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Abstract: The purpose of this article is to study the equations of neutrosophic straight line and
neutrosophic circle, where the neutrosophic point, general neutrosophic equation of a line, the
equation of a neutrosophic straight line passing through two neutrosophic points and parallel and
perpendicular neutrosophic lines are defined, in addition, four forms of the equations of neutrosophic

circle were discussed. Where detailed examples are given to clarify each case.
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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, imprecsion, undefined,
unknown, incompleteness, inconsistency, redundancy, contradiction, where the concept of
neutrosophy is a new branch of philosophy introduced by Smarandache [3-13]. 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 rootindex 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]. Y.Alhasan studied
the concepts of neutrosophic complex numbers, the general exponential form of a neutrosophic
complex, and the neutrosophic integrals and integration methods [7-14-18]. On the other hand,
M.Abdel-Basset presented study in the science of neutrosophic about an approach of TOPSIS

technique for developing supplier selection with group decision making under type-2 neutrosophic
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number [15]. Also, neutrosophic sets played an important role in applied science such as health care,
industry, and optimization [16-17]. Giorgio Nordo, Arif Mehmood and Said Broumi studied single

valued neutrosophic filters [19].

The paper is organized as follows. Section 1, provides an introduction, in which neutrosophic
science review has given. Neutrosophic real number are discussed in Section 2. Section 3 frames the
equations of neutrosophic straight line. the equations of neutrosophic circle were discussed in section

4. Finally, In Section 5 a conclusion to the paper is given.

2. Preliminaries

2.1. Neutrosophic Real Number [4]

Suppose that w is a neutrosophic number, then it takes the following standard form:
w = a + bl where a,b arereal coefficients, and 1 representindeterminacy, such 0./ =0 and " =

I, for all positive integers n.

2.2. Division of neutrosophic real numbers [4]

Suppose that w;, w, are two neutrosophic numbers, where:

W1=a1+b11, W2=a2+b21
To find (ay + byI) + (a, + b,1), we can write:
a; + byl
———=x+yl
a, + b, xry

where x and y are real unknowns.

a; + b1 = (a, + b)) (x +yI)

a; + byl = ay,x + (byx + a,y + byy)l
by identifying the coefficients, we get:

a; = ax

bl = bzx + (az + bz)y
We obtain unique one solution only, provided that:

a, 0

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

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

a, +b,]  a, ay(a,+b,)’
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2.3.Root index n > 2 of a neutrosophic real number [4]

1) Case: n=2
Let w=a+bl beaneutrosophic real number, then:
Vva+bl=x+y.1l

a+bl = (x+y.1)?
a+ bl =x%+2xy.1+y?%l

by identifying the coefficients, we get:
x*=a

y2+2xy=b
Hence x=+Va

y*t2Jay—-b=0
By solving the second equation in respect to y we find:

¥2va++v4a+4b _
y= ve 5 =FVatVa+b

Then we fined four solutions of va + bl:

Va+bl=+va+ (—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: VI = %I

2)Case: n>2

Na+bl=x+y.1

a+bl=x+y.D"

n—1
a+bl=x"+ (ZC,’fy”'kxk).I

k=0
n Ya ; nodd
"=a = x=1 .
+%a ; neven
n-1
k
ZC,’{y""‘an=b
k=0

Solve it in respect to y, we can distinguish two cases:
When the x and y solutions are real, we get neutrosophic real solutions,
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When x and y solutions are complex, we get neutrosophic complex solutions.
3. The equations of neutrosophic straight line

3.1. Neutrosophic point

Definition3.1.1:
Let x, = x, + xp/ and y, = y, + y,1, where x,,x;,¥,, ¥, arereal numbers, while | = Indeterminacy,
then A(x4,y,) represent the neutrosophic point.

3.2. General neutrosophic equation of a line

Definition3.2.1:
The general equation of a neutrosophic straight line is given by the following formula:

(ao + a11 )X + (bo + bll)y + CO + Cll = 0
Where ay, by # 0 and ay, a;, by, by, ¢y, ¢; are real numbers, while I = indeterminacy.

Definition3.2.2:
Slope-intercept form of the equation of a neutrosophic straight line is given by the following formula:

y = (mg + mp)x + pg + pyl
where mg,, my,, p,, pp are real numbers, while I =indeterminacy.

