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ABSTRACT

The long jump motion of 8 finalist of men’s long jump of IAAF World Championships Daegu 2011 were analysed and the
kinematic characteristics of the technique were investigated. The kinematic characteristics of long jump motion of 8 finalist were as
follows. In the run-up phase, the average length of 3, 2, and 1 stride were 2.21£0.08 m, 2.46+0.18 m, and 2.19+0.16 m, respectively.

The change in the height of the center of gravity was 0.09 + 0.02 m. The average velocity of 3, 2, and 1 stride was 10.37+0.32
m/s, 9.63+0.32 m/s, and 10.69+10.69 mys, respectively. In the take-off phase, the horizontal velocity, the vertical velocity, the reduction
of horizontal velocity was 9.00+0.37 m/s, 3.04£0.27 mys, and 1.69+0.34 mys, respectively. The minimum knee angle and the take off
angle was 157+6.57° and 18.5+2.24°, respectively. In the flight phase, the flight time and the maximum height of the center of gravity
was 0.82+0.05 s, and 1.70£0.10 m, respectively. In the landing phase, the landing length was 0.51+0.06 m. The body angle, the knee
angle, and the hip angle was 71£20.93°, 136+19.19°, and 85+9.58°, respectively. The kinematic characteristics of long jump motion
with good record were shown as follows. The reduction of the horizontal velocity in the take-off phase was minimized while the
velocity of the run-up were maximally maintained. The vertical velocity in the take-off phase was increased with rapidly extended knee
and the high center of gravity.
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A HAY FAAME AL UEE TFA 7Y 48
Ak Zlolth. 2] A AAY] o= FiolE AHe 71
7Wte] B2 T2 A At ek webA v & A
2e] A o] oAl F tEe & We e
e AHs] dog 71EoA AL FEE A FH=E 7F o]
olsitH(Hay, 1993).

WA G971 A 7182 191d B AT
th3joll A wlola 4 A7t A4S 895 molth Ee]H7]
AA 7182 208 BEF AAEHA FaL sl 2wy 71
&g AA 715E A AalMe S AFE 77100
gk Aol HE3] o] Folxof gtk HeH7] Age ol
g, g Az, 2A] Az]e] Fog o]Fojzirh

HIg Azl= HeH7] AN 7 2 HISE A
Ag7HA EeH7)el Wi A3 A7ee 2okt AT
A Fol, FHEE, FAEE T B4 T RIY AR
HUZ & 4 9le HHY 20E 3] 8 =279 u
£ EA0] 3RS Tol WAsolYriBee, 194 Hay &
Miller, 1985; Hay & Nohara,1990; Ko, 2009, Lee, Min &
Son, 1994; Lees, Graham-Smith & Fowler, 1994; Nixdorf &
Bruggeman, 1990; Park, Kim & Ryu, 2004; Sung, Ryu & Lee,
2003).

Zeyg EEjEr)eld FL 715S W] fsiMe =527
S} g, TEEA, AL AALHA AdEolof gtk E
Z57] T4 Az A2 4= olalst] Heide
2¥7] T2 2 Al A Aol 7MY T3 949 B
2719} WHE oo 5 X, AAAA T2 A gt
w40] o] Fojzjof gt AASFAFANSE S Al
2 553 Ha 579 A7 U ARE AS F Sl
AASEATAdEe] A7 £ 19979 ol 3,
2005 AAFIHNE), 2007 2AFFHSE], H2e] 20009 WS
3] 7R FES] o Foldgton old A IdA
2011 thAIA AR ol e Eejs 7] A7) E4o] o]Fof
Ak,

£ ATE 2011 tHAIAS AT A ] EA e E
544 BheE HENE 7I1E 39 8% HEHr] Al
Uehd 8R15S A g9l 20099 WSAUS|e] 815 H]
agAste] AlAl 9 @A dejsr] Agsd S48
gotaat gt B AT Ade FF Sy Agseld s

