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Abstract: This paper proves the existence of solution of vepded equation of a point in air by
fixed point theorem of periodic g-contrastive magpiFurther more, the solution of the wind
speed equation is obtained by method of separatirigbles.
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1. Introduction

In [1], we obtain wind speed equation and approxmeénd speed equation (neglected the term
of weight of air in wind speed equation) of a pamair on relationship between wind spegd
pressurg and temperatur€. In this paper, we prove the existence of solutibwind speed
equation by fixed point theorem of periodic g-castive mapping. Further more, we find the
solution of wind speed equation by method of sepayaariables.

Fixed point theory is one of the active mathematicanch. Fixed Point Theory play an important
role in proving the existence of solution of algekguation, differential equation and integral
equation, etc.

A lot of researches on contractive mapping haven o & Among these works, the Banach
contraction mapping theorem (or Banach fixed ptsisbremy” is the most famous, important and
widely used theorem. However, the latter develop@mntractive mapping theoreths®' have
improved and over the Banach fixed point theoretwim aspects: looser constraint and wider use
for the latter. The Banach fixed point theorem metite contractive ratio less than a constant
lesser than 1. While, the g-contractive mappingrel” allows some of contractive ratios equal
to or greater than 1, if the geometric mean ofdbtractive ratio is less than a constant lesser
than 1. Further more, the g-contraction mappingrén@ suits for periodic mapping with k-related
fixed points, while the Banach fixed point theorenty suits for single mapping and get one fixed
point.

The idea of g-contraction mapping was originallpgmsed by the author in 19431n it , the
author first pointed out the restriction of Bandoted point theorem and then proved a more
general g-contractive mapping theorem with lessstriction and has a unique set of k related
fixed points suited for describing periodic phenom® The concept of g-contractive mapping
issued by an iteration method with the quickestveogencE!, which had been used by otH#rs
and it showed that “this method converges quickentthe Lamweber’s method, and agrees with




experimental data well”. In it , different rulesufictions or mappings) are used for different steps
of the iteration process, so as to obtain the ggitkonvergence, while in Banach'’s iteration only
one mapping is used in all steps of iteration pssce

The g-contraction mapping theorems have applicatiotthe fields of mechaniés prey-predator
system, stock pri€e®'%and the analysis of equilibrium state A new limit of periodic function
and periodic mapping (g-contractive mapping) ainityf is defined*?. Here, the application of
g-contractive mapping theorem to wind speed egnasia@added. Related problem with fractional
order can be referred to [13]. Some important apfibns can be seen in [14] — [17].

2. Proof of the existence of solution of the wind spdesquation (2-1).
2.1 Transferring the wind speed equation to a cyclingterations.
At first, we transfer (2-1) into a set of cyclingrations.

a aT

Friall e (2-1

Where (2-1) is called the “wind speed equation-1)2is called the approximate “wind speed
equation”u = u(s,t) is the wind speedT = T(s,t) is the temperature, u and T are unknown
functions. s is the trace of the point in air, the time, g and k are constants.

Let

U=y + g =F(T) = ko T,, neN={12.}, u= uy(sb), (2-2)

a
To+1 = H(up) = 7t Up, (2-3)

Where u, is an arbitrary given function.

Substituting (2-3) into (2-2), and (2-2) into (2-8)e have

Uns1 = F(Ty4q) = F[H(up)] = F°Hu, = Pruy, (2-4)
To+1 = H(uy) = H[F(Ty)] = HF T, = B, Ty, (2-5)

Where partial differential operatdt = k %, H= %, periodic operatoi?; = F°H, P, = H°F,

F°H = composition of mapping F and mapping H.

Now. we form two related seriefi,}and {T,}. we need to prove these series convergent by
periodic g-contractive mapping theorem.

2.2 Periodic g-contractive mapping theorem

Definition 1. The ratio of

i = lug — wll/llg — wiqll, and ¥ = [ Tyq — Tll/IITi — Tieq |l for i>1, is called
contraction ratio of u; and T, respectively. Wherd|x|| is the norm of x.

Here, we choice supper norm as the distancéwgp; — u;||, and || T, — Tl

[lu]| = max|u(s,t)] = Ry > 1, ||T|| = max|T(s,t)|] = R, > 1. They are bounded.

