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NOTES ON THE SECOND EDITION

The intention of the first edition of the International Athletic Foundation Scientific
Report on the II World Championships in Athletics, published in 1988, was to provide
information which would assist athletes, and their coaches, to analyse performances in
Rome and prepare for future competitions. All IAAF Member Federations which had
finalists at the World Championships received a copy of the report plus the
accompanying video. It soon became apparent, however, that this material was
valuable as a general teaching tool and the extra stock of reports was quickly sold out
to coaches and instructors around the world.

The decision to reprint the report was based on the numerous requests for the material
by both Federations which did not originally receive a copy and other coaches. In
addition, it was determined that the demand for copies of the material would increase
with the staging of the International Athletic Foundation’s "Techniques in Athletics
Conference” in Cologne in June 1990. This international Conference was called to
analyse and evaluate biomechanical research done in athletics during the 1980s,
particularly that undertaken by the IAAF and sponsored by International Athletic
Foundation, and to determine the needs and future directions for this type of work.
Naturally, additional copies would be needed by the Conference participants.

'This second edition includes a special extra section. The report, "Time Analysis of the
100m" was prepared as an article for "New Studies in Athletics” from the original
material in the report on the sprints with the addition of a number of new tables and
a special commentary by the 1960 Olympic bronze medallist Professor Peter Radford.
Some information on the 100m events, therefore, will be repeated but it was felt that
the extra tables and insights provided more than justified this.






PRESIDENT'S FORWARD

Following its principles of supporting activities in aspects of Athletics
which cannot be directly funded by the IAAF, the International Athletic
Foundation is proud to present this Scientific Report on the the II World
Championships in Athlstics. This report is part of a Scientific Project
which was carried out by an international team of experts during the
Championships in Rome.,

The Foundation recognises that, while the increase and distribution of
scientific and technical information are necessary for the development of
Athletics, top level research is beyond the financial capabilities of most
countries. By carrying out a programme of scientific research and sharing
it with as many IAAF Member Federations as possible, the Foundation is
demonstrating the seriousness of its commitment to support the development
of Athletics in all its aspects.

I sincerely hope that this report will receive the widest possible
distribution and that coaches and athletes will find it wuseful for
improvement of their teaching and their performance.

Dr Primo Nebiolo
President
International Athletie Foundation






INTRODUCTION

What coach or aspiring athlete would not profit by being present at a major
athletics meeting such as the IT World Championships in Athletics, held in
Rome in 19877 The chance to observe the world's finest athletes in action
and learn from their technique would surely be an invaluable aid tog
improving performance and the development of new champions.

Though much can be learned simply by being present and watching the events
at such a meeting, an increase in practical knowledge is not automatic. The
nature of a championship meeting including the numbers of athletes, the
speed at which complex movements take place, the drama and emotion which
accompany the competition as well as the distance that spectators are
located from the action can make detailed and useful observations difficult.
A systematic approach and "knowing what to look for" are essential in order
to get maximum benefit from such an experience,

Even then, observers may only have an impression of what they have
witnessed. Did the winning long jumper have a faster run-up than the second
placer or did it just seem that way? What were the differences in the
angles of release for the Javelin throwers? Which of the hurdlers actually
had the best clearance of the barriers? On these types of question even the
trained eye can only make guesses, with no practical way of confirming the
answers,

The function of the International Athletic Foundation Scientific Project was
to be at the World Championships for the coach and athlete who could not be
there and to show them not only what they would have witnessed, but also
things they could not have seen. By using video and film to repeat and slow
the action down, by performing complex analyses with computers and by
confirming or dispelling impressions through precise measurements, the
information gained from the Championships is the most accurate possible
which is vital for improving performance.

Improvement of perfomance is a basic, and quite natural, demand in
competitive sport., It does however present a challenge, one which some
coaches and athletes have been tempted to meet through means that are, in
fact, damaging to young sportsmen and women i.e. the misuse of drugs. The
I. A. F. has instituted a number of measures designed to combat this
problem directly. 1In addition, the I.A.F. has supported this and other
projects as ways of harnessing the power of science to give alternative
means for the improvement of performance, means which are natural and
correct.

The technical equipment required for this type of project, such as high
speed and video cameras, photocells, film editing and analysis equipment and
computers with advanced software programs, would be beyond the financial
reach of all but a very small handful of countries. Likewise, the highly
qualified technical and organisational staff required represent an enormous
cost. Only an international body, such as the I. A, F. is in a position to
undertake such a project and make the results available to athletes and
coaches in all countries. 1In addition, as no single labratory, or country
even, has the human resources and potential to use the all latest knowledge
and equipment for such a large undertaking, this project was a joint
international effort, involving a team of scientists, technicians and
support staff representing six countries.






The project included a "Fast Information" and Video Service available to all
athletes and coaches in the Athletes Village during the Championships.
Camera operators and other technicians filmed and collected readings during
each day's events. A second group, working through the night, edited the
video material and produced the "Fast Information" deta for presentation the
next morning. Positive comments were received from coaches and athletes
from a large number of countries and most expressed the hope that this
valuable service would become a standard feature at all future
championships.

All the material gathered at Rome was taken back to labratories in
Czechoslovakia and F., R. Germany where it was further analysed in
conjunction with the high speed film that was shot. This report and the
accompanying video are the results of this work, Because of the
international nature of the project team, as well as the different nature of
the events covered, the reader will notice some differences in style and
approach between the chapters in this report. Each chapter, however, is
designed to stand on its own as a record of the event it covers, giving
complete information on the finalists. The chapters have been divided into
event groups and there is an Appendix which includes information from many
of the events on athletes who did not make the final.

The ultimate aim of this project was to provide a record and analysis of the
II World Championships in Athletics for use by coaches and athletes, without
discrimination, in all IAAF Member countries. This information was to be
presented in a readily understandable form, without any unnecessary
scientific formulae or jargon, so that it could be applied immediately to
practice. In other words, the project is an attempt to increase the
channels of communication between scientists and coaches, in order to
improve the performance of athletes. Communication, however, requires a
flow of information in both direetions. The International Athletic
Foundation is sincerely interested both in comments regarding this report
and video as well as suggestions to improve any future projects from coaches
and athletes. These comments should be addressed toc the The Scientific
Project Coordinator c/o IAAF Bureau, 3 Hans Crescent, Knightsbridge, London
SW1X OLN, England.

Scientific Project Team
Scientific Report - II World Championships in Athletics, 1987






TIME ANALYSIS OF THE 100m
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1. Introduction

The improving performance trends
in the 100 Metres events, as shown in
the graphs in Fig. 1-2, are to some ex-
tent the result of improvements in
training methods, starting and running
techniques and track surfaces. The
curve of the best performances in any
year will be extremely uneven as it can
be markedly influenced by exceptional
performances or athletes. A more tell-
ing indication of the changes in world
performance levels is a curve of the
mean best performances of the world’s
best athletes in a given event. In the
graphs, the solid line shows the course
of each year’s top performance for the
period 1960-1987 while the other two

lines indicate the course of the mean of
the maximum performances of the top
three and top ten athletes respectively.
Fully automatic electronic timing was
introduced for record purposes in 1972
and that point is indicated in the
graphs by a vertical line.

The finals of the 100 Metres events
were among the most eagerly awaited
at the II World Championships in Ath-
letics in Rome as the match-ups, in-
cluding the Men’s 100 Metres, where
1986 World Number ! Ben Johnson
(CAN) would meet defending World
and Olympic Champion Carl Lewis
(USA), promised excellent competitive
races. Although fast times and even
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Championship Records were expected,
World Records were not anticipated, as
in recent years most World Records in
the sprints have been achieved with the
aid of the reduced air resistance at high
altitude, while Rome is at sea level.
However, in the Men’s 100 Metres,
Lewis tied the World Record of 9.93
only to find himself a full tenth of a se-
cond behind the spectacular perfor-
mance of 9.83 by Johnson. A graphic
representation of the course of this
historic race is presented in the video
which accompanies the International
Athletic Foundation/IAAF Scientific
Project Report on the Championships.

The final results of the 100 Metres
events at the II World Championships
in Athletics are given in Tables 1-2.
Complete individual time analysis for

the medallists in each event are given at
the end of this report. Individual time
analyses for all finalists and semi-
finalists are available in the Interna-
tional Athletic Foundation/IAAF
Scientific Project Report.

2. Methods and Procedures
2.1 Cameras and Siting

The sprint events at the II World
Championships in Athletics were ana-
lysed on the basis of recordings made
by five SONY video cameras. Time
synchronization was ensured by a video
recording of the starter’s gun. In addi-
tion, seven synchronized PHOTOSON-
ICS 500 high-speed cameras were used
to film the semifinals and finals of
each event. The siting of the cameras is
shown in Fig. 3. Information and find-
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Table 1 - Resulis of the 100 metres men - [{ World Championships in Athletics

HEATS 2918 - 9.30
(+ .79 mfs) 5, {(+ 0.52 m/s)
1. 624 Stewart Raymond JAM 1023 Q 1. 145 Johnson Ben CAN 1024Q

2. 61 Desruelles Ronald BEL 1032 Q 2. 623 Smith Andrew JAM 1039 Q
3. 438 Me Farlane Mike GBR 1039Q 3. 249 Arques Javier ESP 1041 Q
4. 817 Cheng Hsin Fu TPE 1041 Q 4. B03 Seck Charles Lovis SEN 1043 Q
5. 1088 Witherspoon Mark USA 1065 5 721 Nwankwo Patrick NGR 1043
6. 214 Penalver Leandro cuB 1065 6. 3 Selmi Mwstapha K.  ALG 1048
7. 813 Hazel Earl STK 1096 7. 913 Cox Rodney TKS 1110
8. 517 Loua Robert GUI 1109 8. 706 Bessi Gilber MON 1177
Time 09:30 — Temp.: +20 °G . Time 09:53 — Temp.: +21 °C
Press.: 1015 mBar -— Humidity: 78% Press.: 1015 mBar — Humidity: 66%

2. (+ 1.22 mls) 8. (+ 143 mfs)
1. 337 Moriniere Max FRA 10.29Q 1. 1053 Lewis Carl USA 1005QCR
2. 950 Yevghenyev Aleksandr URS 1033 Q 2. 541 Kovacs Ailila HUN 1026 Q
3 218 Simon Andres cus 10340 3. 103 Atanasov Valentin BUL 1039Q
4. 1062 Mc Rae Lee USA  10340Q 4. 200 Chacon Ricardo cus 1043Q
5. 364 Haas Christian FRG 1039 5. 392 Schweisfurth Dirk FRG 1050
6. 69 Allassane Issa BEN 1088 6. 766 Abrantes Arnaido POR 1064
1. 679 Ziad Hanna LB 1104 7. 710 Hiram Rick NAU 1137
B. 741 Amawi Mohd Eid 1. PAL 1156 8 Davis Trevor ANG  DNS
Time 09:38 — Temp.: +21 oG Time 09:58 — Tomp.: +21 °C
Press.: 1015 mBar — Humidity: 77% Press.: 1015 mBar — Humidity: 72%:

3 . (+ 0386 mis) 7. (+ 2.48 m/s)
1. 86 Da Silva Robson C. BRA 1042Q 1. 719 Imoh Chidi NGR 10220
2. 524 De Kom Achmed HOL 1068 0Q 2. 39 Berger Andreas AUT  1022Q
J. 981 Muravyev Viadimir URS 10530Q 3. 163 Williams Desai CAN 10300Q
4. 71 Pale Harouna VoL  1068Q 4. 494 Akwogyikam Eric GHA 1037 Q
5. 166 Nkounkou Theophile CGO 1089 5. 80 Bonfim Jailto Santos BRA  10.41

197 Ali Youssouf COM  DNS 6. 1080 Jeremiah Jerry VAN . 1081
567 Barnes Greg ISV DNS 7. 702 Mohamed-Waheed . MLD 1148
457 Wells Allan GBR DNS 726 Tuna Takale NGU  DNS

Time 08:43 — Temp.: +21 ¢C Time 10:04 — Temp.: +21 °C

Press.: 1015 mBar — Humidity: 9% Press.: 1015 mBar — Humidity: 65%

4, (+ 1.58 m/s)

1. 601 Pavoni Pierfrancesco  ITA  10.24 Q

2. 947 Bryzgin Vikior URS 10.25Q

3. 421 Christie Linford GBR 1029Q

4. 830 Fuwa Hiroki JPN 1043 Q
5 177LiTao . PRC 1052
6. 1 Thode Julien AHO 1059
7. 746 Fernandez Oscar PER 1104
8. 704 Zammit Alan MLE 1132

Time 09:46 — Temp.: +21 °C ° QUAIifled: 4 first + 4 best times

Press.: 1015 mBar — Humidity: 66%



100 m
{QUARTER-FINALS 2918 - 18.10
1. (-297 mfg) 2. . (-1.53 m/s)
1. 1053 Lewis Carl USA  1038Q 1. 947 Bryzgin Viktor URS 10290Q
2. 421 Christie Linford GBR 1040 Q 2. 39 Berger Andreas AUT  1035Q
3. 541 Hovacs Attila HUN  1082Q 3. 438 Mc Farlane Miks GBR 1035Q
4, 86 Da Silva Robson Ca. BRA 1053 4. 337 Morinigra Max FRA 1039
5. 364 Haas Chrislian FRG 1065 5. B03 Seck Charles Louis  SEN 1043
6. 61 Desruelies Ronald BEL 1065 6. 163 Williams Desai CAN 1043
7. 200 Chacon Ricardo cus 1070 7. 917 Cheng Hsin Fu TPE 1053
8. 981 Muravyav Viadimir URS 1080 8. 71 Pale Harouna VOlL. 1087
Time 18:10 — Temp.: +26 °C Time 18:16 — Temp.: +26 °C
Press.: 1017 mBar — Humidity: 66%: Press.: 1017 mBar — Humidiy: 66%
3. (-0.19 mis) 4. . (- 0.44 m/s)
1. 719 imoh Chidi NGR 1020Q 1. 624 Stewar Raymond JAM 1014 Q
2. 1062 Mc Rao Lee UsAh 1021Q 2, 145 Johnson Ben CAN 1014 Q
3. 601 Pavoni Pierfrancesco 1TA 1028 Q 3. 218 Simon Andreas cug 1023Q
4. 494 Akwogyikam Eric GHA 1031 4. 950 Yevghenyev Aleksandr URS  10.37
5. 103 Atanasov Valentin BUL 1037 5 623 Smith Andrew JAM 1037
6. 620 Fuwa Hiroki JPN 1038 6. 249 Arques Javier ESP 1046
7. 524 De Kom Achmed HOL 1045 7. 3 Selmi Mwsiapha Kama! ALG 1048
8. 80 Bonfim Jaillo Santos BRA 1046 8. 721 Nwankwo Patrick NGR 1049
Time 18:24 — Temp.: +26 °C Time 18:27 — Temp.: +26 °C
Press.: 1016 mBar — Humidity: 66% Press.: 1016 mBar — Humidity: 66%-
o Qualified: 4 first + 4 besi times
SEMIFINALS 20/8 - 16.20
1.4 (- 038 m/s) 2. {~ 1.35 m/s)
1. 145 Johnson Ben CAN 1015Q 1. 1053 Lewis Carl USA 1003Q CR
2. 421 Chrigtio Linford GBR 10.25Q 2. 624 Stewart Raymond JAM  1012Q
3. 601 Pavoni Pierirancesco [TA 1033 Q 3. 541 Kovacs Attila HUN  1022Q
4, 1062 Mc Rae Lea USA 1037 Q 4. 947 Bryzgin Vikior URS 10.23Q
5. 39 Berger Andress AUT 1037 5. 218 Simon Andres cup 1024
6. 494 Akwogyikem Eric GHA 1040 6. 719 Imoh Chidi NGR  10.29
7. 623 Smith Andrew JAM 1044 7. 438 Mc Farlane Mike GBR 1038
8. 950 Yevghenyev Aleksandr URS  10.51 8. 103 Atanasov Valantin BUL 1053
Time 16:30 — Tamp.. +30 °C Time 16:39 — Temp.. +30 °C
Press.: 1017 mBar - Humidity: 54% Press.: 1017 mBar — Humidity: 54%
“fe Qualified: 4 first/e
FINAL 30/8 - 18.40
{+ ©.95 mfg)
1. 145 Johnson Ban 61 CAN 983 WRCR 5 541 Kovacs Allila 60 HUN10.20
2. 1053 Lewis Carl 61 USA 993 8. 947 Bryzgin Viktor 52 URS10.25
3. 624 Stewart Raymond 65 JAM 1008 7. 1062 Mc Rae Lee 66 USA10.34
4. 421 Christie Linford 60 GBR 10.14 8. 601-Pavoni Pierfrancesco83 1TA16.23

Time 18:40 — Temp.: +26 °C - Press.: 1017 mBar — Humidity: 61% 61%



Table 2 - Results of the 100 metres

women - If World Championships in Athletics

HEATS 2918 - 10.20
1. (+ 228 mis) 5 (+ 0.15 m/s)
1. 287 Drechsler Heike GDR 1102Q 1. 238 Sarvari Ulrike FRG 1.37Q

2. 60 Georgieva Nadejda BUL nzaQ 2. 292 Gladisch Silke GDR 1140Q

3. 598 Slyusar Irina URS 11340 3. 845 Marshall Pam USA 1144Q

4 387 Masullo Marisa ITA  N710Q 4. 97 Phipps Angela CAN  1182Q

5. 34 Badz Felicite BEN 1222 5. 333 NgKaYi HKG  12.26

6. 678 Caulker Alyson SLE  12.33 6. 352 Nurani Budi INA 1234

7. 496 Rossini Sara SMR 1286 7. 407 Sudani Intisar JOR 1291 NR
8. 128 Tierney Erin CKl 1312 134 Faouzia Djaffar COM  DNS

Time 10:20 — Temp.: +21 °C
Press.: 1015 mBar — Umidita/Humidity: 59%

Time 10:41 — Temp.: +23 °C
Press.: 1016 mBar — Umiditd/Humidity: 599%

2. : {+ 1.22mls) 6. . .- {(+ 0.67 m/s)
1. 403 Ottey Meriene JAM 1126 Q 1. 334 Cooman Nelli HOL 1118Q

2. 183 Bily Laurence FRA m32Q 2. 88 Issajenko Angella CAN 1142Q

3. 592 Pomoshchnikova Nat, URS  11.39 Q 3. 58 Demireva Valya BUL  1161Q

4. 12 Holden Diane AUS  1153Q 4. 248 Ongolo Gisele GAB 1183 Q NR
5. 47 Dos Santos Sheila BRA 1182 5. 484 Wirlz Marie Ange SEY 1264

6. 3 Browne Rosanna ANG 1280 6. 541 Robinson Judith TKS 1315

7. 439 Nanton Lorraine MNT 1330 7. 542 Comlan Abla TOG 1321

8. 503 Karim A. SuUD 1407 444 lheagwam Tina NGR  DNS

Time 10:29 — Temp.; +22 °¢
Press.: 1015 mBar — Umnidita/Humidity: 56%

Time 10:47 — Temp.: +23 °C
Press.: 1016 mBar — Umidita/Humidity: 599,

3. (+ 099 mss) 7. - (~ 0,61 m/s)
1,616 Brown Alice USA 11420 1. 669 Williams Diane USA 11.22Q
2. 78 Bailey Angela CAN  1152Q 2. 293 Goehr Marlies GDR M47Q
3. 262 Jacobs Simone GBR 1N177Q 3. 254 Dunn Paula GBR 1152Q
4. 207 Leroux Philippe F, FRA 11920Q 4. 33 Verbruggen Ingrid BEL 1.62Q
S. 498 Mangalika Tol. Gan. SRl 12.34 5. 131 Caicedo Amparo COL 1188
6. 38 Barrow Sherlete BlZ 1321 6. 108 Diankolela Miss. J. CGO 1284
7. 442 Ephraim Denise NAU 1369 7. 1 Martha Soraima AHO 1287
75 Inamahoro Fydia BUR DNS 8. 437 Hassan-Didi Jyhan MLD 1505

Time 10:27 — Temp.; +22 °C
Press.: 1015 mBar — UmiditalHumidIty: 56%

4, (- 0.68 m/s)
1. 70 Nouneva Anelia BUL 1137Q
2. 606 Zolotareva Olga URS 1152Q
3. 136 Allen Lilliana CuB 157Q
4. 679 Davis Pauline BAH 1159 Q
5. 165 Diaz Yolanda ESP 1200
6. 330 Haba Lea GUI  12.78
450 Launa Jammo NGU DNS
438 Diarra Aminata ML DNS

Time 10:35 — Temp.: +22 oC
—_ UmldltaJHumldity: 58%

Press.: 1016 mBar

Time 10:50 — Temp.: +23 °C
Press.; 1016 mBar — Umidit&IHumidEty: 58%

° Qualifled: 4 first + best times g



@AR‘E’E%-FB%&LS 20i8 - 17.40

1. QUARTO (- 0.38 m/s) 3. QUARTO {- 1.65 mis)

1. 287 Drechsler Heike GDR 11.08Q 1. 869 Willians Diane Usa na1Q

2. 70 Nouneva Anelia BUL 11.28Q 2. 78 Bailey Angela CAN 1131Q

3. 238 Sarvari Ulriks FRG 11.32Q 3. 592 Pomoshchnikova Nat. URS 11.33Q

4, 606 Zolotareva Qiga URS 1159 4, 293 Goehr Marlies GDR 1140

5. 97 Phipps Angela CAN 1167 5. 193 Bily Laurance FRA 1149

6. 12 Holden Diane AUS 1168 6. 58 Demireva Valya BUL 173

7. 33 Varbruggen Ingrid BEL 1178 7. 262 Jacobs Simone GBR 1183

34 Bada Felice BEN  DNS 8. 185 Diaz Yolanda ESP 1205

Time 17:41 — Temp.: +27 °C Time 17:50 — Temp.; +27 °C
Press.: 1016 mBar — Umidita/Humidity; 4% Press. 1016 mBar — Umidita/Humidity: 64%
2, QUARTO (+ 158 m/s) 4. QUARTC {~ 1.13 m/g)
1. 88 isszjenko Angella CAN  108¢Q 1. 403 Ottey Merlene JAM .27 Q

2. 334 Cooman Nelii HOL 114 Q 2. 292 Gladisch Sitke GDA  11.29Q

3. 645 Marshall Pam usaA 1n21Q 3. 616 Brown Alice usa 1N34Q

4. 598 Siyusar Irinz URsS 1138 4. 80 Georgieva Nadejda BUL 1147

5. 254 Dunn Paula GBR 1147 5. 136 Allen Lilliana CuB 160

6. 387 Masullo Marisa iTA 1162 8. 67¢ Davis Pauline BAH 1184

7. 207 Leroux Philippe Fra. FRA 1183 7. 131 Caicedo Amparo CoL 1208

8 47 Don Santos Sheila . BRA 1176 8. 248 Ongelo Gisele GAB 122
Time 17:41 — Temp.. +27 °C Time 37:55 — Temp.; +26 °C

Press.: 1016 mBar — Umidit&/Humidity: 64% Press.: 1017 mBar — Umiditad/Humidity: 65%

_Ie Qualified: 3 first + 4 best times/e

SEMIFINALS 30/8 - 16.50
1. (+ 212 mis) 2. {+ 0.70 m/s)
1. 292 Gladisch Silke GDR 1082Q 1. 287 Drechsler Heike GDR 1095Q CR
2. 403 Qtiay Merlene JAM 1088 Q 2. 70 Nouneva Anglia BUL 11.01Q

3, B8 Issajenko Angella CAN  1099Q 3. 669 Willians Diane USA 1N07Q

4. 645 Marshall Pam USA 11.060Q 4. 78 Bailey Angela CAN 11.07Q

5. 616 Brown Alice Usa 107 5. 592 Pomoshnikova Natalia URS  11.15

6. 60 Georgieva Nadejda  BUL 1110 6. 334 Cooman Nelli HOL 1121

7. 238 Sarvari Ulrike FRG 1115 7. 293 Goshr Marlies GDR 1133

8. 598 Slyusar Irina URS 1144 8. 254 Dunn Paula GBR 1159
Time 16:50 — Temp.: +29 °C Time 16:55 — Temp.: +28 °C ~

Press.. 1017 mBar — Umiditd/Humidity: 56% Press.: 1017 mBar — Umiditd/Humidity: 56%
° ¢ Qualified: 4 first o )

FINAL 30/8 - 19.00
{- 0.58 m/s)
1. 292 Gladisch Sitke 64 GDR 1080 CR 6. 70 Nouneva Anelia 82 BUL 1109
2. 287 Drechsler Heike 64 GDR 1100 7. 78 Bailey Angela 62 CAN 1118
3. 403 Ottey Merlene 60 JAM 1104 8. 645 Marshall Pam 60 USA 1119
4, 669 Williams Diane 60 USA 1107
5. 88 lIssajenio Angella 58 CAN 1109 Time 18:00 — Temp.: +26 °C

Prass.: 1017 mBar — Umidit&/Humidity: 64%



ings from the video recordings were
published as FAST INFORMATION
REPORTS and were available to the
press and to the athletes and coaches in
the Athletes Village in Rome. The
recordings from each round were
shown the following day as part of a
video presentation given to the athletes
in the Village.

The location of the high speed
cameras enabled 3-D analysis of the
athletes. The cameras worked at a fre-
quency of 200 frames per second. One
of the cameras photographed the
smoke from the starter’s gun. The film
from this camera was used for both the
visual assessment and comparison with
the official measurements of the ath-
letes’ reaction times. The films were

also used for comparing with the
material obtained from the video
recordings in.the preparation of this
report.

2.2 Reaction Time Measurement

In addition to the above mentioned
visual assessment of reaction times, the
“official’’ reaction times were taken
from the print out of the automatic
recordings from the false start detec-
tion equipment supplied by SEIKO.

3. Factors of performance in the sprint
events

For the purpose of this report, we
have identified and evaluated the fol-
lowing factors which are likely to be
decisive for the final performance in

@ L]
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the sprint events: reaction time, ac-
celeration speed, maximum speed and
speed endurance.

3.1 Reaction time

The term ‘‘reaction time’’ is used
here only for the sake of simplicity. In
fact, it is the time that elapses between
the sound of the starter’s gun and the
moment the athlete is able to exert a
certain amount of pressure on the
starting blocks. Therefore, the current
method of reaction time measurement
includes the duration of the time it
takes for the sound of the gun to reach
the athlete, the time it takes the athlete
to react to the sound and the mechani-
cal delay of measurement inherent in
the starting blocks.

Measurement of reaction time has
proven an intractable problem in ath-
letics. Information from these meas-
urements can have a considerable in-
fluence on the development of starting
technique in all sprint and hurdle
events. Reaction times should be
watched and analysed not only in races
but in training as well. However, if
reaction times are to be used as com-
parable quantities, uniform conditions
for measuring must be laid down and
should be obligatory for companies
producing starting blocks with devices
for false start detection and the auto-
matic recording of reaction time. This
is not the case at present.

Long term investigations have con-
firmed that measurements made at the
World Junior Championships in Ath-
letics in Athens 1986, and at the II
World Championships in Athletics
were significantly longer in all the
sprint events than reaction times
recorded at other major champion-
ships held between 1978 and 1986 (Ia-

ble 3). As it is unlikely that such a large
variance would show up in a large sam-
ple of top level athletes, it suggests a
difference in methods of measurement.

In addition to this problem there is
the question of what is the minimum
time required for a fair start? In theory,
if the athlete makes his first move any
time after the gun, it is a fair start.
However, since it is known that the
sound takes some amount of time to
reach the athlete and that there must be
a maximum speed at which a human
being can react to a sound, it is as-
sumed that there is specific minimum
reaction time. If the athlete moves be-
fore that time has elapsed since the fir-
ing of the gun he must have anticipated
the gun and therefore false started.

In fact, no definite study exists
which could be used as a basis for es-
tablishing a minimum time which
would define a false start. There is no
objective reason for laying down 120
milliseconds, which was used in Rome,
(or any other value) as the limit. It is
for this reason that the false start detec-
tion system is only for the information
of the starter, with the starter being the
sole judge of a fair start.

A case in point was the final of the
Men’s 100 Metres. Many observers
were of the opinion that Johnson false
started and the ‘‘official’’ reaction time
of 109ms (Table 4) seemed to confirm
this.

Analysis of the films made by the
high speed cameras and interpolation
of the frames were used to calculate the
time that passed between the recorded
gun shot smoke and the first noticeable
motion of the athlete. Our conclusion
is that Johnson was not guilty of a false
start. The starter did not and could not
have noticed any motion or a false
start. It was a very fast start, no doubt,



Table 3 - Reaction times measured at major championships

MEN 100 metres 200 metres 400 metres

n X SD n X SD n X SD
EC78 51 151 .20 43 179 41 48 .247 .67
0GS80 118 154 A7 112 .159 21 106 A72 41
ECS82 52 147 .19 47 A71 .29 50 226 .67
WC83 121 157 25 107 .189 34 105 220 41
WJIC86 138 174 21 131 191 37 71 .238 .65
WC87 103 185 31 94 219 52 56 .261 .75
AVERAGE 164 .23 186 .35 220 .55
WOMEN 100 metres 200 metres 400 metres

n X SD n X SD n X SD
EC78 46 .159 .20 48 180 .37 42 .248 .56
0G80 84 152 27 83 164 24 62 195 .45
ECS82 42 155 15 24 A77 32 24 271 .65
WC383 103 A73 .23 96 .201 37 83 235 .59
WIC86 80 185 41 83 .205 .41 21 272 .75
WC87 107 211 .52 53 234 .68 57 269 .67
AVERAGE 177 .33 .194 .39 .244 .65
n = number of readings X = mean SD = standard deviation

‘Table 4 . Reaction times - Men’s 100 Metres - Final

Name Johnson Bryzgin Christie Pavoni [ewis Kovacs McRae Stewart
Performance 9.93 10.25 10.14 16.23 9.93 10.20 10.34 10.08
Ranking by

Reaction times 1. 2. 3. 4, 5. 6. 7. 8.
Lane 5 1 8 2 6 4 7 3

A 0.143 0.158 0.163 0.173 0.199 0214 0224 0.230
B 0.109 0.139 0.135 0.163 0.196 0.201 0.225  0.235
C 0.034 0.018 0.008 0.010  0.003 0.013  -0.001 -0.005
A) Reaction times from film analysis B) Official Seiko reaction times

C) Difference between A and B
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but it was completely legal and the
starter was correct to allow it.

The rest of our conclusions on reac-
tion times can be briefly expressed in
the following points, formulated in an
earlier study (Dostal, 1982):

1. In all sprint events (including
heats, semi-finals and finals), the reac-
tion times of the best athletes are short-
er than 200ms. This conclusion was
confirmed in more than 95% of the
results from the Il World Champion-
ships in Athletics. However, reaction
time in Rome were, despite the times
recorded by Johnson, generally longer
than at other recent championship
meetings, a fact probably caused by a
lack of uniformity in the methods of
measurements. This makes Johnson’s
reaction time all the more impressive.

2. In identical events, the average
reaction times of women are longer
than those of men. This conclusion
was confirmed in 75% of the results
from Rome.

3. Reaction times grow in proportion
to the length of the race distance. This
conclusion was confirmed, without ex-
ception, by the results from Rome.

4. The variance in the range of reac-
tion increased in proportion to the race

distance. This was confirmed, with rare
exceptions, by the results from Rome.

5. For the best runners, the stability
of reaction times is greater. This con-
clusion, however, was not confirmed by
the results from Rome.

6. Reaction time does not correlate
with the performance level. This was
fully confirmed by the results from
Rome.

Table 5 gives an evaluation of reac-
tion times, valid generally and valid for
the special case of the II World Cham-
pionships in Athletics.

3.2 Acceleration

The ability to accelerate is one of the
factors that markedly influences per-
formance. For this study acceleration
speed is measured by the time achieved
for the first 30m in the 100 Metres.
Most sprinters, regardless of perfor-
mance level, achieve maximum speed
between 30m and 60m, but the quality
of the acceleration (the steepness of the
speed increase and the maximum level
of speed achieved) correlates directly to
both the performance and the quality
of the sprinter. However, our findings
from Rome are that, while it is usually
necessary to run the first 30m below

Table 5 - Evaluation of reaction times

Valid generally

Valid only for II WC

100 metres Men (x=.160) Women (x=.177) Men (x=.185) Women (x=.211)
1. Outstanding <.130 <.135 <.140 <.140

2. Above average (.130; .150) (.135; .160) (.140; .170) (.140; .185)

3. Average (.150; .170) (.160; .195) (.170; .200) (.185; .235)
4. Bellow Average (.170; .190) (.195; .230) (.200; .230) (.235; .285)
5. Substandard >.190 >.230 >.230 > .285




4.0s for a performance of 10.40 or bet-
ter in the 100 Metres, achieving a cer-
tain level of final time is not so strictly
conditioned by acceleration capacity in
men as it is in women.

3.3 Maximum Speed

Maximum speed is clearly important
in the sprint events. However, while
there was a direct correlation in the
Women’s 100 Metres, it was shown,
again in the analysis of the Men’s 100
Metres, that maximum speed is not al-
ways directly correlated with the final
performance. Maximum speed was
measured as a mean in separate 10m
sections. While all the male finalists
were able to achieve speeds of 1I m/s
(the fastest were Johnson and Lewis at
11.76 m/s), there were a number of men
who reached this speed but did not bet-
ter 10.50. Nevertheless, an outstanding
performance in the sprints can be said
to be conditioned by a high maximum
running speed. In other words, a high
level of maximum speed is not a
guarantee but a precondition of an ex-
cellent performance.

3.4 Speed Endurance

Even in the 100 Metres, performance
is markedly influenced by the ability to
maintain running speed for as long as
possibile. Neither reaction time, ac-
celeration speed nor maximum speed
correlated in all cases with the final
result. However, the correlation be-
tween speed endurance and perfor-
mance was confirmed unequivocally.
Speed endurance can be measured by
the time achieved for a flying 30m sec-
tion, by the difference in the times be-
tween the first and second halves of the
race and by the curve of the functional
course of maximum speed (expressed

by mean times over 10m sections of the
race).

The time for the section between
30m and 60m is an indication of how
well the athletes maintain the speed
they have reached in the acceleration
phase. The stability of speed endurance
ability can also be shown by the 30m -
60m time in different races, indicating
how close the athletes are to maximum
effort in a given round.

The difference between the first and
second halves of the race is good for
showing the level of speed endurance.
Any analysis of a sprint race in which
the athlete has run the whole distance
at full effort, without a relaxation in
the final metres due to clear qualifica-
tion for the next round, will show that
the difference between the first and se-
cond halves of the distance increases
with improved speed endurance. In
other words, it is to be expected that
the second half of the race is faster, due
to the flying start, but an increase of
this difference is an indication of in-
creased speed endurance.

This does not mean that the athletes
are running faster in the second half of
the race. In fact, the curve of the func-
tional course of maximum speed,
which is the most important indicator
of speed endurance, shows that there is
usually a decrease of velocity in the se-
cond half of the race. Inferior sprinters
reach a peak of maximum speed which
decreases fairly steeply, while elite
sprinters lose speed very gently or, in
some cases, have a two peak course of
the speed curve. Account should also
be taken of the individual peculiarities
of the athletes (i.e particularly high ley-
els of acceleration or maximum speed
will tend to exagerate the loss of veloci-
ty yet can still be consistent with good
performances).

11
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4. Analyses of the competitions at the
If World Championships in Athletics

4.1 Time Analysis of the Women’s 100
Metres

REACTION TIME

At the II World Championships in
Athletics it was again confirmed that
reaction time does not significantly in-
fluence the performance level at the
100 metres distance. The reaction times
of female sprinters with fimes over
12.00 were comparable with the reac-
tion times of the female sprinters who
recorded times under 12.00 and with
the semi-finalists. Above average or ex-
cellent reaction times were found only
in some of the finalists but, even here,
no correlation between reaction time
and final performance could be found.

Comparing the reaction times of the
finalists (Table 6) we find that the win-
ner Gladisch (GDR) had the fastest
(0.141s) while eigth placer Marshall
(USA) had the slowest (0.242s). This
fully corresponds to the results of the
race. However, second placer Drechsler
(GDR) had a below average reaction
time (0.210s) as did fourth placer Wil-
liams (USA) (0.240s) while sixth placer
Nouneva (BUL) was above average
(0.196s).

ACCELERATION

No athlete who failed to advance
from the heats (times over 12.00) was
able to achieve a time better than 4.40s
for the first 30m while none of those
who failed to advance from the quar-
terfinals (times over 11.50s) timed bet-
ter than 4.30s. A comparison of times
at 30m by the finalists in all four
rounds of the competition (Table 7)
shows a high degree of stability of ac-
celeration speed. Outstanding accelera-
tion was demonstrated by Gladisch, Is-
sajenko (CAN), Ottey (JAM) and
Nouneva; inferior acceleration by Mar-
shall and Drechsler.,

MAXIMUM SPEED

Maximum speed, measured as a
mean of separate 10m sections, clearly
corresponds to the performance
achieved in the case of the Women’s
100 Metres. Velocities of 9.00 m/s -
9.50 m/s correspond to final times over
12.00 while a velocity of about 10 m/s
corresponds to final times between
11.50 and 12.00. Table 8 shows that all
the finalists were able to produce
speeds higher than 10.40 m/s. The
highest measured speeds were for
Drechsler (10.87 m/s) and Gladisch
(10.75 m/s).

Table 6 - Reaction Times - Women’s 160 metres final

Place Reaction Time Ranking by reaction time
. Gladisch 141 1
2. Drechsler 210 6
3. Ottey 172 3
4. Williams 240 7
5. Issajenko 203 5
6. Nouneva 169 2
7. Baily .191 4
8. Marshall 242 8




Table 7 - Times at 30 metres - Women’s 100 Metres finalists

Final place Heat Quarter-Final  Semi-Final Final
I. Gladisch 4.31 4,22 4.14 4.15
2. Drechsler 4.31 4.29 4.28 4.25
3. Ottey 4,25 4.22 4.18 4.17
4. Williams 4.23 4.17 4.26 4.24
5. Issajenko 4.27 4,15 4.18 4.17
6. Nouneva 4.20 4.23 4.18 4.15
7. Baily 4.38 4.25 4.20 4.22
8. Marshall 4.28 4.29 4.28 4.28

SPEED ENDURANCE

Athletes with final times between
11.50 and 12.00 were not able to clock
less than 3.30 for the section 30m - 60m

while the semi-finalists and finalists
were capable of maintaining their
speed on a level that makes this time
possible. This is confirmed by a com-

Table 8§ - Maximum speed - Women’s 100 Metres final

Place Fastest 10m Time Maximum
section(s) speed

1. Gladisch 50-60m 0.93 10.75 m/s
60-70m

2. Drechsler 50-60m 0.92 10.87 m/s

3. Ottey 50-60m 0.95 10.52 m/s
60-70m

4. Williams 50-60m 0.94 10.63 m/s

5. Issajenko 40-50m 0.96 10.41 m/s
50-60m
60-70m

6. Nouneva 60-70m 0.95 10.52 m/s

7. Baily 50-60m 0.95 10.52 m/s

8. Marshall 50-60m 0.94 10.63 m/s

13
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Table 9 - Times for 30-60m segment - Women’s 106 Metres finalists

Final place Heat Quarter-Final  Semi-Final Final
1. Gladisch 3.00 2.94 2.85 2.85
2. Drechsler 2.85 2.89 2.84 2.85
3. Ottey 2.99 2.95 2.86 2.90
4, Williams 2.98 2.97 2.92 2.91
5. Issajenko 2.99 2.87 2.87 2.91
6. Nouneva 2.98 3.00 2.87 2.91
7. Baily 3.03 2.97 2.92 2.94
8. Marshall 3.05 2.90 2.90 2.93

parison of the data from the four
rounds for the finalists (Table 9). The
fastest women over this section were
again Drechsler (2.84s) and Gladisch
(2.85s).

As stated above, inferior athletes lose
speed fairly steeply while elite sprinters
have a more gradual loss of speed, or,
as In the cases of Ottey and Baily
(CAN), a two peak course of the speed

Table 10 - 50 meter times - Women’s 100 Metres final

Place First 50m Second 50m Difference
1. Gladisch 6.07 4.83 1.24

2. Drechsler 6.18 4.82 1.36

3. Ottey 6.12 4.92 1.20

4. Williams 6.21 4.86 1.35

5. Issajenko 6.12 4.97 1.15

6. Nouneva 6.10 4.99 1.11

7. Baily 6.21 4.97 1.24

8. Marshall 6.27 5.17 1.10




curve. The speed curves of the medal-
lists are presented in graphic form in
the individual analyses.

None of the finalists achieved a bet-
ter performance in the final than in the
semi-final although acceleration and
maximum speed were in most cases
better. This again highlights the impor-
tance of speed endurance. In this case,
though, the results of the final were af-
fected by several factors: head wind,
undue output of energy in the first half
of the race (despite the head wind,
identical or better intermediate times
were achieved) and, probably, accumu-
lation of fatigue from the preliminary
rounds.

The individual time analysis of the
medallists is shown on pages 84-89

4.2 Time Analysis of the Men’s 100
Metres

REACTION TIME

Just as in the women’s event, no sig-
nificant correlation between reaction
time and final performance was rev-
ealed in the Men’s 100 Metres. Very

often, athletes achieved poor times and
did not qualify for the next round from
the heats despite reaction times com-
parable with the finalists and other
sprinters who achieved good perfor-
mances. As stated above, the reaction
times for participants in Rome were
generally poorer than for other recent
major championships. Among the
finalists, Johnson demonstrated not
only the fastest reaction time but the
highest stability of reaction times. In
the final (see Table 4) above average
reaction times can be observed in Bryz-
gin (URS) and Christie (GBR) with be-
low average times recorded by Lewis
(USA) and Stewart (JAM).

ACCELERATION

Remarkable differences between ath-
letes could be observed in acceleration
capacity. Much like the women, most
of the men achieved maximum speed in
the section 30m - 60m, although some
of the finalists did so even later in the
race.

As stated above, acceleration capaci-

Table 11 - Times at 30 metres - Men’s 100 Metres finalists

Place Heat Quarter-Final Semi-Final Final
. Johnson 3.87 3.82 3.83 3.80
2. Lewis 3.93 4.05 3.98 3.91
3. Stewart 4.00 3.92 3.96 3.98
4. Christie 4.02 4.01 3.96 3.97
5. Kovacs. 3.97 4.02 3.95 3.98
6. Bryzgin 3.96 3.92 3.95 3.97
7. McRae 3.92 3.89 3.95 3.94
8. Pavoni 4.01 3.90 3.95 4.33

15
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ty did not condition the final time for
the men as it did for the women in
Rome. The best level of acceleration
ability was demonstrated by Johnson
whose 30m times in all rounds were
better than 3.90s. It was clearly a com-
bination of reaction time and accelera-
tion ability which decided the final of
the 100 Metres as Johnson established
a lead of .11s by 30m which Lewis,
despite the fact that he was in the
process of equalling the World Record
was not able to even out. However, in
addition to Johnson and Lewis, McRae
(USA) also showed high acceleration
ability in all rounds yet he had the
slowest average of final marks among
the finalists. In the final, excluding the
injured Pavoni (ITA), the slowest ac-
celeration (3.98s) was demonstrated by
both Kovacs (HUN) and third placer
Stewart. :
Note that while it is usually neces-
sary to run the first 30m below 4.00 in

order to achieve a performance of
10.40 or better, Stewart, Christie and
Pavoni were all able to beat 10.30 in the
earlier rounds despite 30m clockings of
4.00s or slower.

MAXIMUM SPEED

All the finalists, as well as semi-
finalist, were able to achieve, in the
fastest 10m section of their races, times
corresponding to an average velocity of
11 m/s or better. However, there were a
number of athletes who were able to
reach this speed yet unable to clock
better than 10.50 for their final time,
showing that, while it is necessary to be
able to achieve high levels of maximum
speed, it is not a guarantee of an excel-
lent performance. The highest speeds
measured were for Johnson and Lewis
as both reached 11.76 m/s. Note that
Lewis reached his highest speed in the
80m - 90m segment while both Stewart
and Kovacs reached their highest speed
in the 90m - 100m segment.

Table 12 - Maximum speed - Men’s 100 Metres final

Place Fastest 10m Time Maximum
section(s) speed
1. Johnson 50-60m " 0.85 11.76 m/s
60-70m
2. Lewis 80-90m 0.85 11.76 m/s
3. Stewal;?t 50-60m 0.86 11.62 m/s
70-80m
90-100
4. Christie 50-60m (.86 11.62 m/s
5. Kovacs 90-100m 0.87 11.49 m/s
6. Bryzgin 50-60m 0.89 11.23 m/s
20-80
7. McRae 50-60m 0.89 11.23 m/s
8. Pavoni 30-40m 1.14 8.77 m/s




Table 13 - Times for 30-60m segment Men’s 100 Metres finalists

Final place Heat Quarter-Final Semi-Final Final
1. Johnson 2.68 2.66 2.68 2.58
2. Lewis 2.64 2.78 2.61 2.59
3. Stewart 2.65 2.67 2.64 2.64
4. Christie 2.65 2.75 2.70 2.65
5. Kovacs 2.68 2.76 2.67 2.69
6. Bryzgin 2.65 2.72 2.74 2.69
7. McRae 2.75 2.70 2.74 2.72
8. Pavoni 2.66 2.70 2.74 *

SPEED ENDURANCE

All the athletes, who bettered 10.40,
with the exception of McRae, were able
to cover the flying 30m segment be-
tween 30m and 60m in 2.70s or less. In
the final, Johnson’s time was 2.58s
while Lewis clocked 2.59s. The differ-
ence between the first 50m and second

50m for the finalists ranged from 1.20s
for McRae to 1.44s for Stewart.

As with the women, the functional
course of the maximum speed, shown
graphically in the individual analyses,
is considered the most important indi-
cator of speed endurance. Athletes of a
lower level usually have a one peak

Table 14 - 50 metres times - Men’s 100 Metres final

Place First 50m Second 50m Difference
1. Johnson 5.53 4.30 1.23

2. Lewis 5.64 4.29 1.35

3. Stewart 5.76 4.32 1.44

4. Christie 5.76 4.38 1.38

5. Kovacs 5.77 4.43 1.34

6. Bryzgin 5.77 4.48 1.29

7. McRae 5.77 4.57 1.20
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course which drops steeply in the final
stages of the race. The elite sprinters
are able to maintain high running
speeds, with only a gradual loss, even
in the later stages of the race. In the fi-
nal, all the sprinters, with the exception
of Pavoni, were able to achieve a two
peak course of speed, confirming their
ability to maintain high running speed
in the second half of the race.
Identical conclusions can be reached

by the comparison of the final 20m sec-
tions of the halves of the race (30m -

50m and 80m - 100m). Except for -

McRae and Pavoni, all finalists had
equal or faster times in the later seg-
ment. Excluding the finalists, this was
observed only four times (twice in the

semifinals and twice in the quarter- -

finals).

S. Interpretation from the point of
view of coaching practice by Peter F.
Radford

From the coach’s point of view the

value of a detailed study such as this,
lies in the practical information it pro-
vides about the world’s great sprinters,
the qualities they bring to their event,
and how they use these qualities to con-
struct a world-class performance,

Sprint coaches are, however, aware
of two factors in particular that they
must consider before generalizing from
one championship meeting to sprinting
in general. These are that (a) sprinters
are strongly affected by their environ-
ment, and that wind and temperature,
in particular, influence not only the
time of a race, but also its internal dy-
namics, and (b) sprinters are seldom
able to run in training as fast as they do
in competition, and so the ‘‘stan-
dards’’ achieved in the World Champi-
onships can only legitimately be com-
pared with other similar races, and not
with performances achieved in
training,

Conditions

The range of temperatures at Rome,
from 20° to 30° is not likely to in-
fluence performance significantly, but

Table 15 - Times for 30-50m and 80-100m segments - Men’s 100 Metres final

Place 30-50m 80-100m ,
1. Johnson 1.73 1.73

2. Lewis 1.73 1.71

3. Stewart 1.78 1.73

4. Christie 1.79 1.77

5. Kovacs 1.79 1.76

6. Bryzgin 1.80 1.80

7. McRae 1.83 1.84




Table 16 - Mean times of the 100 Metres finalists

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-9090-100 metres

Men 1.749 1.046 0.956 0.900 0.882 0.876 0.880 0.883 0.886 0.884  sec.

Women 1.869 1.111 1.034 0.989 0.967 0.994 0.950 0.976 1.019 1.021  sec.

the differences in wind force and direc-
tion are, I believe, quite serious.

For the men, the report gives details
of twelve 100 metres races, none of
which had an assisting wind above the
permitted limit (2.0 m/s); but for the
women, of the fourteen races reported,
2 were above the limit: Ht 1 and SF 1.
Although most of the races were below
the permitted limit, the variation in
wind force and direction was neverthe-
less too large to permit coaches to draw
simple comparisons between one race
and another. For the men the range was
+1.79 m/s (Ht 1) to —2.97 m/s (QF 1),
and for the women +2.28 m/s (Ht 1) to
—1.65 m/s (Qf 3).

Sprinters are very sensitive to wind,
and because even elite sprinters differ
to some degree in their body size,
strength, power and endurance, and in
the mechanics of their running (body
angle, foot strike, etc.), they are not all
uniformly helped by an assisting wind,
nor uniformly hindered by a head-wind
(Davies, 1980).

The 100 metres races

The report breaks the race into 4
parts: Reaction Time, Acceleration,
Maximum Speed and Speed Endur-
ance, but of more value than these ar-
bitrary divisions are the times that are
reported for each 10m section of the
race, for each sprinter.

There is considerable variation be-
tween sprinters and between different

races by the same sprinter, so to simpli-
fy things, I have calculated the mean
time taken by all finalists to cover each
10m section of the finals (N.B. Pavo-
ni’s times have been taken from the
mean of his Ht and SF), see Table 16.

Conclusions

I. TOP SPEED RUNNING AND LOSS
OF SPEED

As Table 16 shows, the men in the fi-
nal, taken as a whole, accelerated to
50m and then maintained their speed
without loss (to 0.01 secs) to the end of
the race. This is a surprising finding as
most earlier work has shown a loss of
speed over the last 20m or so (Ikai,
1968, Murase et al., 1976, Morton,
1981). Conditions in this race were
close to ideal with a temperature of 26°
and an assisting wind of 0.95m/sec.,
nevertheless it is interesting to find that
two of the men were at their fastest in
the final 10m of the race. This ability
of the best male sprinters to maintain
their top speed is probably the single
most important factor in reducing
sprint times over the past 20 years, and
speed endurance is probably a more
important aspect of training for 100
metres runners than coaches of the last
generation realised. In the 100 Metres
finals the men took from 44.6 to 47.0
strides at a mean rate of 4.6
strides/sec., and the women took from
45.4 to 53 strides at a mean rate of 4.5

strides/sec. One of the key objectives of 19



sprint training is to train the anaerobic
energy systems so that after adaptation
more energy is available to continue the
high-intensity muscle contractions that
are needed to maintain a high rate of
striding at the end of the race. As-
sociated with this, recent evidence
shows that sprint coaches must in fu-
ture be as aware as coaches of longer
events of the possibility of glycogen
depletion which could be a contributo-
ry cause to the loss of top speed in their
sprinters at the end of even the 100
metres race {(Boobis, et al., 1987;
Cheetham et al., 1986; Jacobs, 1987).