Z

Lo
>~
=

TR e

B2 FEHo] 9FE A5 579 2Rl 71 Aoz 7]
ikl

1 9+ W

B o3te] thake 2011 tiFAAIS A YAl gy
A7) HF As JAEA 29 7155 8ol JiId Hu
7158 EATE A7 dlde] AW, 9, =4, yel, 34
715, AAZ | Al 52 <Table 1>7 2t}

Table 1 Characteristics of subjects

Official ~ Real

Name Rank Country  Age ] i

Philips D. 1 USA 34 845 848
Watt M. 2 AUS 23 83 836
Makusha N. 3 ZM 24 829 842
Berabah Y. 4  MAR 30 823 823
Manyonga L.~ 5 RSA 20 821 824
Menkov A. 6 RUS 21 819 82
Tomlinson C. 7 GBR 30 819 825
Bayer S. 8 GER 25 817 830
M 26 826 83l

SD 494 009 010

2. AY

o= olfields/sS] TAE HIHL ZhEl 7di(Sony
vx2100, Sony Fx 5)7F AH-EI10H AE &2 1/1000 s2
stk =g 4719 BAIHEQ x 1 x 2 m)= ARE-8ITh

3. A3 AA

A2 A7) 48E BEs] 248 Al AY WA &
FT9ds AR WEIANAS AT AU S (German
Athletics Federation, 2009) 23} RIAME 7|FO2 sfo]
2L dlH7] A4Ee AL EF X3A7)7] Hg AA ¥
9+ 20 mZ 3Tk

A A #7320 m)yE 7 mH 3 R Ui § 4
WA 2di9] 7tz Fgeilth 3k A 1 7)H2

Figure 1. Control box settings for the videotaping
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T

Figure 2. Camera settings for the videotaping
& AAEQ DRSBTS
3t t<Figure 1, Figure 2>.
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33 52 492 Kwon3D program ver. 310S AHS-31%
om, Ay ¥ WHIPYPH(Direct linear transformation,
Abdel-Aziz & Karara, 1971)& 53} 339 FEe AUoh
G Fxst AN LAEE o2 HAsslr| fE 2
A} Butterworth low-pass digital filterS AMS-8}%.2H, o]
ek Z34E 74 Hz2 A435I0(Yu & Hay, 199).
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Figure 4. Definition of inclination and take-off angle
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Figure 3. Main events and phases of long jump
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M2 32 =9 b S A A A 99 89 A5 FolA AZ Hx
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1 A7171=
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011 BTAASAHASANE S 2000 HEDAAGHASE — ASE %E}% 2011
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Table 2. Long jump records in Daegu 2011 (m) BS -
85
Rank Name Official Loss SB Difference g4 -
record (%) = 85
I Phllips D. 845 003 832 16 e
s m Daegu 2011
2 Watt M. 833 003 854 25 A A i 2008
3 MakshaN. 829 013 840 13 ?:
4 Berrabah Y. 823 000 837 -17 78 - o i
5  MmyongaL 821 003 826 06 koW oF 3 % 7 R
6 Menkov A. 819 003 828 -1.1 .
7 Tomlimson C. 819 001 835 -19
8 Bayer S. 817 013 817 00 Figure 3. comparition of records by ranking
M 826 005 834 -0.94 2 =527 73
+SD 009 005  Oll 1.28
;B - Scason Best, Real - Measured Record T8y TMINE H1 £ES Y B TE H 3uE
Difference = (Official Record - SB)/SB*100 H & 15 A7 2584 AZE <Table 4>, <Table
5>¢l] AAsITh
Table 3. Long jump records in Berlin 2009(German Athletics o) = Horo ul o=
Federation, 2009) (m) Ege7] RN HEARe] Hie L 7F A 3K
ok - Official . 2214008 m, ¥ TE A 25 2461018 m, ¥ TE A 18
record 219+016 mz Uesith REAE ZM 20094 #EA3)
1 Phillips D. 854 0.05 R up 12 7
) Nokem G 847 001 oM W 75 A 3H 230+0.08 m, ?‘“ A m 245+0.16
3 Watt M 837 007 m, 3 FE A 1E 2212012 me} vlasle] 2 o7t Sl
4 Lapierre F 821 0.12 ZAoZ Yehton, u 7= A 2R HEAYY} 7P 2
5 Rutherford G 8.17 0.06 AHoZ L}E}‘;}E} EH'?‘ EHiMVﬂ 1991 Phillips D. A&E=
6 Sdiri S 8.07 0.00
7 G s G 806 008 32 A3E215m EFE A2 236m T TE A1
8 Tomlinson C 8.06 0.04 B 199 m2 A 20099 HEANS|A S g5 Al
M 824 005 i T2 A 38 230 m, W TE 42&262111,%?%—@1
:SD 019 004 2200 me} Hlwd) 2 W) BE Ae FolEont 2} 29

