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Abstract

In this paper, concept of neutrosophic complex numbers and its properties were presented inculding the conjugate of
neutrosophic complex number, division of neutrosophic complex numbers, the inverted neutrosophic complex number
and the absolute value of a neutrosophic complex number. Theories related to the conjugate of neutrosophic complex
numbers are proved, the product of a neutrosophic complex number by its conjugate equals the absolute value of
number is also proved. This is an important introduction to define neutrosophic complex numbers in polar.
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1. Introduction

As an alternative to the existing logics, Smarandache proposed the neutrosophic Logic to represent a
mathematical model of uncertainty, vagueness, ambiguity, imprecision, undefined, unknown, incompleteness,
inconsistency, redundancy, contradiction, where the concept of neutrosophy is a new branch of philosophy introduced
by Smarandache [3][7]. He presented the definition of the standard form of neutrosophic real number and conditions
for the division of two neutrosophic real numbers to exist, he defined the standard form of neutrosophic complex
number, and found root index n > 2 of a neutrosophic real and complex number [2][4], studying the concept of the
Neutrosophic probability [3][5], the Neutrosophic statistics [4][6], and professor Smarandache entered the concept of
preliminary calculus of the differential and integral calculus, where he introduced for the first time the notions of
neutrosophic mereo-limit, mereo-continuity, mereoderivative, and mereo-integral [1][8]. Madeleine Al- Taha
presented results on single valued neutrosophic (weak) polygroups [9]. Edalatpanah proposed a new direct algorithm
to solve the neutrosophic linear programming where the variables and right
hand side represented with triangular neutrosophic numbers [10]. Chakraborty used pentagonal neutrosophic number
in networking problem, and Shortest Path Problem [11][12].

This paper aims to study neutrosophic logic in the complex numbers by defining the conjugate of neutrosophic
complex number, division of neutrosophic complex numbers, the inverted neutrosophic complex number, the absolute
value of a neutrosophic complex number, I also have proven theories related to the conjugate of neutrosophic complex
numbers, and finally we proved the product of a neutrosophic complex number by its conjugate equals the absolute
value of number.

2. Preliminaries

2.1 Neutrosophic Real Number [4]
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Suppose that w is a neutrosophic number, then it takes the following standard form: w = a + bl where a,b are real
coefficients, and I represent indeterminacy, such 0.1 = 0 and I = I, for all positive integers n.

2.2 Neutrosophic Complex Number [4]

Suppose that z is a neutrosophic complex number, then it takes the following standard form: z = a + ¢l + bi + dil

where a, b, ¢, d are real coefficients, and I indeterminacy, such that i2 = —1 =i =+/—1.
Note: we can say that any real number can be considered a neutrosophic number.

Forexample: 2=2+0.1, or:2=24+0.14+0.i+0.i.]

2.3 Division of neutrosophic real numbers [4]

Suppose that wy, w, are two neutrosophic numbers, where
W1=a1+b11, W2:a2+b21

To find (a; + byI) + (a, + b,I), we can write:

a, + byl

————=x+yl
a, + byl xTy

where x and y are real unknowns.
a; + byl = (a, + by)(x +yI)
a; + bl = ayx + (byx + ayy + byy)l
by identifying the coefficients, we get
a; = a,x
b, = byx + (a, + bz)y
We obtain unique one solution only, provided that:

a, 0

#0 = ay(a,+by)) #0

Hence: a, # 0 and a, # —b, are the conditions for the division of two neutrosophic real numbers to exist.
Then:

a1 + b11 _ al azbl - albz

a, +b,]  a, a,(a,+b,)’

2.4 Root index n > 2 of a neutrosophic real number [4]

1) Case: n=2
Let w = a + bl be a neutrosophic real number, then

Vva+bl=x+y.1
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a+bl = (x +y.1)?
a+bl =x2+2xy.1+y?I

by identifying the coefficients, we get:

2

x“=a
y2+2xy=b
Hence x=+Va

y2+2Jay—b =0
By solving the second equation in respect to y we find:

F2va++vda+4b _
y= Va > =FJa+Va+b

Then we fined four solutions of va + bl:

Va+bl=vVa+ (—Va++va+b).I

Or: Va+bl=+va—(—Va++Va+b).I
Or: Va+bl =—Va+ (Va++va+b).I
Or: Va+bl=—Va+ (Va—+va+b).I

particular case: I = +I

2) Case: n > 2

NVa+bl=x+y.I

a+bl=(x+y.D)"

n-—1
a+bIEx"+<ZC{{y”"‘x ).I
k=0

n .
N xz{ nﬁ : nodd
+%a ; neven

n-1 .
Z Ckyn=*an=p
=0

Solve it in respect to y, we can distinguish two cases:
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When the x and y solutions are real, we get neutrosophic real solutions,

When x and y solutions are complex, we get neutrosophic complex solutions.

2.5 Multiplying two neutrosophic complex numbers [2]

Let z,,z, are two neutrosophic complex numbers, where
z; =a; +cl+byi+diil ,  z, =a, + ¢l +byi+ dyil
Then:
Zy .2y = (a + oI + byi + dqil )(a, + c,1 + byi + d,il)
= (aya, — bib,) + (a;c, + aycq + ¢;¢, — byd, — dyb, — d d,)I
+(aib, + a;by)i + (ayd; + c1by + ¢1dy + bycy + azdy +dicy)i 1
Example 2.1:
(3+5i+2il)(1+3il) =3+ 9il +5i — 151 + 2il — 6]

=3-—211+5i+11il

3. Conjugate of a neutrosophic complex number

Definition 3.1:

Suppose that z is a neutrosophic complex number, where z = a + cI + bi + d.il. We denote the conjugate of a
neutrosophic complex number by Z and define it by the following form:

Z=a+cl—-bi—d.il
Example 3.1:
z=4+5i-7il = z7=4-5i+7il
z=-21-i+8il = Z=-21+i—-8il
z=1il = z7=-il
As consequences, we have:
1. the conjugate of neutrosophic complex number Z is the same neutrosophic complex number z.

@)=z
2. Ifz=a+cl+bi+d.il

then
z+z=2(a+cl)=2Re(z) and z—Z=2(b+d.Di=2Im(2)

where Re(Z) is the real part of the complex number and Im(Z) is the imagine
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3. We conclude from this, that the neutrosophic complex number is real if and only if = Z , and it is imaginary
ifandonlyif z=-27.

Remark 3.1:
The conjugate of the sum of two neutrosophic complex numbers is equal to the sum of their two conjugates.
21 +2, =2 + 7
Proof:
Suppose that z; , z, are two neutrosophic complex numbers, where
Z=a,+cl+bii+diil , z,=a,+c]+byi+dyil
Then:
71 + 2, = (ay + a,) + (o] + 1) + (by + by)i + (dy + dy)il
Zy + 2, = (a; + a) + (¢ 1 + 1) — (by + by)i — (dy + dy)il
=ay, +c;I — byi —dqyil +a, + ¢, — byi — d,il
= 5 +17,
Theorem 3.1

The conjugate of multiplication two neutrosophic complex numbers is equal to the multiplication of their two
conjugates.

L5 =74.4
Proof:
Suppose that z, , z, are two neutrosophic complex numbers, where
Z=a,+cl+bii+diil , z,=a,+c]+byi+dyil
Then:
21.Zy = (aq + ¢ I + byi + dyil )(a, + ¢, + byi + dyil)
= (aya, — b1 b,) + (a;c, + aycq + ¢;¢, — byd, — dyb, — dqd)y)I
+(aib, + a;by)i + (ayd, + c1by + ¢1dy + bycy + aydy +dicy)il 1
71.2; = (a1a; — by by) + (a1¢; + azey + €16, — bydy — diby — dydy)l
—(a;b, + a,by)i — (ayd, + ¢1by + ¢;d, + bycy, + a,dy +dqcy)il 1
71.75 = (a; + ;I — byi — dqil )(a, + c,1 — byi — d,il)
= (a1a; — biby) + (ayc; + azcy + ¢i¢; — byd; — diby — didy)]
—(aib, + a;by)i — (a1dy + c1by + ¢1dy + bycy + aydy +dicy)il 1
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= 212, =117
4. Division of neutrosophic complex numbers
Suppose that z, , z, are two neutrosophic complex numbers, where
Z1=a;+cl+bii+dyil , zZy=a,+cl+bi+dyil ;z, #0
Then:

zy _ag+ ¢l +byi+dyil
Z,  ay + Cyl + byi + dyil

multiply the numerator and denominator by conjugate of z, we get:

z;  (ay + ¢l + bii+ dyil)(a; + ;] — byi — dyil)

ZZ B (az + Czl + bzl + dzll) (az + CzI - bzi - dzil)

_(ay + ¢yl + byi+ dyil)(a; + ;] — byl — dyil)
(az + .12 + (b, + dy1)?

_(a1a; + b1by) + (ay¢; + azc1 + €165 + bid; + diby + did;)]
B (az + 212 + (b, + d,1)?

+ (azbl - albz)i + (b1C2 + a2d1 + d1C2 - a1d2 - C1b2 - Cldz)i.l
(az + 312+ (by + dy1)?

_(aya; + biby) + (ayc; + aycq + c16, + bydy + diby + dydy)]
- (ay + c;1)2 + (b, + d,1)?

+ (azbl - albz) + (b1C2 + azdl + d1C2 - aldz - Cle - Cldz).l l_
(az + )% + (by + dy1)? '

Example4.1:
3+ 5i+ 2il
1+ 3il

Solution:
multiply the numerator and denominator by conjugate of (1 — 3il) we get:

345i+2il  (3+5i+2i)(1—-3il) 3—21I+5i+11il
14+3il ~  (@A+3iD@A-=-3i) 1+09I

_3-21 5+1u
“1xor "1y’

€y

Let us find:
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T+or =Xt
3211 = (1 + 9D (x + yI)
3211 = x + 9xI + 10y]
3-21I1=x+ (9x+ 10y)I
:{ x =3
9x + 10y = =21
=3
x =3 x
48
${9(3)+10y=—21 =’{y=——=—4.8
10
3-210 o
= = — 4.
1+9]
Let us find:
5+11_
1+o1 7Y

54+11=1+9)(x+yID)
54111 = x+ 9xI + 10yl

5+11 =x+ (9x + 10y)I

:{ x=05
9x + 10y =11

=>{ x=3 =
9(5) + 10y = 11 y=—"—=-34

By substitution in (1):
3+ 50+ 2il
1+ 3il

=3— 48]+ (5—3.4D)i

=3 —4.8I + 5i — 3.4il

5. Inverted Neutrosophic complex number
Suppose that z is a neutrosophic complex number, where z = a + ¢l + bi + d. il

Then:
1

Z a+cl+bitdil
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a+cl b—dI

@t +h+d) @)+ Brd?

Example 5.1:

N S
1—20 144 1+4"

=1 4I+21'
= 5 5.1

6. The absolute value of a neutrosophic complex number

Suppose that z = a + cI + bi + d. il is a neutrosophic complex number, the absolute value of a neutrosophic complex

number defined by the following form:

1Z| = y/(a + cD)? + (b + dI)?
Example 6.1:
Let z =1+ 21 + il, find the absolute value of z .

Solution:

1Z| = /(a+cD?+ (b +dI)?

