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Abstract. The Neutrosophic Precalculus and the Two other important theorems were proven with their
Neutrosophic Calculus can be developed in many corollaries, and numerical examples as well. As a
ways, depending on the types of indeterminacy one conjecture, we use ten (indeterminate) forms in
has and on the method used to deal with such neutrosophic calculus taking an important role in
indeterminacy. This article is innovative since the limits. To serve article's aim, some important
form of neutrosophic binomial factorial theorem was questions had been answered.

constructed in addition to its refrains.
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1 Introduction (Important questions) 2. Let
Q 1 What are the types of indeterminacy? Vi=x+yl
There exist two types of indeterminacy 0+1=x*+3x%yl+3xy* I +y°I
a. Literal indeterminacy (1). 0+1=x>+Bx% +3xy> +y3)I
As example: x=0y=1- V=1 (5)
2+3I @) In general,
b.  Numerical indeterminacy. VI =1, (6)
As example:
where k € zt ={1,2,3,...}.
x(0.6,0.3,0.4) € A, 2 .
Basic Notes
meaning that the indeterminacy membership = 0.3. 1. A component | to the zero power is
Other examples for the indeterminacy com- undefined value, (i.e. I° is undefined),
ponent can be seen in functions: f(0) = 7 or 9 or since IO = 1D = [l 71 = §which is

fQ0 or 1) =5 or f(x) = [02, 0.3] x* ... etc. impossible case (avoid to divide by I).

2. The value of I to the negative power is

Q 2 What is the values of [ to the rational power? undefined value (ie. I™ ,n>0 is
1. Let undefined).
Vi=x+yl 3Wh he indeterminacy forms |
0+1=x%+ (2xy + y?)I Q _ at are the indeterminacy forms in neutros-
_ _ ophic calculus?
x=0,y=+11 (3) ) . .
In classical calculus, the indeterminate forms
In general, are [4]:
NI = 41 4 2,2,0-0,0°,0°1%,00 — oo, (7

wherek € zt ={1,2,3,...}.
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The form 0 to the power I (i.e. 07 ) is an
indeterminate form in Neutrosophic calculus; it is
tempting to argue that an indeterminate form of
type 0! has zero value since "zero to any power is
zero". However, this is fallacious, since 0’ is not a
power of number, but rather a statement about
limits.

Q 4 What about the form 17?

The base "one" pushes the form 1/ to one
while the power I pushes the form 1/ to 7, so 1! is
an indeterminate form in neutrosophic calculus.
Indeed, the form af, a € R is always an
indeterminate form.

Q 5 What is the value of a’ ,where a € R?

Lety, = 2*,x € R,y, = 2!;itis obvious that
lim 2* =00, lim 2* =0 ,lim2*¥ =1; while
X—00 X—>—00 x—0
we cannot determine if 2! > o or0ort,
therefore we can say that y, = 2! indeterminate
form in Neutrosophic calculus. The same for a’,
where a € R [2].

2 Indeterminate forms
Logic

in Neutrosophic

It is obvious that there are seven types
of indeterminate forms in classical calculus [4],

0 oo
6!;! 0'00! 001 000' 100!00 — 0.

As a conjecture, we can say that there are ten
forms of the indeterminate forms in Neutrosophic
calculus

IO 01£ Ioof ooI Ioo II

) ) 0 ) ) I ) ) ) )

a'(a€R),o+a-I .

Note that:
=1-

=]-co=o00"].

o |-

I
0

3 Various Examples
Numerical examples on neutrosophic limits

would be necessary to demonstrate the aims of this
work.

Example (3.1) [1], [3]

The neutrosophic (numerical indeterminate) values
can be seen in the following function:

Find lim £ (x), where f (x) = x[2:125],

Solution:
Lety = x[21251 5 Iny =[2.1,2.5] Inx

limInv = li [2.1,2.5] _ [2.1,2.5]
e YT T T T 1
Inx In0
_ [2.1,2.5] _ [2.1,2.5]
1 = -0
e
= [2__(1)’2__(5) = (—OO, —OO)
= —00

Hencey =e =0
OR it can be solved briefly by
y = x[2.1,2.5] — [02.1‘02.5] — [0,0] =0.
Example (3.2)

lim [3.5,5.9]x!%2 = [3.55.9][9,11](%2] =
x-[9,11]

[3.5,5.9] [9%,112] = [(3.5)(9), (5.9)(121)] =
[31.5,713.9].

Example (3.3)
lim [3.5,5.9] x[*?] = [3.5,5.9] ool22]

X—00
= [3.5,5.9] [0, 0?]
= [3.5:(0),5.9 ()]
= (%0, 0) = oo,
Example (3.4)
Find the following limit using more than one

technique lil’%m .

xX—
Solution:
The above limit will be solved firstly by using the
L'Hopital's rule and secondly by using the
rationalizing technique.

