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Indeterminate Forms

Limits which are undefined at the point the limit is being
evaluated

: : 0
Indeterminate Quotients: —or—
0

Indeterminate Products: 0(£o0)

Indeterminate Differences: o0 — o0

Indeterminate Powers: 0°or oo®or 1°



Indeterminate Quotients: %ori‘o

00
Question often arises “Why isn’t the latter 1 or —1?”

Following examples may help:

X-1_»

2
Limit Limit X1 =
x>0 X“=1 o x>0 2%X%-1 o0

We know how to evaluate the limit by multiplying the
denominator and numerator of each by 1/x2.

1 1 -

x x2_0_ Limit—%X=_—

L)!_rp‘olt 1 _?_0 X —>00 2. 1 2
1-— X2



Algebraic methods are not always applicable.

sin X In X

Limit or Limit——
x—0 X X—o X

L_’Hopital’s Rule:
If f and g are differentiable and g’(x) #0 near x, and:
Limit f(x)=0 and L|m|t g(x)=0

X—a

or

Limit f(x) =+ and L|m|tg(x) +o0

X—a

then Limitm = Limit f:(x) If It exists.
—2 g(x) =2 gi(x)







EX: Limit == =Limit S

x—0 X x—0

= 1

)
EX: Limitlnx =Limit(i =Limit1=1

x->1 X =14 x—1 1 x—1
-2 - X
EX: Limit— =Limit— = Limit S = 0
X—oo YK X—>00 X X—>00

1

. ..Inx ()
EX: lelt— = | i - X —A 'i:
T L)!Lrgolt1 2 L)I([n)oolt%/; 0

_x3
3




. .. tanx-x ,. . sec’x-1
Ex: Limit——— =Limit >

x—>0 X x—0 3X
2
= Limit 2sec“xtanx
x—0 6)(

. . 4sec’xtan®x +2sec*x
= Limit

x—0 6

=3=
6

W =

EX: Limit Sin X
x>m 1-COS X

—00

=2=0
2

H



Indeterminate Products: Q% oo

Unclear what the product will be.

Depends on rate of approach to each value.

Remember: It is the product as a value is approached not
the product at the point.

Handle by rewriting as a quotient and apply I’Hopital’s Rule

fg:Lori

BRO

1
EX: Limit(x In x) =Limit|n—x =Limjt X% = Limit(-x)=0
x—0* x—0" ( 1 j x—0" =1 X—0"

X x?



Indeterminate Differences: 00— 0
Convert the difference to a quotient.

Ex: Limit(secx-tan x) =Limit( . - smxj
m COSX COSX

m
X—>— —
2 X—> 2

=Ljnﬁt(

m
X——
2

1-sinx
COSX

.., COSX
=Limit——=0
x>7  SINX




Indeterminate Powers: 0° or «° or 1%
Let y=[f(x)]" and take log of each side.

Limit (1+sin 4x)" = (1+ sin 4x)™

x—0"
In(1+ sin 4x)
tanx

Iny =cot xIn(1+sin4x)=

In(1+sin 4
Limitin y =Limit n( ik x)
. x—>0" tanx

( 4cos 4x j
e

=Limit~ T SNAX)
x—>0" SeC X

Limit(1+sin 4x)™ = Limit y =Limite"’ = ¢*

x—0" x_)o X—)O



EX: lelt( ) y=X"

x—0"

Iny=xInx
Lxlirglt(lny) Lxlirg!t(xlnx)
1
= Limit "X _ X =Limit(-x)=0

x—0* 1 '1 x—0*
x) X

Limit (y) =Limit e"¥ =>¢e” =>1

x—0" x—0"
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