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Abstract:
In this article, | study the numbers that | have titled: para-complex numbers.

A para- complex number consists of a real part and para- imaginary part.

Algebraic form of a para- complex number: Z=a+ jb with jz =1 and
j#=+1

") :is a pure para-imaginary."
a, is the real part; b, is the imaginary part.

In an orthonormal coordinate system, the x-axis represents the real numbers,
while the y-axis represents the para-imaginary number.

This work allows me to find a large number of mathematical formulas. This is
just the beginning; | hope that researchers will improve it and derive more
interesting mathematical formulas that will serve science.
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Para- complexes numbers

Introduction : suppose that there exists a number which is neither real, and not

complex, such, that its square is equal to 1.

Notation1 : this number is noted: J , such as: j2 =land j==£1

J , is called para -imaginary number.

Représentation in an orthonormal reference plan :

a para -complex plan, is plan there the abscissa axis , represents the reel
number , the ordinate axis the para imaginary number < j >>
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Notation2: Algebraic form of a complex number: Z=4ad-+ jb  with J° =1
and j=£1 , 4, b, reals.

a, real part; b para- imaginary part.

Noticedl : almost all the properties that relate to complex numbers are valid
for para complex numbers

Notation3: Trigonometric Form of para complex number :
z=r(cosa+ jsina) ; I' is the module, & the argument of £

Let the first bisector of the equation Y = X ; either the point M (a, b)
1* case : D > @ the point M is above the first bisector.
(a+ jb)2 =a’ +b? +2jab ; we observe that : a° +b* > 2ab

The point M image, passes below the first bisector. So on until it is on the first
bisector when n increases.
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N is image for M, P isimage for N, Q is image for P.....etc.

By raising to successive powers, the points images of the para complex
number, take alternate position with respect to the first bisector of equation:

Y =X, until the image point is on the right: Y = X.
) 2n-1 . .
(@a+ Jb)™ " ; n=1, paraimaginary part, greater than real part
2N . .
(a+ Jb)™; real part greater than imaginary part.
2" case when 0 < @ in this case the point M image of successive powers

Stay below the right: Y =X

N is image for M




Noticed 2 : (@+ J0)d+ J) =(a+b)(1+))
L+ )" =21+ )

Général formula1: a,beR | j°=1; J#xl. neN

*(a+jb)”e(b—l—aﬁ%[(a+b)”+(a—b)”]+%\][(a+b)”—(a—b)”], N even

Application 1: (2+3j)* =(3+2j)* =313+312j
By applying the formula 1:

@33 (2+3)'+ -9 ]+ 3 (243 -2-9'] -

%(625+1) +%(625—1) _313+312j

“(a+ jb)" = j(b-+aj)" :%[(mb)"+(a—b)“]+%3[(a+b)”—(a—b)"] |
N odd number

Application 2:
(3-2j) = j(-2+3j)’ =
=%[(3—2)3+(3+2)3]+%J [(3-2)°-(3+2)° = —62+63]

Square root of a Para complex number.

Examples :

«/5+4j =a+ jb
) ) ) _ by identification: a+b=13; a-b==1
a‘+b°+2jab=5+4]j



J5+4] =2+ j

J5+4j=—2—j
J5+4j=1+2]j
J5+4)j=—-1—-2j

{/28+36] =2 [ Y64+ 478+ [ Y6438 ] =1+3]

Application for the trigonometric form : | . a pure imaginary number
n

[(cosx+isinx)+ j(sinx—icosx)]" = {(cosx+ isin x)(1+Tj)}

= (cos x +isin ><)n(1+TJ)n , According to the general formula. (1)
[(cosx+isinx)+ j(sinx—icosx)]" -

%(cos X+sinx)"(L—i)" +% j(cosx—sinx)"(1+1)" | because

(cos x+sin x) +i(sin x—cos x) = (cos x +1isin x)(1—1)
(cos x+sin x) —i(sin x —cos X) = (cos X —isin X)(1+1)

