimming power and maximal anaerobic power in male
collegiate swimmers using a bicycle ergometer

Seigo Mori"”, Masami Hirano® and Shoichiro Taba®

Abstract

The purpose of this study was to clarify the relationship between swimming velocity and anaerobic power, swimming power
and anaerobic power in male collegiate swimmers as assessed with a bicycle ergometer. The subjects were 10 male college
competitive swimmers, who performed a maximal swimming power (MSP) test, a maximal anaerobic power (MAnP) test, and
the Wingate anaerobic power (WAnP) test.

The MSP test used a towing apparatus. Each subject swam with whole crawl strokes (SWIM) and leg kicks (KICK) at
maximum effort. Towing velocity was in the range of 0.1~1.8 m/s (SWIM) and 0.1~1.2 m/s (KICK). The MAnP test and the
WAnNP test were measured with a cycle ergometer. The MAnP test consisted of 10 seconds of maximum pedaling using six dif-
ferent loads in a random order while the WAnP test was consisted of 30 seconds of maximum pedaling with a test load equivalent
to 7.5% of body weight.

The results were as follows: 1) There was no significant correlation between MSP_. - and pedaling power (MAnP, WAnP);

2) In the KICK, there was a significant correlation between maximal swimming velocity and MAnP (r=-0.802, p<0.01). These

SWIM

results indicate that for male collegiate swimmers, anaerobic power in pedaling is not an important factor for improving swim-

ming speed and swimming power.

Key words: swimming power, swimming velocity, pedaling power, maximal anaerobic power
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7ZRECTH v 7 HIEOARTHMEZ T2 > 72

FoIk & FEii$ LA, BELMKT025m 41k % K
M2y — X DAThRo72. TRETOETZE (FiTH,
2014 5 #iTA, 20155 FRHIZA, 2002) I2BWT, &
KUK EE1X25m 9Kk D A & — b e OV T — VAL % B
W7210m [ O PR B (AR IKIEOTKEEE) 525
HHLTWA., ARIFZETIE, 20m MSICRBE LT Y%
VET A A7 (SONY t#1#, HDR-CX270V) % H\W T
AZ — b RO T— VAT & B & i b R IR EE & MR T
XHEEZS5NH15m ~25m HN & B L, GEEREEE
Wi O FR e 2 B L7z, C R E SHBRE O
e Kk #EE (Maximal Swimming Velocity, LLF [MSV ]
LWsY) LEFL B, AL AIKBUITLMSV %
MSVgine v 7 128135 MSV %2 MSVix & FNENE



A& OPE - WY P RFBGETICB T 08T — & BIRHAR YY) U TR FELE ST — D BIR

FL

B 3Pk PE LG, TREPE & k8T — DR Z IR
L7z. ADS % T S -l & iR o BIRRIE— %k
ATETIENTE, HEPEUOROENZRAFET
73 (Maximal Towing Force, LLF [MTF] &Ws§) &5E
FL T3 EHEEORTHY, JkotT— L
FEOBRIE KRG TE T L3 T& 5 (FAHIZ
A, 2002). @ R O KAE & i Kk oS T —
(Maximal Swimming Power, LLI'F [MSP| &Ws3) & L,
MSP F DK HEZE Vyep & L7, TR AIZBIT S
MSP % MSPgyn, v 712817 % MSP % MSPxcx & &
NEhERL. &b, KWERHEO MSP 2 KE TR L
72fii% MSP/BM & L 7.

25m 15m
: O
/%ﬁ%”‘/ |.
_.I Active Drag System
Swim direction
2= |
(= - -

*

Remote Controller

=

Personal Computer

ﬁ)igital video camera

Figure 1 Schematic side view of system to swim-
ming power ADS used in this study
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Figure 2 Experimental protocol of swimming power
measurement
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FRY VAR E DRI 25 B ORE, 3AMHDOEDA
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WL ST —OBERD S 5 s kAR R oKl &
L, MAnP KD E R F IV REEHIZ AN & R8IV
B OB 515 67— KGRI MAnP O~ 5L
AMZRATHZ ETHE L.

WAnP 7 2 t & POWERMAX-V T2 A STV 51
W77 AR HWTELZ. XYV ORAN R EIIHE
B ORENTS% L L, I0BE Ll TcRyY) v 7
g, FST— (DUF [MPyypl EBET) RUE—
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Table 1 Test schedule

Dayl Day2 Day3 Day4
Group A WAnP MSPgym MSPy ek MAnP
Group B MAnP MSPyicx MSPgyim WAnP

WAnRP: wingate anaerobic power test

MAnP: maximal anaerobic power test

MSPgyy: maximal swimming power test in whole crawl strokes
MSPy;cx: maximal swimming power test in crawl leg kicks

10s Load®
10s Load®
10s Load®
10s Load@®
10s Load®
10s  Load®

Warm up

Rest Rest Rest Rest Rest
120sec 120sec 300sec 120sec 120sec

Normal program (LoadD~®) Manual setting (Load®~®)

Figure 4 Experimental protocol of MAnP
measurement
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3) #rature

AWFFRIZBW TR LONME T — 7 1E, & TP =
PR (Mean+S.D) T/R L7z, &5AT I H o BIR
PEIZOWTRET Y Y OMBGH 2 HWTHRE 217 % -
72, B, AEAKEZVTNID p<0.05& L7z,

3. # X

1) RAM L, Y IDFKRERVK/NT—ICDWNT

FK2ICADS EHWTHMELZAL AR F vy 7 Ol
EAE R E R L7, A%BREoVEEE, £ToHH
(MSV, MSP, Vys, MSP/BM) IZBWTA AL AR F v
75D EniizR L7

SICAALLEFXy 7 IZB T BKEEDOMERERL
72. MSVgym & MSViex D B3 A 72 M B IR IZFE0
Sahol. MEIZAL LEFy ZIZBITBikNT —
DB ER L. MSPgy & MSPyx DRICIZHE L H
OMBEEZR (r=-0.710, p<0.05) A EHD SNz, K7 K%
OV 8 IZIKEEPE & 3k 8T — DR Z R L7z, Z OfEE,
MSVgymi & MSPgyng,. MSViex & MSPycx @ R 134 B 7
HEBERIEIBEOON L2 o720 DD, MSVi &
MSPycx 121 1E O A B 7 A3 52 & 72 (r=0.599,
p=0.086).

