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Abstract

In this paper, a new type of integral transform with complex power parameters called the "Mayan transform™ has
been introduced. The definitions of the integral transform and its inverse are given in the classical case and the
corresponding neutrosophic case. The classical analytical properties of the Mayan integral transforms are
proven; the application of it to some essential functions and neutrosophic functions is introduced and proven.
Also, its application to the neutrosophic derivatives (first, second, and third) then the generalization of the
application on the Mayan integral transform on the neutrosophic derivatives are given. The worthiness of the
introduced integral transform on the actual application is also proven by applying the integral transform in
solving two problems: the response of an Undamped forced mechanical oscillator and the response of an
undamped forced electrical oscillator.

Keywords: Mayan transform; neutrosophic Mayan Transform; Fourier transform; Neutrosophic Laplace
transform; Laplace transform; SEE transform complex SEE transform; Sadik transform; Complex Sadik
transform; SEJI transform, Novel Transform; Ordinary differential equations.

1. Introduction

The existence of integral transform had been resining the curiosity of mathematicians from the early years; the
suggestion of Laplace transform concludes that curiosity. The suggestion of Laplace transform paved the road to
the suggestion of many other transforms, from these transforms are Aboodh, Muhand, Mahoub, El Zaki, Rohit,
Gupta, SEE, Complex SEE, Al-Tememe, Complex AL-Tememe, AL-Zughair, extension AL-Zughair, ARA,
INEM, EFG, SEA, SEL, Sadik, Complex Sadik, Aleneze, Emad-Sara, Emad-Falih, and AL-Jafari transforms [1,
- 19, 21-28]. Some of these transforms have been based on Laplace transforms, while others are standalone.
These transforms have been applied and used in many applications in the physical and medical fields, proving
their usefulness in transferring singular or systems of complicated differential and integral equations into simpler
and algebraically more malleable equations and systems. That transformation, which resulted in simplifying the
solution, came from exploiting these transformed properties and theorems to reduce the overall steps to find the
final exact solution of the problems.

Some of the suggested integral transforms are designed to deal with complex parameters, and their main goal is
the easiness of solution steps in solving complex differential equations; these transforms provide an excellent
environment to deal with some modern security-related subjects such as images and video cryptography [1, 2, 7,
10, 12-19].

This work proposed a general transform that addresses complex parameters, although the well-known “AL-Jafari
transform™ [20] has given a generalization into integral transforms. However, the suggested Mayan transform” is
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not considered a special case from the AL-Jafari transform due to the complexity applied to the parameter
exponential of the Mayan transform, which gave the suggested transform its uniqueness.

Neutrosophic real analysis and functions theory was proposed in [29-33], where integrals, spaces, and
derivations were discussed by different methods, especially the AH-isometry method. The novel proposed
transform will be applied to neutrosophic real functions, derivatives, and neutrosophic integral formulas.

2. Definitions and Properties:

Definition (2.1): The Mayan integral transform of the function f(t) on the interval (0, o) is defined as:

(oo}

MA{f(©)} = M(v) = viﬁ e V" tf () dt
0

Where a,f € Z,v is a parameter, v > 0 and i € C, (i? = 1).

The neutrosophic Mayan integral transform of the function f(¢) on the interval (0, o) is defined as:

[oe]

1 ia
MA@} =M@)=—5 | e ‘() dt
0

Where a, € Z(I), v is a parameter, v > 0 and i € C, (i% = 1).

Definition (2.2): The inverse of the Mayan transform is given by:

1 S+it ] ;
MA)HMW)}=f() = ot lrl_% piBev an(v)dv )
5—it
In general, v = § + it with § and t being real numbers.
The inverse of the neutrosophic Mayan transform is given by:
1 S+it ] i
MATHM@)} = f(©) =5 lim vifeV" tM(v)dv ,
§—it

In general, v = § + it with § and 7 being real neutrosophic numbers.

