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Fz Fx_avg Fy_avg Fz_avg Fr

0.000 0.0006 -3%.188 0.000 3.188 (G2)
0.000 0.000 ~3.188 0.000 3.188 (G2)
0.000 0.000 ~3.188 0.000 3.188 (G2)
0.000 0.000 ~3.,188 0.000 3.188 (62)
0.000 0.000 -3.188 0. 000 3.188 (G2)
0.000 0.000 -3.188 Q0.000 3.188 (G2)
0.000 0.000 -3.188° 0.000 3.188 (G2)
0.000 0.000 -3.188 0.000 3,188 (G2)
0.000 0.000 -3.188 0.000 3;188 (G2)
0.000 0.000 -%.188 0.000 3.188 (G2)
0.000 0.15% -3.347 0.000 3.351 (G2)
0.000 0.159 ~3.506 -0.,159 3.513 (G2)
0.000 0.159 -3.666 -0.159 3.673 (62)
~0.797 0.159 -3.825 -~0.159 3.832 (Gg2)
0.000 0.159 -3.984 ~-0.159 3.991 (G2)
0.000 0.000 -3.984 =~0.159 3.988 (g2)
0.000 0.000 -3.984 0.000 3.984 (G2)
0.000 ~0.319 4,303 0.159 4.318 (62)
0.000 ~0.956 ~-4.941 0.637 5.073 {(G2)
0.797 ~2.231 -6.056 2.072 6.779 (G2)
2.391 -3.825 -7.650 6.375 10.667 (G2)
7.172 ~2.869 -6.694 12.591 14.545 (G2)
21.516 ~35.506 -6.853 24.862 26.027 (G2)
31.078 ~7.491L -9.722 43.031 44.747 (62)
62.156 =12.431 -14.344 61.041 63.924 (G2)
93.234 ~18.966 -20.241 76.659 81.523 (G2)
97.219 ~32.991 ~32.872 90.366 101.5%96 (G2)
99.609 ~48.928 -46.697 97.856 118.955 (G2)
99.609 ~65.025 ~59.606 99.131 132.696 (G2)
99.609 =78.572 ~69.647 98.494 143.963 (G2)
99.609 -80.325 ~71.719 97.059 144.970 (G2)
94.031 ~75.544 -68.212 94.828 139.112 (G2)
92.437 =66.459 ~61.041 92.756 129.408 (G2)
88.453 ~52.5%94 ~51.478 89,569 115.925% (G2)

89.250 ~40.481 -42.8B72 86.859 104.982 (G2)
83.672 -39.047 -41.597 B83.672 101.272 (G2)

80.484 -40.162 ~42.394 80.484 99.438 (G2)
76.500 —~42.075 ~44.306 77.456 98.655 (G2)
72.516 45,103 ~46.856 74.747 99.080 (G2)
74.109 ~47.653 -49.568 72.35& 99.815 {G2)
70.125 -49.,725 ~51.319 70.444 100.342 (G2)
68.531 =51.797 ~53.231 69.3%28 101.602 (G2)
66.937 335,231 ~54.666 67.894 102.135 (G2)
66,937 —55.462 -56.578 67.894 104.340 (G2)
66.937 ~57.694 -58,.331 68.212 106.696 {G2)

70.125 ~60.084 ~-60.244 £9.487 109.854 (G2)
70.125 ~61.997 -62.156 70.762 112.758 (G2)
73.312 ~63.591 ~83.431 72.037 115.138 (G2)
75.312 ~64.228 ~64.069 72.994 116.439 (G2)
73.312 ~64.228 ~64.387 73.950 117.216 (G2)
74.906 -62.794 ~63.750 74,587 116.492 (G2)
74.906 ~60.562 ~61.997 75,225 114.762 (G2)
76.500 —58.491 -60.244 76,022 113.269 (G2)
76.500 =55.781 -58.012 76.659 111.147 (G2)
77.297 -53.391 -55.781 77.616 109.482 (62)

