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ABSTRACT

This study employs the Young Hussein Jassim (YHJ) technique to examine the exact solutions of the space-time
telegraph equation analytically (ST-TE). The YHJ approach is an innovative and appealing hybrid transformation
integration method, effectively combining the HJ and Young methods. Through a simplified iterative process with
minimal computational requirements, this approach quickly provides convergent, sequential solutions. The reliability
of the method is demonstrated by applying it to two case studies of the ST-TE within the framework of the Tania
derivative, which includes the definition of non-singular kernel functions. The study also includes extensive comparisons
between approximate, exact, and relevant literature-based solutions to assess the technique's accuracy and effectiveness.
Graphical representations illustrate the effect of non-integer temporal and spatial parameters on solution behavior. The
findings suggest that this method is easy to implement and suitable for exploring complex physical models governed by
nonlinear partial differential equations with fractional time components.

Keywords: Hussein Jassim method, Yang transform, The Caputo fractional derivative of function, Multidimensional
fractional telegraph equation equations

1. Introduction

Fractional differential equations are widely used across various scientific disciplines. Numerous phenomena
in engineering, physics, chemistry, and other fields can be effectively modeled using fractional calculus.
Nonlinear vibrations, such as those resulting from earthquakes, acoustics, electromagnetism, electrochemistry,
wave propagation, and signal processing, can all be represented by fractional equations [1-3]. Additionally,
telegraph equations play a crucial role in both physics and engineering applications. In recent years, this topic
has attracted significant attention from researchers, making it more accessible to the scientific and engineering
communities and deepening our understanding of the fundamental nature of matter. Fractional calculus offers
a more efficient framework for interacting with natural phenomena. Mathematical tools, such as fractional
differential operators, have recently gained prominence in reformulating and analyzing many new partial
differential equations. These operators, fundamental in fractional calculus, generalize traditional integer-order
integral and differential operators to fractional or non-integer orders. The incorporation of these non-local
operators into partial differential equations results in a new class known as fractional partial differential
equations (FPDEs). Due to its flexibility, fractional calculus has become increasingly important and finds broad
applications in science and engineering. However, finding exact solutions to fractional PDEs can be challenging.
As a result, many researchers rely on various analytical techniques to obtain sequential or iterative solutions for
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these problems. Several iterative methods have been applied to solve differential equations in general, and the
telegraph equation in particular, including the Variational Iteration Method (VIM), the Adomian Decomposition
Method (ADM)and other method [4-51].

In this paper, the Hussein Jasim Yang method (YHJ) is extended and applied to both spatial and temporal frac-
tional telegraph equations. Section 2 introduces the preliminary materials, while Section 3 discusses the concept
of the Husayn Jasim method. Section 4 presents the development of the Husayn Jasim method using the Yang
transform. Section 5 provides illustrative examples, and Section 6 concludes with a summary of the findings.

2. Preliminaries

Definition 1: [1, 44]. If f(x) € (([a,b]), x. >0, and a. <x < b, then The Riemann-Liouville fractional
integral of order, x is defined as follows

X _ 1 * f@®
If fm_r(x)/o G~ dt. 1)

Here, I represents The well-known Gamma function
The Riemann-Liouville fractional integral has the following properties:

1L IXIBf(x) =178 f ().

2. I Rf()=RI f(x). 2)
B _ _I(B+1) B
3. I}x% = o imp

Definition 2: [1, 3]. The Caputo fractional derivative of function f (x), x > 0 is defined by

o Jo @ —) L fM()dt mn—1<x <meN.

%f(x), X = ne N.

Diu(x,t)= { 3)

Note 1. Based on Definition 2, the following result can be derived:

<5 %tﬁﬂx. n—-l<x<npf>n—-18¢€cR
D;tf = (4
0. n—-l<x=<np <n-1, B €N

Definition 3: [14]. The Yang transform YT is stated as.
© t
Yo {u (@)} = / e vau(t)dt,t >0, (5)
0
with v representing the transform variable.

Definition 4: [14]. The Yang transform of fractional order derivative is defined by

Yolu () 2 u®(0)
yX - pX —k-1"
k=0

Y, {Diu(x, 1)} = n—-1<Kx <n. (6)

Few properties

Y, {1} =v.

Y, {t} = V2.

Y, {t"} = v*tinl.

