Workshop Solutions to Sections 3.1 and-(Z'S)

1) xli)rzlz(x3 —2x+1)=(-2)3-2(-2)+1
=-8+4+1=-3

2) Li$(3x2+x—4) =3(2)2+(2) -4
=12+2-4=10

3) chi_rg(xz +3x—5)>=((1)?>+3(1) - 5)3
=(1+4+3-53=(-1)°%=-

4) xllrp2(2x3 +3x2+5)=2(-2)>+3(-2)?+5
=2(-8)+3(4)+5
=-16+12+5=1

o x%2-2 (=2)2-2 4-2 2 1 . x*+5 (2°+5 8+5 13
5) lim = = =—=—= 6) 11m = =—
xo-2x—2 (-2)—2 —-2-2 -4 2 ~2x24+1 (2)2+1 4+1 5
 x?+3x+5 (0)2+3(0)+5 0+0+5 , x—1 -1 1-1 0
7) lim > = = 8) lim — =— = =—=0
x=0 x2—3 (0)2 -3 0-3 -1x2+x—-5 (1)24+(1)-5 1+1-5 -3
5 5
~ 33 _
9) lim Jx3 —10x +7 = /(-1)3 - 10(=1) + 7 10) 1 1-(x+497%2 1-((-D+4)
—-— 1 =
=V-1+10+7=V16=4 x>-1 X =2 (-1 -2 .
11+ 1-)2 1-32
- -1-2 = =3 = -3
-1 8
_~9_9_ 8 1_8 8
-3 -3 97 -3 27 27
x3 + 2x (1)3+2(—1) -1-2 -3 x2—3x (4)?>-34) 16—12 4
11) lim = = — )hm = = = _
x>-18—-2x  8-2(-1) 8+2 10 x>4 54 x 5+ (4) 5+4 9
3
10
13) lim 2—4x_(4)2—4(4)_16—16_0_0 15 1 x3—5x2_1_ x%(x —5)
ey = 5v@ 5%z 9 ) Im——=lm—>
=lim(x—-5)=(0)—-5=-5
x—-0
371 —(2x—5)7" - 16) lim——2 — i X0 im—
14) lim = lim 32X =5 ) 3 M =6+ 6) rmx+e6
xX— 4 —x X4 4 —x 1 1
. 3(2x-5) 6)+6 12
= lim
x-4 4 —x
i 2x — 8 1 x2—36_1_ (x —6)(x +6) | iy
] 3(2x —5)(4 —x) ) 06 x—6 x5 x—6 B xl_rg(x )
_ 2(x — 4) =(6)+6=12
= lim
x-43(2x —5)(4 —x)
im0y 2 18) lim == lim _XF0 g L
x>43(2x —5)(4—x) x-43(2x—5) -6x2—36 x-o-6(x—6)(x+6) x--6x—6
3 ) =2 -2 2 _r 1 _ 1
T 3024 -5 3B8-5 9 9 (-6)—-6 —12 12
x3—-27 (x—3)(x2+3x+9) x—3 x—3
= 20) lim li
19) alcl—rg x—3 ch—>3 ) Jim -3x3 =27 x—rg(x—S)(x2+3x+9)
—hm(x +3x+9)—(3)2+3(3)+9 — lim 1 1
_9+9+9_27 3 xZ +3x+9 (3)2+3(33)+9
1 1

