Limits & Continuity
1.2 — Limits by Substitution

Some limits can be found by direct substitution,
while others cannot. The “Rules for Limits” exist to
help in determining which limits can be found by
substitution.

Rules for Limits
For any constants a and ¢, and any positive integer n:

1. lima=a
X—C

2. limx™ =¢c"
X—C

3. lim Vx = V¢ (¢ > 0 if n is even)
xX—=C

4. Iflim f(x) and lim g(x) both exist, then
X—C X—C

a. lim[f(x) + g(x)] = lim £(x) +lim g(x)

b. im[f (%) — g()] = lim f(x) — lim g(x)

¢. lim[f(x) - g(x)] = lim £ (x) - lim g (x)

L feo _ Hmseo
imI2 == iy
d I = e IMIG) # 0

Summary of Rules of Limits

For functions composed of additions, subtractions,
multiplications, divisions, powers, and roots, limits
may be evaluated by direct substitution, provided that
the resulting expression is defined.

lim £ (x) = £(c)

Ex A: Finding Limits by Direct Substitution

#1) Find lim+/x . Simply
x4 substitute ¢
into x and
simplify.
1) r = As long as
x/_gq X 4 your answer
is defined,
this is the
/'."’l 6: =2 simplest
X-=sd way to
evaluate a
limit.
2
#2) Find lim .
=6 x+3
2
) x® (@)
M g7 =
o0 <3 (e)+3
- 3¢
9
) S 4
R —
X6 »3
#3) Find 11'11%(2;8 —4x+1).
)/(.».3 (9x‘~4x4;> = 203 -4(3)+]
-y
= 2(a) -3+
=3~
fim 9x‘-‘/x-n> -9
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Limits & Continuity
1.2 — Limits by Substitution

Sometimes direct substitution into a quotient gives an
undefined expression. If this happens, factoring,
simplifying, and then using direct substitution may
help.

Ex B: Finding Limits by Simplifying

2 2
#1) Find lim al _11 and graph the function. #2) Find hmZx——lSOx and graph the function.
x>l x — x—5 B
Jim X2V ) ML_" ko) )i 28-10x 2x(R<S
Yo X1 T 200 LeT) M TX-s 2 Jim
X3 X3S x2S
:/"‘-\ (x*'> = Jim X
X1 HGIE(’,D) X<
- (\) < | = 'D(S)

e

y= x+l) hale (’,9) Y:DXI hok (S_,")

(on\ (" 2) .0
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Limits & Continuity
1.2A — Limits by Substitution

Finding each limit by substitution. You may have to

simplify first.
= (@4
#1) 1irr91\/x+7 () L

&

#2) lirr%(4x2—7x+1):"“(°31' 7(z)+ !
= y(u)- sy~
=113

=®

2
#3) ﬁnllSM= };‘_‘M
=15 x—15 X3S x5
- ,im 2)<
- XS
= 905)
#4) lim V77

#5) liigl[(x—SO)x”z] s [(9!)-@ ("\1’
s fl’} rgT—
= [-qg

-®

#6) m(3x’h—3xh+33) = 3.1 () -3ee)+33

x* -5 2
- ¢
#7) £1£I§|:x_5 +h:| - X = " Lg\

X

g
¢ S

Yo

»rS
48) 1imx—+5 = l.‘m *S)xR)

5 x4 Tx+10 x»°¢

1
= lﬁ m XY
x2S

1
= (-s)2

* (bx-5)

6x* —5x = ];M

#) i 11x xs0 Ik
=lm 9%5—
X0
ACE Y
- G6(0)-3

v/

2 2 3
#10) lim3x h—12xh”" +4h

h—0 h

\}‘ (&1_ (9)("\ + ‘/L\z)
_—’/r——'

I

= l'ﬂv\
=20

= lim (- xhe ,/L\‘l)
-v\-»b

3X1 _ r)x(g)-b ‘I(&
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Limits & Continuity
1.2A — Limits by Substitution

Finding each limit by substitution. You may have to
simplify first.

#11) lim/x = @y

x—9

#12) lim(0x* ~8x+4) = a (Y-8
= Q(u)-16+
=3-12

2 _ e
#13) m 22— _ 2(w)'-rS
>4 5x 41 S(u)+|
2(fe)-!1S
26+ |

30-08

1}

#14) lim+/11

'J—

#15) Tim|(x+4)x 2] s:— .
x—16 = (Ib .u.&(’b)
= [(2%) 1o

- 20

I.'

#16) %(9x2h—8xh+4) = c,,{’(O\ —gx(0)+4

D

2 _ x4S
#17) lim "2 = Jim -(S' )
x5 x_5 ms-
= lim (x‘g)
XY

= (5)+§

o

. x+2 et
#18) Im ——— = W
=2 x% 4+ Tx+10 )'M *

X3

= [ X4
x2>"2

1
= (-)+S

-4

X Hxt-x _|. */Xl"‘x")
1 1 _— = | N
") I x> +x x]-»ow
l. K‘l,‘ﬁ-‘
= lim =i
K20
() +(e)-
(©)+\

=
)

é

2 2 3
20) lim 8x“h+3xh~+h
h—0 h

| thx"J-sxk-l-h"B
2 S
h-»0

2 I:..., th"-«- 3xh H\"B
h-s0

= g 430 + (o
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