Yo (%} =v¥HIT(x + 1).
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Definition 5: [1, 44]. The Mittag-Leffler function with two parameters is defined by

o0 Z/n
Ew,(z)zz m,x,p,ZeC, Re(x) > 0,Re(p) >0 @)
n=0

Note 2. Based on Definition 1, the following result can be derived:
(1) Ez; (x?) = cosk(x.)

@ B (x?) = A, ®

1
(3) Ezs(x?) = E[_l + cos# (x)].

3. Hussein Jassim method (HJM)

The idea of the fractional analysis method using Hussein Jassim's method: We will use Hussein Jassim's
method [8] to obtain accurate data or approximate solutions to linear and nonlinear problems. The Hussein
Jassim method (HJM) provides solutions in an infinite series that converge quickly. To clarify the concept of
HJM, we will consider the general nonlinear equation with the provision of certain conditions.

DX¥u(x,t)+Lu(x,£)+Nu(x, t)= f(x,1), 9

where « the analytical function, D¥ is Caputo fractional derivative and N denote the nonlinear operators, and
f is an function given.

X

(x +1)

ﬂ 19

u(x,t)=g(#)+ £ (t) + LS |:a13—(x ft)—i—az8 - (2, 8) + asu (x, )+ f(x, t):| ao0)

with

w(0,2)=g), ux (0,2) =4 (£).

4. Yang Hussein Jassim method (YHJM)

We examine the following general form of the telegraph fractional polynomial equation:

ale,u /3 al?

ol
x, t — (x,
x.10)= alatﬂ( )+a28tﬁ

ST (x,£) + azu (%, £) + f (2, %), amn
where0 < x. <1,0<8=<1,0<9®<1,x,# >0, u(0,2) =g(*), ux (0,2) = £(£)
and ai, as, as are constants

To solve using Hussein Jassim's method with Yang transformation, we follow the following steps:

1. Taking Yang Transform of the Fractional Derivative: For a given function « (x, t), denote the Yang
transform of u (x, ) with respect to x is denoted as Y, {u (x, #)}. The Yang transform of the Caputo
fractional derivative D%« (x, ) of orderx with respect to x is expressed as:

B 97

Ya{Di'*u(x,t)}zYa{ 07w — @) +a u(x,t)+a3u(x,t)+f(3e,t)}. (12)

a1’

2. Implementing the Yang Transform: Apply the Yang Transform the entire differential equation involving
The fractional Derivative with respect to x. This converts The fractional derivative D>*« (x, ¢) into a
polynomial expression in (v) of degree (x) alphaw, simplifying the equation to an algebraic form.

2K T2kl 2K —2

Yo{u @) w(x,0) wu,(x,0) _y { fu % u
N Yotk ot?

(%, ) +a—— (x,t)+a3u(x,t)+f(x,t)}. 13)
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3. Solving for Y, {w (x., £)}: Solve The transformed Equation to find Y, {« (x, #)} in The (v)-domain. This step
transforms the problem into an algebraic equation, making it easier to isolate Y, {u« (x, )} without the
need for the fractional derivative.

/S 19

Yl (x. £)) = vg (£) + VA (6) + VY, {ala (6 0+ a5 (6 0 a0 + £ (3, t)} 14)

REZE

4. Inverse Yang Transform: After solving for Y, {« (x, )}, use the inverse Yang transform to return to the
original x-domain and obtain the solution « (%, ). The inverse Yang transform, denoted as Y, !, returns
the function from the (v)-domain back to the x-domain.

X

x., %) =g(% a £()+ Y 1|2y, 0Pu t 0w
u(x.,t)=g( )‘f‘m B +Y, |: a{al (%, )+az

9
5 (x,8) +azu (x, 1) + f (%, t)} (15)

Following these steps allows you to handle and eliminate the fractional derivative in the transformed domain,
thereby simplifying the process of solving for (x, £).