Property (2.1): (Linear Property)

Let Af;(t) and Bf,(t) have Mayan transform M, (v) and M, (v) then the Mayan transform of
MA{Afi(8) £ Bf,(D)} = A MA{f1 ()} + B MA{f,(D)}-

Where A and B are constants.

Property (2.2): (Shifting Property)

If MA{f ()} = M(v), then MA{e® f(©)} = (1 — v~#b)M (v — b), where b is a constant.

Proof: From Mayan transform definition,

1 ‘ ia
MA{eP f(t)} =v—iﬁf eV teltf(t)dt,

1 (> i
= — — (vm_b)tf(t)dt
- e )
vif |,
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RN
S S ~(v""-b)t £ (1) dt
Ulﬁ(vlﬁ — b) 0 € f( ) ’
vf —b

=—F M@w—-b) =v #(w# -b)Mw-b),

=(1-bv #F)Mw-b).

3. Mayan Integral and neutrosophic Mayan Integral Transforms of Complex Powers of Parameter
for Some Basic Functions

This section presents the most fundamental functions of the Mayans’ transformation with their proofs.
(1) If f(t) = k and k is a constant, then MA{k} = kv~ i{@+B)

Proof: By definition, we get:
1 © ia _k o i
MA{k}z—J e’V fkdtz—f eV tdt

vib ), viBpia |
—k iy |® - .
Ee— vt — _ - —i(a+p)
pila+p) [e o pi@+p) [0-1] =kv ,Re(v) > 0.

(2) If f(t) = t, then MA{t} = v™i@a+h)

Proof: By the definition, we get:

1 @ ia
MA{t}=UTBJ eV ttdt
0

[oe)

— 1 [_t e—vi"‘t_ 1 e—vi“t]
0

T piB |pia p2ia

- o-0-(0-5k)

— 1 — 1 — v—i(2a+[3’)
piByp2ia  pi(f+2a) :

(3) If £(t) = t3, then MA{t?} = 2v7iGa*A) Re(v) > 0.

Proof: By the definition

1 o ia
MA{t?} = —J- e’ 'tidt,
0

vif
2 [ee]
— 1 _ ¢ —viey 2t —vlag 2 —pi®t
i i 2ia 3iv ’
viB| i v2i v3i 0

fo-s-0-(0-2)

2

_ — oo—i(3a+
=~ = 2v7iBe*B) Re(v) > 0.
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@rfm==2
Proof:
1 [,
MA{t3} = — f t3e v tdt
vik
0
1[(-t3 32 6t 6\ _ial
= v_zﬂ 177 - plia - p3ia - piia
0
1 6
=55 |© - (5]
_L—y —(4a+p)i p ) >0
= Garh = v ,Re(v .
In general, if f(t) = t™,n € NRe(v) > 0. MA{t"} = nl p~{((n+Da+h)
Proof: By Mathematical induction.
_ bt ; bty _ 1
(5) If f(t) = e”*, where b is a constant then MA{e"'} = D)
1 @ ia 1 « ia
MA{e?} = — | ePle v idt=—| e W -Dige
vl/? vlﬁ
0 0
_ —.1 [e_(via_b)tro - _'1 [e_(via_b)tro
viB(vie — b) o vi(ie—b) 0
=m[0—1] :m,Re(Ula_b)>0.

(6) f(¢) = sin(bt)

Proof:

[ee]

1
MA{sin(bt)} = vT[”f e

0

i

“tsin(bt) dt

1 r® i, 1. .
_ —-v'®t — (_ibt __ _—ibt
=i fo e T (e e ) dt
(7w P (i)
=3P e dt — —e dt
0 0
—i -1 —i -1

—i i i -1 1
2V (vie — ip)  2vi(vie +ip) 2viF [v“" —ib v+ ib]
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i [-v*—ib+v®—ib]  i(=2ib) —i2v=%#p v=#p

= 2B p2ia 1 p2 = 2viB(vtia 1 p2) = (v2@ + b2) = (v2ie + p2)"

(7) f(t) = cos (bt)

Proof:

[ee]

