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Fabrication of mathematics and physics models for velocity time-dependent in the
men’s 100 metres from 8 runners
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Abstract

The main target of this project is to find who has the most value of correlation and time-
dependent velocity from 8 runners of the men’s 100 metres at the 1991 IAAF World Championships in
Athletic. We take 8 months for this research. Limit of research is the study of about time-dependent
velocity from 8 runners of men’s 100 metres at the 1991 IAAF World Championships in Athletic and
calculating the time-dependent velocity under the apply time-dependent force oscillation. Last we got
many knowledge about calculus and how to use Mathematica and Math Type Program for use in the

future.

Keywords : velocity, stride length, time-dependent velocity and correlation
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Introduction

Today sport science is very important especially for players and trainers. It’s about your body
and your health. In this research, we will talk about correlation of 8 runners on velocity, time, stride

length and time-dependent velocity from the men’s 100 metres at the 1991 IAAF World Championships
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in Athletics. And find who has the most value of correlation by obtaining Linear first-order ordinary
differential equations and integration by parts to solve the one-dimensional Newton’s second law. In
2003,Robert G.Lockie study the assignment of the kinematic variant that are altered as a result of resisted
sled towing in male field-sport athletes[1]. In 2007, Krzysztof Mackala study the variation of stride length
and stride frequency between athletes of different performance levels in the 100 metres and then prove
the influence of these kinematic parameters on the phases of the race and technical proficiency(2]. In
2010,0.Helene and M.T. Yamashita studied Bolt’s efficiency and forecasted that Bolt could run about
one-tenth of a second faster, which was confirmed in Berlin and extend the analysis of Eriksen et al.to
madel Bolt’s velocity time dependence for the Beijing 2008 and Berlin 2009 records(3]. In 2013,James
Reardon observed pacing tactics in 400-m and 800-m world-record races[4]. In 2014,Ryu Nagahara verified
whether there was differentiation during the maximal accelerated running and to show the change in
acceleration tactic based in the kinematic measures during the entire acceleration phase of maximal
sprinting[5].In 2017 Ercilio Machanguana studied the alterations of the kinematic parameters during the
running of the 100-metres speed in Mozambican athletes[6]. The aim of this research is to find who has
the most value of correlation and time-dependent velocity from 8 runners of the men’s 100 metres at
the 1991 IAAF World Championships in Athletics. We studied and compare time, velocity, stride length in
the men’s 100 metres at the 1991 IAAF World Championships in Athletics. We evaluated the time-
dependent velocity under the apply time-dependent force oscillation. The pattern of the paper is as
follows. In section 2 detailing with the ordinary differential equation. Fabrication of model for time-

dependent velocity in the men’s 100 metres from 8 runner and result is given in section 3.
Theory of mathematics and method

A first-order linear differential equation is one that can be expressed in the form :

%+p<x>y= o) 0

Notice that this differential equation is not separable because it’s impossible to factor the
expression for " as a function of x time a function of y. It tumns out that every first — order linear
differential equation can be solved in a similar fashion by multiplying both sides of Eq, (1) by a suitable
function 7(x) called an integrating factor. We try to find I so that the left side of Eq. (1), when
multiplied by 7(x) becomes the derivative of the product 7(x)y :

IX)Y'+PX)y) = 1Ax)y) (2

If we find such a function I, then Eq. (1) becomes

(I®y) = 1X)QX)
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Integrating both sides, we obtain

Iy = [1(x)Qx)dx+c

So the solution would be

960 = 75 [ 1090 dxre] ©)

To find I, we expand Eq.(2)and cancel term:
Ix)P(x) =T'(x)
This is separable differential equation for I, which can be solved as follows:
dl
L= j P(x)dx,
1

j P(x)dx

I = Ae

where A =+e°. We are looking for a particular integrating factor, not the most general one, so we take

A=1 and use

I = eIP(x)dx @
Substituting Eq. (4) into Eq.(3) becomes
_}’(x) = e_J.P(X)dx |:J. Q(x) eIP(X)dxdx +C:| (5)

Eq.(5) is solution of the first-order linear equation, non-homogeneous differential equation.

We are attentive in cultivation the motion of the man’s 100 metres at the 1991 IAAF World

Champions'hips in Athletics.

Applied force =

F(t)= % te”" sin(2awt)

——
Air resistance = axv
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—————

Figure 1 : The applied force and air resistance.

Writing the equation of the motion for the men’s 100 metres under the second laws of Newton. (see

Fig.1

ZF:ma

dv
Fl)-av=m=" (6)

where F'(t) is force , exis a resistant coefficient and v is the velocity time-dependent of the 1991 IAAF
World Championships in Athletics. With this definition, the applied force oscillation term of time

becomes.
F@t) = %m‘ﬂ“ sin(2ar) 7

Substituting Eq. (7) into Eq. (6) , we obtain

te?sin’Qwt) dv  av
0 = — 4 —
Bm da m

®

Eq. (8) is the first-order, linear equation, non-homogeneous differential equation. Solving this
equation by integrating by part, we must assume some initial condition. Let us say that v(£)=0 at £ =0