Loss = Real - Official Record =

e} Al RlIgAdME Ak 58’5“2 B olgg A
Roger(1994)7F AIAISH wpA|2t 11e] HEo] 2He| HEH

4
sz*r

2011 hFAASAASAN I GA 4] 89 Ao 3

7128 826:009 mz 20099 MESARs HFE )2 Aolek vk A7Eet XA,

8244019 m=tt 01% ddd Ao=w vehdth 2y gt g A 25 A B 75 A 18RS FAFA Wl
3ol A Ha 7128 845 mE 2009 WA 1 7] Bt 009002 mz UeRtom, Ad 20001 HlEH T3]0
291 854 moll HIgl] 1.1% FAash Ao Yehytth A 0.08£0.03 m& UeR th th3] o} A ztel7} gle A

A AR S A1 9] 87 Agse] s ©F HERET: di tiBlelM 1919] Phillips D. A= A
o Nz A3 72 HE 09% A Aoz Ushdth T4 WEZE 012 mE Ad 20009 HEASeA FHES
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m/sE UEITh E827] $59 HEe Ad 20093 HEd
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© W FE A 25N 7P =Y £5E Ho1 glov Ad
2009 HEAH oM & 5 A 2HN 7 £E& &5
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Table 4. Kinematic variables of the run-up phase in Daegu 2011

2009 WS 3)Y] 878+0.42 m/sol| HIst] & Ao & e}
Wk olF &7 FAEEY] WS 3041027 m/sE A
2000 HWISth3) 9] 353039 m/soll HIte] =@ Aog
ERTE Ariel(1992)2 1991 AlAIS A=A o)A vlo]3
Fgo] 895 mE AA7|ES AL 2 Fo]A7} 891 mE 7]
23 A ) £897) £5E 247 1094 m/s, 11.26 m/s
ol WS £t FHETE 747 927 m/s, 911 m/so|H
27} 426 m/s, 337 m/sZ AA|IL o plo]
AE7E A 7155 8 F D AL olF
L2710 o3 £ & vt FAon 3
Folzd Hgt] 1 m/s T Z7] wjiolgtal Hars}
- 7 ti3lel A 19191 Phillips D 4149 7]20] o]
|22 th3lo) wiste] 72d Fo Qoo olF &7t
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319} 012400229} TAF o2 Uehdor], E7E 7
o] HFL 041004 m= ERGTH
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Rank Name Stride length [m] Lowering Velocity [my/s]

3last 2last 1last 2last/3last[%]  1last/2last[ %] of CM 3last 2last 1last

1 Phillips D. 2.15 2.36 1.9 110 84 0.12 10.81 10.09 11.08
2 Watt M. 234 253 242 108 96 0.09 1046 9.77 10.82
3 Makusha N. 222 2.57 222 116 86 0.08 10.60 9.76 11.12
4 Berrabah Y. 223 2.62 224 117 85 0.06 10.16 931 10.56
5 Manyonga L. 2.14 226 221 106 100 0.10 9.73 9.17 10.22
6 Menkov A. 221 234 201 106 86 0.10 10.49 9.87 10.62
7 Tomlinson C. 228 2.75 2.34 121 85 0.06 10.40 9.70 10.59
8 Bayer S. 2.07 224 2.06 108 92 0.09 10.29 9.34 10.49
M 221 246 2.19 112 89 0.09 10.37 9.63 10.69

