SECTION 2.3 CALCULATING LIMITS USING THE LIMIT LAWS 1

2.3 Calculating Limits Using the Limif Laws

B Click here for answers. B Click here for solutions.
1-5 m Evaluate the limit and justify each step by indicating the 21. Provethat lim /x cos* = 0.
appropriate Limit Law(s). 0

1. lim (5¢ = 2x + 3) 2. 1im (° + 2)(< — 5v) . Lt

. .

3 |imX;2 4. lim mz f(x)={);_zx+2 I;Xii

Txem1x2 4 4x— 3 Tx—i\ x4+ 2x + 3 X hx=
5. lim (t + 1°t% — 1) (a) Find limy_s- f(x) and limy_1+ f(x).

t—-2

(b) Does limy_.; f(x) exist?
(c) Sketch the graph of f.

6-20 1 Evaluate the limit, if it exists. 2. Let
X2 —x+ 12 X2 —x— 12 - if x<-1
. ; X) = .
6. xl'ﬂlg X + 3 7. x|l>r[]3 X+ 3 99 {(x + 272 if x> -1
& i X+ 2 0 I X2+ x—2 () Findlimy_i- g(x) and limy_._1+ g(x).
RSN R— e 3+ 2 (b) Doeslim, . ; g(x) exist?
c) Sketch the graph of g.
1o, fim (=57~ 25 0 i XX 2 © ganag
- im h - m X+ 1 24, Letg(x) = [x/2].
. . (a) Sketch the graph of g.
12, lim X —*x=2 13, lim Lt (b) Evaluate each of the following limits if it exists.
. . 5
o et (i) lim g (i) Jim g0 (i) limg(x)
. X2=x-3  t2+t—6 . . . -
14. X'Lfﬁlﬁ 15. Mgﬁ (iv) limg(x) (V) lim g(x) (vi) limg(x)
71— .2 1 5 (b) For what values of a does limy_., g(X) exist?
16. Im———— 17. lim -
t—0 t 1| X—1 x°—1
1_1
X 2 X
18. i 19. liMm————
X2 WSV ax - 1
20. |imX77 V3X — 2
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Answers

I3 Click here for exercises.

.75 2.-174 3.3 4% 5 -3

6. Doesnotexist 7. -7 8 -t 9. -3 10. —10
1. -3 12. -1 13.1  14. Doesnotexist 15. 2
16. —v2/4 17.3 18, —3 19.%2 20. % 21.0
22. (@) 1,2 (b) No (¢) y

7
¥

0 1 X
23. @ 1,1 (b Yes (0 y
14
—10 X

B Click here for solutions.

24. (9) y

(b) () O (i)o (ii)o (vv1l (voO
(vi) Does not exist
(c) All values except even integers



Solutions

SECTION 2.3 CALCULATING LIMITS USING THE LIMIT LAWS

Clich here for exercises.

. lim (Sx — 2z + 3)

z—4

= hm 5% — hm 2 + hm 3 (LimitLaws2 & 1)

:511rr}lx —211rr}lx+3 B&7)
=5)?—-2(4)+3="175 (9 & 8)
: 3 2
2. il{%(l‘ +2) (x —Sx)

= lim (2° +2) lim (2” — 52) (Limit Law 4)

x—

(hmx +hm2) (hmx —511mx) 1,2&3)
3 3 3 3

x— x—

=Y (=53 (9.7&3)
=29(-6) =174
3 lim —2=2
e—-12% + 4z —3
Jim, (@ —2) N
- xli»r£11 (22 + 4z — 3) (Limit Law 5)
Jim, @ = Jim, 2
:xlinil x2+4xlini11x_xlim13 2,1&3)
- 1)2(+1i( 1)_3:% 8.7&9)
o (ijrr;erg)
limg (a* +2* - 6)]" -
— [W (Limit Laws 6 & 5)
lim o'+ Jim 2” — lim 6') ©
(iiinlx4+2;i£nlx+;i£nl3 (1,2 &3)
1*+12 -6 2
:(14+2.1+3) (0.7&8)
~ ()= (Y4
5. lim (t41)° (¢ — 1)
= lim, (¢ +1)° lim, (©* - 1) (Limit Law 4)
9
N Llir?z (t“)} [Jim, (¢ —1) ©)

9
= [hm t+ lim 1} [hm t2 — lim 1} (1&2)
t——2 t——2 t——2 t——2

=[(-2) +1° [(-2)* - 1] = -3 (8,7&9)
2 J—
6. lim M does not exist since x + 3 — 0 but
z— —3 T+ 3

2 —x4+12—=2dasx — —3.

