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ABSTRACT

In this article we consider algorithm of improving organization of

students’ self-guided work when studying mathematical analysis. For
example, we consider using L'Hopital's Rule.

Keywords: Mathematical analysis, organization of students, algorithm,
limits, theorem L'Hopital's Rule

INTRODUCTION

While organization of students' self-guided work process, that is
connected with a solution of exercises of mathematical analysis, it is
extremely important to make the proper algorithm that allows the student
to penetrate the essence of the theory consistently and consciously, that is
provided to solve these exercises, analyze the conditions under which this
technique can be used and cases when it is not applicable, and learn to
monitor the obtained results.

In the provided study the creation of such algorithm is considered on
examples of the methodological guidelines of students' self-guided work
using L'Hopital's Rule for calculating the limits of functions:

1)
2)
3)

4)
5)
6)
7)

The general principals of theory of limits are stated
Statement of L'Hopital's Rule
Applying method of L'Hopital's Rule for understanding the

@+ C)

indeterminated forms 0 =

A sufficient number of analyzed and resolved exercises

Exercises for self-guided work

Answers and guidance for solving exercises

7)Techniques that make it possible to convert other indeterminated

2« ()
— u —_—
forms to the form ('3 >
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8) Examples of solution of such exercises

9) Exercises for self-guided work

10) Answers to the proposed exercises, and guidance to the solution if
it is necessary

11) Examples that draw the students' attention to the fact that
L'Hopital's Rule cannot always be applied

12) Exercises for self-analysis of such situations

The study also examines the possibility of monitoring the results of
students' self-guided work through Google forms. Two completely
different cases can be taken whilst calculating the limits of function:

— firstly, it is a case, when there is no indeterminancy, and the limit
of function, if it exists, can be calculated at once with help of limit
features

— secondly, it is a case, when indeterminancy must be evaluated in
order to calculate the limit,

Theorem (L'Hopital's Rule)
Let us assume derivatives and at a certain point, a for function f(X)u

9(x)

g(x)=0vxeU(a)
= lim f:E-TJ _ 4
e g (%) where 4 = +¢

lim f(x)=0 lim g(x)=0
=z and *—==

or a)
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lim f(x)=cx lim g(x) =
and “—*

or 6) ¢

i L0 _ o L) _
Then &) 2 2(%)

i £

Let us assume that limit calculation 8 () requires the evaluation

Ay -
0 '| fCC |

0)

of indeterminate form"“ or‘f’:-"I and suppose that in this case all
hypotheses of theorem are performed (L'Hopital's Rule).

To calculate the limit we need to find the derivative of function in
numerator and derivative of function in denominator separately, and then

AL

PR
we can cover g (T)
If there are no indeterminate forms, we can calculate limits.

P \
0 \ - \

If there are indeterminate forms“%/ or‘*. the rule can be applied
again (if all hypotheses of theorem are performed again).

Let us consider some examples of calculating limits using L'Hopital's
Rule.

. X —4xT +4x
m ———
Example 1. Calculating the limit =~ ¥ —12x+16

]J.m.‘{'—h’ —4.‘(-;]].1113.1’ —B.‘(—Jf-;]jmr.’ix—ﬁ 4 1

=1y _12x+16 =2 3x°-12 = 6x 12 3

In this example L'Hopital's Rule was applied twice to evaluate
indeterminate forms.
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Example 2. Calculating the limit *~~In sin 5x
L coss
o2l o —_Cos: in s 5
im hlslmx “im ('Lnslm.r)r: . sinx =£]jm sinSx . o cost 5 .
=Ilnsinsy =I(lnsinix)’ =

S0 ginx =Ycosixy 5
. ScosSy
s 5x

P
*

J‘E‘\Il L
L'Hopital's Rule allows to evaluate indeterminate formsLO-’I and >/

directly. To evaluate other indeterminate forms we need to modify the
expression that way to get indeterminate

- 0 \"| -

Forms LU / or LT and after this we can apply L’Hopital’s Rule.
Modifying process of some indeterminate forms to the other can be
stated in rules that have symbolic representation in the following

(0-¢)=

o . s
il LE! (0= Iu L
form:1) w) A0 o \0/

(+2) = (=) = L

= ]
|
ol
I
o
]
= |
o]
I
L

2)

3) {._U: }: { gt J _ {'.E.: . 'J= { 0.

o . .
} and further in accordance with
the rule)

o )= ()=(e)=(0-)
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Im (x1n x)

Example 3. Calculating the limit ==

I.£.I ]
lim (xin ) = lm ]nl"' = m ~ = m (- x)=0
x 7
hm[.i—l |
sSmxy X/

.
_‘H
|
==

=== (x—sinx |9 l—cosx 9 sin x
= lim| —— =lm — = lim — =10
=ELoxsmy /) TYsmXY -+ XCcosX Y COSX 4+ COSX —XSin X

lim arcsin x%°

Example 5. Calculating the limit =

In arceinx

iy Jim 1
lim tgxlnarceinx * I = [z
XD = g tgx = |—|=

lo®
lim arcsinxt@* = lim elnarcsinz®™@® _
x—++0 x—++0
f 7 2 .
[—tg _r]c::-s x ~ lim sin®x
¥=+0arceinx Vi-x2 = gP =1

lim - —
= g¥—Htlarcsinxv1l-x* = g

sin x

=1

lim ——
A known formula is used in this example " arcsm x
]j_‘[]] [ng)::-sx

Example 6. Calculating the limit i
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]jlp (\{gﬁ(l}::” ; e- o
L
lim x**
Example 7. Calculating the limit *—*
0 1
| oy BT fie BE T ;-E ';-l
]Jﬂl T:’—l — E,,_—-' x=1 — E:,,_—*::'—1=EJ,_—~:1 — E,,_—-::' =g

It is important to remember, that L'Hopital's Rule can be used only in
that case, when there is a ratio limit of derivatives of functions i.

3tim L _
=2 o B
e. g (x) (finite or infinite).
If there is no such ratio, the other means should be used to calculate the
ratio limit of the functions or prove its nonexistence.

Example 8. Calculating the limit X

s Y
“

o0

In this case we have an indeterminate formL
L'Hopital's Rule such

and we cannot use

x+sinx) l+cosx .
lim ( f ) =lhm =lm(1l+ cosx)
X—+m [T) X—m X—+E
as does not
exist at all.

With a direct calculation of the limit, we obtain

sin x
1+—) sin x
lim L —lim(l+——
I—m .T X—xo .T I—=m I‘{' _ 1’
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. sinx
im ——=
suchas =~ %
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