1 « ia 1 ia ib ib
MAfcos(b)} = [ et cos(brydey [ e (et 4 ey e
viB 0 2viB 0

__1 f o-(viib)e gy 4 L f o-(virib)t gy
2viB 0 2piB 0
! L o1+ — 1 0-1)
T 208 (vie —ib) 208 (vie + ib)
_ 1 1 4 1 1 _ 1 [ 1 4 1
T 2uiB pla —jp  2uiByia 4 jp  2pif |lyie —jh " pla 4 jp
1 vi® +ib +v®* — b 3 2vie B via
T opiB p2ia 4 p2 T opiB (vzux + b2) - viﬁ(vzm + b2)
(8) f(t) = sinh(bt)
Proof:
1 o ia 1 @ ia
MA{sinh(bt)} = — | eV tsinh(bt)dt =—=| e t(elt —eP)at
vif ), 2viB ),
1

- _ ,(v**-b)t o —(v'*+b)t
Zviﬁjo e dt ZUiBJO e dt

1
+ 20 (vie + p) [0—=1]

B 1[ 1 1 ]_ 1 [v@®+b—v*+b
~ v l(vie —b)  (vie+b) 20 v2ia — p2

— b R ( 2iax __ bZ) >0
- Ui/i(vzia — b?) » Rew '

(9) f(t) = cosh(bt)

Proof:

[ee]

1 ia
MA{cosh(bt)} = vTﬁJ- e V"t cosh(bt) dt

0
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e B G | R
208 0 2piB 0 o
_ ! [ 1 o-n+—% (0 1]
C2viB (v"“—b)( ) vi“+b( )

1 1 1 1 1 [v+b+v™—b
_2viﬁ[vi“—b+vi“+b]_2viﬁ v2ie — p2

vla

- 2id __ 1,2
=SB ) Re(v b%) > 0.

4. Mayan Integral Transform of Derivatives

The Mayan integral transform for derivatives is presented in this section:

Theorem (4.1)

Let M(v) is the Mayan transform of [MA{f(t)} = M(v)], then the novel complex power integral transform
"Mayan Transform.”

f(0)
v’

() MAY (O} =@ + v M) = v M) -

Proof:
' 1 ° —vi®
ML) = 7 [ e fr(de
v Jo
Integrating by parts

Letu = e "'t dv = f'(t)dt

du = —vi® e tdt v =F(t).

MALF (9} = —i5 [e SO +ve [ f(t)e‘”mtdt]
vif 0 0

[oe)

1 . 1 _via
= vTﬁ(O - f(0) + vlavTBJO eVt f(H)dt

_—f(0)

ia
=7 + M) .

v  f'(0

(ii) MA{f"(t)} = v¥*M(v) — 5~ o -

Proof:
1 « ia
MAG @) = o5 [ e e,
v=Jo
Integrating by parts:
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Letu = e, dv = f"'(t)dt,

du = —vi%e="""tdt v = f'(t)

1 ia o ; « ia
MAl @) = o e P+ [ e e a
—f'(0 .
magr @y = LD 4 vemagro
—f'(0 - 1—f(0 .
O O, e

. 0) . "(0
= v2 @M (v) — %v“" - fv(iﬁ)

- “ro _ v’ "o
(i) MA@} = VM) -5 = =

Proof:

MALF" (0} = 5[5 e f " (0t
Integrating by parts:

u=e"" dy= ' (®)de,

du = —vi%e=v"tdt v = F(¢).
1 ia © ; @ ia
MA(©)) = —i,;[e-” ol vve [ e ff”(t)dt]
v 0 0

1 .
= [(0—F"(0)) + vi*MA{f" ()},

—f"(0)

vik

fO)v™ _f(O)
vib vif

+ pia [UZi“M(v) -

O VO 10

— 1,3l _
= v>'*M(v) B e B

In general
m-—1
f((m—l)—k)kia (0)v

MA{f™ ()} = v™eM(v) — iz

5. Applications of the Mayan Integral Transform
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The applicability of the proposed Mayan integral transform is presented by using it in two problems that exist in
the real-life environment, which are an undamped forces mechanical oscillator and the response of an undamped
forces electrical oscillator.