Definition 2, A sequential composite mapping is calletfyacontractive mapping”, if for each
i €N, there exists a constafitsuch that the geometric mean contraction ré&ticsatisfies (2-6)
and (2-7).

0< Gy = (riry..tHYi <G <1, (2-6)

0 <Gy,= (rfr] ..rHYi<G <1, -7




Definition 3, A sequential mapping$u,} or {T,} , related by (2-4), (2-5) is calledperiodic
mapping with period k = 2.

Periodic g-contractive mapping theorenf’:

Any periodic g-contractive mapping of complete nopéy metric spaceM has a unique set of k
related fixed points in M. That isx; € M, such thatP, xj = xj, Xpyj = Xj, UjXj = Xjyq.

Now, in our case, j = 1,2. k = %] = u*, x; = T*, Pjxj = Pu* = u*, P,x; = B,T"= T* ,
U,T* =FT* = u*, Uju* =Hu" = T".

2.3 constructing G such that (2-6), (2-7) hold.

By (2-6), (2-7), we have:

luiss = wll < Gillug = wll < G'{luy — wyll, (2-8)
(ITir = Till < GLIITy = Toll < GHITy = Toll, (2-9)

We chooseG; =1/R; < 1,G, = 1/R,, < 1, S=2R, R=max{R{,R,}, G=1/S, then
G,<G<1 andG, <G < 1.

According to periodic g-contractive mapping theoresguence{u,} and {T,} converge.i.e.,
Upyr = Uy = U*, Typq = T, = T%, n - oo, Substitutingu® =u, T* =T into (2-2), (2-3), we
have

<
<

u, 0T ]
T8 =k, (2-1)
u*, T* is the solution of (2-1). i

3. Solution of the wind speed equation by method of parating variables.

(2-1) shows the relation betweenand T. There are choices omand T. We can choose uor T
as known (given) function. However, we do not knowr T actually in practice . In the following,
we study the solution of wind speed equation (2ahere u and T are unknown functions to be
determined.

Let

ui(s,t) = u(s, ) + gt (3-1)

Then, (2-1) reduces to

duy(st) _  9T(s,t) _
a k as (3-2)

Suppose that the variables s and ugfs,t) and T(s,t) can be separated. Let

u; (s,t) = a(s)b(t), (3-3)
T(s,t) = c(s)d(t), (3-4)

Substituting (3-3) and (3-4) into (3-2), we have

db(t) _ de(s) -
5 a®) =k —=d), &3

Separating variables, we have

db(t) Kk dc(s)
didt ~ T a(s)ds

(3-6)




In order to make the solution simple, k&ft) = b(t), and a(s) = kc(s), then (3-6) becomes:

db(t) _ da(s)
b(t)dt ~ a(s)ds

= const, 3'-()

If (3-7) holds, then, each side must be equaldoretant. i.e.,

db® _

b(t)zlt = A®), (3-8)
da(s) _

a(s)ds (t)' (3'9)
By integrating both hand sides of (3-8), (3-9), yet:

b(t) = exp[A(s)t] = d(t), 81
a(s) = exp[B(t)s] = ke(s) , (3-11)

where B(t),A(s) are unknown functions to be determined by knowmd@@ns. A simple choice
is A(s) = A = const. B(t) = B = const.

Substituting (3-10), (3-11) into (3-3), (3-4), wave:

u;(s,t) = exp[At+ Bs] = kT(s, 1), (3-12)
Where constants A, B, k can be determined by recbdata.

Substituting (3-12) into (3-1), we have:

u(s,t) = exp[At+Bs] — gt, (3-13)

T(s,t) = i exp[At+ Bs], (314

(3-13) and (3-14) is the solution of wind speedadipn (2-1).

The solution (3-12) of approximate wind speed dqugR-1), shows thatvind speedis
proportional taemperature. They relate closely with each other. If the terapg&e changes
rapidly then the wind speed is also changed rapidly

4. Conclusion.

The wind speed equation (2-1) has two unknown fanstu and T . To prove the existence of
solution of (2-1), at first, we transfer (2-1)arttvo cycling iteration serie$u,} and {T,}, then,
we prove{u,} and {T,} convergent to two related fixed point$ and T* by the periodic
g-contractive mapping theorem. Obviously, the Barfaed point theorem can not be used for
problems of fixed points more than one, sincesdt jtan prove a series convergent to one fixed
point. While the periodic g-contractive mappingdrem can be used for problems with k (k>1)
related fixed points. This again shows that théogér g-contractive mapping theorem has wilder
use than the Banach fixed point theorem.

