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Abstract. Motivated by the recent applications of bicomplex theory to the study
of functions of large class, in this paper, we define bicomplex Mellin transform
of bicomplex-valued functions. Also, we derive some of it’s basic properties and
inversion theorem in bicomplex space. Application of bicomplex Mellin transform
in networks with time-varying parameters problem has been illustrated.
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1. Introduction

In this paper, we extend the Mellin transform of complex-valued function in com-
plex variable to Mellin transform of bicomplex-valued function in bicomplex variable.
In 1892, Segre Corrado [18] defined bicomplex numbers as

Cy ={€: & =xo +i121 + taxe + ja3| 20, 21, T2, 23 € Cp},

or
Co={{: & =21 +i22| 21,20 € C1}.
where i and iy are imaginary units such that i? = i3 = —1, dyip = igiy = j, j2 =1

and Cy, C7 and Cy are sets of real numbers, complex numbers and bicomplex num-
bers, respectively. The set of bicomplex numbers is a commutative ring with unit and
zero divisors. Hence, contrary to quaternions, bicomplex numbers are commutative
with some non-invertible elements situated on the null cone.

In 1928 and 1932, Futagawa Michiji originated the concept of holomorphic func-
tions of a bicomplex variable in a series of papers [10], [11]. In 1934, Dragoni [8] gave
some basic results in the theory of bicomplex holomorphic functions while Price G.B.
[16] and Rénn S. [17] have developed the bicomplex algebra and function theory.
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In recent developments, authors have done efforts to extend Polygamma func-
tion [13], inverse Laplace transform, it’s convolution theorem [2], Stieltjes transform
[1], Tauberian Theorem of Laplace-Stieltjes transform [3] and Bochner Theorem of
Fourier-Stieltjes transform [4] in the bicomplex variable from their complex counter-
part. In their procedure, the idempotent representation of bicomplex numbers plays
a vital role.

Hjalmar Mellin (1854-1933, see, e.g. [15]) gave his name to the Mellin transform
that associates to a complex-valued function f(¢) defined over the interval (0, o), the
function of complex variable s, as

fo= [ e

The change of variables t = e™* shows that the Mellin transform is closely related to
the Laplace transform. General properties of the Mellin transform are usually treated
in detail in books on integral transforms, like those of Poularikas A.D. [15] and Davies
B. [6]. In 1959, Francis R.G. [12] discussed the application of complex Mellin transform
to networks with time-varying parameters. In 1995, Flajolet P. et al. [9] used Mellin
transform for the asymptotic analysis of harmonic sums.

For solving the large class of bicomplex partial differential equations, we need
integral transforms defined for large class. In this process we derive bicomplex Mellin
transform with convergence conditions that can be capable of transferring the signals
from real-valued ¢ domain to bicomplexified frequency & domain.

Idempotent Representation: Every bicomplex number can be uniquely expressed as a
complex combination of e; and es, viz.

€= (21 +i222) = (21 —t122)e1 + (21 +i122)e2,

(where e; = %,62 = %j;el +e2 =1 and ejeg = egeq = 0).

This representation of a bicomplex number is known as Idempotent Represen-
tation of £. The coefficients (21 — i122) and (21 + i122) are called the Idempotent
Components of the bicomplex number £ = 21 +1i22 and {eg, ea} is called Idempotent
Basis.

Cartesian Set: The Auxiliary complex spaces A; and As are defined as follows:
Ay ={wy =21 — 129, V 21,20 € C1}, Ag = {wy = 21 + 129, V 21,20 € C1 }.

A cartesian set X X, X5 determined by X; C A; and X5 C As and is defined as:
X1 xe Xo={21 +i220 € Co: 21 + 220 = wie1 + waea, wy € X1, ws € Xo}.
With the help of idempotent representation, we define projection mappings P; : Cy —

Ay CCy, Py: Cy — Ay C (4 as follows:
Py(z1 +i229) = Pi[(21 —i122)e1 + (21 +i120)ea] = (21 —i122) € Ay, V 21 + 929 € Cy,

PQ(Zl +i22’2) = PQ[(Zl — ilzg)el -+ (2’1 +i122)62} = (Zl +i12’2) S AQ, A 21 +’i22’2 S CQ.