Example3.1.1:
y=0B+2Dx+2—-41
Definition3.2.3:
Equation of a neutrosophic straight line passing through two neutrosophic points, A(x; + x,1,y; +
v.I) and B(¥; + X,1,¥y; + ¥,1), is given by the following formula:

y—yl—y21=y'1+y'zl—y1—yzl
x_xl_le x{1+x’21_x1_x21

where x4, X, Y1, Y2, X1, X3, Y1, Y, are real numbers (¥; # x; and not zero), while I = indeterminacy.
Example3.1.2:

Find the equation of a neutrosophic straight line passing through two neutrosophic points:
A3+ 21,30 and B(7 — 31,5+ 1)

Solution:
y—3I 5+1-3I

x—3-—21 7-31—3-21

y—31  5-2I
x—3-21 4-5]

y —3I 5 17

x—3-21 4 4

3 =(x—3 21)(5 171)
yoo = 4 2
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31_(5 171) 8+751
Y= ) T,
—(5 171) 8 v 2 v
Y=G"% ) T3
- _(5 17 ) 8+ ;
Y=\4"%' )7

Definition3.2.4:

Let d;,and d, are two straight lines, we say d;,and d, are parallel if their slopes are equal, and we

say that they are perpendicular if the product of their slopesis —1.
Example3.1.3:
di: y=2-3Dx+4+3I
dy: y=02—-3Dx+5+41
mg, =my, =2-31 = d,//d,

We can illustrate this by giving different values of I:

» [1=0,then:
d]_: y=2x+4
dz: y=2x+5
» [ =25, then:

dy: y=-7x+13
dz: y = —7x+17

Example3.1.4:

1

dy y=(5=)x+7-2

1
mdl.mdz = (3 + 51) (_3 _ 51

4. The equations of neutrosophic circle

Definition4.1:

>:_1 ﬁdlldz

The standard equation of a neutrosophic circle: for point p(x,y) to lie on a circle with center c(h +
hil,k + kiI) and radius r + r;I > 0, the distance pc must be equal to radius r + r;1. Then, using

the distance formula we get:

pc=y@—h—hD?*+(y—k—k)?

pc=r+nl
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Ja—h—hD?+ @ —k—kI)?=r+nl

(\/(x —h—hD?2+ @y —k- kll)z)2 = +nl)?
xc—h-nmD*+@y—-k—kD?>=0@+nD?* (1

Example4.1:
(x—3-2D*+(@y+4-3D*=4-3I

The center is ¢(3 + 21, —4 + 3I), we can find the radius as the following:
r+nD*=4-3I
r+nl=v4-3]

Let’s find v4 — 31
V4 -3l =r+nl

4—-31=71%+2rnl + 1%l

4—31 =72+ (Q2rr, + )l

then:
r2 =14
{27’7’1 +7r2=-3
r=42
{r2+2rr1+3=0
Find ry:

Whenr=2 = r?+2r+3=0
n+3)(nn+1)=0 =nrn=-3,n=-1
(2,-3),(2,-1)
Whenr=-2 = nr2—-4r+3=0

n-3(n-1)=0 =nrn=3,rn=1

(_213)1 (_le)
Hence:
2
r+nrnl=2-3] ;I<§
Or r+nl=2-1 1 <2
Or r+nl=-2+31 ;1>2/3
Or r+nl=-2+1 ;1>2
Definition4.2:

Equation of a neutrosophic circle when the centre is origin 0(0,0), it given by formula:
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x2+y?=(r+nl)?
Example4.2:
x*+y?2=16—151
The center is 0(0,0), we can find the radius as the following:
(r+nD?=16—15I
r+nl= V16 — 151

Let’s find V16 — 151
V16— 151 =r +nl

16 — 151 = r? + 2rryl + 1,21

16 — 151 = 1% + (2rry + 21

then:
r2=16
{27”7”1 +n2%=-15
r=44
{rz +2rr +15=0
Find r;:

When r=4 = r,2+4+8r,+15=0
(T1+3)(T1+5)=0 =>T1=—3,T1=_5

(41 _3)1 (4I _5)
When r=-4 = r,?—-8r,+15=0

(-3 -5=0 =nr=3,n,=5

(—4.3),(—4,5)
Hence:
4
renl=4-31 ;I<g
Or r+mnrl=4-5] ;1 <4/5
Or r+nl=-4+31 ;I1>4/3
Or r+nl=-4+5 ;I1>4/5
Definition4.3:

The general equation of a neutrosophic circle given by formula:
2+y?+@+aDx+bB+bDy+c+cI=0

Adding (a + a;1)* + (b + b;1)* on both sides of the equation gives, we get:
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x2+y*+@+aDx+b+bDy+@+aD?*+B+bD*=(@+aD?*+(b+bD?*—c—cl

x2+(@+aDx+@+aD?*+y*+b+bDy+b+bD?*=(@+a;D?*+b+bN?>—c—cyl

a+a;\* b+ b 1\? a+a,\* b + by I\?
(x+ 2 )+<”+ 2 ):( 2 )+( 2 )_C_Cll @

Comparing (2) with (1), we find:

a+aql
2

b+ byl
k+ki=—( >

,_(at+a\* (b+bI\?
(r+nl) =( > )+( > )—c—cll

a+a,1\?> (b+bl\*
= r+mnl= ( > )+( > )—c—cll >0

Example4.3:
To find the standard equation, the center and radius of the following neutrosophic circle:

x?—6x+y*—6ly+2[=0

we follow these steps:

-|— 1 = = =
-|— 1 = = =

a+a;\* b+ by 1\?
(r+r11)2=( 21> +< 21) —c—ql

=9+4+9]-2] =9+7]
hence:
(x=3)2+@-3D*=9+7I
The center is ¢(3,31), we can find the radius as the following:
r+nD?*=9+71
r+nl = Vo +71

Let’'s find V9 + 71
VO+ 7l =1r+nl

9+ 71 =72+ 2rnl + 1%l
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9+ 71 =r?+ (2rr, + 91

then:
r2=9
{27‘7‘1 +nt=7
r=43
{r2+2rr1—7=0
find ry:

when r=3 = nr?2+6r,-7=0

n+7(rn-1)=0 =n=-7,n=1

3,-7),B1D
when r=-3 = n?-6r,—-7=0
-7 (n+1)=0 =n=7n=-1
(-3,7),(=3,-1)
hence:
r+nl=3-7I ;I<;
Or r+nl=3+1 ;1 > =3
Or r+nl=-3+4+71 ;1>3/7
Or r+nl=-3-1 ;I<-=-3

4.1. Polar equation of a neutrosophic circle

The polar form of equation of a neutrosophic circle, with a center S(7 + 741, ¢ + ¢,I) and
radius R+R;I, using the low of cosine:

+nl)?+ F+AD?2 =200+l )F + 7D cos(8 + 6,1 — ¢ — 1) = (R+R,1)?

_ P(r+nlé6+el)
|R+RN
r+nl L7 | \

1 ' S(F 4R Lo+

RN SN NN e

v

Figure 1
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Note:
The polar equation of a neutrosophic circle, with radius R+R;I and a center on the polar axis
running through the pole 0 (origin):
Since:
r+mnl

COS(H + 91[) = m
1

then:
r+nrl = 2(R+R.I)cos(8 + 6,1)

 P(r4n1,6+6D)

( 4 :9_1\ >

2(R+R,I) |

Figure 2

Example4.1.1:
Convert The polar equation of a neutrosophic circle:

r+nl = (—4+6I)cos(0 + 6,1)
into cartesian coordinatedes.

Solution:
r+nl = (—4+6I)cos(0 + 6,1)

(r+rD?=(—4+ 6T +mnrI) cos(@ + 6,1)
by substitute in:

x2+y?=(r+mnl)?

we get:
x2+y%?=(—4+ 6N +n]l)cos(6 + 6,1)
we know:
x = (r+mrl)cos(6 + 6,I)
then:

x2+y?=(—4+6Dx

x2—(—-4+6Dx+y?=0

a+aql —4 + 6/
> >= =-2+3I

h h1=—<
+ ny >
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b+b11> 0

k+k11=—( =2 =0+01

a+ a;\* b+ by 1\?
(r+r11)2=( 21) +( 21) —c—ql

=(—2+31)>+0+0I—(0+0I)=4-3I
hence:
(x+2-3D?>+y*=4-3I
The center is c¢(—2 + 31,0 + 0I), we can find the radius as the following:
r+nD?*=4-3I
r+nl=v4-3]

let’s find V4 — 31
V4 -3l =r+nl

4-31 =72+ 2rrl + 1%l

4—31 =72+ (Q2rr, + Al

then:
r2 =4
{27”7”1 +7r2=-3
r=42
{r2+2rr1+3=0
Find r;:

Whenr=2 = r?2+2r,+3=0
rn+3)(n+1)=0 =nrn=-3,n=-1
(2,-3),(2,-1)
Whenr=-2 = nr2—4r+3=0
n-3(n-1)=0 =nrn=3,n=1

(=2,3),(-2,1)
Hence:

2
r+nrnl=2-3] ;I<§

Or r+nl=2-1 1 <2
Or r+nl=-2+31 ;1>2/3
Or r4+4nl==-24+1 ;I1>2
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4. Conclusions

Geometry is important for many reasons. The world is overflowing with geometric shapes, and
since geometric shapes surround us from every side, our understanding and appreciation of our
world will be better if we learn something about geometry. This led us to introduce the concept of
neutrosophic in geometry and to write this paper. The equations of the circle and the straight line in
the neutrosophic field are defined. This paper is considered an introduction to the neutrosophic
geometry.

Acknowledgments: This publication was supported by the Deanship of Scientific Research at Prince
Sattam bin Abdulaziz University, Alkharj, Saudi Arabia.

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

[2] Smarandache, F., "Finite Neutrosophic Complex Numbers, by W. B. Vasantha Kandasamy", Zip Publisher,
Columbus, Ohio, USA, pp.1-16, 2011.

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

[4] Smarandache, F., "Introduction to Neutrosophic statistics", Sitech-Education Publisher, pp.34-44, 2014.

[5] Smarandache, F., "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.

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

[7] Alhasan,Y. "Concepts of Neutrosophic Complex Numbers", International Journal of Neutrosophic Science,
Volume 8, Issue 1, pp. 9-18, 2020.

[8] Smarandache, F., "Neutrosophic Precalculus and Neutrosophic Calculus”, book, 2015.

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

[10] Edalatpanah. S., "A Direct Model for Triangular Neutrosophic Linear Programming", International Journal
of Neutrosophic Science, Volume 1, Issue 1, pp. 19-28, 2020.

[11] Chakraborty, A., "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] Chakraborty, A., "Application of Pentagonal Neutrosophic Number in Shortest Path Problem",
International Journal of Neutrosophic Science, Volume 3, Issue 1, pp. 21-28, 2020.

Yaser Ahmad Alhasan, The equations of neutrosophic straight line and neutrosophic circle



Neutrosophic Sets and Systems, Vol. 53, 2023 343

[13] Smarandache, F., "Neutrosophy and Neutrosophic Logic, First International Conference on Neutrosophy",
Neutrosophic Logic, Set, Probability, and Statistics, University of New Mexico, Gallup, NM 87301, USA 2002.

[14] Alhasan,Y., "The General Exponential form of a Neutrosophic Complex Number", International Journal
of Neutrosophic Science, Volume 11, Issue 2, pp. 100-107, 2020.

[15] M. Palanikumar , Aiyared lampan , Said Broumi, MCGDM based on VIKOR and TOPSIS proposes
neutrsophic Fermatean fuzzy soft with aggregation operators, International Journal of Neutrosophic Science,
Vol. 19, No. 3, (2022) : 85-94

[16] Abdel-Baset, M., Chang, V., Gamal, A., Smarandache, F., "An integrated neutrosophic ANP and VIKOR
method for achieving sustainable supplier selection: A case study in importing field", Comput. Ind, pp.94-110,
2019.

[17] Abdel-Basset, M., Mohamed, R., Zaied, A. E. N. H., Gamal, A., Smarandache, F., “Solving the supply
chain problem using the best-worst method based on a novel Plithogenic model”. In Optimization Theory Based

on Neutrosophic and Plithogenic Sets. Academic Press, pp.1-19, 2020.

[18] Alhasan,Y., "The neutrosophic integrals and integration methods", Neutrosophic Sets and Systems,
Volume 43, pp. 290-301, 2021.

[19] Nordo, G., Mehmood, A., Broumi, S., "single valued neutrosophic filters”, International Journal of
Neutrosophic Science, Volume 6, pp. 8-21, 2020.

Received: Sep 10, 2022. Accepted: Dec 20, 2022

Yaser Ahmad Alhasan, The equations of neutrosophic straight line and neutrosophic circle