For the women sprinters the picture
appears to be quite different. As Table
16 shows the women, on average, lose
speed progressively over the last 40m.
In comparison with the men’s final the
women on average ran at nearly 94%
of the speed of the men over the first
20m, but over the last 20m this
dropped to less than 87% and no wom-
an in the final achieved her fastest
speed over the last 30m (although half
the men did). It is not possible to say to
what extent this was a consequence of
the conditions (the men had a tail wind
of 0.95, and the women a head wind of
0.58), as the report does not give the
full details of earlier rounds. In normal
conditions it has been calculated that
16% of the sprinter’s energy require-
ments are to overcome air resistance
(Pugh, 1970), however, it must be
remembered that a woman’s 100 metres
race lasts 10% longer than a man’s
and the problems of energy supply to
their muscles lasts, therefore, that
much longer. For this reason alone it
seems reasonable from these results to
support those coaches who claim that
speed endurance should play an even
greater role in the training of women

20 sprinters, than it does of men.

2) ACCELERATION

As Table 16 shows, the mean acceler-
ation continued for both men and
women until somewhere between 50m
and 60m, when top speed was usually
reached. For the men this is where most
races are won or lost. In the men’s final
the athletes were already in their finish-
ing order (to within 0.01 sec.) at 50m.
For the women, however, there is a
much greater chance of recovering
from an average acceleration, because
of the greater contribution that speed
endurance plays. Nevertheless, coaches
are reminded by these results that a
good, long acceleration phase is the
foundation on which all good 100
metres races are built.

3) REACTION TIME

The results from Rome confirm
earlier results already known to
coaches, namely that the ability to
produce a fast reaction to the gun, is
not necessarily associated with sprint-
ing ability. Coaches will therefore con-
tinue as before to work with their
sprinters to develop their muscular
strength, power and skill and so im-
prove their velocity at the time of leav-
ing the blocks. There is no direct data
in the study on this important aspect of
sprinting but the times to 10m give the
coach some useful new information.

4) STRIDE LENGTH AND RATE

In the final analysis sprint perfor-
mances are about stride length and rate
and how these are combined to achieve
the best results (Ballreich, 1976).
Coaches already know, of course, that
stride length and rate are related to leg
length, standing height and running
speed (Hoffman, 1971}, and they also



know that for their height and leg
length women sprinters run with a low-
er rate than the equivalent men (Hoff-
man, 1972). This study, however fails
to add any new information as only the
total numer of strides for the whole
race is reported; this is then expressed
as an average length and rate for the
whole race including reaction time. A
gold mine of information would have
been available if sprinters’ height and
weight had been included and strides
for each 10m section had been cal-
culated.

Far too little is known about the
ways that men and women sprinters
manipulate stride length and rate dur-
ing acceleration, top speed and when
speed is lost, and this could be an im-
portant theme of any future research.

The results of this study have provid-
ed the coach with some intriguing in-
sights into how the sprinters performed
in Rome, but further analysis of other
events is necessary to see to what extent
these performances were influenced by
the specific conditions in Rome. When
coaches have other detailed analyses
with which to compare these data the
information will be much more useful
to them.

Editor’s note

The following section was received
subsequent to the preceeding interpre-
tation having been written.

6. Comparison of the mean values of
further parameters for Johnson and
Lewis

The spectacular results achieved in
the Men’s 100 Metres by both Johnson
and Lewis warrant an even closer ex-
amination of their performances. It is

interesting to note that the two best 100

Metres performances of all time were

achieved with considerably different

technical styles. As stated above, the
race was won in the start and accelera-
tion phases. Johnson was able to gain
87ms of the .10 sec. winning margin in
the reaction time alone. However, if we
ignore this, we find that he covered the
distance of the race only 13ms faster
than Lewis, yet the kinematic
parameters for the two sprinters were
markedly different (See Table 16).

For the 100 metres distance, which
they covered in practically the same
time, Johnson had a higer mean stride
frequency while Lewis had a longer
mean stride length. A considerable
difference can also be seen in the dura-
tion of the support phases of the
strides of the first 20m (Johnson -
115ms and 91ms, Lewis - 134ms and
100ms) while the duration of the sup-
port phases for the rest of the race are
practically identical. For the entire dis-
tance Johnson’s flight phases were also
shorter in comparison to Lewis: (range
4ms-24ms).

The index of running activity I = A
SP / A FP (relation of the time dura-
tion of the support phase to the dura-
tion of the flight phase) is normally a
meaningful value for evaluating ath-
letes intra-individually or for estimat-
ing the performance level of an athlete.
The lower the level 1, the shorter the
time for observed section of the race or
the higher the mean velocity. However,
in the case of the minimum time differ-
ences for the observed sections of this
race, this particular index is not sensi-
ble (note the values for 30m-40m).

Another and, in this case, more sig-
nificant indicator, is the relationship
between stride length and stride fre-
quency. Johnson achieved his highest
mean velocity of 11.76 m/s between
50m and 60m while Lewis achieved the
same velocity between 80m and 90m.
In both cases the athletes were 7-8%
below their maximum values for their
dominant parameter, Johnson - stride
frequency, Lewis stride length.
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1. INTRODUCTION

The improving performance trends in the sprint events (see FIG. 1-6) are to
some extent the result of improved starting and running techniques.

The improvement of the performance level can be demonstrated by the best
performances in each year and by the mean of the first 3 and 10 best performances
in the period 1960-88. The best way of showing the continuous improvement is by
the 10-best average. Only in women's 400 m has the level stagnated, as a result of
the retirement of KOCH, KRATOCHVILOVA and others from competitive running.

To provide better orientation before the final year of the Olympic preparation
we present the unofficial statistics of the best world performances up to the ISth
October 1987, and the differences between the performance achieved at the II World
Championships in Athletics in Rome and that achieved during 1987 before the WC
(see the last paragraph of TAB. 1-6).

The table indicates which athletes (with what kind of performances} may have
a chance to make their mark in top world events like OG, WC, EC, ie. the
performance levels that may be expected to ensure qualifying for the semifinal or
final (TAB. 1-6 in the Appendix).

FINAL 100 m 30/8 - 18.40 30/8 - 19.00
(+ 045 mk) {- 058 mis)

1. 145 Jehnson Ben 61 CAN 983 WRCR 1. 292 Gladisch Silke 64 GDR 108%0CR

2. 1053 Lewis Cart 61 USA 983 2. 287 Drechsler Heike 64 GDR  11.00

3. 624 Stewart Raymond 65 JAM1008 3. 403 Ottey Merlena 650 JAM 1104

4. 421 Christie Linford 60 GBR 1014 4. 669 Wiltiams Ciane 60 USA 107

5 541 Kovacs Aftila 60 HUN10.20 5, 88 Issajenko Angella 58 CAN 1109

& 947 Bryzgia Viktor 62 URS10:25 6. 70 Nouneva Anelia g2 BUL 1109

7. 1062 Mc Rae Lee 65 USA1034 7. 78 Bailey Angela 62 CAN 1118

8. 601-Pavoni Pierfrancesco6d  ITA16.23 8. 645 Marshall Pam 60 USA 1118

18:40 — Temp.: +26 °C
Ore(Time 18.40 o OrelTime 19:00 — Temp.: +26 °C

Prass.: 017 mBar -~ Umidia/Humdity: £1% Prass.: 1017 mBar — UmidittfHumidity: 6456

FINAL. 200 m 3/9 - 18.25 ) 3/92 - i8.10
T{-UATTE] (+1.16 m/s}
i OR 21.74 CR
T A 2016 1. 232 Giadisch Sitke 64 G

1. 1083 Smih Caln - oy 2. 631 Grfiith Florence 59 USA 2136

2. 342 Queneharve Gilles 66 FRA 206 %303 Ottey Medene 50 AM 2306

3. 446 Regis John 66 GER 2018 4. 645 Marshatl Pam £0 USA 22.18

4. B6 Da Silva Fobson Caetano 64 BRA 2022 5 661 Torence Gwen 65 USA 2240

5. 971 Krylov Viadirir 64 URS 20.23 6 447 Onyali Mary 68 NGR 2252

SA 20.25 7. 467 Kasprzyk Ewa 57 POL 2252

6. 1045 Heard Floyd 66 U _—— L s & B 25

7. 601 Pavoni Pigrlrancesco 63 [TA 2045 2 I

8. 151 Mahorn Allea 65 CAN 2078

OrefTime 18:25 - Temp.: +256 °C Orefﬁt_'na 18:10 — Temp.: +26 °C

Press.: 1012 mBar — Umiditd/Humidity: 68% Pross.; 1012 mBar — Umiditd/Humidity: 70%
FINAL 400 m 3/9 - 17.20 31/8 - 18.00
1. 485 Schoenlebe Thomas 65 GDR 4433 1. 557 Bryzgina Olga 63 URS 4938
2. 716 Egbunike fnnocent 61 NGR 4456 2. 305 Mueller Peira 65 GDR 4994
3. 1078 Reynolds Hamry 64 USA 4480 3. 288 Emmelmann Kirsten 61 GDR 5020
4. 206 HemandezRoberto 67 CUB 4499 4. 589 Pinigina Maria, 58 URS 5053
5. 445 Radmond Darek 65 GBA 4506 5. 643 Leatherwood-King Lille 64 USA 5082
6. 657 Kitur David 62 KEN 4534 6. 9% Richardson Jithan 65 CAN 5103
7. 150 Tiacoh Gabrisl 63 Clv 482 7. 625 Dixon Diane 64 USA 5113
8 1043 Haley Roddie 65 USA 4677 8. 584 Nazarova Olga 65 UAS 6120
Orefling 17:22 — Temp.: 428 *C OrafTrme 1600 — Temp.: +28 *C
Press: 1012 mBar — UmiditdfHumday: 67% Press : 1017 mBar — UmignafHumadity: 430
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2. METHODS AND PROCEDURES

Time analysis of sprint events was made on the basis of videorecordings made
by 6 videocameras. Their location was determined by the character of each of the
events { see FIG.7).

START 200m
50 x 100m
0 200m
(NI T T T T TTITTT1 ~]
i0 30 S50 79 80
FIG 7A X 0X 00X 00X 00X
x AVERAGE
FREQUENCY
o " [.
400m  4x100m
D 4x400m
FIG 7B ¢ . a

Time synchronisation was ensured by a videorecording of the starter's gun.
Time analysis of 450 individuals was made:

- in the 100 m 91 men and 90 women
- in the 200 m 102 men and 53 women
- in the 400 m 67 men and 47 women.

In this report, the results are given for all the rounds of each athlete who
qualified for the semifinal and final races.

In addition, the semifinal and final were filmed by synchronized Photosonics
500 high-speed cameras with a frequency of 200/100/frames/sec. The location of
the cameras (see FIG. 8) enables 3-D analysis on the home straight (100 m and final
100 m of the 200 m).

-6 -
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POSITION OF CAMERAS
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The present report concentrates on time analyses which can help coaches to
get an idea of the conditions necessary for achieving performances that will enable
athletes to be successful at the OG and other top world events.

Stride lenght and frequency, the functional course of acceleration and speed in
the [00-m and the relay events will be published in speclalised periodicals at a later
stage,

-7 -
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3. ANALYSES OF THE COMPETITION
AT THE II WORLD CHAMPIONSHIPS IN ATHLETICS

3.1, REACTION TIME

Measuring reaction times is an intractable problem in athletics,

Reaction times ocught to be watched and analysed not only in races, but also in
training. Measuring reaction times can have a considerable influence on the
development of the starting technique in all sprint and hurdle events.

If reaction times are to be used as comparable quantities, uniform conditions
for measuring must be laid down and should be obligatory for companies producing
starting blocks with devices for the automatic recording of the reaction time,

Long-term investigations have confirmed that in measurements made at the
World Junior Championships in Athens 1986 and the II WC, significantly longer
reaction times were recorded than at EC 78, OG 80, EC 82 and WC 83 (TAB. 7).

REACTION TIHES HEASURED AT BIFFERENT ATHLETIC CORPETITION
[ EUROPEAH AND WORLD CHAHPIOSHIPS,OLYHPIC GANES]

HEN 100a 2008 4008
n I xISD n | xls.{l n l X [SD
EC78 | 5L 151 20 43 179 41 48 247 67
0§80 | 118 154 17 112 159 21 106 172 41
[cs2 | S2 147 18 47 171 28 50 226 67
WCa3 | 124 157 25 107 189 34 105 220 41
1684
JHCBS | 138 174 21 131 191 37 71 238 65
£C86
NC8? |10 185 31 94 218 52 56 261 75
AVERAGE| 583 164 23 534 186 35 436 220 53
HONEK 1008 2008 4008

n | x1Sb |n | x [0 |n | x |50
EC78 | 46 159 20 48 180 37 42 248 56
0680 | 84 152 27 83 164 24 62 135 45
£C82 | 42 155 15 24 177 32 24 271 65
ues3 {103 173 23 96 201 37 83 235 59
0684
JHC8e | 80 185 4L 83 205 41 21 292 75

EC86
HEBT 107 211 52 53 234 68 57 268 &%

AVELRAGE|462 177 33 387 194 39 286 244 &3
TABLE 7
The term '"reaction-time measurement”, is used here only for the sake of

simplicity. In fact, it is the time that elapses between the starter's gun and the
moment the athlete is able to exert a certain amount of pressure on the starting
blocks. This amount of pressure is subject to a variety of definitions. The current
method of reaction time measurement includes both the duration of the
sound-travel and the mechanical delay on the starting blocks.

-8 -
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In addition, no definite study exists that could be used as a basis for defining
a premature start. There is no objective reason for laying down 120 ms (or any other
value) as the limit.

One example for many was the final of the 100 m at the Il WC in Rome. Many
observers were of the opinion that B. JOHNSON jumped the gun.

Analysis of pictures made by highspeed cameras (196 frames/sec} and
Interpolation of the frames were used to calculate reaction time that passes

between the recorded gun-shot smoke and the first noticeable motion of the athlete
concerned (see TAB. 8).

HAHE JOKNSON BRYZGIN CHRISTIE PAVONI LEWIS KOWACZ He RAL STEHART
PERFORHANCE $.83 10.25 i0.14 16.23 9,93 10,20 10.34 10.08
RANKINE BY
REACTION TIHES| 1. 2. 3. 4. 3. 8. Te
LANE 3 1 8 2 g ¢ 7
f g.143  0.158 0.163 0.173 0.199 0.2i4 0.224 0.230
3 §.109 0.139 0.135 0.163 0.196 0.201 0.225 0.235
€ 0.034 0.018 0.008 0.04C 0.003 0.013 -0.001 -0.005

A1 REACTIDN TIHE® OF FILR ANALVSIS ( FREGUENCY 396 FRAMES PER SEC. 3

B) OFFICIAL REACTION TIRES
C] DIFFEREHCES BETHEEN REACTIUN TIMES OF FILM AHALYSIS AHD OFFICIALLY

PRINTED BY FIRM SEIKD
HOTE: RANKING DF RUNHHERS ACCORDINE TO REACTION TIMES IS IDENTICAL IH

BOTH ROHS [A.BI
THBLE 8

Our conclusion is that JOHNSON was not guilty of a false start. The starter
did not and could not notice a Premature start. JOHNSON'S start differs from that
of most other athletes: the take-off of the lower extremities preceds the motion

("take-off™) of the upper extremities.

Another problem is the start of the 400 m flat and 400 m hurdles. There is a
tendency of an increase in reaction times in proportion to the increasing distance
between the starter and the athlete. This was one of the subjects dealt with in our
analysis of the EC in Athens 82. After talks with the organizers concerning the

subsequent evaluation of the reaction times at the I WC in Helsinki 83 the problem
seemed to have been solved.
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In Rome, though, the reaction times were again found to correlate significantly
with the lane order, i.e. with the growing distance between the runner and the
starter (see TAB. 9).

SPEARMAN'S COEFFICIENT DF ORDER CORRELATION WITHIN LANE AND REACTICN TIME

BISCIPLINE

400a

HEN HOMEN

RUN COEF. | REMARK | RUR COEF. | REHARK

FINAL 0.28 % FINAL 0.61 !

SFl 5.85 | §F1 0.61 !

SF2 0.4% 8F2 0.98 !

8F1 0.73 ! 313 0.5 +

872 0.8 ! Hi 0.30 !

gr3 0.61 ! H2 0.92 !

Qr4 0.85 ! H4 0.80 !
H3 0,14 *
HE g.00 *

« DOESH’T AGREE MITH OUR HYPOTHESIS
+ WRONE MEASURMENT ON THE ?th LANE

TABLE S

The times in the sprinting and hurdling events up to and including 400 m are
stated in hundreths of a second. However the runners starting in the 7th or 8th
lanes were severely handicapped (up to 0. s), compared with those in the Ist, 2nd or
3rd lanes. ’

A proposal has been submitted for tackling this problem to the LA.AF.
technical committee. Within the framework of the International Athletic
Foundation/ international research team we are ready to put forward specific
proposals for coping with the problem. All the data on the reaction times in all the
sprinting events obtained so far (more than 2600 measurements), are shown in
TAB.7.

Our conclusion can be briefly expressed in the following points, formulated
earlier in another study ( DOSTAL 1982):

1. In all the sprint events (heats, semifinals, finals), the reaction times of the
best athletes were shorter than 200 ms. This conclusion was confirmed in
more than 95%. Results from the II WC are marked by longer reaction times
throughout: a fact probably caused by a lack of uniformity in the methods
of measurement.

_10_
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2. In identical events, the average reaction times of women are longer than
those of men. This conclusion was confirmed In 75% of the results from
Rome,

3. Reaction times grow in proportion to the length of the race distance. This
conclusion was confirmed, without exception, by the results from Rome.

4. The variance in the range of reaction times grows in proportion to the race
distance. This conclusion was confirmed, with rare exceptions, by the
results from Rome.

3. For the best runners, the stability of reaction time is higher, This
conclusion was not confirmed by the results from Rome.

6. Reaction time does not correlate with the performance level. This
conclusion was fully confirmed by the resuits from Rome.

7. An evaluation scale has been drafted on the basis of statistical processing,
to provide a clearer idea of the reaction-times problem,

Reaction times valid generally valid only for II We
100 m Men(x=164) Women(x=177)  Men{x=185) Women(x =211)
1. Qutstanding {138 { 135 { 140 {16 @

2, Above average (1319; 158} {135; 168} {160; 178) {160; 18%)
3. Average (158; 178) [188; 195) £170; 208) (185; 235)
4, Bellow aversge (1705 199) (195; 23@) {200; 238y (235; 285)
5. Substandard ) 190 ) 238 ) 230 Y8 05
288 Men(x=186) MWomen(x=194)  HMen(x=219) lomen(x =234)
1. Outstanding {140 { 140 (150 {15 0

2. Above average (1403 178y {149; 175) {150; 195  {150; 205}
3. hverage (178; 205) (175; 218)  (195; 245}  (285; 268}
4 Bellow average (205; 260y §215; 255) {245; 295) (268 e
5. Substandard y 240 } 255 ) 295 Y38
L0g n Men(x=228) MWomen(x=244) Men{x=261) Women(¥ =269)
1. Outstanding { 15 (150 { 168 (17 @

2. Above average {158; 195} (158; 21@) (168; 205}  (178; 235)
3. Average £195; 245) (218 288) (225; 295}  (235; 385)
A Bellow aversge (2055 295} (2805 34B)  (295; 36@) (3&)15;7 ;79)
5, Substandard } 295 ) 348 ) 368

._1]_
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3.2. TIME ANALYSIS OF THE 400 M
WOMEN

Reaction speed

At this WC, it was again confirmed that reaction time does not significantly
influence the performance at the 100 m distance. The reaction times of inferior
female sprinters with performances over 12.00 s comparable both with the reaction
times of sprinters with performances below 12.00 s, and with the semifinalists.
Above average or excellent reaction times were found only in some of the finalists,
but even here no correlation between reaction time and performance has been
revealed.

Comparing the reaction times of the finalists we find that GLADISCH had the
shortest (0141 s) and MARSHALL the longest reaction time {0242 s). This fully
corresponds to the results of the race. Conversely, DRECHSLER'S reaction time was
below average (0.210s ), as so was WILLIAMS' (0.240 s}, but they placed 2nd and
4th, respectively.

Accelerration speed

The ability to accelerate is one of the factors that markedly influence
performance. Most = sprinters achieve maximum speed between 30 and 60m
(regardless of the performance level), but the quality of the acceleration (steepness
of the speed increase and maximum level of speed achieved ) correlates directly
both with the performance and the quality of the sprinter. None of those who did
not qualify from the heats (times over 12.00 s) achieved times better than 4.40 s for
the first 30 m; and none of those who did not qualify from the quarter-finals (times
over 11.50 s) times better than 4.30 s. A comparison of times at 30 m by the
individual finalists (heats -final) shows a high stability of acceleration speed.
Outstanding acceleration { 0 - 30 m) was demonstrated by GLADISCH, ISSAJENKO,
OTTEY and NOUNEVA; inferior acceleration by MARSHALL and DRECHSLER.

Maximum speed

Maximum running speed measured as a mean in separate 10m sections clearly
corresponds to the performance achieved. Velocities of 9.00 - 9.50 m/s correspond
to resulting times over12.00 s; about 10 m/s to resulting times 11.50 - 12.00s. All
the finalists, i.e. runners with times below or slightly over11.00 s were able to
produce speeds higher than 10.50 m/s. The highest speeds were measured for
DRECHSLER (10.87 m/s) and GLADISCH ( 10.73 m/s).

..]z._
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Speed endurance

Even in the 100m performance is markedly influenced by the ability to
maintain a high running speed for as long as possible, i. e. by speed endurance. The
time attained in a flying 30 m section (30 - 60m), in which most runners reach their
maximum speed, deterlorates markedly with deteriorating performances. Sprinters
slower than 12.00 s were not able to clock less than 3.30 s in this division and
those siower than 11.50 s less than 3.30 s. Only sprinters faster than 11.50 s (the
semifinalists and finalist) were able to maintain speed on a level that makes them
capable of running this section at a time below 3.30 s. That was confirmed by a
comparison of the data from varlous rounds (heats - final) for the finalists. The
fastest women over this section were again DRECHSLER (2.84 s} and GLADISCH
(2.85 s),

Specific endurance nad its relation to the resulting time can also be judged
from the difference in times between the first and second halves of the race. Any
analysis of a race in which the athlete has run the whole distance with full effort,
without final relaxation in the case of clear qualifying, will show that the difference
between the first and second halves of the distance increases with improved speed
endurance. Thit means that a minor loss of speed in the final section of the
distance occurs. This fact is obvious from a comparison of the data of athletes on
different performance levels. Account should also be taken of the individual
pecularities of sprinters (high level acceleration speed etc.).

More accurate information can be obtained from the functional course of
speed. Assumptions found in literature, suggesting that the speed decreases for
inferlor sprinters at the end of the race ( the average speed over a 10 m section Is
lower} were not confirmed. While inferior sprinters reach one peak of maximum
speed which decreases gradually, more or less steeply, elite sprinters lose speed
very gently (GLADISCH, DRECHSLER, WILLIAMS), or even have a two-peak course
of the speed curve (OTTEY, BAILEY).

None of the finalists achieved a better performance in the finals than in the
semifinal, although acceleration and maximum speed were mostly better in the final.
This again highlights the importance of speed endurance. In this case, though, the
results in the final were affected by several factors: head wind, undue output of
energy in the first half of the race (despite the minus-wind, identical or better
intermediate times were achieved) and, propably, accumulation of fatigue from the
preliminary rounds resulted in final performances inferior to the semifinal times.

_13..
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TIME ANALYSIS OF THE 100 M
MEN

Reaction speed

No significant correlation between reaction time and final performance was
revealed in the men's 100 m. Very often, sprinters who achieved poor times and did
not qualify for the next round from the heats had reaction times comparable with
those of sprinters with outstanding performances and those of the finalists.
Stability of reaction time and a generally poorer level of reaction times were
confirmed in Rome. As indicated above, this is the sum of many factors.

In his reaction times, B. JOHNSON excelled among the finalists, he
demonstrated both the highest stability and above-average to outstanding reaction
times. Above-average reaction times can be observed in BRYZGIN and CHRISTIE and,
conversely average to below-average ones in LEWIS and STEWART.

Acceleration speed

Remarkable differences between athletes of different levels could be observed
in speed acceleration. Much like the women, most of the men achieved maximum
speed in the section 30 - 60 m, some of the finalists even later.

Achieving a certain level of final time is not so strictly conditioned by
acceleration capacity in men as it is in women. However, it holds true even here,
that it is necessary to run the first 30 m below 4.00 s for a performance below
1040 s. This is in keeping with the model intermediate times. The highest
acceleration ability of all the finalists was clearly shown by B. JOHNSON (first 30
m always better than 3.90 s). In the final BRYZGIN and Mc RAE also showed a high
acceleration ability.

It was acceleration ability that decided final race between winner and
runner-up: over the first 30 m JOHNSON gained an advantage of 0.1 s which LEWIS
was not able to even out. As with the women, better speed acceleration decided
between these two competitors. { But reaction time difference is 0.056. )

Maximum speed

Maximum running speed is not always directly correlated with the
performance either. Sprinters with speeds better than 11 m/s sometimes did not
reach performances better than 10.50 s. Nevertheless, an outstanding sprinting
performance can be said to be conditioned by the maximum running speed. All the
finalists (as well as the semifinalists) achieved, in the fastest 10 m sections, times
corresponding to an average velocity of 11 m/s and better. A high level of maximum
running speed is not a guarantee but a precondition of an excellent performance.

The highest value of running speed was measured in JOHNSON and LEWIS
(11.76 m/s).

- 14 -
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Speed endurance

Neither reaction time, nor acceleration ability or maximum running speed
correlated with the final result (that should be related to the strength potential of
sprinters). However the correlation between performance and speed endurance was
confirmed unequivocally in the time over the 30 - 60 m section (where most
sprinters achieve the maximum running speed) or in the difference between the first
and second half of the race and, in particular, in the functional course of maximum
speed throughout the 100 m.

With times below 10.40 s, ali sprinters covered the 30 - 60m section in 2,70 s
or less (with the only exception of Mc RAE). The fastest of the finalists was
JOHNSON (2.58 s in the world record) and LEWIS (2.59 s).

The difference between the first and second half of the 100m distance is
greater in elite male sprinters, too (lower speed losses in the second haif); in the
finalists it is in the range of 1.20 s (Mc RAE) - 1.44 s (STEWARD).

The functional course of maximum speed can, for women, be considered the
most important indicator of speed endurance (expressed by mean times over the 10m
sections). The same holds true with men. Sprinters of an inferior Jevel usually have
a one-peak course of the maximum speed curve which drops in the final phase of
the race, while elite sprinters are able to maintain high running speeds even in the
final phase of a race. This can be easily seen in the diagram showing the functiona]
course of speed. In the final, all the sprinters {(in the case of PAVONI, we proceed
from his time in the heat where he achieved his best result) achieved a two-peak
course of speed, confirming the ability of the best sprinters to maintain a high
running speed in the second half of the race.

Identical conclusions are confirmed by a comparison of the two final 20m
sections: in the first half of the distance (30 - 50m) and in the second half (80 -
100m). Except Mc RAE all the finalists achieved faster times in the 80 - 100m
section than in the 30 -30m section. Excluding the finalists, this was observed only
4 times (twice in the semifinals, twice in the quarterfinals).

The data obtained at the II WC provide a basis for evaluating the advatages
and shortcomings of the athletes, for comparing athletes of different levels and for
accessing, in general terms, the level a sprinter must attain in acceleration,
maximum speed and sprint endurance in order to compete at the highest level,
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3.3 TIME ANALYSIS OF THE 200 M {MEN AND WOMEN)

The course of velocity in the 200 m is evaluated in terms of the factors
decisive for the performance, i.e. reaction speed, acceleration speed, maximum speed
and speed endurance.

Reaction time and acceleration speed

An evaluation of the reactiontime and acceleration speed In terms of the first 50m
section in the semifinals and final reveals that the initial time loss, caused by a
slow reaction to the starter's gun or by poor acceleration, need not necessarily be
significant, owing to the length of the event. Evidence to support this contention is
plentiful; e.g. the best reaction times in the semifinal were measured in athletes
who did not qualify for the final (BERGER 136ms, IKAUNITSE 146 ms). The mean
reaction time of the finalists was rather poor: 0.216 (s=0.085). Negative placement
correlation r = ~0.262 was found, i.e. the better the final placement, the worse
the reaction time. The fastest man over the first 50 m was KRYLOV (5.87 s}, fifth
overall in the final.

A comparison of the mean values of the indices used for evaluating the
aspects of peformance (TAB. 10, 11) revealed that in the final the athletes who
finished 1st - 4th were the best in all the indices. In the semifinals, all the athletes
who qualified for the final were better in the indices than those who did not
qualify. The only exception was the reaction time: better results were achieved by
non-qualifiers.

AVERAGE VALUES OF SOME TIME DATA IN 200= HEM

ROUND PLACEZEEMT REACTION 200 1,50 2,50 3,50 4,30 4,100 2.100 1.-2.100
TIHE [ms)
1.-4, 208 20.18 5.83 4.63 4.68 4,84 18.56 9.62 0.94
3.-8. 223 20.43 5.96 4.72 4.71 5.04 10.68 9.70 0.83
14 1.-8. 215 20.30 5.95 4.66 4.70 4.39 10.61 9.63 0.§2
SF1 1.-4. 189 20.64 6.00 4.78 4.79 5.07 10.78 8.86 0.92
SF2 1.-4. 240 20.33 5.36 4,87 4.867 5.03 10.83 9.70 0.83
$Fi142
QUAL.  1.-4. 220 20.48 5.98 4.73 4.73 35.05 10.71 9.78 0.93
SF1 3.-8. 175 21.09 6.05 4.89 4.91 5.23 10.84 10.15 0.73
SF2 3.-8. 238 20.68 6.01 4.87 4.79 5.21 10.68 10.00 0.68
SP1+2
NOTR.  3.-8. 208 20.88 6.03 4.84 4.85 5,22 10.81 10.07 0.74
SF1 1.-8. 187 20.87 6.03 4.84 4.85 5.45 1i0.87 10.01 0.85
§F2 i.-8. 239 20.51 5.98 4.68 4.73 5.12 10.68 9.83 0.81

TABLE 10
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AVERAGE VALUES DF SOHE TIME DATA IN 200w WOHEW

ROUND PLACEWENT REACTIDN 200m 1.50 2.50
TIHE [as]

Lrh
-

~n
=]
F
o
fua §

1.100 2,100  1,-2.100

F 1.-4, 167 21,89 6.22 5.13 5.13 5.51 11.35 10.84 8.71

3.-8, 230 22.50 8.44 5.24 5.24 5.58 11.68 10,82 0.86

1.-8. 139 22.34 6.33 5.18 5.48 5.55 14.51 10.73 0.78

SF1 1.-4. 248 22,58 6.40 5.12 5.32 5.7 11.52 11.07 0.45

SF2 1.-4, 223 22,53 6.38 5.09 5.41 5.6 11.47 11.06 0.41
§F1+2

VAL, 1.-4, 236 22,56 6.40 5.10 5.38 35.70 11,50 11.06 0.44
SFL 3.-8. 217 23.21 8.52 5,26 5.50 5.93 11.78 11.43 G.35
§F2 3.-8. 281 22.88 B6.43 5.17 5.51 5.87 11.80 11.38 0.22
SFi+2

KiTe.  5.-8. 238 23.09 6.47 5.22 5.51 5.80 11.69 11.40 0.28
SEL 1.-8. 233 22.80 6.46 5.19 5.41 5.84 11.85 11.25 0.40
S¥2 1.-8. 242 22,76 €.41 5.13 95.46 5.76 11.54 11,22 0.31

TABLE 11

In the women's event, none of the athletes who failed to qualify from the 1st
round (times over 23.26 s) clocked a time of less than 6.40 s for the first 50m
section. The men who did not qualify from the heats (times over 21.35 s) failed to
clock times of less than 6.00 s. The male non-qualifiers from the quarterfinals
(times over 20.90 s) failed to clock times of less than 5.93 s.

Maximum speed

Maximum mean velocity, measured in 10m sections in the second half of the
200 m was achieved in 100 - 140 m. The highest velocity measured in men was
.1Im/s, in women 10.00 m/s. The fastest 20 m section in the 100-140m section was
1.82s in men, 2005 in women. None of the non-qualifiers from the women's
quarterfinals were able to clock times under 2.08 s for a 20m section with a flying
start. None of the non- qualifiers from the men's heats were able to clock times of
less than 1.88s,

If the fastest 10 m section In the second half of the 200 m in each finalist is
laid down as 100%, a continuous decrease in velocity is found more or less
throughout the second half, most noticeably from 130 m (TAB. 12, 13).
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Higher maximum velocities over the 50-100m section would probably have
been found if all the 10m sections had been measured.

The second 50m section was predominantly faster for the men (Ist-5th
finalists). In the women's event, more runners achleved their fastest times in the
third 50m section. The mean difference between the second and third 50m sections
in all the finalists was 0.04s (s= 0.03). For finalists placed 1 - 4, the difference was
slightly higher: 0.05s (s=0.04) than in the other, "inferlor" group of finalists: 0.03 s
(s=0.02). In percentages, the drop in velocity in the third 50m section compared with
the preceding second 50m section amounted to 1.13% (s=0.74) in the first group of
finalists, and 0,554 (s=0.95) in the second group. The drop in velocity in the last
50m section, compared with the preceding, (third) S50m section for the finalists was
0.29 5 (5=0,05). In the "better" group the drop was smaller, 0.26 s (s=0.04), in the
"inferior" group it was higher, 0.33s (5=0.03). In percentages,the drop for all the
finalists amounts to 6.2%4 (s=1.0 }, in the "better" group 5.5% (s=09 )}, in the
“inferior" group 6.9% (5=0.5).

Speed endurance

The level of speed endurance is evaluated in terms of the drop in velocity in
the second 100m section. The speed drops in all athletes in the second half of the
race. The medallists differ from the rest of the field in that their decrease is
slower, they are better able to maintain maximum speed. The last 50m sections were
covered in less than 5.00 s. The fastest man here was SMITH (4.87s) who won the
gold medal with an irresistible finish, clocking the same time as the runner-up
QUENEHERVE; at the 150m mark, he was running in the fifth position!

The second half of the race is faster than the first. The time difference
between the two 100m sections is another criterion for judging speed endurance. In
all the finalists and semifinalists the second section was run faster than the first.
The mean difference between the first and second 100m sections In the finalists was
0.93s (5=0.13 ). No correlation was found between the final placement and the above
difference (r=0.131). The difference was most notable in HEARD and SMITH (1.13 and
1.10 respectively}), here caused by a slower start of the race. That seems to point to
a considerable improvement potential in the acceleration abilities of the two
athletes. After the first 50 m, the subsequent winner of the race was running in the
6th place, while HEARD was running last.

In training, a good and useful pointer to the level of speed endurance is the
timing of 150 m. None of the non-qualifiers in the women's event were able to clock
times better than 17.11 s, in the men's event none of the non-qualifiers were able to
clock times beter than 15.70s. The non-qualifiers from the heats in the men's event
failed to clock times better than 15.95s.
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The fastest times in the second (flying-start) 100m section were clocked by
black-skinned athletes (SMITH 9.33s, HEARD 9.56s, GRIFFITH 10.27s, MARSHALL
10.61s). This is probably the result of better anatomical and physiological conditions
for sprinting: a higher percentage of fast muscle fibres, better conductibility of
nerve fibres, higher muscular viscosity etc.

The time differences that decided the final placements in the men's 200 m
were infinitesimal. The time analysis of the final shows that the fast finish (the last
50m section) was decisive. SMITH would not have had such a tough time contesting
the first place with QUENEHERVE if he had clocked a better time in the first 100m
section, which was fully within his potential. The third man in, REGIS, and the
fourth, DA SILVA, had led the field as late as the 170m mark., REGIS won the
bronze medal, thanks to a faster finish. In the last 30 m he was 0.04s faster than
DA SILVA who threw himself over the line, thus relegating KRYLOV to the 5th
place by 0.01 s. The two men had the same intermediate time at the 190m mark,

The characteristic features of the sprinting distance provide the basis for
analyzing changes in the dynamics of running velocity. In the short sprints, the
athlete has to run flat-out throughout the race. This is the point in which the
sprinting events differ from the other running events. The 200m distance was
divided in 50m sections for the purpose of comparison. The performance over 200 m
is 100%. The percentage share of each 50m section in the overall performance was
calculated on the basis of an analysis of the semifinals and the final (see TAB 14).

Women clock relatively better times in the first half of the race than men,
but conversely, tend to suffer heavier losses in the second half,

TAB. 14: Percentage share of 50m sections in the
overall time -200m

1. 58m 2. 58n 3. 5Bm 4, S56m 1. 1e@n 2. 10@m  2.+3, 50m

HEN 29.1 23.8 23,2 26.7 92.1 47,9 46.2

HOMEN ~ 28.3 22.8 23.6 26.3 51.1 8.9 4.4




IT WC ROME 87

-FIG 1 —
T IMME @MEL wSIises =R R E
SMITH CALVIN &1 usA

He ¥ A e He 3B eI H N W T W W W H A KW KoM e B K B e I MK W9 W RN

200 RT 0 W0 510 120 1300 140 IS0 180 IT0 180 190 2,100
(5] (15} [s] [s] [s] (=] fe] 5] sl [5] [s] [g] [s] (sl

5. HEAT
PLACING 1., 20,62 266 .92 10.36 1147 12,49 1%.43 14.40 15,39 1539 17.41 18,43 13,51 10,06
10 meters sections 0.9 0,98 098 0,97 0,99 5,00 1,02 5,06 L06 1.1t
%7 100,00 92.85 92.85 93.8: 9191 9L00 B%.21 BT.S0 85,84 81,98
20 meters sections .89 1,595 1.99 2.06 .17
30 meters sections 4,64 4.83 5.23

2. GUARTER-FINAL

PLACING L. 20,38 246 5.89 10,95 ii.48 12,43 13,43 1439 15,33 1R300 17.30 18,29 19,31 9,83
10 meters sections 0.3 0,95 100 0.96 0.9 0,97 LO0 099 02 1,07
Y 100.00 97.83 93.00 96.87 98,93 95.87 93.00 93,93 91,17 8.9
20 meters sections 1,88 .96 1.91 1.99 2,09
50 weters sections 4.66 &, 78 5.05

1, SEMIFINAL

BLACING 2. 20,94 256 E.02 10,76 171 12,87 1360 14.97 15,94 1B.21 17.50 18,43 18,48 9,78
10 meters sections 0,95 0.965 £33 0,97 0,97 0,97 099 099 L0 .05
%7 97.89 95.B7 100,00 95,87 95,87 95.87 93.93 95,93 95,00 BB.5T
20 weters sections HE ) £.90 1,94 1,98 2,08
% meters sections 8,74 4,78 .00

FINAL

PLACING 1. 20,16 28B4 D98 10.63 .56 12,49 1341 14,33 15.29 1625 IT.Z1 1819 1917 9.53
10 meters sections . 093 093 092 0.92 0% 09% 0% 0¢.98 0.9 09
%2 98,92 98,92 100.00 100,00 95.83 95.83 95.83 93.87 93.87 92.92
20 weters sections 1,86 1.84 1,92 1.94 1.97
50 meters sections 4.63 4. 6E 4,87
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TIME AiNOLyYyYSIsSs TR it} = o
QUENEHERVE GILLED £& FRA
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200 RT 90 100 110 120 130 140 450 (60 170 180 190 2,100
[5] [us] sl sl {s] s} {s] {s] f=] s} [s] (5] Is] (]

3. HERT
PLACING 1. 20,39 193 5,93 10,56 1051 12,49 1346 14,43 15.44 16.40 17.41 18,47 18,51 10,03
10 weters sections 0.9 0.9 097 097 L0f 0.9 L0 1.06 1L.0& .08
%7 00,00 96,93 97,93 97,93 94,03 98.95 94.05 B89.62 9134 87.9%
20 meters sections 1.93 1.94 1.97 2.07 2,12
I meters sections 4,61 4,88 213

3. BURRTER-FINAL

PLACING 1. 20,48 271 5.9 10,72 11LE5 12,83 1361 1455 15.46 1.4 .06 18,47 189,47 9.7%
i} weters sections 0.9 0.9 0.9 0.3% 0.9 1.00 00 1,01 100 1,08
%7 97,84 92,83 92,85 96.80 100.00 91.00 91.00 90,09 91.00 90,09
20 meters sections 193 1,92 1,91 2,01 z.01
90 meters sections 4,78 i, 7% 5.02

2, SEMIFINAL

PLACING 1. 20,31 266 6,01 10,70 11,63 12.56 13.50 1441 15.3% 638 17.30 18.29 19.29 9,81
10 meters sections 0.3 0,93 0.9% 09 093 097 099 0.99 .00 1.0
%7 97.84 97.84 95,80 100.00 97.84 93.81 91,91 91,91 91,00 A%,24
20 meters sections 1,86 1,85 1,90 1.58 2,02
50 meters sections 463 bbb 4.97

FINAL

MACING 2., } 20016 207 5.9 10.57 10,50 12,43 13.37 1430 15.25 16.22 17.:9 16,48 19,17 9,59
10 meters sections 0.93 0.9 0.9 0.9 095 097 097 0,99 0.99 0.99
%7 100.00 100,00 98,93 100,00 97.89 95,87 95.87 93.93 .93 93.93
20 weters sections 1.86 1,87 .92 1.36 1.98
20 welers sections 4,84 4,BB : )]
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TIME RPANARILYS IS s el T M E
REBIS JOHEN &G GBR
PR TR YEVETEVETVRTRTE TSV VRTE RV TR O S A IE VI M TR VE R R T CIR P VR TRV RS R VRS
200 /T 500 100 110 1200 130 140 150 18O 17O 180 190 2.100
(5] {wsl [=] [s] [s] [sl (sl (s] [s1 [5] [s] {s] [s] Is]

b. HEAT

RACING  f. 20,76 225 G.O5 10,67 11.61 12,58 13.57 14.52 15.594 16.%4 17.56 1B.62 19.67 10.09
10 meters sections 6,9 0.7 0,99 €9 1,02 1.00 1,02 1.06 105 1.09
%2 100.00 96,90 94,94 9B.94 92,15 94.00 92,15 B8B.67 89.52 BR.23
20 seters sections 1,91 1,94 2,02 2.08 2.4
30 weters sections 4,62 4,87 5,22

3, BUARTER-FINAL ;

RACING 3. 20.60 248 9.99 10.64 11.57 12.53 13,50 14,84 15.42 16,40 17.42 1B.47 19.53 9.95
10 weters sections 0,93 0.9% 0,97 0,9 0,98 0,98 1,02 L.05% 106 1,07
%7 100,00 9&.87 95.67 98.93 94,89 94.89 91,17 B8.57 B7.73 B8R.91
20 meters sections 1.89 1,91 1,95 2.07 2,13
30 meters sections 4,65 £,78 5.18

1. GEMIFINAL

PLACING L. 20,84 195 9.99 10.69 1163 12,59 13.56 14.4B 15,45 16,45 17.45 18,46 19,46 9,85
10 meters sections 0.9 0,95 0.9 0.9 0,97 L00 1,00 LOL L0 1,08
%7 100,00 97.91 98,94 100,00 95.90 94,00 94.00 93.0B 94.0G0 B7.43
20 weters sections 1,90 1. 89 1.597 2.01 2,08
50 meters sections 4.70 4,76 5.09

FINAL

MACING 3., 20,18 146 G.89 10,33 11,43 1235 13.30 14.25 1521 16,17 17.16 18.15 18,16 9.BS
10 weters sections 0,92 0,90 0,95 0.95 0.9 0.5 0.8%9 0,99 L0t 502
*? 97.82 100,00 9473 94,73 93.75 9575 90.%0 90,90 B9.10 BB.23
20 meters seetions 1.82 1.90 .92 1.58 2,03
50 meters sections 4. 64 4.68 4.97
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TIME AMALYSIS: bl B 0 ROTET N
GLADISCH SILKE Ed GDR

HEHFEF R RREEERBEERR R R R R TR R H N W AR TR R YW

200 AT 90 100 110 120 130 140 150 180 170G 180 180 2,100
{s] fusl {s] [s] Ig] Y HA {s2 [s] {s] [s] s} sl 5]
1. HEAT
ALACINE 1. 2.4 280 6,38 11,42 12,37 1339 1445 15.51 1R.99 17.69 18,85 20,07 2121 11.02
10 meters sections 0,99 .02 L0 1,06 0B 110 L1617 L13 1.23
41 100.00 93,13 89,62 AG.62 A7.9 B86.36 B81.89 81.19 79.83 71.73
20 paters sections 1.97 2,12 2,18 2,33 2.42
50 meters sections 5.04 3. 17 5.83
1, SEMIFINAL
MACING 2. 2,56 263 637 11,40 12,64 1350 14.57 15,63 16,73 17.86 1B.93 20,07 2124 {1.14
10 weters sections L0 06 1,07 LO6B 1,10 L4 L0916 117 1,30
%7 100,00 58,11 97,19 98.1%1 94.54 9369 95.41 91.22 88,88 £0.00
20 neters sections 2,10 213 22 223 2,47
50 meters sections 303 553 5.8t
FINAL
ARCING 1. 2.7 153 613 11,09 12,09 13,09 1441 15,12 6,18 17.22 1B.31 19,40 20,56 10.65

10 meters sections
» 1

20 meters sections
50 weters sections

1,00 1,00 1,02 101 LO6 L0409 1,09 L16 1,18
100,06 100.00 98,03 93.00 94.33 95,15 9174 9174 £6.20 B4.74
2,00 203 10 2,18 2,3
4.9 3.09 3. 56
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~FIG 2 -
TINME &aNGL . YSIS:s AT e [ENE S ] f oo o
BRIFFITH FLIORENCE =9 LEA

HHFHHREHHFERHEEEXLERXERXAH KRB R ERHHRRH R XX LKA R H

200 AT 5 100 110 120 130 140 150 180 {70 180 190 2,100
€3} Ins] [s) {51 [s] {5l sl [g] [s] {s] s} sl {s] [l

4. HEAT

ALACING 1., 22,56 228 637 11,49 12,52 13.58 14.69 15,71 16,84 17.95 19.05 20,21 21,38 11.07
10 weters sections L,03 LO6 Lo7 LO6 L1311 L0 L6 LIS .20
%7 109,00 97.16 96,26 97,16 9i.15 92,79 93,63 88.79 A9.56 05,83
20 meters sertions 2,09 2.13 2.2 2,26 2,33
50 meters sections a.12 533 .72

2. SEMIFINAL

BACING 1. 2,38 208 6A.39 11,42 12,43 13,45 14,56 15.&7 16,77 17.83 18,97 20.0% 21,23 10.95
10 weters sections Lo Loz L1t 1Ly L1 Los 12 112 Lis 1.5
%7 100.00 99,01 90.99 90,99 91.68f 93.51 90.17 90.17 BA.59 B7.82
20 meters sentions 2,03 2.2 2,18 2,24 229
30 weters zections 3,03 5,39 5.61

FINAL

PLACING 2. 2L,% 141 6146 11,39 12,43 13.43 14,46 15,48 16.50 17.56 1B.62 19,71 20,82 10,57
10 meters sectiions L0d 1,02 Lo0 1.02 1,02 1,06 106 1,09 1,11 it4
%7 97,11 99.01 100,00 93,01 95.01 95.28 93,28 92,66 90.99 88.39
20 meters sections 2.06 2.03 2,08 2,158 2,25
50 meters sections 8.2 541 5. 46
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200 AT 30 100 110 120 130 140 150 180 170 180 130 2,100
sl msl [s] fs) fs] {s] {s] (3 {s] {s] s} {s] {5] gl
&, HEAT
PLACING 3. 2319 170 B8 11,78 12,86 13,93 15,04 16.15 17.28 B3 19,58 20,71 21,93 .41
10 weters sectipns LOB L07 LIl LI I3 L5 LIS L1322 L2
%7 39.07 100,00 9639 96.39 94.69 I3.04 93.04 94.69 BT.70 84.97
20 meters sections 2,13 2,22 2,28 2.28 2.48
X reters sections 9. 32 S 30 )|
1. SEMIFINAL
PLRZING 1. 22,43 277 B3 LAY 12,63 1367 1471 1575 15.86 1789 18.95 20.07 21,23 10. 83
10 meters sections 03 LOA L04 L04 L0 1,05 407 LIl L6 .20
% ? 100,00 93,03 99,03 93.03 94,49 9B.09 .26 92.79 BR.79 B5,.83
20 peters sections 2,07 2.08 T 2. 18 2,36
50 reters sections 517 524 5.99
FINAL
AACING 3. 2206 177 B.24 1135 12,38 (339 14,40 15.46 $E.43 17.55 1B.B2 1972 20,83 10,71

10 meters seetions
%7

2} meters sechions
20 meters sections

LO3 LoL L02 LO3 L0506 107 L0 L1l 1.3
38.05 100.00 93.01 98,05 95.19 95.28 94,39 9181 90.99 82 it
2,04 2,03 au 17 2.34
i 5. 14 357
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3.4 TIME ANALYSIS OF THE 400 M (MEN)
Evaluation of the event
The chief characteristics of this event at the II WC were the following:

- high average performance level, consequently, tough competition in the
qualifying rounds;
- close contest among the finalists (leading performers for the year).

The crucial factor for success proved to be the capacity to run 4 races in 3
days and to continue to improve performance. The question remains, whether the
one-day interval between the semifinal and final helped to improve the level or not.

The experience and potential of the participating countries were important in terms
of the regeneration of the athletes' energy between the races and their daily routine
during the championschips. In a demanding contest like this, those circumstances
undoubtedly have a considerable impact on toughness of the 400m competition. This
is best shown by the fact that 6 of 8 finalists clocked final times that were inferior
to those they recorded in the semifinal. Only SCHOENLEBE and REYNOLDS were
able to go on improving their performance throughout the championships.
SCHOENLEBE's performance was particulary impressive: in the final he set a new
and European record whereas REYNOLDS fell below his best time of the year. The
very best result was achieved by EGBUNIKE in the semifinal (44,26 s) but he did not
manage to repeat it,

The analysis shows that SCHOENLEBE beat all his rivals with the most
important qualities of a 400m runner: specific endurance, as well as optimum pace
distribution. In the final, he chose a relatively slower beginning (at the 200m and
300 m mark he was 0.22 s and 0.32 s behind model intermediate times) and had an
impressive finish on the home straight. The SPEARMAN coefficlent of rank
correlation was calculated for selected indices relating to the final placing (see
TAB.15). The critical value of the coefficient on the significance level = 0.05 is
r=0.707.

SCHON- EG6BY- REY- HER- RED- KITUR TIACDH HALEY) X |CHEF.
NAHE LEBE HIKE  HOLDS HANDEZ MONWD ir RC
TIMELs]|44.33  44.56 44.80 44,99 45.06 45.34 46,27 46.77(45.265
PLACING| 1. . 3. 9. 3. 6. 7. g.
TABLE 15
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Evaluation of the indices

(@) 0 - 100 m

The correlation coefficient indicates that placing after the first 100 m is
unimportant. In this part of the race it is important to maintain the optimum pace,
i.e. stick to the model intermediate time as closely as possible and try to conserve
energy. The greatest deviation from the model can be observed in HALEY in the
final (+ 0.71 s); the pace corresponds to an overall of 43.90s which was clearly
beyond his scope. The fastest man over the first 100m section was EGBUNIKE
(10.87s) in the semifinal, corresponding to an overail time of 43.85s. His resulting
time was the best time of the championship as mentioned above. The slowest of the
finalists over the first 100 m was TIACOH (11.56s) who has a typically slower
beginning; in his semifinal performance of 44.61 s he clocked 11.36s over the first
100 m (0.28s behind the model intermediate time), but he was not able to improve
the pace still further in the final.

SCHON- EGBU- REY- HER-  RED- KITUR TIACOK HALEY| x |COEF.
HAKE LEBE HIKE  NOLDS HNANDEZ HOWB UF RC
TIME[sI 14,11 10.94 11.22 11,07 11.10 11.41 £1.56 10.88{11.16
PLACING| 3. 2. 6. 3. 1. 7. g. i, 0.0714
TABLE 16

(b) 100 - 200 m

In this index too, the correlation coefficient is lower than its critical value;
that means that placing by intermediate times is not important for the final
placement. What was stated about the first section, goes for the second one, as
well, but an even greater emphasis should be put on the economy of running. For
all competitors, this is the fastest section of the 400m distance but the highest
momentary velocity is probably attained as early as the first 100m section (judging
from a comparison of the first 100m section, run from a crouch start, and the
second 100m section, run with a flying start).