=V1+4I+41+1

=V1+10]

VI+10l =x +yl

1+ 10I = x? + 2xyl + y?
by identifying we get:

{ x?=1
y?+2xy =10

Since the absolute value is positive, we take: x =1
By substitution in the second equation:

y24+2y=10 = y?+2y—-10=0

=2+ 2v11

> =—-1++vV11=23

y

Therefore,
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1Z| = |1+ 21 +il| =1+ 23]

Theorem 6.1:

Suppose that z = a + ¢l + bi + d. il is a neutrosophic complex number, multiplication the absolute value of z by its
conjugate equals to square of the absolute value of .

z.Z=1Z|?
Proof:
z=a+cl+bi+dil = zZz=a+cl—bi—d.il
z.z=(a+cl+bi+d.il)(a+cl—bi—d.il)
= a® + acl — abi — adil + acl + cI — bcil — cdli + abi
+bcil + b? + bdl + adil + cdil + bdl + d*I
= (a? + 2acl + c2I) + (b% + 2bdI + d?I)

=(a+c)?+ (b+d)?*=|Z|?

= z.z=|Z|?
Example 6.2:
Let z=4—-1+4+2i+3il,find z.Z.
Solution:
z.Z=1Z|?
= (a+ch?+ (b +dI)?
=4 -2+ (2+3I)?
=16—-81+1+4+121+91

=20+ 141

5. Conclusions

In this paper, conjugate of neutrosophic complex number was defiend and used to find the division of
neutrosophic complex numbers, the inverted neutrosophic complex number and the absolute value of a neutrosophic
complex number. This research has proven theorems related to the conjugate of neutrosophic complex numbers. This
approach can be applied to define the polar form and exponential form of the neutrosophic complex number.

References

[1] F.Smarandache, "Introduction to Neutrosophic Measure, Neutrosophic Integral, and Neutrosophic Probability",
Sitech-Education Publisher, Craiova — Columbus, 2013.

DOI: 10.5281/zenodo.3900293 17



International Journal of Neutrosophic Science (IINS) 10l 8 No. 1, PP, 9-18, 2020

(2]
(3]

(4]
(3]

(6]
(7]

(8]
(9]

F.Smarandache "Finite Neutrosophic Complex Numbers, by W. B. Vasantha Kandasamy", Zip Publisher,
Columbus, Ohio, USA, PP:1-16, 2011.

F.Smarandache, "Neutrosophy. / Neutrosophic Probability, Set, and Logic", American Research Press, Rehoboth,
USA, 1998.

F.Smarandache, "Introduction to Neutrosophic statistics", Sitech-Education Publisher, PP:34-44, 2014.
F.Smarandache, "A Unifying Field in Logics: Neutrosophic Logic, Preface by Charles Le, American Research
Press, Rehoboth, 1999, 2000. Second edition of the Proceedings of the First International Conference on
Neutrosophy, Neutrosophic Logic, Neutrosophic Set, Neutrosophic Probability and Statistics", University of New
Mexico, Gallup, 2001.

F.Smarandache, "Proceedings of the First International Conference on Neutrosophy", Neutrosophic Set,
Neutrosophic Probability and Statistics, University of New Mexico, 2001.

F.Smarandache, "Neutrosophy and Neutrosophic Logic, First International Conference on Neutrosophy,
Neutrosophic Logic, Set, Probability, and Statistics" University of New Mexico, Gallup, NM 87301, USA 2002.
F.Smarandache, "Neutrosophic Precalculus and Neutrosophic Calculus", book, 2015.

Madeleine Al- Tahan, "Some Results on Single Valued Neutrosophic (Weak) Polygroups", International Journal
of Neutrosophic Science, Volume 2, Issue 1, pp. 38-46, 2020.

[10]S. A. Edalatpanah, "A Direct Model for Triangular Neutrosophic Linear Programming", International Journal of

Neutrosophic Science, Volume 1, Issue 1, pp. 19-28 , 2020.

[11]A. Chakraborty, "A New Score Function of Pentagonal Neutrosophic Number and its Application in Networking

Problem", International Journal of Neutrosophic Science, Volume 1, Issue 1, pp.40-51 , 2020.

[12]A. Chakraborty, "Application of Pentagonal Neutrosophic Number in Shortest Path Problem", International

DOI: 10.5281/zenodo.3900293

Journal of Neutrosophic Science, Volume 3, Issue 1, pp. 21-28 , 2020.

18