Further more, the solution of wind speed equatisf)(is found by method of separating variables.
The solution of approximate wind speed equatiohZBshows thathe wind speed is

proportional to the temperature.

References

[1] Tian-Quan Yun, “Wind speed equation of a point in aiPFundamental Journal of Modern
Physics,Vol. 9, Issue 1, 2016. pp. 57 — 64.

[2] Rhoades B E “A comparison of various definitions of contragtimappings”,Transactions
of the Amer. Math. Soc.Mol. 226, No. 2, 1977, pp. 257 — 290.

[3] Banach S. ‘Sur les operations dams les ensembles abstrag@sredpplications aus equations
integrals”,Fund. Math. No.3, 1922, pp.133 — 181.

4




[4] Tian-Quan Yun, “Fixed Point Theorems of Sequential Mapping With @etric Mean
Contraction And Its Applications"Canadian Mathematical Society Summer Meeting 1983,
Hosted by Simon Fraser University, ABSTRACT, pp-287.
[5] Tian-Quan Yun, “The quickest iteration method for solving Fredhahtegral equation of the
first kind Ax = y”, Journal of Central China Institute of Technology,No.3, 1978, pp. 94 — 98.
(in Chinese).
[6] Yuan Jiale, “ Numerical Method For Prediction of Thrust Deelinf Propeller Thrust Behind
a Revolution Body”,China Ship Construction, No. 4 (Total No.87), 1984, pp. 14 — 21. (in
Chinese).
[7] Tian-Quan Yun, “Fixed Point Theorem of Composition g-Contractiorapping and Its
Applications”, Applied Mathematics and MechanicsMol. 22, No. 10, 2001, pp. 1132 — 1139.
[8] Tian-Quan Yun, “G-Contractive Sequential Composite Mapping Theor@rBanach or
Probability Banach Space and Application to Pregditor System and A&H Stock Prices”,
Applied Mathematics, Vol. 2, 2011, pp. 699 — 704.
[9] Tian-Quan Yun and Tao Yun, “Simple Differential Equations of A&H Stock Pricemd
Application to Analysis of Equilibrium StateTechnology and InvestmentNo. 1, 2010, pp. 111
—114.
[10] Tian-Quan Yun, ‘Applications of Heat Diffusion Equation and g-Caative Mapping”,
Lambert Academic Publishing,Saarbruckenizermany, 2013, ISBN: 978-3-659-36845-5.
[11] Tian-Quan Yun, “Convergenceof Periodic Mapping and Periodic Probability MappindP
Journal of Fixed Point Theory and Applications,Vol. 9, No. 3, 2014, pp. 159 — 168.
[12] Tian-Quan Yun, “A New Definition of Limit of Periodic Function ah Periodic
g-Contractive Mapping At Infinity”British Journal of Mathematics and Computer Science, 9 (5)
, 2015, pp. 438 — 445.
[13] L. N. Mishra, M. Sen, “On the concept of existence of local attractivay
solutions for some quadratic Volterra integral dégumaof fractional order”, Applied
Mathematics and Computation, Vol. 285, 2016, pp. 174 — 183.
[14] L. N. Mishra, R. P. Agarwal, M. Sen,“Solvability and asymptotic behavior for
some nonlinear quadratic integral equation invaviErd$\acuta{\mbox{e}}$lyi Kober
fractional integrals on the unbounded interv@ogress in Fractional Differentiation
and Applications,Vol.2, No. 3, (2016).
[15] L. N. Mishra, H. M. Srivastava, M. Sen,“On existence results for some nonlinear
fractional-integral equation in Banach algebra végplications”,Int. J. Anal. Appl.,
Vol. 11, No. 1, (2016), 1 - 10.
[16] Deepmala, “A study on Fixed Point Theorems fionlinear contractions and its
applications”, Ph.D. Thesis (2014), Pt. Ravisharfawkla University, Raipur 492010,
Chhatisgarh, India.
[17] Deepmala and H. K. Pathak, “A study on son@bf@ms on existence of solutions
for nonlinear fractional-integral equationsActa Mathematica Scientia, 33 B(5),
(2013), 1305 — 1313.

End




