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INTRODUCTION

Triplejumpisoneof thefour jumping eventsin track andfield. A triple
jump consists of an approach run followed by a hop that is a takeoff from
one foot and alanding on the same foot, a step that is a takeoff from one
foot and a landing on the other foot, and ajump that is a takeoff from one
foot and alanding on both feet in the sand pit. During each support phase
of thetriplejump, athletes gain vertical velocity for the takeoff following
the support phase. Simultaneously, they inevitably lose horizontal velocity.
To have the longest jumping distance, the loss in the horizontal velocity
during each support phase has to be minimized while gaining vertical
velocity (Hay and Miller, 1985) because losing horizontal velocity tendsto
shorten the actual distance.

In arecent study on triple jump techniques (Yu and Hay, 1996), it was
found that the loss in the horizontal velocity can be expressed as a linear
function of the gain in the vertical velocity during each support phase of
thetriplejumpfor each individual athlete. Theslopeof thislinear function,
A,, was referred to as the horizontal-to-vertical velocity conversion
coefficient. This relationship between the loss in the horizontal velocity
andgainin thevertical velocity suggeststhat thegain in the vertical velocity
occurs at the expense of the horizontal velocity during each support phase
of thetriplejump. This meansthat thereisaconversion of the horizontal
velocity tothe vertical velocity during each support phaseof thetriplejump.
Further, this relationship suggests the loss in the horizontal velocity per
unit gain in the horizontal velocity isnot aconstant and isafunction of the
gainin thevertical velocity and the horizontal -to-verticalvel ocity conversion
coefficient. This meansthat, in termsof thelossin the horizontal velocity,
the efficiency of the gain in the vertical velocity may be affected by the
gain in the vertical velocity and the horizontal-to-vertical velocity factor.
An understanding of these effects appears to be essential for the
understanding of the effect of phase ratio on the actual distance and will
provide the basis for the further biomechanical studies on optimum
techniques of the triple jump. The purpose of this study wasto examine
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theeffectsof thegain inthe vertical velocity and the horizontal-to-vertical
velocity conversion coefficient on the horizontal-to-vertical velocity
conversion during each support phase of the triplejump.

METHODS

A total of ten élite triplejumpers(six malesand four femal es) were used
as the subjects. These subjectsincluded four of the finalists of the men's
triplejump competitionin the1992 U.S. OlympicTrials, twoof thefinalists
of the men's triple jJump competition in the 1995 U.S. Track and Field
National Championships, two of the finalists of the women's triple jump
competitionsin the 1990 U.S. Track and Field National Championships,
and two of thefinalists of the women's triple jump competitionsin the
1995 U.S. Track and Field National Championships. Each subject hed at
least four legal or foul trialsin whichthey completed the full sequence of
the jump (that is, they did not abort the jJump part way through) and were
videotaped in their entirety.

A Direct Linear Transformationprocedure with panning cameras (Yu et
d., 1993) was used to eollect three-dimensiona (3-D) coordinates of 21
body landmarks. Two S-VHS video cameraswere used to record thecontrol
object and the performancesaof the subjectsat afrequency of 60 Hz. The
total control volume covered the spacein which the last two strides of the
approach run, the hop, the step, and thejump occurred. A global reference
frame was defined so that the x axiswas parallel to the runway pointingin
thejumpingdirection; they axiswas perpendicul arto thex axis pointing to
theleft side of the runway; and the z axis was perpendicular to the surface
of the runway and pointing upward.

The videotape records of the control object and each of the selected
trials weredigitized with the aid of a S-VHS videocassetterecorder, a 14
inch color monitor, amicro-computer,and Peak2D computer software(Peak
Performance Technologies, Denver, CO). Control volume calibrations,
mathematical time-synchronizationof the digitized two-dimensional
(2-D) datafrom the two cameras, and the transformation from digitized 2-
D datato redl life 3-D coordinate data were all conducted using a set of
customized computer programs.

The real-life 3-D coordinate data of 21 body landmarks were filtered
using a forth-order Butterworth digital filter (Winter et a., 1974) at a
estimated optimum cutoff frequency of 7.4 Hz (Yu and Hay, 1995). The3-
D coordinatesof the center of massaof the whole body (G) werecal culated
using the basic segmental procedure described by Hay (1993) and the
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segment inertial data of Clauser et a. (1969). The horizontal and vertical
velocitiesat thetouchdown and takeoff of each support phase{v .. ¥ ...
Vet + Vi) Weredeterminedfrom thelocations of G (Yu and Hay, 1996).
Thechangein each of the horizontal and vertical componentsof thevelocity
of Gduring agiven support phasewas determined as thedifference between
the component at the takeoff and the corresponding component at the
touchdown of the support phase.

A multiple regression analysiswith dummy variables was conducted to
determine the rel ationship between Avx and Avz during the three support
phases for each subject. A multiple regression analysis with dummy
variables is a statistical procedure used to develop and comparedifferent
regression equationsusing asingle multipleregression model. Thedummy
variablesin this kind of regression analysisareused to distinguishdifferent
regression equations. The regression model suggested by the resultsof a
previous study (Yu and Hay, 1996) was used as the full model

aAv, =g+ BHPI +A LY, + HII’I.-'_"W!_I

A forward elimination procedure was used to determine the optimum
regression equation and the magnitudes of A, , B, , A,, and B, for each
subject. The 0.05 level of confidence was chosen to indicate statistical
significanceof each regression coefficient and the overall regression.