Using L'Hopital's rule

1 _
lim > ([4,5] - x + 1) Y2 [4,5]

L [4,5]
_}clgz,/([4,5]-x+1)
B[S
S22l T

Rationalizing technique [3]
[4,5]-x+1—1_ [45]-0+1-1

}cli% X 0
_y[4-0,5:01+1—-1 ,/[0,0]+1—1

B 0 B 0

VO+1-1 0

-0 o

= undefined.

Multiply with the conjugate of the numerator:
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[4,51x+1—1 [4,5x+1+1 Again, Solving by using L'Hdépital's rule
m .

x-0 X [4,5]x+1+1 lim x?+3x —[1,2]x — [3,6]

=1im('[4'5]x+1)2_(1)2 o xtg_ 2x+3-[1,2]
0 x (V4 5k +1+1) = Am

_ fj LSl XA e

“x (V&S +1+1) = —6+3-[1,2]

— lim 21 = —3-[1,2]
x—»OF(\/m_l_l) i[—3—1,—3—2]

= lim 4,51 —e _4.] -
X0 ( m + 1) The above two methods are identical in results.

[4 5] — [4,5] 4 New Theorems in Neutrosophic Limits
( +1+ 1) Vi+1 Theorem (4.1) (Binomial Factorial )
[ [ [2,2.5]. Jl1_}rr_£)(1 + —)x— Ie ; listhe literal indeterminacy,
Identical results. 2&)5%7182828

Example (3.5) N oy T It
Find the value of the following neutrosophic limit (I +;> = ( )IX (—) + ( )IX‘1 (;)

x24+3x—[1,2]x—[3,6] 0 x 1

. x2+3x-[1,2)x-[3,6] . 5 .
xllrp3 _ ta using more than one N (x) X2 (l) N (x) 13 <l)
technique . 2 X 3 x

4
Analytical technique [1], /3] + (x) X4 (l) + o
lim x2+3x—[1,2]x—[3,6] L 4 1 X
x>=3 xS =I+x.I.—+—(1——)
By substituting x=-3, x 2! X

i DDA C0-00 f1- 02 eg1-H0-)

—[1-(=3),2- (=3)] - [3,6] (1—3)+-.-

- X
0 . 1
—[-6,—3] - [3,6] _ [3,6] — [3,6] Itis clear that ~— 0 as x — o
0 0 l1m(1——)x—1+1+ + R +---=I+
_[3-66-3]_[-33] LG
Bl 0 -0 Zn—l_
which has undefined operationg, since 0 € xhgl(l + _)x_ le,wheree =1+ Y & 1 listhe
[—3,3]. Then we factor out the numerator, and |iteral indeterminacy.
simplify:
i 30— [L2x—[3,6] Corollary (4.1.1)
o X3 lim(I + x)% = [
1,2 +3 im(I +x)x =1e
L G=L2DG43) -2y
x5-3 (x+3) Proof:-
=-3-[1,2] =[-3,-3] - [1,2] Puty =

= ~([B3+[12]) = [-5-4]. It is obvious that y — o0, asx = 0

1
~lim(I +x)x = lim (I + l)y = Je
x—0 y—00 y
(using Th.4.1)

Corollary 4.1.2)
11m(1+—)"—1e ,Wherek >0&k =0, listhe

X—00

literal indeterminacy.
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Proof = lna 4 = lna !
i 1+ = 1im [0 "%]k G0 gy + 1)
m {7 +—)* = lim (T +-) y
Puty:%—)xyzk—)xzs = Ina. 1
Notethat y > 0asx — o In(y + 1)7
X (Ina)(Ia*-1)
. i Q+Qx—r[a+)ﬂ Y xmatml @ 1
e Y Y oo xnasm lim In(y + )Y
(using corollary 4.1.1). y_)f
li " k k k k = lna. 1
= [yl_r}(lj(l +y)y] = (le)* =I"e* =le ln}/ig(l)(y+l)§
Corollary (4.1.3) = lna ln(lle) using corollary (4.1.1)
1 1
1%g+ﬁhﬂwﬁ=VE, Ina Ina
xX—

where k +#1 &k > 0.

