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INTRODUCTION

Ski-jumping technique is the basis of success in ski-jumping. On the
manifest level we can study it from the kinematic or dynamic point of view,
proceeding from the determinacy of movement equations (Vaverka, 1987).
Jumping technique can be described relatively well by the movement equations or
with a theoretical smulation of the inertial surrounding space, however, a very
important path also exists for discovering the characteristics of ski-jumping by
monitoring the actual competitive activity of the ski-jumpers.

The purpose of this research was to find the level of correlation of some
kinematic parametersof ski-jumpers, who competed at the 1994 Planica ski-flights
World Championship (K = 180m), with their successfulness defined as the length
of the jump.

METHODOLOGY

The subject sample comprised of 28 ski-jumpers who competed at the 1994
Planicaski-flights World Championship. They were divided into three qualitative
groups (above average - AA, n=7; average - A, n=14; below average - BA, n=7)
according to their success measured by the length of the jump. For analysis of the
jump technique the following kinematic variables were chosen, measured in the
first jump (1) and the second jump (2), 8 m after the edge of the take-off table
(position A) and 78 m after the edge of the take-off table (position B). ALE angle
between the X axis and the resultant velocity vector (VLR) in the XY plane VLR
resultant velocity of body and equipment center of gravity (TT) in the XY plane
VLX horizontal component of the velocity of movement of TT VLY vertica
component of the velocity of movement of TT ZHIT approach velocity, measured
according to FIS regulations ALS angle between the skis in the XZ plane ALA
angle between the trunk and the thighs in the XY plane ALG angle between the
right arm and the trunk in the XY plane ALG1 angle between the right arm and
the trunk in the XZ plane ALB angle between the "body-bow-line" (line joining
the shoulder and ankle joint) and the X axisin the XY plane ALF angle between
the "body-bow-line" (line joining the shoulder and ankle joint) and the skis in the
XY plane ALN angle between the legs in the XZ plane ALX angle between the
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skis and the X axis in the XY plane ALO angle between the trunk and the skis
in the XY plane ATT body weight ATV body height.

The data on the kinematic parameterswas obtained with 3D video analysis
(CONSPORT).

RESULTS

The resultant velocity of movement of the common body center of gravity
(VLR) was greater at the second measurement position (78 m after the take-off
table) - see table | - than at the first (8 m after the take-off table). The increase
in velocity was only a little less than 6 m/s. If we also take the approach velocity
as a resultant velocity of the common center of gravity then we find that it was
a lot higher than the take-off velocity at 8 m after the edge of the table and
somewhat lower at the point 78 m after the table position. This is a clear
indication of a drop in velocity in the take-off phase and its renewed increase after
a certain culmination point of the flight curve, which however, on the average,
only dlightly surpasses the approach velocity.

The results of the one-way analysis of variance show that the best
parameter for differentiating the "quality groups' was the angle between the
horizontal velocity (VLX) and the resultant velocity of the common center of
gravity (VLR) - elevation angle - in the middle part of the flight. The best group
flew with a smaller angle of elevation, the difference being about 1.5 degrees. The
differences in the angle of flight were most certainly conditioned (see table 2) by
the position of the jumper and skis during flight. Significant difference between
the defined groups were also found for the angle between the "body-bow-line" and
the skis (ALFB) and the angle between the axis of the trunk and skis (ALOB).
The best jumpers had, on the average, the smallest angle.

Table I: Coefficients of correlation between the length of the jump and the kinematic
parameters, Means and standard deviations for kinematic variables
AA A BA
r Mean SD Mean SD Mean SD F prob.

ALEALI -.05 1880 084 1883 100 1870 077 092
ALEA2 .14 1891 0.88 1926 0.73 1946 102 049
ALEB1-72* 3518 0.87 3436 052 3382 0.56 0.00*
ALEB2 -78* 3533 035 3464 043 338 071 0.00*
VLRA1 .18 2415 024 2423 039 2427 083 0.89
VLRA2 38* 2436 028 2426 046 2456 0.70 048
VLRBI .02 30.08 065 30.74 0.81 3021 097 0.16
VLRB2 .06 2956 125 2978 109 2955 121 088
VLXA1 .18 2286 028 2293 044 2298 076 0.90
VLXA2 36* 2295 044 2291 045 2314 069 0.65
VLXB1 .24 2458 064 2538 0.73 2510 078 0.06
VLXB2 .20 2425 102 2450 092 2454 105 084
VLYAL -.02 -776 032 -782 03 -7.78 055 092
VLYA2 -32 -787 036 -797 029 -817 044 033
VLYB1 44* -1732 046 -17.34 044 -1681 064 0.08
VLYB2 .31 -17.17 066 -1690 063 -1646 070 0.15
ZHITL -22 2840 019 2848 012 2833 032 027
ZHIT2 45* 2844 0.29 2870 0.16 2874 014 0.01*



Legend: AA - above average group
A - average group
BA -below average group
Mean - arithmetic mean
SD - standard deviation
r - coefficient of correlation (* statistically significant at or below p=0.05, critica
value 1=0.36)
p -statistical significance of the difference between groups

On the basis of the magnitude of the coefficients of correlation we can, at
least hypothetically, define the following tendencies of a successful jump.
Maximize the resultant velocity in the first part of the flight (VLRA). Maximize
the velocity of movement of TT in the horizontal direction (VLX), during the
whole flight and especialy in its first part. Decrease the angle between the
"body-bow-ling" and the X axis (ALB), especialy in the middle part of the flight.
Decrease the angle between the "body-bow-line" and the skis in all parts of the
flight curve (ALF). Minimize the flight angle of elevation (ALE) in the middie
part of the flight. Optimize the angle between the upper part of the body and the
skisin the XY plane in the take-off phase and minimize it in the middle part of
the flight (ALO). This requirement must be combined with the minimization of
the angle between the skis and the horizontal (ALX).