SCHON- E6BU- REY- HER-  RED- KITUR TIACOH HALEY| X |COEF.
HAKE LEBE HIKE  HOLDS HANDEZ HOND aF RC
TIME[s]|10.28 10.23 10.48 10,41 10.26 10.32 i0.61 10.42 [10,379
PLACING| 3. i, 7. J. 2. 4. 8. g. 0.332
TABLE 17
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{¢) 200 - 300 m

The correlation coefficent indicates that not even the third 100m section
significantly influences the result of the race. Differences among the first 6 finalists
are minimal ard show convincingly what a close race this was. Only HALEY and
TIACOH deviated markedly from the model, corresponding to the overall
performance.

SCHON- EGBU- REY-  HER- RED- KITUR TIACOH HALEY| X {COEE.
HAHE LEBE HIKE  HOLDS HANDEZ HOMB 0F RC
TIHELs)| 11.04 11.18 11.03 11,18 11.18 11.03 11.3% 11.4911.181
PLACINE] 3 4.-3, 1.-2. 4.-5. 6. 1.-2, 7. g. 0.393

TABLE 18

(d) 300 ~ 400 m

The correlation coefficent indicates that it was here that the whole race was
largely decided. Placement by intermediate times over the last 100 m corresponds to
the final placement in the race, except the 2nd and 3rd places; in this 100m section,
the differences in the times achieved are the highest. The winner, SCHOENLEBE,
gained an advantage of 0.35s over the runner up, EGBUNIKE, in this section;
EGBUNIKE's time for the last 100m section corresponds to an overall time of
44 .35s, while SCHOENLEBE's time (11.89s) corresponded to an overal time of
43.00s. The time clocked by REYNOLDS is remarkable, too, because it brought him
from down in the 5th place to the 3rd place, HALEY's time, the slowest, is the
result partly of his resignation before the finish line.

SCHON- EGBU- REV- HWER- RED-  KITUR TIACON HALEY| X |COEF.
HAME  |LEBE  NIKE HOLDS WANDEZ HONI UF RC
TINE[s][11.89  12.24 12.068 12.33 12,51 12,58 12,71 13.98]12.538
PLACING| 3. 1. 2. 4. 5. 6. 7. 8. 0.976
TABLE 19
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(e) 0 -200m

The ranking after the first half of the race correlates only marginally with the
final result. A more marked deviation from mode! intermediate times among the
first finalists could be observed only in REYNOLDS ( -0.31 s); his intermediate time
corresponds to a final time which is 0.6 s less than the time achieved. A marked
deviation in the opposing sense, i.e. too much speed in the first half of the race,
could be observed in the final only in HALEY (8th) who started the race with the
first half good for a final time 44.60s. His official time (46.77s) was marked as
stated above by his resignation on the home straight.

SCHON- EEBU- REV- HER- RED- KITUR TIRCOH HALEY| ¥ | COEr.
HAKE  |LEBE  WIKE  NODLDS HAMDEZ HOWD DF RC
TIME[S))21.40 21.14 28,74 21.48 21.36 21.78 22.17  21.30/21.538
PLACING| 4. 1. 6. 5. 2, 7. 8. 3. 0.333
TABLE 20
(f) 0 - 300 m

Placing at the 300 mark in the final correlates significantly with the final
placing, although the range of the times achieved in the Ist - 6th places is as little
as 0.44 s at the 300m mark, rising to 1.01 s at the finish.

SCHON- EGBU- REY- HER- RED- KITUR TIACOM HALEY{ ¥ | cOIF.
HAHE LEBE HIKE  NOLDS HANDEZ HWOND OF RC
TIME(s1132.44 32,32 32,74 32,86 32.55 32.76 33.56 32.79/32,728
PLACING| 2, 1. 3. 4. 3. 8, 8. 7. 0.857
TABLE 21

(g) 200 - 400 m

Placing according to the times achieved In the second half of the final
correlates very significantly with the final placing, supporting the hypothesis of the
crucial importance of specific endurance in the 400 m as against absolute speed.

SCHON- EGBU- REY- HER- RED- KITUR TIACOR HMALEY| =% | COET.

HAHE LEBE HIKE  HDLDS HANDEZ HOND OF RC

TIHEls]|22.83 23.42 23.08% 23.51 23.70 23.81 24.10 25,4727 -

PLACING| 1. 3. 2. 4. 8. 5. 7. 8. 0.952
TABLE 22
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Performance in the semifinal

The fact that ranking by the times achieved in the semifinal correlates only
slightly with the final ranking, shows that this race was a very close affair.
REYNOLDS who had barely qualified (7th by his semifinal time), won the bronze
medal in the final. Identical ranking by times in the semifinal and final (8th place)
can be found only in HALEY.

SCHON- EGBU- REY-  HER- RED- KITUR TIACOW HALEY| ¥ | COLF.
HAHE LEBE HIKE  HOLDS WANDEZ HUNWD OF RC
TIHEL51]44.60 44.26 44.84 44.83 44.50 44.73 44.85 45.2%
PLACING| 3. 1. 7. 8. 2. 3. 4. 8. 0.476
TABLE 23

Difference between the 1st and 2nd 200 m

Extreme difference found in REYNOLDS (1.38s) and HALEY (4.17 s); in the
former the difference probably caused by the slow first half of the race
(corresponding to 45.40s according to the model rather than an extremely fast
second half. In HALEY, the difference is explained by the relaxation at the end of
the race. After eliminating both extreme values, the average value between the times
in the Ist and 2nd half is 1.998s.

SCHOK- E6BU- REV- HER- RED- KITUR TIACOH HALEY| X |COEF.
HAHE LEBE HIKE  HOLBS HNANDEZ HOWD 0F REC
TIHELs] |1,53 2.28 1.38 2,03 2.34 1.88 1.83 4.17 2,183
PLACING | 2. B. 1. 3. 7. 3. 4. 8. 0.476
TABLE 24
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3.4. TIME ANALYSIS OF THE 400 M (WOMEN)
General evaluation of the event

The women's 400 m was inferior to previous top-level events. The winning
time at the I WC was worse than the times of all winners at previous OG, EC and
WC from 1976 through 1986. This was partly the result of the absense of the former
great athletes in this event, and partly because some of the competing athletes
failed to perform up to their personal bests. The women's contest unlike the men's,
comprised only 3 rounds. Only 3 runners in the final clocked times inferior to their
semifinal performances: they were placed 6th, 7th and 8th in the final. The athletes
who led the field did not have to expend all their energy in qualifying. As with men,
the most important quality of female 400m runners is specific endurance. The
winner BRYZGINA chose a tactics similar to that of the winner of the men's event,
i.e. a slower beginning.

BRYZ- RUEL- EHHEL- PINI- LEATHER- RICHARD- DIXON NAZA- COEF.
HAKE EINA LER HAKK 6INA  HDOD SOH ROVA x | OF RC
TIME(s1{49.38 49.84 50,20 $50.53 50,82 31.03 91.13 51,20 [50.529
PLACING} 1. 2. 3. 4. 3. 6. 7. 8.
TABLE 25

Evaluation of the indices
(@ 0 - 100 m

Judging from the intermediate times at the 100m mark, only 5 runners started
the race with real medal possibilities (intermediate time better than 12.40s). After
the first 100 m the others could hardly aspire to a notable success. The difference
between the best and the worst intermediate time i{s 0.70 s.

BRYZ- WUEL- EWKEL- PINI- LEATHER- RICHARD- DIXON HAZA- COEE.
NAME  [BINA LER  HAWN  6INA HOOD  SOH ROUA | % |OF Re
TIHE(sI[12.34 12,20 12,201 12,40 12,70  12.82  12.32 12.90 | 12.406
PLACING| 4 1. 2 5. . 7. 3, 8. 0,634 |

TABLE 26
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(b) 100 ~ 200 m

The difference between the best and the worst time over the 2nd 100m section
is much less than over the first section (0.30s), Placement by the times clocked in
the second section correlates with the overall results, i.e. the women's race was
decided much earlier than the men's.

BRYZ~ HUEL- EHWKEL- PIHI- LEATHER- RICHARD- BIXON HAZA- COEE.
HAKE 6INA  LER HAKN 6IHA  HOOD SOH ROVA x |OF RC
TIKE[s3(11.48 11.44 11.54 11.43 11.67 11.84 11.62 11,78 {11,645
PLACINE! 3. 1, 4. 2, 8. 8. 3. 7. 0.762
TABLE 27

(c) 200 - 300 m

Placement by times over the 3rd 100m section correlates more closely with the
final finishing times than any other 100m section. In this section the subsequent
winner, BRYZGINA, started to advance, while PINIGINA and DIXON began to fall
behind, eventually to clock the slowest 4th 100m sections.

BRYZ- HUEL- EHREL- PINI- LEATHER- RICHRRD- DIXOH NAZRA- COEF.
HAKE 8iNA  LER HAKN 6INA  KODD SOH ROVA % |OF RC
TIHE[s1|12.33 12.43 12.60 12.68 12.70 12.56 13.07 12.72|12.6386
PLACING} 1. 2. 4. 3. €. 3. 8. 7. 0.810
TABLE 28

(d) 300 - 400 m

The winner's time over this section was the fastest. The gap between her time
and the second fastest in this section, RICHARDSON, was 0.48 s and the overall
runner up, MUELLER, was 0.64 s. The time range between the others is fairly small
(0.415) between the 2nd and 8th. BRYZGINA'S speed over the last section
corresponds to a time of 48.25s, indicating the potential of a better performance,
with a more "determined"” beginning of the race.

BRYZ- HUEL- EKREL- PINI- LEATHER- RICRARD- DIXDH NAZA- COET.
HAKHE BINA  LER HANN GINA  HOOD SOH ROVA % |(OF RC
TIHE[531[13.23 13.87 13.85 14,00 13.75 13.71 14.12 13.80}13.791
PLACING| L. 6. 3. 7. 3. 2. 8. 4. 0.214
TABLE 29
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e 0-200m

The hight coefficient of rank correlation indicates that the final placements
(except the medallists) were decided to a great extent as early as in the first half
of the race. Compared with the intermediate times achieved in the top performances
of KOCH and KRATOCHVILOVA, BRYZGINA was slower at the 200m mark by 0.8
- 1,2 s.

ERYZ- HUEL- EHHEL- PINI- LEATHER- RICHARD- DIXON HAZA~ COEF,
KAKE EINA LIR HAKN 6IHA  HOOD SOH ROUA x |OF RC
TINE[s])|23.82 23.64 23.75 23.85 24.37 24,78 23,94 24.68|24.10%
PLACIHE| 3. 1. 2, 9, B. 8. 3. 1. 0.810
TABLE 30
(f) 0 - 300 m

A comparison of the range of times at the 300m mark between men and
women In the Ist to the 6th places reveals that the women's race was not so close
as the men's. After the intermediate times at the 300m mark, there was no real
chance of times under 49 s for any competitor.

BRYZ- HUEL- EHHEL- PIKI- LEATHER- RICHARD- DIXON NAZA- COEF.
HAHE 6IHA  LER HARK 6IMA  WOOD SON ROVA ¥ |OF RC
TIHE[s1{36.15 36.07 36.35 36.53 37.07 37.32 37.01 37.40 [36.738
PLACING| 2. 1. 3. 4. 6. 7. 3. 8. 0.903
TABLE 31

{g) 200 - 400 m

A considerable difference between BRYZGINA and the others can be seen in
the times clocked in the Znd half of the race; but most of the time gain is due to
the last 100m. By model intermediate times, the winner's time in the second half of
the race corresponds to 49.10 s, i.e. a better time than the one actually achieved; in
the other finalists, the very opposite is true.

BRYZ- HUEL- ERHEL- PINI- LEATHER- RICHARD- DIXON NAZA- COEF,
KAHE §IHA  LER HAHN EINA  KOOD SON ROVA X |OF Re
TIHE[s](25.56 26.30 26.45 26.68 26,45 26.27 27.19 26.92 |26.428
PLACIKE | 1. 3. 4.-3. 7. 4.-3. 2, 8. €. 0.601
TABLE 32

_47_




SPRINTS II WC - Rome 1987

Performance in the semifinal

The winners did not have to do their best in the semifinal; in the last part of
the race there were tactical run-ins, so that the athletes could conserve energy.
Therefore the ranking by performance in the semifinal does not correlate with the
final ranking.

BRYZ~ HUEL- EHHMEL- PINI- LEATHER- RICHARD- DIXON NAZA- COEF.
NAHE 6INA LER HANN 6INA  WOOD SON ROVA ® |OF RC
TIHE[s1}50.88 950.15 56.53 50.83 950.85 30.91 50.83 351.07)50.76°%
PLACING| 5. 1. 2. 3.-4. 7. 6. 3.-4. 8, 0.589

TABLE 33

Difference between the 1st and the 2nd 200 m

Difference found in RICHARDSON {1.51 s) and DIXON (3.25 s} can be
attributed to poor pace judgement and energy output. The average value in the other
runners is 2.308 s, i.e. roughly 0.3 s more than in the men's event.

BRYZ- HUEL- EMMEL- PINI- LEATHER- RICHARD- DIXDN NAZA- COEF.
RAKE 6IHA  LER HAHN 6INA  HEOD SUN ROVA x | OF RC
TIHE[s]] 1.74 2.66 2.70 2.8 2.08 1.91 3.25 1.842.326
PLACIKE | 2. 3. 6. 7. 4. 1. 8. 3. 8.048
TABLE 34
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-FIG 1 -

1
ANALYSIS OF IMTERMEDIATE TIHES IN 400
I1 WORLD CHAMPIONSHIPS IN ATHLETICS HEN
L 400 tei0n '1,10012.100 3,500 4, 18004, 20012,200! 300
ﬁMm,%pET """""" H “4"'?2%'é%;ii’%§711"&éaiﬁJé"ilié"a 5012200123, é%?ééié%
welldatibada 1 GF2  [44.81111.20{11.52{10.27 10,87 12.05{21,78;23.02{32.76
e5 BB SFL 144.80111.15: 11, B9I10.18 (1,01 12 32@21.2?;23 33:52,28
é F ﬁfnfﬁ 11.08: fi:ff’*a 23 11.04 11.88(21.40:22.93!32, 44
,[ HEAT PLACING 2. 30.08.87
iPerforiances 48,85 11.46 i1.48 10.52 11.35 12.50 22,00 23.85 33.35]
fodel internediate times: 45.85 11.46 11,37 10,56 11.31 12.61 21.33 23.32 23,241
DUFF, from interm. fimes 1 - - [-0,11140.84 -0.04 +0.11 -0.07 +0.07 -0.11
Biff. from 9100 w (model)t - - +5.0% +0.80 +0.15 -1.15 - - -
Fiff. from 8100 m (acl.) : - - -0.02 +0.8¢ +0.11 ~1.04 - - -
CorresPonding to Perform.: - - 46.30 45.70 46.00 45.40 46.00 45.70 45.00
QUARTER~FINAL PLACING 1. 31.08.87
Performance? 44,81 11,20 11.52 10.27 10,97 12,05 21,79 23,02 32.76
Fodel intermediale times: 44,80 11.20 11.10 10,30 11.05 12.35 21.40 23.40 32,45
Diff. from interm. times : - - {-0.421+0.05 +0.08 +0.30 -0,38 40,38 -0.3f
Diff. from 0100 » {model}t - - 40,10 +0,90 40.15 -1.45 - - -
Diff. from 6100 » (eect.) t - - -0.32 +0,923 +0.,23 -0,85 - - -
iCorresPondLnS to Perform,: - - 46.43 44,70 44,45 43.60 45.60 44,05 45,208
SENIFINAL PLACING 2, 01.08.87 i
Perfornance: 44,80 11.15 11.88 10,18 11.01 12,32 21.27 23.33 22.28
itodel intermediate tises: 44.60 11,15 11.0% ;gp:; 1£.00 12.30 21,30 22,20 32.20]
Diff. from intern, times : - - -0.04+0.07:-0.01 -0.02 +0.03 ~0.03 +0.02
Biff. from 9100 m (model )i - - +0.10 *5 36 40,15 -1.15 - - -
Diff. from 8100 w (oct.) : - - +0.06 +0.97 +0.14 ~1.17 - - - g
CorresPonding to Perform.i - ~ 44,75 44,35 44.85 44,70 44.55 44.65 44,55
FINAL PLACING 1, 03.09.87
Performence! 44,33 11,08 18,11 10.29 1i.04 11.89 21.40 22.9% 32,44
Model intermediate times: 44,35 11.09 10.99 10.19 10.94 12,23 21.18 23.17 32.12
Di6r. fron inters. tives ¢ - - D12 ~0.10 ~0.10{+0,34;-0.22 +0.24 -0.32
Diff. from 9100 o (model): - - +0.10 +0.90 +0.45 -1.14 - - -
Diff, from 8100 m fact.) @ - - -0.03 +0.79 +0.04 -0.81 - - -
CorresPonding to Perform.: - - 44.85 44,75 44.75 43,00 44.50 43.85 44,30

...4‘9_



~FIG 2 -

ANALYSIS OF INTERMEDIATE TIMES IN 400 ]

I1 WORLD CHAMPIONSHIPS IN ATHLETICS HEN
apn 19100 11,10002.100 3,100 4.10071.20012,200! 2300
'ﬁéﬁﬂ]i"‘{ """""" 55?5"735'511i1'3é733"§éiiﬁ"éé“ii'%é'léiéézéiiéiiiéfééjééjéé
T F3  145.48{11.37;11,09j10.14 11.34 12.89{21,23;24.23;32.57
61 YER SFL 44, 26!11.07 10, 3?;13 10 11.4% 13.18;20.97:23.29;32.10
44.56111.14110.91110.23 11.18 12.24:21.14:23.42:32.32
HEAT PLACING 2. 30.08.87
Performance:! 45,84 11.46 11.32 10.82 11.56 12.34 21.94 23.80 33.5¢
fiodel internediates ubﬁES' 45,85 11,46 11,37 10.56 1i.3% 1..2_15_1 21.33 23.32 33.24
Biff, from interm. tikes i - - +0.05 -0.08 ~B.25,40,27,~0.01 0,02 ~0.28
Diff. from 8100 » (model): - - 40.09 +0.90 40,15 -1.15 - . -
Diff. from 6100 m f{ect.) ¢ - - +0.14 +0.84 -0.10 -0.8% - - -
CorresPonding to Perform.: - - 45,85 46.10 45.85 44.75 45.50 45.80 45.20
QUARTER-FINAL PLACING 1. 31,08.87
Performances 45.45 11.37 11,09 10.14 11.34 12.89 21.23 24,23 32,57
Wode! intermediate Lisess 45.45 11,36 11,27 10.46 11.21 12,51 21,73 23.72 32.94
Diff. from intern, times : - - 40,18 +0.32 ~0.13-0,38]+0.50 -0.51 +0.37
Diff. from 8100 B (model): - - 40.09 +0.980 +0.15 'I"Z% - - -
Diff. from 0100 m fact.) @ - - +0.28 +1,23 +0.03 -1.52 - - -
CorresPonding Lo Perform.: - = 44,75 44.15 45,95 46.95 44.45 46,45 44, 95|
SIMIFINAL PLACING 1. 01,09.87
Parformance! 44,26 11.07 10.87 10.10 11,13 12,16 20.97 23.29 32.10
hodel intersediate times: 44.25 11.06 10.37 10,18 10,81 12.21 21.13 23.12 32.04
Biff. from inters. tinez ¥ - - +0,10 +0.08 .Eugf +0.09 +0.18 -0.17 -0.08
Diff. from 8100 & {model): - - 40,08 +0.90 #0.15 -1.15 - - -
Diff. from 8100 w {act.) : - - +0,20 +0,37 -c.ca —1.09 - - -
CarresPonding to Perfors.: - - 43,85 44,00 45,10 44.05 42.85 44,50 44,35
FINAL PLACING 2. 03.08.87
Performance: 44.55 11.14 10.91 10.23 11.18 12.24 21.14 23.42 32,37
fode! interuediate Times: 44.55 ii.i4 1i.04 iD.24 i0.99 12.28 21.28 23.27 32.27
Diff. from interm. times : - -  +0.13 +0.01;{-0.18;+0.04 +0.14 -0.15 -0.05
Diff, irom B100 m imodeii: - - +D.10 +0.90 +0.15 -i.i4 - - -
Byff. from 8100 m lact.) = - - +0,2% +0.91 -0.04 ~1.186 - - -
CorresPondind to Perform.: - ~  &4.05 44.55 45.30 44.35 44.30 44,85 44,65
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AMALYSIS OF INTERWEDIATE TIMES IN 400 n
Il WORLD CHAMPIDHSHIPS IN ATHLETICS HEN
....... 1 400 leino i, 10012,100 3.100 4,10011.20012,200) 300
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}Ferfﬁraaﬂce: 45.51 11,38 11.56 £0.54 11.30 11.74 23,01 33.50
Hodel latermediale times: 45.50 11,38 11.25 10.47 11.23 12,52 23.75 32.35
Biff. from i tiaes & - - -0.28 -0.47 ~0.07 +0.5L; +0.74 -0.82
Sife. from (modetl je - - +3.10 +3.81 +5.15 -1.14 - -
DLEF, from 8100 & (apt.) ¢ - - -0.13 +0.44 +0.08 -D.33 - -
iCorresFondind to Perform.t - - 46,85 47.35 45.80 42.25 44,00 46.60
|
QUARTER-FINAL PLACING 2. 31,08, 87
Performancet 45,49 11.37 11,58 10.47 11.41 12,03 22.05 23.44 33.46
Hodel intermediote Tines: 45.50 11,38 11.28 10.47 11.23 12,57 21.75 23.75 32.98
Diff. from interm. times © - - -0.30 0.00 -0.18{+0.45:-0,30 +0.31 ~0,48
Diff. from 8100 m (model): - 40,10 +0.91 +0.15 1.14 - -
Diff. from 8100 n lact.) - - -0,21 0,80 -0.04 -0.56 - -
CoerresPonsing to Perform,: - - 46,70 435.50 46.25 42,355 48,10 44,80 48,15
SEMIFINAL PLACING 4, 09,87
Perfornance! 44.94 11,24 11,46 10.34 11.20 11.84 21.80 23.14 33,00
odel intermediate times: 44.95 11.24 11.14 10.24 11, 09_}_m"§ 71.48 23.47 32.57
Biff. from interm. times - - -0.32 0.00 -0.11; tg“if =0.32 +0.23 ~0,43
Diff. from 8100 m (mode!l): - - 40,18 +0.80 +0.15 -1,1 - -
Diff. from 9100 n {agt.) : ~- - -0.22 +0,90 +0.04 ~0,70 - -
CorresPonding to Perform.: - ~ 48,25 44.95 45.40 43.15 4 44.30 45,55
FINAL PLACING 3. 03.09.87
Performance: 44,80 11.20 13,27 10.43 1i.03 17.06 23,08 32.74
Hodel intermediate times: 44.80 11.20 11,10 10,30 11.05 12,35 23,40 32.45
Diff. from intern, times ¢ - - -0,12 ~0.18 +0.02[+0,23] 40,31 -0.28
Iiff. from 6100 m inodel): - - #0.10 +0.90 +0.15 -1.15 - -
Viff. from 8100 o {ast.) ¢ - - -0,07 40,71 +0.17 -0.86 - -
Corresfonding to Perform.: - - 45,25 45.55 44,70 43,85 45 44,20 45,20
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ANALYSIS OF INTERMERIATE TIMES IW 400
11 WORLD CHAKPIGNSHIPS 1N ATHLETICS WGHEN
% a0p jpg00 11.10072,100 3,100 4,100)1,200{2,200} 300
RYIEIHA | H 1 151.6212.91112.51111.89 12.72 14,40124.5027,12137.22
aniedaril b SF2  |50. 88:12 72,12 21;11.88 12.85 14.14{24.09;26.79{36.74]
63 USR P {49,3812.35{12,34 /11,48 12.53 13.23{23,82;25.56 {36, 15|
HEAT PLACING 1. 28,08, 87
Perf ornances 51,62 12.51 12,54 11.53 12.72 14.40 24.50 27.12 37.22
Hode! inlermediate times: 51.80 12.90 £2.80 11.95 12.75 14.10 24.75 26.85 37.50
Diff. from interw. times i - - 40,23 -0.04 #0.03[-0.301+0.25 -0.27 +0.28
Diff. from 8100 m (model): - - 40,10 #0.95 +0.15 -1.20 - - -
BiFf. from 8100 m {ect.) ¢ - ~  $0,4D +0.92 +0.15 -1.43 - - -
CorresPondind to Perform.: - - 50.45 51.75 51,45 52.75 51.10 52.15 51.25
SEMIFINAL PLACING 2, 30.08.87
Performances 50.88 12.72 12,21 11.88 12,85 14.14 24.08 26.79 36,74
Nodel intermediote times: 50.90 12.73 12.63 11.77 12.58 13.92 24.40 26.50 36.98
Diff. from interm. times ¢ - - [40.42]-0.11 -0.07 -0.22 +0.31 -0.28 +0.24
Diff. from 2100 m (nodell: - - Iﬁffb $0.96 +0.15 -1.19 - - -
Biff. from 8100 m (oct.) ¢t - - +0,31 +0.84 +0.07 ~1.42 - - -
Corresfondind to Perform.: - - 49,29 31,39 51.20 51.79 50.30 51.30 S50.60
FIH8L SLACING 1, 31,08,87
Performance! 49,38 12,35 12.24 11,48 12.33 13.23 23.82 25.56 36,15
Hode! internmediate Timest 49.40 12,35 12.25 11.40 12.2¢0 l_§_§_5 23.83 25.73 35.85
Biff. from intere. times @ - =  =0.08 -0.08 -0.13[+0.32]-0.17 +0.19 -0.39
Biff. from 8100 & {amcdei s - - +0,10 +0,85 +06.15 -1.2 - - -
Diff. from 8100 a (act.) : - - +0.01 +0.87 +0.02 -0.88 - - -
CorresPondind Lo Performs.: - - 43,75 49.735 49.90 48.25 49.75 49,10 49.80
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ANARLYSIS OF INTERWMEDIATE TIMES IN 400 n
IT MWORLD CHAMPIONSHIPS IN ATHLETICS ROMEN
P 400 jei00 1.10072,100 3,100 ¢,100'1,200:2,200) 209
I"UELLERP """"""""" H "2"'751'55!1§I§é7i::"li"ié'ié'm 1%25?}?5&:5&;55:%?;&%?55
i v SF2  150.15:12.54{12.11:11.87 12.45 13.72{23,98:26.17}36.43
65 o P83 (12,0040 1243 138729, 54125. 503809
HEAT PLACING 1. 29.08.37
ferforaances 21,88 12,92 12,55 12,22 12.45 14.35 24.81 25.87 27.30
Hodel intermediaole times: 51,70 12.83 12.83 11.87 17,78 14.12 24.80 26.30 37.58
DLFf. from interw. Limes 3 - - 40,24 -0.2540.29;-0.26 -0.01 +0.03 +0.28
Diff. from 8100 u (model s - - 40,10 +0.96 +0.15 ~1,18 - - -
Diff. from 8100 m (act.) v - = 4+0.33 40,70 40,43 1,48 - - -
Corresfonding to Perform.: - - 50.75 52,70 50.59 S52.7G 51.78 51.65 51,35
SEHIFINAL PLACIKG 1. 30.08.87
Performaencet 50,15 12.54 12,11 11.87 12,45 13,72 23.98 26.17 36.43
Mode! intersvediate Timest 50,15 12,54 12,44 11,59 12.239 13.73 24.03 268.12 23B.42
Diff. from internm. times ¢ - - %E“§§i~0 28 -0.06 +0,01 +0.65 -0,05 -0.01
Diff. from B100 u {model): - - +0,40 +0,89% +0.13 1,19 - - -
Diff. from 8100 m» (act, 3 & - - +0.43 +0.67 +0.09 ~1.18 - - -
CorresPondind to Perform,: - - 48,83 51.30 50.40 50.10 50,05 50.25 50.15
FIHRL PLACING 2. 21.908.87
Parfornance: 48.84 12.48 12,20 11.44 12,43 12,87 22.64 2£.30 36.07
Model interzediate times: 49.985 2.49.}u“§§ 11.54 12,34 12,69 23.83 26.02 36.27
Biff. froa inlersm. times @ - - tg_ég +0.10 ~8.08 -0.19 +0.29 -0.28 +0.2
Diff. from 8100 a {modall: - - 40,10 +0.85 +0.15 -1.19 - - -
Biff., from 8100 m fact.) @ - - *+0.2% +1.05 +0.06 -1.38 - - -
CorresPonding to Perform.: - - 48,20 48,35 30.30 50,70 49.40 50.50 49,70
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il 1
ANALYSIS OF INTERMEDIATE TIMES IN 400 m
11 WORLD CHAMPIONSHIPS IN ATHLETICS WOMEN
_________________________ | 400 ;8100 11,10072,100 3,100 4,10011,20072,2001 300 |
PNELHEAN | H& isl. 92|12.91112.32111 55 12,75 14, 39;4ﬁ|QR|27 §4136.74
i SF3  |50.53;12.63{12.39;11.76 12.63 13.75{24.15,26. qs,ss 78
et e P (S20li2ss{izaniined 12,0 156512575 2,456, 39
HEAT PLACING 1. 29.08.87
Perfarmances 51.62 12,81 12,32 11,66 12.76 14.85 23.98 27.64 36.74
Kodel internediale times: 51.60 12.30 12.80 11.85 12.75 14.10 24.75 26.85 37.50
Biff. from interm. tiwes & - -  +0.48 40,28 -0.01{-0.78}+0.77 -0.73 +0.76
Biff. from 8100 u {model}: - - +0.10 +0.95 +0.15 -1.20 - - -
3i¢¢, from 8100 w (act.} ¢ - - 40,58 41,25 +0.15 -1.97 - - -
CorresPonding to Perfor.: - - 453,85 50.45 51.85 54.75 56.05 53.40 58.60
SEMIFINAL PLACING 1. 30.08.87
Performance: 50.53 12,63 12.39 11.76 12.63 13,75 24,15 26,38 36,78
Mode! intermediale times: 50.35 12.64 12.54 11,69 12.49 13,83 24,23 26.32 36.72
Diff. from interm. times : - - [+0.151-0.07 -0.14 +0.08 +0.08 -0.08 -0.06
Diff. from 8100 n (podel): - - BT 40,95 +0.15 -1.18 - - -
MDLFF. from 8100 m tact.) ¢ - - +0,24 +0.,87 0.00 -1,12 - - -
iCorresPondind to Perform.: = - 49,25 30.8% 51.10 50.20 50.40 350,65 50.65
TINAL PLACING 3, 31.08.87
Perforzence? 50,20 12.55 12.21 11,54 12,50 13.85 23.75 26.45 35.35
Model intermediale times: 50,20 12.55 12,45 11.60 12.40 13,75 24.05 26.15 36.45
IDiff. from interm. times @ ~ - [40.24;+0.08 -0.28 -0.10 +0.30 -0.30 +0.10
"Diff. from @100 m (model): - ~ 40,10 +0.95 +0.15 -1.20 - - -
Diff. fros 8100 m fact.) @ - - +0,24 #1.04 -0.05 -1.30 - - -
CorresPonding to Perforp.: - ~ 49,25 49.95 51.05 50.50 49.50 50.80 50.05
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4. CONCLUSIONS

The present study comprehends the resuits of the time analyses of all the
semifinals and finals of the sprint events at the II WC. It points out the inaccuracy
in measuring reaction times, especially in 400 m { and by implication the 400 m
hurdles). On the basis of long-term measurements evaluating scales have been
listed to help coaches in evaluating reaction times. No relevant relationship was
found between reaction time and performance .

The report reviews the course of acceleration, the maximum speed area and
the specific endurance level of various performance groups participating at the II
WC.

The 400 m was evaluated in terms of the final where specific endurance and
pace distribution were found to be decisive for the performance.
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1. INTRODUCTION

The statistical processing and evaluation of sports performances have a tradition
of long standing, providing an excellent method for judging the overall improvement
of performances in an event as well as the improvement of individual athletes. The
trend of improvement in performances in 100m and 110m hurdies is shown in FIG. 1
and 2. The solid line shows the course of the world's best performances in a year
while the other two lines indicate the course of the mean of the maximum
peformances of the top three and top ten athletes respectively, Electronic time
measurement was introduced in 1972; in the development graph, that moment is
marked with a vertical line.

The 110m hurdles event has been dominated by US athletes for dozens of years.
Four US athletes claim the major share of the 25 world all time best performances.
Among the first ten athletes, by best performance, there are only two
non-Americans: CARISTAN of France and CASANAS of Cuba. A full two thirds of
the first thirty are Americans.

The women's 100m hurdles is a much more open affair. The 1987 world tables
seem to indicate a further distribution of top performances to athletes from a
number of countries (TAB. 1, 2). The rise in the performance level has been the
result of improved training methods, the application of new knowledge provided by
a variety of scientific disciplines, improved technical equipment etc.. The curve of
the best performances in any year will be extremely uneven as it can be markedly
influenced by exceptional performances or athletes like NEHEMIAH in 1979-81. A
more telling indication of the changes in world performances is the curve of the
mean best performances of the ten best athletes. Ignoring the exceptional year 1960,
the improvement In performances by the men was 0.37 s over the period 1961-71, and
another 0.29 s over the period 1972-87. In the women's event the improvement
amounted to 0.70 s over the period 1963-71 (statistics of the women's 100m hurdles
were first kept in 1963), and to another 0.53 s from 1971 to 1987. The greatest
improvement was recorded in 1969, the year the event was officially introduced at
athletic meetings, and in 1970.

The gain or loss in a major competition against the particular athlete's personal
best in the year concerned is a good pointer to his or her ability to prepare for a
top-level competition. These differences for all semifinalists in Rome are shown in
TAB. 1, 2,

FINAL 3/9 - 17.50 8/9 - 18.10

(+ 0,30 m) (~0.56 ms)

1. 1034 Foster Greg 58 USA 1321 1. 74 Zagorcheve Ginka 58 BUL 1234CR
2. 448 Ridgeon Jon 67 GBR 1329 2. 2 Uibel Glona 64 GDR 1244
3 433 Jackson Colin &7 GBR 1330 3. 308 Oschkenat Cornelia 61 GDA 12.46
§ 1072 Prerce Jack 62 USA 1341 4. 59 Donkova Yordanka 61 BUL 1249
5 963 Kazanov Igor 83 UAS 1348 5. 210 Piquarau Anng 64 FRA 1282
6 269 Sala Carlos & ESP 1358 6. 199 Elioy Lavrence 59 FRA 1283
7. 154 Mc Koy Mark 61 CAN a7 7. 247 Zaczkiewicz Claudia 62 FRG 1298
281 Bryggare Ano 58 FIN DNS 8. 646 Martin Lavonna 66 USA 1308

Ore/Time 1752 — Temp  +27 °C Ore/Tima 18 32 .~ Temp.: +2t *C

Press 1012 mBar — Umidva/Humidty 68% -2 - Press.. 1013 mBar — UmiditafHumadity. BA%
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1987

Lausanne 1509
Modesto S&W 0905
Budapest BGP 0607
Irvine 1406
Zagreb WUG 15Q7
Durham NSF 2607
Roma WCh 0309
Moskva Znam 0706
Moskva Znam 0706
San Jose TAC 2506
Zagreb WUG 1507
Durham NSF 2607
Barcelona NC 1608
Barcelona NC 1608
Roma WCh 0109
Roma WCh 0109
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Habana Barr 1403
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Modesto S&W 0905
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Brjansk NC 1707
Philadelphia Penn2504
Potsdam 0707
Lubbock SWC 1605
Irvine 1406
Praha EP/A 2806
Budapest BGP 0607
Poznan NC 1608
Modesto S&W 0905
PERFORMANECE AT THE II WC
TABLE 1

110m Hurdl=s

MEN

1. -0.04
R

7. -0.48
R

2. -0-08
R

3. +0.11
5. -0.10
N -0.861
N -0.42
R

4. 0.00
dns

6. -0.11
9. -0.18
16. -0.58
R -

R

N -0.43
R

dns

10, -0.11
13. -0.25
R

R

14, -0.34
R

dns

R

R

R

R

R
11. -0.06
11. -0.086
R

A A
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Ginka Zagordleva 58
Jordanka Donkova 61
Gloria Uibel 64
Cornelia Oschkenat 61
Mihaela Pogacian 58
Kerstin Knabe 59
Jackie Joyner 62
LaVonna Martin 66

Tatjana Redetnikova 68

Claudia Zaczkiewicz 62
Laurence Elloy 59
Eva Sckolova 61
Stephanie Hightower 58
Anne Pigquereau 54
Heike Theele 64
Aliuska Lopez 69
Florence Colle 65

Natalja Grigorjeva 82

Jelena Sinjutina 64
Jelena Politika 64
Sophia Hunter 64
Ulrike Denk 64
Monique Ewanje-Epee 67
Sally Gunnell £6
Liliana Nastage 62
Eim McKenzie 61
Lidia Okolo-Kulak 67
Resalind Council g5
Ljudmila Olijar 58
Jackie Humphrey 65
Lynda Tolbert 67
Larisa NaroZilenko 63
Lesley-Ann Skeete 67
Rita Heggli 62
Patrizia Lombardo 58
Kristin Patzwahl 65
Ljubov Stoljar 61
Bentita Fitzgerald 61
Svetlana Buraga 65

Rhonda Blanford 63

Nancy Vallecilla 55
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=~ PLACEMENT IN THE COMBETITION
= PLACEMENT IN THE II WO
R — REDUCED RANKING LIST
N — DID NOT PABS THE BURLIFICATION IT we

- DIFFERENCE BETWEN THE RERFORNMANCE 47 THE

AND BEST PERFORMANCE 957

_.S,__,

100m Hurdles
Drama vC3,Gre 08408
Fiarth 14086
Roma WCh 0409
Neubrandenburg 10086
Tel Aviv Hapoel 0905
Farth 1408
Westwood Pepsi 1505
San Jose TAC 2608
Leningrad 0507
Gelsenkirchen NC 1107
Gelnhausen 13089
Brjansk NC 1807 -
Indianapolis PAG 1508 11.
Roma WCh 0409 5,
Zagreb WUG 1507 -
Zagreb WUG 1607 15,
Zagreb WUG 18607 9.
Moskva Znam 0606 -
Leningrad 0507 -
Leningrad 1908 -
Zagreb WUG 1607 13,
Rhede 2006 -
Nice Nik 1307 R
Oslo Bisl Q407 10,
Bucuresti 2305 -
Knoxville Gator 2305 R
Moskva Znam 0606 -
san Jose TAC 2506 R
eljabinsk 2006 -
Baton Rouge NCAA 0408 R
Durham NSF 2407 R
Leningrad 2008 -
London IAC 1408 N
08 12,
Livorno vSov 3005 16.
Zagreb WUG 1507 -
Sodi 1605 -
San Jose TAC 2606 R
Gotzis 2305 -
Denver 1406 R
Indianapolis PAG 1308 14,
A
3
IT WC
TABLE 2

1O INT b =

~ i Co=god

2]

WOMEN
-0.09
-0.16

+0.11
-0.01

-0.26
-0.18
-0.03

-0.30
+0.05

-0.47
-0.20

-0.30

-0.33
-0.13
-0.28

-0.12
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2. METHODS AND PROCEDURES

The 100 and 130m hurdies events in Rome were analysed by means of three
SONY videocameras and two PHOTOSONICS 3500 high-speed cameras. Three
videocameras were used for the time analysis of all the races concerned. Two of the
videocameras photographed the whole race iIncluding the starter's gun {(picture of
the smoke). The third camera recorded the athlete's start from the blocks up to the
landing after the first hurdle. The siting of the videocameras is shown in FIG. 3.

The synchronized PHOTOSONICS 300 high-speed cameras were placed (see FIG.
4) with a view to facilitating 3-D analysis of the athlete's stride, with special
emphasis on stride length and frequency. The films were also used for comparing
with the material obtained from the videorecordings.

The cameras were positioned by means of a second theodolite from Carl Zeiss
Jena.

The cameras worked at a frequency of 200 (150) fps. The semifinals and the
finals were filmed without the use of zoom. One of the cameras also photographed
the starter's gun. The moment of the firing of the gun (the smoke in the picture)
was used for visual assessment of the reaction time and for comparisons with the
official measurements of the reaction time.

1
(x 1?82 HURDLD

I\E\Llllll

FIG 3 x % x x x x
© HSC O HSC
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POSITION OF CAMERAS

81,655

H=8,22
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MODEL INTERMEDIATE TIMES

The material used for plotting the model intermediate times was provided by
the time analyses of performances at events like EC, WC and Olympic Games
between 1980-86. The times of touchdowns after the hurdles (1-10) were related to
the performances. The results were regression straight lines whose correlation
coefficient has a continuously rising tendency. In the relation between touchdown
after the 10th hurdle and the performance, the correlation approximates .

The regression straight lines were subsequently turned according to X to start
in the beginning of the coordinates -system . The tangents of the straight lines
make up a regression parabola which can be wused for laying down model
intermediate times. A tolerance fleld has been provided for each intermediate time,
taking account of possible errors of measurements. The mathematical procedure is
described in more detail in SUSANKA (1987).

This report presents the results of analyses of the first tree finalists in the
100m hurdles (women) and the 110m hurdles (men). Analyses of the semifinalists and
the rest of finalists are available in a special Appendix. The results of all the
competitors are stored in a computer memory and they can be retrieved, processed
and supplied at special request.
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3. ANALYSIS OF THE COMPETITION
AT THE 11 WORLD CHAMPIONSHIPS IN ATHLETICS

In the hurdles the performance is the sum of the reaction time (RT), the time
of the approach run, the time of the nine rhythmic units (RU), and the time of the
run-in.

3.1. REACTION TIME

In real terms, an athlete's reaction time is shorter than that officially measured.
The difference is due to time required for the transmission of the starting signal
(sound propagation from the starter's gun to the starting spot), and by mechanical
deiays inherent in the design of the starting blocks and the level of the reaction
force set on the blocks. . The electronic device in the starting blocks stops
measuring the reaction time at the moment the pressure on the blocks reaches the
preset value (e.g. 250 N},

The results of measurements of reaction time at events such as the EC, WC
and Olympic Games in the period 1978-87 are shown in TAB. 3. The differences
recorded in mean reaction times at the I WJC the II WC 87 and other events seem
to indicate a lack of uniformity in the methods of measuring reaction time.

Higher mean RTs were measured at 1 WJC and II WC 87 in the sprint hurdles as
well as in other events (the sprints and the 400m hurdles), although an increase of
actual reaction times is extremely unlikely.

A rule-of thumb scale for evaluating RT has been plotted on the basis of RT
statistics.

Generally valid Men and Women

Outstanding { 130 {ms)
Above average (130;150)

Average (155;185)

Below average (185;210)

Substandard > 210
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The folloving scale has been plotted only for the I WC in Rome, owing to the
considerable difference in the reaction times measured there.

Men Women
Outstanding < 130 < 140 . {ms)
Above average (130 ; 170) (140 ; 180)
Average (170 ; 210) (180 ; 220)
Below average (210 ; 250) (220 ; 260}
Substandard ? 250 > 260

The following minimum RT were measured at II WC.

100m H 110m H (ms)
Men X 133
Women 111 X

’IfAB. 3: Reaction times measured at different athletic competitions ( European,
World Championships, World Junior Championships and Olympic Games )

Men ii0m H Women 100m H

n X SD n X sSD
EC 78 43 157 29 19 149 22
OG 80 46 151 14 43 157 21
EC 82 44 160 19 24 153 25
WC 83 50 178 37 90 162 24
OG 84
‘WJC 86 34 191 38 35 187 20
EC 86
WC 87 65 192 39 46 201 40
Average 282 172 30 257 170 26

n ... number of measurements ; X ... mean value i 8D ... standard deviation
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3.2. APPROACH RUN

Beginning:

(a) from the gun

{ ) from the athlete's first movement, i. e. minus RT ( for determining the
acceleration level )

End:
moment of touchdown after the first hurdle

Objective:
achieving an optimal (model) intermediate time that would make it possible
for the athlete to achieve a personal best; providing the conditions for
smooth clearance of the hurdles.

Men Women

For performances: 13.25 /7 13.50 12.30 /7 12.50
approach run 252 / 2,60 245 / 2.58
approach run minus RT 227 /7 245 2337 240

(for determining acceleration level)

3.3. RHYTHMIC UNITS

Beginning:
moment of touchdown after hurdle

End:
moment of touchdown after next hurdle

Objective:
(a) the shortest time possible in a rhythmic unit
{b) standardisation of the above time, with a maximum difference of 3%
(¢) the fastest average time possible over the nine rhythmic units

Men Women
RU minimal 0.98 /7 1.3C 094 / 098
RU average 1.20 7 1.50 097 /7 099
Number of RUs with maximal 4/ 6 4 /7

3% difference
The 3 % difference from the minimal time has been laid down with a view to
the errors the coach can make in his time analysis of the videorecording.

...]0_
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34. RUN-IN

Beginning:

moment of touchdo;zvn after 10th hurdle

End :
moment of reaching the finishing line

Objective :

The smooth continuation of the running between the hurdles into the run-in.
This can be practised only in actual race situations, not training sessions. A
well-trained athlete should make full use of each race for practising this phase
of the race. This will not involve any significant losses of energy for a
physiologically well-trained athlete.

In the heats of the Il WC the results were clear well before the end of
each race. However only a few of the qualifiers ( e.g. ZAGORCHEVA ) finished the
race at flat-out speed. The following figure indicates the fastest and slowest time
for the run-in achie;ved in the {I WC.

Men Women

Run - in 1.30 / 1.40 1.056 7 110

3.5. EVALUATING ACCELERATION AND SPEED ENDURANCE

A number of criteria are used for evaluating the above abilities of athletes in
coaching practice. For the sake of simplicity, the performances achieved can be used
as a basis, without any need for calculations of mean or momentary velocities or
acceleration.

Acceleration :
the ability to achieve maximum speed ( or a speed amounting to 97 % of the
athlete's maximum speed ) over the shortest possible section of the track.

Time used as indices :
approach- run times minus RT, and the times in the st and
Znd RUs ( of their sum ).

_]‘l_.
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Fastest and slowest times achieved in the II WC

Men Women
( a ) approach-run minus RT 2.27 / 248 233/ 2.40
{ b) ( approach-run minus RT ) + 1st RU 3.38 7 3.53 3.36 7 3.50

{ ¢ ) ( approach-run minus RT ) + 1st RU + 2nd RU  4.41 / 4.57 4.34 / 4.50

The difference between ( b ) and ( ¢ } shows clearly that in practice, watching any
one of the indices will do.

Speed endurance is manifested in the athlete's ability to achieve the best
intermediate times even in the final stages of the race.

Men Women
( a )} Run-in 1.30 / 1.40 105/ 1.10
( ) Run~-in + 9th RU 2367 271 2.03 /7 2.22
{ ¢) Run-in + 8th RU + 9th RU 3.41 7 3.83 3.00 7 3.26

The athlete's level of acceleration and speed endurance can be judged on the
basis of his or her closeness to the extremes of the obove variation ranges - but
only in the races run out, i.e. with maximum effort.

...12_
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4. EVALUATION OF INDIVIDUALS

AT THE II WORLD CHAMPIONSHIPS IN ATHLETICS

E.