2) BEREEEHICH T IEEBRFRE/NT—

£ 2 \CHEEHEEC B 2 EEEN T — ek R %
RLUZ. KERERFEN /ST —1d MAnP 7 2 s O E
(874.07+95.85W) #%, WAnP & A h @ F ¥ X 7 —
(MPyjpp, 642.00+61.03W) S TNE — 27 7877 —  (PPyp,
800.30+89.46W) OFHEL D dEWEE R L. F72,
RYY ¥ ZEEORERTIE WANP 7 2 M2BITAE—2

Table 2 Results of swimming power measurement
and pedaling power measurement (n=10)

(Mean = S.D)
MSV (m/s)  1.81 % 0.04
Swim MSP (W) 107.31 = 29.48
Vs (m/s)  0.95+ 0.04
Swimming MSP/BM  (W/kg) 153 + 0.44
MSV (m/s)  1.32+0.09
Kick MSP (W) 33.19 + 7.18
Vusp (m/s) 0.70 = 0.04
MSP/BM  (W/kg)  0.47 +0.12
MAnP (W) 874.07 = 95.85
MAnP Test MAnP/BM  (W/kg)  12.34 = 0.91
PRyanp (rpm) 124.94 + 5.76
Pedaling MPypp (W)  642.00 = 61.03
PPyyp (W) 800.30 = 89.46
WAnPTest  pp  UBM (W/kg) 1129 + 0.70
PPRya.p (rpm) 154.30 = 9.57

MSV: maximal swimming velocity, MSP: maximal swimming power,
MTF: maximal towing force, PR: pedaling rate, MP: mean power, PP:
peak power, PPR: peak pedaling rate
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LR D B Z RSN,

7RO BIZAA L RFR Y 7128 5 kR & ik
N —OBRE IR L7z, RIFRICZBT 5% O R,
MSVgumi & MSPgyng, MSViex & MSPycx @ R 1345 B 7
MBI RAFRIZFRD DN h o7z, —TH, MSViek & MSPyick
OMICITIEDHE G AR O 5 7z (r=0.599,
p=0.086). HATHFFRIZB VT, A4 LEEOIKEREIZ A A
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LREDIRST — E BRI H B Z EAHE SN T
W5 (Costill et al., 1983, 1986; #1T A, 2015; FHF & 1T H
1995; Sharp et al., 1982; Shionoya et al., 1999) 2%, Aff3E
FERTIFARROFRIGEON o7 RIFFEIZBIT S
AT T O — VK THEM L T 275, BEREIZIE Y
O— VYA EEMETLZREFLEINTEY, AEHET
%o T UKEIELAN OB TR 2T R o 727200 2 D
XY RMRPBONTEHEIND. L L, MSVi
& MSPycx D BIFRVEICIEOMBIEIN 233D b7z Z & i
AA DB B KL L kST — OBIRYEIIEE A
5 LTwbd0D, Fv7i Eﬂﬁbﬁb%fﬁﬁﬁ
ﬁ%NV WA G ZTWwRLEZLNL. ZTOF Y
(2B Bk EE & kST — DBIFRIZ DO W TR SEATIE
WlEEAERLNR VIS, ShE LN RITERE L
TR D 9 5.

2) KNT—EBEEESHFORAEEFE/NT—ICD

WT

REFFENC BT B RE) v FRHERE M ST — ORI
& MAnP 7 2 b J2U°WAnP 7 A b % w72, MAnP 7 A
MW THIARZA (1987) 134 HAEFHECILHT 5
KREFNZBML7REBRD @ B Kk 4 7 AR — v FiH — i #F
ZZRIZL/MARP 2l L TE D, TOWRICEITS
Kik#ETF O MAnP OF¥fEi1X871W (n=27), MAnP/BM
DEIMEIZ12.TW/kg Th o> 72 EHE LT A, ARHF2E
T ¥ MAnP %%874.07+95.85W, MAnP/BM #%%12.34+
0.91W/kg TH 1, Hikfi3z> (1987) OWfze L EM L 72fE
ZRLTCW F/72, WAnP 7 2 M IZDOWTHIET 0
(2012) OB ERTENGRE LTITbRIETHESR
72 WAnP & Z b+ O PPyp 13895+103W, MPyy.p (&
709+63W TH o 72 E i LTwb. AWFZEI2H1T 58
Bt O3 (PPya,p800.30+89.46W, MPyy,p 642.00+
61.03W) (X755 (2012) OWIZERER LD bR KA Z R
LCTw.

BHREA (2011) &, Va7 — MEikETZ
X RAZIKIKIRG D Pk 78T — J Ok BE & i BB B IEF 0
MAnP J: 0" MAnP/BM & O B#RIEIZOWT, BFTIdAH
H B BAR LD SN o 724, Tl MAnP &
KX — R OGN B W TH B 2B BRI 5
M, MAnP/BM & ORICIZHBIBRIZERD SN Twawn
EHE L TWAD, KBFE TOWERE 3 RFAA T ik
FEMRIATR o 7278, WA EH (2011) OV 2=7T
I - FRFEEKBT 2SR L LR L FARIC
M&ﬁkM&@M&UM$@M®W VA B R AR B B AR

FEHLNTE ST, MANP & MSViex PRICHE A
DOABARDSTRD Sz (r=-0.802). 7 10— )LikllB
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72O DB 7 EXEEERIZTL TR EEZON, B
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MAnP/BM (34 IR > 4 J) 3B 12 B\ CTHRHEE S B B
W7 —DIRETH D, Ha BBl W TS
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WO MENL D L (PAII A, 1987 0 B E A
1992 ; HEEFAH 13 2, 1992 5 I Ay, 1992 : Meckel et
al., 1995; Gardner et al., 2007). L2*L, AWf7ECTix MAnP
/BM & k8T — O RICH B R IEOMBIBRIZED Hh
T, MSPgk ICBWTHELZAOMHBELR (1=-0.742,
p<0.05) 253D BNz, TIUTBEKE WV ) B O L,
BE L CTIT9 B E W E R4 D, KO &) FEBR R BT
T TW5E 2 Lh SIPTCHEAER) R 7 Ehk 4 % B A
BERLTBY, X&) 2787 =hKikh o7 — 5t
WCEHEMICIERVEEZ RIFL TRV E 2R LT
W5,