Now, we apply Hussain Jassim's method by rewriting Express The right-hand side of Eq. (15) as an infinite
series of fractional powers

X aﬂ az?
)+ ———— )+ Y[, X, 8)+ay— (2, ) +asu (x,£)+ f(x, ¢
g(®) rx+ 1) #)+Y, @ (%, 1) 2%,9( ) tazu(x, )+ f(x, 1) 6
= no+mx* +mx® +... = Zﬂi%ix,
where 1o, 71, 12, . . . are coefficients. BY taking the fractional derivative of Caputo DX where i=0,1,2,...,
for both sides of Eq. (16) at x = 0; we obtain
no =8g(%).
m= l“(l><+1)/&(t)
D% {g(t)+r(~§—il)&(t)+ygl [vMYa[al Pleorn) yq, 2 (“0“‘1)+a3(u0+u1)+f(xt)ﬂ} =0
N2 = TEx+1D)
D3>< [g(t)+1(p<+1)/‘(t)+y |: 2K Ya|:a1 aﬂ(uo;;lJruz)_'_az aﬂ(uo;r:;rruz) +a3(uo+u1+uz)+f(x,t):|:|}X:O (17)
n3 = TGx+1) :
DY [g(t)+ G R+Y, [vw Yo [al ettt yo, M0 0) |y (g bany iz - )+f(x,t)ﬂ }x=0
Ni= 2i=0 T(ix+1)
Substituting Eq. (10) into Eq. (11) yields the following result:
u(x.,1t)
00 pix xX —1] 2% 5ﬁ(“0+“1+“2+ . o” (vt +uzy..) . _
Dy 8O+ iy A+ | v Yaa P a2 e tas(uotuturt )+ f(x )| |(x=0 (18)
= Z TEx+1) .
i=0

Assume now that Eq. (17) is a solution to Eq. (16), which can be written as follows:

w(x 4) =) w(x,1). (19)
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We substitute Eq. (19) into Eq. (18) and get

iui (x,1)
i=0

; X 1w+ +u (20)
i Dg’g”“"{g(t)+r(3§—mk(t)+Y;1[vaYa[al 9“(“°+§;;“2*"')+a28“ s 2+“')+aa(uo+u1+u2+-~Hf(-ﬂ)] }x:Oxix
= Tx+1) :
i=0
uo (x,t)=no =g().
X X
u (x,4) = = £ (t).
1(x,%) mI’(x+1) NCEE) ®)
x_z X
up (x,4) = Uzm-
3K
us (35-,’5')=7I3m- 21
o0 o0 xl[)(
(2, 1) = .
Zul( ) Z "hGw +1)
i=0 i=0
o0
w(x £) =10 +u +ug+uUs =Y .
i=0

5. Convergence for Yang transform with Caputo operator

Theorem: Let « (%, ) € H, where is a Hilbert space, and x € (0, 1). Assume that « (x, %) is the precise solution
to Eq. (21). The resulting series ) >, u, (x, £) converges to w (x, £) if : u, (x,%) < ur_1 (%, £)Vr > A, i.e., for
every B8 > 0 there exists A > 0, in which

ltrin (x, £)|Il < B, Vr,neN.
Proof. Consider a sequence of ) . u, (x, %).

To (x, ) =up (x, %),
T (x,t)=up (x, %) +u; (x, %),
o, t)=ug(x, ) +w (x, ) +us(x, 1),

T3 (x, ) = o (X, £) + ur (e, ) + 1z (. £) + u3 (x, £), (22)
T (x,t)=up O, t) +u; (¢, ) +up (x, £)+ - +ur (x, %)
We have to show that {T; (x, £)}2, forms a “Cauchy sequence” under the obtained Observe that
T2 (x, ) = Tr (6, )| = Nltra O, D)) < & lur O, )| < &2 llur—y O, ) < &2 flur—a O, D)1 .
1 23)
< & luo (x, ).
Forr,n € N, it follows that
,
1T (x, £) — Tn (x, D)l = lluo (x, £)| Z ek, 24)
k=n+1
Using the formula for geometric series, we get
n+1
1T (x, ) — Tn (o, )| = lluo (x, £)| (25)

1-—¢
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Since uy (x, £) is bounded and 0 < ¢ < 1, the sequence {T; (x, £)};2, is a “Cauchy sequence” in H. Therefore

rlim u-(x,t) =u(x, t) forIu(x,t) € H. (26)

This completes the proof.

6. Example illustrations

Instance 1. Consider the time — fractional 2D telegraph equation

%2%*u 92w 3w RLoT
_Jw o _2u. 1
orx ~axz T o Sggx 2% 0<x= 27)

With, u(x,y,0) = e, ue (x,y,0) = —3 &

Solution 1. Applying the Y, T transform and differentiating both sides of Eq. (27) with respect to x, we obtain

Yo{u(t)} u(x,J,0) u(x,7,0) [82u Pu  _"u }

y2x p2x=1 0 2x-2 9x2 + 82 ot
Pu Pu _u (28)
Taking the invers Y,T of (28) yields
728 2w Pu  _"u
_ X+ _ qx+d Y122y, - —3——_2 . 2
uw(x, J,t) e 3e F(1><+1)+ ; { [ax2+ 72 384&“ u]} (29)

Applying an algorithm (H J) Equation (29) It can be articulated as follows

oo D {ex”—sr(f;:l) et 4y 1 { V%Y, [‘;; + Pu —3%:,3 —Zu:l}}t:()ti[x

o] 3J2
Xi:ui - Z i x +1)

i

Uno (%, (.73 t) :/u’(xr(jv 0) = ex+J.