Proof

The immediate substitution of the value of x in the
above limit gives indeterminate form I,

- . x 1 . 0.1 o

ie. LIL%(I + o= LIL%(I + ;)0 =1

So we need to treat this value as follow:-

lim(l + 5% = lim |1 xk%—l'l X

tim(r-+x = lim |+ x| = [timar + %]
x 1 1

puty:;ax:ky—;;:a

Asx—-0,y—-0

1 1

. X\E Bk

}CI_I:I(l) (1+E) —;’1_% [(I+y)3’]
1

11k
= [lim(l + y)y]
y=0
Using corollary (4.1.1)
1
= (le)k = Ve

Theorem (4.2)

. (na)[la*-I1] _ Ina
x>0 xlna+inl T 1+na
Where a>0,a#1
Note that lim QU™ _ i, 171
x—0 Xlna+inl x_>0x+l"_1
Ina
Proof

Lety=Ia*—1 oy+I=1I1a* > In(y+1) =
In/ +Ina*

> In(y +1)=Inl + xlna -

‘= In(y +1) — Inl

lna
(Ina)(a*-=1) (Ia*-1D)
xlna + Inl Inl
X+ Tna
_ y
" Inty+D)—Inl  Inl
Ina Tna

Inl + lne=ln1+1

Corollary (4.2.1)
Iak* — 1 _ kina

T = Tvmi
Inak
Proof

Puty=kx—>x=%

y—>0asx—>0

li 1ak*—1 lim J¥ =L — k.1 1aY-I
xlE% x4 inl — I_I}'é y, Inl T B II)% n Inl
" Inak Y20 etk na Y20+ e

using Th. (4.2)

_ Ina
=k. (1+ln1)
Corollary (4.2.2)

o le*—1 1

}cli%x+ln1_ 1+ Inl

Proof

Lety=1Ie*—1 ,y—>0asx—-0
y+I=Ie*>In(y+1)=Inl+xlne
x=In(y+1)—Inl

e -1 y
" x4+ Inl " In(y+1)—Inl +Inl
_ 1
=r——
=In(y +1
ynG+D
1
- 1
In(y + )Y
le*—1 1
i L,
Y In(y + )Y

1

1
In lim(y + )Y
y=0
using corollary (4.1.1)
1 1 1
In(le)  Inl +Ine Inl+1
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Corollary (4.2.3)

i le** — T k
im =

x—0 X + lTlTI 1+ Inl
Proof

Iety=kx—>x=%

y—>0asx—>0
kx y_
. le™ -1 Ie
lim m,—llm ln,—k im

= AL +Inl
x>0 x+ A -0 k+ ® y—-0Yy+

Corollary (4.2.2) to get

using

=k (rem) =13
S\ 4+l 1+
Theorem (4.3)

In(I + kx)
m————=k(1+Inl)
x—0 X
Proof
In(I + kx) In(I + kx) — Inl + Inl
m = lim
x-0 X x—0 X
Lety =In(I + kx) —Inl - y+Inl =In(I +
kx)
yHnl — | 4k eYe —1 Je¥—1
= g = =
e X - x " T

y—>0asx—>0
In(I + kx) — Inl + Inl
m
x—0 X
I v+ Inl
_yl—rgley—l
k
lim =

3’ -1
-0 Le
Y y+ln1

k

(Iey I
Y—>0 y+inl

using corollary (4.2.2) to get the result

k
= ——=k(1+Inl)

1+ Inl
Theorem (4.4)

Prove that, for any two real numbers a, b
Ia*—]

lim =1,wherea,b>0&ab+*1

x—0 IbX—]
Proof

The direct substitution of the value x in the above
limit conclude that % ,50 we need to treat it as

follow:

na[la* — 1] . xlna + Inl
lim xlna + Inl lna
30 Inb[Ib* —I] xInb + In]

xInb+1Inl *~ Inb

hm(xlna + Inl)

I [a* — 1
0 Io* —1

lim Ina[la* — 1]
_ xox xlna+Inl
B lim Inb[Ib* — I]

x—x xInb + Inl
(using Th.(4.2) twice (first in numerator second in

denominator ))

lnb
lim( xInb + lnI) Ina

x—0

Ina ml nb
1+inl n n
— Atinl 77 T

T b T ina
1+inl

5 Numerical Examples
Example (5.1)

Evaluate the limit lim - )l(,:,'
x-0 X+W
Solution
154x
}grgﬁx r= P (usmg corollary 4. 2.1)
Example (5.2)
- Te*¥—
Evaluate the limit lim ——
x—013°%—=1
Solution
In3[le** — 1 Inl
% ( +_)
i Je** — | i (x+—
*00132% — 1 x50 ln3[132x -1, .,
Inl *(x ln32)
(x + ln32)
In3[le*™ — ]

lim —————=
=x—)0 ( +l7}TI) * L—)O(x-i_lT}TI)
. In3[132* —1] .. Inl
i )
[n32

(using corollary (4.2.3) on humerator & corollary
(4.2.1) on denominator )

4 Inl
_1+Inl . 4 _
=23 TInl L

1+inl [n3?

5 Conclusion

In this article, we introduced for the first time
a new version of binomial factorial theorem
containing the literal indeterminacy (/). This
theorem enhances three corollaries. As a
conjecture for indeterminate forms in classical
calculus, ten of new indeterminate forms in
Neutrosophic calculus had been constructed.
Finally, various examples had been solved.
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