In the following theorem, Price G.B. discussed the convergence of bicomplex
function with respect to it’s idempotent complex component functions. This theorem
is useful in proving our results.
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Theorem 1.1. (Price G.B. [16]). F(§) = Fe, (&1)e1+ Fe, (&2)ez is convergent in domain
D C Cy iff Fe, (&) and F.,(&2) under functions Py : D — Dy C Cy and Py : D —
Dy C C are convergent in domains Dy and Ds, respectively.

The organization of this paper is as follows:
In Section 2, we establish bicomplex Mellin transform with convergence conditions. In
Section 3, we present some useful properties of bicomlex Mellin transform. In Section
4, we establish the inversion theorem for bicomplex Mellin transform. In section 5, we
discuss application of bicomplex Mellin transform in finding the solution of bicomplex
partial differential equation generated by network model and last Section 6 contains
the conclusion.

2. Bicomplex Mellin transform

Let f1(t) be a complex-valued continuous function on the interval (0,00) with
fit) =0t ) ast — 0T and fi(t) = O (t77*) as t — oo, where oy < 1. Then
Mellin transform of fi(t) is

o0
M [f1(t); 51 Z/ T fi(t)dt = fi(s1), s1€Ch (2.1)
0
where f(s1) is analytic and convergent in the vertical strip
= {81 eCi:o < Re(sl) < ﬂl} . (2.2)
Similarly, f2(¢) be a complex-valued continuous function on the interval (0,00) with
f2(t) = O (@t™*2) as t — 0T and fo(t) = O (t772) as t — oo, where ap < (2. Then
Mellin transform of fo(t) is
Mfa(t)sel = [ ¢ falt)dt = Falsa), 2 € Cy (2.3)
0
where fo(s2) is analytic and convergent in the vertical strip

Qy = {32 cCi:an < RG(SQ) < ﬂz} . (24)

Since fi(s1) and fa(s2) are complex functions which are analytic and convergent in
the strips Q; and 3 respectively. Now, we have linear combination of fi(s;) and
fa(s2) w.r.t. e; and eg respectively

fi(s1)e1 + fa(s2)es = (/OOO t811f1(t)dt> er + </Oot521f2(t)dt> es

0

|

€)= /Om plorertsze) =1 (£ (tey + fo(t)es) dt
flo= [ T e (2.5)

0
where £ = sje; + seo and f(€) is analytic and convergent in the strip

Q={&:&=s11 + 5262 € Co;aa <Re(P: &) < f;a < Re(Py: &) < B
a = max(ay, az) and f = min(B1, 52)} . (2.6)
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" a < Re(s1) =21 < 8 and a < Re(s2) = z2 < 8, we have

144119
2

&= (z1 +i1y1)er + (2 +i1y2)es = (T1 + t1y1) (
. 1—112
+($2+21yz)< 212>

:$1;—9€2 " <y1-2Fy2>Z.1+<y2;y1)i2+<$1;9€2)i1i2.

Now, there are three possible cases:

L. If 2y = 22 = ag (say) then ©5*2 =0 and “71'5“2 = agp.
Hence, if £ = ag + a1i1 + agis + aziyis, then a < ag < S and a3z = 0.
2. If z1 > @9, then =572 > 0,
z1+x Btz Btz B—x1 __ T1—2x
122f 22i 22_J|; 21_6_ 122
X T o+ T+ a—x _ 11—
and 122> 2l> 21+ 22_@_1’_ 122.
Thus, a+ a3 < ap < f —asz and a3z > 0.
3. If 1 < xg, then #1572 <0,
14w Btz Btz B—zay __ 11—
122< 21< 21+ 22_5+ 122