U (x5(77t)=/u’t(%’(77 0) _36x+3m

92 p
D% {ew 3 eIy, {2"<Ya|:" (g i) 2 (‘233“1)730“(;0;1»1),2(u0+u1)]Ht=0

— 2
u (x.,J,4) = Tex+D) t
21X +J_ o X x+J 1L y—11gy2X+1 x+J |+
s (2,9, ) = TSI T O R 0
s U r2x-+1)
2 9¢2X
wy (%, J. ) = D IX["’HJ 3r(><+1)e +r(2x+1lex+alt Ot2><
s U r@2x+1)
2
_oux+J__ ™ x+J _(B3t%X)
U2 (2,3, %) = 9 oy = € raxan
2
Di { X+ 31“(1;([)11) x+J+Ya [ 2><Y [6 (uod‘;‘-l-*-uz) ) (u0+;-1+u2) Bax(uzizrruz) 2(Mo+ul+u2)“}f=0
us (%7 (73 t) = r(3x+1) ’tSIX
3X | x+J_ X extd -1 20X +1_ X+ —
e (5. 8) = DI et -3 b eIy, (92X H 27 }}t_0t3><
s U - r@3x+1)
31X J_a X 22Xt 3% I
s (5. J.4) = D [ertd 3 ot P40 o 427 o e }t_OtSIX
3 (%, d, rGx+1)
3¢%)?
us (x,J,4) = _ 27X+ —eXt+d ( )

F(3b<+1) r@x+1)-

o0
u(x,J,t):Zuizuo—i-ul+u2+u3+u4+ ------ .

i



18 IRAQI JOURNAL FOR COMPUTER SCIENCE AND MATHEMATICS 2025;6:12-29

Apptoxmate solution for different o values - Apptoxmate solution for different o values
90 .
— =1
— = =Exacta=1 — = ]
80 80 —=0.9
a=08
70+ 70+
60 + 60 +
= 50} < 50
2 X
340t S 40F
30+ 0
20r 20+
10 10+
0 D L A I J
0 0 05 1 15 2 25 3 35 4 45 5
X X

Fig. 1. Graphs of the approximate solution u (x, J, t) for various values of « alphax while keeping x constant.

Table 1. Quantitative results of the approximate and exact solu-
tions for various values of x and t when x = 0.8,0.9, 1.

X x =1 x =0.9 x =0.8 x =0.7

-2 2.0522e-05  0.038388 0.081755 0.15046
-1.7778 2.5629e-05  0.047941 0.1021 0.1879

—1.5556 3.2006e-05  0.059871 0.12751 0.23466
—1.3333 3.9971e-05  0.07477 0.15924 0.29306
-1.1111 4.9918e-05  0.093377 0.19886 0.36598
—0.88889  6.234e-05 0.11661 0.24835 0.45706
—0.66667 7.7853e-05  0.14563 0.31015 0.5708

—0.44444 9.7227e-05  0.18187 0.38733 0.71284
—0.22222  0.00012142 0.22713 0.48372 0.89023

0 0.00015164 0.283865 0.60409 1.1118
3¢~ (3¢%)? (3¢%)°
,J.t) = x+J _ px+J T x+J _\" " J _ oox+J N .

wx )= e - g F T2~ +1) T3 = +1)

3¢ (3¢%)? (3¢%)°
= &1 = - 7 4.

wxJ= ¢ ( fx+1) | T@x+D) TGxa+D &

When x =1
3t (3t)°

M(X,J,t)=ex+‘7<1—3t+(2') —(3|) EREEEEE ) (30)

w(x,J, t) =extd g3t
(x,J,t) © (31
w(x,J,t) =extd-3t
In Fig. 1, we plot the approximate solution curve for the two Eq. (27) when (x = 0.8,0.9, 1) In Fig. 2, the
surface solution for the two Eq. (27) and is represented when (x = 0.8, 0.9, 1). In Table 1, we have evaluated
the numerical values of the approximate solution w (x, J, t) for the problem (27) obtained using the (YHJM)

method and compared them with the exact solution given in Eq. (31) through different values of (x, J, t) when
(x =0.8,0.9,1).
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Exact solution at o: =1