Be LHBEEEIC B 2 PEME L REROY v 713
MAnP & &S WHIBIBMRICH D Ol A, 1992), HiZH
S B T MAnP & MAnP J4ilE 0 2 5 > 2 [l 1
R ST + = Y AICEMT AIRETH L DD
Mo TW5D, BIKOWKBEITA ba—2 5424 (1AL
O— 27 BT BHE) LA -2 (12Ata—2T
MR (CTIESNS. BikO 7 B— VK TIEA b
U—7 24 5%8< L, 17EHLYDA -7 HE
EEDDI2OIIEF Y 7 ORE R LT 2 BEND B 72
B, 4 %1& MAnP O A 7% 53 MAnP 550 7 7 > 7 ]
ke 7 0 — VKD X v 7 O BRIEICOWT R
AT EUENDHLEEZLND.

T/, RWFRICBUT HREY) v F RN ST —
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L L, AREFZEREETIE, MPyap & PPy (& MSVeyn,
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BHEE & ORISR kST — R N LS5 2 L DS OH
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Aspects of training competitiveness and character building
in school sports clubs and local extracurricular sports clubs:
Based on qualitative reviews of conversation
data obtained from four junior high school age soccer coaches

Hiroki Tsuiki

Abstract

This study aimed to obtain an understanding of the various aspects and realities involved in teaching competitiveness and
character building in school and local extracurricular sports clubs. Four leaders of junior high school and local soccer clubs were
interviewed, and the resulting conversational data was analyzed to generate the following five concepts:

1. cultivation of a sense of morality, attitude towards life, and sociability,

2. learning soccer skills through character refinement

3. promotion of active attitudes among the players

4. prejudice against local sports clubs in school clubs (or among teachers), and

5. prejudice against school teams in local clubs (or among coaches).

The five concepts generated above led to the creation of a category labeled “conflict concerning coexistence (building
organic relationships)” with which both school clubs and extracurricular sports clubs grapple. The following results were found
in the process of generating this category from the concepts.

1) According to their leaders, local sports and school clubs both possess an educational philosophy (concepts 1, 2).

2) Leaders value an active attitude among their players. (concept 3)

3) Though leaders of both club types esteemed cultivation of active attitudes in their players, this attitude towards players

was particularly recognized by school sports activities leaders towards local club members.

4) However, school sports club leaders especially found a lack of cooperativeness and sociability among local club members.

5) In contrast, local club leaders recognized concept 1 as playing a primary role in club management in school clubs.

6) The different values regarding sportsmanship and education philosophy held by leaders of both club types create a mutual

“recognition of weaknesses” exemplified by concepts 4 and 5.

Key words: conflict concerning coexistence, cooperation and cooperative relationships, player (student) judges as leader’s

educational philosophy, fragile recognition

Faculty of Social Welfare, Kumamoto Gakuen University,2-5-1 Oe, Chuo-ku Kumamoto 862-8680
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LEV DIEERRPE RS DE RN DDH B, HFIT,
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REBEE EHICFED LDy =2 T VLA T5Y
ELTEELDDDD.

DOETIE, 1990FEROBETIHIRAR—Y 75 T %
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FoT, MIAREEE L-3FSFE R T TF— 20
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Yo hh—DF— 2B EFEHBRHERDL L, FRIEHFO
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WMPLTWBDIIHLT, 75 7F—2 (U-15H%44E
f£) 1ZBWTIE, F— 280 H130F— &, BFLEFHD
W1HAMIML T,

FEiRo X Hg, pEAEROY Y I—IZBWVWTIE, A
W57 97 F—LORMEFNTHZ LD TEL. F
72, WIRICBI B T T7F—2 0% L, HM LY
TEBET S ETHEZRESE, Fv X, Va7,
VaoT7a—RblzoT—EiREERITV, oy h—D
H - AR & A VRIFRICO LD EH K, HEEIT
9 Z & CHBkAARE MR, BRI AN ALND. —
Ji, FEGEEIRE, FREFO—RE L TES LN
BB L AR R B 2 E 0 B LIRS, AR—
U TEPL AMEEBT OGS & LTRE RAam5HE
HfE SN0 b, BMBEEARREMHEE o fH
W, M OB X AIHES, o, kA
HAZRI) £ <3 FIERWEPBALL TE (RE,
2008 ; =K, 2010 ; i, 2011a. b #i7F, 2015 ; 7EEF,
2016 ; HHI, 2017).