and zlJerz > OH;EQ > anrz + aam - a— 21715172.
Thus, a — a3z < ag < 8+ a3 and a3 < 0.
These three conditions can be written in the following set builder form
Ql = {§ =ag + alil —+ a2i2 —+ a3i1i2 ra<ag < [‘3 and az = 0},
Qg:{§:a0+a1i1+a2i2+a3i1i2 : a+a3<a0<ﬁ—a3 anda3>0},
Qg:{§:a0+a1i1+a2i2+a3i1i2 ca—az<ag < fB+as anda3<0}.
Thus, o < Re(Py : §) < B and a < Re(P : ) < B implies £ € Q3 U QU Q3 = Q
which can be defined as:
Q= {f = ag + a1ty + asis + aziis € Co : v + \a3| <ag<fB-— |a3|} (27)
or equivalently,
Q={{€Cs:a+[Im;(§)] <Re(§) < B —[Im;(&)[}

where Im;(§) denotes the imaginary part w.r.t. j unit of a bicomplex number.
Conversely, the existence condition of bicomplex Mellin transform f(£) can be
obtained in the following way:
If 5 =ag + a1, + asis + asiiis € Q,
a+lag| < ap < B — |ag). (2.8)
Now, in idempotent components, £ can be expressed as
§ = ag + a1ty + agiz + aziiiz
= [(ao + a3) +i1(a1 — az)] e1 + [(ao — as) +i1(a1 + az)] ez
= s1€e1 + sge9.
Depending on the value of ag, there arises three cases:
1. a3 =0and a < ag < B which trivially leads a < ag+a3 < fand a < ag—ag < 5.



Mellin transform in bicomplex space and its application 221

2. When a3 > 0, from the inequality (2.8) a+a3 < ag < S —as, we get a < ap—as
and ag + a3 < B. This result can be interpreted as a < ag — a3z < ag + a3z < 5.

3. When a3 < 0, from the inequality (2.8) a —a3 < ag < S+ a3, we get a < ag+as
and ag — az < B. This result can be interpreted as a < ag + agz < ag — az < 3.

Hence the result.
Now, we define the Mellin transform in the bicomplex space as follows:

Definition 2.1. Let f(¢) be a bicomplex-valued continuous function on the interval
(0,00) with f(t) = O (t=*) as t — 07 and f(t) = O (t77) as t — oo, where a < f.
Then bicomplex Mellin transform of f(t) defined as

mirwie = [ T (e = Fo), cen

0
where f(£) is analytic and convergent in € defined in

Q={¢ € Cy:a+[m;(§)] <Re(§) < B — [Im;(&)]} (2.9)
where Im; (&) denotes the imaginary part w.r.t. j unit of a bicomplex number.

Following is the illustration to explain the process of finding the bicomplex Mellin
transform of a bicomplex valued function.

Example 2.2. Let f(t) =t*U(t — tg), where U(t — to) is unit-step function, then
t(§)+a
f+a
Solution. By applying the definition of bicomplex Mellin transform

Mf(t); €] = /OO MU (t — to)dt

M[f(t); €] =

Re(¢ +a) < — [Im; (€ + a)|.

0
= / teralqt
to
= — t8+a .
+a
Table 1. Bicomplex Mellin transform of some basic functions
Bicomplex
S.No. f(@) gf;ri{sirm Region of Convergence
R
1. (141t)@ % [Im; (a — €)| < Re(a — €)
2 [ (110" o [T, ()] < Re(€) < 1= [T, (©)]
3. e n >0 e Re(€) > [Im;(€)]
sin(Z5
4. |sin(at), a>0] TG [ g4 (e)] < Re(e) < 1 |m(9)]
CcOSs LE
5. |cos(at), a>0| O | (6)] < Re(e) < 1 - [Tmy(6)
6. | log(l+9) s | —1+ In, ()] < Re(§) < — [lm, (€]
7. t=e 75_% Re(§ — a) < — [Im;(§ — a)|
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3. Properties of bicomplex Mellin transform

In this section, we discuss the basic properties of bicomplex Mellin transform
viz. linearity property, change of scale property, shifting property, Mellin transform of
derivatives and operators, relation with bicomplex Laplace transform and some other
properties.