Approxmate solution at =1

u(x,y.t)
u(x,y.t)

u(x.y.t)

Fig. 2. The surface graph of the approximate solution u (x, J, t) of Eq. (31); (a) u (x, J, t) when exact solution, (b) u (x, J, t) when « =1, (c)
u(x,J,t) when a = 0.8 (d) u(x, J,t) when o = 0.9.

Instance 2. Consider the time — fractional 3D telegraph equation

%*u 92w 3w d*u %

With, u (x, J, Z, 0) = sinh (x) sinh(J) sinh (Z), us (%, J, Z,0) = —2 sin £(x)sin £ (J) sin £ (Z) .
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Solution 2. Applying the Y, T transform and differentiating both sides of Eq. (32) with respect to x, we obtain

Yo{u(x,J.Z7,t)) w(x,J,7,0) ut(ae,J,Z,O):Y[azu iu 0% am_B]

Yo T R T et ot 9z T Yeee (33)
2u  Pu  u 3%u
Yo{u(x,d,Z, )y =vu(x,d,2Z,,0) +vV?u. (x,J, Z,0) +v**Y, |:8 5 —+—W+@—2atM —BM]
Taking the invers Y,T of (33) yields
. . . 2t . .
u(x,J,Z,t) = sin£(x)sin £(J)sin £(Z) — —————sin £(x)sin £(J)sin £(Z)
F(x+1)
2 2 2 x (34)
pyt ey, [T Te Fu 0w g,
¢ 9x2 | 9g2 | 972 L
Applying an algorithm (HJ) Equation (34) It can be articulated as follows
D
i
B X pix {sink(x)sink(J)sin/L(Z) 2F[KH)smlz(x)smla(J)sm/z(Z)-kY 1{ 2X Y, [ "x%+‘3§‘2‘+m—2%_34¢“]t:0¢m
- Tix+1)
i
uo (%, 3,2, t) =u(x,J,Z,0) = sin£(x)sin£(J)sin£(Z) .
tb(
w (x,J,2Z,t) = mut (%,9,72,0) = F(er)sm/&(x)sm/&(J)sm/&(Z) 5
412 . . .
us (2,J,2,%t) = m x sin £(x)sin £(J)sin £(Z) = r((zztle) x sin 2 (x)sin £(J)sin £(Z) .
-8t : :
us (x,J,2,t) = mxsmk(x)smk(d)smlz(l) = -2 jn xsinf (x)sin £(J)sin £(Z) .
u(x,J,Z,t)=Zui=u0+u1+u2+u3+u4+ ...... )
2.6 = sin #Cosin A@sina@) |1 2 @) (@)
u(x,J,2Z,t) =sin£(x)sin £(J)sin £(Z) | 1 — o D) + 2D " TGx D I .
When x =1
w(x,J,Z,t) =sinf(x)sin £(J)sin£ (Z) |1 — 2t + (2)° _ (267 +
AR 2! 3! (36)

w(x,J,Z, t) = sin £(x)sin £(J)sin £ (Z) .e .

In Fig. 3, we plot the approximate solution curve for the two Eq. (32) when (x = 0.8,0.9, 1) In Fig. 4, the
surface solution for the two Eq. (32) and is represented when (x = 0.8, 0.9, 1). In Table 2, we have evaluated
the numerical values of the approximate solution « (x, J, Z, t) for the problem (32) obtained using the (YHJM)
method and compared them with the exact solution given in Eq. (36) through different values of (x, J, Z, t)
when (x = 0.8,0.9,1).

Instance 3. Consider the time - fractional 2D nonlinear telegraph equation

2%u 32w 9u I%u 5 o
- - - _ (x+J)—4t _ (x+J)—2t
9e2 = a2 + YD 28t>< u+e 2e , 0<x<l1 37)

With, w (x, J,0) = e, u, (2, J,0) = —2 9.
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Exact and Approxmate Solution for o = 1 Approxmate solution for different o values

2r
approxmate solution with o = 1 !
18} = = = Exactsolution with a = 1 ’
s
16} ’
’
’
14} ’
.
v
v
S 12t y
© ’
> ’
g 1 //
.(3 ' 2
S 08} e
w -
-
0.6} e
-
-
0.4} -
-
P
P
0.2}
0 i L " L
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
X X

Fig. 3. Graphs of the approximate solution u (x, J, z, t) for various values of « alphaa while keeping x constant.

