Section 2.3
The Basic Limit Laws

(1) The Limit Laws
(2) Examples
(3) Assumptions Matter



Basic Limit Laws:
Assume that Ii_r)n f(x) and lim g(x) each exist.
X Cc X—C

Identity and Constant Laws X'lﬂcx =c X“_r)ncl =1
Sumn Law fim (79 +.809) = (jim #9) + (fm. 50
Constant Multiple Law li_n)qc(kf(x)) =k <X|[>nC f(X))
Product Law lim (F(x)g(x)) = ( ligwcf(x)) ( lim g(x))
Quotient Law i ( f(x) ) )!Tc f(X)
- im =X
If lim g(x) # 0, x>e\g(x)/  lim g(x)
Power Law n
lim (f(x)") = ( lim f
If nis an integer, xlnc( (x)") <x[>nc (X))
4. .2 2
N i 3,423 .o X"+ x=1 . xc—2x—-15
( ) X@‘:X x (”) linc x2+5 (IH) )!Tc x2 -9
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Example IV

lim f(x)=3 lim g(x) = -2
x——1 x——1

lim 7(x) = —1 lim g(x) =4
X—2 xX—2

With the above limit information, evaluate the limits:

(i) lim (2f(x) —3g(x)) =233+ (-2) =12

L oxvelx) o 2va
W e ~ e
(iii) lim g(—22x) 7777 (Solved in section 2.4!)

x——1 X



Assumptions Matter

Every Basic Limit Law rests upon the assumption that the limits exist!
If either limit fails to exist, the limit laws cannot be applied:

(Example V) The Product Law cannot be applied to IimO f(x)g(x) if
X—

f(x) = x and g(x) = x7L.

For all x # 0, we have f(x)g(x) = x - x~1 = 1, so the limit of the
product exists:
lim f(x)g(x)=1lim1=1

x—0 x—0

However, Iimox’1 does not exist! Therefore, it is incorrect to use the
X—r

Product Law to evaluate the limit. In this case,
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Assumptions Matter

Every Basic Limit Law rests upon the assumption that the limits exist! If
either limit fails to exist, the limit laws cannot be applied. However, the
combination of limits may exist anyway!

f(x)

(Example VI) Give an example where lim exists, but neither

X—C g(X)
lim f(x) nor lim g(x) exist.
X—cC X—C

An infinite number of examples exist. The simplest example may be
c=0and f(x) = g(x) = x"1

. o . _ . 71 .
° Jlnc f(x) = Xlincg(x) = llnox does not exist.
f'
@ On the other hand, lim ﬁ =liml=1.

X—>C g(x) x—0
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