2019 4th International Workshop on Materials Engineering and Computer Sciences IWMECS 2019)

Research on the Solution of Equivalent Substitution for Undetermined Limit

Zhang Yihe, Wu Xiaolan, Zheng Jiannan
Fujian Electric Vocational and Technical College, Quanzhou, Fujian, 362000, China

Keywords: infinity, theorem, equivalent substitution, limit

Abstract: This article provides the definition of comparison for infinite order, demonstrates several

theorems of equivalent infinity, proves theorems of «2»
o0
undetermined limit, and uses these theorems’ conclusions to solve corresponding undetermined
limit. These methods are simple, convenient and easy for students to maser. Besides, these methods
can stimulate interests of study, develop innovative thinking and foster science inquiry spirit of

students to further lay a solid mathematical foundation for future study.

and other equivalent substitution for

1. Introduction

(13

. . e e Op oo . .
Using theorem of equivalent substitution for infinitesimal to solve o limit is simple,

. . . . 0
convenient and easy for students to understand and maser. This article discusses “—"and other
o0

theorems of equivalent substitution for undetermined limit, and uses these theorems’ conclusions to
solve corresponding undetermined limit. These methods are simple, convenient, easy for students to
maser, and largely increase speed of solving problems and accuracy. Moreover, these methods can
develop divergent and innovative thinking of students, and foster their science inquiry spirit.

First, give the definition of comparison for infinite order.

Definition: suppose o, B is infinity of X = X, .

Iflim < = oo then e is high-order infinity than 5 ;

X=X

If lim < = O then « is low-order infinity than 5 ;

X—>Xg

If Iimgzc(c;tO) then candg is same-order infinity; Especially, when c=1, candg is

X—%g

equivalent infinity, recorded asai p.
Easily prove that x — +o0,e™(A1>0) is higher order infinity than x"(n>0);x"(n>0) is
higher order infinity than In x.

Obviously, variablea, Bis equivalent infinitesimal of X — X,, then 1% is equivalent infinity of
(04

X = X,, and vice versa.

2. Theorems and inferences of equivalent infinity

Theorem 1: When X — X,, « is high-order infinity than £, thena + ﬂjﬁ.
B

Prove:When X—>X, , «a is high-order infinity than £ , so Xlimog:O ,
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. atp . liﬁ/ o
then”* lim —% = lim Ta =1, thereforea = g~ .

=% X=Xy

Theorem 2:When X — X, is infinity, c is constant, thena +c~a.

.1
. atc _ c
Prove: Accordmgtothemexl'ﬂ‘0 o =0 thenxl'ﬂl _XILT)(H/ )=1,

[e’e]

therefore“a £ c~a.
Whenx = X, B~ B-..[ 1s always lower order infinity than «, c is constant,

Inference 1:

o0

thenax g+ 4, +..£ 5 tc~a.

-1 0
a=aX"+a, X" +..+aX+a,(a, io)’thenx—mo aoax
) n .

Inference 2: When

Theorem 3:1f when X — X, a, Bis equivalent positive infinity or equivalent positive infinitesimal,

then x—x,,Ina~Ing.

Prove: Inga,In gis infinity
1

7(“)’ '
and lim "% _jim N9 e iy £(@)
x=% |n ﬂ X=Xy (|n ﬂ) X—¥%g l . xo% g (ﬂ),

; (B)

_tim 2 1im @) i @) i 2 2y

XXy f X% (ﬂ) X—>Xo (ﬂ) X=X ﬂ

then x—>x0,lna~lnﬂ.

3. Equivalent substitution theorem

Theorem 4:WhenX — X,, «, B,a,, B, are infinity, andaial, ,Biﬁl, thenl'mﬂ Iim%.
X=Xy X=Xy A

Prove: by aial, ﬂiﬂl,,get:

i 1

lim % = lim & P 1= lim 2= lim £ 'Bl =1.