Theorem 3.1. (Linearity Property). Let f(t) and g(t) are bicomplex-valued functions
with f(t) = O™, g(t) = O(t7*2) as t — 0% and f(t) = O (t77), g(t) =
O (t772) as t — oo, with max(ay, az) + [Im;(€)| < Re(§) < min(By, B2) — [Im;(€)],
then

Mlcr f(L) + cag(t); €] = cxMf(t); €] + caMg(t); €] (3.1)
where c¢1 and cy are arbitrary constants.

Proof. By applying the definition of bicomplex Mellin transform

Ml (1) + eag(t): €] = / 17 ey f(8) + eag(£)]dt

0

:cl/ L) dt+(:2/ 5 1g(
0 0

= aM[f(2); €] + Mg (t); €]
O

Theorem 3.2. (Change of scale property). Let f(€) be the bicomplex Mellin transform
of bicomplez-valued function f(t), then

Mf(at); ] =a*f(€), £€Q a>0 (3:2)
where Q is defined in (2.9).
Proof. By applying the definition of bicomplex Mellin transform

M[f(at); €] = /OO £ f(at)dt, [where £ = s1e1 + sa€2]

0

= </OOO tsl_lfl(at)dt) er + (/OOO t52_1f2(at)dt> es

Put at = u, to obtain

= alTl <A tsllfl(u)dt> e+ a% <A t521f2(u)dt> €92

1 o _
= a8161+82€2 / t51€1+8262 ! (fl (U)el + f2(u)62) dt
0

1 [
— -1
i 57 f(u)dt

_Q

=
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Theorem 3.3. (Bicomplex Mellin Transform of Derivatives). Let f(£) be bicomplex
Mellin transform of bicomplez-valued function f(t), then
e -
()€l = (=1)" — — Q .
MO = (1" g FE—m), (€-m) e (3.3)

where Q is defined in (2.9) and provided t~"= f(")(t) vanishes ast — 0 and ast — oo
forr=0,1,2,--- ,(n—1).

Proof. For n =1, according to the definition of bicomplex Mellin transform,
w7 0] = [ war
0
which on integration by parts, gives

[ @:€] = O - -1 [ 2 ra

’

0
=—(E-Df(E-1).
Therefore, the result is true for n = 1. Let the the above result is true for n =m
(m) . _(_1\m F(g) Fle
M [FOV@)5€] = ()" e € m), (3.4)

Now, forn =m +1

[ e = [T

0
Integrating by parts, we get

M0 0ie] = 6l € - 1) [ 0

0

reEg-1) - .
= -D(-)"—> L _Fle—m—1 4
(€~ D))" gy €~ m = 1), fusing (3.0
re) -
= (=1)"tl——— > Ffe_m—1).
()™ e fE - m )
Therefore, the result is true for n = m + 1. Hence, by the principal of mathematical
induction the result is true for all n = 1,2, ---. Therefore,
L) -
M) el = (—1)"—252_ F(e —n). 0
M [FON0)s€] = () gz g FE )

Theorem 3.4. (Shifting Property). Let f(€) be bicomplex Mellin transform of
bicomplez-valued function f(t). Then

M f(t):€] = f(E+a), (E+a)eQ aely (3.5)
where § is defined in (2.9).

Proof. By applying the definition of bicomplex Mellin transform,

me g = [ g0 = [T @i = fe+ o). O

0 0
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Theorem 3.5. Let f(&) be bicomplex Mellin transform of bicomplez-valued function
f(t). Then
ay. _ 1= 5 5
m[f(t )’f}*ff R 769307&04600 (36)
a” \a a
where Q is defined in (2.9).
Proof. By applying the definition of bicomplex Mellin transform,

M) = [
_1 /00 ug_lf(u)du [substituting t* = u]
@ Jo

-9

Theorem 3.6. Let f(£) be bicomplex Mellin transform of bicomplez-valued function
f(t). Then

O

I'E+n) -

n pg(n) . _ (_1\n

M [ fO0:€] = ()" p @), g€ (38.7)
where Q is defined in (2.9) and provided t¢=" f(")(€) vanishes ast — 0 and as t — oo
forr=0,1,2,--- ,(n—1).

