Journal of Al-Qadisiyah for Computer Science and Mathematics Vol.18.(2) 2026,pp.Math 15-21

ot Compute ¢ .
i iy

Lo
35 e . . .
R~y 4%% Available online at www.qu.edu.ig/journalcm
& %
S z
] JOCM 2 JOURNAL OF AL-QADISIYAH FOR COMPUTER SCIENCE AND MATHEMATICS
' ISSN:2521-3504(online) ISSN:2074-0204(print)

University Of AL-Qadisiyah

Formulas of General Solution for linear System from Ordinary Differential
Equations by Using Young transformation

Maha Salah Jaheed*

Al-Furat Al-Awsat University - Najaf Technical Institute, Najaf, Iraq..Email: maha.salah.inj@atu.edu.iq

ARTICLEINFO ABSTRACT
Article history: In this paper we applied a new integral transformation called the Yang transformation to
Received: 25 /12/2025 solve a system of linear differential equations , while homogeneous and non- homogeneous .

Rrevised form: 20 /02/2026 We found general formula of the set solution of systems of first-order equations.

Accepted : 22 /02/2026
Available online: 30 /06/2026

Keywords:
MSC..

integral transformations, Yang
transform, linear system.

https://doi.org/10.29304/jqcsm.2026.18.22520

1-Introduction

Integral transformations are mathematical operations that transform complex functions and derivatives in to
simpler algebraic equations .It facilitates the solution of differential equations, especially with the presence of
boundary conditions equations. It is used in processing fixed linear systems and transforming them form the time

domain to the frequency domain [8,11].

The most important of these are the Laplace and fourier transforms[3,7], and there are many new transforms that
address some issues such as Sumudu, Elzaki, Mellin, GFI [4,2,5,1]

The Transform Temimi is a method of addressing differential equations, created by Ali Hassan and Athraa Neamah
AL-Bukhuttar in 2008. [6].

In2019, Shehu Maitama and Weidong Zhan were able to discover a new integral transformations derived from the
Laplace transformations Which is useful in solving ordinary partial , it is also used to solve the heat and trans port
equations and called Shehu transform [9,12].

In 2016, in traduced anew integral transform which used to solve differential equations Called the Yang transform
[10].
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In this paper , some formulas of general solution for system, whereas homogeneous or non homogeneous from
using Yang transform

In section 2, the defintions , properties and Yang transform for some fundamental functions

In section 3, we derive the general formula for asystem of first order, while homogeneous or non homogeneous by
using Yang transform.

In last section , we used these formulas to solve some examples.

2. The fundamental definition and attributes of Young's transformation.

Definition [13]
If g(7) is integrable function T > 0 The Yang transform of ¢,(t) defined by:

¥(g(®)=1 ) = fooo ev g(r)dt ,t>0 (2.1)
provided the integral exists for some v, wherev € (-t1, 72).

If we substitute _TT = pthen equation (2.1)becomes,

Ka@)=tW=vf e™* gwydp , u>0 (22)
2-1Laplace- Yang duality Property [13] :

If the Laplace Transform of the function ¢(7)is g, (v),then

4 ) =l{g(D)=};" e™" g(n)dr (2.3)
Substitute 7 = % in the integral hand side we get

4 ) =Ua@)= [ e g (%) dr

Hence from equation(2.3):, get

4 )=1(3) 24
Also from equations ((2.3))and (2.4):, get

=4 ;) 25)

Tablel. the Yang transform for some function[10]

1. ID | 2. function g(7) 3.Y(g(7)
4.1 5.1 6.v
7.2 8.7 9. v?
10. 3 11. 7" 12. pl.y"*?
13. 4 14. e°" L
1-vo
16 5 17 sinoT 18 ov?
" 140202
19.6 20. cos 0T 21 —2
14+02y?
22 7 23 Sinh oT 24 ov?
" 1-g2y?
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|25.8‘ 26. cosh ot 27.

" 1+0202

Theorem(2-2) [13] IF Y (g (7)), > 0,v > 0, then we have:

i.%(g' (1)) =22 - 4(0) (2.6)
ii. §(g" (0)="5- L2 —4/(0) (2.7)
iii. %(g" (1)="2 - X2 — —4"(0) (2.8)
V. (" (0)="2 T 0 vy =1.2,3,4,... (2.9)

Theorem (2-3) [13] IF the Yang transform of the function g(7) is given by Y,(g(7)), then,
i.Y(1q(1))=v?*1'(v) (2.10)

ii. (g ()= v*" () +2v%1' (v) (2.11)

Theorem (2-4): Convolution Theorem

Let g(v)andG(v)be functions having Yang transformr; (v), T, (v)respectively

Then Yang transform of the convolution of g andG ,

(g Q)= fOT@(T)G(T —¢)drisgivenby Y[g * G] = 7;(v)1,(v) (2.12)

3. General solution formula for a first-order system

The generic formula for a first-order system of any dimension 1, whether or not it is uniform, is derived in this
section..