SD 0.08 0.18 0.16 571 6.02 0.02 032 032 0.30

Table 5. Kinematic variables of the run-up phase in Berlin 2009(German Athletics Federation, 2009)
Stride length [m] Lowering Velocity [m/s]

Rank Name 3last 2last llast  2last/3last[%]  llast/2last[%] of CM 3last 2last 1last
1 Phillips D. 2.3 2.62 2 114 77 0.06 11.08 11.12 10.78
2 Mokrena G. 221 232 2.19 102 94 0.08 10.36 10.44 10.34
3 Watt M. 245 2.63 242 107 RN 0.11 1051 10.59 1043
4 Lapierre F 224 2.36 228 105 97 0.08 10.30 1033 10.28
5 Rutherford G. 223 2.19 224 9% 102 0.07 10.36 10.39 10.44
6 Sdiri S. 224 2.59 2.16 116 83 0.06 1023 1031 10.17
7 Garennamotse G. 23 2.38 222 104 93 0.06 1051 1031 1041
8 Tomlinson C. 24 249 2.14 104 86 0.15 1033 10.40 10.31

M 230 245 221 106 91 0.08 10.46 10.49 10.40
SD 0.08 0.16 0.12 6.02 8.05 0.03 027 027 0.18
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Table 6. Kinematic variables of the take-off phase in Daegu 2011
Velocity [mys] ‘ ke of Angle["]
Rank Name Horizontal ~ Loss at  Vertical ~ Durationls] g0 oy Minimal  Inclination — Trunk-angle  Take-off
velocity take-off  velocity knee-angle angle angle
1 Phillips D. 927 1.81 2.9 0.11 043 133 28 0 173
2 Watt M. 8.39 243 3.60 0.11 043 156 29 87 2.8
3 Makusha N. 9.66 1.46 2.70 0.10 0.37 154 27 90 15.3
4 Berrabah Y. 8.78 178 320 0.13 042 146 27 86 200
5 Manyonga L. 8.85 1.37 3.05 0.15 042 163 29 81 188
6 Menkov A. 8.93 1.69 3.05 0.13 035 156 26 87 186
7 Tomlinson C. 9.07 1.52 2.89 0.13 045 151 30 9 172
8 Bayer S. 9.06 143 2.94 0.13 037 150 27 88 17.6
M 9.00 1.69 304 0.12 041 151 28 89 18.5
+SD 037 0.34 0.27 0.02 0.04 8.89 1.36 5.10 2.24
Table 7. Kinematic variables of the take-off phase in Berlin 2009(German Athletics Federation, 2009)
Velocity [mjs] Angle[]
Rank Name Horizontal ~ Loss at  Vertical ~ Duration[s] Minimal Inclination  Trunk-angle Take-off
velocity take-off velocity knee-angle angle angle
1 PhillipsD. 923 1.55 335 0.11 137 27 103 200
2 Mokrena G 8.67 1.68 379 0.11 143 26 9 238
3 Watt M 8.83 1.60 371 0.11 143 2 97 2.8
4 Lapierre F 7.9 2.30 423 0.12 147 28 102 279
5 Rutherford G 9.16 1.28 3.14 0.12 149 23 95 189
6 Sdiri S 8.69 1.48 3.15 0.12 139 23 98 199
7 Garennamotse G 9.17 1.25 3.17 0.12 136 26 9 19.1
8 Tomlinson C 8.53 1.78 3N 0.13 132 30 104 236
M 8.78 1.62 3.53 0.12 141 26 100 220
SD 042 0.33 0.39 0.01 5.78 2.77 3.11 3.11
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Table 8. Kinematic variables of the flight phase in Daegu 2011

Table 9. Kinematic variables of the landing phase in Daegu 2011

CM height(m) Fight  Flight
Rank Name Take Max Lan time  distance
off ding (5 (m)