Proof. By applying the definition of bicomplex Mellin transform,

D[] = [T 0 (where € = sier + saca

- </ t511t"f1(”)(t)dt> e+ </ go2=1gn () (t)dt) e
0 0

= fsner + (1) Y fsa)en

[using [7, Equation (8.3.12)]]
R (e e

“rg e

= (-1)
O

Theorem 3.7. (Bicomplex Mellin Transform of Differential Operators). Let f(£) be
bicomplex Mellin transform of bicomplex-valued function f(t). Then

2
sm[(tjt) f(t%f] =M [2f () +1f (€] = (C1PCF©), s (33)

where Q is defined in (2.9).
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Proof. By applying the definition of bicomplex Mellin transform,
d 2 1" ’
m [(tdt) f(t)f] o [0 + 17 (1€

= (221" (1)s¢] + M [tf ();¢]

=EE+Df(E) —£F(©)
= (=1)%€*f(¢)-
In general,
w (1) fene] = -1rene =

Theorem 3.8. (Bicomplex Mellin Transform of Integrals). Let f(&) be bicomplex Mellin
transform of bicomplex-valued function f(t). Then

| [ Sadsse| = ~¢ie+ 1. €+pen (39
0
where Q is defined in (2.9).

Proof. We write

t) = /Ot f(z)dx

so that ¢ (t) = f(t) with g(0) = 0. Taking the bicomplex Mellin transform of g (t)
and using Theorem 3.3 therein, we get

m [g’<t>;a] = —(§ = \)Mg(t); €~ 1

o[ s

Replacing € by € + 1, we get the desired result (3.9). O

3.1. Relation with Bicomplex Laplace Transform

The bicomplex Laplace transform and its properties are discussed by Kumar A.
and Kumar P. [14]. Tt is defined as

Definition 3.9. Let f(t) be a bicomplex-valued function of exponential order a € Cj.
Then Laplace Transform of f(¢) for ¢ > 0 can be defined as:

L{f(t)} = / " fteat = F(e)

Here F'(§) exist and is convergent for all £ € D = D1 U Dy U D3
or

D ={¢ € Cy: Hy(&) represent a Right half-plane ag > « + |as|},
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where
Dy = {£ = ap + a1i1 + agia + agiyiz : ap > «, ag = 0},
Dy = {& = ap + a1 + agis + aziyis : ag > a + a3, ag > 0}
and
D3 = {& = ap + a1y + asis + asiyia : ag > a — ag, az < 0}.
In D, there are infinite £ which have same H), hyperbolic projection because a; and as

are free from restriction.

Therefore, the usual right-sided bicomplex Laplace transform is analytic in half-
plane Re(§) > a + [Im;(€)|. In the same way, left-sided bicomplex Laplace transform
is analytic in the region Re(§) < 8 —|Im;(§)|. If the two half-planes overlap, the region
of analyticity of the two-sided bicomplex Laplace transform is thus the strip

D ={§ e Co:at|lm;(§)] <Re(§) < B — [Imy; ()]} -
Hence, D is equivalent to € defined in (2.9).

Theorem 3.10. Let f(£) be bicomplex Mellin transform of bicomplex-valued function
f(t). Then

wiree = | T f(e e = L[f(e)E], £ 0 (3.10)

— 00

where Q is defined in (2.9).