LZVIATIGNS FROK THE MGDEL TGUCHIOWNS

110 m,HURDLES -1a-
TIME ANALYSIS FOSTER SRE® 58 USH
PLACING 1, 1. ist RUM RESULT 13.20 |
HURDLES: FIKISH
1. 2, 3, 4, 5. 8. 7. g, 8. 10,
A, 2,80 3.63 4,64 5.64 6.4 7.82 8.62 .87 10.72 11.79 13.20
B. 2,48 3.50 4.52 5.5 6,56 7.58 8.81 9,66 10.71 11.78 13.20
C. 1,03 1,04 1 1 0.9¢  1.01 1.04 1.05 1,07 1,41
D. 1.03  1.02 1.02 1.02 1.02 1.03 1,04 1.06 1.08 1.4l
E. -0.0% -0.08 -0,07 -0.05 -0.03 ---  -—— .. .l
| PLACING 2, L. SERITINAL RESULT 13.41 |
HURDLES! FINISH
1. 2. 3. 4. 5. 8. 7. g, 3, 10,
. 2.80  3.85 4.88 5.70 6.72 7.76 8,79 9.85 10.93 11.99 13.41
B. 2,51 3.56 4,80 5.83 6.87 7.70 8.75 5.81 10.88 11.38 :3.41
£, 1.05  L.03 1,02 1,02 1,04 1.02 1.0 1.08 1.06  1.42
D, 1.04  1.04 1.03 1,04 .04 1,05 1,08 1,07 1.08 1.43
E. -0.04 -0.04 -0.03 -0.0Z ~-- <0.0L ==  --= 0,0 -
| PLACING I, FIHAL RESULT 13.21 |
HURDLES: FINISH
1, 2, 3. 4. g, g. 7. 8. 3. 10,
ho 2,60 3.84 4.4 5.64 6,84 7.85 8.87 9.72 10.768 11.Bf 13,24
B. 2.48 5.01 4.83 5,55 6.57 7.59 8,62 9.68 10.72 11.80 13.0¢
C. 1.04 1 1 i .01 1,02 1,05 1.04 1,05 1,40
D. 1.03  1.02  1.02 1.02 1.02 1.03 1.04 1.06 1.08 1.41
E. -0.07 -0.08 -0.06 -0.04 -0.02 -0.0{ =--- -0,01 ---  =--
HURDLES: L2 30 40 5. B, % 8, 8. 10,
TOLERANCE:  20.05 *0.05 20.05 *0.05 %0.05 $0.05 #0.05 #0.05 #0.04 0.04
A. REAL TOUCHDOWNS
2. HOBEL TOUCHDOHNS
C. REAL RHYTHMIC UNITS
D. HIDEL RHYTHKIC UNITS 13 -
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FOSTER BRED 38 usa O
Ri -13.201[g] 5F1-13.41 {s] F_-13.211s]
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THDIVIDUAL EVALUATION INTERNATIONAL RESEARCH TEAH  I.A.ALF —

CHARLES UNIVERSITY FTVS & VHD-UV CSTU
RT in the heat substandard, in successive rounds poor mean time of approach,
after substraciing 8T, the best of all finalists, the fastest in the heat.
hceeleration section shortened processively. Haximum specific speed scored in a
neat, in the 5th RU -8,93s; in the final, in the second RU {1.08s). Relative
stabilization of specific speed ends with the 6th RU. Specific speed reduction
sceured iast 3 RU in all rounds. Time of run-in stable. A1l rounds run without
colliging with hurdies. Mzin advantage: explosive strength and maxinmum specific - 14 -
-unnirg speed: snortiomings in reaction time and specific endurance.
* DATA NOT MEASURED
R RESTART

Mo A B MM
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TIME ﬁNﬁLI\JSIS RIDGEDH JOH 87 8RR

[ pLACING L. 3. lst RUM , RESULT 13.46 |
HURDLES? tH15h
1,2, 3. 4. S, §. 7. 8 8. 10

R. 2.72 3.77 4.81 5.85 6.88 7.94 8,98 10.02 11.06 12,15 13.48

B. 2.52 3.57 4.61 5.85 6.69 7.73 8.78 9.85 10.32 12,02 13,48

C. 1.05 1,04 1.04 1,03 1.06 1.04 1,04 1.04 1.08 1.3l

D. 1.0 1.04 t.04 1,04 1,04 1.05 L1.06 1,08 L.10 1.44
E. “0-15 '0.15 -0115 “0.15 -0-14 "0:18 '0.15 —0-12 "Utlﬂ -0.09

[ PLACING 1. 1. SEMIFINAL RESULT 13.34 |
HURDLES: FINISH
1. 2, 3. 4. 5. B, 7. 8, 8. 10

. 2.60 3.85 4.72 5.73 6.75 7.78 8,85 9.89 10.93 11.98 13.34

B, 2.50 3.54 4.57 5.86 6.63 7.66 .71 9.76 i0.83 11.81 13.34

. 1.05 1.07 1.01 1,02 1,03 1.07 1.04 1.04 1.05 1,36

. 1.04 1,02 (.03 1.03 1.03 1,04 1.0 L.07 1.089 1.43
El -0-05 '~0.06 -0-10 -0-08 ”010? -0-0? -0109 “0.08 "0-08 '9.03

| PLACING 2. FINAL RESULT £3.28 |
HURDLES: FINISH
1 2. 3. 4. s, . 7, 8, 3, 10,

A, 2.80 3.64 4,70 5.72 6.76 7.79 6.82 9.88 10,93 11.96 13,29

B. 2.48 3.53 4.55 5.56 6.61 7.84 8.67 9.72 i0.78 11.87 13.28

C. £.04 1,06 1,02 1,04 1,03 1,03 £,08 L.08 1,03 1,33

D. £,03 1.63 1,02 1.03 1.03 1,04 1.05 1.08 1.08 1.42

£, -0.06 -0,06 =-0,10 =-0.09 -0,10 -0.10 -0.10 -0.1%f -0.10 -0.065

HURDLES: 1. 2, 3. 4. ER §. 7. 8. 9. 10,
TOLERANCE:  *0.05 *0.05 $0.05 %0.05 %0.05 *0.05 *0.05 20,05 10.04 20.04

fi. REAL TOUCHDEOHWNS

B. HODEL TOUCHDDUHS

C. REAL RHYTHHIC UNRITS

D. HODEL RHYTHMIC UNITS

E. DEVIATIONS FROH THE MODEL TOUCHBOKHS

_]8 -
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RIDSEON JON 67 EBR |
R3 ~13.46 351 SF1-13.34 [s] F -13.291[¢] |
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INDIVIDUAL EVALUATICN INTERNATIONAL RESEARCH TEAM  I.A.A.F
CHARLES UNIVERSITY FTVS & VMD-UV CSTU
RT in the heat substandard, in successive rounds average, Average of approach
times without RT among the finalists. Acceleration over 2 RUs/in semifinal and
final had an unsteady speed curve, Fastest specific speed in the 3rd RU in the
senifinal (8.8s). In the relative stabilization of specific speed in each
round, at least one RU featured a pronounced drop of speed {the 2ad RU in the
final). In the final, speed increased over the last twe RUs. The fastest man on
the run-in. In all rounds, the run-in rum vith full effort: average of run-in
times 1.33s (0,885 faster than the 2nd runner). Main advantage: very well
trained in seecific endurance, including run-in; shortcomings in reaction speed, - 16 ~

sizlosive strength and ability of keeping up specific speed (unbalancsd curve of
raaning sceell, * DATA NGT HEASURED
R RESTART

o Mo HARNTNG
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TIWE ﬁHﬁL'T'SIS JACKSON COLIN 87 G3R

[ PLACING 2. 1. st RUK RESULT 13.37 |
HURDLES: FINISH
1o 2. 3. 4. 5. B, 7. & 9§ 10,

A 2.61 3,67 4.70 5.71 6.73  7.73 8.7% 9.79 10.87 11.95 13.37

B. 2.5{ 3.55 4.58 5.61 6.65 7.68 £.73 8.78 10.85 11.94 13.37

C. 1,08 1.03 1,04 1.02 1 1,02 1,04 1,08 1,08  1.42

1. 1,04 1.03 1.03 1.03 1.04 1.04 1.06 1.07 1.09  1.43

E. =0.05 =0.07 -0.07 -0.05 =0.03 =  ==x e oood el

[ PLACING 3. 2. SEMIFINAL RESULT 13.58 |
RURDLES: FINISH
fo 2. 3 4. S, 8. 7. 8 9. 1,

A, 2.64 3.68 4,77 5.80 6.84 7.88 §.97 10.00 11.08 12.17 13.58

B, 2.55 3.60 4.65 5.70 6.75 7.8C 8.36 9.3 11.02 12.13 13.5

C. 1,04 1,09 1,03 1.04 1.0¢ 1,04 1,08 1,08 1,08  1.41

D 1.06 1,05 1.05 (.05 1.05 1.06 1.07 1.08 1.1f  1.45

E. -0.04 -G.03 -0.07 -0.0% -0.04 -0,03 -0.Gf -D.02 -0.02 ~---

| PLACINE 3. FINAL RESULT 13.28 |
HURDLES! FINISH
1, 2. 3. 6, s, £. 7 e, 3. 10,

fl. 2,60 3.B5 4.71 5,75 6.9 7.80 8.83 9.88 10.94 11.9% 13,38

B, 2,54 3.55 4.5 5.62 6.85 7.69 8.7 9.79 10.86 11.85 13.38

C. 1,05 1,06 L.04 £.04 1,04 1,03 1.05 1.06 1,05 1.39

. 1.04 1.03 1.03 1.03 1.04 1.04 1,06 1.07 1,09 1.43

E. -0.04 -0.05 -0.07 -0.08 -0.06 -0.06 -0.05 -0.04 -0.04 ~---

HURDLES: 1. 2. 3, 4. 5. 6. 7. 8. 9. 10.
TOLERANCE: 10,05 10.05 0.05 10.05 %0.05 10.05 20.05 $0.05 10,04 10.04

f. REAL TOUCHNOWHS

B. HMODEL TDUCHDOKNS

L. REAL RHYTHRIC UNITS

D. WODEL RHYTHHWIC UNITS

E. DEVIATIONS FROM THE HODEL TOUCHDEOKHS

- 17 -
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INDIVIDUAL EVALUATION INTERNATIONAL RESEARCH TEAH  I.A.ALF

CHARLES UNIVERSITY FIVS & VMD-UV CSTU

RT in the heat above average, in successive rounds average. In the approach time

vithout RT &th among the finalists. The best approach-time achieved in the

final. Acceleration varies in length, Not an optimum running speed curve in the

acceleration saction in the semifinal and final. The fasted RU in the heat

1.88s. Relative stabilization of specific speed over 3-4 RUs. Specific speed

reduction usually 3 RUs. Run-in time stabilized at about 1.4@s. Advantage in

Bigh run-in speed and naximum specific speed; shortcomings in  explosive
strength, running soeed in acceleration and sbility keep specific soeed,

* DATA NGT MEASURED

R RESTART

N WARNING
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100m HURILES  -1A- 11 WC ROME 1987

TIME ANALYSIS ZAGORCHEVA _ B1NKA 58 Bl

| PLACING L. L. Lst RUN RESULY 12.51 |
HURTLES: FINISH
L. 2, 2. g, 5, 6. 7. 8. 9, 10.

f. 2.56 3.57 4.57 5,57 6.54 7.53 8.49 9.46 10.453 11.45 12.51

B, 2.48 3.43 4.48 5.4 $.43 7.4 8.3 9.38 10.3%8 1i.41 i2.51

£ 101 L 1 9,97 0,89 0,88 0,97 0,89 1,08

D, 1.00 0.3% 0.98 0.97 0.97 ©0.98 0.3 1.6L 1.03 1.10

£, -6.02 -0.0% -0.04 -0.06 -0.06 -0.0% -0.05 -0.63 -0.,03 ---

f nfal“'l'llf'- o L ATKRITTLIAT nT&HT Y in o !

I ruovinge 2 Ee QENLITINNTL RLOULL Lie l
HURDLES: FINISH
L, 2, 3. 4. 3. £, 1. . 3, 18,

A, 2,80 3.63 4,65 5.66 6,66 ?.84 8.62 9.52 10.62 11.63 12,75

B. 2.54 3,56 4,57 5,56 .56 7.55 8,55 9.56 10.58 11.83 12.75

£, 1,03 1,02 1,00 1 0,98 0,88 1 1 1,07 1,08

3. 1,62 1,04 1,08 £.9%  0.9%  L.08  L.8f .82 L.04 L.12

E. -0.01 -8,02 -0.03 -0,05 -0.05 -0.04 -0,02 -0.0{ --- -0.02

| PLACING I, FINAL RESULT 12,34 |
HURDLES! FINISH
i, 2, 3. 4, 5. 6. 7. . 3, 10,

f. 2,51 3.52 4,43 5.46 6.44 7.41 8,38 9,34 10,31 11.28 12,34

B. 2.48 3,44 4,42 5,38 5.34 7.301 §.27 §8.23 10.24 11,25 12.34

L, 1,00 0,97 0,87 0,98 .87 0,87 0,95 0,97 0,97  1.08

D, .99 0.%7 0.7 0.96 0.8 0.97 0.38 0.3%3 1.0  1.08

£, --- -0.03 -0.02 -0.03 -0.05 -0.05 -0.06 -0.04 -0.03 ---

HURDLES: . 2. 3. 4. 5. &Y. &% 8. 10,

TOLERANCE:  *0.05 10.05 %0.05 10.05 %0.05 #0.05 £0.05 20.05 :0.04 10.04

i, REAL TOUCHDDHNS

B. MODEL TOUCHDOMNS

C. REAL RHYTHHIC UNITS

D. MODEL RHYTHHWIC UKITS

E. DEVIATIONS FROW THE HODEL TOUCHDOWNS

....19_



100m HURDLES —1B-

11X WC ROME 1987
' ZABORCHEVA 5 IRKA 58 FUL ]
IRi 12,91 [<] SFi-12.73 [ 1 P _-12.34[s])
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nas-l;;n;%n-xnl:-xa;}1141]11--1-11|l||=:£1|n»ln;nn‘lnulzIn;n;!..ln_lnl:lg !'_le
lB Vlﬁ!
I
olg |8
o f: !
Ll | o
0 &40 e
RHYTHRIC UHITS
6.9 . I.1 1,2 1.3 [=]
Attt al s - Lossa 1) ORI U P I S E R
Y
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b ey
OIC}E
1
e
mz,nq
LA I
H
i
i
i
i
I
RUN IN
1.0 ; 1,1 . 1,2 Lo LE 14 s
l4.8
(4.7
TNDIVIDUAL EVALUATION INTERNATIONAL RESEARCH TEAM  I.A.A.F

(HARLES UNIVERSITY FTVS & VHD-UV CSTU
RT about average and outstanding in the final, the best of all. In terms of the
average approach times without RT, 4th of the finalists. Acceleration gradually
shortening in successive rounds. Highest specific speed achieved in 6th and 7th
RUs in the heat and the final (0.96s). Relative stabilization of specific speed
the longest of all in the final-from 2nd to $th RU. The average time of all RUs
in the final 8.97s, without any reduction of running speed. Times of running
clearly shov special preparation, Although the speed in the last RU of the
senifinal vas reduced, the run-in was completed with full effort; run-in times
in all rounds identical -1.06s. Advantages in reaction speed and hioh level of
specific endurance including the run-in. Shortcomings in explosive strength,
* GATA NOT MEASURED
R RESTART
N

- 20 -




100m HURBLES -2A- II WC ROME 1987

TIME ANALYSIS UIBEL BLORIA B4 6R

[ PLACING L. i, 1st RUN RESULT 12,81 |
HURDLES: FINISH
t. 2. . 3. 4 5. 6. 7 g. 9. 1B,

A. 2.61 3.8 4.80 5.59 6.58 7.58 8.57 9,59 10.80 11.87 12,81

3. 2.54 3.56 4.57 5.58 6.58 7.58 8.58 9,60 10.63 11.68 12.81

. 1.02 0,97 0.8 0.89 1 0,98 1.02 1,00 1,07  1.14

. 1.02 1.00 1.0 1.00 1.00 1,01 1.02 1.03 1.05  L.3

E. 8 0,02 mmm mmmmmm == emm e ame e

[ PLACING L. 2. SEMIFINAL RESULT 12.68 |
HURDLES: FINISH
1. 2. 3. 4. 5, 8. 1. §, 9. 10,

A. 2.865 13.86 4.85 5.83 6.60 7.57 8.54 9.53 10.94 11.55 12.688
B. 2.5¢ 3,53 4,53 5.52 6.5% 7.50 8.0 9.50 16,82 11.56 12.6%
€, 1,01 0.99 ©0.98 0,97 0.8 0.87 0.88 1,00 1.04 1.13

D. 1.0¢ 1,00 0.8% .39 6.88 1.00 1.0f 1.02 .04 1.12

£, -0.09 -0.08 -0.07 -0.06 -0.04 -0.02 ~--- - --- -

| PLACING 2. FINAL RESULT 12.4¢ |
HURDLES: FINISH
1. 2, 3. 4. 5. €. 7. 8, 3, 10,

B, 2.57 3.58 4.56 5.50 6.48 7.44 B8.42 9.36 10.33 11.34 12.44

B, 2.47 3.46 4.44 5.42 6.33 7.36 8,33 9,32 10,32 11.34 12.44

C. 1.01 0.9 0.94 0.98 0,96 0.88 0.34 0,97 1,01 1,10

1. 1.00 0.98 0.87 0.97 0.97 6.98 0.8 1.00 1.02 L1.10
P, -0.05 -0.07 -0.07 -0.03 -0.04 =-0,03 -0,08 =-- ===  ---

HURDLES: 1. 2. 3. 4. 3. 6. 7. 8. 9. 10.
TOLERANCE: *0.05 *0.05 *0.05 *0.05 *0.05 %0.05 *0.05 10.05 10.04 0.04

A. REAL TOUCHDOMNS

B. MODEL TOUCHDOHWHS

C. REAL RHYTHMIC UNITS

3. HODEL RHYTHHIC UNITS

E. DEVIATIONS FROW THE WODEL TOUCHDUHKS

-2 -



100m HURDLES -2B- 1

WC ROME 1987

UIBEL ELURIA 64 LK
R4 -12.81 [s] §F2-12.68[s} F -12,441s]
REACTION TIHE
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INDIVIDUAL EVALUATION INTERNATIONAL RESEARCH TEAM  I.A.ALF
CHARLES UNIVERSITY FTVYS & VHD-UV {STU
RT below average, in semifinal substandard. Approach times without RT and the
times of the first RU are evidence of & fairly good level of explosive strength.
Acceleration over 1-2 RUs; the highest spaecific speed of all hurdlers in the
finai, at ©.9s, The optimum curve of running speed demonstrated in the
semifinal; in the stabilization in the final irregular curve of running speed.
Speed reduced usuaily in the last RU. Average times of all RUs and run-in times
sradually improved in successive rounds, Advantages in the level of explosive
strength, marimum specific speed and specific endurance; improvement potential - 22 -

troreartion speed, ability to maintain specific spesd and speed in ‘he run-in,
* DATA NOT HEASURED
R RESTART




100m HURDLES -3A—- 11 WC ROME 1987

T I ME HNHL IY’S I 5 OSCHKENAT  CORNELIA f1

BIR
PLACINS 1. 3. ist RUY RESULT 12.83 |
HURDLES: FINISH
| 1. 2, 3. 4, 5. 6. 7. 8. g, 10,
f. 2,62 3.66 4.66 5.63 6.62 7.62 6.61 9,62 10.62 11.66 12.83
B. 2.54 3,57 4.58 5.5 6.59 7.59 .60 9.61 10.85 11,70 12.83
. 1.04 & 0.87 0.88 1 0.99 1.01 1 1.04 1.1%
D. 1,03 1.00 1.00 1.00 L.00 (.01 1,02 1,03 1.05 1.13
E. -0.03 -0.04 -0,08 --m  mm= emmeee e ool el
[ PLACING 1. 1. SEMIFINAL RESULT 12.65 |
HURDLES! FINISH
1. 2, 3. 4, s, 8. 7, 8. 9, 10,
A. 2.47 - 3.5¢ 4,56 S5.56 6.52 7.51 8.50 9.45 10.49 11.53 12.65
B, 2,50 3.52 4,52 5,51 6.48 7.48 8.48 9.48 10.506 11.54 12.85
C, 1,07 102 0.96 0.99 0,99 0,88 1 1,06 1,12
. 1.04 1.00 0.99 0.38 0.93 0.39 1.00 1.02 1.04 f.1f
El - - it - ——— = mm- - —— ——
| PLACING 3. FINAL RESULT 12.46 |
HURDLES: FINISH
1, 2, 3. 4, 5, g, 7 8. 3, 10,
A, 2,50 3.50 4,48 S5.46 6.43 7.40. 8.38 9.36 10.35 11,36 12.46
B. 2.47 3.47 4.45 5.43 6.40 7.37 8,35 9.34 10.34 11,36 12.48
C. i 0.98 0.98 0,87 0.87 0.98 0.98 0,98 1.01  1.10
. 1.00 0.9 0.98 0.87 0.87 0.3%8 8.5 1.80 1.02 1.10
e
HURDLES: t. 2, 3. 4 5. B, 7. & 8. 10,

TOLERANCE: 10.05 10,03 0.05 20.05 10.05 #0.05 *0.05 *0.05 #0.04 *0.04

fi. REAL TOUCHDOURNS

B. HODEL TOUCHDIHNS

C. REAL RHYTHHIC UNITS

D. HODEL RHYTHMIC UNITS

E. DEVIATIDWS FROH THE HDDEL TOUCHDOWNS

- 23 -
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INDIVIDUAL EVALUATION INTERNATIONAL RESEARCH TEAH I.ALALF
4 CHARLES UNIVERSITY FTVS & VMD-UV CSTU
RT in the heat substandard, in the following rounds excellent. The best in the
approach time, even after substracting the RT. Length of acceleration irregular.
Highest specific speed in the final from 2nd to 8th RU, Notable speed reduction
in the last RU. Run-in times gracdually improved in successive rounds. Advantages
in reaction spesd and explosive strength; shortcomings in maximum specific speed
snd run~in speed, - 24 -
* DATA NOT MEASURED
f RESTART

N WARNING




100 m AND 110 m HURDLES I WC - Rome 1987

3. CONCLUSION

This report has been written with a view to the application of intermediate
times in evaluating the athlete's level of training for a particular event, in assessing
the whole race, and in judging some of the fundamental movement- abilities of the
athlete,

This report outlines the way towards using computer technology for
simplifying the work of coaches, all the way to the automatic evaluating of each
start, each race or each individual.
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400 m HURDLES I1 WC - Rome 1987

1. INTRODUCTION

The performance levels in both the men's and women's 400 m hurdles have shown a
steadily rising trend in recent years as shown in FIG. 1 and 2. The solid lines show
the top performance of each year while the other lines show the courses of the
mean maximum performance of the top 3 and top 10 athletes, respectively.
Especially striking are the rises of the mean maximum performance of the top 10,
indicating the overall development of both the men's and women's events.

Even so, it should be stated, quite unequivocally, that women still have considerable
difficulties in coping with this event both physically and, consequently, technically.
Evidence to support this can be found not only in the striking difference between
the best times over 400m flat and 400m hurdles but also in the considerable
variability in performances during the course of the season, and, last but not least,
in the course of the 400m hurdles race itself. Women athletes differ significantly
from men in the technique of hurdle clearance and in coping with the rhytmic units.

Only two of the women athletes who qualified for the semifinals and for the final
in Rome improved on their personal bests in 1987 and one clocked practically the
same time as her personal best (-0.03). All the others clocked times inferior to
performances achieved before Rome (TAB. 2).

The men's category, despite the commanding position and long-term dominance of
Edvin Moses, which might be expected to lead to stagnation, has been characterized
by continuing improvements in performances and techmique. All the Rome finalists
clearly showed both a fine level of training and stability of performance. The first
four finishers improved on their 1987 bests in the Rome final - NYLANDER by as
much as 0.91s (TAB. 1).

FINAL 1/9 - 16.50 3/9 - 17.40

1. 1065 Moses Edwin 55 USA 4746 CR 1. 286 Busch Sabine 62 GDR 5352 CR

2' 1044 Harns Danny 65 USA 4748 2. 11 Flintolf King Debra 60 AUS 54.19

i 389 Schmid Harald 57 FAG 4748 3 314 Ulrich Cornelia 63 GDR 5431

4. B62 Nylander Sven 62 SWE 4837 4. 400 Farmer Sandra 62 JAM 5438

sl 796 Dia Ba Amadou 5B SEN 4437 S 177 Helander Kuusisto Tuija 61 FIN 5452
Ambrazene Anna 68

6. T15 Amike Henry 61 NGR 4863 6 551 : z z:i 5:“5

7. 410 Akabusi Kriss 58 GBR 474 7. 668 Williams Schowondl- :

8 246 Alonso Jose 57 ESP 4346 & 617 BrownGng Judi 61 USA 561

Ore/Time 16:50 — Jemp.: +28 °C Ore/Time 17:40 — Temp.: 27 °C

Frese.: 1016 mBar- — Umidita/Hurmidity: 63% Press.: 1012 mBar — Umidild/Humidity: 68%
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WORLD LIST 1987 (at 15th October 1387) 402m Yurdléds MEN

47 .46 Edwin Moses 55 UsSA 1 Roma WCh 0109 1. +0.23
47 .48 Danny Harris 65 UsSA 2 Roma WCh 0109 2. +0.02
47 .48 Harald Schmid 57 FRG 3 Roma WCh gLe9 3. +0.12
48.03 Amadou Dia Ba 58 SEN 1 Nairobi AfrG 0908 5. -0.34
48.15 Kevin Young 66 USA 1 Lausanne 1509 R
48 .37 Sven Nylander 62 SWE 4 Roma WCh 0109 4. +0.91
48 .49 Winthrop Graham 65 JAM 1 Indianapolis PAG 1208 10. -0.15
48 .50 Henry Amike 61 NGR 4s1 Roma WCh 3108 6. -0.13
48.52 Reggie Davis 64 USA 2 Knoxville Gator 2305 R
48 .56 Dave Patrick 60 USA 581 Roma WCh 3108 9. +0.20
48.59 Toma Tomov 58 BUL 1 Drama vCS,Gre 0808 12. -0.52
48.64 Kriss Akabusi 58 GBR 382 Roma WCh 3108 7. -0.10
48.80 Thannas Kalogiannis 65 GRE 2 Zagreb WUG 1907 N =3.14
48.85 Alexandr Vasiljev 61 URS 1 Brjansk NC 1807 16. (RET)
48.89 Tranel Hawkins 62 USA 1 Durham NSF 2407 R
48 .97 Shem Ochako 64 KEN 2 Nairobi AfrG 0908 14. -0.890
49.00 Jose Alonso 57 ESP 4s2 Roma WCh 3108 8. -0.46
49.02 Nat Page 57 USA 2 Formia 1107 R
49.02 Andre Phillips 59 UsA 1 Koblenz 1308 R
49.03 Thomas Nyberg 62 SWE 5s2 Roma WCh 3108 11. +0.48
49.05 Craig Calk 65 UsSA 1 Lubbock SHC 1705 R
49.14 Edgar Itt 67 FRG 1r2 ZGrich WK 1908 N -2.04
49.20 Ryoichi Yoshida 65 JAP 3 Zagreb WUG 1907 13. -0.19
49.26 Bart Williams 56 USA 2 Athenai 2006 R
49 .27 Kevin Mason 67 USA 5s2 San Jose TAC 2606 R
49.33 Joseph Maritim 68 KEN 4 Nairobi AfrG 0908 N -0.71
49 .35 Max Robertson 63 GBR 1 Stockholm DNG 3006 15. -0.55
49.41 Peter Scholz 59 FRG 1 Feuerbach -0606 R
49 .43 Randy Cox 64 TRI 1 Villanova IC4A 2405 N -=0.71
49551 John Graham J 65 CAN 4 Indianapolis PAG 1208 N -0.72
49.54 Gordon Bugeg 66 USA 5h2 San Jose TAC 2506 R
49.55 Klaus Ehrle 66 AUT 1 Schwechat 2406 N -1.386
49.64 Pedro, Chiamulera 64 BRA 3 Bern 0807 N -1.07
49.65 Alexandr Charlov 58 [IRS: 2 Brjansk NC 1807 -
49.69 Uwe Schmitt 61 FRG 3 Koln ASV 1608 N -0.85,
49.71 Thomas Futterknecht 62 AUT 1r2 Budapest BGP 0607 N -0.73
49.74 Daniel Ogidi 63 NGR 4 Zagreb WUG 1907 N -0.77
49 78 Alexej Bazarov 63 URS 5 Zagreb WUG 1907 -
49 .76 Tagir Zemskov 62 ‘URS, I Leningrad 1008 -
49.77 Rok Kopitar 59 YUG 3s2 Zagreb WUG 1707 N -1.76
A A A
TABLE 1 2 3 4

2 - PLACEMENT IN THE COMPETITION
3 - PLACEMENT IN THE II WC
R - REDUCED RANKING LISTS '
H - DID NOT PASS THE QUALIFICATION II WC
4 - DIFFERENCE BETWEN THE PERFORMANCE AT THE II WC

AND BEST PERFORMANCE 1987
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TABLE 2

1987 (at 15th Oczobar
Sabine Busch
Cornelia Ulrich
Debbie Flintoff
Judi Brown King
Sandra Farmer

Margarita Chromova

Tuija

Helander

Schowonda Williams
Genowefa Blaszak

LaTanya Sheffield
Nawal el Moutawakil
Anna Ambraziene
Jelena Filipidina
Marina Stepanova
Nicoleta Carutasu
Jelena Gonéarova
Sophia Hunter
Linetta Wilson
Helene Huart
Gudrun Abt

Maria Usifo

BT Usha
Sametra King
Leslie Maxie

Rose Tata-Muya
Olga Nazarova
Jelena Mitrukova
Marina Sereda
Susanne Losch
Kathy Freeman
Sally Fleming
Tania Fernandez
Olga Petrova
Margarita Navickaite
Irmgard Trojer
Nadine Debois
Christina Wennberg
Monika Klebe
Anita Protti
Vera Ordina

~2

GDR
GDR
AUS
UsSA
JAM
URS
FIN
Usa
POL
Usa

MAR
URS
URS
URS
RUM
URS
USA
USA
FRA
FRG

NGR
IND
Usa
USA
KEN
URS
URS
URS
GDR
USA

AUS
CUB
URS
URS
ITA
FRA
SWE

L SWE

SUI

URS .

(U1

W i U B e ()
)
P

O‘)&JC-JNHMNHC&JCA NP, OWFR N - W
W

BN M) W Wb

100m Hurdlza

Potsdam NC
Potsdam NC

Koln ASV
Indianapolis PAG
Roma WCh
Leningrad

Roma WCh

Roma WCh
Budapest BGP

San Jose TAC

Kdoln ASV

Brjansk NC
Celjabinsk
Helsinki WG
Goteborg EP/B
K-Marx-St. vGDR
San Jose TAC
Baton Rouge NCAA
Annecy NC
Koblenz

Zurich WK

Roma WCh
Enoxville Gator
Baton Rouge NCAA
Nairobi AfrG
Zitomir

Zitomir

Brjansk NC
Potsdam NC

San Jose TAC

Sydney NC
Indianapolis PAG
Zitomir

Zagreb WUG
Goteborg EP/B
Dijon

Roma WCh
Lawrence

Brjansk NC

2108
2108
1608
1208
0309
0808
0309
0109
0607
2706

1608
1807
2106
0207
2706
2006
2706
0506
0908
1308

1908
3108
2305
0506
0808
0909
0909

‘1807

2108
2706

2903
1208
0909
1407
2707
1306
0109
1804

09
1707

I ;= QB-QU'I(D-P-OUI\JCJH

WOMEN

=0
-0
-0
=

+0.
-0.
+0.

=0

.38
G
.24
.87
19
28
36
.04

.60

.03
.49

.58
.03

dns

-0

=2
=2

+04:

.16

il

72
45

<35
35
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2. METHODS AND PROCEDURES

The time analysis of the 400m hurdles was based on videos recorded by six SONY
videocameras sited on the opposite straights of the track ( see FIG.3).
Synchronisation was made by the picture of the smoke from the starter's gun. A
total of 124 individual analyses was made. This report includes the analyses of ail
the dthletes who qualified for the semifinals and the final (46 analyses). The
semifinals and the final were also filmed by two synchronized high-speed
PHOTOSONICS 300 cameras with a speed of 200 (100) frames per second. The
sitting of the cameras (FIG. 4 ) facllitated 3-D analysis on the home straight. 3-D
material has been used in this report:

a) to check the time-data obtained from the videorecordings, i.e. to check the
accuracy of measurements;

b) to determine the distance between takeoff before and landing after the hurdie
(9th and 10th barriers ).

The material obtained will be further utilised for 3-D analysis of the running over
the last 100 m and, more specifically, for determining stride length and for
evaluating the technique of hurdle clearance ( 9th and 10th barriers).

o 400m HURDLES

L4
FIG 3 1-8 1-8
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POSITION OF CAMERAS
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MODEL INTERMEDIATE TIMES

Model intermediate times for full range of performances have been plotted on the
basis of long-term measurements and data collection. The mathematical method s
described in SUSANKA (1978). The statistical processing can be roughly summarized
as follows:

Touchdowns after the hurdles were related to performance. 10 regression straight
lines were thus obtained, whose correlation-coefficient has a steadily rising
tendency. In the relationship between touchdown after the 10th hurdle and
performance, the correlation approximates 1.

The tangents of the regression straight lines make up the model intermediate
times. A tolerance fleld has also been provided which pays due respect to possible
errors in measurements.

The time analysis tables marked A can thus be used for finding - in addition to the
values measured in each individual - deviations from model intermediate times in any
particular performance.
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3. ANALYSIS OF THE COMPETITION
AT THE Il WORLD CHAMPIONSHIPS IN ATHLETICS

For the purpose of this report, films and videos have been processed to facilitate
the analysis of intermediate times obtained in the course of the competition.

Performance in the 400m hurdles (as in the 100m and 110m hurdles) is the sum
of reaction time, approach run, the duration of the 9 rhythmic units and the run-in.

In addition to the analysis of intermediate times, the material obtained in Rome,
as well as earlier studies and material, has been used to outline the geometric
features of the running stride fordifferent variations of stride rhythm, i.e. for 13 to

17 stride rhythms.
3.1. REACTION TIME

At first sight, the reaction time in the 400m hurdles might seem to be
unimportant for the result of the race. The mean RT in the Rome finalists was
246 ms , or 0.5%4 of the mean performance. A more detailed look at the results
shows that, as a matter of fact, the reaction time speed decided the placings of the
medallists, as well as the 4th and Sth men in. The shortest RT by far was that of
MOSES whose outstanding reaction time meant a gain of 0.06s on HARRIS and
0.08s on SCHMID.

The mean reaction speed and its significant deviations in most important world
events in 1978-87 are shown in TAB. 3. The longer reaction times, as computed for
the sprint hurdles and the flat sprints, are characterized in all the events concerned
by the mean values of the reaction time (men - 235 ms; women - 255 ms ).

TAB. 3: Reaction times measured at different athletic competitions
(European, World Championships, World Junior Championshisps and

Olympic Games)

HEN 400 eH Homen £00nH
n X SD n X 50
EC 78 i8 238 66 51 267 53
06 80 23 2083 143
EC 82 5 237 b6 24 242 39
HC 83 58 224 2 53 237 {7
06 84
WIC 86 60 241 63 43 249 bé
EC 86
WC 37 54 256 61 21 38! 58
AVERAGE 233 233 38 192 253 37
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As in all the other events where a start from blocks is used, measurements done
by the various commercial companies obviously do not guarantee identical standards
of results. That is why, in trying to evaluate the level of reaction speed, account
should be taken of both the event concerned and long -term averages.

Statistical methods have been used to work out the following evaluating scale.

1. Outstanding
2. Above average

{x - 1.5s
(x -15; x-s/2)

3. Average (x - s/2; x + s/2)
4. Below average (x +5/2; x +1.5s)
5. Substandard >x + 1.5s

(x - average ; s - significant deviation)

Variations in reaction times in the 400 m hurdles are as follows :

valid generally valid only for Il WC Roame

sen (x=235as) vomen(x=255as) wmen (=256ms) wvomen(x=3@1ms)

1 (155 {175 (178 (210
2. (155 ; 285 (175 ; 230 (170 ; 238 (210 ; 270
3. (205 ; 265 (230 ; 288 (238 ; 298 (278 ; 330
§
5

(265 ; 329 (288 ; 335 (298 ; 350 (338 ; 398
1320 )335 ) 350 )390

The tendency of the reaction time to be longer, in proportion to the distance
between the athlete and the starter, has already been discussed in our analysis of
the 1982 EC in Athens. Following negotiations with the organizers, and measures
taken at the I World Championships in Athletics in Helsinki 1983, the problem
seemed to have been solved. However, we are able to show that the II WC reaction
times correlated significantly with the order of lanes or, in other words, with each
athlete's distance from the starter (TAB. 4). As in the 400m flat, athletes in the
outside lanes (e.g. 7th, 8th) suffer losses of 0.1 to 0.15s. An offer to deal with this
problem is included in report A - Time Analysis of the Sprints.
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TAB. 4 : SPEARMAN's coefficient of rank correlation between lane and reaction time

4884 HURDLES MEN £8@H HURDLES WOHEN
__RUN COEFF. REMARK _ RUN COEFF. REMARK

_FINAL 8.26 £ FINAL 9.14 !

1 8.28 s SF1 8.48 by

H2 8.69 ! SF2 0.92 !
H3 8.76 !
Hé 9.78 !
H5 9.95 !
Hé 8.82 :

* Does not agree vith our hypothesis
' lrong measurement in the 6th lane
*" Urong measurement in the 3th lane

3.2. APPROACH RUN

Beginning:
(a) the moment of the gun shot
(b) the moment of the athlete's first movement, i.e. RT (for determining

the acceleration level)

End:
Moment of touchdown after the first hurdle

Objective:
Achieving the optimal (model) intermediate time that makes it possible to
run a personal best. Providing the conditions for smooth running between

the hurdles.

The number of strides of the approach run for all but one of the 16 semifinalists
(men) was 20 - 21. In the women's event the number was 22 - 26 strides,

predominantly 23 strides (7 athletes), and 22 strides (4 athletes). MOSES is the
only athlete who uses a 19-stride approach run, made possible by his extraordinary
physique and by the great distance between his takeoff-point and the hurdle.

In the final, the fastest approach run was achieved by MOSES (a gain of 0.18s on
SCHMID , running second, - but 0.08s of that had been gained by the short RT).

MOSES ' approach run was 0.1 s faster.

_10_
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It should be noted that SCHMID uses a 21-stride approach. Trying to reduce the
number of strides of the approach in an effort to save energy and to gain time is of
questionable value and should always be judged in terms of the individual potential
of the athlete concerned.

A slower start, probably done quite subconsciously, cannot result in any energy
saving, and can only affect overall performance and final placing (see above).

In the women's event, the fastest approach was measured for FLINTOFF (AUS) :
6.55s using over 23 strides.

MEN WOMEN
Es™l [s1
For the finalists' performances 47.46 - 49.46 53.60 - 56.10
Approach run 5.82 - 6.27 6.55 - 6.77
Mean approach-run time in all 5.88 - 6.29 6.59 - 6.84
the races of each athlete
Approach run minus RT 5.64 - 5.85 6.20 - 6.46

(for determining acceleration)

3.3. RHYTHMIC UNITS

Begiming:
moment of touchdown after hurdle

End:
moment of touchdown after next hurdie

Objective:
(@) achieving the fastest time for a RU as soon possible (maximum
acceleration)
(b) minimizing time losses up to 5th RU, as against the fastest RU
(c) achieving the shortest mean time possible for the 9 RUs

The highest absolute velocities are reached by men and women between
the 1st and 2nd hurdles (exceptionally between the 2nd and 3rd), in other words on
the bend, contradicting the expectation that the highest speed would be reached
between the 3rd and 4th hurdles (on the straight).

The fastest rhythmic unit was run by HARRIS between the ist and 2nd
hurdles (3.65 s), representing the incredible average velocity of 9.59 m/s (which, in a
flying start 100m flat, would result in a time of 10.42 s)

_11...
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For MOSES the section that was fastest In relation to the model
intermediate time (see chap. 4) was between the 4th and 7th hurdles where he made
gains of 0.34 s and 0.12 s on HARISS and SCHMID, respectively. Following the
touchdown after the 7th hurdle, MOSES was ahead of SCHMID (at that moment
running second) by 0.44s. In the final part of the race, MOSES was clearly tiring:
his last RU (between 9th and 10th hurdles) was slower than in the heat and the
semifinal! The most significant slowing down for MOSES in the final occurred
between the 7th and 8th hurdles: the difference between the time of the 6th and 7th
RUs amounted to a drop in mean velocity by 0.63 m/s. Between the 7th hurdle and
the finish (a distance of 145 m) Moses lost 0.42 s and 0.57s on SCHMID and
HARRIS, respectively.

HARRIS and SCHMID slowed down perceptibly in approximately the same
part of the race. HARRIS' time for the 6th RU was 0.30s slower than his 5th RU;
SCHMID's time for the 7th RU was 0.24 s slower than his 6th RU. The smallest
speed differences were measured in AMIKE (NIG) and ALONSO (SPA). The former's
greatest slowing down amounted to 0.20s (between hurdles 6 and 7), the latter's
was 0.21 s (between hurdles 7 and 8).

The most marked drop in speed usually occurs between hurdles 7 and 8
(less frequently between hurdles 6 and 7 or 8 and 9), whether a change of rhythm
(the number of strides between the hurdles) occurs or not.

This section can be described as critical, keeping with the findings of
physiologists who described the 250 m mark as critical.

The number of strides between hurdles varies from 13 to 15 in men and
between 14 and 18 in women. MOSES is the only hurdler to keep consistently to 13
strides in all RUs. All the other hurdlers tend to shorten their strides and to
increase the number of strides in the RUs ( for men see FIG. 5, for women see
FIG. 6).

MEN NUMBER OF STRIDES 13 14 15

1 ] ! =

MOSES

HARRIS —#—w
{
SCHMID L

NYLANDER i

DIA BA

AMIKE

AKABUSI

AILODNSC

T e A R R A

RHYTHMIC UNITS
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WOMEN NUMBER OF STRIDEs 14 151617 18

=L i 1
1 {

BUSCH

FLINTOFF

ULRICH

FARMER

HELANDER

AMBRAZENE

BROWN-KING

R S . R ¢ 2 % 7 8 .9

FiG 6 RHYTHMIC UNITS

-
-

The above shows that a hurdler should aim at
men: adopting and perfecting a 13 stride rhythm and also mastering takeoff after
the hurdle from both the left and the right foot
women: adopting and perfecting a 15 stride rhythm and also mastering takeoff after
the hurdle from both the left and the right foot.

The analysis of all the hurdle races enables us to state that:

- the best hurdlers (all the finalists) have mastered takeoff from both the left
and the right foot

- In order to achieve performances on the level of 49 s and less (men) and 56

and less (women), hurdlers must master running between the hurdles and hurdle

clearance so that they can achieve the intermediate times quoted in TAB. 5,6.

_]3_



TAB. 5

HEX

Place/
perforeance [s)

v 3 st s 8
£7.66 §7.48 47.48 48.37 ¢8.37 §8.63 £8.74 £9.46

Order of RU/ainiaue RY

AN VA VAR VA S VA VA ¥

in the final} {s) 3.67 3.65 3.84 376 3.72 3.76 3.77 3.83
Acceleration-RT+1stRU .
Approach run-RT+istRY {s} 9.31 9.48 9,38 9.61 9.65 9:.67 9.72 9.73
Heen time over 9 RUs (s) §.12 418 4.13 4.19 418 416 4.15 &.21
(all_reces)

Hean RY (final) {s) §,80 4£.94 4,04 £.13 £.18 4015 4,12 8,21

Order of RU/miniua time
6 - 9 RUs {s)

T T T T
£.88 §.18 3.96 £.12 €.28 £.26 £.20 &.28

Order of RU/asxisue tiase
6 = 9 RUs {s]

o sl of of of s 9o 9f
£.73 6.66 4.59 4.66 &.72 4.7 £.63 L.72

t...zean Increments of

.24 8.157 @.211 0.173 B.173 8.16 D.143 8.147

the times of the ]ast 5 RUs

{8 + 9JRU + run-in

16,57 14,13 14,26 14.28 14.6% 14,49 14.57 14.77

TAB. &

WOHER

Place/
perforasnce {s)

| VAT B N Y R T Y A I
53.62 54.19 54.31 54.38 56.62 55.86 55.86 56.18

Order of RU/piniaus RU

VAR VA VA VA U T VA V'

(in the final} (s) 6.7t &.16 4.17 4£.728 4.35 4,36 4.32 {12
Acceleration (s)

Approach run-RT+1stiy - 18,47 19.47 10.55 16.77 19.88 18.79 10.76
Hean tise over 9 RUs (s) .68 £.73 L7 L78 - §,.88 &,76 &.77
{al] rsces)

Hean RU [final) (s] £.63 £.65 4.67 4.66 &.67 4.78 (.81 4.78

Order of RUY/einisum time
5 - 9 RUs (s]

s/ s 51 s & 5/ & 5
4,68 .70 4,77 &.78 &.66 £.80 .87 &.B4

Order of RUfeaxisum time
£ -~ 9 Rs {s)

<9 9of sf o s/ 9of of 8/
§,93 5.87 5.88 5.85 5.16 5.21 5.29 5.19

t...seen increments of

the tipes of the last 5 Rls

9.865 6,013 9.838 0.89 9.125 9,183 8.105 8.117

(& + 9)RY + run-on

15,16 15,15 15,36 15,71 16,92 16.27 16,47 16.59

~

14
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Index 7 (TAB.7) indicates that the time for the last 4 or 5 RUs in the
women's event is lengthened far less significantly than in the men's. The difference
in the 9th RU between the men and the women is less than the difference in the
first RUs and the difference of the average of all RUs. All this seems to point to a
higher level of endurance in the women than in the men.

It is more likely, though, that for the women, the effort is not distributed
optionally throughout the race. The first half of the race could be run at a faster
rate.

The trend, clearly discernible in the semifinalists and finalists at
competitions like Olympic Games and World Championships, with regard to stride
frequency, is as follows:
men: 13 and 14 stride rhythm
women: 15 and 16 stride rhythm.

A trend that is clearly promising for the future can be seen in one of the
finalists, BROWN-KING. Although she finished last in the final she was able to use
a 14 and 15 -stride rhythm.

J3.4. RUN-IN
Beginning:
moment of touchdown after 10th hurdle
End:
reaching the finish line
In the run-in the athlete does not need to control the length of the strides. This
results in considerable differences between hurdlers in the run-in, as shown in TAB.

7, 8.

TAB. 7

HEN (performances 47,46 - 49,46 s)

Place in final 1 2 3 é 5 6 7 8

st run-in (s) 5.31 506 5.16 4.36 591 516 515 5.17
ain
2nd run-in (s)e 5.31 5.20 5.16 .95 5.18 5.28 5.25 5.23
Bin ;
Stride {n) 15.8 1200 16597 173700 0289 [7.5 Fiate
ain
Stride (nl 16.7 1821 4750 17.sVliT A Vigat 8.6 18
Bax

-15 -
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TAB. 8

WOMEN (performances 53.62 - 56.10 s)

P!acé in final 1 2 3 4 5 6 7 8

1st run-in - (s) 5.31 =5.69 (15,640 r5:675VE 60 5179 5 SL73 isisy

2nd run-in.fn (s) 5.66 6.84 6.88 5.83 5.62 5.87 5.99 5.78

pin

Stride . : (n) PR 1as N9 20.2 U190 8. § 20307 2155 Ule
8in

Stride (n) 18.8 20.0 21.1 20.1 28.1 20.6 21.5 18.9
nax

3.5. GEOMETRIC PARAMETERS OF THE RUNNING STRIDE IN THE 400 M HURDLES

The length of the running stride undergoes significant changes in the
course of the race. This is more notable in the final part of the race where the
rhythm of running suffers heavily, particularly in the women's event. Clearance of
hurdles 9 and 10 cannot be considered as typical or exemplary. Changes also occur
in the distance of takeoff and touchdown before and after the hurdle (TAB. 9).

TAB. 9 Actual distances of takeoff before hurdle and touchdown after
hurdle and sum of the two distances (flight distance)

Naze Country Race Perforsance Hurdle Strides Takeoff- Touchdown- Flight-
between distance distance distance
hurdles
tinal i
Hoses USA H £7.50 3. 13 238 161 399 e
Scnaid FRG 43.39 5. 13 189 183 372
final
Fesenko URS d 3. 209 112 2
Broun JAR 35 186 158 336
Fredrikson NOR 3z 215 184 391
Barksdaie USA 3. 203 179 373
final 3. 16 - 179 =
Busch GDR Y 53.62 19. 16 124 166 299 II MC
B 180 96 276 Rome
Hellander  SHE 54.62 0. 17 147 89 236
9. 16 177 132 309
Faraer JAR 54.38 19.. 16 138 139 269
16 138 133 271
fiintnoff  AUS Je.i? id. 1o = iid &
W7 157 133 298
Ulirich 5CR dndt . 17 128 vl3 261

..16_
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In the course of the race, stride length changes according to the following
patterns: '
a) Approach run - stride lengthens from the start to the point where maximum
speed has been generated;
b) Rhythmic unit - stride shortens due to preparation for take-off before clearance
(last stride before hurdle)
- change in stride length in hurdle clearance (distance between takeoff and
touchdown)
- running strides after touchdown are shorter {the two following strides).
All strides of a RU are considered as having uniform length (being
stabilized}, with the exception of:
- last stride before takeoff
- clearance stride
- first two strides after touchdown.

In the course of the race, rising fatigue causes even more notable changes
In stride length, concurrent with a rising number of strides in the RUs, forcing the
hurdler to reduce the takeoff distance.

The values of all these changes are shown in TAB. 10, and should be of
great practical help to coaches. The tolerance range (actual deviations from
theoretical assumptions} cannot be determined at this point owing to the
insufficlent number of measurements.

TAB. 10: Geometric conditions of the running stride in 400 m hurdles

Nupber of strides betveen a 17 16 15 14 13
hurdies

Nean distance of Lakeoff b 185 198 195 260 205
before hurdle {ca)

Hlean distance of touchdown c 132 138 145 152 168
after hurdle {ca)

Distance of takeoff and d=b+e 317 3 34 352 165
touchdoun {ca) .

Distance betveen e=35B8-d 3 183 3172 3 163 3 148 3 135
hurdles fcs)

Hean stride length betueen iz a 137 198 21 225 Py
hurdles {ce]

Oversl] shortsning of 1st, g 14 7 23 25 13
2nd and last strides (ca)

Hueber of stabilised h=g-3 14 13 {2 1 12
strides

Hean increment of length per

one stabilised stride as i=g/n 1 2 2 2 3

against mean stride length
Hean lengthening of one stride

vith even nusber of strides i - 1 - 1 -
{ce)
fean length of stabilised k=feit] 188 281 7213 273 'm

stride betveen hurdles (ca)
Corresponding nuaber of

strides of approach run to 1 26-26 3-23 22-23 21-22 19-34

1st_hurdle

Corresponding nuaber of

strides of run-in fros the 5 28-22 19-21 18-19 17-18 (4-17 - 17 -

last hurdle to the finish
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4. EVALUATION OF INDIVIDUALS AT THE Il WORLD CHAMPIONSHIPS IN ATHLETICS

This report presents the results of the analysis of the first three finalists
(see time analysis 1 - 3 A, B). Analyses of the semifinalists and the rest of
semifinalists are available in a separate Appendix. The results of all the other
competitors at the 11 WC in Rome 1987 are stored in a computer memory: they can
be retrieved, processed and supplied on special request.

400m HURDLES MEN -A- W Y KONy
TIME ANALYSIS HOSES EDHIN 55 USA
[ PLACING 1. 1. 1st RUN RESULT 49.03 |
HURDLES: FINISH
N T S T T e A

A. 5.90 9.7% 13.69 17.62 21.68 23.77 30.07 34.44 38.96 43.60 43.03
B. 5.97 9.76 13.64 17.61 21.68 25.85 30.13 34.52 39.04 43.69 48.03
C. 3.85 3.94 3.93 4.06 4,09 4.3 4,37 4,32 4,64 5.43
D 3.80 3.88 3.97 4.07 4.17 4.28 4.40 4.52 4.67 3.34

E - - - — - - - -—— - -

| PLACING {. 2. SEMIFINAL RESULT 48.38 |
HURDLES? FINISH
i 2 3. 4. 5. 6. gk 8. 9. 10,

. 5.92 9.61 13.37 17.47 21.14 25,26 29.47 33.82 38.37 43.07 48.38
B. 5.89 9.83 13.46 17.38 21.39 25.50 29.73 34,06 38.52 43.11 48.38

C. 2.69 3.76 38 50397 412 W21 4,35 485 ud.7oal5.ad

D. 375 2.83 3.92 4.01 4,41 4,272 8.34 4.46 4580w 5:27

I- T e =l ‘0.01 +0¢05 +0-0‘ +0.08 '.'0-0‘ SO ] v

| PLACING 1. FINAL RESULT 47.46 |
HURDLESS FINISH

1' 2. 3- ‘l‘ 5. s. 7. Bl 9- 10'

A. 5.82 9.49 13,21 16.97 20.73 24.58 28.38 32.89 37,42 42,135 47.46
B. 5.77 9.45 13.21 17.05 20.98 25.02 29.16 33.42 37.79 42.29 47.46

C. 3,67 3.72 3.76 3.76 3.85 4 4,31 4,53 4.73 3.31
D. 3.68 3.76 3.84 3.84 4.04 4.14 4.23 4.37 4.50 e 2
E. =as =ae === ---  +0.03 +0.24 +0.38 +0.33 +0.17 ---

HURDLES! 1. 2 3 4. =1 6. 7. 8. 9. 10.

TOLERANCE: '£0.3 20,3 0.3 %0.2; 20.2. 0.2 20.2 .%0.2 vs%0.2. $0.2

f. REAL TODUCHDOMNS

B. WODEL TOUCHBONNS

C. REAL RHYTHMIC UNITS

D. HODEL RHYTHMIC UNITS

E. DEVIATIONS FROM THE MODEL TOUCHDOWNS

- 18 -
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MOSES EDHIN 55 USA
Rl -49.03 (5] 9£2-48.38 (5] [ -47.461(s]
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TIME ANALYSIS HARRIS DANNY 85 usA
[ PLACING 1. 2. 1st RUM RESULT 48.74 |
HURDLES: FINISH
1. S bt 5 6. 7 8. 3. 10.

A, 6.11 9.80 13.59 17.45 21.42 23.62 30.04 34.48 38.98 43.34 48.7¢
B. 5.93 9.71 13.56 17.54 21.55 25.868 29.95 34,32 38.81 43.43 48.74

Cs 2,69 3.79  3.86 3.97 4.2  4.42 4.44 4.5 456  5.20

D. 378 3.86 3.95 4.04 . 4.14 4.25 4.37 4.49 4,62 5.3l

E - - - - P - - - - -

["PLACING 2. 1. SENIFINAL RESULT 48.24 |
HURDLES? FINISH
SORER Y el e Sy B R See.aif U0

A. 6.01 9.69 13.41 17.17 21.02 24.36 29.21 33.58 38.15 43.01 48.24
B. 5.87 9.1 13,42 17.33 21.33 25.43 29.64 33.897 38.41 42.99 48.24

. 2,68 3.72  3.76  3.85 3.94 4,25 4,37 4,37 4.86  5.23

. 374 3.827 3.91 4.00 4.10 4.21 4.32 4.45 4.38 35.29

E. == === =" -——=  +0.11 +0.27 +0.23 +0.19 +0.06 -

T PLACING 2. FINAL RESULT 47.48 |
HURDLES: FINISH
U Lty 3l ke S s BT 10.