COS X 4 Sin X = /2 cos X

Weset  osx—sinx = \/Esin(%— X)

[(cosx+isinx)+ j(sinx—icosx)]" -

(\/25)n (cos X)" (1—i)" + (“/g)n j(sin(%—x))”(1+i)” = (cos X +isin x)”(1+Tj)”_

@i+ )™ =(2ij)"
>
(i+ )" =)@+ n=0

With:
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trigonométri Formula : if 0< 7< P AC realsor complexes

C‘jgg JA2+C?+2ACsin2nd+ (A2 —C?)cos 2n0 —

5'329 JA? +C2—2ACsin2n6— (A2 —C?)cos2nd = A

5'35‘9 JA2 +C? +2ACsin 2n0 + (A2 —C?) cos 2n6 —

0055”‘9 JA® +C? —2ACsin2n6—(A* —C?)cos2n6 =C

M N is image for M

thn" o =tan

»
|

a c
Let’s us now, take the case where: j? :E_"' assuch Y= g X' that is to say the
image of point M, alternate on either side of the equation line: Y=_X

a

2
(cos @ + jsin @)* = cos? 6’+%sin2 O +2jsin@cosd
__bcos@—asing
bsin@+acosd
b® cos® @+ a’bsin® & —absin 20
b®sin 20 + a(b?® cos® @ + a® sin” @)

tan o«

tan g =




In this case: tan"a=gtan f, g real.

Noticed : & is the argument of para- complex number. arg(z) =46
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Generalisation: ) = bz

J , is called pseudo imaginary of first kind
312 =] , is called pseudo imaginary of second kind
Jzz = j1 , is called pseudo imaginary of third kind

\]32 = jz , is called pseudo imaginary of fourth kind .

Application :

A+ Ji)’ =@+3)A+ jy)
(i+13)° =G+ DA+ i)
(i— i)’ =G+ )NA-j)

Other case : Z para complex a three dimensionel. Z =a+ bJ +ck
j?=uj+vik  (uv)eIR,nelIN , (AB)elR
k . 2_1.k

para imaginary such as K“ =1 ; #1

(A +BiK) =% () A+ BY + (u—y) (A= B)”]%kj (0" (A+ B ~(u-v)*(A-B)'

Applications :

Example1: A=1B=lu=1lv=1n=2, j2:j+jk



G+ ik =2 i[(@"@? ]+ 2 ki[> @7 ]
2@ +K)2 = 4 j + 4Kj

(j+ JKDA+Kk)* =4j+4]jk

(j+ jJKDA+k®+2k)=4j+4]jk

(1+ JkD(2+2k) =4)]+4 jkK
2j@A+kZ2+2k)=4j+4jk
4jA+KkK)=4j+4jk

Example2: A=1B=2,u=1Lv=-1N=2 then: j2 = J_Jk

(j+2jK)? = % i2(—1)2 —%ij(—l)Z

(J— JK)A+2k)* = j— jk
iA—K)B+4k) = j— jk
i(5+4k —5k —4k?) = j— jk
1@—Kk)=1—JK

Example3: A=1B=2u=2,v=-1n=3, j2:2j_jk

(J+2ik)’° =2 iI[@*@* ]+ S ki[(@? D]
J°@A+2k)® =9 j +18Kj

(2§ — jK)(2—K)A+2K)® —=9j+18jk
j(56—4k)(13+14k) =9 +18 jk
j(65—-56+18k) =9 j +18 jk

9j+18jk =9j+18jk

Example 4 : A:4;B:—2;u:2;v:—];n:4

j?=uj+vik=j*=2j-jk



(-2 =5 i[@°CD* + @@ ]+ k@D -7 ®)"]

(j-2jk)* = j*(A-2k)* = (2] - jk)*(1-2k)* = j*(2-k)*(1-2k)* =
2j— jK)2—K)2(L-2K)* = j(2—k)*(L—2K)* = j(1094 —1093K)

1. 1. .
=2 ,[1+37]+E jk[1-37]= j(1094-1093k)