Proof. Taking t = e~* in the definition of bicomplex Mellin transform

wireie = [ T,

0

we get

M(f (1) €] = / & f(e)dr = L [f(e"):€] O

— 00

4. Inversion of bicomplex Mellin transform

In this section, we discuss the inversion of bicomplex Mellin transform. Let f(&)
be the bicomplex Mellin transform of bicomplex-valued continuous function f(¢). Then
(&) = fi(s1)er + fa(sa)ea is analytic in the strip 2, which is defined in (2.6). The
inverse formula for complex mellin transform (see, e.g. Poularikas A.D. [15, chapter
11] and Davies B. [6, p. 195-210]) is

1 c1+1i100 B
f(t) = / t7 fi(s1)ds1, o1 <ec1 <P
C

271'21 1 —i100

= ! /5;1 t_slfl(sl)dsl (41)

27Ti1
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where, Q; is defined in (2.2). Similarly, another inverse formula for complex Mellin
transform is

1 co+i100 B
fa(?) / t7%2 fo(s2)dsa, g <ca < B

27Ti1 5 —i100

= ! /92 tiSZf_Q(Sg)dSQ (42)

27Ti1

where, Qs is defined in (2.3).
Now, using complex inversions (4.1) and (4.2), we obtain the bicomplex-valued
function as

f(t) = fit)er + fa(t)ea

1 —s1 r 1 —S2 r
= <27Ti1 /S;l t fl(Sl)d81> er + <27T’i1 A2t f2(52)d82) €9

_ Flh </(Ql,g2) t—(51e1+82€2) (fl(sl)el -+ f2(82)€2) d(81€1 + 8262)>
=5y Jo! IO 43

where, 2 is defined in (2.9).

Consider the problem of asymptotically expanding f(t) as t — 0%, when f(¢)
is known to be continuable in —M + [Im;(§)] < Re(§) < a — [Im;(€)| for some
M > 0. We also postulate that f(¢) has finitely many poles A\ such that Re(\) >
—M + [Im;(Ag)|. Then

Ft) =" Res[t5F(€), €=M] +O (M), ast— 0"

ALEK

where K is the set of singularities and M is as large as we want. Similarly, for problem
of asymptotically expanding f(¢) as ¢ — oco. Then contour taken in right and side of
the fundamental strip, we have

Ft) == Res[t“f(), £=MJ +O (™M), ast— oo

ALEK

Following is the illustration to explain the process of finding the inverse bicomplex
Mellin transform.

Example 4.1. Let f(¢) = m, for Re(§ — a) < —|Im;(§ — a)| and Re(a — b) <

— |Im;(a — b)|. Then find the inverse bicomplex Mellin transform f(t) of f(£).
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Solution. By applying the inverse bicomplex Mellin transform on f(¢)
1

ORI
I{Res (e =) e (e =)
i (t*—t7").

5. Application of bicomplex Mellin transform

In this paper, we are interested in determining the extent to which the output
voltage V' and current I using by bicomplex concept differs from their input values
as the length of the transmission line tends to a very small value.

Now, let us define bicomplex scalar field as

F=V+isl (5.1)
where voltage V' and current I are complex scalar fields. Now, we consider an equiv-

alent circuit of a transmission line of small length Az containing resistance RAx,
capacitance C Az, and inductance LAx as shown in Figure 1.

Figure 1. Equivalent circuit of a transmission line
The above figure is a symmetrical network. By using the Kirchhoff’s voltage law
(KVL), we have

101 1
V—fRIA + LatA + La(I+AI)Am+§R(I+AI)A;H—V+AV. (5.2)

0 2 0t
Dividing (5.2) by Az and simplifying, we get
AV ol LoAI RAI
=7 T+0S (2250 L T2 ) Ay .
Az [R * 8t+(28tAx+2Ax> 4 (5:3)

Taking limit as Az — 0, we get

oV oI
5= [RI +L 8J (5.4)
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By applying Kirchhoff’s current law (KCL) on the equivalent circuit of the transmis-
sion line, we get

0 AV
— | Ax+ 1+ Al .
08t<v+ 2) z+ 1+ (5.5)
Dividing (5.5) by Az and simplifying, we get
Al ov.  C o [(AV

Taking limit as Az — 0, we get

ol ov

% — 70%- (5-7)

The differential equations in (5.4) and (5.7) describes the evaluation of current and
voltage in a lossy transmission line. Differentiating (5.4) w.r.t.  and simplifying using
(5.7), we get