A 6.07 9.72 12.44 17.22 21.09 24,98 29.17 33,33 37.76 42.42 47.4¢

B .78 9.45 13.21 17.08 20.99 25.03 29.17 33.43 37.81 42.31 47.48

c. 3.65  3.72  3.78 3.87 3.89 4.13 4,18 4.41 4,66  5.08

. 368 3.76 3.84 3.34 4.04 4.14 4.26 4.38 4.50 3.17

- i R R e e s e e

HURDLES! (T I F RN Wil e coci oot o s £ 1T

TOLERANCE: 0.3 *0.3 *0.3 0.2 10.2 £0.2 0.2 20,2 r0.2° ‘20.2

f. REAL TOUCHDOWNS

B. MDBEL TOUCHDDNNS

C. REAL RHYTHRIC UNITS

D. MODEL RHYTHMIC UNITS

E. DEVIATIONS FRON THE NODEL TOUCHDOWNS

- 20 -



400m HURDLES MEN -28- e

HARRIS DANNY 65 Ush
R2 -48.74 (3] 9F1-48.24 (5] F 47,48 (3]

REACTION TIHE

11024 430 450, %0 ....180 210 230, 250 ¢ .. 200(ws)

VIV A S i A A DR AN Y O VN AL B N T MR AL TR A e Y N A RS 335 | o

114
0K
oK

APPROACH
BPEROARH, s 9 5.9 6.0 6.4 6.2 6.3 6.4 6.5 6.6[s

D e SR B F o = RS TR Fisy G St o e i e e e 1 ST e

STEPS

21
21
21

C
3.7 3.9 4,1 4,3 4,3 4,7 4.9 3.1 [s]

4§ T

s A e A o e o A A A A A A A PP A P I PN NP BN

13
13
13

13
13
13

13
i3
13

13
13
13

14
13
13

14
14

14
14
14

14
14
14

14
15
15

e
L
O+
ol s,
""'I
s
bou

[t q

43,80,

k2
L3
uf

RUN IN ‘
SR T D 0 Sl o el A e 1 T T el e T e i R T

17

18.1
17.8
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400m HURDLES WEN -3A- 11 WC  ROME 87

TIME ANALYSIS SCHID  WARALD 57 FRG

| PLACING 1. 3. st RUN RESULT 48.28 |
HURDLES: FIHNISH
L. 2. 3, 4. s, 8. 7, 8. 9, 10.

. 6.10 9.89 13.82 17.79 21,95 26.23 30.83 35.08 39.68 44,28 49.28

5. 6.00 9.81 13.71 17.70 21.79 25.98 30.28 34,70 39.24 43.91 49.28

C. 3,79 3.93 3.87 4,15 4.28 4,42 4,43 4.6 4,8 5,00

B 3.82 3.90 3.99 4.08 4.19 4.30 4.42 4.54 4,67 5.37

E, -== === === =e- === =0,0% -0.17 -0.18 -0.24 -0.17

[ PLACING 1. 1. SERITINAL RESULT 48.23 |
HURDLES: FINISH
L. 2, 3. 4, 5. 6. 7. 8. 3, 10,

. 6.09 9.73 13.53 17.44 21,48 25.50 29.66 33.99 38.51 43.07 48.23

B. 5.87 9.60 13.42 17.33 21.33 25.43 29.63 33.95 38.40 42.98 48.23

. 3,64 3.8 2.9 4,02 4,04 4,18 4,33 4,52 4,568  §,4F

D. 3.74 3.82 3.90 4.00 4.10 4.2 4.32 4.45 4.57 5.23

E. === === mm= === mem == mmo s oos s

{ PLACING 3. FINAL RESULT 47.48 |
HURDLES! FINISK
1. 2, 3, 4. 5. 8. 7. 8. 3. 10,

n. B.00 9.69 13.45 17.29 21.i7 25.06 29.02 33.22 37.73 42,32 47.48
B. 5.78 9.45 13.21 17.06 20.99 25.03 28.17 33.43 37.81 42.31 47.48

C. 3.69  3.76 3.84 3.88 3.89 3.96 4.2 4,51 4.59 5.1
. 3.68 3.76 3.84 3.94 4.04 4.14 4.26 4,38 4.50 5,17
E.  emm === == 0,03 === === === 48,01 =-- ---

HURDLES: . 2. 3 4, 5. 8 7. & 9. 10,

TOLERAHCE: 0.3 *0.3 *0.3 *0.2 *0.2 %0.2 *0.2 0.2 0.2 0.2

#. REAL TOUCHDOHHS

B. HODEL TOUCHDOMHS

C. REAL RHYTHHIC URITS

D. HODEL RHYTHHIC UNITS

E. DEVIATIONS FROW THE HODEL TOUCHDDKHS

- 22 -




400m HURDLES MEN -2B- S e
SCHHID HARALD 57 FRE
RS -43.28 (3] SF1-48,23 (5] E 47,48 (1)

REACTION TINE

RHYTHHMIC UNITS
3.3 30 359
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e
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e
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400m HURDLES W -1A-

TIME ANALYSIS BUSCH SABINE

1 We ROME 87

[ PLACING 1. 1. 1st RUN RESULT 55.51 |
HURDLES:? TINISH
R o i Sl RN T S 9. 10,

N 6.84 11.04 15.39 19.85 24.45 29.14 34.05 39.07 44,26 49.46 55.51

B. G.44 10.65 15.00 19.43 24.13 28.92 33.85 38.95 44,19 49.80 55.51

£, 4,2 4,35 4,46 4.6 4,69 4,91 5,02 519 5.2  6.05

. 4.21 4.35 4.43 4.64 4.79 4.94 5.09 3.25 5.40 5.9l

IR i T T e e

["pLACING 1. 1. SENIFINAL RESULT 54.41 |
HURDLES? FINISH
GaiEnh o3 & B o L Bt 82 10.

A. 6.80 11.04 15.3? 19.80 24.29 28.93 33.70 38.66 43.67 48.73 94,41
B. 6.31 10.44 14.70 19.10 23.65 28.34 33.18 36.17 43.32 48.81 54.41

G 4.24 4,33  4.43 4,49 4,64 4,77 4,96 5.01 5.08 5.66

. 4.12 4.26 4.40 4.35 4.69 4.8¢ 4.99 5.14 5.30 5.80

I, ---  -0.10 -0.17 -0.30 -0.24 -0.19 -0.12 -0.09 -0.03 ---

[PLACING 1. FINAL RESULT 53.62 |
HURDLES! FINISH
ST S TR I e e 10,

A. 6.60 10.81 15.19 19.65 24.13 28.81 33.39 38.46 43.38 48.31 53.62
B. 6.22 10.29 14.49 18.83 23.31 27.33 32.70 37.62 42.69 47.31 53.62

C. 4,21 4.38 4.46 4,48 4,68 4,78 4,87 4.92 4.93 J.31
D. 4.06 4.20 4.34 4.48 4.62 4,77 4.92 35.07 35.22 St
E. =--- -0.02 -0.20 -0.42 -0.42 -0.48 -0.49 -0.44 -0.39 -0.10

HURDLES: 1. 2. 3 4 =18 6. 7. 8. 3 10.

TOLERANCE: %0.5 20.3 10.9

f. REAL TOUCHDONNS

B. WODEL TOUCHDOMWNS

C. REAL RHYTHMIC UNITS

D. MODEL RHYTHMIC UNITS

E. DEVIATIONS FROM THE HODEL TOUCHDOMWNS

.,24‘_
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400m HURDLES W

S

a7

BUSCH SABINE
Ry -39.391 (5] 3F1-54.4

ISE]

1Llg] o F -33,82(s)

REACTION TIHE

110, 430, 450, 470

%

@

APPROACH
6.1 ; b.12

RHYTHHIC UNITS
3 5!?;:811 ésalné

1
Jonnaknpandany
]
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400m HURDLES W -2a- II WC ROME 87

-
TINE ANALYSIS FLINTOFF  DEBRA 80 AUS
| PLACING 2. 2. 1st RUN RESULT 56.31 |
HURDLES? FINISH
£, 2 3. 4. 5. 8. % 8. g. 10.
A. 6.35 10.68 14,96 19.32 23.81 28.74 33.83 39,10 44.46 49.92 56.3!
B. 6.53 10.80 15.21 19.77 24.48 29.33 34.34 39.51 44.83 50.31 56.31
E. 413 4,28 4,36 4,49 4,93 5.09 5,27 5.36 5.46  6.39
3. 4.27 4.41 4.56 4.71 4.86 5.0f S5.16 5.32 5.48  6.00
E. s i ---  +0,05 +¢0.27 +0.19 +0.11 +0.01 +0.07 +0.09
| PLACING 2. 2. SENIFINAL RESULT 55.08 |
HURDLES: FINISH
i 2! 3 4. 5. 6. % 8. 9 10.

A. 6.60 10.76 14.97 19.24 23.69 28.42 33.28 38.34 43.62 49.04 55.08
B. 6.39 10.57 14.88 19.34 23.94 28.69 33.59 38.64 43.85 49.21 55.08

£ 4.16 4.21 4,27 4,45 4,73 4,86 5,06 5.28 5,42  6.04

D. 4.17 4.32 4.46 4.60 4.75 4.80 5.05 5.21 5.36 5.87

E -—— —_—— ——— - —— - —_—— - - -

| PLACING 2. FINAL RESULT 54.i3 |
HURDLES? FINISH
L. 2. 3. 4. 5 g. 2 8. 3, 10.

fA. 6.61 10.77 15.09 19.45 23.94 28.64 33.42 38.44 43.43 48.350 54.13
B. 6.29 10.40 14.64 19.03 23.56 28.23 33.05 38.02 43.14 48.42 54.18

C. 4.16 4.32 4.36 4.49 4,7 4,78 5,02 4.99 5.07 5.69
. Y 4.25 3.33 d4.93 4.6  4.82 "HIST 5SI7T 5020 5.0%
E. === === === =0,02 =--- -0.01 --- =-0.02 =---  ---

HURDLES: (L S RSO o o (V. b bssms (O . 0 EET ST S 1)

TOLERANCE:" 0.5 20.5 0.5 0.4 20.4 20.4 0.4 20.4 0.3, %0.3

A. REAL TOUCHDDMNS

B. MODEL TOUCHDOMWNS

C. REAL RHYTHMIC UNITS

D. MODEL RHYTHHWIC UNITS

E. DEUIATIDNS FROW THE WODEL TOUCHDOMWNS

_26_



400m HURDLES W -2B- IT WC  ROME 87

[FLINTOFF DEBRA 60 AlS
[R2 -56.31 (5] SF2-53.08 [s] F -54.3191(s)

=,
|

REACTION TIME
110
|

130, 150, 170 190, L0, 220 250 . 270(as)

]

HPPRUHEH
6.1 L
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400[“ HURDLES ' — e (1w ROME 87

TIME ANALYSIS ULRICH CORNELIA 63 88

[ PLACING 1. 5. 1st RUN RESULT 56.75 |
HURDLES: FINISH
L 2, 3. 4. 5, 6. i 8. 5. 10.

T 6.75  10.99 15.44 20.04 24.68 23.54 24.37 39.76 43.12 50.46 56.73

B 6.5 10.85 15.33 19.93 24.67 29.56 34.61 39.82 45.18 50.70 ~56.79

C. 674 A4S 450 47K 48R <. 5.037 S.08 -5.36 3.34, < 6a28

D. 4.30 .45 4.58 4.74 4.89 3.05  5.20 5.36 3.32 6.00

I - - - - - - - - - —-——

[ PLACING L. 2. SEMIFINAL RESULT 54.72 |
HURDLES FINISH
1 2 3 4. s 6. 2. 8. 8 10.

A. 6.67 10.77 15.03 19.24 23.68 28.32 33.18 38.18 43.38 48.84 54.72
3. 6.35 10.50 14.76 18.201 23.79 28.51 33.37 38.39 43.56 48.89 54.72

o 4.1  4.26 4,21 4,44 4,64 4.86 5 8.2 526 SEEEL0R

. 415 4.29 4.43 4.57 4.72 4.87 35.02 5.47 5.33  5.83

I O B B S I e

[ pLacING 3. - FINAL RESULT 54.31 |
HURDLES: FINISH
L. 2. 3 4. ) 6. 7 8. 9. 10.

A. 6.60 10.77 15.13 19.62 24.17 28.34 33.82 38.75 43.57 48.67 354.31
2. 6.30 10.42 14.67 18.07 23.61 28.29 33.12 38.10 43.24 48.52 54.31

C. 4,17 4.36 4,49 4,53 4,77 4,88 4,93 492 9 J.64
D. 3.12 4.25 4.40 4.54 4.68 4.83 4.98 . 3:13. . 5.29 Deutd
B Yi=ss == --—- -0.15 -0.16 =-0.25 -0.30 -0.25 -0.13 ---

HURDLES: 1. 2. 2. 4. 3 6 i 8 9 10.

TOLERANCE: 0.5 *0.5 *0.5 *0.4 20.4 0.4 0 A0 0,4 2003 03

f. REAL TOUCHDOMWNS

B. MODEL TOUCHDOMNNS

C. REAL RHYTHRIC UNRITS

D. MODEL RHYTHMIC UNITS

E. DEUIATIONS FROM THE MODEL TOUCHDOWNS

‘28_



400w HURDLES W -3B- 1 WE ROWE 87

ULRICH CORWELTA 53 GIR

RS -58.75 (5! §F2-54,72 Le] P -54.231(s)

REACTION TINE

£10 . 130 450 . 470 480 210 230 250 270(ss)
, ; : , , f .

0K

STEPS

URITS
3,6 3.8 4,0 4,2 4,4 4,6 4.8 5,0 5,2 5.4 5.6 5.8 6.0 [s]

5. 3.6 5.7 5.8 5.9 6.0 6,1 6,2 6.3 6.415]

21
21,1
20.2

_29_




400 m HURDLES II WC - Rome 1987

5. CONCLUSIONS
Coaching practice will benefit from the following features of the present report:

- a scale for evaluating reaction time

- the geometric parameters of the running stride in the 400 m hurdles

- model intermediate times and rhythmic units ( using the finalists of II WC as
examples)
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List of tables :

1 A-B MOSES USA 47 .46 F REPORT

2 A-B HARRIS USA 47.48 F REPORT

3 A-B SCHMID FRG 47.48 F REPORT

4 A-B NYLANDER SWE 48.37 F APPENDIX
5 A-B DIA BA SEN 48.37 F APPENDIX
6 A-B  AMIKE NGR 48.63 F APPENDIX
7 A-B  AKABUSI GDR 48.74 F APPENDIX
8 A-B  ALONSO ESP 49.46 F APPENDIX
9 A-B PATRICK USA 48.56 ISF APPENDIX
10 A-B  GRAHAM JAM 48.64 1SF APPENDIX
11 A-B OCHAKO KEN 49.87 ISF APPENDIX
12 A-B  ROBERTSON GBR 49.90 ISF APPENDIX
13 A-B NYBERG SWE 49.03 2SF APPENDIX
14 A-B TOMOV BUL 49.11 2SF APPENDIX
15 A-B  YOSHIDA JPN 49.39 28F APPENDIX
1 A-B BUSCH GDR 53.62 F REPORT

2 A-B FLINTOFF KING AUS 54.19 E REPORT

3 A-B  ULRICH GDR 54.31 F REPORT

4 A-B FARMER JAM 54.38 F APPENDIX
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7 A-B WILLIAMS USA 35.86 F APPENDIX
8 A-B  BROWN KING UsSA 56.10 F APPENDIX
9 A-B KHROMOVA URS 54.86 1SF APPENDIX
10 A-B  SHEFFIELD USA 56.65 ISF APPENDIX
i1 A-B TATA KEN 57.65 ISF APPENDIX
12 A-B  ABT FRG 55.59 2SF APPENDIX
13 A-B USHA IND 55.89 28F APPENDIX
14 A-B WENNBERG SWE 56.56 2SF APPENDI X

15 A-B TROJER ITA 57.86 2SF APPENDIX
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LONG JUMP IT WC - ROME 1987

1. INTRODUCTION

The history of improvement for male and female competitors in
the long jump reveals quite different trends for the two
groups. FIGURES 1 and 2 illustrate the development of the
best performances per year (solid line) and also provide mean
scores of the best 3 male and 10 female Jjumpers (dotted
line}.

While the men's performance may be characterized as being in
the shadow of BEAMON's fantastic 1968 world record in
Mexico, a marked improvement for the women is noted regarding
their best jumps as well as the computed trends. With the
entrance of LEWIS and EMMIJIAN in long jump competition the
men's performances should markedly improve. Future analysis

of the long jump promises to yield interesting results.



LONG JUMP II WC - ROME 1987

FIGURES 1 and 2: Development of performance
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LONG JUMP IT WC - ROME 1987

2. BIOMECHANICS OF THE LONG JUMP

2.1. DIVISION OF THE EVENT

Long jump performance is determined by a so called "official
distance". This is obtained by measuring the 1length of an
imaginary perpendicular line from the front edge of the
takeoff board to the nearest mark that the athlete makes in
the sand. For purposes of analysis, HAY (1973) stated that
the long jump is the sum of three distances for which an

athlete is credited:

- Takeoff distance - The horizontal distance between the
front edge of the takeoff board and the athlete's Center of

Mass (CM) at the instant of takeoff.

- Flight distance - The horizontal distance of CM while the

athlete is in the air.

- Landing distance - The horizontal distance between the CM
at the instant the heels hit the sand and the mark in the
sand from which the distance of the jump is ultimately

measured.

This division of the official distance has been extensively
used in discussions and research concerned with techniques of

the long Jjump. One must note that two measures of an




LONG JUMP II WC -~ ROME 1987

athlete's performance are commonly used when analysing the
long jump: {a} the official distance - the horizontal
distance, measured according to the rules governing
competition in the event and (b) the effective distance - the
horizontal distance of the jump, measured from the toe of the
takeoff foot at the instant of takeoff to the nearest mark
made by the athlete in the sand. The difference between
the two distances indicates the amount which the athlete
loses because of poor timing during the run-up.

Other versions concerning the preceding divisions of the
official distance are discussed in the literature, but most

of them are only modifications of HAY's proposal.

The magnitude of the takeoff, flight and landing distances,

and the relationships between them and the official or

The mean wvalues for the takeoff, flight and landing
distances, expressed as percentages of the official
distances, for 25 trials by Swiss and West German long jump

specialists and decathletes were 3,5%, 88,5% and 3,0%,

respectively (HAY 1978). Results of variance analysis
published by different authors indicate similar
relationships.

In summary, it appears that the flight distance is dominant
regarding the percentage contribution to the official
distances. Therefore, it is essential to discuss first the
biomechanical parameters which influence effective distance
and flight distance. The influencing factors for the flight
distances are the relative height of M at takeoff, the
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takeoff velocity of €M, the takeoff angle and the air
resistance. The relative takeoff height 1is the difference
between the heights of CM at takeoff and 1landing. These
heights depend on the vertical position of the segment Center
of Mass, that is on the athlete's body position. The air
resistance, of minor influence, is determined by the
coefficient of drag, the velocity and the frontal area during
flight. While all these parameters change during flight, they

must be considered in relation to time.

The most influencing parameters on flight distance are the
takeoff velocity and the takeoff angle. These factors are
determined by the horizontal and vertical velocity of CM at
takeoff. The takeoff velocities are caused by the horizontal
and vertical CM's velocities at touchdown, and the changes of
the velocity during the takeoff. The change of velocity is
now determined by the average force produced by the athlete,
and the takeoff time. These forces are caused by the action
of the takeoff leg as well as the swinging effects of the
arms and the lead legq.

The initial velocities at touchdown are completely determined

by the run-up.

From a practical point of view the long jump consists of four
consecutive parts having different biomechanical goals. These

parts are:
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1. The approach - from the moment the athlete starts
towards the board until the instant of touchdown for
takeoff. The approach has to produce the initial
biomechanical conditions for the subsequent takeoff. It
requires the necessary horizontal touchdown velocity of

CM.

2. The takeoff -~ from the instant of touchdown until the
instant at which the takeoff foot breaks contact with the
ground. The takeoff has to divert and to transfer the

approach velocity into takeoff velocity.

3. The flight - from the instant of takeoff until the
instant of landing. During the flight the athlete hags to
prepare for landing by relative movement of the body

segments.

4. The landing - from the instant of landing until the

athlete’ s CM moves ahead of the feet or comes to rest.
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2.2. APPROACH

Two goals are identified for the approach:

~ Production of maximum speed during the acceleration phase

- Preparation of takeoff during the last strides

Speed

Numerous investigators have reported correlations between
measures of the speed of approach and either the official or
effective distance of the jump. Because of different methods
used for the measurement of speed, most of the data are not
comparable. Several investigators measured the horizontal
velocity at touchdown. Others measured the "maximum speed",
or the average velocity of the last strides or the last
meters. Results of the average speed over more than one
stride must be 1lower than the instantanous velocity at
takeoff because of the decrease followed by an increase of
CM's velocity during each support phase in running.
Therefore, the average speed of the last 5 meters is only an
indicator for the initial velocity or emerge, which the
athlete has for the takeoff action. The inconsistency of the
height of correlations between the run-up speed and the
official distance in the literature is caused by different

run-up speed definitions, different measures and different
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levels of performance. LUKIN {1949) presented data using 1956
male and 124¢ female athletes grouped according to the
distance jumped. The correlation coefficients between the
approach speed and the length of jump "reveal that initial
approach speed is a very important factor"™, and that the
"importance of this factor decreases as results improve".
LUKIN interprets these findings to conclude that as strength
and overall fitness increase, proper technique becomes more
important than running speed. KARAS et. al., (1983) analysed
approximately 700 long Jjump trials of athletes who
experienced various types and levels of competition. They
obtained results similar to those of LUKIN and reached
virtually identical conclusions. For the coach this means
that although run-up speed 1is a crucial factor, the
performance differences within a highly qualified homogenous

group must be explained by variations in technique.

Several of the investigators, who found a significant
correlation between the approach speed and the length of the
jump, also reported the corresponding regression equation or

gave some indication of the slope of the regression line.

TIUPA et. al., {1982) reported a non-linear regression

equation:
D = 0.021v? + 0.725v - 1.65

D = the effective distance of the Jjump (m) and v = the

approach speed (m/s).
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SILUYANOV and MAXIMOV {1978) reported the following
individual relationships between "jumping distance (D) and

run-up speed (v)":

BEAMON D ®.83v

TER~OVANESIAN D= 0.79v

Regarding the results of poor athletes, they concluded that
an improvement in skill mastery 1s related to a change in the
regression line slope as well as an increase in the height of
correlation. POPOV (1971) and KARAS, et. al., (1983} stated
that an increase in run-up speed of 0.1 m/s was followed by a
corresponding increase in distance of jump of 0.08 - 0.10 and
2.12m. These calculations have been supported by the data of
NIGG (1974). A very practical approach was developed by
SUSANKA/ STEPANEK and JISA (1986) . On the basis of
measurements in competitions from 1979 to 1984 they concluded
that, respecting the mean approach speed during the last
meters of run-up, and the length of the jump, zones limiting
the dominance of some of the athlete’'s dispositions can be

assessed by means of inequations of regression lines.

The inequations

o
~

£ 1.3636v - 5.71 (men)

w
~

£ 1.227v - 4.93 (women)

limit the half-plane in which are found the sports
performances of the athletes who, during the investigation,
had dominant strength. It is also assumed that their Jumping
technique is good.

10
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The inedquations

D > 1.3636v ~ 6.09 (men)

D > 1.229v - 4.73 (women)

limit the half-plane in which are found the measurements of

the athletes with dominant speed assumptions.

The relations

D < 1.3636v - 5.71 (men); D > 1.3636v - 6.09

D < 1.227v - 4.03 {(women); D > 1.227v - 4.73

limit the central zone which comprise the measurements of the
athletes for which there is a relatively uniform distribution
of motor abilities.

The athlete’'s speed decreases over the last 5m of the
approach and mainly during the support phase of the

second-last stride.

The mean horizontal velocities (CM) for the 12 finalists in
the women's long jump at the 1984 QOlympic Games (HAY 1985) -
9.24 m/s (third-last), 9.37 m/s (second-last) and 8.82 nm/s
(last) - indicate that the loss in horizontal velocity occurs
during the support phase following touchdown at the end of

the penultimate stride.

11
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TABLE 1 summarizes measurements of maximumn run—-up speed (11 -

6 m} and official distance.

TABLE 1: Maximum run-up speed (11 - 6 m) and official
distance of previous studies

run-up official
speed distance
(m/=2) {m)
LEWIS, Carl USA
Helsinki 1983 19.9 8.55
DAUTE, Heike GDR
Helsinki 1983 9.7 7.27
MAT, Volker GDR
MEJ-Cottbus *86 9.9 7.99
BUSANOVA, Sofia BUL
MEJ-Cottbhus 86 8.8 6.68
HAAF, Dietmar FRG
Athens, 1986 10.4 7.93
HILLE, Patricia GDR
Athens 1986 8.8 6.68

Stride Length

The preparation for takeoff during the 1last stride may be
organized by the stride length. The lengths of the last three
strides of the approach have been intensively analysed and
discussed in the literature. Numerous studies reported that,
for most jumpers, the last stride is shorter than the second
last by up to about 9.70 m. For example, NIGG (1974)
demonstrated the following mean stride length for the 1last

three strides (D = 7.70 m):

12




LONG JUMP 1T WC - ROME 1987

third-last : 2.18m
second-last: 2.42m

last : 2.18m

Similar data are reported by HAY (1979) for male athletes. In
1985, HAY and MILLER published the stride length data of the
12 finalists in the Women's long jump at the 1984 Olympic
Games. The mean length of the last four strides are reported
as 2.15m (fourth-last), 2.19m (third-last), 2.24m
(second-last}, and 2.09m (last). The results for the
individual subjects follow tairly wéll the overall trend of
the whole group. For 8 of the 12 subjects the second to 1last
stride was measured as being the longest, while the last one

was the shortest of the four strides.

However, researchers have discovered that some athletes have
achieved excellent distances with jumps in which the last
stride was longer than the second-last (NIGG 1974, popov
1971). BEAMON's world record Jump of 8.90 m is reported to
have a second-last stride of 2.57 n (POPOV  1971). Finally,
NIGG (1974) found a non-significant relationship {r = -¢.33)
between the ratioc of the length of the second-last and last
strides, and the effective distance of the Jump. These
various findings suggest that the importance of the relation-
ship between the length of the last two strides often seems
to be exaggerated. The tendency of variations in stride
length has to be considered in conjunction with the path of
CM and the forward or backward orientation of the body during

the last strides when the athlete prepares for the takeoff.

i3
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Path of the Centre of Mass

There are marked changes in the height of the athlete's CM
during the final strides of the approach. These c¢hanges are
intended to facilitate a high wvertical velocity at takeoff by
keeping the vertical velocity at touchdown as low as rossible
and by lengthening the vertical path over which the body may
be accelerated during the takeoff. The change in the CM
height is achieved by lowering the CM during the 1last two

strides of the approach.

Recent findings by NIXDORF and BRUGGEMANN (1983} indicate a
lowering of CM by about 10% of "the approach height" between
takeoff into the second-last stride and the following
touchdown. They are in general agreement with DIACHROV
(1380), ANDREEV and MIRZAEV (1970) concerning the best time
at which to¢ initiate the lowering of the CM which 1is during
the second-to-last contact of the takeoff 1leg with the

ground.

14



LONG JUMP IT WC - ROME 1987

2.3. TAKEOQOFF

In the running long jump the horizontal velocity of the
athlete is reduced during takeoff by 1.0 - 2.0 m/s or more.
This indicates a reduction of horizontal velocity of 9.5 -
14% of the approach velocity. This reduction becomes more
pronounced when the angle of projection of the body's CM and
the height of jump are increased (POPOV 1971). This result
has been supported by the finding of a "high" correlation {r=
$.66) between the magnitude of the decrease in horizontal
velocity and the increase in vertical velocity during the
takeoff (TIUPA 1982).

Correlation of the horizontal and vertical velocities at
takeoff with the distance of the jump have yielded results
that appear to be heavily influenced by the nature of the
sample. Studies of world-class long Jjumpers have indicated
that the horizontal velocity at takeoff is the dominant
influence in determining the distance of the jump. NIGG
(1974) has reported correlations between the horizontal and
vertical velocity, and the effective distance of the jump as
being r = 0.79 and ©.08, respectively. 1Investigations which
use less homogeneous groups and consequently show a greater
variability in vertical velocity, (the standard deviation for
NIGG's sample was only @.04m/s) come to a higher valuation of
the vertical velocity component (BALLREICH 1970, KOLLATH
1980). The ratio of the horizontal and vertical velocities at
takeoff has been reported to be approximately 2:1 and 3:1,
which correspondsﬂto angles of projection takeoff of 26.6 and

18.4 deg., respectively. POPOV (1971) suggested that "it is

15
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best to strive for an averadge projection angle of 20 - 22
deg.". When the angle exceeds 20 - 22 deg., the importance of
the approach velocity is increased. When the angle 1is less
than these wvalues, the importance of the force exerted at
takeoff increases (POPOV 1971). NIGG (1978) noted that the
projection angle decreased with increasing approach velocity.
He suggested that this may be because the jumping strength of
the faster athletes has approximately the same magnitude as
that of the slower ones, and that it 1s more difficult to
jump high with a greater approach velocity. The notion that
the optimum angle is near 45 deg. 1s based on the assumption
that the speed of release iz constant irrespective of the
angle of projection. This assumption is inwvalid for the long
jump because the speed and angle of takeoff are not
independent, but negatively correlated. For example, NIGG
(1974) found a correlation of r = -0.83. HAY/MILLER (1985)
reported a mean takeoff velocity of 8.6 m/s {(+ ©.25),and a
mean angle of takeoff of 18.8 deg. (+ 1.8) for the women's
final of the 1984 Olympic Games. For elite male long Jjumpers
(HAY et. al., 1984) analysed takeoff velocity ranges from 9.2
m/s to 10.0 m/s {(mean:9.5 m/s), and takeoff angles from 18.8
to 20.0 deg., respectively.

Thus, the ratio between the horizontal and vertical takeoff

seems to be similar for male and female athletes.

16
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Time of Takeoff

Numerous authors have reported values for the time of takeoff
in the long jump. Because of the limited temporal resolution
(cinematography with 100 fps) and different operational
definitions most of the data should probably be viewed with
reservations. The time of takeoff is negatively correlated
with the approach velocity (r = -0.43) and with the distance
of the jump (r = -0.64) (NIGG 1974). These results §uggest
that a faster approach lessens takeoff time and iﬁgéﬁgés in
greater jumping distance. This suggesticn corresponds with
the thought that, assuming similar geometric conditions, the

shorter takeoff time may reduce the amount of decrease of the

horizontal velocity.

Path of Centre of Mass

The angle between the line joining the CM to the heel of the
takeoff foot and the backward horizontal at touchdown was
recorded by FISCHER (1975) between 64 and 69 deg.. For Jjumps
with smaller or larger angles, no good distances have been
measured. The corresponding angle at the instant of last
ground contact was between 73 and 83 deg.. During the takeoff
the athlete's CM is horizontally and vertically displaced.
The vertical displacement of 17 - 25 enm raises the CM to a
height at takeoff reported to range from 1.11 - 1.26 m for
the 12 women's long jump figalists at the 1984 Qlympic Games
(HAY 1985).

17
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The vertical displacement of the CM during the initial impact
phase of the takeoff may "demonstrate how well an athlete can
tolerate high impact forces and consequently benefit from
elastic energy" {LUTHANEN/EKOMI 1979) . The horizontal
displacement, in which the apprcach velocity i1s reduced as

previously discussed, is reported with values of 8¢ - 95 cm.

Final Remarks

The purpose of this chapter was to attempt to obtain a
scientific understanding of the long jump. From a review of
the literature,the authors developed the essential parameters
of the event. However, it was not possible to consider all
variables. For example, the rele of the takeoff leg and lead

leg was not considered in the takeoff phase.

All factors measured at the Championships in Rome are based
on the parameters defined and discussed in this chapter. They
include the most important parameters of the approach

(last four strides}, takeoff, flight and landing.

i8
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3. ANALYSTS OF THE LONG JUMP AT THE WORLD CHAMPIONSHIPS
ROME 1987

3.1. METHODS AND PROCEDURES

On September 4 and 5, 1987, twelve female and seventeen male
competitors participated in the women's and men's 1long Jjump
finals respectively. Low wind and humidity of about 80% were
registered. Temperatures of 19°¢C and 23°C respectively,

offered favorable conditions for the finals.

The competition was filmed with two LOCAM - highspeed cameras
in order to provide a three-dimensional analysis of the last
four strides, the takeoff, flight and the landing. The
cameras were panned in a horizontal plane. The pan shots,
referring to the pan angles of the cameras, were controlled
by several well defined reference points behind the runway
and the pit. These reference markers were digitized with the
body landmarks from the films frame by frame for the three-
dimensional biomechanical analysis.

The cameras operated at 200 frames per second. Camera speed
was controlled by external lightmarks on the film, and <the

cameras were exXternally synchronized.

19
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3.2. EVENT SCORECARD

The event scorecard provides general

information

II WC - ROME 1987

about

t

he

finals, and includes official distances and wind measurements

for each trial.

EVENT SCORECARD

Cfficial distance {m)
Wind (m/s)

Time 20:15 -
Press 101 4mBar -~

Temp. +23°C
Humidity 77%
5 6
8.67Tm
X 8.60m
- +3.20m/s
8.53m
X X
8.38m
X 8.38m
- -@.42m/s
8.33m
33m g.20m
99m/s -2.40m/s
8§.16m
X 7.95m
- -0.37m/s
8.14m
84m 8.14m
@3m/s +0.17m/s
8§.11m
SSm 8.01m
28m/s +6.35m/s
8.16m
X X

1 2 3
1. 1853 Lewis Carl 61
8.67Tm 8.65m 8.67m 8.
+9.35m/s +0.58m/s -0.17m/s +1
2. 349 Emmivan Robert 65
8.30n X X 8.
+0.39m/s - - -9.
3. 587 Evangelisti Giovanni 61
X 8.09m 8.1%m 7.
- +0.55m/s +0.32m/s -1
4, 1067 Myricks Larry 56
X 8.04m 8.23m 8
- +2.30m/s +1.185m/s -0
5. 47¢ Hirschberg Jens Uwe 64
8.16m 8.04m 7.97m T.
-9.68m/s ~0.38m/s +1.65m/s -0
6. 208 Jefferson Jaime 62
7.78m 7.85m 8.09m 8
-1.26m/s -@.45m/s +0.50m/s -0
7. 109 Amidjinov Viadimir 63
8.11im 7.80m 8.05m 7.
-0.36m/s +0.16m/s +0.51m/s -0@
8. 1623 Conley ‘Mike 62
X 8.10m X
- +¢.47m/s -

20



LONG JUMP

7.8%m
-0.79m/s

7.95m
~-0.45m/s

II WC -~ ROME 1987

973 Layevskiy Sergey

384 Reski Heiko

7.87m 8.03m
+1.68m/s +0.48m/s
714 Alli Yussuf
7.89m 8.00m
+@.7ém/s -1.98m/s
644 Usui Junichi
7.77m 8.00m
-1.77m/s +1.92m/s
945 Bobylev Vladimir
7.90m 7.75m
+2.51lm/s +0.86m/s
285 EKarna Jarmo
X 7.80m
- +0.77m/s
315 Brige Norbert
7.82m X
-0.45m/s -
717 Emordi Paul
X 7.80m
- -3.17
892 Rrsek Ivo
7.67m 6.81m
+&#.53m/s -0.45m/s

21
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EVENT SCORECARD

Official distance (m) Time 19:32 - Temp. +19°C
Wind (m/s) Press 1013mBar - Humidity 81%
1 2 3 4 5 6
u [ 639 Joyner—-Kersee Jackie 62 USA 7.36m
6.91m 7.12m 7.36m 6.95m 6.95m 6.99m
+0.15m/s -0.96m/s +0.31m/s -0.74m/s -1.34m/s -0.54m/s
Zis 555 Belevskaya Elena 63 URS 7.14m
6.17m 6.81m 6.74m 7.14m 6.92m 6.98m
-0.24m/s +0.30m/s -1.59m/s -0.65m/s ~-@.74m/s -0.99m/s
3. 287 Drechsler Heike 64 GDR 7.13m
6.91m 7.03m 7.13m 5.62m = =
-0.30m/s -0.19m/s -0.77m/s -0.69m/s = =
4. 310 Radtke Helga 62 GDR 7.01m
6.95m 6.56m 7.01m X X 6.95m
+0.51m/s -0.17m/s -0.1l6m/s - - -0.73m/s
5. 560 Christiakova Galina 62 URS 6.99m
6.99m 6.74m X X 6.83m 6.80m
+0.83m/s +0.38m/s = = -1.15m/s -0.34m/s
6. 604 Valyukevich Irina 59 URS 6.89m
6.80m 6.41m 6.80m 6.83m 6.66m 6.89m
+0.43m/s +0.17m/s +0.34m/s -0.66m/s -1.68m/s -0.92m/s
T 635 Innis Jennifer 59 USA 6.80m
6.80m 6.77m 6.72m X X 6.51m
-0.85m/s -1.04m/s +0.66m/s T = -0.89m/s
8. 7 Boegman Nicole 67 AUS 6.63m
X 6.41m 6.63m 6.37m X 6.22m
= -0.79m/s ~-0.54m/s -0.54m/s = -@0.72m/s
9i, 69 Ninova Liudmila 60 BUL 6.50m
6.33m X 6.50m
+0.91m/s - -@.1l6m/s
10. 67 Moneva Silvia BUL 6.45m
6.35m 6.45m 6.45m
+0.17m/s -0.34m/s -0.38m/s
11. 626 Echols Sheila 64 USA 6.3%m
X 6.39m X
- -1.00m s
125 154 Demsitz Lene 59 DEN 6.11m
X 6.11lm X
— -9.81m/s -



LONG JUMP IT WC - ROME 1987

To judge the best trials from a biomechanical point of view,
the authors analysed the longest jumps of the eight best
competitors in each final. Only in the case of JOYNER-KERSEE
the best trial ({(7.36 m) was unavailable for analysis.
Conseguently, her second trial {(7.12 m) was analysed.
Additionally, the biomechanical analysis includes the data of

all the trials by CARL LEWIS.

TABLE 2 presents the first data for the jumps. Four distances

are shown:

— The official distance ("Jena Mes.").

- The distance measured on the basis of the authors’ three—
dimensional biomechanical data ("Mes. Dist.").
The distance is defined as the horizontal distance between

the toe at takeoff and the heel at touchdown in the pit.

— The toe to board distance ("Board"}).

— The distance between the heel of the athlete and the last

visible trace in the sand during landing ("Sand").

The distance measured on the basis of objective biomechanical
data is called "effective distance" of the long Jjump. This
distance does not account for losses incurred by failing to
hit the board precisely, or when the initial heel contact
point is further from the board than the point used for

measuring the official distance. Thus, the effective distance

23
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constitutes the actual distance from the tip of the takeoff
foot to the heel at instant of landing. Hence the effective
distance must, by definition, be equal or longer than the
officially measured distance. This is true for all but one
case (marked by a questionmark in Table 2) where the official
result indicates a better jump than measured with biomechani-
cal analysis. The result was carefully re-checked and the
authors are confident that their measurement 1s accurate.
Therefore in the following report the officially measured
distance in question is excluded and the authors’ result

(unofficial} is used for further analysis.

The means of the officially measured distances of the best
male and female long Jjumpers in the finals have been
calculated with 8.295 m (+ 0.21 m) and 6.92 m {(+ ©0.22 n)
respectively. These values indicate the best results ever for

long jump finals, which have been measured using biomechni-

cal methods. In the men's competition the mean of the
effective distance was 8.395m (+ ¢.28m), while the
"toe-to-board distances" and the “sand distances" were

measured with 0.058m (+ ©.05m) and 9.114m (+ 0.07m)
respectively. One can conclude that the precision of the
approach was very exact regarding the eight best long

jumpers.

24
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For LEWIS, TABLE 2 indicates that in his first Jump he
cleared 8.84 m (effective distance) and was very close to
BEAMON s 1968 world record. However, in this trial he lost 2
cm on the board and 15¢m during landing. In his fourth and
sixth jump he showed similar losses during landing. CONLEY
and MYRICKS also lost an equal amount of distance during
landing. The mean of distance lost during landing is
calculated with ¢.68m for LEWIS's jumps. The mean of LEWIS's
"toe~to-board distances" is calculated with 0.03m and

indicate the high precision of his run-up.

The data for the women's finals present mean of the
"toe-to-board distance" and the "sand distance" by ©.031m (+
@.03m) and 0.041m (+ 0.03m) respectively. The lower "sand
distances" of the female jumpers may be determined by the

poorer horizontal CM's velocity during the flight.

The distance of a long jump is determined by the takeoff
parameters (takeoff velocity, takeoff angle, CM's height at
takeoff) and the body position during landing (see page D/6
f). For the presentation and discussion of results one must
refer to the diagram in CHAPTER 2. This diagram serves to
illustrate and define the four consecutive parts of the Jump.
Thus, separate data are presented for the approach, takeoff,

flight and landing.
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TABLE 2: Official distance

(m),
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{"Jena Mes.")

Effective distance (m}), ("Mes. Dist.")

Loss of distance on board (m)

Loss of distance in sand (m)
Name Jena Mes. Board Sand

Mes Dist.

Hirschberg 8.16 8.21 ¢.0 0.05
Conley 8.19 8.29 .02 0.17
Amidjinov 8.05 8.21 0.¢8 0.08
Emmiyan 8.53 8.63 9.06 0.04
Myricks 3.33 8.75 ¢.16 0.26
Evangelisti 8.38 8.01 .10 .10
Jefferson 8.14 8.22 0.02 0.06
Lewis (1) §.67 8.84 p.02 0.15
Lewis (2} 8.65 8.68 8.02 .01
Lewis (3) 8.67 8.67 0.0 0.0
Lewis (4) 8.43 8.64 0.12 .09
Lewis (6) 8.60 8.76 2.0 0.16
Christiakova 6.99 7.10 0.05 0.06
Innis 6.77 6.77 0.0 2.0
Boegman 6.41 6.60 0.09 0.10
Joyner-Kers. 7.12 7.14 0.0 0.02
Drechsler 7.83 7.14 6.09 0.02
Radtke 7.01 7.06 0.0 0.05
Belevskaya 7.14 7.21 0.02 8.65
Valyukevich 6.89 6.92 0.0 .03
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3.3. THE APPROACH

Speed

TABLE 3 presents the velocity data for the last strides and
the last metres of approach. V1, V2, V3 and V4 indicate the
instantaneous velocity of CM at takeoff into the 4th, 3rd,
2nd and the last stride. The last two columns in the table
indicate the average speed of the athlete which was measured
by photo cells (LB: high barriers) between 11 and & m, and 6
and 1 m to the board. The average speed over 5 m must be
less than the instantaneous velocity of CM, because in the 5
m interval the athlete realizes more than two strides with
minimal two support phases. During each support the athlete's
CHM first increases and then decreases horizontal velocity.
Therefore,the velocity at the instant of takeoff must be
higher than the average speed over several strides. From a
biomechanical point of view, the instantaneous velocity of CM
at touchdown for takeoff is the most important factor. The
measured speeds in columns 5 and 6 are only indicators of the
important CM's velocity. They are presented because of their
extremely relevant practical importance. Average speed can be
easily measured in the field and during the training process.
Therefore, these measurements were included. In compariscon
with the data presented in chapter 2 the average speed of the
finalists in Rome show similar values. LEWIS, for example,
demonstrated higher average speed when measured in HELSINRKI -

1983.
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DAUTE s (GDR) maximum speed of 9.7 m/s, measured during the
first world championships in Helsinki - 1983, was reached

only by DRECHSLER with 9.94 m/s.

From TABLE 3,1t can be seen that for LEWIS's jump the maximum
CM s velocity was higher than 11 m/s. Also, when he reached
the board, his instantaneous speed of CM was measured at 11.2

m/s. All other participants showed lower velocity.
The female competitors produced CM's velocities similar to

those of HAY's study which dealt with the finals of the LOS
ANGELES GAMES - 1984.
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TABLE 3: Approach velocity of CM (m/s)

Horizontal

Horizontal

Horizontal

Horizontal

velocity at
velocity at
velocity at

velocity at

takeoff
takeoff
takeoff

takeoff

II WC - ROME 1987

into the 4th last stride {vd)

into
into

into

Average horizontal speed from 11 to

the 3rd last stride {v3)

the 2nd last stride (v2)

the last stride

(vl)

6 metres before takeoff

Average horizontal speed from 6 to 1 metres before takeoff

Name vd v3 V2 vl 1i-6 6-1

Hirschberg - 16.7 19.9 10.7 10.31 16.38
Conley 11.0 10.9 16.9 10.6 19.68 10.64
Amidjinov 10.6 10.8 10.8 10.8 10.58 10.46
Emmiyan 1.5 10.5 10.6 190.3 1¢.52 19.27
Myricks 18.9 10.8 1¢.8 10.7 10.74 10.57
Evangelisti 10.8 10.7 19.6 1¢.4 10.61 19.51
Jefferson 11.1 1¢.8 11.0 10.6 - -

Lewis (1) 11.7 11.6 11.8 11.3 - 11.14
Lewis (2) 11.8 11.6 11.9 11.2 11.15 11.02
Lewis (3) 11.7 11.5 11.8 11.2 11.10 190.99
Lewis (4) 11.9 11.7 11.8 11.3 11.12 11.17
Lewis (6) 11.7 11.4 11.9 10.9 11.290 11.17
Christiakova 9.6 9.5 2.8 9.8 9.59 9.438
Innis 9.8 9.7 9.9 9.4 9.54 9.54
Boegman 8.9 9.1 9.2 8.8 8.71 8.88
Joyner—-Rers. 9.6 9.5 9.7 9.4 9.25 9.50
Drechsler 10.2 1¢.2 190.2 9.8 9.94 9.8@
Radtke 9.3 9.4 9.6 9.2 9.24 9.17
Belevskaya 10.0 190.0 10.1 10.1 9.54 9.67
Valyukevich 9.6 9.4 9.6 9.6 8.81 9.25
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TABLE 4: Speed and instantaneous velocity during the 1last
strides of the approach (mean, standard deviation)

in m/s

vd v3 v2 vl 11 - &6 6 - 1

4L 31 2L L LB LB
men 18.94 16.85 19.93 10.67 10.57 18.56
(n = 8) + 0.37 + 0.30 +0.35 + ¢.28 + 0.14 + 0.26
women 3.63 9.60 9.76 9.51 9.32 9.41
{n = 8) + 0.38 + ©8.33 + 0.30 + 9.38 + 0.39 + 0.28
Lewis 11.76 11.56 11.84 11.18 11.14 11.16
{n = &) + 0.08 + 0.10 + 90.05 + 0.15 + 0.04 + .08

In the following section the authors present and discuss only
the mean and standard deviation scores in order to obtain an
overall view of the long Jjump. The individual values are
presented in APPENDIX "A".

The mean and standard deviation of the horizontal velocity at
the instant of takeoff into the last four strides indicates
that the variation of the takeoff velocity is susceptible to
rhythmic changes (see TABLE 4). In the approach the reduction
of horizontal velocity in the third last stride is followed
by an increase in the second-last stride. There is a drastic
decrease in the last stride (takeoff). This tendency is
representative of all the male participants and is
especially highlighted in the five trials by LEWIS. For the
female jumpers a similar tendency, as shown by the mean
scores, has been observed. However, the rhythmic velocity
changes are not found for all female finalists. Contrary to
this trend are the scores of CHRISTIAKOVA 9.6 — 9.5 -~ 9.8 -

9.8 m/s, and BELEVSKAYA 10.0 - 10.¢ - 10¢.1 - 10.1 m/s.
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To illustrate individual variations with respect to the mean
tendency, the individual data of the horizontal velocity
during the last strides for the best male and female long

jumpers are combined in FIGURE 3.

FIGURE 3: The changes of CM's velocity during the four last strides

10. -
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The correlations between the measured velocities and the

effective distances are presented in TABLE 5.

TABLE 5: Correlation coefficients with the effective distance

men women
velocity {n = 8) {n = 8)
vd .39 .04
v3 .48 -.03
v2 .39 .69 *
vl .47 LTT %
11 - 6 .33 .62
6 - 1 .48 70 x

The correlations indicate that only a few parameters reveal
the effective distance of the Jump. The significant

correlations are marked with an asterisk (*).

The authors conclude that the frequently reported overall
high correlation between approach velocity and the jump’s
distance does not exist in the homogenous group discussed
here. The authors found a co-variation of the variables
describing the approach velocity and the Jumping distance,
but they did not find a high signifiecant co-relationship. The
same conclusion can be drawn for the individual analysis of

LEWIS's jumps.
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Thus, for highly qualified long jumpers, the approach
velocity is a very important factor and a necessary

condition, but it is not entirely sufficient for a good Jjump.

The causes for the observed variations in the horizontal
velocity during the last four strides are found in the
support phases of these strides. The support phases, or more
eXactly the velocity changes during the stance phases, are
determined by three important factors. They are the length of
the presupport stride, the position of the body segments at
touchdown and takeoff, and the movements of the takeoff leg
and the lead leg. Therefore, the authors will discuss the
stride lengths, the position of the Center of Massg and the
body segments at touchdown and landing, and, last but not
least, the body angles of the lead and the takeoff leg during

the last four strides.

Stride Length

TABLE 6 contains the stride 1lengths mean and standard
deviation scores for the competitors in the men's and women's

finals as well as for LEWIS's five Jjumps.
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TABLE 6: Stride lengths of the four last strides
{mean, standard deviation) in m

4 L 3L 2 L L
men 2.18 2.10 2.24 2.01
(n = 8) + 0.12 + 0.16 + 0.15 + 0.22
women 2.00 1.93 2.01 1.890
{n = 8) + 0.09 + Q.17 + 0.11 + §.13
Lewis 2.39 2.29 2.47 1.82
{n = 5) + 0.05 + 0.05 + 0.05 + 0.04
The frequently reported tendency in the literature (HAY,

NIGG, BELBEROW) to lengthen the second-last stride in respect
to the third-last and the last stride is confirmed. The
lengthening of the second-last stride in comparison to the
third-last stride ought to produce a lowering of CM which
should continue during the last stride. The reason for a
lowering of the CM is the lengthening of the path of

acceleration for the takeoff.

The data presented in TABLE 6 reveal a shortening of the
last stride in comparison to the second-last stride which is
about 10% of the stride length. LEWIS demonstrated extremely
higher wvalues in all of his jumps with respect to the stride
lengths of three of the last four strides, and in stride
length reduction. He lengthened his second-last stride by
$.18m when compared to the third-last stride, and shortened
the last stride by ©.65m when compared to the second-last

stride!
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LEWIS s extremely high values, when compared to the group
data, may be a result of his high horizonzal velocity. With a
great reduction of stride length from the second-last into
the last stride LEWIS is able to prepare a relatively flat
takeoff for flight. This preparation stems largely from the

long seccond-last stride.

EMMIYAN demonstrated the shortest last stride (1.71 m) of the
mens finalists. It must be noted however, that his approach
speed 1s much slower than LEWIS's approach velocity. Also the
lengths of the other strides which prepare the takeoff are

much shorter than those of LEWIS.

HIRSCHBERG and MYRICKS did not adhere to this discussed
tendency. Their stride lengths were measured at 2.21 - 2.42 -
2.45m (HIRSCHBERG) and 2.03 - 2.07 - 2.06 - 2.06m {MYRICKS).
The low modulation of their last strides ( see FIGURE 3 )
corresponds with the small changes of the horizontal

velocity.