78.094 ~51.637 -53.869 78.412 108.244 (62)
79.688 ~50.044 -52.275 79,369 107.408 (G2)
80.484 ~49.247 ~51.478 80.166 107.246 (G2)
8l.281 —48.609 ~51.000 80.803 107.20% (G2)
81.281 —48.450 ~50.681 81.122 107.223 (G2)
81.281 ~48.450 ~50.681 81.281 107.3%344 (G2)
81.281 -48.928 -51.159 81.600 108.027 (62)

81.281 -48.928 ~-51.478 81.759 108,298 (62)



.2873
L2890
L2907
2924
L2941
L2958
2975
L2992
L3009
L3026
L3043
3060
L3077
3094
L3111
.3128
3145
3162
3179
3196
3213
3230
L3247
3264
. 3281
L3298
L3315
L5332
3349
3366
. 3383
. 3400
3417
3434
. 3451
.3468
. 3485
3502
L3519
3536
L3553
3570
. 3587
3604
3621
0.3638
0.3655
0.3672
0.3689
0.3706
0.3723
0.3740
0.3757
0.3774
0.3791
0.3808
0.3825%
0.3842
0.3859
0.3876
0.3893
0.3910
0.3927
0.3944
0.3961
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-50.203
=49, 406
-50.203
-49.406
-50.203
-48.609
-48.609
-47.016
~46.219
~46.219
-44.,625
-46.219
-44.625
-45.422
~44.625
-45.422
=44 .625
~44.625
-4%.828
-43.828
=4%.031
-42.234
-42.234
~41.437
~41.437
-41.437
~41.437
~40.641
“40.641
-39.844
-39.844
-38,250
-38.250
-38.250
~36.656
~36.656
-35.062
~33.469
~-31.875
-31.875
~30.281
-28.687
-27.094
-25.500
~23.906
~22.312
-20.719
~19.125
-17.531
~15.938
~14.344
~11.953

-9.562

-7.969

-6.375

-4.781

~3.188

0.000

0.000

3.188

4.781

4.781

6.375

6.375

7.969

-52
-52
-52
-52
-51
-51
-50
-49
-47
-48
-47
-47
-47
-47
-47
-47
-47
-47
~47
-46
-45
-44
-44
~44
-44
-43
-43
-43
-43
-43%
-41
-4 1
-41
-40
-39
-38
-38
-38
-35
-33
-31
-31
-30
-28
-27
~25
-24
-22
-20

-19.

-17
-15
-12
-12
-9
-7
-6
-4
-3
-2

[ARARAReN o

.594
594
.594
.594
797
. 000
203
. 406
813
.609
.813
.813
813
813
.813
.B13
.813
.016
.01
219
L 422
.625
625
L6285
625
. 828
. 828
.828
031
.031
437
.437
437
641
844
.250
. 250
. 250
062
469
.875
875
-281
687
094
500
. 703
L3R
719
125
L5311
938
. 750
.750
562
969
375
781
. 188
. 391
. 000
. 000
.188
.188
. 984

82.875
82.078
82.875
82.875
82.875
83.672
82.875
83.672
B3.672
83.672
84.469
84.469
84.469
84.469
84.469
84.469
84.469

84.469

84.469
84.469
83.672
82.875
82.875

82.078-

82.078
81.281
80.484
79.688
78.094
77.297
76.500
74.906
74.109
72.516
70.922
70.125
68.531

67.734°
66.141

64.547
62.953
61.359
59.766
58.172
55.781
54.187
52.594
50.203
47.813
46.219
43.828
41.437
39.047
56.656
34.266
21.875
29.484
27.094
24.703
22.312

19.922
17.531

15.141

12.750
10.359

»

~49.566
~-49 .566
-49.884
~49.566
~43.406
-48.769
~48.131
~47.334
~46.537
~46.059
-45.581
-45.422
~45.103
-45.,262
-44.944
~44.944
-44.625
~44.466
~43.987
-43.509
~43.031
-42.553
-42.075
~41.756
~41.597
~41.278
-41.119
=40.800