I Click here for answers.

2
7. lim r-r— 2 _x_12: lim 7(:[4»3)(:[—4)
r——3 ,Z'+3 r— —3 ,Z'+3
= lim (z—4)=-3-4=—7
8 i x+ 2 o x4+ 2
"o g2 56 ente(z—3)(z 12
_ 1 1
71*» 20 —3 5
2 fx—2 (x+2)(x—1)
9. lim ————— = <
bt 2 —3x+2 prais (x—2)(z—1)
r+2 1+2

= lim

=-3
elz—2 1-9

— 52— h? —10h + 25) — 25
10. lim (h 5) 25 = lim ( + )
h—0 h h—0 h
h? — 10h
= %1:1% - = 115% (h—10)
=-10
2 J— J— J—
" lim 2 =%=2 o (@rl)(@=2)
r——1 T+ 1 r——1 T+ 1
= lim (z—-2)=-—

xz—x—2712—1—2

= Ty !
B—t . t(P-1)
Blimer ey !
2_ —
14. lim wdoesnotexistsinceasxa—l,

x——1 {L'+1

numerator — —1 and denominator — 0.

. t2+t—6 (t+3)t—2) . t+3 5
15, lim ——— = — -2
Stlir% t2 —4 tlEg(t+2)(t—2) tlEgt+2 4
16. li 2-i-v2 _ V2-i-v2 V2-id 2
) t tﬁo t 2 — 1+ /2

li —
= lim ——F
=01 (V2 =1+ 2)
m——t 1
t=0 /2 — {42 21/2
V2
4
17. lim 1 _ 2 :lmw
e-1\z—1 22-1 e-1 (x—1)(z+1)
hmx;l
7xﬁ1(x—1)(x+1)
iy L1
7xl~>1x+172
1)z —1 2—x -1 1
18. i 2 — | lim — = —=
8 m x—2 e=2 2z (z — 2) T2 o 4
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5 x(\/1+3x+1)
T (Vit3zr—1) (VIt3z 1)
(\/1+3x+ 1)

19. lim

x
-0 4/1+3x—1

= lim

x—0

= lim

V1 +3x+ 1
x—0 3
VIt 2

3 3
V32 =9) (e — Bz =9)
24 2k (@2 —4)(z— Bz -2)
22 —3x+2
T2 (22— 4) (z+ V31 - 2)
~ m (x—2)(z—1)
xﬁ2(x—2)(x+2)(x+\/3x——)
= lim (z—1)
z—2 x+2)(x+\/?H)
- 1 1
EERCNT
L1<cosz<1l = 0<cos*z<1l =
0<\/§cos z <4/z.But lim 0= hm\/_ 0. So by

z—01 z—0t

the Squeeze Theorem, lim /z cos®z = 0.

x—0
22. (a) lim f(z) = lim (2 —2z+2) ;

x—1" x—1"

= lim 22— 2 lim z+ lim 2
x—1" x—1" x—1"

=12-24+2=1

Jp S @)= i @oa = ip 8- ip e
=3-1=2

(b) lim1 f () does not exist because
lim f(x)# lim f(x).
r—1" z—1t

(©) Y

8. (a) lim g(z)= lim (—2%) =—(-1)°=1

z— —1 rx——1"

lim g(z)= lim (z4+2)2=(-1+2)°=1

z——1+ r——1

(b) By part (a), 1ir£11 g(xz)=1

© y

~10 X

2. (a) ¥
2+ *——o0
1 — o
—4 -2 Of 1 2 3 4 5 6 x
-
*——o0 -2

(b) 1) mllriq+ g(xz) =0since [z/2] =0for0 <z < 2.
(i) lir{E g (xz) =0since [z/2] =0for0 <z < 2.
(1if) ;Enl g (xz) =0since [z/2] =0for0 < z < 2.
(iv) mllrgl+ g(x) =1since [z/2] =1for2 <z < 4.
) xlirglﬁ g (z) =0since [z/2] =0for0 <z < 2.
(vi) il% g (x) does not exist because
i ) # i 9(0)

(c) lim g (z) exists except when a is an even integer.