DM DAR—VBISICBWT, SFSFRHELA
2B RAEEN % 5 VIR EF LT 7 7F— 20O
EHRIFICANTMEIZZ S AN EVWE DD, K&
HLT, 22008BICLDETIEENTHICES
Thbb, 12HELTIE, SEESRIHZ 28
MR RIS LT, RO AR — 7 &F (MRl
BT 527 77, ®WEHE) OWHHBLOZ0HE
MG A BERT AR TH L (I, 19955 KA - RH,
2001 ; wAS - ESAE, 2006 ; AR - HEA, 2008 5 K (F
A, 2007 : EHE, 2010 k%Y, 2015). &9 1 DOHLA
1, FEGEEIERE 2 5 T F — A OB ER L Z9 Lz
BTS2 B2 AT ICE o 72 AR, 1I2onT
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SRLIWIEE 259 (BH, 1988 5 #8, 2015). %%
ThH, HH (1988) I, 7RIS LTE&TL A ¥ —
(GEF) ZHRELT, (RHMT=R) 79 7HLOET
LAESERIE L ORTMICE LA & & b SRR
DR DB L O ORI IZ OV TG L7z, 2ER
AR SME T % 0 QA AR A 2 F2ft L 72 5% 7812
BT, [V 78FL ORTOEEL A M I3MH
ThLHMEAPRNAZ L], [T = A ITHYTER
HE LT, “PRESHTESL” OBRBESTH—-A—AOE
NIZEBEDEHRT AL KT, “VI97EL ITBWVWT
X, BOBHEOH LT A HN &, 25121,
[“Z7 9 7EL" OBFIZBWTIIBUIE DR EB G E)
ANOAHEF RN Z & | &, W D DA R
OEBEZWSICLTWS, T2, BE (2015 13,
7 A — MEEOYE LT O¥RBGERH & K AR -
79 7% FHEEEBNERL, DT ORBE IR
T2, $Thbb, REAR—Y 25 7I2BWTIL, [Hif
N1 %SACEAR L U7 g AR A 1R fT S
ZOIEMEDOHENIH SN TE T L, —J, FHED)
BIZBWTIE, FLEIEESCHANBE O EZ L v o 7z,
Wb, A\H#BLEEZ2EEZDD, TOIEHKEZ#IL
LCEFEIHET LI EWHE L. 209 2T,
W BWTIE, € ORERMRERE, 25121, SH%
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BIZ) MiF6NnTE, @l Twa, kak L7z, HUH
(1988) 7 5 NIHR)Z (2015) DFEGEBNEZ: H N7 I
TF— LW KO RRIL, &2 RS S AIR
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A7 - R II Lo L L7, AR BRHEEICB VT
&, BREE AT EE RS,

L L7k %, BH (1988) 74 b ITKE (2015)
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TER]I=R7 7BV TIE, 7T TRE KD —
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[ABIEE ] 250 < Balk L7298 () 25 S
IHAELTVLRREEHL2IZL TS, FLTE T,
FOX)RMEN—r 57 F -2k B [ABEE] o)
i, LA, FRETLDIBETHLILIFR
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ORE, FRE BT EEEAL TN LY. T
bbb, [BH] %5 LEAREZ Kuife & L, #lik, #%
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L 7 5 7F— 2RO (FREBEE) 28R 5
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WHBIZBWTIE, WO DEFEEME2REBRL-2 L
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Relationship Between Momentum of Athlete-Shot System and
Release Velocity in Rotational Shot Put Technique

Tadahiko KatoD, Yoshihisa Urita2), Hirofumi Kintaka” and Akira Maeda®

Abstract

The present study investigated the relationship between momentum of athlete-shot system (System) and release velocity
of shot in rotational shot put technique. Eight male shot putters participated in this study. All participants were right-handed
athlete. Each participant performed six times of throwing at maximum effort, and one of which was selected for analysis. Each
trial was assessed with an optical three-dimensional motion capture system. The motion of rotational shot put technique was
defined as the turn phase and the delivery phase, based on feet touch-down and takeoff. The release velocity of shot and momen-
tum of System was calculated, and correlation coefficients among variables at defined events were also calculated. As a result,
total linear momentum of System was correlated with release velocity at left foot takeoff (L-off), right foot touch-down (R-on)
and release of shot (Rel). In addition, the angular momentum of System in relation to horizontal axis was correlated with release
velocity at initiation of motion, right foot takeoff (R-off), L-off, R-on, left foot touch-down (L-on) and Rel. Furthermore, the
angular momentum of System in relation to vertical axis was correlated with release velocity at R-off, L-off, R-on, L-on and Rel.
The results suggest that: (1) during the turn phase, creating larger amount of total linear momentum, the angular momentum in
relation to horizontal axis towards positive direction and the angular momentum in relation to vertical axis until R-on, (2) during
the delivery phase, enhancing the linear momentum vertically, the angular momentum in relation to horizontal axis toward nega-
tive direction and the angular momentum in relation to vertical axis, are important factors for better performance in rotational

shot put technique.

Key words: three-dimensional motion analysis, linear momentum, angular momentum
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Fig. 1 Defined motion phases of rotational shot put technique.
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Fig. 2 Hypothetical relationships and factors about performance of rotational shot put technique.
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Table 1 Personal data of participants (n =8).

Mean = S.D. Max. Min.
Height [m] 1.76 = 0.05 1.83 1.67
Body mass [kg] 94.50 = 9.37 110.00 83.00

13.77 = 1.79 17.28 11.87
13.45 = 1.66 16.57 11.72
12.43 = 1.36 15.03 10.60

Personal Best [m]
Season best [m]
Analyzed item [m]
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Fig. 3 Definintion of coordination system.
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Fig. 4 Definition of rotational direction about coordi-
nate axis.
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155 - n=8 FEBABIC BT 2% TEHEE (Figh-B), X U9
501 o - IS B B IIE (FigsC) OROUETHS. wFh
2 2 DEBIZBWTY, MmN HR S o
g o 7o EBREC BV B BT X BiMEE1243 * 136 m Th
£ 130 % D, BAGHEDY— XL NA N EEHINT B EBREC
£ 1s 7 B 2BC X PO LEENEITI26] = 3.30 % THo
£ 120 Ly 7o V=AY RSk E EBABC BT BT X Bk
1.5 ,*" L OMPABREIL, r=0973CH o7 (p<0.001). #
oy Ls HEIEIR10.68 + 0.77 m/s T ), 4T & ik & W0
9.5 10.0 105 11.0 11.5 12.0 125 DML IE OB BR AT S 7 (Fig. 6, r = 0.989,

Release velocity (nmv/s)

Fig. 6 Relationship between throwing distance and
release velocity

ZHWTO0 %D 5400% OB TR L7z, 2 DI,
BAEALRFRINICBIF 54 XY MR, HREOFRMICE
F2EERH (I <) OFPEz b & ICHER
L, Start # 0 %, R-off #150%, L-off #250%, R-on %
270%, L-on %#330%, Rel #400% & L7-.