X=X o X—>Xo ﬂ X—>Xo l X—>Xg l
a B

gain: ~and -1 areare equivalent infinitesimal, _1anq-L are equivalent infinitesimal.
(04 (24] i
By theorem of equivalent substitution for infinitesimal, obtain:
1 1

. . a . 94
lim<i- B_ limZL ’Bl = lim—==lim =,
x—x 1 x—x 1 X—>¥%g ﬂ X—>Xg 161

a o

4. “ 0.0 “gnd“1-» equivalent substitution theorem

Theorem 5:Whena and «, are equivalent infinitesimal, fand g, are equivalent infinity, then
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limapg=Ilimap.
X—>Xo

X—>Xp

Prove: #and g, are equivalent infinity, soWhen X — X, Eandi are equivalent infinitesimal.
1

By theorem of equivalent substitution for infinitesimal, obtain:

|| olo

. . (04 . a. .
limap=Ilim—=Ilim=t=Ilimagp,.
X—>Xg X—>Xg 1 X—Xg 1 X—>Xg

B By

Theorem 6:When X — X, o and «, are equivalent infinitesimal, S and g, are equivalent
infinity, then lim(1+ «)” = lim(+ ).
X—>Xgy X—>Xg
lim o 3

A limapg
prove:lim(l+a)’ =e™ ,limQ+a)* ="
X=Xy

X=X

According to theme,by theorem 4 know that
limap=Ilimepf
X—Xg X—Xg

solim@+a)’ = limQ+a,)".
X—>Xg X—>Xg

Theorems 1 to 6 apply to same changing process of independent variable.

5. Examples of application

4 2
Examplel Solvelim 5X5 3X3 F2x+l
x>0 8X” —4X° —3X—2

Solution: by theorem 2 and inference 2 know
X = o0,5%* —3x? + 2X +1~5x*, 85 — 4x* —3x — 2~ 8X".
: 5x4—3x2+2x+1_|. 5x* _lim2 —0
By theorem 4 get s 8x° —4x*—3x—2 an 8x° x'ﬂ.lg B
Example2 solelim Inf(cos x+3) tan 7X].
x->0° In tan 2x
Solution: x — 0", by theorem 2 and inference 1 get:

In[(cos x +3) tan 7x] = In(cos x + 3) + Insin 7x+Incos 7x~Insin 7x,

Intan 2x=Insin 2x+Incos2x ~Insin 2x.

by theorem4:
lim In[(cosx+3)tan 7x] _ lim In s!n 7X
x->0° In tan 2x x-0" Insin 2x

andx — 0", itesimalsin7x ~ 7x,sin 2x ~ 2X. by theorem3get:
In[(cosx+3)tan7x] _,. Insin7x . In7x_. In7+Inx . Inx
=lim = lim lim = lim =

lim 1.

- _I _I
x—>0" Intan 2x x>0"InsSin2x x>0 In2X x>0 In2+Inx x>0"Inx

171


http://www.baidu.com/link?url=DRbDdm69PhL19oH05DchPyVaRG4TxU5AWXZmQLFKJh56YDHC1vDPhtL5psZEa10qaB1minII5B_ueUy7LN83Be8bNm1jE97li_zp08jlZO2prEqFP1_7H1Pghwouu3r-

. Incotx
Example3  solelim .
-0 |n X

. b g e ©1
solution: x— 0, infinitesimaltanx ~ x, = cotx~—=, by theorem 3 get:
X

1
In=
= 1 . Incotx _ . . —Inx
In cot x~In = .by theorem 4 get: lim =lim—%X = lim =-1.
X x>0 Inx 0 Inx x>0 InXx

Example4  sole Iirrg sin 2x cot5x.

) . . © 1
solution: x — 0, infinitesimalsin2x ~ 2x, tanbx ~ b5x, = cotbx ~—,

5x
by theorem 5 get:
. . . 1 2
limsin2xcot5x = limsin 2xcot5x =lim2xx —=—.
x—0 x—0 x—0 5X
Example5  solelim(1+arcsin3x)“".
x—0
Solution: x — 0, infinitesimal arcsin3x ~ 3x, sinx ~ X, => ¢scx~—,
X
. 1
esex _ elm?’xx; — eS.

by theorem 6 get: Iin3(1+ arcsin 3x)

Through these examples of application, we can find out that comparing with common solution,
using theorem of equivalent substitution is simple, convenient and easy to understand and master,
and largely increases peed of solving problems and accuracy. Meanwhile, using this solving method
can develop trains of thought and innovative spirit of students, foster study spirit and increase
learning interests and comprehensive qualities to further lay a solid mathematical foundation for
future study.
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