Table 2. Quantitative results of the approximate and exact solu-
tions for various values of x and t when x = 0.8,0.9, 1.

X x =1 x =0.9 x =0.8 x = 0.7
0 0 0 0 0
0.22222  1.523e-07 0.0060198 0.012712 0.020036
0.44444 3.1215e-07 0.012338 0.026055 0.041066
0.66667  4.8748e-07 0.019268 0.04069 0.064132
0.88889  6.8698e-07 0.027154 0.057342  0.090378
1.1111 9.2055e-07 0.036386 0.076837 0.12111
1.3333 1.1998e-06 0.047422 0.10014 0.15784
1.5556 1.5385e-06 0.06081 0.12841 0.2024
1.7778 1.9535e-0.6  0.077213 0.16305 0.25699
2 2.4653e-0.6  0.097445 0.20578 0.32433

Solution 3. Applying the Y, T transform and differentiating both sides of Eq. (37) with respect to x, we obtain

Yo{u(x,J.t)} u(x,J.0)

_ Ut (x’ (75 0)

V21>< V2D<71

Yo{u(x,d,6)) =vu(x,J,0)+v2u: (x,J,0) +v>*Y, [

Taking the invers Y,T of (38) yields

X

_2 X+
¢ T+ D

wu(x, J,t) =+

Applying an algorithm (HJ) Equation (39) It can be articulated as follows
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Plot exact solution at o = 1 b plotat o =1

[

plotat o = 0.8 plotat o =0.9

Fig. 4. The surface graph of the approximate solution u (x, 7, 2, t) of Eq. (36); (a) u(x, J, 2, t) when exact solution, (b) u(x, J, 2, t) when
a=1,(c)u(x,J,zt)whena =0.9 (d) u(x,J,z t) when =0.8.
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Table 3. Quantitative results of the approximate and exact solu-
tions for various values of x and t when x = 0.8, 0.9, 1.

X x =1 x =0.9 x =0.8 x =0.7

-2 5.5856e-07  0.022078 0.046622  0.073482
—-1.7778 6.9755e-07  0.027572  0.058224 0.091768
—1.5556 8.7114e-07  0.034433 0.072713 0.1146
—1.3333 1.0879e-06  0.043001 0.090807 0.14312
-1.1111 1.3586e-06  0.053702 0.1134 0.17874
—0.88889 1.6967e-06  0.067066 0.14163 0.22322
—0.66667  2.119e-06 0.083755 0.17687 0.27877
—0.44444 2.6463e-06  0.1046 0.22088 0.34814
—0.22222  3.3048e-0.6  0.13063 0.27585 0.43477

0 4.1272e-0.6  0.16313 0.34449 0.54296
- Plot of Exact and Approximate Solution at o =1 Plot of u(x,y,t) for different values of alpha
5 45¢
— = 1.0 S
4} Exact Solution at o = 1 4} ,=09
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35}
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= = 25¢
> >
X 3
3 S ot
1.5}
1+
0.5
O i A A A A A A J
2 15 1 0.5 0 0.5 1 1.5 2
X X
Fig. 5. Graphs of the approximate solution u (x, J, t) for various values of « alphaa while keeping x constant.
When x =1
20 @)
w(x, J,t)= ex+d <1 — 2t + 20 — 30 4oeeennn
' ’ (41)

w(x, J, t)=e*td g2t
w(x,J,t) =extd-2,

In Fig. 5, we plot the approximate solution curve for the two Eq. (37) when (x = 0.8,0.9, 1) In Fig. 6, the
surface solution for the two Eq. (37) and is represented when (x = 0.8, 0.9, 1). In Table 3, we have evaluated
the numerical values of the approximate solution « (x, J, t) for the problem (37) obtained using the (YHJM)
method and compared them with the exact solution given in Eq. (41) through different values of (x, J, t) when
(x =0.8,0.9,1).