Therefore, the variations of stride lengths seem to be a

relevant element to modulate the CM's velocity during the

phase of takeoff preparation.
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Flight and Support Times

The previously discussed changes in CM's velocity during the
last strides of the approach depend on the stride lengths,
and the flight and support times of the strides. The flight
time of the stride is defined from the instant of takeoff to
the instant of touchdown. This flight follows the support
phase of the stride measured from the instant of touchdown to
the takeoff of the supporting foot. The individual data are
found in the appendix, while the mean and standard deviation

scores are located in TABLE 7.

TABLE 7: Flight (FL) and support (ST) times during the last strides

{mean, standard deviation) in s

4L 3L 2L L

FL ST FL ST FL ST FL,
men 0.140 ©.091  ©¢.133 0.088  ©.132 ©.108  0.074
(n =8) +90.01 + 0.01 + 0.009 + 0.01 + 0.91 + 0.01 + 0.03
women 0.140 ®.085 0.139 ©.086  0.147 0.094  0.092
(n = 8) + 0.007 + 0.01 + 0.008 + 0.007 + 0.01 + 0.009 + 0.01
Lewis 0.142 ©.084 0.147 0.081 ©.142 0.104  0.066
(n = 5) % 0.005 + 0.803 + 0.007 =+ 0.002 + 0.005 + 0.005 + 0.002
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Regarding the men's data, there is a decrease of flight time
from the 4th last to the last stride. The support time
increases from the 2nd last into the last stride. These data
confirm the stride length information. In LEWIS's jumps the
mean of flight times first increases from the 4th last to the
3rd last, comes back in the 2nd last to the amount of the 4th
last and then decreases drastically to 66 ms in the last
step. The short support times correspond with his high CM's

velocity.

The average flight times of the finals participants decrease
from the 3rd last into the 2nd last, and increase to 92 ms in
the last stride. The mean of the support time for the womens'
last stride is significantly lower than mens' support time.
However, the last stride’'s flight time is higher in female
participants than in male jumpers. The negative correlation
between the official distance and the time of flight for the
4th last stride of the approach reported by HAY (1985) for
female jumpers, is not indicated in or confirmed by the
authors’ data. In contrast to the correlation found by data
from the 1984 Olympic Games in the women's final, the authors
observe a low positive correlation between the time of flight

for the 4th last as well as for the second last stride.
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Changes of CM s Height

The absolute height of CM depends on the position of the body
segments and the individual anthropometric data (masses and
lengths of segments). To allow a better comparison among the
subjects, the authors use only the changes of CM's height
during the support and flight phases and do not discuss the
absolute CM's height. TABLE 8 summarizes the most important
information which is based on data from the best jumps of the
mens’ and womens' finals, and LEWIS's specially analysed

jumps.

TABLE 8: Change of CM height during flight (FL) and support (ST)
phases (mean, standard deviation) in m '
41, 3L 2L L
FL ST FL ST FL ST FL
men ~-0.05 0.05 ~-0.03 0.01 -0.087 -0.01 -0.02
(n=8) +0.02 +0.01 +9.91 +@.01 +0.02 +9.01 +0.01
0.0 -0.02 -3.08
women -¢.04 0.02 -0.01 0.01 -0.04 -9.02 -0.02
{n=8) +0.01 +0.01 +0.01 +0.01 +0.01 +9.01 +0.02
-9.902 0.00 ~0.06
Lewis ~-0.03 .05 -0.05 .00 -90.08 0.00 ~-0.02
{n=5) +0.01 +0.01 +0.01 +@.01 +0.01 +0.01 +0.00
0.02 -0.05 ~0.08
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The data show that the nmost intensive change in CM's height
occurs in the flight phase of the second last stride.
Normally, the CM's height increases during support phases.
This can be seen in the stance phase of the 3rd last stride.
In the support phases of the second last and the last stride
one can observe no {last stride) or very small (2nd last
stride) CM's sink. Therefore, the authors conclude that a
lowering of CM's height already begins in the stance phase of
the 2nd last stride.

The authors developed FIGURE 4 as a means of summarizing the
previously discussed data regarding takeoff preparation

during the last four strides.

FIGURE 4: Takeoff preparation during the last four strides
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Body Position at Touchdown and Takeoff

The position of athlete's body can be represented by the
angle between a line from the tip of the foot or heel, and
the CM and the horizontal axis. These angles, measured at the
instant of touchdown and takeoff, indjicate the amount of
backward and forward body lean during the last strides and

are called body lean angles.

As a check for the horizontal CM's position at touchdown and
takeoff for each stride during the takeoff preparation, the
authors chose the angle between the CM and the heel at
touchdown; and the CM and the tip of the foot at takeoff,
respectively, to the horizontal axis. These angles gave
preference to the absolute CM's position because of the
comparability of subjects with different anthropometric data.
Values less than 90¢ represent the backward lean at touchdown
and forward lean at takeoff. This confirms tkat the Jower
body lean angle at touchdown follows the higher decrease of
run-up velocity. The lower angle at takeoff indicates the
higher increase of the horizontal CM's velocity during the
pushing phase of support. These angles representing the
forward lean are also found in the above discussed rhythm of
takeoff preparation. The differences from the 2nd last to the
last stride especially indicate that changes of body position

are found in the touchdown and in the takeoff.
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When analysing the data, the authors found no radical step to
step changes in the fourth, third and second 1last stride.
However, in the last stride there was a radical variation in
the athletes’ kinematics. The backward 1lean decreased from
the 2nd last to the last stride at touchdown from 86.2 to
77.8 degrees {men finalists), and the forward lean increased
from 62.9 to 59.0 degrees. This tendency is not found in a
proportionate number of the women's finalists. The reason may
be due to the techniques of DRECHSLER, RADKE, BELEVSKAYA and
VALYUREVICH. These female jumpers increase the body 1lean
angle at touchdown from the 2nd last to the last stride. This
action, in contrast to the other female finalists,
corresponds with the female Jjumpers who exhibit minor

velocity changes in the takeoff preparation phase.

TABLE 9: Body lean angles at takeoff (TO) and touchdown (TD) of the
four last strides (mean, standard deviation) in degrees

4L 3L 2L L

TO TD TO TD TO TD TO
men 63.6 85.3 62.9 86.2 62.9 77.8 59.0
(n=8) + 1.7 + 3.3 + 2.6 + 2.9 + 2.6 + 2.9 + 3.1
women 64.3 86.7 65.4 85.0 65.7 83.6 6l.6
{n=8) + 1.7 + 2.2 + 2.2 + 2.3 + 2.6 + 4.8 + 2.1
Lewis 60.7 B6.3 65.0 87.4 64.1 77.3 60.2
(n=5) + 0.7 + 1.2 + 0.9 + 1.8 + 1.5 + 2.4 + 0.9
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Body Angles at Touchdown and Takeoff

In the literature two types of techniques are found: the
takeoff leg is brought into contact with the ground, or the
lead leg is moved for takeoff. Regarding the last strides of
the run-up consisting of support and flight phases, the
authors consider each support phase as a takeoff. Therefore,
the techniques of the the takeoff leg as well as of the lead

leg for each support, are discussed.

Takeoff leg: The most widely supported technigque advocates

that the foot is brought to the ground in a backward
sweeping, or powering movement. This action is known as a so
called active landing. It reduces the forward horizontal
velocity of the foot at impact and thus, the resulting
braking reaction evoked from the ground. This active landing
assists in minimizing the loss in horizontal velocity during

the takeoff.

The second technique advocates a locking placement of the
foot and is believed to facilitate the energy transfer of the

swinging body segments in the early support phase.

The described backward-sweeping or locking may be represented
by a bended or extended knee of the takeoff leg at touchdown.
Therefore, the angle of the knee joint is chosen to discuss
the technique of the supporting leg used for takeoff in the

last strides.
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TABLE 10 illustrates that each athlete in all takeoff prepa-
ration strides began the support phases by bending the knee
of the takeoff leg. The mean scores of the male and female
jumpers do not differ, but the data in paranthesis point out

that the range of the angle data are extremely high.

The values measured at the instants of takeoff indicate that
the knee is not completely extended. The data for the last
two strides especially illustrate the flexed takeoff knee.
This loss of the full extended takeoff leg corresponds with
the very short flight times of these strides. LEWIS markedly
demonstrates the active landing and the not fully extended

knee angle at takeoff.

Lead leg: Little has been published in the biomechanical
literature concerning how the swing of the lead leg
contribites to the CM's velocity changes during takeoff. From
a practical point of view, preference is given to a flexed
knee of the lead leg which reduces the moment of inertia of
the leg, or to a nearly extended knee which lengthens the
pendulum. Therefore, the authors analysed the data to
determine if world-class athletes use a short and quick lead
leg action or a long pendulum during the takeoff preparing

strides.
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TABLE 10: Angle of the knee joint of takeoff leg at touchdown (TD)
and takeoff (TO) (mean, (maximum,minimum)) in degrees

4L 3L 2L L

TO TD TO ™ TO ™D TO
men 163 152 162 150 150 145 147
{n=8) (155,173)(138,164)(144,169)(143,155)(131,162)(137,152)(136,163)
women 160 154 160 151 154 147 143
{(n=8) {156,164){144,172)(151,167)(140,166)(142,164}(137,156)(134,155)
Lewis 156 156 143 151 137 146 132
{n=5) (149,16@)(153,158)(137,147)(146,156)(134,148}(139,152}(128,140)

TABLE 11 indicates a similar tendency for the male and female

finalists. While the knee angle of the lead leg at touchdown

increases from the 3rd last, the second last to the last

stride, the angle at takeoff increases from the second last

to the last stride. The data point out that, in the last
stride the technique of the long pendulum is used. In the
4th, 3rd and 2nd last steps athletes seem to prefer the

flexed lead leg. This was a frequent practice used by LEWIS

which was observed in his five analysed jumps.

TABLE 11: Angle of the knee joint of the lead leg at touchdown (TDE
and takeoff (TQ) (mean, (maximum,minimum)} in degrees :

41, 3L 2L L

TO TD TO TD TO TD TC
men 67 39 68 48 62 56 115
(n=8) (61,77) (33,45} {(52,77) (37,54) (44,78} (41,72} (77,14¢
women 73 37 76 43 68 52 112
(n=8) (64,86) (32,42} (64,91) (36,49) (60,76) (38,73} {74,15¢
Lewis 64 36 55 55 68 62 140
(n=5) (57,72) (33,43) {52,57) {(49,61) {(64,81) (51,68}
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3.4. TAKEQOFF

Velocity and angle of projection

During takeoff, the athlete transfers the initial velocity
into the takeoff velocity. This is, as previously discussed,
the most important factor for obtaining distance in the long

Jjump.

TABLE 12 includes the individual CM's velocity data for the

analysed jumps. The takeoff velocity in the run-up direction

is indicated with "vx", and "vz" symbolizes the vertical
takeoff velocity. The letters "vy" represent the horizontal
velocity component perpendicular to "vx". Negative values of

vx" indicate that the athlete flies to the left side.

The angle of projection is given with alpha, and the

directicn angle is expressed with beta.
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TABLE 12: Velocities vx, vy, vz, v of CM at takeoff in m/s
Angles of projection alpha (xz-plane), beta (xy-plane)

at takecff in degrees

Name vX vy vz v alpha beta
Hirschberg 9.1 2.1 3.1 9.6 18.8 9.7
Cenley 8.6 -0.1 3.3 9.5 20.6 -0.4
Amidjinov 9.1 0.1 3.1 9.6 18.9 0.7
Emmiyan 8.5 -0.3 4.9 9.4 24.9 -2.1
Myricks 9.0 -0.2 3.6 9.7 22.1 ~1.4
Evangelisti 8.8 0.1 3.3 9.4 20.3 9.4
Jefferson 8.7 -0.7 3.5 9.4 22.0 ~4.7
Lewis (1) 9.9 2.3 3.2 10.4 17.7 1.9
Lewis (2) 9.2 2.9 3.4 9.8 20.2 5.7
Lewis (3) 8.9 0.9 3.5 9.6 21.5 5.5
Lewis (4) 8.8 1.1 3.5 9.5 21.6 7.3
Lewis (6) 9.2 1.9 3.3 9.9 19.8 6.3
Christiakova 8.3 -0.1 3.1 8.8 20.3 -0.7
Innis 8.2 -0.1 3.0 8.7 2¢.3 -0.7
Boegman 7.6 0.3 3.0 8.1 22.90 2.2
Joyner—-Kers. 7.9 9.3 3.2 8.5 22.1 1.8
Drechsler 9.1 0.1 2.5 9.4 15.6 0.5
Radtke 7.9 -0.4 3.1 8.5 21.4 -2.9
Belevskaya 8.4 0.1 3.0 8.9 19.6 9.4
Valyukevich 7.8 0.0 3.1 8.4 21.9 ~-9.2
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The mean of the horizontal takeoff velocity is calculated
with 8.96 m/s (+0.41) for the male, and 8.15 m/s (+0.44)
for the female group. LEWIS reached 9.2 m/s din his Jumps
(+ 0.38, n=5) and was able to use his excellent run-up speed.
The average vertical takeoff velocity was measured with 3.39
m/s (+9.28) for the men, 3.0 m/s (+0.2) for the women and
3.38 m/s (+06.11, n=5) for LEWIS.

The often discussed relationship between the run-up velocity
and the takeoff velocity was proven by the correlation
analysis. The results of these calculations also indicate
that in a group of high level athletes as analysed in this
study, there are differences in the ability to transfer the
initial approach energy into takeoff velocity. The following

correlation coefficients have been calculated:

effective distance horizontal touchdown velocity
(initial velocity for takeoff)

horizontal .44 .56
takeoff .55 .69
velocity
vertical -41 .86%
takeoff .47 \ .88%
velocity

(The coefficients calculated for the male finalists are found

on

the first line, those for the female jumpers on the second line.)
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One must be cautious in

because they are not especially high.

small.

Changes of CM's Velocity

During takeoff,

vertical velocity increases.

resultant velocity is calculated

competitors as well as for

LEWIS s
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interpreting these correlations

The sample is also

the horizontal CM's velocity decreases while

The reduction of horizontal and

the male and female

five trials.

TABLE 13 presents the mean and range scores. In the authors’

sample,
during takeoff from 0.7 to 2.3 m/s.

reduction indicates no significant

the data reveal a

decrease

effective distance of the jump.

horizontal velocity

height of velocity

correlation with the

TABLE 13: Reduction of horizontal and resultant CM's velocity
at takeoff (mean, {(maximum,minimum}} in m/s
A vx Av
men -1.71 -1.05
{n=8) (-1.4, -2.0) (-6.9, -1.2)
women -1.386 -0.85
{n=28) (-¢.7, -1.8) {(-0.4, -1.2)
Lewis -1.98 -1.34
{n=5) {-1.4, -2.3) (-9.9, -1.8)
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Body Angles at Touchdown and Takeoff

The angles of body lean, as well as the knee angles of the
takeoff leg and the lead leg, were measured at instants of

touchdown and takeoff.

TABLE 14: Angles of body lean and of the knee joint at touchdown (TD)

and takeoff (T0O) (mean, {maximum,minimum)) in degrees

Angle of body lean Knee angle
takeoff leg lead leg
TD TO D TO I'D TO
men 64.5 74.4 166.9 177.7 88.9 74.7
(n=8) (60,68.8) (72,76.8) (160,176) (17¢,180) (57,116} (59,102)
women 67.1 78.1 165.8 174.3 77.8 72.3

{n=8) (63.7,71.6) (76.2,80.3) (162,171) (167,177) (64,86) (46,96)

Lewis 65.3 75.0 168.9 176.4 199.86 85.2
(n=5) (62.3,68.7) (74,75.6) (167,170} (172,1806) (104,110) (66,103)
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The data for the body lean indicate that athletes with a high
approach velocity use lower body lean angles when compared to
those having low running speed. This was especially noted for
the female finalists. The observed angles correspond with

those reported in the literature.

The knee angle of the takeoff leg does not differ for the
analysed groups. At touchdown the knee joint is not
completely extended however, the joint angle seems to be in a
straight position at takeoff. The data regarding the knee
angle of the lead leg demonstrate that there are different
techniques for the swinging action o¢f this segment. The
individual data point out that several athletes use the leg
as a relatively long pendulum at the beginning of the takeoff
phase. Other jumpers bend the knee Jjoint to decrease the
leg s moment of inertia thereby increasing the speed of the
leg. LEWIS, for example, begins his takecff with lead leg
knee angles of more than 100 degrees, and uses the leg as a
relatively long pendulum. With this technique his horizontal
lead leg velocity is comparatively high compared to the other
athletes, and it contributes to the high takeoff velocity of
CM.

Conversely, the angular velocity of the lead leg decreases
and contributes to a total angular momentum of the body which
produces a forward rotation with respect to the transverse
axis during flight. The slide figure graphics (see FIGURE B5)
illustrate the results and allows one to compare LEWIS's
takeoff technique with the takeoff of HIRSCHBERG who

demonstrated the flexed lead leg technigue.
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The results of the data from the analysed parameters
describing takeoff techniques lead the authors to conclude
that, regarding highly gqgualified athletes, it is impossible
to advocate just one technique for the transition of approach
energy into the flight. This means that a knowledge of the
takeoff (based on the presented data as well as a review of
the literature) is not sufficient to create an overall valid
theory for this often improved skill. In order to obtain a
more comprehensive understanding ¢oncerning the factors which
limit takeoff techniques more data, comparable to that
contained in this study, must be analysed. Such studies are a
vital source of primary information in helping athletes to

maximize their physiological capabilities.

FIGURE 5: Takeoff techniques of LEWIS and HIRSCHBERG

LEWIS

\. HIRSCHBERG
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3.5. FLIGHT AND LANDING

As previously discussed, the flight depends on the takeoff
velocity of CM, the takeoff angle and the relative CM's
height at the instant of takeoff. These data are logically
presented in the chapter titled "TAKEOFF".

During the flight, the analysed athletes used modified
versions of the often reported Thang", "stride" or
"hitch-kick" techniques to prepare an optimal body
position for the landing.

In all analysed jumps, the authors found a slight forward
rotation after takeoff which is consistent with the data on
angular momentum during Ilong Jjumps flight reported in
BALLREICH and BRUGGEMANN (1986). 1In preparing for the
landing, the athletes produce segmental angular momentum
about the transverse axis through the CM using the arms and
the legs depending on the chosen technique.

For quantitative analysis, the data appear to have been based
on the technique which propels the athlete forward from the
marks in the sand at the instant of 1landing. 'The landing
distance and the landing height are not sufficient to
estimate the technique of 1landing. The analysis conducted
during the world championships indicates that there are very
different styles. The purpose of this report was not to
present a detailed analysis of landing techniques, but to
provide an overview of the most important factors in the long
jump. Therefore the authors report the athletes' 1landing in
slide figures. For all athletes, the authors chose the same
view using the compute graphic. FIGURES 5 and 6 include the
landings of the analysed jumps.
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The following is the survey of data for basic evalwation of the triple jump

technique :
Angle parameters:

ATDAa
ABTTD
ABTTto
ATO
IFA

Time data and par,
of CM path :

htp
hro

Sy -

Sz
diy
dro
ty
ta
ti-3
Velocity components:

YxTD
VyTD

VzTD -

vyTD
VxTO

VyTO =

YzTO
V1O

Arm swing

158 TO

1
-35
94
67
13.9

15t1o

0.96
1.1
0.04
0.16
0.38
0.62
0.05
0.054
0.12

18tTO

10.2
0.5
0.8
10.2
9.7
0.6
2.3
10.0

gndro

12

andro

0.97
1.12
0.02
0.14
0.48
0.61
0.067
0.064
0.13

gnd-rq

9.3
05
- 2.4
9.5
8.3
- 04
1.9
8.7

3rdro

i3

3rdro

0.95
113
0.02
0.19
0.40
0.50
0.07
0.09
0.17

ardro

8.0
0.2
- 2.25
8.3
6.6
0.23
2.7
7.0

There are two basic variants of arm swing technique
1. The double arm swing in ail the three takeoffs which is difficult to do.

2. The more natural the running-circular swing (RCS) - natural running swing (NRS)
- and double arm swing action (DSA).
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Expected trend
114 - 15

103

Expected trend

below the 1 m limit
lifting
minimization

lifting increase in 3rd TO

Expected trend

increase

minimization

decrease

increase

increa se

minimization

increase 2nd & 3rd TO
increase
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Technical corrections should be made in the preparatory phases of training;
never in the competition period or just before the most important event of the year.

Tinkering with technique during competition results in impaired performance
and instability in all trials as evidenced by the performance of Procenko.

The final was affected by the awkward interruption caused by the opening of
victory ceremony. An admirable ability of psychological resilience and concentration
was displayed by the bronze medallist Sakirkin. Owing to the victory ceremony, he
had to interrupt four of his six trials.

The prevailing wind direction was along the run-up. The wind was utilized
above all by Taiwo, Bouschen and Procenko. They all achieved their best results with
excessive wind support (over 3.5 m/s).

6. Conclusions

Biomechanical analyses of the best triple jumpers can be used for laying down
some of the conditions for reaching top performance levels and pointing to the
development trends in technical execution.

The speed potential of triple jumpers now significantly approximates that of
long jumpers.

A top level triple jumper should be able to reach average speeds of 10.4 m/s and
higher {(minimum 10.1 - 10.2 m/s) in the section 6 - 1 m before the takeoff line.

The pre-takeoff rhythm also approximates that of the long jump. It involves:
- Increase of stride frequency, at least in the penultimate stride:
- reduction of the flight path of body CM ( which can be achieved by varying
lenghts of the last stride);
- minimization of the downward path of body CM in the flight phase of the last
stride;
- lowering of the height of body CM before takeoff to below the 1m limit.

The technical execution of the takeoffs differs significantly between athletes.
Takeoff technique should be in accordance with the tendency to minimize losses of
horizontal velocity, and with the demand for the efficient linking of the body CM
trajectory in the support and flight phases of the jump.

Taking into account the run-up speed before the 1st TO, losses of horizontal
velocity should not exceed 12% in the step, and 16% in the jump.

Losses of horizontal velocity in the support phases should not exceed 10% in
the 1st TO, and 12% in the 2nd and 3rd TO.

At the same time, the components of velocities Vy, vy at the instant of
touchdown, and vy in the course and at the instant of takeoff should be minimized.
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The optimum ratio of the lenghts of jumps is difficult to determine because of
the differences in the individual abilities of each athlete. A certain limit of ratios
(or rather the lenght of the hop and step} does exist and should not be exceeded,
becausethat would make maximum performance impossible.

There are various technical patterns which can help athletes to get beyond the
18m limit. The following ratios of lenghts seem to be quite realistic: 36.0 : 30.5 :
33.8%, (6.50 + 5.50 + 6.00 m), or 34.5 : 31.0 : 34.5% ( 6.20 + 5.60 + 6.20 ).
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8. Symbols and abbreviationz used In the Report

dTO

Sz
hTD
hTO

“xTD
vyTD
vzTD
vTD

vxTO
vyTO
vzTO
vTO

- official performace {m)
- lost distance

(distance between takeoff-line and the toe of the takeoff-foot) (m)
- effective disiance - Do + DL (m)

length of hop (m)

- length of step (m)

- length of jomp (m)

- horizontal distance of the heel from body CM at landing (m)
- horizontal distance of body CM from the toe at takeoff (m)
- lateral deviation of body CM (m)

- vertical lift of body CM, fe. hTO - hTD (m)

¢

height of body CM at landing (m)

height of body CM at the instant of takeoff

body height (m)

time from moment of landing to moment of vertical (s)
time from moment of landing to moment of amortization -
maximum bend of knee-joint )} (s)

duration of first takeoff (s)

duration of second takeoff (s)
duration of third takeoff (g)

- daration of hop ( support and flight phases ) (s)

- doration of step { support and flight phases ) ({s)

- duration of jump{ sapport and flight phases ) (s)

- duration of triple jump ( T,+T,+% ) (s)

-horizontal component of the velocity of tody CM at laading {(m/s)

1

i

1

lateral component of the velocity of body CM at landing (m/s)
vertical component of the velocity of body CM at landing (m/s)
resulting velocity of body CM at landing {m/s)

horizontal compotent of the velocity of body CM at takeoff (m/s)
lateral component of the velocity of body CM at takeoff (m/s)
vertical component of the velocity of body CM at takeoif (m/s)
resaiting velocity of body CM at takeoff (m/s)
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ATDA
ATDB
AKJTD
AKJv
AKJa

AXJTO
ABTTD
ABTTO
ATO
IFA

v
vz

fn-2

fo-t

SEEERS

¥

- wind velocity (m/s)

angle of landing vis-a-vis heel (degrees)

angle of landing vis-a-vis toe {(degrees)

angle of takeoff-leg knee at landing (degrees)

angie of takeoff-leg knee at moment. of the vertical (degrees)
angle of takeoff-leg knee at moment of amortization
(maximum bend of knee joint) (degrees)

- angle of takeoff-leg knee at takeoff { degrees)

angle between thighs at landing (degrees)

angle between thighs at takeoff (degrees)

takeoff angle (degrees)
initial flight angle (degrees)

II WC - Rome 1987

- mean approach-run velocity 11-6 m before takeoff line (m/s)
- mean approach-run velocity 6-1 m before takeoff line (m/s)
- mean stride frequency(stride per second ) in the third step before

takeoff line fp-»

- mean stride frequency in the penultimate run-up step

- mean stride frequency In the last run-up step

- number of run-up strides

- number of trial
- right leg

- left leg

- right arm

- left arm
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1. Introduction

The overall performance level of the triple jump competition at the II Worid
Championships in Athletics was the highest ever recorded. Led by the European
record of Christo Markov of Bulgaria ( 177.92 m )} the average length of the best
jumps of the top eight finalists was 17.44 m and a distance of 17.23 m was required
to qualify for the finals.

FINAL, 31/8 - 16.40

ey

117 Markov Christa 65 BUL 1792CR
w1773 X 1792 X X
+2.14 +1.81 +000 +157 +0.00 +000

1023 Conley Mike 62 USA 1787
1734 1737 X 1765 X 1767
+4.32 +189 +0.00 +091 +000 -1.00

3. 991 Sakirkin Cleg 66 URS 1743
1703 1736 1731 X 17.29 1743
221 +1.41 4271 +000 +1.26 +1.34

4. 970 Kovalenca Aleksands 65 URS 1738
17.38 X X X 1681 1659
-1.00 +0.00 +000 +000 +2.13 +0.17°

5 761 Pastusinski Jacek 64 POL 17.35
17.27 17.20 1713 17.28 1735 17.26
+081 +0.38 +040 0.2 +156 277

6. 724 Taiwo Joseph 59 NGR 17.29
17.29 X 1708 1682 1695 X
+381 +000 +1.72 +078 017 +000

7. 354 Bouschen Peter 80 FRG 17.26
X 1726 X 1708 1673 1672
+0.00 +3.58 +000 -044 +158 097

a8 )

8. 990 Protsenko Oleg 63 URS 17.23
X X 17.23 X X 1630
+0.00 +0.00 +383 +0.00 +000 +0.23

9. 51 Elliott Norbent 62 BAH 16.79
X X8M"9 - - =
+0.00 +0.00 +1.84 +000 +6.00 +0.00

10. 903 Slanar van 61 TCH 16.69
X 1669 1626 -~ — —
+000 +088 -036 +0.00 +3.00 +0.00

11. 577 Badinelli Dario 80 ITA 1663
1663 1640 16848 - — -~
+050 166 +165 +0.00 +0.00 +000

12, 751 Hofimann Zdzisiaw 59 POL 1658
16.49 X 1858 — — -
+1.51 000 +183 +000 +000 +000

845 Yamashita Nonfumi 62 JPN DNC

OrefTime 19:19 — Temp.: +26 °C
Press.:. 1017 mBar — Umidita/Humidity: 37%




TRIPLE JUumMp 11 WC - Rome 1987

Recent development of the event (including the ist World Championships -
Helsinki 1983) has proved that triple jumpers are improving their motor abilities, in
particular the ability of reaching top run~up velocity.

That, above all, has influenced the performance level of the past vears with its
clearly rising trend (see Fig. 1). The goal of reaching 18 m in the near future seems
to be quite realistic.

Diagram of performance development:

18.20 4
18.00 4
17.80 4
i?a 80 -
a1
Q17,40 4
z
£ 17,20 -
by
y 17.00
o
18080 e
bs
% 16.50 £ _,
l
o 16,40 4
16.20 e
60 62 €4 65 §3 70 72 T4 6 73 30 282 84 85 €3
1 SCHMIDT 4 SAKEJEY 7 BANIKS YEAR
2 STHHIDT S DLIVEIRA 8 BANKS
3 SAHELJEY 6 OLIVIZRA 9 HARKQY

Top-level results are based on optimum training in the final phase before the
most important competition and on performance stability throughout the year,

Even the slightest variation in performance determines the Ffinal placement,
especially among the best 20 triple jumpers.

Improved results changed the order of competitors to higher then their table
position held before the Championships (Markov, Sakirkin, Pastusinski, Bouschen,
Elliot). On the other hand losses of performance exceeding 2% predetermined the
athletes' failure.
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2. Biomechanics of the Triple Jamp

Since 1978 our studies have focused on investigating the development of the
triple jump technique of top-level athletes. Based on this work we can describe the
biomechanical factors at each phase of the jump and note the developmental
changes which have clearly influenced the overall improvement in performance.

The performancein the triple jump depends on the approach velocity, the
technical execution of the takeoffs and the choice of the suitable ratio of the hop,
step, and jump.

The following factors are necessary for the optimum effectiveness of the triple

jump technigue :

. Minimum loss of horizontal velocity;

. Minimum variation range of the velocity vy (movements in the frontal plane);

. Optimum flight course characterized by minimum necessary height of the CM
parabola;

4. Optimum linking of the CM functional trajectory courses In the transition
between support and flight phases;

3. Technical execution of the landing, without loss in jump length.

[y

3=}

e

The event can be divided into these elements : a) run-up, b) hop, ¢) step, d} jump.
 The Run-up

Run~-up speed is a major factor in determining the initial flight velocity of the
hop, step and jump (STARZYNSKI 1962, TAN ENG YOON 1971, KREJER 1978, 1980,
RACKOV 1980, SUSANKA 1979, 1983, 1984, ARNOLD 1985, KOUKAL and SUSANKA
1986 ). As in the long jump, the approach run can be characterized by a) the number
of strides, b) run-upspeed c) stride frequency and d) pre-takeoff rhythm. The
figures in this data compare to a considerable extent to the data for the long jump.
the few differences occur only in the last phase of the approach. In the last three
strides of the run-up, triple jumpers do not lower their body CM as much as the
long jumpers, because the hop takeoff launches them at a smaller initial flight
angle.

The difference in run-up speed between tripie and long jumpers has decreased.
The average run-up speed of the last 2-3 strides before takeoff ( 6-1 m before the
takeoff line) in the best triple jumpers is 10.4 - 10.6 m/s.
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The Hop

Athletes usually use thelr stronger leg to takeoff for the hop, chiefly
because the following takeoff must be from the same leg. This phase is crucial for
the success of the entire triple jump. The takeoff leg lands on the takeoff board as
actively as possible, pushing downward and backward from above ( a “pawing"
movement ). In the first part of the support phase the leg is flexed, in the second
part it is extended vigorously, its movement being completed throughout the takeoff
into the flight phase. Meanwhile the swinging leg, together with the arms, performs
a long and fast action, vigorously checked before the end of the takeoff, with the
aim of transferring the momentum of the swinging extremities to the other parts of
the body.

After completing the takeoff action, the takeoff leg is flexed under the
pelvis, moving forward and upward until the thigh is almost parallel to the ground.
Now, preparation starts for the next takeoff.

Perfomance model prerequisites:

- run-up speed vy in excess of 10.5 - 10.6 m/s;

- minimum vz (vertical velocity) at the instant of touchdown: -0.4 - 0.6 m/s;

- velocity losses vy not to exceed 4 - 5 % of primary velocity;

- lowering of CM before first take-off under 1 m even in athletes with body height
over 185 cm;

- less CM lift and greater forward shift of CM (in the direction of movement} at
the instant of takeoff, consequently a smaller flight angle 13 - 159 ;

- both the development trends and our previous findings have proved that the
optimum hop length is ca.36% of the entire triple jump - or 35% if the athlete can
minimize the differences in the lengths of the hop, step and jump (ca. 0.3 m).

The Step

The step is the most difficult and, with most athletes, the shortest phase of
the triple jump. The takeoff for the step is performed in a way similar to the hop,
with a pawing motion, but the horizontal velocity is lower, and use of the swinging
legs should be made to minimize further loss of the horizontal speed ( in Helsinki
1983, Conley 9,65 m/s, Marinec 9.1 m/s - Su&anka et. al. 1984 ). As soon as the
takeoff has been completed, the athlete is in the starting position for the third
takeoff. ‘

In the final part of the flight phase the knee of the swinging leg rises, while
the takeoff leg moves backwards for a powerful swing leading to the third takeoff

which should again be performed as a pawing motion.
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Perfomance model prerequisites;

- velocity vy at touchdown for the takeoff 9.4 - 8.8 m/s minimum;
- velocity vy (vertical) at touchdown for the takeoff should not exceed 2.8 m/s.
This demand is closely related with the position of CM at the instant of

touchdown and with the parameters at the instant of the previous takeoff.

- lowering of CM at the instant of touchdown to ca 1 m, forward shift of the sole
by 0.5-0.7 m;

- loss of forward velocity vy during the takeoff rises but should not exceed 6-11%:

- velocity vy at the instant of the takeoff should exceed 8.0 m/s;

- velocity of initial flight (resulting velocity-vector) v should exceed 8.4 m/s:

- vertical velocity vz should not exceed 2.0 to 2.1 m/s because of the resulting
reduction of the initial flight angle ( under 14° };

- height of body CM (h 7o ) is less than in the first and third takeoff;

- forward shift of CM with regard to takeoff place by ca 0.55- 0.7 m.

The Jump

The last phase of the triple jump is executed much like the long jump; the
difference is that here the horizontal velocity at the touchdown has dropped by 2.5 -
35 m/s to 7.5 - 8.5 m/s { KREJER 1980, SUSANKA et. al. 1984, 1986 ). In the flight
phase, the triple jumpers use any of the three techniques : the float, the hang and
the hitchkick or a combination of the hang and the hitchkick. Another feature in
which the jump differs from the long jump is in the action of the arms ( most triple
jumpers use double-arm action ).

Perfomance model prerequisites:

- velocity vy at the touchdown for takeoff 8.8 m/s to minimum 8.3 m/s:

- velocity vz (vertical) at the touchdown for takeoff should not exceed -2.5 m/s.

This demand {similarly in the second takeoff) is closely related with the

position of CM at the instant of touchdown and with the parameters at the instant

of the preceding takeoff.

- lowering of CM at the instant of touchdown to ca I m or less. A forward shift of
the sole 0.5-0.7 m;

- velocities vy in the frontal plane (right angle to movement) should be minimal,
approximating zero;

- loss of forward velocity vy during takeoff, compared with the first and second
takeoff, rises again, ranging between 25- 30%;

=~J
1
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- velocity vy at the instant of takeoff should exceed 5.8 m/s;

- initial flight velocity (resulting velocity vector) v, should exceed 6.8 m/s;

- vertical velocity vy should markedly exceed (unlike the preceding takeoff) 2.0 m/s.
It can approximate the same vertical velocity as in the long jump takeoff, i.e. in
excess of 3 m/s. This results in an increase of the initial flight angle to 20-25°;

- forward shift of CM at the instant of takeoff should not change markedly. The
helght of body CM ( hyo ) should exceed 1.15 m, but obviously also depends, apart
from the technical execution of the jump, on body height and other anthropometric
factors.

3. Methods and Procedure

The analysis has been focused on the following characteristics of technical
execution of the triple jump:

- run-up data,

- geometric data of takeoffs,

- velocity losses in the course of the triple jump,

- relation between lengths and time data in hop, step and jump,
- arms swing,

- landing data.

In addition to 3-D film analysis, videoanalysis and measurement of average
velocities of run-up by photocells were used for data collection. Some data can be
measured by twol( or three) different methods and in those cases one method was
used to check the accuracy of measurements taken by another.

For our biomechanical analysis of the ¢triple jump, the 3-dimensional
kinematographic method, with 2 cameras rotating round their vertical axes, was
used. They were used to record the final 3 preparatory steps plus the triple jump
itself. This scope of field allows analysis of locomotion over a stretch of about
28m. Placing both cameras on tripods limited the rotation of the cameras {and thus
the deviations of the shot image) In relation to the x-axis. The scope-angle was
chosen so that from both cameras, a motion in the object field over 4 - 6 m was
taken.The placing of the cameras is shown in Fig. 2A. PHOTOSONICS 500 cameras
with a frequency of 200 frames per second were used.

On the basis of film analysis, the 3-dimensional coordinates are calculated in
the following 2 steps.
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In the first step, the angular distance of the momentary optical axis of the
object-lens and separate anthropometric points in relation to the reference target are
fixed, on the basis of coordinates calculated from separate frames. The position of
the reference target is fixed in the absolute /i.e. real/ system of coordinates which
is parallel with the runway (Fig. 2A), by direct measurement on the spot in the
stadium. The angles in question are used for calculating the projection of
anthropometric points into the vertical reference (projection) plane which includes
the reference targets. This plane is identical for both cameras as well as for the
projection.

TRIPLE JUMP
POSITION OF CAMERAS

6m 13m

A

AOZSK
G

4

I i N2

K[0,%68,119} K}2705,149,121)
27.05m

2

FIG 2R

In the second step - by means of the projections of anthropometric points and
coordinates of both cameras mentioned above ( positioned by means of a theodolite
with regard to the runway and reference targets ) the 3-dimensional coordinates are
calculated as intersection points of rays.

The wvertical coordinates were smoothed before starting the calculation and
horizontal coordinates were projected into the reference plane.
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Futher data have been obtained from the videorecording of finals. The
recordings were made by 3 Betamovie cameras fixed on tripods placed at right
angles to and 0.6 and 11 m from the takeoff line. All 3 cameras shot the complete
course of separate trials from the beginning of the approach until the landing. From
these recordings the distance and time data of hop, step and jump were obtained.
The distance data were received by means of marks placed by us along both sides of
the runway at the sections 5.50-6.00-6.50m and 10.50-11.00-11.50-12.00 m from ¢the
takeoff line (Fig. 2B).

LOCATION OF PHOTOCELLS RND CONTROL. MARKS

LI | 1 it

\_\h

/
] aQ e | /
L Loem 5,5/6}0
L tim

PHOTOCELLS CONTROL MARKS
FIG 2B

The lengths of separate triple jump components were registered with accuracy
*0.05m in the following way:

Hop - from the toe (not from the takeoff line) at the first takeoff - to the toe at
the first landing;

Step - from the toe at the second takeoff - to the toe at the second landing;

Jump - the sum of the lengths of the lost distance, the hop and the step was
subtracted from the sum of lengths of the lost and official distance.,

The accuracy of the data obtained from the videorecordings has been checked
and also corroborated by the film analysis.

_10_
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Time parameters of hop, step and jump were obtained in three Wways:
- from the videorecording with an inserted digital time {(for the purpose of the fast
information only);
- from the film shot at 200 f/s;
- by means of space kinematography.

Run-up speed was measured in the normal way - by means of 3 photo-cell
gates placed at the distance 1, 6 and 11 m before the takeoff line. Such a placement
of photo-cells enables registration of the average run-up speed within two sections
- 11-6 m {v; ) and 6-1 m (v, ) before the takeoff line.

A list of the symbols and abbreviations used in the text and the tables can be
found at the end of the Report. To make orientation in the tables easter, the values
are marked in graphs in the respective tables.

4. Biomechanical Amnalysis of the Triple Jump - Rome 1087

This Report is presented in relation to the elements of the jump. The
biomechanical fundamentals of each element will be presented followed by the
measured parameters and the results including interpretation of the analysed jumps,

4.} Initial Phaze - Approach run

The run-up in the triple jump, much as in the long jump, can be characterized by:

- number of running strides (Ng ),
- run-up speed {vy,vy , vgTD ),
- rhythm of pre-takeoff strides (fp-5, -1, 5 ).

The number of run-up strides used by the WC finalists ranged between 17 and
23: 5 competitors used an odd number and 8 athletes an even number of strides
(Fig. 3A -NJ.

Most athletes started their run-up from the standing position, only
Pastusinski, Badinelli and Slanaf used the moving start.

It is interesting to note that two of them showed inaccuracies in excess of
0.14 m (Table 15) in their longest attempts.

_i‘i_
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4.1.1. Ran—up speed

High run-up speed is the basic condition for achieving top performances, even
in the triple jump - a technically demanding event. Our measurements of the Rome
final fully confirmed this.

Information about average run-up speeds (v, vy) was compared with the values
of the horizontal component of instantaneous velocity (vyTp ) at touchdown for the
first takeoff, obtained by means of 3-D film analysis. Instantaneous velocity was
0.1 - 0.2 m/s lower. This can be illustrated by the example of some of the finalists:

Vi Va VxTD

[m/s] [m/s] [m/s]
Markov 10.26 10.62 10.40
Conley 10.31 10.37 10.20
Pastusinski 10.06 10.20 10.10
Taiwo 9.86 10.08 10,00

The finalists can be grouped on the basis of mean run-up speed over the
section 6 - 1 m before takeoff line, as follows:

I. vy over 10.40 m/s: Markov (17.70 - 17.92 m), Conley (17.65 - 17.67m), Kovalenko
(17.38) .

II. v, within the range of 10.20 - 10.40 m/s: Pastusinski (17.13 - 17.28 m), Bouschen
(16.72 - 17.28 m), Procenko (16.30 and 17.23 m), Elliot (16.79), Badinelli {16.40 -~
16.63 m}.

III.v, within the range of 9.90 - 10.20 m/s; Sakirkin (17.31 - 17.43 m), Taiwo
(16.82,17.09,17.29m), Slanar (16.26 and 16.69 m).

IV. vy below 9.90 m/s; Hoffmann (16.49 and 16.58 m).

Markov and Conley managed to translate high speed in the final phase of the
run-up (Table 3) into good performance, unlike Kovalenko, Pastusinski, Badinelli and
Procenko. Sakirkin and Taiwo had very good results despite lower run-up speed. The
slowest of the finalists were Slanar and Hoffmann: this clearly affected their
performances.

A comparison of our measurements from Helsinki 83 and Rome 87 (Tables 2
and 3) reveals that, with the exception of Sakirkin, Talwo, Procenko and Hoffmann,
the Rome finalists achieved a higher v, speed 11-6 m before the takeoff line (an
average of 0.2 m/s).

_12._
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In the second section (6 - | m before the takeoff line), higher v, speeds were
achleved by four athletes in Helsinki. This seems to indicate that triple jumpers have
been trying to achieve a smoother build-~up of run-up speed, this providing better
conditions for pre -takeoff adjustment.

Three of the athletes (Conley, Bouschen and Hoffmann) took part in both
finals. While Conley and Bouschen displayed similar run-up speed, Hoffmann, the
champion in Helsinki, was notably slower in Rome.

RUN-UP VELCCITIES -~ 1s%t WC-HELSINKT 1983

II.M8

Name Np B | Vi | Ve | wina P PL
HOFFMANN 4 17,181 9,26 | 10,25 1,1 16,58 12

5 17,35 9,49 9,60}-0,2

6 17,42 | 9,63 [10,10( 0,5
BARKS 1 17,081 9,77110,75] 0,8 16,37 Q/19/

2 16,72 9,75 |10,06]| 0,7

317,18 9,84 | 10,78 0,4
AGBEBAKU 6 17,18 10,40 | 10,37 1,4 15,66 Q/27/
CONLEY 2 16,911 10,481 10,78 3,3 17,67 2

3 17,13 9,84 | 10,591 1,6

5 ]7,05 9,75 10)55 "039

PL - placing
Q . TABLE 2

- perflormance in qualification

,..13_.
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TINE CHARACTZRISTICS CF RUN-UP
/STRIDE FREQUENCY IN THREE LAST STEDPS

AND RUN-UP VELOCITY/

TABLE 3
Name No Dg fn—2 Lo T Vi1-s Vg.y wind
MARKOV Li17,81) 4,351 4,55} 5,00 10,27 10,55| 2,14
4117,96f 4,171 4,55 4,76 | 10,26 10,62| 1,57
5 X 3,70} 4,55| 5,00| 10,40 | 10,55
CONLEY 1j17,37] 5,00 4,76 | 5,00 10,351 10,33| 4,32
5| x 4554 | 4,161 5,26 | 10,66 | 10,06
617,70 10,311 10,37]|-1,00
4 x 4,35 4,35| 4,76 9,6C| 9,77
KOVALENKO  1117,40| 4,00] 4,35| 5,55 | 10,14 | 10,40|-1,00
4 X 4,00| 4,35 | 5,26 5,84 1 10,00
617,11 ' 9,82 | 10,06] 0,17
PASTUSINSKI. 1{17,45| 4,00} 4,35 5,00| 10,22 | 10,27| 0,8t
6{17,34 10,06 | 10,20({-0,77
TATIWO TH1T7,47] 4,35 | 4,76 5,26 9,86 | 10,08 3,31
BOUSCHEN 1| x 4,16] 5,00 10,20 | 10,20
217,341 4,54 1 4,35 5,26 | 10,29 | 10,35| 3,58
516,83 4,35{ 4,00 5,00| 10,08 | 10,33| 1,58
6{16,84 10,02 | 10,20|-0,17
PROCENKO 1 X 4,16 3,85] 4,54 | 9,52 9,84
4 x 4,001} 4,35 376 [ 9,94 1 10,31
616,33 9,80 10,20| 0,23
ELLIOT 1l x 4,54 | 4,00 4,76 | 10,00 [ 10,18
SLANAR 1 x | 4,54]4,54]5,00| 10,20 o.=4
BADINELLTI 1116,75| 4,35 | 4,35 5,55 10,cC ] 10,25 0,50
HOFFY.ANN 116,61 | 4,54 | 4,54 5,55 G,68 9,75 1,51
2] x 4,16 | 4,16 9,49 | 9,92
YAMASHITA 1] x 4,351 4,35| 5,00| 10,04 | 10,18
NT - Number of trial
Dy - Effective distance /m/
oo - Frequency in third step from takeoff /number per
= second/
fm~1 - Frequency in penultimate run-up step /number per
= second/
T - Frequency in last run-up /number per second/
Vi1.5 =~ Average run-up velocity 11-6m from takeoff
board /m/s/
Vg1 - Average run-up velocity 6-im from takeorr board /m/s/

-1
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4.1.2. Stride frequency

Basic information concerning the stride rhythm during the run-up can be
obtained from the stride frequency. We concentrated only on the final part of the
run-up.

By means of film analysis we fixed the duration of the last three strides of
the run-up (sum of the support and flight phases of each stride}. The timed data
were computed into the number of strides per second (f,., = stride frequency in the
third step before takeoff, fy,-; = the same in penultimate step of the run-up, fy =
the same in the last step of the run~up).

Triple jumpers tend towards modifying the rhythm of the last three strides by
increasing stride frequency. This means that the duration of the last three strides is
successively reduced. This can be proved by watching top - level athletes. (Table 3)

Four athletes from among the 13 finalists in Rome clearly increased stride
frequency In the last three strides, reducing the duration of the strides (Markov,
Kovalenko, Pastusinski and Taiwo for instance had stride frequency of 4.35 - 4.55 -
5.00 strides per second).

st WORLD JUNIOR CHAMPIONSHIP - ATHENS 1986

Nane Np P2 [ To-2| Tacr | T | Viies | Vemr | Mind
PARIGIN 3{16,84 | 4,08 4,00 4,15 | 9,73 (10,16 0,95
LOPEZ 2116,82 ] 4,34 4,16 4,34 | 9,88 |10,10| 1,95
DIMITROV 216,38 | 4,54 | 4,54 | 4,16 | 9,43 | 9,80| 1,10
DU 1116,09 | 4,54 | 4,16 | 5,00 9,88 10,06 1,35
MRSTTK 515,97 | 4,00| 4,00 | 4,54 | 9,40 | 9,56| 0,70
TABLE 4
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The others had an equal frequency in the second and third stride, and a higher
rate in the last one (Sakirkin, Slanar, Badineili, Hoffmann and Yamashita, for
instance 4.35 - 4.35 - 4.76 strides per second respectively). A decrease in stride
frequency in the penultimate stride (for instance 4.54 - 4.16 - 5.26 strides per
second) was found with the rest of the finalists {Conley, Bouschen, Procenko and
Elliot).

All the finalists of the II WC had a higher frequency in the last stride before
takeoff than in the third stride before takeoff. The same thing cannot be said about
the juniors category. Most of the juniors athletes have not fully mastered the
technique of preparing for the takeoff. A clear indication is an example from the Ist
WJC (Table 4). The variability of the stride frequency is notably higher both in each
individual athlete's trial and between each of the athletes. This is also true for the
characteristics for run-up (stride frequency in three last steps and run-up velocity).

4.1.3. Pre-takeoff rhythm

From the pre-takeoff rhythm and its changes we can judge the importance of
technique modifications of the final phase of the approach run.

There is evidence for the close dependence of the extermal and internal
characteristics of the movement,

A detailed time-analysis of the last three run-up strides, focused on the
duration of the support and flight phases, revealed the following facts:

- duration of suppori phases is equal (Bouschen, Procenko, Elliot, Yamashita) or is
increased (Markov, Conley, Pastusinski, Taiwo, Sakirkin, Slanar, Badinelli); uneven
data were found with Kovalenko and Hoffmann;

- duration of flight phases of the finalists is gradually reduced (Markov, Sakirkin,
Kovalenko, Pastusinski, Taiwo, Slanar, Badinelli, Hoffmann, Yamashita), or is in
correspondence with the rhythm: medium, longest, shortest {Conley, Bouschen,
Procenko, Elliot).

The execution of the last three strides for the jumpers in the triple jump final
approximated the pre-takeoff rhythm of long jumpers. At touchdown, the jumper in
the last two strides is near to the vertical moment position(Kovalenko, Pastusinsky,
Slanar). Badinelli, Conley, Taiwo, Pastusinski and Yamashita displayed uncompleted
takeoffs, as a result of a reduction of the flight phases of the pre-takeoff strides.

_]8_
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Except for Slanar, no other athiete reduced the running speed just before the
first takeoff through the rhythmical modification of the last strides {in the section
6 - 1 m before the takeoff line). See Table 3. The fact that the run-up speed
increases until the first takeoff was proved both in Helsinki and Rome. Even so it
cannot be said that all the competitors fully exploit their maximum speed. For
instance Conley, a finalist at Rome both in the triple and long jump, reached in the
triple jump an average speed 0.2 m/s lower than in long jump.

4.2. Geometric data of takeoffs

In this section time and trajectory characteristics of body CM and angle
parameters of all three takeoffs are presented.
The data are:

- body CM position at touchdouwn and takeoff and its trajectory during interaction
with the ground;

- distance of the perpendicular from the suppport point (defined by the position of

the heel or toe) at the instant of touchdown and takeoff;

angles of touchdown, takeoff and initial flight;

takeoff time ;

- horizontal distance from CM to takeoff toe.

1

In this report we present the following additional data concerning each
takeoff:

sideward deviations of body CM and CM of limbs during takeoff;

vertical changes in body CM positions and CM of limbs during takeoff;

- functional course of changes in the knee-joint angle (AJK) during takeoff;

functional course of the thighs angle (ABT) during takeoff;

- time and angle data in the moment of vertical (the body CM is located exactly
over the CM of the takeoff foot) and in the momet of the amortization (the
greatest flexion at the knee joint of the takeof leg).