Table 2: Parameters giving dimensions of the jumpers movement
BA A AA
r Mean SD Mean SD Mean SD F prob.
ALSA1 .27 2.35 188 273 124 356 122 0.36
ALSA2 .09 1.85 0.71 2.17 1.27 215 0.93 0.80
ALSB1 .16 1745 8.05 2363 59 21.04 6.15 0.13
ALSB2 .50* 1620 854 2066 827 2537 658 013
ALAA1 -.05 150.94 9.76 14361 9.72 146.30 4.79 0.23
ALAA2 .19 139.30 6.91 143.37 11.66 1464 973 043
ALAB1 42* 1670 1844 17163 4.08 175.61 649 031
ALAB2 -.03 17213 394 17175 7.61 171.07 343 0.95
ALGA1 -40* 2441 8.74 1811 7.28 1534 872 0.12
ALGA2 .16 9.43 7.07 16.07 1105 1732 944 0.25
ALGBI -.15 693 310 722 364 524 424 050
ALGB2 -.15 1120 1017 676 339 910 786 035
ALGIA1-22 88 302 732 303 736 144 049
ALGlA2-14 781 266 829 336 708 320 0.72
ALGIBIL -23 1993 824 1325 571 1690 532 0.08
ALGIB2 -.13 1483 1048 1610 757 1205 591 054
ALBAI -.07 4428 385 4366 378 4418 333 092
ALBA2 -.16 4527 401 4291 449 4314 311 045
ALBB1-57* 1546 1082 752 412 641 396  0.02*
ALBB?2 -.08 10.83 581 1188 457 1215 424 086
ALFA1-31 2955 473 2941 801 3666 986 0.18
ALFA2 -23 36.18 947 3178 829 3052 6.69 040
ALFBI -39* 1566 1823 807 478 791 474 023
ALFB2 -.34 1398 6.21 1064 482 1001 5.08 033
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ALOA1 .39* HdE 2,93 B.12 4.25 1380 1778 007
ALOA2 -.15 978 B.37 1207  Rdg a5l in 019
ALOBI -47* 12058 14,18 595 4.38 34T 450 013

ALOB2 -53* 1430 11.15 734 1.51 47T 219 Dol
ALNA1 -.02 2.7 1.96 2.90 |34 2.68 0§ 0593
ALNA2 .09 .71 [ B .53 I .46 2.87 1. L

ALNBI -.04 5,65 4,00 6.85 4.17 564 570 072
ALNB2 -.02 .41 4,56 Eka 347 6.0 498 (k30
ALXAI -31 460 348 [394 724 B.50 90 .26
ALXA2 .16 [LED 446 1099 616 12,52 523 .80
ALXBI1 -21 515 G619 336 2.65 3BT 236 0l
ALXB2 -.11 W 4,010 378 242 427 2.0 {ra0

ATV] -7 7616 B.23 177.72 6.06 17642 672 087
ATV2 .09 17500 9.30 [TE.58 647 17700 351 0.9
ATTI -34 Gh65  BTE 6672 3.50 6321 572 050
ATT2 -.03 G2 EE  BE] 6796 501 G412 417 025
DISCUSSION

The results are in complete accord with theoretical definitions of the
ski-jumping technique. In the first part of the flight - the take-off - the jumper
must maximize the horizontal velocity and minimize the vertical velocity.
Therefore he must - in the supported part of the take-off action - minimize the air
resistance in the horizontal direction, minimize friction and optimize the vertical
velocity of the take-off (Vaverka, 1987). This tendency is then preserved also in
the middle part of the flight, where the jJumper must minimize the angle between
the horizontal component of velocity and the resultant flight velocity. The jumpers
should therefore achieve a greater height of the flight curve in this part of the
flight, which is in accord with the results of flight analysis on the 120 m ski-jump
in Planica on a sample of 30 top world-class jumpers (Jost, 1994).

In thisway the theoretical tendencies of optimizing aerodynamic moments
of the forces at work, manifesting themselves in minimization of air resistance in
the horizontal direction and maximization of air resistance in the vertical direction
attest themselves automatically.

CONCLUSIONS

On a sample of 28 ski-jumpers that competed at the 1994 Planica
ski-flights World Championship we found statistically significant correlation of
some kinematic flight parameters with the length of the jump. The results are in
complete accord with the theoretical definitions of the ski-jumping technique and
at the same time confirm some findings of experimental research of the
aerodynamic aspect of ski-jumping.
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