3.1 General solution formula for homogeneous first-order system.

A first-order system is characterized by the expression ¢’ = Cg

dgy
d \ Cy 91
ﬂ C
whereg' = = 2 , g = %2 so,
i Cy %n
drt
a1\’ C11C12 -+ Cyy 91
G2 ) _ | CaaCaz o Con [ %2 (3.1)
n Crn1Cmz Cmn n

after taking Yang transformation for both sides, yields:

1
;Y(%ﬂ = q(0) =C11Y(g1) +C12Y(g2) + -+ Clnyl(%n)

1
;Y(%z) = g(0) = C31Y(g1) + C22Y(g2) + - + Cznyl("ln)
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1
;y(%n) - (’zn(o) = Cnly(Ql) + any((flz) + et CmnYi(Qn)

where g,(0) , g,(0),"+,4,(0) are initial conditions,

(% = C11)Y(g1) — C12Y(g2) — -+ — 61711/(%;) = g41(0)
1
(5 —C2)Y(g2) — C1Y(gy) — - — Czny(‘ln) = q,(0)
1
(; - Cmn)y(@n) - C/mly(('ll) -t mzy(qvn) = q'n(o)
Moreover, simple calculation to obtain ¥j(g,), -, Y!(%),
1
(; - 611) _612 _6177
1
T e e
1
—C1—Cn2 (5 - Cmn)
Also,
41(0) —Cp . —Cy
1
1| 92(0) (_ - 622) e =Gy
Y(g.) = Al v . 71‘
1
GO=Crz - (5= Con)
1
C-ew)m® . ey
!
A : : :
1
—Cp1 qn(0) .. <5 - C’mn)
1
(5 —C11)—C12 - 41(0)
1 1
Y(q)n) A —Cy1 (; - C’22) w 42(0)
~Lmi _sz %‘r](o)
The solution set of the system (3.1) is composed of the inverse Young transform of the vector ¥j(g;) , i = 1,2,3,+,.n

3.2.TheFormulaGeneralSolution of Non-Homogeneous System of Order one

Systems that are not homogenous have the composition g’ = Cg + G



Mabha Salah Jaheed, Journal of Al-Qadisiyah for Computer Science and Mathematics Vol.18.(2) 2026,pp.Math 15-21

19

dgq
dd‘f 61 91 Gl
492 C
%'z d'r , C= 2 , q = %2 'GZ 6:2 S0,
% 677 9y Gn
ar
g1\’ /611612 lel\ 91 Gy
e LA A

an \lecmz Cmn/ 9n Gn

after taking Yang transformation for both sides, yields:

1}/1(%1) —q(0) = C11(g1) + C12Y(g2) + -+ + C1nYi(ffln)+ }’1((;1)

v

%Y;(‘lz) —(0) = C,1Y(g1) + CyoN(g,) + -+ + Cznyl(%n) +1(Gy)

%Yi(@n) - %T](O) = Cr]lyl((’ll) + CnZYi(qu) +et Cmnyi(@n) + Yi(dn)

where g1(0) , g,(0),--,4,(0) are initial conditions,

G = C)¥(@1) — Co2K(@2) = -+ — Coy¥i(@y) = 41(0) +(Gy)
(Il} = C32)Y(g2) — C1(g) — -+ — cznyl(‘ln) = q,(0) +Y1(Gz)
(% - Cmn)y]:(%n) - leyi(@l) -t szyi(%n) = q'n(o) + Yi(d‘r])

Moreover, simple calculation to obtain ¥j(q;), -+, Yl(czn),

(1 - C’11) —C12 —C
5 .
1
ae| “Ca(5-Ca) - —Cy
: : : :
_cml _sz (; - cmn)
%1(0) + Yi(dl) _612 _6177
1| 40446 (5~ ) ¢
vy =g T T
1
Gy +K(G)Coz <5 - Cmn)
1
(; —Ci1y—Cy v q1(0) +1(Gy)
1 1
Y("ln) N —Cy1 <; - 622) v 42(0) +Y(Gy)

—Cim1 —Cz a,(0) + Yi(dn)
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After taking of Yang transform toY{(g,), -+, Y!(czn), obtaining the solution of the system(3.2).

4-Illustrative Examples

The following example demonstrates the practicality and value of Young's transform in solving a system of linear
equations.

Example(1):

Solve the system of two dimensional first-order differential equations: g’ = Ag where Jl=(§ :3) , ¢(0) = (;)
..(4.1)

Solution: Using Yang transformation and apply formula (3.1), yield :
3 4

: ()

After simple calculation using partition fraction:

2

v
@) = oo —pe-n

492 v2

1@:(M) = 55~

Employing the Young's transform to both sides of the equation above, we have:
6:(7) = 4e?" — e,
In similar way, ¥(g,)can be obtained by :

i) s

-3 2

2

1@ = G- Dho-D

-3v? v?

1@:(M) = 55~ o

G2(7) = 3e¥ — ¢,
Example (2):

Discover the general solution to the system of equations g’ = Ag+ G.

0 1 (2 B sin(T))
where cﬂ—(_l O) ,q(0) = (O) ’G_(cos(r) ..(4.2)
Solution: Using formula (3.2), yield :
v? 1
_ 2 (1+v2) _ VP 20420 20
1i(g,) = 1-v9) | v (1 _ 0) _(1—v2)((1+v2) )=
(1+v2) v

simple fiction and taking inverse Yang transform of the above equation,
g.(t) = 2cosht

Similarly, the value of ¥(g,)is obtained as follows:

1 v?
v? (5 B 0) 2 Toom|_ vt wem?)
1(4,) = (1-v2) v |7 (1—u2)(u(1+u2) )

1 0+—~

(1+v%)
Additionally, the inverse of Yang's transform from the above equations.:

g,(t) = —2sint + sinht
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Conclusion

Applying Yang's transformation for some mathematical systems with constant coefficients, we concluded the
following:

1) General formulas were obtained for solving mathematical systems with constant coefficients subject to initial
conditions.

2)The application of the general formula was obtained for solving mathematical systems with constant coefficient
subjecting to known initial conditions.
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