,~40.481

-39.844
~39.366
~38.887
~38.250
-37.612
-36.975
~36.019
~34.744
~33.787
~32.512
~31.237
-29.962
-28.687
-27.094
-25.500
=23.906
~22.312
~20.719
-19.125
-17.531
-15.778
-13.866
-11.953
-10.041
-8.128
~6.375
~-4.462
-2.869
~0.956
0.956
2.550
3.825
5.100
&.056
6.694
7.331

-51.956
-52.275
-52.434
-52.116
-51.637
=51.000
~50.044
=49.406
-48.769
-48.291
-47.972
-47.972
-47.813
-47.813
-47.813
-47.653
-47.494
-47.175
-46.697
~46.059
-45.581
-45.103
-44.784
~44.466
-44.,.306
=44.147
-43.828
-43.509
-43.031
~-42.553
-42.075
-41.597
-40.959
-40.322
~39.684
~39.047
~37.931
~36.656
-35.381
~34.106
~32.512
-31.237
~29.962
-28.687
-27.253
~25.659
~24.066
-22.472
~20.878
-19.125
~-17.212
-15.619
~13.706
-11.794
~9.881
-8.287
-6.375
~4.941
~3.347
-2.072
-0.478
0.797
2.072
2.869
3.666

82.078
82.397
82.716
82.875
83.034
83.1%94
83.353
83.512
83.672
83.991
84.150
84.309
84.469
84.469
B4.469
84.469
84.469
B84.469
84.309
83.991
83.672
83.194
82.716
82.237
81.759
81.122
80.325
79.369
78.412
77.297
76.181
75.066
73.791
72.516
71.241
69.966
68.691
€7.416
65.981
64.547
62.953
61.359
59.606
57.853
56.100
54.187
52.116
50.203
48.131
45.900
43.669
41.437
39.047
36.656
34.266
31.875
29.484
27.094

24.703
22.312

19.922
17.531

15.141

12.909

10.678

109.058
109.447
109.908
109.732
109.554
109.090
108.484
107.962
107.448
107.275
107.052
107.110
107.029
107.097
106.962
106.891
106.687
106.478
105.941
105.209
104.548
103.761
103.043
102.390
101.872
101.16l
100.318
$99.283
98.178
G6.815
95.517
94.220
92.660
91.099
89.539
87.848
85.816
83.846
81.624
79.406
76.928
74.590
72.005
£9.428
66.794
63.973
61.028
58.233
55.316
52.168
48.944
45.868
42.583
39.355
36.227
33.236
30.302
27 .557
24.947
R2.553
20.291
18.275
16.438
14.822
13.461

(G2

(G2

(G2

(G2

(G2

(G2

(G2

(G2

(G2

(g2

(G2

(g2

(G2

(g2

(g2

(G2

(62

(G2,

(Gz,
(G2;
(G2;
(G2,
(G2’
(G2,
(2]
(G2,
(G2
(G2,
(G2
(62;
(G2]
(Gz;
(G2
(G2)
(G2)
(62)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(62)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(62)
(62)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
(G2)
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L3978
3995
L4012
4029
L4046
4063
. 4080
4097
4114
L4131
L4148
4165
4182
4199
4216
L4233
4250
L4267
L4284
4301
L4318
L4335
L4352
4369
L4386
4403
.4420
. 4437
4454

NHHNWNHHRNE A NN RARRENRED O NN N

3.984
3.984
3.984
3.984
3.984
3.984
3.984
3.188
2.391
1.594
0.797
-0.797
-0.797
-0.797
-0.797
~0.797
~Q.797
~0.797
~Q0.797
~0.797
~0.797
~0.797
~Q.797

-Q.797

-0.797
~0.797
-0.797
-0.797
~0.797

L7686
375
781
. 188
AT
797
594
. 188
984
781
578
578
578
578
578
578
578
.578
578
.578

578

578
978
. 578
375
375
375
375
375

NN WHNNEH NN NG RER A AR ERWERDEOO N NN NN

650
. 969
969
969
. 969
» 809
650
172
534
.578
781
. 984
506
.188
. 188
188
. 188
. 188
. 188
. 188
. 188
. 188
. 188
. 188
.188
. 188
.188
.188
- 188