0?V v ov
Ox? =¢ ot? +OR ot (58)
Similarly, differentiating (5.7) w.r.t.  and simplifying using (5.4), we get
0?1 0%I oI
g _orls = :
922 =C BT +CR TR (5.9)

Equations (5.8) and (5.9) are hyperbolic partial differential equations which describes
the voltage and current along power transmission lines.
Combining equation (5.8) and (5.9) with the help of bicomplex unit is as

2V o1 2V oI ov a1
82+2262_0L(3t2 tgs )+CR<815+12815)

0? o2 o

= 62(V+ZQI> 82(V+ZQI>+CR8 (V—l—lg])

= a—QF( ;1) =CL o —F( t)—i—CRaF( ) (5.10)
a X 62 X a €T )

where F'(z,t) is bicomplex-valued function defined by (5.1).

In particular, a circuit which has resistance R = %, capacitance C' = ¢2 and
inductance L = 1. The differential equation (5.10) of bicomplex-valued function be-
comes

0? 0? 0
5l (.t =t* S F(x,t) +t—F(x,1). 5.11
For finding the solution of partial differential equation (5.11), we assume boundary
conditions as

F0,t)=0 and F(1,t)=A <t1 + t1b> (5.12)
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where A € Cy, Re(b — a) > |Im,;(b — a)|. By taking the bicomplex Mellin transform
of (5.11) w.r.t. ¢t and making use of Theorem 3.7, we get

2

%F(x,g) = &2F(x,¢). (5.13)

Therefore, by taking the bicomplex Mellin transform of (5.12) and using in solution
of (5.13), we get

_ (=26 +a+b) (e —e™t7)
F(z,6)=A 5.14
e N GG .
By taking the inverse bicomplex Mellin transform (5.14), we get
= _5 F
F(z,t) S /Qt F(x,&)d¢ (5.15)

where F(z,¢) is analytic in Re(¢ — a) > |[Im;(€ — a)|. Then taking a semi-circle on
the right-hand side of a large radius and using by residue theorem, we have

Sinh(@l‘) _ sinh(bx) _b
F(z,t)=A ‘
(z,t) { sinh(a) sinh(b) |
sinh(aix) sinh(biz)
— A —_— a1 —1 !
! [ sinh(a) sinh(by) “
sinh(agx) sinh(baz)
Ag |t o
+ A [ sinh(as) sinh(bs) 2

where A = Ajey + Ases, a = aje; + ases and b = bie; + boes. Therefore,

F(z,t) =V +1il
1 sinh(aiz) ,_,.  sinh(biz) _,
=3 T =t
2 sinh(a) sinh(by)
sinh(aqx) _ sinh(baz) _,
Ag | 2l ymae 22 yhe
{sinh(ag) + sinh(bs)
i1 { ) [sinh(alx)ta1 N sinh (b1 z) tbl}

Ty sinh(ay) sinh(by)
sinh(asx) _ sinh(box) ,_,,
—A NTe ) as _Ne S 2 . 1
[ sinh(as) t sinh(bg) ! (10

Separating the bi-real and bi-imaginary parts of (5.16), we obtain the voltage and
current of above model as

1 sinh(a;r) .,  sinh(biz),

Vie,t) = 2 { ! [ sinh(aq) B sinh(by) !

A Si?h(an) f—a Si%lh(bgﬂ?) b2
sinh(az) sinh(bs)
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i sinh(a;x) ., sinh(biz), .
Iat) = 2 { ! [ sinh(aq) b sinh(by) !
4 si.nh(azx) (—as Si%lh(bgl‘)tibQ
sinh(as) sinh(b9)

6. Conclusion

The concept of bicomplex numbers has been applied for finding the solution of

differential equations of bicomplex-valued function generated by network diagram. In

this

paper, we derive Mellin transform and its inverse in bicomplex space which is the

generalization of complex Mellin transform. The application has been illustrated to
find the solution of partial differential equation of bicomplex-valued function gener-
ated by a network. The bicomplex analysis has great advantage that it separates the
voltage and current as complex components.
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