Problem (5.1): (Response of An Undamped Forced Mechanical Oscillator)

Consider the following linear second-order ordinary differential equations for the forced mechanical oscillator:
2

X F
—7 +HBX(©) = —cos(ut)

1
The oscillator's natural frequency, denoted by u, = (%)2 has the following initial boundary conditions

(1.B.C.s):
X(0)=X'(0)=0.

Taking the Mayan integral transform to above differential equations:

d?Xx F
MA{ } + usM{v} = —ME{cos(ut)}

dt
. viex(0) X’ (0) F pi®
2ia _ _ 2 —
vEME) =~ MW = ey

‘ via
2 2 =
vEEM@) + M W) = a2y
via

MWV) = Eviﬁ(vzia + ) (viie + M(Z)) ’

M) = F vi@ -1 1
T v [ = ) R i) GE — o)
M) = Fv'@ 1
7= B G = ) v vt
via
M(v - - ,
)= o= [P ) T

Taking the inverse transformation gives:

X(0) = —— [~ cos(ut) + cos(uo)]
m(u? — ug)
F
X(t) = ————< [cos(uot) — cos(ut)],
m(u? — ug)
B F (o )t | ((uo — )t
0 |2 () ()
X(0) = - )[ <(Ho +u)t> sin ((uo ;u)t)],
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. 2F (o +wt\ (e — )t
X(@) = mGE — 1) [sm < 5 )sm( > )] )

or because sin (—x) = —sin x.

The resulting equation is the exact solution that is required.

(et pdt) | ((u—podt
X(t)=m(#2_ﬂ(2))sm< 20 )sm( 20 )

Problem (5.2): (Response of An Undamped Forced Electrical Oscillator)
Consider the following second-order ordinary differential equation with constant coefficients of the forced
electrical oscillator:

d?Q(t o) 1
L thg)+R ii)+EQ(t)=Vcos(yt).

The above equation can be written as:

d*Q(t)  RdQ(t)
dt? L dt

2 1%
+usQ(t) = Zcos(ut) .
For an undamped forced electrical oscillator resistance R = 0,

" 2 |4
Q"() +usQ(t) = Zcos(,ut) )

1
Where y, = (é)z and Q(t) is the instantaneous charge. With I-B-Cs are Q(0) = Q'(0) = 0.

Taking the Mayan integral transform to the above equation:

4
MA{Q" ()} + ugMA{Q (1)} = 7 MA{cos(u(t)}

. VieQ() Q) LA i
2ia — — & =T ViB(vzia 4 2
1% M(V) VB Vi + HOM(U) L Viﬁ(ina + [12) .
V Via
2ia 2 =
74 M(U) + ”OM(V) - L Viﬁ(VZl'a’ + .uz) ’

1%4 Via
M(U) = Z

Viﬁ(Vzia + 'uZ)(Vzia + /1(2)) '

After simple computations:
yie 1
M®W) =——=|— . ,
W) =1 ve [(V“" ) (Ve ¢ uo)]

Vo1 (v 1 1
MO =T e v e e v lf

Taking the inverse transformation gives:
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Q) =7 [= cos(ut) + cos(uot)],

_r

W —
2v AN e 1

Q(t)=L(#g_H2)sm( 5 )-sm( 5 )t)

Or because sin (—x) = —sin x, the acquired exact solution is resulted:

Q) = L(#zzi 2 sin <(# +2#0)t) - sin <(# _ZMO)t) .

6. Conclusion
A new integral transform of complex powers of parameter “"Mayan Transform", and neutrosophic "Mayan
transform" with its fundamental properties and application on essential functions and derivatives has been
introduced and applied to two real-life problems: the response of an undamped forced mechanical oscillator
and the response of an undamped forced electrical oscillator. The application of the Mayan transform has
proven the simplicity and capability of this transform in solving ordinary differential equations, giving this
integral transform superb usability in many scientific fields as a powerful transform.
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