%.825
3.984
3.984
3.984
3.984
3.825
3.506
3.028
2.391
1.434
0.637
0.000
-0.478
~Q.797
-0.797
-0.797
~0.797
-0.797
-0.797
~0.797
-Q.797
-Q.797
-0.797
-Q.797
-0.797
-0.797
-0.797
~0.95%6
-1.116

8.606

6.694

4.781

2.869

1.275
-0.319
-1.753
-2.869
-3.825
-4.622
-5.100
-5.419
-5.578
-5.578
-5.578
-5.578
-5.578
-5.578
-5.578
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SUMMARY OF RESEARCH

INTODUCTION:

Fast development and improvement have been shown in
breaking world records in track and field events are due to the
application of scientific methods of trainning programs. The
ability of the coach to teach the basic techniques of a sport
depends very largely on his appreciation of both the effects he
is trying to produce and the forces that cause them. It seems
only logical therefore that coaches should turn to Dbiomechanics
to provide a sound scientific basis for the analysis of the
techniques used in sports.

During the last decade, large number of investigators were
concerned with the analysis of sports techniques using
cinematography. Recently, the faculty of physical education for
female has devoted to develop the biomechanics laboratory so that
forces can be measured directly. Therefore, the faculty has

decided to apply for a force platform, throughout Dr. Dalal Fag
El-Nour.

However, the surface reacticon force at take—-off has been
measured during performing high jump by fosbury flop method using
force platform. Relationship Dbetween the force and center of
gravity hight as well as other parameters that may associated
with take—-off stage has also been studied.

J

Objechtves

1- Determining kinematic and kinetic variables that affect

@ake—off stage and produce the desired results of high
Jump.

2— To provide explainations for surface reaction force curve
patterns as well as other mechanical parameters wich
associlat with take-off stage.

3— To study the relationship between mechanical parameters
and heght of body center of gravity.



STUDY QUESTIONS:

1- What are Xkinematic and kinetic variables that can be
measured during the stage of take-off in high jump using
fosbury flop metheod ?

2— What sort of correlation are between these variables ?

3— What are the percentage of contribution of each variable
on the body center of gravity hight ?

PROCEDURES :

1- METHOD: The describtive method has been applied.

2— SUBJECTS: Three female high jumpers have been Selected te
perform (21) trials using fosbury flop method.
A number of (14) correct trials has been
collected and digitized.

3— DATA COLLECTION: * Cinematography:— 16 mm cine—camera at
rate of 60 frame per second.
¥ Kinematographic analysis wusing the
computer program "EID 90".
s Kistler force platform which
communicated with NCR Computer to
record the output data.

RESULTS:

* The results of this investigation showed that there Ware
relationships between study variables. These relationships Wad
been resulted from the correlation matrix.

ld Studying the contribution percentages of mechanical
parameters on the stage of take—off showed that vertical force,
vertical wvelocity, and total force Ware the most effective
parameters on this stage.

FINDINGS:

It has been found the following:

1- Uncorrect distribution of force cause to lose an amount of
vertical force 1in both side and horizontal direction.



2— Decreasing of vertical velocity during take~off stage may be
due to the increase in take-off duration.

RECOMENDATIONS :

In the 1light of study results and findings the following
recomendations can be stated.

1- Attention must be Pald to improve force in general and
vertical force in particular using vertical Jjump exercises.

2- During trainning programs, 1t is important to apply exercises
that can help athlete to translate from horizontal direction

(approach) to vertical direction {take—cff) without
decelaration.

3- At developing trainning programs, coaches must concern with
dynamical variables that showed a.great deal in raising wup

body center of gravity so that the bar can be crossed. These
parameters are:

* Vertical force.
* Vertical velocity.

* Resultant force.