AP ES) & B (E, KA XY MIB A EE
BLOERERAZRENL, 528D BRMEZ Pearson ®
FEFEMBAREE WV TRGET L7, WEHAE O FIEE, £
T, P E KA NV MIBU LA ER R, B X O
IR L ORBREERE L. S0k, ¥R 7 A0k
EEEE, F9ARMICHE L TR 2T, AR
DoNTHE, FRSICELTOME TS LT, EHE
L BRI O I L Ciamd 522 L & L7z £
7z, PGB LA BRAMBEBERSRObNI A RV P B X
OERICBE L TIE, Aifs3 24 X MIBU 2 ke EE)
B X OEE) R & OMBIBIFRICO VTG L, #ERY
70 WG AHE B 5 & A B i OB O VT HRE T S
k& L7 MEHLEIZIE SPSS Ver. 22.0 (IBM Co.) #

A, el s bRz AEe Lz
o # X

Fig5ld, £xHFHEDY — X XA bidsk (Figh-A) &

p <0.001).

1. IHEEHES KUBEHEDRFNZTE

VAT LD AR EORERINA )X Fig. 712, YA
T AEL T D) O MEE)E ORISR Fig. 8I2/R L
72, VAT AOWMEESEIL, A HAE T Start 2> 5 L-off
D& FTHALZE Ron IFEIZEA LTz
(Fig 7-A). X i, Start 225 R-off 720 £ TIED
MR L TWE, Loff OFRiAHADKFINITH AL
72. R-off 7* 5 L-on 222\ TIZE D H IO I HEE B =
ARo72F F, Rel I T LT o7z (Fig. 7-B).
Y o, ARUE L kOB 2R L, Start %> 5 L-off ®
H72) FTIEDBK L%, Ron DIFEIZHA L Twiz
(Fig. 7-C). Z %4313, L-off ® FHi T— R K L 72 %%,
L-off 7* & R-on 2 T—EHA L7, €L TR-on 25
Rel D TR TR L 72 IS LT/ (Fig
7-D).

VAT LAELOXHE DY OMEE R, Start 25
R-off [Z2F THOFIANIHIK L7252, R-off 5 L-off 12
P TRIED FEICHE A L7, 2L T, Ron2*5 Rel 12
P TAOFIMMIBR L (Fig. 8-A). Y AT LELOD
Y@l E b omEd)RIL, Start 2> 5 R-off IZHF TIED
FHINIH R L7212 Roff 2 SEDFMIZH KL, R-on
T TP L Twiz, LT, RondSIEDHANIHE
RUZZBICEICHANIH R L 255 Rel ICFE - Tz
(Fig. 8B). Y AF A HELDZENE b Y o fMfED) =T,
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Start 2° 5 R-off 12 TRE (R LA, (FIZFH CAE BE & OFBRENE, Table 2127 L7z, ¥ — YRHEIIZBW

ZEE Rel IZFE - Tz (Fig. 8-C). T, Y AT 2O MEEE) RO A WAEIL L-off £ R-on B\
THRE L AEZIEOHMMBRICH 72 (EhZh, r=

2. EEFHE CVEE EDBF 0.834,0.816;p < 0.05). Z?»& %, L-off ¥ R-on DWW /|2
HKAXRY MIBITF ST AT 20l EE) = OfE & F)#E BT, VAT LD EE) =D Y B AWHEE &

Gy ®)
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Fig. 7 Changes in linear momentum of athlete-shot system.
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Fig. 8 Changes in angular momentum about center of gravity of athlete-shot system.
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Table 2 Value of linear momentum at defined events, and correlation coefficient between linear momentum and

release velocity of shot.

Synthesis X

Y z

Event Mean + S.D. [kgm/s] r  iMean + S.D. [kgm/s]

‘Mean + S.D. [kgm/s] r ‘Mean + S.D. [kgm/s] r

Start | 16.31%7.78 0.640 |

Roff |  56.02= 1656

Loff | 26458=3012  0.834" | -6230+4347
Ron |  26299=4457  0816" | -52.23 +43.72
Loon | 18619=2005 0537 |

Rel | 116712037  0811' | -17.75+29.77

0415 MMM

0375 | 246.82 + 48.79 0.793" | 47.58 + 24.95 0.149
0560 |  249.96 = 53.23 0.791* | -34.75 = 19.51 0.153
0357 | 9533 %2312 0486 |  48.65 =+ 39.45 0.768"

S.D: Standard Deviation, r: Correlation coefficient, *: p < 0.05

Table 3 Value of angular momentum at defined events, and correlation coefficient between
angular momentum and release velocity of shot.

‘ X axis Y axis 3 7 axis

Event Mean + S.D. [kgm®/s] r Mean + S.D. [kgm®/s] r ' Mean + S.D. [kg'm®/s] r
Start | 2.32 + 241 0.799" | -0.54 + 2.27 0.343 | 3.34 + 2.66 0.677
R-off | -33.32 + 9.58 -0.929" | 9.74 + 7.96 0.603 | 39.60 = 7.39 0.830*
L-off | 18.74 + 8.18 0.724* | -6.49 + 7.19 0549 | 44.98 + 11.90 0.876*
R-on 19.28 = 9.91 0.720" -8.59 + 4.16 -0.528 43.24 = 12.09 0.929™
L-on -27.57 + 12.23 -0.741" -1.67 = 8.65 0.668 50.38 + 9.44 0.746"

Rel | -46.72 = 12.51 -0.772" | -10.31 = 12.13 0.250 | 48.10 + 9.48 0.771*

S.D: Standard Deviation, r: Correlation coefficient, *: p < 0.05, *: p < 0.01

ZRIEOMBIBRICH o 72 (ENFh, r=0.793,0.791;p <
0.05). FFRIEIZBWT, Rel l2BIF 2 Y AT LD
TEE OGRS & B EOMBBRICH - 72
(r=0811p<0.05). 72, RelllBIFT5 T AT LDk
TEE O Z WIS & B EOMBBRICH - 72
(r=10.768;p < 0.05).

