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The end behavior of polynomials

The end behavior of a polynomial matches the end behavior of its highest degree term.

Example 3.28 Find the following limits.

1. lim
x→−∞

(5x4 − 10x3 + 897x+ 84000) =

2. lim
x→+∞

(−x3 + 650x2 + 7x− 1) =

Example 3.29 Find the following limits.

1. lim
x→−∞

24x− 9

8x+ 11
.

2. lim
x→+∞

3x2 − 5x

8x6 + 14x− 1
.

Limits involving radicals

Example 3.30 Find the following limits.

1. lim
x→−∞

√
4x2 + 3x+ 2

2x− 7
.
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2. lim
x→+∞

(
x2 −

√
x4 + 9

)
.

3. lim
x→+∞

1√
x4 + 3x2 − x2

.

206111: Calculus 1 Academic year 2019

= fine. ( x
'

-Vx4tT)lx4Vx¥ )

conjugate an x'- Titan -
- line

..

425 -¥¥×¥
x'+TEA ¥x4+T=fY+

.

XX# a)

Hotta = +as
= lim - 9-

(os ) - Ccs ) = to x -Ho xkIx4tq

¥÷÷÷.
-

- o

'ein.net#xYYxIIIIII--lxihf+csdx4-3xTtXh(xYt3x2
) -#

= .fi#.9x4tsxIzxIf ⑤Toindeemmati
-

- fish. I + x
'

-

-

3×2

¥
1×4=1×23×2>o-

-

f.in#olx4Int2Iti.-x2;xFo--fig+.x2Iit2I+x2
-

3×2

-

- fish. #Heffer )
¥

-

- fine . hI' =3 #



EE fign.53zxyIfQ@Indeterminateforyquooo7sii.uyaO_O , Az , A - oo ,
Oes

,
noo

,
ooo
,
O
°

¥÷! I ① in÷÷÷÷: indeterminate -arm
③ rigging L' ttopital Rule .

Thm4 hi f , g 18wfsridsnmoywhd7oivwdooio.nu usurp
x --a round finna fGt - O =fyhgagcai.indim F'Cx) Dah in

x-sa ga
%

÷ dim fcx)
x-sa ga,

= him fix)
x-sa g

'Cx)

bands dawn x→at
, x→a-

Eino ''x¥
④ fyjmoxtb = I to , lying x-12=1 to

o tf L' ttopitae Idiot

¥ exist. 73.1: *o
L lato X-70+1152 Cos x → 1-

:
.
1 - cos X → Ot

-

Ihf
: into Eino

.ie#sx=@.Ezfigno+t9fx-I--figno+segxx-o+=-osisto
x →0+95 2x → ot

:
.
Seck
Tx

→ too



71

3.8 Indeterminate Forms

3.8.1 L’Hopital’s Rule

Theorem 3.4 Let f, g be differentiable functions on an open interval containing x = a and

lim
x→a

f(x) = lim
x→a

g(x) = 0. If lim
x→a

f ′(x)

g′(x)
exists, then

lim
x→a

f(x)

g(x)
= lim

x→a

f ′(x)

g′(x)
.

Note that the theorem also works for one-sided limits.

Example 3.31 Find lim
x→0

3x− sinx

x
.

Theorem 3.5 Let f, g be differentiable functions on an open interval containing x = a and

lim
x→a

f(x) = lim
x→a

g(x) = ±∞. If lim
x→a

f ′(x)

g′(x)
exists, then

lim
x→a

f(x)

g(x)
= lim

x→a

f ′(x)

g′(x)
.

Note that the theorem also works for one-sided limits.

Example 3.32 Find lim
x→∞

2x+ 3

5x+ 7
.
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Other Indeterminate Forms

Solving other indeterminate forms require us to change the limit so that we can use L’hospital’s rule.

Example 3.33 Find lim
x→∞

x tan
1

x

Example 3.34 Find lim
x→0+

(
1

sinx
− 1

x

)

In case the limit of the form 00,∞0,1∞, apply logarithm to the limit.

Example 3.35 Find lim
x→0+

(sinx)x.
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Failures of L’Hopital’s Rule

Sometimes using L’hospital’s Rule will not solve the problem as in following example.

Example 3.36 Find lim
x→(π/2)−

secx

tanx
.

Failed Solution First, let find out what happens if we use L’Hopital’s rule.

Notice that lim
x→(π/2)−

secx = ∞ = lim
x→(π/2)−

tanx. Therefore, it is possible to use L’Hoslpital’s rule.

lim
x→(π/2)−

secx

tanx
= lim

x→(π/2)−

d
dx secx
d
dx tanx

= lim
x→(π/2)−

secx tanx

sec2 x
= lim

x→(π/2)−

tanx

secx
.

Using L’Hopital’s rule again, we will have

lim
x→(π/2)−

tanx

secx
= lim

x→(π/2)−

secx

tanx
.

So we return to the problem at the beginning and nothing is solved!

Good Solution Try simplifying the expression first.

secx

tanx
=

1/ cosx

sinx/ cosx
=

1

sinx
.

Therefore,

lim
x→(π/2)−

secx

tanx
= lim

x→(π/2)−

1

sinx
= 1.
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