~ 94949 27
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21 1imﬂ—1im x+2 o | >+8 (x +2)(x* = 2x + 4)
—2x3+8 xo-2(x+2)(x? —2x+4) )xlm2x+ T xo-2 x+2
- lim 1 = llm(x —2x+4)=(-2)?-2(-2)+4
- o,
¥oox2 — 2x + 4 — —
) 1 T =44+4+4=12
(=2)2-2(-2)+4 4+4+4 12
239 | x2—3x—4_l, (x—4)(x+1)_l_ A | 24 1im x2+4x—-21 (x+7Nx-3)  x+7
L G R L oy A LRl L Yoy yoe sl L1 oy
=®H+1=5 _®+7_10_ .
_(3)—5_—2_
25) lim ——— = lim ad Vx+6-2  Yx+6  Vx+6-2
x-01—(1—x)? x—>01—(1—2x+x2) 26) lim ———— = lim — = lim
X x-2  x—2 x—>2(x+6) x—>2(\/—) _8
}c—>01—1+2x—x2 - lim Vx+6-—
= lin ;
—;lgg,Zx_xz L o 2 +6-2)((Wx+6) +23x+6+4)
i 1 1 1 . 1
= lim = = — = lim
x202—x 2-(0) 2 23 ¥6) +2Vx+6+4
_ 1 11
= 2 = =12 deleted
(3/(2)+6)+23/(2)+6+4 44+ 12 OFEE
Vx+25-5 X Vx+25+5
27) lim —— 28) lim — m X
x—-0 x x204/x 4 2 —5 x=0lyx+25—-5 +x+254+5
~ lim Vx + 25— X\/x+25+5 x(w/x+2 +5)
x-0 X Vvx+25+5 = x50 (x +25)—25
— lim (x +25) — 25 _y x(m+5)
=0x(vx +25+5) xl_r}})
= lim X —llm(\/x+2 +5)=,/(0)+25+5
x—’Ox('vx+25+5) _5+5_ 10
1 1
= lim =
x>04/x +25+5 [(0)+25+5
1 1
5+5_E
x —2 2+V6—x 2—-vV6—x 2-.J6-(2) 2-2
29) lim ————==lim X 30) lim g ()= =0
x=270 — \/Tx 2|2 =6 —x 2+V6—x =2 x+2 2)+2 4
i (x—2)(2+V6—x)
_xl—r>r21 4—(6—x)
_ (x=2(2+V6—x) 31) i 1-vx—-2
= lim ) lim
x=2 4—6+x 32 —-vx+1
- (x_z)(z.“/ —x) =1im[1—\/x—2xl+\/x—2
gy =32 —+x+1 1+vVx—2
= lim(2 + V6 —x)—2+ 6—(2) 2+\/x+ ]
=2+2=4 2+\/x+
" [1—(x—2) 2+\/x+1]
= IIm
34— (x+1) 14V/x=2
_ [3—x 2+\/x+1]
= lim X
=3|3-x 14++x—2
im 2+4Vx+1 2+ /3 +1 242
31 +vx—2 1+ 3)-2 1+1
4
=—=2
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32) If 2x < f(x) < 3x% — 8, then

lim f(x) =
x—2
Solution:
lim2x =2(2) =4
xX-2
and

lirr%(sz -8)=3(2)?-8=12-8=4
X—
It follows from the Sandwich Theorem that

lin% fx)=4

xX—

1
33) lim [x cos (x + —)] =
x—0 X
We know that the cosine of any angle is between
—1and 1. So,

1
-1< cos<x+;) <1
Now, multiply throughout by x, we get
1
—x < xcos(x+;> <x

But limy_,ox =0 and lim,_ y(—x) =0.
It follows from the Sandwich Theorem that

1
lim [x cos (x + —)] =0
x-0 X

1
34) lim [x sin (—)] =
x-0 X
We know that the sine of any angle is between
—1and 1. So,
1
—1 <sin (—) <1
X
Now, multiply throughout by x, we get
1
—x < xsin(—) <x
X
But limy_ox =0 and lim,_y(—x) = 0.
It follows from the Sandwich Theorem that

1
lim [x sin (—)l =0
x—-0 X

2
35) If “22 < f(x) <x—1, then
lim f(x) =
x-0

CoxZ+1 (0241 1
lim = =—=-1
=0x—1  (0)—1 -1

and
lirr(l)(x -D=0)-1=-1
pd
It follows from the Sandwich Theorem that
lirr(l) flx)=-1
X—

36) If 4(x —1) < f(x) <x3+x—2, then
lim f(x) =
x—1
Solution:
Ll_rg(4(x -1))=4(1)-1)=4%x0=0
and
lin}(x3+x—2)=(1)3+(1)—2=1+1—2=0
X—
It follows from the Sandwich Theorem that
lirri f(x)y=0
X—