3. AEHELEEEDORRFR

FANRY MIBUI B VAT LELTE DY) OfEH) RO
fili & w05 & OMIBIRENZ, Table 3R L72. ¥ — V)&
f2BWT, YAF2HLOXEE b Y oMEEEIZ
Start & L-off, BX O R-on ICBWWTHHEL HFERIED
MBS (FhZ2h, r=0.799,0.724, 0.720; p < 0.05),
R-off ICBWTHBLRADHBBIRICH -7 (r=-0.929p
<0.01). YATLAHELOZEFE DY) OfEB I, R-off
& L-off, R-on IZBWTHIHEE &A% L IEOHBRERIC
Hol: (FnZFN, r=0.830,0.876;p < 0.05 r = 0.929; p
<0.01). #IFRBMEIZBNT, AT L2AELOXEEDD
DOFERE X, L-on & Rel ICBWTHIHEE L AELEAD
HMBERICH -7z (ZhEh, r=-0.741, -0.772;p <
0.05). Y AT AHELOZENE DY) OfMEB L, F)HE
EHERIEOMMMBRICH > 72 (FhEN, r=0.746,
0.771;p < 0.05).

4. MREECERLEHRRARPSEDSNANXY MBI
HUMEEHES LVAEHEL, FIRTHINV ML
BlIIBMEESHES LUAERE L DORR
VAT AOWHEEBSRERBLI OV AT LAELT DY Of

EE) BV TR & A BRSO S A
N FOEIZEH LT, ZOHHBDOA XY MIBIFL YA
T ADOWHEEB RO L AT LHLOXEE DY
OfETR, BXOYATLAELO ZEE b ) 58S
HOMBEMERE, Fig IR L7:. ¥ A7 A O EH) =
¥, L-off B X U°R-on DEVE E 2 IEOMHBIBERIZH -
72 (r=0987p<0.01). YAFAELOXEIE DY D
EHmIE, 2TOAXRY MIBWTHIBRO A XY bOfE

LABRIEEZIZAOHBBERIZH > 72 (Start - R-off: ¢
= -0853, R-off — L-off: r = -0.720, L-off - R-on: r = 0.936,
R-on - L-on: r = -0.754, L-on - Rel: r = 0.882; p < 0.05,
0.01). Y A7 AELOZEE DY) OFffES) R IE R-off LA
BEOETDOAXRY MZBWTHIEZOA XY PO EHE
R IEOMBIRIERIZS - 72 (R-off - L-off: r = 0.855, L-off -
R-on:r =0.991, R-on - L-on: r = 0.892, L-on - Rel: r = 0.987;
p <0.01).

Start (2B 5 Y AT AHLO Xl E DY O EH)E
1%, Roff ICBIFAH Y AT AHLOZENE DY) OfEshE
EHEERIEOMBEBERICH -7 (r=0.797p<0.05). F
72, Roff \ICBIT A Y AT AHELOXENE b ) O fEshE
X, Loff iCBIFE VAT AELOZENE b ) OfEdhE
EAEELRAOHBEERIC (r=-0.828p <0.05), R-off I
BV AT AELOZEME D) OfETFIL, L-off I
BUIFLYATLAELOXENE DY OfEE) R L FRERIE
DOHBEBBRIZH -7z (r=0917p<0.01). LT, L-off
BB TVATLAELOXEE D) OMAEHEIE, R-on
BBV ATAELOZEE DY) OMES R L AEL
IEDMBBFRIC (r=0.839;p <0.01), L-off IZB1F5 T A
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Lx [ -0.853** -0.720% Lx 0.936**
-0.828*

! 1

0.839%*

0.797*¢ 0917+ 0.759%

W 0.855%* Lz 0.991%*

Lx 0.882%* Lx

0.892%* 0.987+* Lz

o [ FE

p: Synthess Lincar Momentum *p<005
Lx Angular Momentum about X axis  **:p<0.01
Lz Angular Momentum about Z axis

Fig. 9 Relationships between various value of momentum at defined events.

TLAFELOZEE DY) OfAETEIL, RonllBlF5TY A
T AELOXHE b ) OfEE)RE & A E 2 IO R
ZH o7z (r=0.759;p < 0.05).

V. & =

AREFFE T, MinfdEo & — v R e P Rmc BT
B HRERAE DYy AT 2O ES) R & A8
AR CTESHEELRECEAT HRADPEE L ED X
) RBRICH O WL PITTH I EE LT

BARIABBEE 8 L W RIZ, FEBRICBVWTT—%
R L HREDO Y — X RA Migdhid11.87Tm 2 5
16.57m OFPHTH Y, 16.57m IF20164EE D HAR T » F
YT BWTIMAAYLETH S, —J T11.87m 1Z20164F &
DHAZ Y F 2 7ORENTH o7z, FEBFRABICBIT 58
TEHEEZ, BHENREDT =XV RA PRLFRICIK L
T, 7T%REE,o7z. T, ERICH72- THERE
W= — DT 2 S X B BRI R AR, #ATO
RE R EOIMY R A P L ADEL, TNLDEE Y S 2
TWRWRBEAVRIZEE NS, L L, ¥—AURA M
Fk & FEREREIC BT 28T S HHEE OISR E L ¢
=0973L EMHTH o7z, L72do T, RIFRICBIT 5%
TEHEHI AN RE OBBOKIEZ T L Tw 5 b
DEEZLND.

T S HHE & L & ORI B IO B BAR AR
wHNz (Fig. 6). SNFETIZ, RAOREHEZ e
LPEEREIPHAETH LI EVWMEEINTWVS
(Lipov$ek et al., 2011 : Luhtanen et al., 1997 : Ohyama
Byun et al., 2008). AFFZEIZBIT HLEHICBVTDH, ¥
WEZ /N7 + =<V ADEIELE T LI LIIRBTHD L
Z2bhb.