The horizontal-to-vertical velocity conversion rate for support phase i
was designated as A, and defined as the ratio of absolute value of Av,; to
Av, . thatis:

|av, |==|a,=B P +AAY, +BPAY

:|l_i = I.:".‘rl.l '-j'vr.u
(i=1,23)
RESULTS

A linear relationship between the loss in the horizontal velocity of G
andthegainin thevertical velocity of G during support phaseswasobtained
for each subject. The best regressionequationfor thisrelationshipfor each
subject wasexclusively of theform Av = A+BPAA AV
The correlation coefficientsfor overall regressionsranged from 0.71to
0.95 with p-vaueslessthan 0.013.
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The regression coefficients A, and B, were functions of A, . Their
relationshipscan be expressed as
A =-0.946 - 2.976A,

B,=0.296 + 1.167A?
No evidence suggested that these relationships were significantly
different between male and femal e athletes.
The horizontal-to-vertical velocity conversion rate was simplified asa
function of A, and Av_|
- -0.946 - ?_._'}’.n'ﬁ..ﬁ;lﬂﬂ.zl?m l. I.ﬁ?hf]nPi-irﬁ_.l._qm
= A

(i=1,2,5P,=0,P,=F,=1)

The horizontal-to-vertical conversion ratesfor all three support phases
weresensitivetoA, and Av, . Thesensitivity of theconversion rateto Av,
increased with the increase in the absol ute val ue of A, (Figurel).
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Figure 1. Horizontal-to-vertical velocity conversion rates for the three
support phasesin thetriplejump.

DISCUSSION
The relationship between Av_ and Av_ . for each subject in this study
was consistent with those previ ously reported (Yu and Hay, 1996). This
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relationship between thelossin the horizontal velocity of G andthegainin
thevertical velocity of G duringeach support phasemight bearesult of the
conversion of mechanical energy during the support phase. If this
relationship isdueto aconversion of kinetic energy from the horizontal to
vertical directions, then the magnitude of A, islikely to be areflection of
some physical or technical characteristicsof theathlete. One possibilityis
that the magnitude of A, for agiven athleteis afunction of the maximum
contraction speed of his musclesor the maximum force which his muscles
arecapableaf generating. Another possibility isthat the magnitudeof A, is
afunction of theleg stiffnesswhichistheratio of force generated by the
leg and the compression distance of theleg.

Thehorizonta-to-verticalconversionratewassensitivetoA,. Theresults
suggest that the greater the absolutevalue of A, , the lower theconversion
rate for asmall gain in the vertical velocity but the greater the exchange
ratefor alargegainin thevertical velocity (Figurel). Theseresultsindicate
that an athletewith ahigh absolutevalueof A wasefficientin maintaining
thehorizontal vel ocity whileachieving asmall gainin the vertical velocity.
Also, an athletewith alow absolutevaueadf A, wasefficientin maintaining
the horizontal velocity whileachieving alargegain in the vertical velocity.

The horizontal-to-vertical conversion rate was sensitiveaso to Av
especially for a high absolutevalueof A, . Theresults suggest that, with a
given absolutevalueof A, , thegreater isthegainin the vertical velocity of
G, thegreateristheconversionrate. Theseresultsindicatethat thegreater
is the gain the vertica velocity, the greater is the loss in the horizontal
velocity per unit gain in the vertical velocity. The horizontal -to-vertical
conversion rate was virtually independentof Av,; for alow absolute value
of A, .

The effect of A, on the horizontal-to-vertical velocity conversionrateis
the basis before determining the optimum phase ratio for a given athlete
(Yuand Hay, 1996). For an athletewith alow absolutevauedf A, ,along
hop distancebenefitsthe actua distance, and ahop-dominated techniqueis
optimum. For an athlete with a high absolute value of A,, a short hop
distance benefits the actua distance, and a jump-dominated techniqueis
optimum.

The magnitude of A, may also be a parameter for identifying elite long
andtriplejumpers. An athlete with low magnitudedf A, may beapotentia
elite long jumper while an athlete with high magnitude of A, may be a
potentia elite triplejumper.
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FIGURE CAPTIONS

1. The horizontal-to-vertical velocity conversion coefficient Al isdefined
astan(b). The horizontal-to-vertical velocity conversion ratelfor agiven
gain in the vertical velocity isdefined as 1/tan(a).

2. Therelationshi psbetween thelossin the horizontal vel ocity of G andthe
gain in thevertical velocity of G during three support phasesfor aselected
subject.

3. The relationships between regression coefficients.

4. Theeffects of the horizontal-to-vertical velocity conversion coefficient
A1 and the gain in the vertical velocity of G on the horizontal-to-vertical
velocity conversion rate during three support phases.

Table1.Regression coefficients (A1 , A0 , and BO) for the linear
relationshipsbetween thelossin the horizontal velocity andthegainin the
vertical velocity, correlation coefficients(r) for overall regressions, and p-
valuesdf overall regression.

Gender Subject A1 A0 BO r P

Mae A 1.299 -2959 -2263 0.B15 0.001
B 0.946 -1.876 -1.180 0.885 0.000
C 0.924 -l.666 -1453 089 0000
D 0408 -0.180 0614 0710 (0008
E 0366 -0.157 0348 0952 0.000
G

0,837 =1.619 -1.053 0941 0000

FemaleF 0.5%2 -1.068 -0.618 0763 0.013
H 0422 -0525 -0410 0.827 0000
| 0602 -0875 0811 0.740 0.003
J 0579 -0.585 -0.894 0723 0012
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