, rearranging and integrating we obtain

_ot| S [ e
Pt =¢ (Zmﬁz{(d 0'2)

te” (o cos(4wt))+4wmsin (4wt ~ o
(0'2—16602) (0'2+16a)2)

e’ (ocos(4wt) +dwsin(4ot)) | 4o
(0'2+16a)2) (0'2+16a>2)

e’ (o sin(4wt) — 4 cos(4wt)
(0'2 + l6a)2)

408



maUszyuivinsseivAnyasennidy assn 6 Yisdnl we. 2563

S ] 1 o’ . 160’ ©
2mp* | o* (0'2+16a)2)2 (0'2+16a)2)2

or ¢c=

We get

v(t) =

fie® ((0' t=1) _#(ocos(4or) +4wsin(wh) 8owsin(4wt) +(c* —16w*) cos(4wt)

2mp*| o (0'2 +16a)2) (0‘2+16a)2) (10)

+f0'e'§’{ 1 (02—16w2)}

2mp? o (a2 +16w2)

We use Eq.(10) for Table 1 from 8 runners of Krzysztof Mackala to fined fi , B ,& and @ by
Findfit command of Mathematica.

Algorithm

The aim of command findfit in Mathematica for use f; , S, @ and @ to plot v() graph

compare 2 model.
Model 1

Time-dependent velocity of runners from Fabrication of Mathematics and Physics of runners force by

Newton’s second law.
Model 2
Represent time-dependent velocity of 8 runners from research of Krzysztof Mackala.
1. Enter m;\ss, velocity and time of Lewis from Krzysztof Mackala.
2. Write Eq.(10) in Mathematica Program.
3, Used findfit to find parameter of f;, f ,& and @ .
4. Write parameter fO ,B ,a and @ in Mathematica Program.
5. Write Eq.(10) in Mathematica Program and show as function of time.
6. Plot time-dependent velocity graph.
7. Plot data graph of Lewis.
8. Input graph of time-dependent velocity and graph of data to find value of correlation.

Results and discussion
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Table 1: Representation the value of correlation and endurance

From the table, it can be concluded that the most correlation value is Da Silva(BRA),the second is
Mitchell(USA) and the third is Steward(JAM).The most beta value is Mitchell(USA),the second is
Steward(JAM) and the third is Christie(GBR).The most alpha value is Steward(JAM), the second is
Surin(CAN) and the third is Christie(GBR).The most Omega is Frederick(NAM), the second is Christie(GBR)
and the third is Steward(JAM).

Name m (kg) Correlation B (/s) a (1/mn2)  (radius)
Lewis(USA) 80 0.99837 1.29794 0.0421665 -0.137448
Burrel(USA) 82 0.997167 1.21262 0.0960605 -0.216263

Mitchell(USA) 79 0.999418 1.35275 0.104976 -0.146195
Christie(GBR) 84 0.999056 1.3088 0.394287 0.155617
Fredericks(NAM) 73 0.999353 1.3032 0.11691 0.170767
Steward(JAM) 73 0.999411 1.33421 0.490805 0.15894
Da Silva(BRA) 82 0.999617 1.24132 0.28819 -0.206368
Surin(CAN) 86 0.999095 1.27715 0.469627 -0.182478
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Figure 2 : The relationship of velocity and time for 4 runners Lewis, Burrell, Mitchell and Christie.

Fig.(2a) Shows the relationships between time and velocity of Lewis (USA).The experimental value
and MathModel value of are close to 8 point. Fig.(2b) Shows the relationships between time and velocity
of Burrel (USA). The experimental value and MathModel value are close to 6 point. Fig.(2c) Shows the
relationships between time and velocity of Mitchell (USA). The experimental value and MathModel value
are close to 11 point. Fig. (2d) Shows the relationships between time and velocity of Christie (GBR). The
experimental value and MathModel value are close to 9 point. From all 4 graphs, Fig. (2¢) is the closest

value of v(¥) for experiment and v(¢) MathModel
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Figure 3 : The relationship of velocity and time for 4 runners Fredericks, Steward, De Silva and Surin.

Fig.(3e) Shows the relationships between time and velocity of Fredericks(NAM).The experimental
value and MathModel value close of v(t) are to 10 point. Fig.(3f) Shows the relationships between time
and velocity of Steward(JAM). The experimental value and MathModel value are close to 10 point. Fig.(3¢)
Shows the relationships between time and velocity of Da Silva(BRA). The experimental value and
MathModel value are close to 11 point. Fig.(3h) Shows the relationships between time and velocity of
Surin(CAN). The experimental value and MathModel value are close to 10 point. From all 4 graphs,
Fig.(3g) is the closest value of v(¢)for experiment and v(¢) MathModel. From Fig(3) Shpw graph of
velocity and time which in Exponential Function that is an increasing function when time has increase and
velocity has increase too. Begin from 0-4 seconds it will be increasing function after seconds 4 graph of

velocity and time will stable.
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Conclusion

In conclusion, we supersede the method used by obtaining linear first-order ordinary
differential equation by parts to solve the one-dimensional Newton’s second law to calculate velocity-
time-dependent of the men’s 100 metres at the 1991 IAAF World Championships in Athletics and get a
graph of time that corresponds to the velocity-time-dependent. We calculated the value of correlation,
the value of beta, the value of alpha and the value of omega of the men’s 100 metres at the 1991 IAAF

World Championship in Athletics.
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