MATH 1110 Sections 9 & 10 Timothy Goldberg: 2009-11-12

TYPES OF INDETERMINATE FORMS OF LIMITS
« TYPE [0/0]

(Apply L'Hopital’s Rule.)

EXAMPLE:

. sinXx [0/0] .. COSX
lim 2 im = cos(0) =[1].
x—0 X x—0 ]

e TYPE [00/00]

(Apply L'Hopital’s Rule.)

EXAMPLE:
In(1/x%)

x—0 cot(x?)

Note that x — 0 implies x* — 0", which implies 1/x* — oo, which implies In(1/x?) —
o0. Also, x* — 0% implies tan(x?) — 0", which implies cot(x?) = 1/tan(x?) — oo.
Hence this limit is indeterminate of type [co/o0], so

In(1/x%) lim In(x?)
x—0 cot(x2)  x-0 cot(x?)
—2-Inx

m-——-—
x—0 cot(x?)
[c0 /o0]

= lim —2/x
- x—0 — ¢sc?(x?) - 2x

. sin?(x?)

= lim >
x—0 X

/0 .. 2 sin(x?) cos(x?) - 2x

= lim

x—0 2x

= lingz sin(x?) cos(x?)

= 2 sin(0) cos(0)
= @
e TYPE [0 - 00]

(Use “multiplication = division by reciprocal” to get type [0/0] or [co/o0], then apply
L’Hopital’s Rule.)
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EXAMPLE:

lirgl+ x In(1/x)

1 2
In(1/%) osool . T (Z1/X) B
o - A = imx=[ol

lim x In(1/x) = lim
x— 0t x— 0t

e TYPE [0c0 — 0]

x— 0t

(Use algebra to get type [0/0] or [oco/o0], then apply L'Hopital’s Rule.)

EXAMPLE:
(&)
lim | — —
x—0t \ X sinx
_ 1 1 . sinx —x
lim { - — — = lim ———
x—=0t \ X  sinx x—=0" X sinx
/0 .. cosx — 1
= lim —
x—0t SINX + X COSX
/0 .. —sinx
= lim .
x—0" COSX + COSX — X SINX
B —sin(0)
2 cos(0)—0-sin(0)
= 2_[q]
= 5 =10J.
e TYPE [0°]
(Take logarithm to get type [0 - oo], proceed as above, then exponentiate to undo
the logarithm.)
EXAMPLE:
lim x*
x— 0T

Let L = lim x*. Then

x— 0t

InL =1In (lim x") = lim In(x*) = lim x Inx

x— 0t x— 0t x— 0t
. InX /o] . 1/x i x? ,
= lim — = 1m—2:hm——:hrn—x:0.
x—0t 1/x x—0t —1/X% x50t X x—-0f
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e TYPE [00"]

(Take logarithm to get type [0 - co], proceed as above, then exponentiate to undo
the logarithm.)

EXAMPLE:

lim (tanx)®®*
x— (7t/2)*

LetL = Ilim (tanx)**. Then

x— (7t/2)*

InL = ln( lim (tanx)“’sx)

x— (7t/2)*

= lim In((tanx)®®X)
x— (7t/2)*

= lim cosx In(tanx)
x— (71/2)*

) In(tan x)
= lim ———
x—(m/2)t  secx

oo /o0] . (1/tanx) - sec?x
= lim

x— (11/2)+ secx tanx
. CcoSx 1 CcoSx
= lim - . T
x—(m/2)T sinx Cos?x sinx
CoS X

- COSX

lim —
x—(1/2)" sIn” X

cos(7t/2)
in(7/2))*

(s
0
1

Therefore L = e =e® =[1]
e TYPE [1%]

(Take logarithm to get type [0 - oo], proceed as above, then exponentiate to undo
the logarithm.)

EXAMPLE:
lim (1 +x)"*

x— 0t
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Let L = lim (14 x)"/*. Then

x— 0t

x— 0t

InL = In (lim (1 —|—x)]/x)

= lim In ((14x)")

x— 0t
= lirg(]/x) “In(1 4+ x)
. In(1 4+x)
= lim
x— 0t X
0/0] ;. = In(1+x)
= lim 3
x— 0t ax
. 1/(1+x)
= lim
x— 0t 1
1
TR

Therefore L =el"t =e' =Te].