1 Philis D. 116 164 05 08 733
2 Wat M 126 185 063 090 736
3 Makwsha N LI6 154 053 075 740
4  Bemabah Y. 127 176 051 085 720
5 MamyongaL 128 176 056 08 717
6  Menkov A 120 163 046 08 728
7 Tomlison C. 131 172 067 078 715
8 Bayer . 127 169 065 078  7.19

M 124 170 057 08 729

SD 006 010 007 005 013

FA Aol 7 v A4 39 AFE 154 mE el
ok HIYAIZES] e 0.8240.06% O]tﬂ H|giAzte] 71 71
= 29 AR 090%, 7P #S A5E 39 A= 075
22 Yepth 29 A5 oA A £4 S5 360 m/sE
7P whe AOR vERtow, 39] A5 ofA] Al 4 &=
T 270 m/s2 7P =8 Ao et Ariel(1992)& v}
o]z Tdo] AAZIZS AE FA oA Al 7] 5= 426
m./s oJ¥ FF Tl FA T4 Hul FolE 205 mE
Z Fol2Rt} 02 m § E=rhal AAEL ok " FF
ol A g4l Hd zole} vl A o)A Al #4 &
ToF IAVY e Ae=Z YT
8] Agle] HL 7294013 mE Ut 1, 2, 399
WS AEEL dyyy) 7|20 22 A7) HIE AR®
£ 70 vepdoh 2y uie) Azt A%k 97} 2}
o7} th= 391, 691, 89 AE2 oA Aels HA] AzelA
z}om Wl 2Rl Zog Jehkth webd desr] 71
Hjg) Azjek ofue} oA Azje} 2= Azjor WA
AL SlE 202 et

0]

5 FA 73

2|9 7)o AR M +58A Qe <Table 9>,
<Table 10>9} 2t}

2] A9 FFL 0514006 m A 2009 HSA)
3]¢] 053012 mol st 25 B Aoz Uehton F
2 A BEAEY HS 7112093°F A 2009 WS
3]9] 76°+21.33¢1 I3t ] 2> o2 VRt 24 A

Tﬂlz*u A9 A Bdo] Sl Aoz YERT 1
919} 29] Age] FHA A7t o2 Aol Hlgte] #2 A
2] Al E}_ Aerel] HIste] AA7E FOE S A|a T Fol
i dEo 2 F AEHE AAE] Wil 79 A9 FA
A7t 718 7 AL g2 Aol Histe] 2] A AgA)7) H

Landing
trunk knee hip

Rank Name distance[
m] angle angle anogle
[] [] []
1 Phillips D. 045 32 152 77
2 Watt M. 044 62 144 72
3 Makusha N. 059 85 138 86
4 Berrabah Y. 0.53 9 108 104
5 Manyonga L. 048 72 110 0
6 Menkov A. 0.50 69 131 84
7 Tomlinson C. 0.61 96 139 83
8 Bayer S. 047 61 164 30
M 051 71 136 85
SD 0.06 2093 19.19 9.58

Table 10. Kinematic variables of the landing phase in 2009
Berlin(German Athletics Federation, 2009)

Landing
. trunk knee hij
Rank Name d]Str?]I]lce[ anégle ané;le anog]ie
[] [] []
1 Phillips D. 044 51 129 55
2 Mokrena G 0.55 74 151 9
3 Watt M 0.59 2 148 115
4 Lapierre F 0.38 61 143 )
5 Rutherford G 0.40 49 143 64
6 Sdiri S 0.70 108 127 106
7 Garennamotse G 0.67 94 153 109
8 Tomlinson C 047 76 133 94
M 0.53 76 141 91
+SD 0.12 2133 1003 2133

2 HAAUA A7) iRl A0Z et

2] A B2 71w o] B 136£1919°F At 20001 H)
=20)8)9] 141+1003°) H3ke] o & Ro Uehton
IRAZE] HHF 85:958°% At 2009 HISHTE 9
76+21.33°0] Hlsto] o A Aog Ueiyth FAE o=
wolHA FRshe 1919} 29 AFe Ao F& #AHS
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