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Week 2 Section 3.1 Limits, Continuity

Section 3.1 Limits

Definitions

We write
lim f(z) =L
Tr—ra
and say “the limit of f(z), as x approaches a, equals L” if we can make the values of f(z) arbitrarily
close to L (as close to L as we like) by taking z to be sufficiently close to a but not equal to a.

This says that the value of f(x) get closer and closer to the number L as x gets closer and closer
to the number a (from either side of a), but = # a.

Left-Hand Limit: We write lim f(x) = L if f(x) is close to L whenever x is close to, but to
the left of a. o

Right-Hand Limit: We write wlﬁl‘IEL f(x) = L if f(x) is close to L whenever x is close to, but
to the right of a.
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Ex.1) Use the graph below to find the following limits:
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a) lm f(z)= b) lim f(z) = ¢) lim f(z) =

T——3" -3t T——3

d) lim f(z) = ¢) lim f(x) = f) lim f(z) =

r—1- =1+ =1

g) lim f(z) = b) lim f(z) = i) lim £(z) =

T—pd— T—dt z—+d

j) lm f(z)= k) lim f(z) = 1) lim f(z) =
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x —_—
Ex.2) Use a table of values to estimate lim .
z—1 12 — ]

Confirm your result graphically.
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Limit Laws
Suppose that ¢ is a constant and the limits e
Iiin f(:r:);and liin g(a:)/
exist. Then
(a) - A~ (S
lim[/(z) + 9(o)] = lim £ () + lim g(a) =
(b)
lim[f(2) - g(x)] = lim f(z) — img(z) = A- B
()
limef(2)] = clim f(z) = ¢ A
(d)
lim[f(z) - g(2)] = lim f(2) - lm g(x) = A B
() , : .
B ) = o) . £
2 A
B
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(f) "
lim[f(2))" = [lim f(2)]" = A
(g)
lig}zc =c
(h)
IE‘I}II =a

lim z" =a"

()
liy 5 = V2
(x)
tim /7 () = /(@)

where n is a positive integer. (If n is even, we assume that lim,_,, f(z) > 0).
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Limits of Polynomial and Rational Functions

(a) lim f(x) = f(a), f any polynomial function
Tr—a

(b) lim r(x) = r(a), r any rational function with nonzero denominator at = =a
T—ra
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Ex.3) Determine the follwing limits:

a) im10 —= |©
T—2

b) lima? + 32 -2 = (3 +7(3) -
= (b
3z + 2 (A=
== s s

¢) lim =
z—3 1 — 4 (3)__“’
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Ex.4) Find each limit.

3 z
o) lima®— 4212 = (3) —4() += =-7F
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d 2?2 — 4 B (-2) =% B jndeter—iaste fovim
2242 T (L an 0
A = a\k—l:: (a-L)(atk)
X9 -2 X+

:0_’__~ M(x—z) _ ON X - N (-v)-2 -4
K= =2 M X =2 ( - l -0 - ¥
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How to find limits algebraically lim f(z)

Try plugging a into the function:

(a) If you get a real number, that is your answer (unless you are dealing with a piecewise
function)  cottnesvy

0
(b) If you get 0 (indeterminate form), algebraically manipulate (usually factor), cancel, and
plug in a again. Vol a

(c¢) If you get ——————————— then the limit does not exist. =

none zero number +
0

— oo

g vurt?gnl RPTYw~piste

Ex.5) Evaluate each limit:

a)iigr%ilx+3| = ‘(é)+3\ :('—‘\,:O(

L
2z 3 -
20— 16 °© . M(Lxﬂ)
b) lim —— = - -
T2 T —2

X Q )

6 1 L _ - DNE

X3 2 ( x- L)?_ (r-2) °
: X - -2 -
Leg‘t' O—l Y + = — 0
(x-3 ()7 +
X< ”
. X =\ -
\?_“\5‘—“( - L-— - > B — -]
@ ()(-L)L (Q)I. +
Xy

10
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NOTE
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Ex.10) Find each limit.

I2

a) 1

im
r=-31x + 3

Lefe- d ) Xk - q— N - co
X453 e -~ ) ) x %
= A B

= DNE

N X273 X433
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Rigt - L,_ - - _v _
0 X+ 3 ° e
X 7~3
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. VTP F9-5 Jewtre =5 S
Ex.6) Evaluate lm —M = —— = _— =
T——4 T+ 4 (-4)+ &

Mea < P 9 the_ conjngate
Lo (e ) (Jra <) o
oot (xx9) ([Kmm 5D - (o+b)(a-b) = o =k

o ) - )7
(e ([Kxq «y)

= X4q ~2% 6@_ I = ()
) X5 - ¢ _ :ﬁﬁ =
(x+) ([xFa~+v) T (v w) (xS )

- (| : W(X"‘U _ ) - 4

X>- Y M(W—(—S) Kﬂ—%m

(—4)- % _ 8

@
Jewva =5 o s
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Ex.7) If f(z) = 32% + 42 — 7 find lim fla+ ”f})1 —f@)

h—0

@(x.q,\) = j(x\-l« )Lﬁ— Q-Q(—k%) -+

S
x‘L_\— 2L

= 1y’ (Dxlq+2Ll+ 4x yala—F

M_'_—f(xdru—i()q o (%XZ+ 6xh+21\:4><+¢1,\-7) - (3)(1*((—)(- +)
ks /T/, T e v
T )/Kéxlmr?)f%%%{_/ﬁf_%% ?assouw
lhoe \A
= L__ BX‘AJc?LL—» al
W o N

- Q” /KQX%’SL'(' Q«) §0\C’;‘£:ce
o vl

= Qm; éx+z\L\+‘k _ 3ot &

= X+ ¢4
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