1. 3—BEICEITHESEDERICEALT

Z—VIREICBT B Y AT 20 B R o Gl
1%, L-off B X " R-on IZBWTHIEEE & A& 2% IEDOHB
4212 1 (Table 2), L-off & R-on D& 72 ) TRAHZ
W2 Twie (Fig. 7-A). Y AT 2AELT DY) OfEHE
1Z, MU Loff BEUR-onlZBWT, Y ATFLELD
XHiEhb) OAERGRE S ATFLELOZET DY) DA
TEB) AL & A R EOMBBRIZH > 72 (Table
3). ZO, YAFLAELOX T DY ofERREIZIE
DHMNOE =27 Z[aHh 2 TBY (Fig. 8-A), ¥ AT A
FLOZEFE DY OfEB =L Loff ICE 2 T TITHIK
L7112 L-off B X O°R-on I2B VT H B\ KEEIZH - 72
(Fig. 8-C). Wiz, #el # PR (L-on DARE) & BFRME
EHDE, VAT AOIMEEE) O G AR I R-on DL
WA LTz (Fig. 7-A). 2O &5, R-on BRI
VAT AOWHEEFHEROABMAEBERK IS I LI,
y—VIREOEELETEZVWEEZ LN, E5IT, ¥
A7 AELOXE DY OMETE L, Ron DL
L-on DA BB ORI (Fig.9), Y AT AH
Lo ZEhEH ) offEEEIE, Ron OfiiL L-on OfEiAs
HEZIEOHBEBERICH > 72 (Fig.9). U EDZ &0b,
RonCELEFTHOVATLELOXMIEDLY), BLXUZ
hE by oMEBED, fi BIFIREIZB T 5 MED) &
DEFICKEREEEZRIZLTWELEEZONDL. Th
LOFRIE, KIIF (2010) 255 L CTw5, [V AT A
AR REICBWGEBI R 2% CEWICHmBTE 2K
] ZHERTA720121%, RonlCELEFTIIY AT LD
EERERELERTLIEOEEEERRLTEY, ¥ -
JRBHICBWTEELRREICRLEELONS. DT,
L-off B X ' R-on IZB) 5 #EB)jm O 2 H.OITELE L
(.

59, VAT L2OUMEERHEICHL T, Loff XU
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R-on IZBIF 5 ¥ A7 A0 MRS R, SRMEOATIX
B YW WHEE L AR EOHBBERICH 72 F
7z, L-off BX U R-on l2BF % ¥ AT 2 Ok E B
BHAEL, AERIEOMBEBRICSH 72 (Fig.9). 0%
0, WA E VB EIZ Y, Loff ¥ TIHRTEX LRI
T CY AT AONGH#EES R EZ D TE ), ToikEE
FErsfRo72F E, RonlZE->TWz, X512, Ronil
BUFE Y AT AN MEEE) R Loff IZBITAT AT A
OB R IARETH E VR B, R - Wl e
BOL -8 ERATH 2 I REICB T, FHIEH»
(2017) 1%, L-off ¥ TICH.LHEL &, WHEEH %
WS B 2 EDNT + —< Y ADM EIZD A3 5 W REM:
ZRELTWS, D EoZ &0, Lof $TICRE 2
B R A2 AT 5 2 L5, 7 — Y RiED SR~
DBATDOUEE Y TH 5 R-on (2B ) 5 e B & SR
WIS, S50, RIFREIICBW TR LR S
LEIEOMKICENLLEEZOND.

WIZ, YATLAELEDL)OMEBRICHLT, VX
TLAHELOXMEDL) OAEHRE LTI AT LELOD
ZHE by ofEERE X, L-off B XU Ron 2B WTH
HEEHBEZIEOHBBRICH -7z (Table 3). %7z,
L-off BEXUR-on DH720) TY AT LHELDOXHFEDHD
OEERIZIEO Y — 7 ZHHh 2Tz (Fig. 8A). D
T, WAEENEVEHEIEE, Lof BXURon B
WTHETEHME BN S L) RBVAIKREL, »
DT EH M2 VIAKFRNIZ BT 2 HHR O VAR &
Molbwnwzbd, E52, YATFLELOXEEDLYD
fi B 3 R-on & L-on OB THELRADOHBIBRICSH
D, FEENEVEREEITZE, Rond b L-on 22T
VAT LAELOXEED ) OMEHEITKE ADOBK
%L Cw/z. Hay (1985) 1%, Mlizdkd:o—soBEIL,
BROEE (Z#h) »25vidZhiciviliEg b )
OmfizE LTWwW5h., L7z2A o T, L-off R R-on &\ ) 1T
RAOHEREIZBNT, £9, YATL2HLOZ#MED
DICAEBIREZEDTEL 2 EICED, HETRmEIC
BIFD VAT AOERE DY ToRERES) 2 B2
THZLICB,BBLEEZONS. 72, L-off 8X U'R-on
WZBWT, BTEHIANIK L TRET S L) 2 R%8 2k
52D, RonH b L-on AT TY AT AHLD Xl
EH) OMEHEEZADOFANIREE, VAT LEEK
TEHANE B LT L] OFBWIZENS &%
Abhd. B, YATAERERITHEOEEEIION
T (&R ST 2HTHMZ R 5.

