I~

Lol &

Trigonometric Function Conversion to Identity:
Indeterminate Constraint Handling

MODULE: 1

ORGANIZER: Pasti Menang

SOFTWARE : Maple 13

OBIECTIVES:

Students can understand the concept of limit function in problem solving and students are
expecied o be able to calculate the limit value of a trigohometric function both manually
and computationally using Maple 13 soffware.

INTRODUCTORY THEORY

" a. Concept of Limit of Trigonometric
| Funetions

A Lrlﬂmnmeul-: limit is the closest value to an angle of a tigonometric function.
Calculation

The limit of this function can be directly substituted as for example the limit of an
algebraic function but there is a rigonometric function that must first be converted w a
trigonometric identity for an indeterminate limit, namely a limit that if directly substituted
the value is 0, it can also be for an indeterminate limit does not have o use wentity but
uses the trigonometric limit theorem or some use identity and theomem. So if a
trigonometric hfunction is substituted for a value that approaches it produces and then it
must be solved in another way.

To get started with the concept of wigonometric function limits, consider the table of
values and graph of the function f(x) = sin x below.

Table of function values f{x) = sin xx

X 2967 | 2977 | 298" | 299" | 3¢ 300" | 3027 | 303" | 3047

Flx)= | 0,494 | 0,495 | 0497 | 0,498 | 0.5 0502 | 0503 | 0,505 | 0507

sinx




The graph of the function y = F(x) = sin x is presented as follows.
.

Based on the observation of the values of the table and graph above, it can be seen as
follows.

a. For values of x approaching 30° from the left (written: x — 307}, the function
value f{x) = sin
X is close o the value of (0.5 so that it can be writlen cin ¥ = 0.5. Forim

fim
g-=3%0.

This kind of lmit is called the Jeft Hmit.

b. For values of x approaching 307 from the right {written: x — 30?), the function
value flx) =
gin x is close w the value of 0.5 so that it can be wrillen  sip ¥ = 0.5 Form

fim
£ 304

This kind of limit is usuallv called the right limit.

Because the value of ) sinx = .!Em sinx=05then lfm =in x=05.

lim i x-30
a3k
So the limit can be defined as follows: a function f{x) is defined
for x around a, then lim fix)= Lif and only if
Il
S ()= iimitry=l

!_h. Properties of Trigonometric Function |

Tamif
The ;anenles of limits of trigonometric functions are the same as those of limits of
algebraic functions. Suppose [ and

g is a function whose limit value x approaches a (written: x->a), where k and a are real

numbers and n is a positive integer, as follows:
1. limk=k

=0l



\l\

lim fix) = f(a)

lim k. flx) =k.lim flx)

lim(fx) + glx)) =limf(x) +limglx)

lim{f(x) - glx)) = lim flx) - limg {x)

lim{ f{x). g(x}) = lim fx]. lim g (x)
o0, oo

x=a glx}  lImg {x}
\\E' lim{ f(x)y = (limf (x))" /)

[L Thow i Solve Lisnit Trigomemotrsc Famcfions ]

HP‘.‘":’“‘!—".’“‘"\\

First, the limit problem of trigonometric functions can be solved by substituting
Direct. If the result obtained is nod an indeterminate form OA), then the resolt is the limit
value sought. If the result is an indeterminate form OV, then yvou can use snbstitution,
the basic formula for the limit of trigonometric functions. factoring. simplifving it.
and multiplving by a pair.
1) Substitution
If there 15 a fom ]im{_{f) = fic), then the limit of an itrignnometric function f{x) is
the result of substituting the value of ¢ = x fom trigonometry. Therefore, the following

formula can be wsad:

/F lim sinx =s&in ¢ _‘\"
=T

1

b, limrosx=ocs ¢
=T

¢. limtanx=tnc
=T

d. lim coser x = cosec ¢
K==

e, lim=mcx=secc
A=

f. lim cotanx =cotan ¢
=il

- _4

Example 1:

a. limsinx=dn(m)=4n(180F1 =0
b, litn costx = cos (_*) = cos (* 1= cos45° =12 =
2 242

KX 2
]

1) Basic Trigonometric Limit Formula
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Example
2 li :mE.i:_-I. sim 5
@ Mp=—=lm=—a
= 5. lim_sinSs
=+l b
= 5, lim =S
a=ll B
=5&. (1)
=50
Factoring
Example 3:
a; lim (33MenEed) g0 (edbetl)an i)
e :n'zlx_l} el :hll_.i:'l}
=lim la-db tan 2 a1}
x—--1|:'=:n[.:-1}|:1-+1]' ?{x_ﬂ_
=lim _=%  lim (x+
pee-lsinln-d) gl
1).lim Bl
x=bel Sine{a-1})
=Llim({x+1)2
=1
=1.{1+1).2
=4
Simplify it

In simplifyving the limit problem of trigonometric functions, ¥ ou must remem ber and
use the trigonometric identity formulas.

Example 5:



3(sinx-cosx)

:Hz Y-sin 2x
To work on the problem above., we must use trigonometric identities, so that it can
make il easier o work on the trigonometric limit problem. We recall that
1- sin 2x = (sin x - cos x)*
Then,

Hsinx-msx)

' vy gl

. .
=X {sin xcos x) -
>

Hezinxmsx)

= lim A
A=L{5in xCos x)
i
= E E= [+ ]
r-s.ml-mil:'

5) Multiply by a Thousand
Example 5:
li sin pﬂ I sin{Zx-8 2+ Jﬁ-.-::
T 2ol L T
= Hmemn &# 2 fg—

=2 [z-2)

{

=l = fim 2 + v —e—

=2 f.-cE} =
=2(2++6-2)
=B

a.

6. STEP WORK
Writing commands with Maple 13 o solve the limit of trigonometic functions with the
following steps:

I. We can use the formula where [}limit[ﬁx=u,d[r] ]

f-algebraic expression



xx - variable

- limitpoint

dir- (optional) the selected limit direction, left limit or right limit.
2. Then to enter thefunction, replace f with a trigonometric fun ction

for which the limit will be sought.
3. Click enter.

For Example 1{a), if it is done using Maple 13, the working steps are as above and then

replace f with sinx and a with m, then the result from Maple 13 computation is 0.

For Example 1(h), if done using Maple 13, the step
- b1 o
work as above then replace f withas Sxand awith - then

T
obtained from Maple 13 compulation, namely 3""5-

For Example 2, il worked out using Maple 13 then the step

zin Br

work as above then replace f with and a with @, then the result from

Maple 13 computation is 3.

For Example 3, if done using Maple 13, the step
{x2-1) tan (2r0)

work as above then replace f with and awith -1,

JM[:J}

then the result of Maple 13 computation is 4.

For Example 4., if done using Maple 13, the step

F{5in xx - co%
TXY
l-sin 2x

o
work as above and then replace f with the result and a with < then
obtained from Maple 13 computation which is
oo,

For Example 5, if done using Maple 13, the step

sm{2x-4)
206

The result obtained from Maple 13 computation is 8.

work as above then replace f with atd @ with 2, then