This information was obtained by the three-dimensional side projection (Figs 4,
i1, 18A to C), projection into elevation (Figs 5, 12, 19 A-C) and projection into the
ground plan (Figs 6. 13 20 A to (). They show the execution of takeoffs and
facilitate visual judgement (together with Fig. 8 A to G) of the sideward deviations
of body CMs of limbs, which may affect the dynamic stability of the jumper,

4.2.1. First take off {Hop}

The body CM at the instant of touchdown is, in all athletes below the 1 m
level. Pastusinski is the only exception (his 201 cm make him very tall indeed). The
highest value of body CM-elevation was in Sakirkin's hop: 0.21 m. This also was the
longest hop in the set of values concerned (6.45 m); initial flight angle 16.8 ©.
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Ground projection of the takeoff (Fig. 6 A to C) the CMs of limbs {(LL, RL, LA,
RA) and the body CM (26) (Fig. 8 A, B, C, D, F, K, G} reveal graphically the level of
takeoff execution. Next to Sakirkin's hop, Conley and Kovalenko had an efficient
takeoff in the hop. That is shown by the shift of body CM and CM of the takeoff
leg in the dircetion of the x-axis (i.e. in the direction of the hop). During takeoff,
only minimal sideward/frontal deviation 0 - 2 (max. 3) ¢m between these CMs was
observed.

Conversely, in Taiwo's, Bouschen's and Elliot's takeoffs, significant sideward
deviations occurred. Taiwo and Ellict probably became aware of takeoff inaccuracy
in flight. Following poor takeoffs athletes usually try to keep the dynamic balance
by compensatory movements of the extremities. The sideward deviation of the
takeoff-leg CM and the body CM (26) rises to 5 - 8 cm and even more. In some
cases the athlete has to compensate for the loss of stability in the flight phase.

In all cases observed the lifting of CM starts just before the end of knee
flexion (before the instant of amortisation). At this moment, or, rarely, near this
point, the thigh position starts changing (the swinging leg thigh passes the thigh of
the takeoff leg). The lift of the CM of the swinging leg starts before the end of the
amortization phase.

In most trials, in the hop, the instant of the vertical position { body CM is
above the centre of the takeoff foot) is identical with the instant of amortization
(Table 6 AKJa, AKJy, and Table 5 - ty, tg). The only exception is Kovalenko: the
instant of the vertical was reached by 0.015 s sooner.

The angle-magnitudes between the thighs at the instant of touchdown and
takeoff, ABT ), ABT;., show the extent of the action of the swinging leg in
takeoff.

In the hop Pastusinski (Table 6) was the most active of all the finalists; but
his takeoff was the slowest of all (takeoff time t, = 0.135 s).

Takeoff times range between 0.1 - 0.135 5. The smallest touchdown angle -
ATDp was measured in Conley, Bouschen (107°) and Taiwo (110°), This correlates
with the shortest forward shift of the sole at touchdown (dy; ) in Conley (0.31 m)
and Taiwo (0.34 m). Together with Bouschen, they also had the shortest hop length.
The forward shift of the body CM in front of the takeoff-spot clearly influences
the takeoff angle.

Shortest horizontal distance between the body CM and the toe of the takeoff
foot was measured in Markov (0.39m) and Taiwo {0.37 m); conversely, these two
have the largest takeoff angle (70°). The initial flight angle ranges between 13 - 14°,
Only Sakirkin (16.8°) and Elliot (12.3%) differ from the others.




TIRE DATR £§D TRAJECTORY CHARSCTIRIGTIC OF BDIV (¥ - 167 TRYRDIT (HOP)
D D |d H| 2| 2S |S.] T 2t |t |t
O |l El1lBlclc| Y|zl Vv ]a |1
HARKOU  [17.92]17.98]6.54]185] 0. 5% -5.08 6.40]0.33(¢.655(6.05 |6. it
COHLEY 12.67{17.7016.11)186|0.96|1.12~0.02{0.1610.31|0.5410.05 |0.05510.12
SAKIRKIN 17.083(17.18;8.45/183|0.30(1.11(|-0.04(0.2410.38{0.47|¢.05 0.055(0.12
KOUALEHKD (17.38(17.40|8.1711911¢C, 88 g.00 0.4010.57(0.95 |08.06510.115
PASTUSINSKIL7.26117.34]6.40720111.02(|1.20]| 0.60]0.1810.45 0,55|0.05 |0.05 |0.135
TAIHO 17.23|17.4316.03]180{0.57(1.08|-0.05i0.111i0.3410.3710.05 0.055(0.105
BOUSCHEH 17.261(17.34 J. 781181 0.04510.045(0, 50
ELLIOTY 3 18310.93(1.05|-0.44(0.121(0.42(0.45(8.055(6.06 |0.12
TABLE 5
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| e > O B e
D 0. |d P Py P I g R Ly P o P <
(o) E 1 - = X i X | (O M E L

< | i i< |< = |« |l
MARKDU - | 17.92(17.96(6.54|112|1241 161} £48|L48]1721-58 | s1l76(14.1
CONLEY 12,87 17,706, L1107 1421 [53[430(130]1L57]-93 | 92153 (14.¢6
SAKIRKIN 17.03(17.18i6,451111 152|134 135156 1-60 | 83 |Rr6 (15,8

)

KOVALEHKD 19.38(17.40(6.17 113|124 158129132157 |-62 | 95188 |13,

PASTUSINSKI| 17.26|17.34|6. 40113 {126] 1367133 133170 (-53 {11164 113.0
Talkl 17.29147.47)8,03|110(122( 150|133 133155 {-54 | 8270 |13.8
BOUSCHEM 17.26117.3415.78 (107 15351141 (141 ~44 112
ELLIOTY b 1141126(1597135[128 (160 (-58 | 8287 {12.3
THE AKELES ﬁKJTp,HKJn ;ﬁﬁjg ,HKJTQiDESCRIFTEEH SEE FIB.;
RRE LIMITED BY CONNECYIHS LINES OF THE CENTERS GF ROTATION {y HIP
KMEE AHD ANSLE JOINTS.

----- -r"i'
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DGES NOT REACH 1807 (69,

SPALE ANGLE,WHICH, IH EXTINSIOH OF KHEE JGIHT,

THE ANELE ZETHEEEN THE A¥1S OF FEHMUR AND TIBIA 15 GREATER THAR ANGLE
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_22_



G MAREOU 17,320

3-DIHENSIONAL SIDE Vit  H[]P FIG 5A

FROKTAL PLAKE
PROJECTIGH

z _Lmi

-
L T L T ~ R o S R
S S VONRNG SN SN YU S |

R
- -

| S W
a

[vm }

]
L " A B e T

PR S SISO NEUUI.

[ SN S

Cm?
T T T T T

O-A Nt OGN O

. 3 ' r 1w x E . .

L= N vt I vt B v B o |
-

OO0 000000 A

N

oL o L1
11 1 T 1 1117
OMN@OBETHINO+O0DANSITYNROMDROANCO TN OMDR

LI T

SO
T r g ¢ 17 1T © 1t 1T T 3 11T 1T ¥V 170

L T N R L 3 [ L L T T Y T B [ S »ooa

D000 CCO00 00 A MM A rld A e ANNGHENNNNNNEN

S-DIMEMEIDONAL COORDIMATES

MFE TIM IDP Xz z g
133 0.02 26 ozz4  -—-108 1091
143 0.07 26 3772 —127 1075
195 0.1 Z6 403 —171 1184

.,23...



: ARKOV 17,582 HOP
d A 321
[ ¥
N
135090 -
1800 A FUNCTIONAL COURSE OF UERTICAL DEUIATIOR QOF
1700 - ARNSIRA,LA) CERTRES OF HAaSS
o BODY(26) CENTRE OF HASS
160 LEESIRL,LL) CENTRES OF HMASS
1500 A v reet
Li
1400 1 _'_’_,,.-'""‘ - F
1300 e | e "
1200 1 BRI | IR Ly e
1000 1L
300 I censl
”__,..r“"'
800 f—m . N St
21T I iy | 4
8001 1D AV 10
500 - FIG 7A
400 -
300 ! Y T T T ?i I vt T [
0 4 8 O T B ® F O ® O 4 W O T » o6
O O O O O O 0O 0 O O A = 4 A « <« -
6 6 o o 0o 6 6 0 0 0 0o 0 0 6 0 6 o
530
¥ v v
300 I L I M A S B R B Mg
0 4|6 B ¢ D OBl @ @0 oC o« 6 l® ot o® o®
4000 o |o o ©o © O O O o =« A (a4 A A +
ok 6|6 6 6 8 alb d o e s ole s s
200 ™ A 0 FIG 8A
100 A T | ""\‘»‘ LA
U i g T T et ——— ] ,_“L_.L.L“' "
-100 - | T B
— et T 26
‘200 “ RL —
=300 .. L ) ____Ra
-400 - g ’
FUNCTIOHAL COURSE DF HORIZOHTAL DEVIATION OF
~500 ARHS(RA.LA) CENTRES OF MASS
~£00 1 BODY(26) CENTRE OF HASS
-700 LEGS(RL,LL) CENTRES OF HASS

HZI;._




NLEY

3-DIMENSIDHAL SIDE VIEM %% EE ?3

Ceml

<

FIG 5B

FRONTAL PLANE
PROJECTION

HORIZONTAL PLANE PROJECTION

H Lml

S-DIMEHSIDONAL COORDIMATES

MFE TIM P Xe Y s £z
120 0.0z 26 9417 -z92 362
13t 0.07 25 3984 ~284 8976
144 Q.14 26 65394 -311 1120

_zsm



Y Coami

E
4 CONLEY 17.67 m  HOP
d
N
1300 1
1800 1 FUNCTIONAL COURSE OF UERTIGAL DEVIATION OF
1700 4 ARMS{RA, L&) CENTRES OF HASS
3GD¥(26) CEHTRE OF H#ASS
1600 -
LEGS{RL,LL) CENTRES OF MASS
1500 . ’f“"-‘:-f
1400 1 e T
P L
-‘-"‘-_.‘__“-- '__’__d"'- __,.-"""
1106 - :{'}.u..“_h_‘ ........... “'P.—P-i//"‘f’
10060 1 R
§00 4 (26) LowmT
800 e
760 RI P It
800 ...._r _______ I ]
5064 LLTD VA T0
400 - é L FIG 7B
360 ; L T T T Y ; T Y T Y T T T 7 % [s1
o i [y y] b3 4] [+] ™~ © 1] =] - o s < i o
o O ] [n] Q [ =] [n] [w] ) - l i -l L] i i
S 4 66 0 0 0 0 6 o o 60 o o o o0 o©
400
3060 I y i T 1 T T ]v T T 7 1 T Vl H P
= ] ] ¥ ] ] o 1] i1} ju] ]} [ ® ¥ -1 [
208G 5 |lo o 0 6 © @ © DO A4 A4 A4 A |4 A 4
1004 olo o 66 o |d o o o e o o lo o o
0 ..
FIGC 8B
100 _ L~ S B ;
04 1D VA g’ TO LA
=300 7 {26) S RLILTERY
~400 TPl manggzmemmn mmme e et SICLELLY-) A
~500 1 T e
-600 - . R
200 TUNCTIONAL COURSE OF HORIZOMTAL DEUIATION OF
ARHS(RA. LA CENTRES OF HASS
-800 7 1opvi25) CENTRE OF HASS
-800 1  LESS(RL,LL) CENTRES OF MASS
-1000 -



%
hi
3-DIHEHSIONAL STDE VIEW HOP FIG 5C
FRONTAL PLAME
PROJECTION

NFE TImM ip Xs= Y s g
126 0.0z 2 5182 —-31 903
137 0.07 26 5807 ~-57 941
130 0.14 2z 6411 =71 1108

_27_



Y Emmd

g SAKIRKIM 17.03 HOP
f SAKIRK A3 m
| ¥y
N
1800 4
1800 - FUNCTIDNAL COURSE OF UERTICAL DEVIATION OF
ARHMS(RA.LA) CENTRES OF HMASS
1700 1 A o
BODY{26) CENTRE OF WnSS La,
1600 LEGSIRL,LL) CINTRES OF MASS _,.-""‘f
- Pl
1500 P RA -
1400 - g A
.r""’ J""
1300 1 J,_,--*" ',,-"
1200 - AT B
1100 - S (U H.,_..,_;-.o-f 14 “_'.r
10004 | 7T
900 T ]
850 M J I
700 - e P S
600 T T e RL
500 - D V, T0
400 - ' I FIG 7C
300 T ?i ] { i T i T T i T T [ S T n
0 4 NN ® ¥ O © - 0 O O A N 60 T » 6
0O 6 O O 06 0O O O 0 O A Y4 Hd W wH A A -
6o 0 6 6 6 6 6 6 8 0 6 © 6 6 6 o6 o
608 1
500 y Y
¥ 1 ] 3 ] ¥ ll H 13 ] 1] i 1 i 1 1 Tt [S]
O« I8 @& ¢ B © M T 8 0 A4 6 0 5 o0
4000 oo © O O O 9 0O O «H H A A |d &4 A4 H
o I DI IR IS IR
FIG 8C
2004 TD VA 10
100 s R It N ol i ¢ e B e s LL
166 - RL =~ —
=200 77" Bt A
-300 T
-400 - TUNCTIOHAL COURSET OF HORIZOMTAL REUTATION orF
BENS{RA. LA} CERYRES OF HASH
-500 1 - -
BODY(261 CENTRE OF KASS
-£00 LEESIRL,LL) CENTRES HOTF MASS
~-700 -




TRIPLE JUMP I1 WC - Rome 1987

4.2.2, Second takeoff { Step}

The height of body CM at the instant of touchdown ranges in most jumpers
between 0.94 - 0.96 m, again with the exception of Pastusinski (1.04 m) and Taiwo
(1.01 m}. The mean touchdown angle (Table 8) is greater than in the first and third
takeoffs. This corresponds with the longer horizontal distance of body CM from the
heel of the takeoff leg at the instant of touchdown. The maximum forward shifts at
the instant of touchdown are 0.23 to 0.24m longer than in the other takeoffs,

The elevation of both particular and total body CM in Markov still starts
before the instant of amortization, while in others it starts later on.

In most of the second takeoffs the moment of amortization {AKJz = min)
occurs after the moment of the vertical. The time-lag between both moments is
evident in Sakirkin (0.02 s) and Kovalenko (0.015 s}). Markov and Taiwo repeat the
course of the first takeoff, i.e. the synchronization of the moments of the vertical
and amortization (AKJy = AKJy and t; = ty). In Bouschen's case the observed
moments follow each other in reverse order.

The extent of the movement of the swinging leg increases in all the athletes
except Markov. This is more evident in Sakirkin, Kovalenko, Bouschen and
Pastusinski,

The minimum changes of the takeoff-leg knee flexion in Markov correspond
with the minimum downward shift of the CM in the amortization phase and with
the reduced takeoff time.

The greatest sideward deviations (Sy) were found in the second takeoff -
indicating the difficulties of mastering this triple jump phase properly.

The highest elevation of the CM achieved in the takeoff-course (019 m) is 2 to
3 cm lower than in the other takeoffs.

The horizontal forward shift of the body CM, in relation to the takeoff spot
undoubtedly increases (variation range 0.47 -0.69 m),

The support time is also extended (first takeoff 0.10 - 0.135 s, second takeoff
0.133 - 0.18 5). That goes for the time necessary for reaching the vertical moment
(first takeoff - 0.045 - 0.085 s, second takeoff - 0.05 - 0.075 s) and the
amortization (first takeoff 0.045 - 0.065 s, second takeoff 0.05 - 0.09 s). Average
takeoff angle 59.6°; initial flight angle 13.3°.
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CONLEY 17.87{17.70]5.52 109 164 1134] 438 (18557 33{57110.0

SAKIRKIH 17.03{17.1813.15(111 139 1251123 1167{-63| 98158 (14,2

KGUALENKD 17.38117.4015.581112 160311381140 (172|-69| 93|51

PASTUSINSKI| 17.26(17.24(3.22(116 (127|158 1121122165 |-63 |108|58(15.5
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THE ANGLES AKJyp»AKJg »AKTy »AKJqp (DESCRIPTION SEE Fl&. 7
ARE LIMITED BY CONNECTING LINES OF THE CENTRES IN ROTATION OF HIP,

KNEZ AMD &NSLE JDINTS.

THE GUESTIGH IS ABOUT SPACE ANGLE.WHICH IH EXTENSION OF XNEE JOINT
DOES NOT REACH 180°¢09. _

THE AMELE BETHEEEN THE A¥IS OF FEMUR AND TIBIA 15 GREATER THAN ANGLE
DEFINED ABOVE (DIFFEREHCE IN PLANE PROJICTION Coa (5 }

IN SPACE PROJECTION §-12 )

AKJ, - ANBLE AT KHEE JOINMT

AT THE AMORTIZATION [ °3
AKJ, - ANSLE AT KHEE JOINT

AT THE VERTICAL HDMENT {°
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TRIPLE JUMP I1 WC - Rome 1987

4.2.3. Third takeoff (Jump)

The CM, in 6 of the jumpers concerned, is situated, at the instant of the
touchdown, below the 1 m limit. The variation range of the CM height at the instant
of touchdown - 0.92 m (Markov} ~ 1.02 {Bouschen}.

No marked differences of touchdown angle from the preceding takeoffs (i1l -
115°) were found.

The same is true of the horizontal distance between body CM and the takeoff
spot (heel). In relation to the movement direction of the body CM in ground
projection (Fig. 22 A, B, D, E, G, KJ, technically efficient takeoff was executed by
Conley, Kovalenko, Taiwo, Bouschen and Elliot. The sideward deviation of the
takeoff leg CM in all these jumpers did not exceed Z to 3 cm.

Both Pastusinski and Bouschen start the lift of the total CM and CM of the
limbs roughly at the moment of amortization (Fig. 21 E, G).

The time lag of the moment of amortization behind the moment of the vertical
0.015 - 0.02 s (for the first time even in Markov -0.02 s5), {Table 9, is evident in all
the jumpers.

The largest extent of the swinging leg movement was found in Markov,
Kovalenko and Pastusinski.

Compared with the preceding takeoffs, the variation range of the takeoff-time
tends to increase (0.145 - 0.195 s). The mean takeoff angle is smaller (63°) than in
the first takeoff (66°) and - as could be expected - greater than the mean angle of
the 2nd takeoff (60%. The magnitude of the initial-flight angle is markedly
increased (first takeoff - 13.9°; second takeoff 13.3 ©; third takeoff 21.69).

The third takeoff was poorer in the cases of Sakirkin and, particularly,
Pastusinski (Figs 22 C, 22 E ). The deviation of the CM from prior movement
direction is quite clear. The sideward shift of the takeoff limb and the body CM is 7
- 9 cm.

Markov, too, had some technical problems in the last takeoff (Fig. 22 A), and
had to even out the takeoff - course by means of sideward movements of the legs
(sideward deviation 7 - 8 cm). In other parameters he differed from the others so
much that, despite the above problem, he had the longest jump (6.12 m). Markov
was the only jumper to keep up the tendency observed in the ist and 2nd takeoffs.
He starts the lift of the body CM and CM of the limbs before reaching the moment
of amortization {Fig. 21 A), benefiting the other factors of the takeoff and providing
the conditions for the longest jump.
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e1ie Cr O - 3RD TAKEDFF (JUAP)

HARKDOV 17.92117.96)6.12(185(0.92|1.14|~0.04 [0,22{0.358 |6.53 0.085(0.08510.16

CORLEY L1?.67 [17.70|6.07 (186 (0.8311.14] 0.07(0.21]0.43 0.08 [0.095(0.185
SAKIRKIH  |17.03(17.18}5.%8|183(0.93 -0.02 0.3610.42/0,065(0.08 |0.13
KOVALENKD J17.38(17.40|5.865(i8¢ 0.03 0.4010.53|0.07 [2.075(0.18

PASTUSINSKIL?.26 |17.34/5.72 (204 [1.00{1.47| 0.021(0.17/0.4110.55 6.08 10.105(0.18

TATHDO 17.28|17.43|6.02 (180 0.93|1.40} 6.062(0.17(0.44(0.56(0.065 |0. 055 0.183

BOUSCHEN  |17.26 [17.34|5.88(18111.02(1,13| 0.04 0.40(0.49{0.085|0,08 |0,145

- ELLIOTY H 5.031183(0.94 |1.10] 0.04(0.16/6.35/6.44(6.07 (0.05 15.183
TABLE 9

Uy = DURATION OF THE PHASE FROM THE TOUCHDOWH
INSTANT TILL THE HOMENT OF VERTICAL {s}

la - DURATION OF THE PHASE FROM THE TBUCHDOUH
THSTANT TILL THE INSTAMT OF AMORTIZATION [3)

ts ~ DURATIGH CF THE JUWP [s3
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TABLE 10 ANGLE PARRKETIRS - 3R TAKEQER (VM)
53] ST o9 o
D, |p.|d. |81 1L e o =
=| @
0 E < | | 1< | T g | || =
HARKOV 17.82(17.86(6.12 (111|126 |164| 144 | 145|171 |-56|107]65
CONLEY 17.67{17.70(6.07 (114124 157} 118] 120|165 |-62] 97|58 |17.7
SAKIRKIN | 17.03[17.18[5.58(111 161|144|145(173 |-62| 85|sa|23.4
KOVALEHKD | 17.38(17.40(5.65]114 (127|156 127 168 |-63{112|5Z [21.4
PASTUSINSKI | 17.26|17.34(5.22|112|125|160] 122(127]158 |-54|108]53 |20.0
TAIND 17.28(17.47(6.02|115|127 158} 124| 127|163 |-49[100|63 |23.5
BOUSCHEN | 17.26(17.34(5.86|111(123(159]124(137{161 |-44| 95]58]|23.0
"ELLIOTT X 1131125|164]135|136]173 |-45| 95|68 [21.3
THE AHBLES AKJyp AKJg »AKJy +AKJyo (DESCRIPTIDN SZE Fie.)
ARE LIMITED BY CONNECTING LINES OF THE CENTRES OF ROTATION IN HIP.

KNEE AND ANHELE JOIHTS
THE GUESTION IS ABOUT SPACE
DOES NOT REACH 180° (0°.

THE ANGLE BETHEEEN THE AXIS OF FEMUR AND TIBIA I5 GREATER THAN ANSLE

RED ABGVE

i ¢
SPAUE FROJEC

HH
T

TORM
LILLrL
gy 8-

@)

T‘llf‘f‘

LAL
-1z '}

AKJ, - ANBLE' AT KNEE JOINT
AT THE AMORTIZATION [ *)
AKI, - ARGLE AT KNEE JDINT
AT THE VERTICAL MOMENT [ °]
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TRIPLE JUMP I1 WC - Rome 1987

4.2.4. Arms swing

Optimum arms swing action helps the athlete a) to maintain maximum
horizontal velocity in the course of the triple jump, b) to increase vertical velocity
in separate takeoffs and ¢} to maintain dynamic balance in flight and support
phases. Information about this element of triple jump technique was obtained by
means of film analysis. For basic evaluation of arm swing technique videorecord can
be used.

The finalists of the II WC used two kinds of arms action - (1) the running
swing action (RSA) and (2) the double arm swing action (DSA). There are two
variants of the reciprocal running swing - (a) natural rumiing swing {(NRS ) and
modified running-circular swing (RCS) with circular movement of the relatively
extended arm on the side of the swinging leg. With respect to utilizing the mobility
of the swinging arms, double arm action is more efficient. It obviously requires a
higher level of movement coordination. Incorrect execution can cause loss of
stability in flight phase. The most natural combination of swing movements in the
triple jump is the variant RCS - NRS - DSA.

In Rome it was used by Markov, Slanar and Hoffmann. However the most.
frequent variant was the one with the double arm swing in hop step and jump
(Kovalenko, Taiwo, Procenko, Elliot, Badinelli).

The other athletes used the following techniques:

RCS - DSA - DSA (Conley, Pastusinski)
RCS - NRS ~ NRS (Bouschen, Yamashita)
DSA ~ NRS - DSA (Sakirkin)

Suprisingly, even elite competitors change their arm swing ¢pattern in their top
performance period. Conley only in the takeoff for the hop (at Helsinki 83 he used
the double arm swing in all takeoffs), and Procenko in all three takeoffs (eight
weeks before the II WC, at the European Cup meeting in Prague he used the
reciprocal arm swing exclusively}. Such striking changes, before the most important
competition of the year seem to be irrational.

4.3. Velocity components in takeoffs

The results of measurements and analyses make it possible to lay down the
basic conditions of efficient execution of the takeoffs, depending on the geometry
of movement.

1. Minimization of velocity components

- vy at the instant of touchdown,

- vy at the instant of touchdown,

- vy at the instant of takeoff.
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TRIPLE JUMP 11 WC - Rome 1987

2. Minimum losses of horizontal velocity vy in takeoffs.
3. Maximum run-up speed - 10.4 m/s (minimum 10.1 - 10.2 m/s).

The ratio of horizontal and vertical velocity components in the course of the
takeoffs indicates that the characteristic relations of these values cannot be
determined. This is probably due to the difference in run-up speeds and to individual
technique patternms.

Losses of the horizontal velocity component (Tables 11, 12, 13) are factors of
considerable significance.

a/ Losses of horizontal velocity in the course of the support phases averaged 10% in
the first, and 12% in the second and third takeoffs.
Hop Step Jump
Markov 0.3 m/s (10%) 07 m/s 1A  ———
Conley 0.3 m/s (10%) 1.5 m/s (12%) 1.6 m/s (12.5%)
Pastusinski 0.3 m/s (10%) 21 m/s (12.7%) 1.3 m/s (12%)

b/ The mean gradual reduction of the horizontal velocity at the instant of
touchdown in the second and third takeoffs is 13% and 16%.

Step Jump
Markov 1.7 m/s (12574  -———
Conley 1.8 m/s (12%) 3.8 m/s (16%)
Pastusinski 2.5 m/s (13.2%) 4,0 m/s{16.5%)

¢/ The corresponding mean values at the instant of takeoff for the hop, step and
jump are: 5.9%, 20.8% and 36.2%.

Hop Step Jump
Markov 0.5 m/s (4.8%) 21 m/s (2024)  -—-—-
Conley 0.3 m/s (2.9%) 1.8 m/s (17.6%) 3.8 m/s (37.3%)
Pastusinski 0.3 m/s (3.1%) 2.5 m/s (24.74) 4.0 m/s (39.6%)

The rise of vertical velocity v, (Tables 11, 12 and 13) ranges within 2.0 - 2.8
m/s in the first, 1.4 - 2.4 m/s in the second and 2.0 - 3.0 m/s in the third takeoff.

The level of velocity vy has significant influence on the dynamic stability of
the jumper. Excessive rates may cause undesirable rotation in successive phases of
the triple jump. The optimum values vy for the takeoff should range between 0 &
0.6 m/s. The variation range in the trials concerned was vy=0 * 1.5 m/s.

._4_8__



JELOCITY CONPONENTS - 18T TAKEDPF (HIP)

D |D.|d | 55 H L858 ¢
o | “E |71 == = = =
HARKDV 17.92117.86|6.54{10.4} 0.0 [~1.3|10.5 (10,1 |-0.9/2.5 |10.5
CONLEY 17.67(17.70]6,1146.2/0.0 (-0.5[10.2| 8.8(-0.72.4 |18.2
SAKIRKIN 17.03[17.18(6,45 -0.3]2.8
KOVALERKD 17.38(17.40|6.17(10.2/ 0.0 |-0.8|10.6! 8.8(-0.212.3 iG6.1
PASTUSINSKI | 17.26|17.34(6.40{10,1[1.31-0.6]10.3 8.81-1.412.2 16,2
T&AIHD 19.29(17.47(6,03|10,0/0.9(-0.8/10.1 5.8 | 0.0{2.2 3.4
ROUSECHEN 17.26(17.3415.78
ELLIOTY s 10.1)0.6}-1.0|10,2| 2.5 |-0.5]|2.0] 9.5
) TARLE 11
VELOCITY CONPONENTS - 2HD TAKZOFE (STER)
D Do, |55 585 E3e
o |YE M XN = S SN
MHARKOV 17.82117.90] 5.30}9.5%) g.0(-2.5| 9.4 8.3 0.0{1.8/8.6
COMLEY 17.87(17,70/ 5.52|8.8| 0.7|-1.9 B.4|-1,51,4/8.7
SAKIRKIN 17.03(17.18| 5.15(9.0| 0.7|-2.8| §.5/8.0 -0.212.0/8.3
KBVALENKA 17.38117.40| 5.58
PASTUSINSKI | 17.28(17.24(5.22(9.7| 1.2 -2.1 .81 0.012.1
TATHO 17.28(17.47) 5.42(8,7| L.2]1-2.31 9.1 -0.4 2.4 8.0
BOUSCHEN 17.26|17.34/5.70(9.6(-0.2|-2,9110.0!5.2| 0.0
ELLIDTT b -0.4]-2.4 -0.4]1.8
TARLTY 12
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VELOCITY CONPONENTS - 3R TXIDRR (JUP)

D, |D. |d, |55 888 88e

o} = 112> 1> > >

. HARKDY 17.92(17.96(6.12| | 8.3|-2.1 0.2|3.4{7.0

CONLEY 17.67(17.70(6.07(2.0 | 0.0/-2.0e.3 /6.4 1.1]2.0l6.3

SAKIRKIN | 17.03{17.18(5.58|  |-1,5]-2.1 8.5( 0.7]2.8(7.2

KDUALENKD | 17.38(17.405.85(7.9| 0.2]-2.2/8.2(6.91]-0.3]2.7(7.4

PASTUSINSKI| 17.26/17.34(5.72{7.4| 0.9/-2.017.8 [6.1|-0.6(2.2 /5.8

TAIHD 17.28(17.47(6.02[8.2 | 0.5|-2.4 8.5 (6.8 0.4]3.0(2.5
BOUSCHEY 17.26)17.345.86 (8.1 8.4 -2.2 e.¢e |7.0 -5.2]3.2

ELLIOTT X 8.0 0.8(-2.3(8.4(6.2| 0.6{2.4 /6.7

TABLE 13

Yrp~ HORIZORTAL VELUCITY AT THE INSTANT OF TOUCHDOMN
Wrp~ LRTERAL VELDCITY AT THE INSTANT OF TDUCHDOWN
%ro~ VERTICAL VELOCITY AT THE INSTANT OF TOUCHDOWN .

Vy, = VELOCITY AT THE INSTANT OF TCUCHDOMN

Yoo = HORIZOHTAL VELOCITY AT THE INSTANT OF TAKEDFF
Yyro= LATERAL VELOCITY AT THE INSTANT DF TAKEOFP
Varo= VERTICAL UELDCITY AT THE INSTANT DF TAKEOFE

Vro - VELOCITY AT THE INSTANT OF TAKEOFF
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4.4. Length relationship of the Hop, Step and Jump

The relationship between the lengths of the hop, step and jump phases of the
triple jump has been evaluated since the beginning of the technical development of
the event. While on cinder and clay runways the tracing of takeoff points was easy,
synthetic surfaces make it necessary to use film or video-recordings.

The ratio of the hop, step and jump is typical of variations in the technique of
the triple jump at the first WC Helsinki 1983, 4 types of technical execution can be
determined (Table 14):

COMPARISON OF HOP, STEP AND JULD LENCHTS
st WC .~ HELSINKI 1983 -

| TABLE 14 ,
Name Bp Py Dy dy 4y a4, dy s i
HOFFHMANN 4 0,34117,5216,68|5,66(12,34]5,18[33,1:32,3:29,6 |
5 0,10117,4%16,52]5,68{12,20]5,25 37,4:32,5:30,1 |
6 0,04]17,4616,59)5,75[12,34]5,12(37,7:32,8:29.4 f
BANKS 1 0,16417,2415,74|14,99(10,73]6,51(33,3:28,9:37,8
2 0,04116,7615,86/5,02/10,94{5,82|35,0:30,3:34,7
|3 0,14117,3215,85]5,24]11,0%| 6,23{33,8:30,2:36.0
AGBERAXU 6 0,09[17,27|6,04|5,45/ 11,49]5,78}35,0:31,5:33,5
CONLEY 2 0,40117,3115,8815,50/11,38|5,93(33,8:32,0:34,2
3 0,36117,4916,02|5,64111,66]5,83|34,4:32,2:33,4
> 0,15117,20|5,80}5,83{11,62}5,57|33,7:33,9:32,4

1. Almost equal length of hop and Jump 580 - 610 cm and step 320 - 540 cm;
percentage pattern 35.5:30.5:35.0.

2. Markedly longest hop (over 650 cm), very long step (over 560 cm) and very short
jump (under 530 cm), percentage patiern 38.0:32.0:30.0.

3. Shorter hop (570 - 590 cm), short step (500 -520 cm) and markedly longest jump
(over 630 ¢m), percentage pattern 34.0:30.0:36.0.

4. Almost equal lengths of hop, step and jump (within 560 - 600 cm), percentage
pattern 34.0:32.5:33.5,
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Findings from the II WC in Rome have not produced such differences as in
Helsinki. In accordance with the percentage pattern of their best performances,
athletes can be classed in six groups:

1.  36.5:30.0: 335 (Markov, Pastusinski)
2. 34.5:315:34.5 (Conley, Taiwo, Elliot)
3. 38.0:30.0:320 (Sakirkin, Hoffmann)
4. 355:32.0:325 (Kovalenko, Procenko)
5. 335:33.0:335 {Bouschen)

6. 36.0:29.0: 350 (Badinelli, Slanar)

From this survey and from the data presented in Table 15 it follows:

a/ Most competitors had the longest hop in their best trials;
b/ For all competitors, without exception, the step was the shortest of the three
phases.

None of the athletes used the extreme version used by the winner of the WC
in Helsinki.

The findings mentioned above and the measurements undertaken at important
events in 1987 (Bruno Zauli European Cup and E. R, Memorial in Prague) reveal a
tendency towards a higher utilization of run-up speed. It is manifested in the
"checked” length of the hop, and in an effort to maintain the horizontal speed until
the third takeoff. The length of the step depends on the technical execution of the
hop and continues to be the most variable part of the triple jump for most jumpers.

We believe that 18 m can be achieved by several variations of technique. The
athletes who stand the best chance are those with percentage patterns of 36.0 :
30.5: 33.5 (6.50 + 5.50 + 6.00 m, i.e, Markov) and 34.5 : 31.0 : 34.5 (6.20 + 5.60 + 6.20
m, Le. Conley).
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COMPARISON OF HOP, STEP AND JUMP LENGTHS - ROME 1987

TABLETS
Name, countr '
, Y Dy Dy Dy 4 4, dpdy 4 %
MARKOV 17,700 0,11 17,81 |6,55 : B
. i1 .
BUT 17,730 0100 [17773 6128 |222 12700 |2 195136 5.31 25232
17,92| 0,04 [17,9616,545,30{11,84|6,12|36,4: Sg 3 %3 '3
CONLEY T7.3410,03 [17.3715.,95 5 :
f el 5,40111 ¢
USA 17,37/ 0,12 17,51 5,74 15,45 11135121331387 15312153312
,6510,07 [17,7216,1715,30|11.4 2513478:29°9: 35
17.6710,03 [17.70 6:1? 5,52 11j§§ 2233 3475 %? 3 3&’%
SIXTRRIN 17,0310,1517,1818,4515,15 1 : >
g 1 5 : . =
o 17136 0,00 17,45 |6.74 4232 ixfgg 2122 é%*?té?’é'%i’?
13110.07 17,38 16.6215.2311185(5753138°1:30°1:31 5
1739/ 0706 [17.35 6764 (2 07 1127113762138 3:39 0. 2575
17,431 0,18 [17.81 (6,71 gjzé 11:55 %’Eé %23?533*@33§s5
KOVALENKO T7,38[0,02]17,40(8,1715,58]171.75 5y'= PLTE Sk
URS 16.81] 0,11 16,92 |5.96 |42 |10.88|5 04 3213135713380
16,99 0,12 |17,11(5,1314,86/10,99|6,12 %;;g:%g*iigé’g
PASTUSINGKT | 17,27] 0,18 17,45 5.2615 .3 e e
Ded 2 1,55 5 o .
POL 1472 0,02 (17,22 6,22 ;:32 112%5 AE %é??3§?’3'§§’§
1310,00|17,1316,10(5.52111.6215.5 Y eiinl5ia07s
b i ] 5.5 A A
1772800214 177435758 |235 0212028137751352:22
17,35]0,05 |17,40(6,45[4.92[11.37]6.03 |37 1+ gg 85332
17,26 0,08 [17,34(6,40(5.22111.,62|5.72 |35.9: 30, 7 %é’z
TATWO 17,2910, 18 T7.4718.03 5. 131 T35 -
NGR 17.09] 0,12 (17,21 5:73 5028 1100|8758 337503 0’738
16282( 0,03 |16750 (5283|315 1133|557 |32 8432 5-36 2
16196) 0,08 [17,04 (5106|3733 |11243 3159356431 16133 8
BOUSCHEN 17,26]0,08 17,34 15,78 15,70|11,458(5.35 S SCTECICIE L b
FRG 17,08/0,12[17.2016,02|5.45|11.47{5.73 363333T”°33’”
116,7310,10(16,8316,07(5.28111.35|5.48 36’1°%t Z 332
16,7210,12116,84{6,13(3,20 11:35 5:15 36,8:30,9: 33 ¥
gﬁgcngo 17,23] 0,09 |17,32|5,10(5,48111,58|5,74 |35,2:31,6: 33er
: ps s P - i
Es_ 16730]070% |16733]801 (3744 |11245 |4283 3613533 5133 ¢
e 16,7910,23117,0215,931(5,21111,14|5,88(34,3:30,6:34,5
SLANAR 16,691 0,04 [16,73]6,04 14,9 =
,73|€,04 [4,91([10,955,78 |36,1:29, 3
giiz 16,26]0,12 [16,38(5,97(4.,68[10.65 (5,73 %8:4:93331%2;3
NELLT | 16,63]0,1216,75(6,14 4,6 :
T ~ x .‘/\ . -~
ITA 167400714 1654|6714 |4 1 |10’ 52 239 1282313213
16,48[ 0124 (16172|5172 |5710]10782 3790 | 34121305353
HOFFMANN 16,49]0,12]16,6116.2 CTICTELR
POL 16158] 0,00 [16767| 6234|5108 |11340|3757 3870+ 3074231 ¢
9 3 3 7 0 9;27 389033014:31,6
P -~ Performance 3
DL - Lost distance 1,2,3 = Lengths of hop, step and jump
Dp - Effective distance d,*+d, - Hoptstep length
% = Percent pattern
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4.4.1. Time characteristics of Hop, Step and Jump

Data concerning the duration of the separate takeoffs t, t, , t; (Table 16)
may contribute to a greater accuracy in the technical evalution of the triple jump.
When analyzing the support phases of the hop, step and jump we also recorded the
time in which the jumpers reached the moment of the vertical t, (the body CM is
located exactly over the CM of the takeoff foot) and the moment of the
amortization t, {the greatest flexion angle at the knee joint of the takeoff leg has
been reached}.

The data in Tables 5, 7 and 9 were obtained by space kinematography and the
data in Table 16 by the time-analysis of trials recorded by HS cameras (f = 200
frames/sec). A comparison of our data with other data from literature reveals that
the duration of the takeoff support phases is reduced in the step and jump. Rule of
thumb evaluation of the technical execution of the takeoffs may profit from the use
of their total time. In the successful trials of the finalists it was less than 0.43 s.
The mean value in 29 trials analysed is 0.43 s. Average takeoff times of the athletes
mentioned above were: hop 0.117s, step 0.149 s and jump 0.161 s. ,

The duration of the flight phase depends on the initial flight angle and
velocity, It is affected by losses of the horizontal velocity and by the
vertical -velocity component.

These relations can be seen, among others, in the 4th trials of Markov (D =
17.96) and Conley (Dg = 17.72); Markov had higher run-up speed (0.2 m/s); his hop
was longer by 37 cm and shorter by 0. s. Both jumpers had a step of 5.30 m, but
Conley's flight phase was shorter (by 0.1 s). The flight phase of Conley's jump was
shorter too (0.02 s), although he jumped 13 cm farther than Markov.

The athletes mentioned above represent the two most effective variants of the
triple jump.
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TIME CHARACTZRISTIC OF HOP STEP, JUNMP

HOP STEP  JUMP TRIPLE JUKP
Ny Dy S-t; P S-t;F S-;F S P ST
MARKOV 1] 17,81 | 10 58|13 49|14 69| 37 176] 213
3 x 12 54 {14 49|15 73| 21 176| 217
41 17,96 | 11 59 |14 47|16 73| 40 180] 220
5 x 12 590114 47|16 73| 42 179| 221
CONLEY 1 17,37 | 11 49 16 44 |17 68| 44 161) 205
4| 17,72 |12 49 {16 45|16 72| 44 166 210
5 x 12 47 {17 43|17 72| 46 162] 208
61 17,70 | 12 49 |15 48|19 69| 45 167| 212
SAKTRKIN |l | 17,18 | 12 60 |15 49|15 72| 41 182| 223
4 X 12 58 {15 50|15 67| 42 175| 217
KOVALENKO [t | 17,40 | 11 52 |14 49 {16 69| 41 170| 211
4 b4 12 49 |15 46 {15 68| 42 163| 205
6| 17,11 | 12 52 |15 42 (14 78| 41 172| 213
PASTUSIESKIl | 17,45 | 14 48 |16 49|16 72| 46 169] 215
6| 17,34 { 13 53|18 47|19 69|50 169| 219
TATYO 1| 17,47 | 11 52 |14 5217 731 43 178| 219
- 6 X t2 52 |17 44|19 72| 48 170| 218
BOUSCHEN |1 % 11 49113 58|14 62| 38 169] 207
2| 17,34 | 10 4713 56|15 69|38 172] 210
51 16,83 | 11 51 |12 48|16 73| 41 172] 213
61 16,84 | 11 555013 51 (15 70| 39 176/ 215

PROCENKO |1 X 11 15 47119 66| 45
4 x 12 52 [15 41|16 71| 43 164| 207
61 16,33 | 11 51 116 51 |17 52| 44 154| 198
ELLIOT i % 12 52 {16 44|17 71| 46 166} 212
SLANAR | % 15 54117 44|16 76| 48 174| 222
BADINELLI 1 | 16,75 | 12 55 |14 41{15 71| 41 167| 208
HOFFMANN |1 | 16,61 | 12 56 |16 43|16 71| 44 170] 214
YAMASHITA |1 X 12 - 56 | 147 46715 65| 41 167] 208

TABLE 16
NT - Number of trial

D, -~ Effective distance /m/

S =~ Duration of support phases of hOp, step, Jump (b15t0,%3)
and the whole triple jump /s.10” /

F =~ Duration of flight phases of hop, step, Jump
and the whole triple jump /s.10”2/
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4.5, Final Phase - Landing

The trajectory of the body CM (26) intersects, in theoretical elongation of its
descending part, the plane of the landing area 0.5m farther, in relation to the actual
landing spot.

The triple jumper is able to complete the landing manoeuvre, transferring all
the parts of the body beyond the spot of the first contact with the sand (Figs 28 -
30).

The rapid drop of both legs in the final phase of the flight may result in
slight backward motion in the pit (Fig. 32).

The film analysis of landing technique (Figs 28-33) makes it possible to
assess losses reducing the total length of jump; that may be caused by:

a/ premature leg landing,
b/ contact with the sand by another part of the body.

Markov, Conley and Sakirkin performed, in analysed trials, landing without
losses.

On the contrary Kovalenko, Pastusinski, Bouschen, Taiwo and Elliott touched
the sand also with another part of the body. The average loss of jump length was
0.15 m.

All above mentioned jumpers had, in analysed trials, a premature leg landing.

5. Discussion

The number of measurements made in Rome is insufficient for determining the
interdependence between run-up speed and performance, or the contribution of
technique and dynamic strength of the lower extremities to the performance.

Nomograms, of the kind plotted for the long jump, cannot be provided without
additional analyses and statistical data-processing of large amounts of information.

Our recommendation to trainers is to watch the run-up speed both in
competitions and in training. The methodology, and equipment for measurements,
(described in section 3. ), both fairly cheap and simple, are normally easily available.

Some generalizations can be made on the basis of 3-D analyses of the
geometry of movements as described above. Using this information and assisted by
a videorecorder, a coach can correct technical execution of the triple jump.
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BIOMECHANICAL ANALYSIS OF THE HIGH JUMP
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1. INTRODUCTION

Figure 1 presents the development of high jump performances
for women and men during the last 28 years.
In the years 1960 - 1968 high jump performances show no improve-~
ment. This statement 1is especially true for the average of the
best three (ten) athletes. Furthermore rather great differences
between the performace of the best athlete and the average of the
three and ten best athletes become obvious. This accounts for the
dominance of one female (BALAS) and two male (BRUMEL and NI CHIH-
CHIN) athletes during this period of time.

With the introduction of the Fosbury-Flop in 1968 standards in
the high jump showed an almost continuous improvement. In compari-
son with the 1960's the heights improved in shorter intervals.
The average performances of the best three or ten athletes show a
closer connection to that of the best high jumper. While this ten-~
dency remains the same in the men's competition up to the present
time, in the women's high jump the absolute predominance of KOSTA-
DINOWA becomes obvious in the last years of the 1980's. The new
world record height of 2.09 m set during the World Championships

in Rome underlines her leading role in the women's high jump.
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2. BIOMECHANICS OF THE HIGH JUMP

2.1. Division of the event

From a practical point of view the high jump may be considered

to consist of three consecutive parts:

1. the approach - from the moment the athlete starts towards
the bar until the instant of touchdown (TD) for takeoff

2. the takeoff1 (TO) - from the instant of touchdown until the
instant at which the takeoff foot breaks contact with the
ground (the instant of takeoff)

3. the flight - from the instant of takeoff until the instant
of landing; the landing in the high jump is not a performance-re-

levant phase.

From a biomechanical point of view, HAY (1973) stated that the
takeoff and the flight in the high jump could be separated into
three partial heights.

Fig. 2: Partial heights in the high jump

e
T
TTTTT——
-—-.—.__._________/

<

1

The terms "touchdown" and "takeoff" are often used to refer to
the instants of touchdown and takeoff. The term "takeoff" may
thus be used to refer either to an instant in time or to a period
of time, depending on the context.



- takeoff height - the height of the athlete's centre of mass
{CM) at the instant of takeoff;

- height of CM flight ~ the difference between maximum height
of athlete's CM during the flight and the takeoff height;

- height over the bar - the wvertical distance between the
height of CM flight and the height of the bar.

Because o©f the great importance of the approach, we chose a
combined procedure of practical and biomechanical points of view

in our studies.

The takeoff height is almost independent of the approach.
It is determined by anthropometric parameters like body segment
masses, segment lengths and the location of centres of mass in
the segments, as well as by the body angles at the instant of
takeoff.

In addition to the resultant takeoff height the following para-
meters determinating the takeoff-height are considered in our

studies:

- knee angle of the takeoff leg at TO
- angle of lead leg thigh at TO
- angle of trunk position at TO.

- angle of forward/backward and inward lean at TO

From a biomechanical point of wview, the CM height of flight is
strictly dependent on the vertical CM velocitiy at takeoff. The
vertical takeoff velocity itself is determined by the vertical im-
pulse, the vertical CM velocity at touchdown and the mass of the

Jjumper.

Practically, the vertical impulse may be influenced by the
approach, the conditions at TD, the vertical path of CM during TO
and the support time. In the approach, during the last two steps

until the moment of TD the following parameters are determined:




- support and flight times

- stride lengths and frequencies

- path of CM

- angle of run-up

- horiziontal, vertical and resultant velocities.
Concerning the TO itself the following are considered:

- support time

- distance from the bar

- vertical path of CM

- angle of takeoff

- body-segment and body-position angles at TD and TO

- horizontal, vertical and resultant velocities.

In this way relevant parameters of performance may be quantified.

The height over the bar depends on the orientation of the seg-
ments crossing the bar. According to DAPENA (1980) it is highly
influenced by the angular momentum of the whole body about the
transverse axis through the athlete's CM.

We determine the difference between maximum CM height and the
height of the bar.

2.2. Review of literature and previous findings

Because of the difficulty of correctly measuring this three di-
mensional event, we can only review and discuss a few biomechani-
cal articles, which present three dimensional data (DAPENA 1980a,
b, VAN GHELUWE/DOMINCK 1979).

Three dimensional analysis is required for a full and correct
analysis of the high jump, especially because of the curved run-
up and the rotations on three axes. Results of 2-D analysis must
be interpreted with care.

Our own data relies mainly to the following events:

- World Junior Championships, Athens 1986
- European Champinonships, Stuttgart 1986
- International High Jump Meeting Women, Worrstadt 1985, 1986.



In the following chapter we discuss the parameters in the rank

order of their appearance, i.e. first approach, than takeoff.

2.2.1. Approach

2.2.1.1. Times
Tab. 1 shows the results of selected jumps during the European

Championships 1986 (for further information see New Studies in
Athletics 4/1986):

Tab. 1: Support and flight-times of last three strides

Name HB 3sT 3FLT 28T 2FLT LST LFLT TOST

Rostadinowa 2.00+ - —-— .06 ©0.13 @¢.11 ©.069 ©0.10
Stefka

Issaewa 1.96- -= -= .12 6.12 ©0.14 0.11 o.14
Swetlana

Turtschak 1.96- - - .16 0.14 .18 0.09 @&.16
Olga

Redetzky 1.90~ -= - 0.14 0.22 0.12 0.04 ©0.14
Heike

Paklin 2.34+ — - .16 0.10 ©.19 0.05 ©.17
Igor

Maltschenko 2.31+ .12 .17 0.13 0.09 ©0.18 0.06 ©0.15
Sergej

Thréanhardt 2.28+ .16 ©.16 0.20 ©.11 ©0.16 ©¢.06 0.17
Carlo

Mégenburg 2.28+ .13 ©.15 ©.12 ©0.15 9.14 ©@.06 0.15
Dietmar

The results show the general tendency to decrease flight times
in the last strides and thus confirm former data (see Athens re-
port). In coaching practice this is interpreted as a predominant
running activity in the last strides with minimal loss in horizon-

tal velocity.




2.2.1.2. Stride lengths

There is a general consensus in the cocaching literature that a
typical rhythm obtained by lengthening the penultimate stride and
shortening the 3rd to last and takeoff strides, prevails in the
high Jjump. Because of a pronounced active foot plant with the
heel making the first ground contact, the strides look somewhat

dragged.

Quantitative data are given by DAPENA (1980a). The lengthening
of the penultimate stride mentioned above was not found in all
jumpers. The reported stride lengths vary from 1.55 m - 2.11 m
for the 3rd to last, 1.57 m -~ 2.11 m for the pen;ltimate and
1.62 m -~ 2,10 m for the last stride.

Our own data does not confirm these findings. All medallists
in the mentioned championships show a shortening of penultimate
stride compared with the third to last. The last stride is either
shortened again (Men's medallists Stuttgart, three medallists
Athens, Kostadinova) or lengthened (Issaewa, Turtschak, three me-
dallists Athens). The stride frequencies generally increase du-
ring the last steps, and thus confirm the predominant running

activity.

2.2.1.3. Path of CM

Vertical changes of CM heights during support phases were
found to be minimal. There is a moderate tendency to decreasing
heights at TD in the last three steps. In most cases TD height is
minimal for the takeoff. An overhead point of view illustrates

the horizontal path of CM, i.e. the run-up angle (see Fig. 3).

Run up angles show a decreasing tendency in the last steps
(DAPENA 1980a) with a wide range of individual differences even
in the last step. Data measured are between 22° and 63° in the
last step. Therefore individual changes should be interpreted

with care.



Fig. 3: Run-up angle

l:‘\ angle of run-up
path of CH
2.2.1.4. Body-segment and body-position angles

Concerning the body-segment angles the knee-angle 1is of spe-
cial interest. The analysis of this angle in the support leg
illustrates that, for the penultimate step, most athletes touch
the ground with a nearly straightened leg. For most athletes the
values are greater than 160°. Maximum amortisation angles are in
the order of 150°, with the important exception of Paklin (132°).
In the last step TD angles are on the order of 150°-160°, while
angles at maximum amortisation differ from 140° (Kostadinova) to
less than 120° (Paklin, Issaewa, all junior medallists in Athens
except Miller). In general minimal knee angles are reached in the
amortisation phase of the last step and not in the takeoff. These
must be interpreted in their meaning for the preparation of the
takeoff. In excellent Jjumpers minimal knee angles in the last
step are not necessarily combined with a decrease of horizontal

velocity.