L-off T OEB A LT, Y AT AELOXHE D
D ofEE RS AT AELO ZEE DY O fES L
HBOA Ry MTEnEN, FHEICHE AR

o7 (Fig.8). L7zd5»T, #—VRBEDOHFETH
5 Start R R-off ICBIT BT ATF LAELT b Y OfED) =
DD, L-of BEXUR-on BT AV AT LAHLD T
b OMEHEZEETL0ICKREEETLEEZ
bhn., 9, Start LT, YATAELOXHED
D O fEB R PHE & A E R IEOHBBERICH 5 7
(Table2). LA L, Start 2B 2 flidHEd TEAETH -
el e OMHEEIEEE G A T L iEE 2 . D
FoZEHS Start I2BIF BV ATFLAELOXEIEDDY
OB EITEELRERTIE AV EHR L KIS,
Roff CBWTIEY AT AELO X E b Y o fjEH) =
IHEE E HRELRAOMBBIRIZH D, HIHEEEA S B
HHFERETEHIC > TY AT AHER T L
BDBNPKED ST WZ L. TOR, FEENEWV
BHEIIE, Roff CBI A Y ATFLAELOZEEHL Y O
AEHREIRETH 7. ULEORENS, VAT LE
LD ZHE DY OfERREOBELE, VAT AELO
Xfligb)ofjfgh, >F0), AT AOFHRAGTIN
M MERDOB VAR L KIFLTWE EEZLND. [
HiE% 22 B3 4 friE# (Pagel and Pagel, 2003) (2B,
Start 7> 5 R-off I2AFTli&, D Start 7> 5 R-off 124315 T
TR & A2 S RN E BB S, WEILLOE
CEBBHLThALEREZMAIESES,Z LT, HF (V2
TLh) BETCEHNEHES L L, OMEZ LA
R X721k, LRIBOPHEERICHE L 2255 A
OIS L AMELTBLIE (0F ), ETEHN
ERGHNICMELTHL I E) 12X, AREBEIMI
FETEHMIZHE D> THUD [CEo Thlfiz s8¢ 5 2
LT, U TNGETREEEREAMNT L, F0DIT,
QLM% HROw ) FTE I e K ) 2554
BT EHITE Do THM) ~EKRE R D AREAT
SEHTEITXY, FEROBMELES G TESHMIIHL
THNZ L) 2EY T IEMFELE ShTw
5. ZOK, XL HBAME LT, Judge (2014) &, i#
MR & D EEh OB kANT Y A EHLTLE) 2 L
RIFCBY, TORNE, REZUBETLTHET
EHMIHLTHANTLE) ZEIZLY, ER»HME
PN TLEHIZEE LTS, UEnZ &5, Start
5 Roff (22T, FEHOITEHM~NDLATZH;
BB oMELGHRM» S AR RE S22 212
X0, VAT AEETERHAANLOESE, 512,
Roff ITBVWCTIE T AT AR CTEFMNEBZES TS
CEIZkY, YAFLABRELOXWE DY OADSNE X
CZEiEbH ) OIEDH O fESEZE) T 2 L2k
D, R-off LD EE) = OMF/DIZT AT L B HEAE S
BLESNFICLTVBEEEZLNS.
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2. BYBEICHTHEBEICEALT

BFREICBWT, Y A7 20 R RO A I
Rel IZBWTHIHE & AR AR EOHMBRICHY, 0
e, ¥ 27 2 ONHEES O Z b W & A 5% 0E
DOMBEIRIFRIZSH - 72 (Table 2). F 72, L-on B X U Rel 12
BWTC, YATAELOXE DY oM ES) L) HE
CAELRAOHBBRIZ, YATLAELOZEEIbLYO
R R I HEEE A E L IEOMBBERICH - 7
(Table 3). LEDZ &25, WHENHVEREIZE
BF RSB TR E D ) OMEROFH VAR E VL
EDIT, YATAEETEHANEREI LT HN
&, VAT LAOMELNOHE N KEh o/ wvz
5. F72, LonlZBUI A Y AT LAELOX T DY D
HEERIE, R-onl2BIFA Y ATFAELOXEED Y D
B L AR AOHBBELRIS, LonllBiFs Y AT A
BELOZMEDL Y OMAEHEIL, RonllBIFDT AT A
HLOOZEE DY) OfEE) R & AR IEOMB BRI
Hotz (Fig.9). 2D, RonlZBWTY AT AHNET
& J5I & FOFMNC BN % BIEE O NATKR & 2o 7B H
3L, LonlZBWTHETEHEANE VAT AHEE 1A
LBOHPKEL, T2, Ron lZBWT Y AT AHKEN
BV TETEHHANEHEET 230K E WEHEHIZ
E, L-onlZBWTH Y AT AR TEIImAE HiE S8
BEODPKEDPoEVA L, HEREE 754 Rk
UL 7Z2BoMME LT, T, RUTRECBTAE)
i, B LCHEMmEIHLYoORNETH L (HE
2004). F 7z, MR B AT R ORI, S
FFA~NO T AR W2 & (Bartoniez, 1994) %, #
DERBEFT~NDF v 7 BEI TN Tn5E 2 & (K4
A, 2014) BFETFHLNTEBY, S5, fREFH (Judge,
2014) 1I2BWTH, WIS X 285 I~ O R B EH
BEHIN TS, T2, FULZEENTH 5 M
BORTREZBNWTYH, YATFLHELOXEEDY D
FEB) Y, Rel I2BWCTHIHE L AOMBIMEKRICH D,
INEZTCHIHIZA (2017) (&, L-on FTICEDLN
7l E B R A, L-on ABEAR 2 IED2 T EI2X) VA
FAEHTEHAANE RITEME] a3z ML
Twa. DEoZEh»s, IFREIIBVTIE, FT,
BTIFREIICEL T TICRmO LNV AT A (=41K) @
SEEh (ZWh) b OREOBCEENTIE. F2
W OMBEIEICL Y > AT 4 (=518 % 8EH I~
CHEERRB L. S5, VAT A (589K BHKT
EHMANEBVIRI LTV L, PLED 3 HA,
Ak~ TANF =2 L nE S8, WHEZHK
XL OICEHEIIRLEEZOND.

432% W25 PS043 A

xEDH

AWFZETIE, WliEkdo & — V)& & RFRmEIC BT
LR LRI E SR Y AT LD HEER)E L4 ED)
AT EHHEL RESCALGT 2 ADPHE L ED X
IV RBRICH DO EHLNIIT AL EHNE L
Z D720\, BRI BRE 8 % % xR I T S HfE
DI AT 7.

RO ERFERIIUTOLEBY TH 5.

1) VA7 Ao EREIE, A2 L-off & R-on, B

X O Rel IZBWTHIHEE & A B 2 EOMHBIBIRIC S
W, %72, L-off £ R-on (2B 2 LM EE) &34
RIEOMBERICH > 72, F72, L-off B X U R-on
WCBWTIE Y AT 20 EEE & D Y K575, Rel
WZBWTIE Z B 23R & A = R IEOF B BRI
Holz.

2) VAT LELOXEE DY) OfMEFHIZ, Start,
L-off 8 X UF R-on IZB W CTHIHE & A2 IEOME
BIFRIZH 1, R-off, L-on 3B L U Rel 2B\ CTHIHE
LAEBRAOHBBRICH /2. T2, Theho
AXRY MEIZBWTOEELIE T 7213 oM
WZh o7

3) VAT AELOZEME D) OMEH E L, R-off
L-off, R-on, L-on B X IFRel IZBWTHIHSE & A=
ZIEOHBBRICH 72, T2, ThEhof Xy
FMEIZBWTHO A ELIEOMBIBRICZSH - 7.

4) Start 2°5 R-off IZBWT, HiEOA XY MITY A
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