Instance 4. Consider the time — fractional 3D nonlinear telegraph equation

2%u 32w 9w Pu  *u
=— +— + +
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a Surface plot of exact solution at o = 1 b Surface plot of u(x,y,t) for o = 1.0

- ~
- -
> >
3 k3
< 5
~
-
b )
X bl
X
3 k)
-

Fig. 6. The surface graph of the approximate solution u (x, J, t) of Eq. (41); (a) u (x, J, t) when exact solution, (b) u (x, J,t) when « =1, (c)
u(x,J,t) whena = 0.8 (d) u(x, J,t) when o = 0.9.

Solution 4. Applying the Y,T transform and Differentiating Both Sides of Eq. (42) with respect to x, we obtain

YQ{M(X,J,Z,I_‘)} u(xa(jvzvo) ut(xa(jvzvo)
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Approximate Solution at Different « values

Approximate and Exact Solution at o« = 1

35 ! v T : : 30 . T ; : : '
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20+ ¢ 1
v
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Fig. 7. Graphs of the approximate solution u (x, J, t) for various values of « alphax while keeping x constant.
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Applying an algorithm (HJ) (45) It can be articulated as follows
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a
b
Surface plot of Exact solution at o= 1 Surface plot of u(x,y.z,t) for a = 1.0
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> >
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C Surface plot of u(x,y,z,t) for a:= 0.9 d Surface plot of u(x,y,z,t) for a = 0.8
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Fig. 8. The surface graph of the approximate solution u (x, J, t) of Eq. (47); (a) u (x, J, t) when exact solution, (b) u (x, J, t) when a =1, (c)
u(x,J,t) whena = 0.8 (d) u(x, J,t) when o = 0.9.

o0
W Z )= =0+ g + 1y + s+ g+ . (46)
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Table 4. Quantitative results of the approximate and exact solu-
tions for various values of x and t when x = 0.8, 0.9, 1.

X x =1 x =0.9 x =0.8 x =0.7

-2 1.8854e-09  0.012241 0.026654  0.042958
—-1.7778 2.3545e-09  0.015287 0.033286 0.053648
—1.5556 2.9404e-09  0.019091 0.04157 0.066998
—1.3333 3.6722e-09  0.023841 0.051914 0.08367
-1.1111 4.586e-09 0.029774  0.064833  0.10449
—0.88889 5.7272e-09  0.037184 0.080967 0.13049
—0.66667 7.1524e-09  0.046437 0.10112 0.16297
—0.44444  8.9323e-09  0.057992 0.12628 0.20352
—0.22222  1.1155e-0.8 0.072424  0.1577 0.25417
0 1.3931e-0.8 0.090446  0.19695 0.31742

When x =1

t?2 £3
w(x,J,Z,t)=e*9°2 (1—t+———+...>

21 3! (47)

w(x,J, Z,t) = ex—J-2Z-t,

In Fig. 7, we plot the approximate solution curve for the two Eq. (42) when (x = 0.8,0.9, 1) In Fig. 8, the
surface solution for the two Eq. (42) and is represented when (x = 0.8, 0.9, 1). In Table 4, we have evaluated
the numerical values of the approximate solution w« (x, J, Z, t) for the problem (42) obtained using the (YHJM)
method and compared them with the exact solution given in Eq. (47) through different values of (x, J, Z, t)
when (x = 0.8,0.9, 1).

7. Conclusion

This paper introduces a new method, named Yang Hussain Jassim method, for solving fractional time-
telegraph equations in the half-space domain. The Caputo derivative was used along with the Yang transform
for both the time and space components. The solutions were expressed in the form of a series that converges
rapidly to a closed-form solution with straightforward and easy-to-calculate terms. The calculations were direct
and uncomplicated. The methodology was validated using six distinct examples, including one-dimensional
linear and nonlinear examples, as well as two-dimensional and three-dimensional examples under various
conditions. The approach has proven to be effective, reliable, and efficient, and can be adapted to address
both linear and nonlinear fractional problems in applied sciences. This method contributed to: Accuracy of
solutions: The Hussain Jassim method allows for finding accurate and effective solutions to linear and nonlinear
differential equations, enhancing the ability of researchers and engineers to tackle complex problems. Reducing
computational complexity: This method helps reduce computational effort compared to traditional methods,
allowing solutions to be obtained in a shorter amount of time. Various applications: The Hussain Jassim method
can be applied in numerous scientific and engineering fields, such as mechanics, physics, electricity, and other
applications requiring the solving of differential equations. The Hussain Jassim method is part of ongoing
developments in the mathematical field aimed at improving methods used to address challenging mathematical
problems, and continues to provide promising solutions across a wide range of applications.
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