Fig. 4: Angles of body lean

Additionally all athletes show a marked inward lean according to

their run-up speed and angle.

2.2.1.5. Velocity

Data on the horizontal component of the CM velocity in the
run-up were reported by ADDACHI et al. {(1973), NIGG et al. (1974)
and DAPENA (1980a). The values ranged from 4.50 m/s - 7.90 m/s.

NIGG et al. (1974) measured the projected velocity for Dwight
Stones as 6.80 m/s. Knowing that the final run-up angle is 37°,
DAPENA (1980a) calculated a total horizontal velocity of 8.50 m/s
for Stone's Jjump. Considering the methods used and the frame
rate, the calculated velocity for Stones' jump seems to be over-
estimated.

Our own data from the men's final during the European Champions-
hips are presented in Tab. 2.




Tab. 2: Horizontal velocity of CM during approach

Name HB 3.letzter 2.letzter letzter Absprung
Schritt Sehritt Schritt

RKostadinowa 2.00+ - 6.07 5.65 3:.33
Stefka

Issaewa 1.96- i 5.67 5.55 4.44
Swetlana

Turtschak 1.96~ =i 5. 38 6.02 4.19
Olga

Redetzky 1.90+ - 5.84 5.92 4.86
Heike

Paklin 2.34+ = T.67 7.88 3.65
Igor

Maltschenko 2.31+ 7.:18 Tl 6.53 4.08
Sergej

Thrénhardt 2.28+ T 52 T .62 7.35 4.27
Carlo

Mdégenburg 2.28+ 8.06 8.31 7.9 2 4.48
Dietmar

For Sotomayor's winning jump at the World Junior Championships
8.4 m/s for the penultimate step and 8.2 m/s for the last step
were measured.

Corresponding data for the women are between 6.4 and 7.8 m/s.

To sumarize: there is no clear tendency in the run-up-speed-
ratio in the last two steps. Slight decreases in velocity can be

found as well as slight increases.

2.3. Takeoff

2.3.1. Support time

The takeoff time is partially determined by the action of the
lead segments. Takeoffs with running arm action and bent lead leg
(flop 1) are characterized by shorter takeoff times (120 ms -
200 ms) than those takeoffs with double arm and straight lead leg
action (flop 2) (170 ms - 230 ms) (NIGG 1974, HAY 1975, VIITASALO
et al. 1982).



Although a significant correlation between time of takeoff and
height of flight was not reported by any author, there is a ten-
dency among today's world's best athletes towards rather short
support times. Our own data of the mentioned events show support
times between 120 (Kostadinova) and 190 ms {(Sotomayor), with most
athletes between 150 and 170 ms. This requires enormous reactive
strength and high acceleration of the lead leg and the arms in
the takeoff.

2.3.2. Path of centre of mass

According to former studies, the vertical path over which the
CM can be accelerated during takeoff shows a maximum trend. NIGG
(1974) reported positive correlations between the vertical rise
of CM during TO and the height of flight analysing several jumps
of D. Stones. The values ranged from 0.38 to 0.48 n. Correspon-
ding values of our own studies range from 0.41 to 0.46 m (men)
and 0.31 to 0.39 m {women) for Stuttgart's medallists. Athens' re-
sults are in the same order, except Sotomayor with 0.61 m. This
wide range of CM-motion was combined with a guite long support
time as mentioned above. Our own statistical analysis does not
confirm the general tendency of a positive correlation between
vertical rise of CM and the height of the flight.
Large differences were found for the toe to bar distance at take-
off. They ranged from 0.55 m (Kostadinova, Worrstadt 2.03 m),
0.69 m (Paklin, Stuttgart 2.34 m) to more than 1.20 m (Sotomavor,
Mdgenburg, Tranhardt).

2.3.3. Angles

The knee angle, as the most important body segment angle, ge-
nerally ranges from 165° +to 175° at TD, with the exception of
Paklin (155°). Maximum amortisation angles differ from 140° to
155° and thus confirm coaching literature. Surprisingly, no ath-

lete in our studies was able to completely straighten the 1lead



leg at the moment of TO. Body position angles show a marked back-
ward lean at TD and moderate inward leans. This confirms findings
of DAPENA (1980b) who found very small lateral deviation of the
CM (max. 7°) during the takeoff.

"This implies that during the takeoff phase there was very
little <centripetal force applied on the athlete or centrifugal
force applied by the athlete on the ground. Thus the c¢laim made
in previous theoretical literature that centrifugal force plays
an important role during the takeoff does not appear to be Jjusti-
fied" (DAPENA 1980a, 41).

Characteristic angles of TO were found to be smaller than 50°.
DAPENA reported takeoff angles of 40-48°. The takeoff angles of
Kostadinova were measured as 45°. Only Paklin and Sotomayor

reached angles greater than 50° (51°, 52°¢).

2.3.4. Velocities

During the takeoff the horizontal velocity of the athletes is
reduced by 2.30 m/s - 3.70 m/s (DAPENA 1980a). The reduction
seems to be quite constant for each athlete. The analysis of se-
veral jumps of Kostadinova shows results similar to those of DAPE-
NA. She reduced the horizontal velocity by 2.3 m/s =~ 2.4 m/s in
each of her succesful +trials. Corresponding values for the men

range from 3.5 m/s to 4.2 m/s in worldbest ahtletes.

The vertical velocity at TO, which strictly determines the
flight height of the CM, ranges from 4.0 m/s to 4.5 m/s in men
and 3.8 m/s to 4.0 m/s in women. Only Kostadinova was measured
with a vertical takeoff velocity of more than 4.0 m/s.

These velocities produce flight heights of 0.75 to 1.02 m.

To highlight: the vertical takeoff-velocity is the resultant
parameter that is determined by many technical parameters as
discussed above as well as by athletic parameters. Therefore it

cannot be influenced and changed directly.




3. METHODS AND PROCEDURES

For both high jump finals at the world championships the parti-
cipating athletes were filmed with three LOCAM highspeed filmcame-
ras synchronized at a nominal speed of 150 fps. While the womens'
event was taken with fixed cameras, the male athletes were filmed
with horizontally panning cameras. For each method the positio-
ning of known reference marks in the object area was necessary to
enable 3D-analysis. For reasons of comparison of the data of both

competitions, both applied methods guarantee compatible results.

A number of factors made it impossible to analyse the best
trial for each participant. Therefore it became unavoidable that

we analysed jumps over lower heights or failures.



4. ANALYSIS OF THE HIGH JUMP FINALS AT THE II WC IN ATHLETICS

4.1. Event Scorecard

1.80 1.85 1.90 1.83 1.96 1.99 2.02 2.04 2.06 2.08 2.09

S.KOSTADINOWA - o o - o] o ) XX0 Xo - b d)
T.BYKOWA - o o} o o} o o} o} XX X
S.BEYER O 0 o] o] o] p:1e] XAX

5.C0O5TA o) o o] o] Q XX X

L.KOSITSINA - o o] XX0 © XXX

H.REDETZKY - O o] o] X0 XXX

S.ISSAEVA o o o o} XXX

L.RITTER - o pde) o XXX

L.AVDEENKO - X0 o} o] XXX

2.10 2.15 2.20 2.25 2.29 2.32 2.35 2.38 2.40

P.SJOEBERG - - ~ o] - 0 (] o XXX
1.PAKLIN - - o (o] X0 a) X0 XXO XXX
G .AVDEENKO - - - o) o o] XXO XXO XXX
D .MOGENBURG - - - o o o o x XX
C.SAUNDERS - - o] O - O XXX

S.MATET - - o) XXO © O X XX
J.ZVARA - o) o) o) o] XXO

C.THRANHARDT - - - o o XXX




4.2. Results of the biomechanical analysis

In the following numerical and graphical presentation of

results special abbreviations are used. In detail they have

following meanings:

CM
HB
D
AM

TO
2nd last

2TD
2AM
2T0
1TD
1AM
1T0

centre of mass

height of bar

touch down; first contact with the ground
amortisation: in general in combination with the
smallest knee angle

takeoff; moment of last contact with the ground
penultimate stride or penultimate flight time in
the run-up

touch down in the penultimate stride
amortisation in the penultimate stride

takeoff in the penultimate stride

touch down in the last stride

amortisation in the last stride

takeoff in the last stride

the
the



Tab. 3: Partial height according to the HAY-model {m)

Bar H1 H2 H3
$.KOSTADINOWA 2.09+ 1.18 1.01 0.10
T .BYKOWA 2.04+ 1.18 0.93 0.07
S.BEYER 2.02- 1.10 0.86 0.06
S.COSTA 2.02- 1.18 0.97 0.13
L.KOSITSINA 1.96+ 1.24 0.70 -0.02
H.REDETZKY 1.96+ 1.21 0.82 0.07
S.ISSAEVA 1.96~ 1.24 0.67 -0.05
L.RITTER 1.93- 1.17 0.91 0.15
P.SJOEBERG 2.384+ 1.37 1.17 0.16
I.PAKLIN 2.38+ 1.45 1.08 0.15
G.AVDEENKO 2.38+ 1.43 1.07 0.12
D.MOGENBURG 2.38- 1.42 1.10 0.14
C.SAUNDERS 2.32+ 1.28 1.10 0.06
S.MATEI 2.32+ 1.24 1.30 0.22
J.ZVARA 2.32~ 1.43 1.03 0.14
C.THRANHARDT 2.29+ 1.43 1.02 0.16

Tab. 3 shows the attempts that were analysed (+ = clearance,
- = failure). H1, H2 and H3 refer to the above mentioned biomecha-
nical model (HAY 1973).
H1 (takeoff height) and H2 (height of flight) will be discussed
later. H3 (height over the bar) illustrates that it seems to be
very difficult to clear the bar with a height of CM less than the
height of the bar. While only L.KOSITSINA was succesful with a
negative H3 value. S.COSTA and D.MOGENBURG fail although they

raised their CM more than 10 cm over the bar's height.




Tab. 4: Support times {(s)

HB 2nd last last takeoff
$.KOSTADINOWA 2.09+ 0.120 0.133 0.140
T.BYKOWA 2.04+ 0.140 0.133 0.167
S.BEYER 2.02- 0.127 0.133 0.153
S.COSTA 2.02~ 0.127 0.133 0.153
L.KOSITSINA 1.96+ 0.173 0.140
H.REDETZKY 1.964+ 0.140 0.127 0.167
S.ISSAEVA 1.96- 0.147 0.160 0.160
L.RITTER 1.93- 0.160 0.167 0.153
P.SJOEBERG 2.38+ 0.140 0.147 0.160
I.PAKLIN 2.38+ 0.147 0.180 0.180
G.AVDEENKO 2.38+ 0.167 0.193 0.180
D.MOGENBURG 2.38- 0.133 0.147 0.147
C.SAUNDERS 2.32+ 0.147 0.153 0.160
J.ZVARA 2.32- 0.220 0.227
S.MATEIL 2.32+ 0.140 0.140 0.127
C.THRANHARDT 2.29+ 0.147 0.153 0.160
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Tab. 5: Flight times {s)

HB 2nd last last
S.KOSTADINOWA 2.09+ 0.093 0.087
T .BYKOWA 2.04+ 0.153 0.047
S.BEYER 2.02- 0.133 0.067
S.COSTA 2.02- 0.133 0.060
L.KOSITSINA 1.96+ 0.080
H.REDETZKY 1.96+ 0.187 0.047
S.ISSAEVA 1.96~ 0.087 0.067
L.RITTER 1.93- 0.087 0.073
P .SJOEBERG 2.38+ 0.153 0.060
I.PAKLIN 2.38+ 0.133 0.047
G.AVDEENKO 2.38+ 0.120 0.040
D.MOGENBURG 2.38~ 0.160 0.060
C.SAUNDERS 2.32+ 0.100 0.033
J.ZVARA 2.32- 0.073
S.MATET 2.32+ 0.133 0.080
C.THRANHARDT 2.29+ 0.120 0.073
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Fig. 4: Support times.
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Table 4 in general presents increasing support times during
the last two strides of the approach and the takeoff. This indi-
cates the intention to lengthen the acceleration phase in order
to reduce the horizontal velocity as little as possible in prepa-
ration for the takeoff.

The takeoff time itself trends to be minimal for the best fe-
male athletes. The results of the male competitors however do not
necessarily confirm this supposition. The rather short takeoff ti-
mes with the enormous reaction forces acting upon the athlete may
account for the activation of reactive muscle forces. A clear ex-
ception can be found in the takeoff performance of J.ZVARA. He
may be described as a FLOP 2 jumper. This technique with straight
lead leg and double arm action is generally combined with longer
takeoff times.

In connection with increasing support times, the flight times
show an inverse tendency. As mentioned above this can be interpre-
ted as a high running activity.

Thus stride frequency should also keep increasing to underline

this interpretation.




Tab. 6: Stride frequency (S/s)

HB 2nd last last
S .KOSTADINOWA 2.09+ 4.69 4.54
T .BYKOWA 2.04+ 3.44 5.55
S.BEYER 2.02- 3.84 5.00
S.COSTA 2.02- 3.84 5.18
L.KOSITSINA 1.96+ 3.95
H.REDETZKY 1.96+ 3.05 5.74
S.ISSAEVA 1.96- 4.27 4.40
L.RITTER 1.93- 4.04 4.16
P.SJOEBERG 2.38+ 3.41 4.83
I.PAKLIN 2.38+ 3.57 4.40
G.AVDEENKO 2.38+ 3.48 4.29
D .MOGENBURG 2.38- 3.41 4.43
C.SAUNDERS 2.32+ 4.04 5.37
J.ZVARA 2.32- 3.41
S.MATET 2.32+ 3.66 4.54
C.THRANHARDT 2.29+ 3.74 4.42

- 221



Tab. 7: Stride length (m)

HB 2nd last last
S.KOSTADINOWA 2.09+ 1.76 2.01
T.BYKOWA 2.04+ 2.07 1.61
S.BEYER 2.02- 1.83 1.66
S.COSTA 2.02-~ 1.95 1.61
L.KOSITSINA 1.964+ 1.67
H.REDETZKY 1.96+ 2.20 1.73
S.ISSAEVA 1.96- 1.34 1.75
L.RITTER 1.93- 1.27 2.45
P.SJOEBERG 2.38+ 2.25 1.95
1.PAKLIN 2.38+ 2.44 2.18
G .AVDEENKO 2.38+ 2.53 2.04
D.MOGENBURG 2.38- 2.49 2.03
C.SAUNDERS 2.32+ 1.98 1.83
J . ZVARA 2.32- 2.13
S.MATEI 2.32+ 2.32 2.07
C.THRANHARDT 2.294 2.00 2.17




Fig. 6: Stride length (m)

t isL 4

In the womens' competition the method of lengthening or shorte-
ning the last two strides may be regarded as individual preferen-
ce. On the other hand the male athletes - with the exception of
C.THRANHARDT - shorten the last stride as compared with the penul-
timate one. This obviously depends on their rather short flight

times in the last stride in addition to the active foot plant for
takeoff.



Tab. 8: Heights of CM at TD, AM and TO (m)

HB TD AM TO TD AM TO TD AM TO
S.KOSTADINOWA 2.09+ 0.87 0.84 0.86 0.84 0.83 0.85 0.85 1.01 1.18
T .BYKOWA 2.04+ 0.88 0.85 0.90 0.89 0.83 0.84 0.83 0.95 1.18
S.BEYER 2.02- 0.88 0.84 0.86 0.87 0.83 0.83 0.80 0.94 1.10
S.COSTA 2:.02- 0.91 0.86 0.88 0.84 0.79 0.81 0.82 0.98 1.18
L.KOSITSINA 1.96+ 0.92 0.88 0.89 0.88 0.93 1.24
H.REDETZKY 1.96+ 0.93 0.88 0.91 0.86 0.81 0.84 0.84 1.11 1.21
S.ISSAEVA 1.96- 0.85 0.83 0.87 0.85 0.82 0.87 0.87 0.98 1.24
L.RITTER 1.93+ 0.82 0.77 0.80 "0.80 -<0.79 0.81 0.80" 0.89 1.17
P .SJOEBERG 2.38+ 1.04 1.00 1.04 1.00 0.95 0.97 0.96 1.10 1.37
I.PAKLIN 2.38+ 0.96 0.92 0.95 0.92 0.90 0.917 0.91 0.94 1.45
G.AVDEENKO 2.38+ 0.98 0.93 1.00 0.97 0.95 0.99 0.98 1.04 1.43
D .MOGENBURG 2.38- 1.04 0.99 1.00 .0.98..0.95 0.98,.1.0% T.14 1.43
C.SAUNDERS 2,:.32%::0.91 0.86 0.90 0.88 0.84 0.86 0.85 0.96 1.28
J.ZVARA 2.32- .89 0.83 0.89 0.89. 1,04 1.43
S.MATET 2.32+ 0.89 0.85 0.89. 0.85. 0.83 0.88 0.86,0.96 1.24
C.THRANHARDT 2.29%31:15 PATTY STLPEE 10081203 P05 1007 “1.08 1.43
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Fig. 7: Vertical path of CM (KOSTADINOWA - BYKOWA )
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Tab. 9: Vertical path of acceleration {(m)

HB 2nd last last takeoff
5.KOSTADINOWA 2.09+ 0.02 0.02 0.33
T . BYKOWA 2.04+ 0.05 0.00 0.35
S.BEYER 2.02- 0.02 0.00 0.30
S.COSTA 2.02- 0.02 0.01 0.36
L. KOSITSINA 1.96+ 0.02 0.36
H.REDETZKY 1.96+ 0.04 0.03 0.37
S.ISSAEVA 1.96- 0.03 0.06 0.37
L.RITTER 1.93- 0.03 0.02 0.37
P.SJOEBERG 2.38+ 0.04 0.02 0.42
I.PAKLIN 2.38+ 0.03 0.02 0.54
G.AVDEENKO 2.38+ 0.06 0.04 0.45
D.MOGENBURG 2.38- 0.01 0.02 0.41
C.SAUNDERS 2.32+ 0.04 0.01 0.43
J.ZVARA 2.32- 0.05 0.54
S.MATEI 2.32+ 0.05 0.05 0.38
C.THRANHARDT 2.29+ 0.02 0.02 0.42




Fig. 9: Vertical path of acceleration
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In general the CM-height continues to decrease during the last
two strides of the approach with a minimum at AM in the last
step. During takeoff itself CM reaches its lowest position at the
moment of TD. Consequently the CM can be accelerated positively
during the entire time of takeoff. The absolute height of CM de-
pends on the individual anthropometric segment lengths and the in-
ward lean of the athlete in connection with his angle of run-up.
Thus the absolute height H1 - as described above - must be regar-
ded as an individual parameter that may hardly be compared inter-

individually.

Confirming former findings, the vertical path of the CM during
takeoff does not follow a maximum trend for the Rome finalists.
In connection with the short takeoff times this can be regarded
as a logical consequence. Concerning the winners of bhoth competi-
tions, S.KOSTADINOWA and P.SJOEBERG, their vertical paths of the

CM lie below the average of all finalists in their group.



Tab. 10: Angle of run-up (degrees)

HB 2nd last last takeoff
S.KOSTADINOWA 2.09+ 49 41 25
T .BYKOWA 2.04+ 53 43 35
S.BEYER 2.02- 47 40 38
S.COSTA 2.02- 54 42 35
L.KOSITSINA 1.96+ 12 14
H.REDETZKY 1.96+ 48 34 22
S.ISSAEVA 1.96- 17 17 12
L.RITTER 1.93~ 46 40 31
P .SJOEBERG 2.38+ 60 51 43
1.PAKLIN 2.38+ 38 23 23
G .AVDEENKO 2.384+ 61 55 43
D.MOGENBURG 2.38- 59 48 44
C.SAUNDERS 2.32+ 46 37 36
J.ZVARA 2.32- 43 34
S.MATET 2.32+ 53 42 34
C.THRANHARDT 2.29+ 48 42 39




Fig. 10: Angle of run-up
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Tab. 11: Inward lean at TD, AM and TO (degrees)

HB TD AM TO D AM TO D AM TO
S.KOSTADINOWA 2.09+ 61 63 74 53 60 63 71 76 81
T.BYKOWA 2.04+ 68 70 80 57 65 70 84 77 84
S.BEYER 2.02- 74 69 68 68 65 65 103 82 88
$.COSTA 2.02- 68 69 77 59 61 67 83 82 88
L.KOSITSINA 1.96+ 92 77 60 107 84 89
H.REDETZKY 1.96+ 72 41 73 56 55 57 94 82 87
S.ISSAEVA 1.96-~ 90 76 68 87 78 65 107 79 86
L.RITTER 1.93+ 60 66 79 64 67 60 80 74 84
P .SJOEBERG 2.38+ 83 69 60 80 67 55 138 79 86
1.PAKLIN 2.38+ 71 80 104 69 73 88 86 66 82
G.AVDEENKO 2.38+ 103 62 51 91 70 48 135 98 95
D .MOGENBURG 2.38- 82 66 61 94 69 49 127 84 90
C.SAUNDERS 2.32+ 76 65 95 50 60 72 82 75 85
J.2VARA 2.32- 48 65 56 126 80 88
S.MATEI 2.32+ 74 80 103 53 58 76 70 66 79
C.THRANHARDT  2.29+ 105 105 93 113 112 108 85 92 83

While the angle of the run-up continues to decrease during the
last two strides and the takeoff for each group, the men have a
predominantly "steeper" run-up to and clearance of +the bar. The
advantage of this variation is a reduction of the time over the
bar. On the other hand, the disadvantage is the need for a grea-
ter amount of longitudinal angular momentum to turn the athlete's
body backward towards the bar. In order to achieve this amount of

angular momentum, the run-up angle to the bar is drastically re-




duced during the last strides. Combined with an adequate inward
lean the athlete manages the turn of the body without reducing
the vertical impulse. Again, both winners show an enormous con-
version of their run-up angles, nearly 20° within the last two

strides.

Furthermore, a small radius is always accompagnied by an in-
ward lean adequate to overcome the centrifugal forces that act
upon the athlete. Thus, the tighter the run-up angles, the grea-
ter the amount of inward lean. The values for S.KOSTADINOWA,
P.SJOEBERG, G.AVDEENKO and D.MOGENBURG confirm this assumption.

During the time of takeoff the centrifugal forces finally con-
tribute to the production of angular momentum about the transver-
sal axis through the athlete's CM.

Fig. 12: Angle of foreward/backward lean




Tab. 12: Foreward/backward body lean at TD, AM and TO (degrees).

HB TD AM TO D AM TO D AM TO
S.KOSTADINOWA 2.09+ 86 86 90 91 92 97 107 91 92
T.BYKOWA 2.04+ 85 90 93 101 93 95 103 96 92
S.BEYER 2.02- 97 91 95 93 96 94 102 94 93
S.COSTA 2.02- 81 80 91 93 78 93 97 90 99
L.KOSITSINA 1.96+ 93 91 98 98 99 97
H.REDETZKY 1.96+ 74 83 88 83 81 97 98 89 90
S.ISSAEVA 1.96- 93 88 94 94 95 105 106 103 99
L.RITTER 1.93+ 65 74 80 79 79 87 93 91 99
P.SJOEBERG 2.38+ 100 115 125 100 104 115 126 104 94
I.PAKLIN 2.38+ 81 71 78 84 86 100 106 103 99
G.AVDEENKO 2.38+ 105 99 129 105 107 117 123 110 98
D.MOGENBURG 2.38- 98 109 120 102 120 123 110 99 92
C.SAUNDERS 2.32+ 86 69 72 70 84 95 100 92 95
J.ZVARA 2.32- 79 95 106 112 98 94
S.MATEI 2.32+ 72 65 72 81 84 90 103 90 87
C.THRANHARDT 2.29+ 86 82 90 91 83 98 104 102 94




Tab. 13: Angle of lead leg thigh at TO (degrees)

HB 2nd last last takeoff
S .KOSTADINOWA 2.09+ -33 -20 -8
T .BYKOWA 2,04+ -37 ~30 -7
S.BEYER 2.02- -22 -27 -2
S.COSTA 2.02- -23 -30 -10
L.KOSITSINA 1.96+ -49 -30
H.REDETZKY 1.96+ -28 -35 -2
S.ISSAEVA 1.96- -48 -43 -35
L.RITTER 1.93- ~27 -27 ~6
P.SJOEBERG 2.38+ -32 -51 7
I.PAKLIN 2.38+ -22 -34 -4
G.AVDEENKO 2.38+ -35 -61 2
D.MOGENBURG 2.38~ -24 ~82 10
C.SAUNDERS 2.32+ -39 -25 -14
J.ZVARA 2.32- -33 24
S.MATEX 2.32+ -36 -19 -3
C.THRANHARDT 2.29+ -32 -33 9



Fig. 13: Angle of lead leg thigh

The position of the trunk during the last strides implies an
increasing backward lean to prepare for the takeoff. This beha-
viour becomes necesgary in order to achieve a sufficient vertical
impulse. During takeoff itself in most cases the trunk rotates

foreward until it reaches a nearly upright position.

The absolute angle of the lead leqg becomes interesting when
considering the final takeoff. 2 high lead leg (positive values
for lead leg thigh) influences the takeoff height (H1) positive-
ly. Generally one may assume a profitable range of the lead leg
thigh angle at about a horizontal orientation (values about 0°).
Regarding the angles for the Rome finalists it may be stated that

the position of the lead leg is not a relevant factor.




Tab. 14: Knee angle of the support leg at TD, AM and TO {(degrees)

HB TD AM TO ™D AM TO TD AM TO
5.KOSTADINOWA 2.09+ 156 154 158 141 126 139 172 149 161
T.BYKOWA 2.04+ 156 152 156 153 136 147 176 135 153
S.BEYER 2.02- 174 155 156 155 110 120 171 148 157
5.COSTA 2.02- 163 152 166 146 144 144 155 144 160
L.KOSITSINA 1.96+ 137 121 146 155 141 168
H,.REDETZKY 1.96+ 170 159 165 155 133 145 176 141 146
S.ISSAEVA 1.96- 153 147 135 135 127 143 168 143 169
L.RITTER 1.93+ 167 150 144 127 107 144 165 151 168
P .SJOEBERG 2.38+ 159 165 168 145 120 159 149 143 171
I.PAKLIN 2.38+ 147 125 153 125 101 130 150 137 177
G.AVDEENKO 2.38+ 164 142 162 144 96 143 164 129 141
D.MOGENBURG 2.38- 171 147 167 150 133 159 158 150 175
C.S5AUNDERS 2.32+ 141 139 142 139 113 137 163 134 167
J.ZVARA 2.32- 158 101 128 164 132 165
S.MATEX 2.32+ 146 127 153 146 111 148 167 150 172
C.THRANHARDT 2.29+ 147 143 148 142 124 143 163 144 175
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Fig. 14: Knee angle of the support leg at TD, AM and TO
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Regarding the knee angles of the support leg during run-up the
observer may be astonished about the small amount of bending of
the leg. In view of the high running velocity combined with the
corresponding reaction forces this can only be explained with
enormous muscle forces acting against gravity. In contrast to the
penultimate stride, the last stride contains a rather strong ben-
ding of the support leg. Minimal knee angles are found in AM of
this support phase and not in takeoff. This is one reason for the
very short flight phase between last stride and takeoff. Further-
more the reduction of the CM-height can partially be explained by
this behaviour. The TD for takeoff ensues with a rather straigh-
tened leg, thus confirming the above mentioned active foot plant.
Theifollowing amortisation should be kept minimal, as comparison
with the best athletes confirms. The fact that some male athletes
bend their support legs more than women jumpers may support the
assumption that men jump more forcefully, while women use reac-
tive muscle potentials. The small amount of knee flexion may be a
criterion for knee extensor potential and partially for good per-
formance in high jumping. The FLOP 2 technician - J.ZVARA - how-
ever shows a smaller knee angle in order to lengthen the vertical

path of acceleration of CM.




Surprisingly, even the best athletes do not succed in straigh-
tening their leg at the moment of takeoff. This contributes to
the quantity of the takeoff height (H1). On the other hand one
may doubt if it is reasonable to straighten completely the take-
off leg, taking into account the small amount of muscle force in
this range of knee angle and the high vertical takeoff veloci-
ties. This can also explain the difference in this parameter bet-

ween women and men.

Tab. 15: Horizontal velocity (m/s)

HB 2nd last last takeoff
S .KOSTADINOWA 2.09+ 7.8 7.5 3.8
T.BYKOWA 2.04+ 7.1 6.8 3.2
S.BEYER 2.02- 6.4 7.2 4.5
S.COSTA 2.02- 6.6 6.7 4.2
L.KOSITSINA 1.964+ 5.7 3.4
H.REDETZKY 1.96+ 6.5 6.8 3.9
S.ISSAEVA 1.96- 5.4 5.8 3.5
L.RITTER 1.93- 7.0 7.6 3.5
P.SJOEBERG 2.38+ 7.2 7.2 3.6
1.PAKLIN 2.38+ 8.5 6.9 3.3
G.AVDEENKO 2.38+ 8.4 7.8 3.2
D.MOGENBURG 2.38- 8.0 8.0 4.3
C.SAUNDERS 2.32+ 7.6 6.9 3.3
J.ZVARA 2.32- 6.1 2.6
S.MATEI 2.32+ 7.8 7.1 3.8
C.THRANHARDT 2.29+ 7.3 7.1 3.9



Fig. 15: Horizontal velocity (KOSTADINOWA - BYKOWA)
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Fig. 16: Horizontal velocity (SJOEBERG - PAKLIN)
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Tab. 16: Change of horizontal velocity (m/s)

HB last takeoff
S.KOSTADINOWA 2.09+ -0.37 -3.65
T .BYKOWA 2,04+ -0.25 -3.66
S.BEYER 2.02- 0.83 -2.73
S.COSTA 2.02- 0.07 -2.43
L.KOSITSINA 1.96+ -2.30
H.REDETZKY 1.96+ 032 -2.88
S.ISSAEVA 1.96- 0.46 ~2:35
L.RITTER 1.93- 0.62 -4.13
P .SJOEBERG 2.38+ ~-0.01 =355
I.PAKLIN 2.38+ -1.58 -3.61
G.AVDEENKO 2.38+ -0.55 -4.62
D .MOGENBURG 2.38- -0.06 -3.69
C.SAUNDERS 2.32+ -0.65 -3.62
J.ZVARA 2.32- -3.44
S.MATEI 2.32+ -0.76 -3.32
C.THRANHARDT 2.29+ -0.25 -3.20

The horizontal velocity of CM during approach was regarded as

one important parameter that
height of the flight (H2).

influences the takeoff and thus the

Therefore it should be found reasona-

ble to assume that the better athletes would have a faster appro-

ach. To some extent the Rome finalists do so but there is no abso-

lutely clear tendency.



In regard to horizontal velocity it may be stated that, in
most cases, a reduction is found in the penultimate to last
stride. In order to minimize the loss of kinetic energy this re-
duction should be kept minimal. The further acceleration during
the last stride however seems to be unfavourable for the prepara-
tion for the takeoff (reduction of CM-height) as the example of
L.RITTER illustrates.

During the takeoff horizontal velocity should be drastically
reduced and converted into vertical velocity. Of course, this de-
pends on the distance of the takeoff from the bar and the run-up
angle, but finally the horizontal part of the resultant velocity

vector does not play the most important role.

So the change in horizontal velocity can be regarded as a rele-
vant factor of high jump performance. Tab. 16 reflects the grea-
test changes for the best athletes. Especially in the womens' com-
petition S.KOSTADINOWA and T.BYKOWA but also L.RITTER show enor-

mous reductions of velocity.




Tab. 17: Vertical velocity at TD {(m/s)

HB 2nd last last
S.KOSTADINOWA 2.09+ -0.63 -0.41
T.BYKOWA 2.04+ -0.77 ~0.36
S.BEYER 2.02- ~-0.47 -0.68
5.COSTA 2.02- -0.92 -0.08
L.KOSITSINA 1.96+ -0.49
H.REDETZKY 1.964+ ~1.16 -0.19
S.ISSAEVA 1.96- -0.60 -0.31
L.RITTER 1.93- -0.42 -0.39
P.SJOEBERG 2.38+ -0.97 ~-0.39
I.PAKLIN 2.38+ -0.83 -0.37
G .AVDEENKO 2.38+ -0.80 -0,40
D.MOGENBURG 2.38- -0.92 -0.00
C.SAUNDERS 2.32+ -0.62 -0.34
J.ZVARA 2.32- -0.36
S.MATEI 2.32+ -0.94 ~0.61
C.THRANHARDT 2.29+ -0.95 -0.83



Tab. 18: Change of vertical velocity {m/s)

HB 2nd last last
S .KOSTADINOWA 2.09+ 1.07 4.87
T .BYKOWA 2.04+ 0.87 4.63
S.BEYER 2.02- 0.45 4.78
S.COSTA 2.02- 1.43 4.44
L.KOSITSINA 1.96+ 4.19
H.REDETZKY 1.96+ 1.43 4.21
S.ISSAEVA 1.96- 0.94 3.93
L.RITTER 1.93- 0.75 4.61
P.SJOEBERG 2.38+ 1.17 5.17
I.PAKLIN 2.38+ 0.92 4.97
G.AVDEENKO 2.38+ 0.80 4.98
D .MOGENBURG 2.38- 1.72 4.64
C.SAUNDERS 2.32+ 0.61 4.98
J.ZVARA 2.32- 4.85
S.MATEI 2.32+ 1.12 5.66
C.THRANHARDT 2.29+ 0.84 5.29
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The vertical impulse during takeoff was mentioned to be the
most relevant factor for a good performance in high jump. Neglect-
ing the athlete's mass the change of vertical velocity may be
equated with the vertical impulse. Then the vertical velocity at
TO may be determined as the sum of (negative) vertical velocity
at TD and the change of vertical velocity.

Vz{TQ) = Vz(TD) +AvVz

For a constant change of vertical velocity the vertical veloci-
ty at TO increases with decreasing vertical velocity at TD. There-
fore the vertical velocity at TD should be kept minimal as

Tab. 17 presents.

For example S.BEYER: In spite of her good change of vertical
velocity she only realizes an average takeoff velocity because of

her great negative velocity at TD.

Vertical velocity at TO finally must be regarded as the predo-
minant aim for the high jumper and as a consequence of the activi-
ties taking place during the takeoff.



Tab. 19: Vertical velocity at TO (m/s)

HB 2nd last 1last takeoff
S.KOSTADINOWA 2.09+ 0.29 0.44 4.45
T.BYKOWA 2.04+ 0.73 0.10 4,27
S.BEYER 2.02- 0.83 -0.02 4.10
S.COSTA 2.02- 0.39 0.51 4.37
L .KOSITSINA 1.96+ 0.29 3.70
H.REDETZKY 1.964+ 0.67 0.27 4.02
S.ISSAEVA 1.96- 0.25 0.34 3.62
L.RITTER 1.93- 0.43 0.33 4.22
P.SJOEBERG 2.38+ 0.53 0.20 4.78
I.PAKLIN 2.38+ 0.48 0.09 4.60
G.AVDEENKO 2.38+ 0.37 0.00 4.58
D.MOGENBURG 2.38- 0.65 0.79 4.64
C.SAUNDERS 2.32+ 0.36 -0.01 4.64
J.ZVARA 2.32- 0.36 4.49
S.MATEI 2.32+ 0.36 0.18 5.06
C.THRANHARDT 2.29+ 0.23 -0.11 4,47



Tab. 20: Resultant velocity (m/s)

HB 2nd last last takeoff
S.KOSTADINOWA 2.09+ 7.86 7.50 5.88
T.BYKOWA 2.04+ 7.14 6.85 5.32
S.BEYER 2.02- 6.45 7.22 6.08
S.COSTA 2.02- 6.61 6.69 6.08
L.KOSITSINA 1.96+ 5.75 5.05
H.REDETZKY 1.96+ 6.53 6.81 5.62
S.ISSAEVA 1.96- 5.38 5.84 5.02
L.RITTER 1.93- 6.99 7.60 5.46
P.SJOEBERG 2.38+ 7.20 7.17 6.00
I.PAKLIN 2.38+ 8.48 6.89 5.65
G.AVDEENKO 2.38+ 8.36 7.80 5.58
D.MOGENBURG 2.38- 8.08 8.01 6.32
C.SAUNDERS 2.32+ 7.58 5.92 5.70
J.ZVARA 2.32- 6.08 5.20
S.MATEI 2.32+ 7.86 7.09 6.31
C.THRANHARDT 2.29+ 7.34 7.59 5.93




The vertical velocity strictly determines the height of the
flight. The resultant velocity is the sum of the horizontal and
vertical vectors of velocity. It may be interpreted without know-
ledge of the two velocity components and thus indicates the take-
off angle.

Again the example of S.BEYER illustrates that her resultant ve-
locity is even greater than S.KOSTADINOWA's but is primely in-
fluenced by the horizontal component. So the result is a smaller
takeoff angle and not a greater height of £light as Tab. 21

shows.

Tab. 21: Takeoff angle (degree}

HB 2nd last last takeoff
S.KOSTADINOWA 2.09+ 2 3 49
T .BYKOWA 2.04+ 6 1 53
S.BEYER 2.02- 7 0 42
S.COSTA 2.02- 3 4 46
L.KOSITSINA 1.96+ 3 47
H.REDETZKY 1.96+ 6 2 46
S.ISSAEVA 1.96- 3 3 46
L.RITTER 1.93~ 4 3 51
P.SJOEBERG 2.38+ 4 2 53
I.PAKLIN 2.38+ 3 1 55
G.AVDEENKO 2.38+ 3 0 55
D.MOGENBURG 2.38- 5 6 47
C.SAUNDERS 2.32+ 3 0 55
J.ZVARA 2.32- 3 60
S.MATET 2.32+ 3 1 53
C.THRANHARDT 2.29+ 2 -1 49




Fig. 19: Takeoff angle
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The angle of takeoff gives an impression of the flight's steep-
ness within the plane of motion. Greater takeoff angles imply the
predominance of vertical velocity in comparison to horizontal ve-
locity. Tab. 21 shows takeoff angles that 1lie between 45° and
60°. The fact that J.ZVARA takes off with the greatest angle of
takeoff is not further surprising. The so called FLOP 2 always
shows extremely low horizontal takeoff velocities in relation to
the vertical takeoff velocity and therefore enables great takeoff

angles.




Tab. 22: Distance from the bar (m)

HB cM TOE
S .KOSTADINOWA 2.09+ 1.00 0.85
T .BYKOWA 2.04+ 0.87 0.79
S.BEYER 2.02~ 1.04 1.02
S.COSTA 2.02- 1.20 1.16
L.KOSITSINA 1.96+ 0.48 0.44
H.REDETZKY 1.96+ 0.89 0.83
S.ISSAEVA 1.96- 0.43 0.44
L.RITTER 1.93- 0.85 0.75
P .SJOEBERG 2.38+ 1.52 1.44
I.PAKLIN 2.38+ 0.76 0.48
G .AVDEENKO 2.38+ 0.88 0.99
D.MOGENBURG 2.38- 0.72 0.74
C.SAUNDERS 2.32+ 0.63 0.62
J.ZVARA 2.32- 0.85 0.82
S.MATEI 2.32+ 1.04 0.91
C.THRANHARDT 2.29+ 1.06 1.22
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Fig. 21: Distance from the bar
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In connexicon with the distance from the bar and the angle of
run-up during takeoff it becomes interesting to know if the maxi-
mum height of the flight is achieved when the CM is crossing the
bar. This would be an optimal behaviour while anything different

from that would be unfavourable for the bar clearance.
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1 . INTRODUCTION

Performance in the men's pole vault competition over the past
years has been characterized by a remarkable increase in the
heights c¢leared. FIGURE 1 depicts this trend. The top curve
{marked "A") shows the best world performance for each year. The
two curves below represent the mean wvalues for the best three (B}
and the best ten () vaulters respectively. This gives an indi-
cation of the performance differences among the world's best pole
vaulters. In 1987, ten vaulters cleared heights of 5.80 meters or
more. The top three vaulters were BUBKA (6.03), DIAL (5.96) and
GATAULIN (5.90}).

| PERFORMANCE (m) A
64 3
C
NV YEAR
4.6 ———t—t—A-t— 4ttt
60 & & 66 68 70 72 74 76 78 80 82 84 86
FIGURE 1: Progression of performance in the pole wvault
LEGEND:
1 PENNEL 2 HANSEN 3 PENNEL
4 PAPANICOLAOU 5 SEAGRAN 6 ROBERTS
7 TULLY 8 VOLXoOV 9 BUBKA



=2 . BIOMECHANICS OF YTHE POLE VAULT

This report attempts to summarize some results of recent bio-
mechanical research on the pole vault. Phases of the vault,
functions of the phases and underlying mechanical principles are
presented not only in an effort to provide the ¢cach with back-
ground information about the event, but also to elicit comments
and suggestions for future research from cocaches and athletes.
The graphs shown in this chapter were developed using data ob-
tained from the analysis of §. Bubka's winning vault (5.85 m).
The terminology and abbreviations used are consistent throughout
the report. Referring to FIGURES 2 - 5 will greatly facilitate
understanding and interpreting the data presented in chapter
three.

2.1 DIVISION OF THE EVENT

For the purpose of this report the pole vault is subdivided into

five distinct phases:

1. the approach includes the initial acceleration and the

pole plant up to the touchdown of the takeoff foot:;

2. the take-off is defined as the time where the take-off

foot is in contact with the ground;

3. the first phase on the pole is defined as the time

from the end of the take-off to the maximum pole bend (MPB):

4. the second phase on the pole lasts from MPB until the
vaulter leaves the pole (PR);

5. the free flight phase begins as the vaulter leaves the

pole and ends as the vaulter touches the landing pit.




2.2 THE APPROMCH

In the run-up (approach) phase the vaulter mnust generate an
optimum level of kinetic energy (i.e. a high horizontal velocity)
and prepare for the planting of the pole. Depending on the pole
carrying technique, the maximum velocity with the pole is
approximately 0.8 to 1.2 m/s lower than in a "free" run-up. The
decrease 1s caused by the necessity to counteract the moment
caused by the pole. This forward rotating moment becomes larger
with increasing grip height and decreases as the angle between
the pole and the horizontal axis is increased.

The vaulter in the run—-up (as compared to a sprint run) assumes a
more upright body position - the decelerating force in the
contact phase increases, stride length and/or frequency decrease
and account for the reduced velocity.

Thus, the difference between the velocities in run-ups with and
without the pole (which c¢an be easily measured with photocells
during a training session) is a good indicator of the efficiency
of the «c¢arrying technigue. Small differences indicate good
technique and improvements should be sought by increasing the
maximum sprint speed. Conversely, large differences are
indicative of poor adaptation to the pole carriage. Carrying the
pole c¢lose to the vertical axis is not necessarily a good
solution since the plant has to be initiated much earlier. Thus,
it becomes increasingly difficult to hit the box and, further-
more, cross-winds may affect the pole more,

In good vaults the velocity of the center of mass (CM) increases
throughout the plant prep phase to as much as 9.7 m/s or more.
This is facilitated by a "moment-free" lowering of the pole which
enables the vaulter to increase stride frequency, thus more than
compensatiﬁg for the observed reduction in stride length,.
Generally, the penultimate stride is the longest of the last four
strides. The CM is slightly lowered in this stride. By shortening
the last stride most vaulters raise the CM into the takeoff phase
thus facilitating a smooth transition from the horizontal run-up
to the take-off velocity at 15 to 18 degrees.

McGINNIS (1987) reports mean data obtained from the analysis of



16 wvaults in the range of 5.50 to 5.81 m. He measured 2.2 m for
the penultimate stride, 2.04 m for the last stride {(which gives a

stride length ratio of 0.93) and velocities of 9.43 and 9.57 m/s
respectively.

2.3 THE TAKE—OF

During the short take—-off (between 0.08 and 0.12 sec.} the

athlete must ¢generate sufficient vertical impulse while mini-
mizing the loss in horizontal velocity and, at the same time,

bring the body into a good position for the energy transfer to
the pole.

FIGURE 2 shows Bubka's CM velocities throughout the wvault. The
phases are indicated through the vertical lines {TC - takeoff,

MPB —~ maximum pole bend, PS - pole straight, PR — pole release,
HP - highest point).
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FIGURE 2: Resultant velocity (V) of Bubka's center of mass and

the horizontal (Vx) and vertical (Vz) components.



The vaulter's horizontal CM velocity {Vx) decreases during take-
off due to the braking force in the first part of the take-off.
Simultanecusly, the generated vertical impulse accelerates the CM
to a vertical takeoff velocity [Vz(T0O)] of 2.2 m/s. Vx{TO) may be
up to 2 m/s lower than the velocity in the last run-~up stride.
Bubka, however,manages to reach a Vx(TQ) of 8.3 m/s. McGINNIS
(1987) reports a mean Vz(T0O) of 2.43 m/s and a mean Vx{(TO) of
7.57 m/s.

The vaulter’'s body position at takeoff is another c¢rucial factor.
The general consensus is that the top hand should be roughly in
line with the toe of the takeoff foot at TO. A vaulter who is
"under” 1s not able to generate sufficient vertical impulse and
will lose more horizontal velocity. However, placing the takeoff
foot slightly forward in relation to the top hand might be bene-
ficial since the pre-bend of the peole is positively influenced.
If the vaulter jumps into the pole (i.e. his takeoff leg leaves
the ground before the pole touches the box) his vertical velocity
will be smaller, and chances are that the pole will "sag". In
both cases the planting angle of the pole, which should be as
large as possible for a smooth transition into the vertical
motion, will suffer. Analyses of two vaults resulting in the
breaking of the pole just after MPB suggest that small takeoff
angles (around 11 - 12 deg.) are a factor contributing to the
overloading and failure of the pole. The angle of the pole at
takeoff [AP{TO)] is approximately 29 to 30 degrees. It is in-
fluenced by grip height, anthropometrical factors and, of course,
body position.

The second function of the takeoff, as mentioned above, is to
bring the body into a good position for an efficient energy -
transfer to the pole. As grip heights increase this becomes
increasingly important. The active energy transfer phase can be
defined as the time when the pole is planted and the take-off
foot is on the ground. An efficient energy transfer with minimal
losses requires the vaulter to be as rigid as possible. "Giving"
in the shoulder (usually caused by insufficient resistance of the
lower arm and little pre-tension in the shoulder girdle) or

sagging in the lumbar spine cause energy dissipation into the




body and potential injury. Hence, a hyperlordosis of the lumbar
spine must be prevented through contraction of the appropriate
muscle groups. This does not imply that all energy dissipated
into the body is lost. Energy used to pre-stress muscles and
tendons may be recovered during the first phase on the pole. The
"rigid" vaulter also applies larger bending moments to the pole
and thus reduces the compressive load required to bend the pole.
This helps ensure efficient energy transfer, and minimizes the
high impact forces transmitted to the vaulter via the pole,
Please look at FIGURE 3, showing the energy curves for Bubka's
vault. The total energy at take—off [Etot(TO)}] is a measure of
the vaulter's potential. It is the sum of Epot (TO}, the potential
energy at take-off, which depends on body mass and CM height, and
the total kinetic energy [(Ekin(TO)]. To facilitate inter-
individual comparison, energy is often expressed in Joule/Kg.
McGINNIS reports mean values of 33 J/Kg [Ekin(TO)].

ENERGY ({J)
TO MPB PS PR HP

5000

4000+ y//’HEiSTiH\E 1

30004 f \_ 4

Ekin{TO) 4

2000+ N

1000+ Iﬁfﬁﬁa’ : Hﬂﬂ,ﬁr//,fﬂrﬁkﬂ\ 4

Ekin{HP) 4

O I NN SN R I NN RIS RSN ] NI NN NN EN RN AN NN | YL er it e i ta b r bty
-0.3 -0.1 0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7
TIME (sec.)

FIGURE 3: Kinetic energy (Ekin), potential energy (Epot) and
total energy of the vaulter (Etot).



2.4 FIRST PHASE ON THE POLE

A number of terms are used to describe the action of the vaulter
on the pole. Since termg like "long swing", '"short pendulunmn" are
either hard to define or are defined in a rather arbitrary way,
let us consider what happens from the time the vaulter leaves the
ground to maximum pole bend (MPB). Look at FIGURE 2 once more.
The horizontal velocity keeps decreasing steadily to a minimum of
about 2 m/s and remains constant throughout the wvault. Ideally
V(x) should be just sufficient to clear the bar. Values of about
1 m/=s have been measured. The vertical velocity increases and
exceeds V(x) at the time T45, which occurs before MPB. This means
that the CM moves upwards at an angle greater than 45 degrees
after T45 and before MPB.

The movement of the pole is best described by a graph of the pole
deflection {(i.e. the reduction in chord length), the angle of the
pecle to the horizontal axis, and the angular velocity (AVP) of
the pele chord. This information is summarized in FIGURE 4. 1In
Bubka's wvault the angle of the pole chord {AP) increases from 29
to 60 degrees at MPB [AP{(MPB}]. At the same time the chord length
keeps decreasing to a low value of 3.83 m I[CL{MIN)] at MPB.
McGINNIS (1987) reports a mean minimum chord length of 3.4 m
occurring 0.48 sec. after takeoff. The dip in the energy curve
{Etot} in FIGURE 3 is the result of the energy being stored as
strain energy in the pole during this phase.

The angular velocity of the pole chord in Bubka's vault increases
rapidly, reachesg a first maximum [AVP(MAX}] and stays fairly high
until after MPB. Other vaulters in this study show a marked drop
between the two peaks which means that the chord does not rotate

smoothly about the box. However, more data is required to assess

the relevance cf this finding.



Z.5 SECOND PHASE ON THE POLE

In the second phase on the pecle the implement straightens again
{see FIGURE 4} and returns most of the energy stored in the form
of kinetic energy to the vaulter. This kinetic energy is in turn
transformed into potential energy which is equivalent to raising
the CM. 1In FIGURE 2 you notice a marked increase in vertical
velocity to 6.2 m/s. This value is considerably higher than the
vz (MAX) reported in the literature (McGINNIS: 5.04 m/s). The

corresponding increase in E(kin) can be seen in FIGURE 3.

CL (m) AP (deg.)
AVP (deg./s)

S5.57 TO MPB PS PR HP + 100
AVP{MAX)
\ /‘AP(PS) + 80
51 .
AP(MPB) 160
4,514
y 140
.l qu?l/
» 120
CL{MIN}
3 . 5 S NECUREVLIE ZVUI WO T WO VO S0 55 TP R S-S0V U W 20 T T PO I O - 0 N 1 8t JA.LLLJ.LXJ.J_LL}_LLJ_L_LLLL!_I_}_LL}J_' T O ) O O 0 S Lad: a1t 0111 1 O
~0.3 -0.1 0.1 0.3 0.5 0.7 0.9 1.1 1.3 15 1.7
TIME (sec.)

FIGURE 4: Angle of the pole chord to the horizontal (AP in
degrees), angular velocity of the pole chord (AVP
in degrees/sec.) and chord length (CL in m).



The pole chord rotates to 87 degrees at PS. The vaulter can speed
up the straightening of the pole by applying a negative bending
moment (i.e. push with the upper hand and pull with the lower
hand) in this phase. This however, reguires an extreme rock-back
position in the beginning in order to avoid premature reversal of
the direction of rotation caused by a gravitational moment acting
on the vaulter if his CM is not below the top hand. This can Dbe
best demonstrated with the data presented in FIGURE 5. The moment
of inertia (ICM) of the vaulter with respect to his CM 1is a
measure for the mass distribution. The reduction of ICM approxi-
mately 0.3 sec. into the vault marks the instant when the sus-
pended body sta