37) If
+ 4
lim & =3,
x-3 x—1
then
lim f(x) =
x-3
Solution:
fG)+4_ lim(f () +4) _ lim £(x) + lim (4)
x-3 x—1 lim(x — 1) lim(x) — lim(1)
x—3 xX—3 x—3
limf(x)+4 limf(x)+4
— x—3 — xX—3
3—-1 2
Now

lim f(x) + 4
x—-3 —
2

limf(x)+4=6 o limf(x)=2
x—3 x—3




2(3x—4)
2—Xx
3(x—2)
— lim 2(3x—4)
x-2 2

= lim
xX—2

o 3G-2)
T X8 20Bx—4)(2 - x)
3@-» -3
—x)  x522(3x—4)
_ _ 3 _ 3
T 2(3(2)—4) 2x2 4

=G
-3

(x+1)3-1 i (x3+3x2+3x+1) -1
= lim

39) lim
x—0 x—0 X

- x343x% +3x

=lim——
x—0 ) X

x(x*“+3x+3

= lim¥ = lim(x? + 3x + 3)

x—0 X x—0

=(0)>+3(0)+3=3

40) If A 1 x2—6x+8
LS +3x ) lim =50
x-1x2 —5f(x) ~ lim (x—2)(x—4)
then x4 (x —4)(x +5)
i = -2 @-2 2
lim f(x) —im ¥ _@®-2_2
Solution: x-»4x+5 (4)+5 9
o FOO+3x lim (f (x) + 3x)
x=1x2 =5f(x)  lim(x? = 5f(x)) 3 +8
X— .
~lim f(x) + lim (3x) 42} lim ———— 2
TimfGO 13(1)  lim f(x) +3 o=z (x—3)(x +2)
— x>1 — _x>1 L x2—2x+4 _ (—2)2 -2(-2)+4
(1)? =5lim f() ~ 1-51lim f(x) s — S T =3
Now C4+4+4 12 12
lim f(x) + 3 - 5 -5 5
x—1 =1
1—51lim f(x)
x-1
. — _ . 2 _ 1 2 _ 2
lim () +3 = (1 (1-5lim () 43) lim [x b x? - Zx] W2 gy _ oy
& limf(x)+3=1-5limf(x) 1| x+4 1 +4
Tim £0) +5lim f(x) = 1 — 3 _1-2z -1 . _T1-5_ 6
x-1 x-1 igatl =25 1=—F%—=3

6 lim f(x) = -2
x—1

lim f() =—=—3

¢ ¢3¢




a0 i 4x% + 6x — 4 25) i x?—2x-3
) xLIPZ 2x2—8 ) ximl x5 — x3
B 2(2x% +3x —2) B (x=3)(x+1)
Tz 2% —4) Tt B2 —1)
. 2x% +3x — 2 _ lim (x—3)(x+1)
T 24 Cxem1x3(x— 1D (x 4+ 1)
2x—-1D(x+2) x—3 (-1)-3
= l1m = lim =
xom2 (x — 2)(x + 2) X 1x3(x—1) (—D3((-D-1)
Co2x—-1 2(-2)—-1 -4-1 1-3 —
= lim = = = =2
x—g—z x=2 (=2)—-2 -2-2 (-D(=2) 2
V2x +1(x% —9) Vv3—-2x—-1  [V3—-2x—1 +V3-2x+1
46) 11 47) lim ——— = lim X
3(2x+3)(x—3) x-1  x—1 x—1 x—1 V3=2x+1
V2x +1(x = 3)(x + 3) ; B-2x)-1
T x-3 (2x+3)(x —3) = (x—1)(V3-2x+1)
o V2x+1(x+3)  {23)+1((3) +3) — lim 2—2x
T x-3  2x+3 B 2(3) + 3 =1 (x—1)(V3-2x+1)
67 2V7 i 2(1 —x)
9 3 x-’l(x—l)(\/3—2x+1)
- lim —2(x—-1)
xo (x — 1)(\/3 —2x + 1)
= lim
x—»lx/ —2x+1 3-2(D)+1
-2
— =1
V3241 2
x+1)?%-1 x2+2x+1) -1 V2x+2-2
48) lim ———— = lim 49) lim ———
x-0 X 2x—>0 X xﬁlm_ 1
IR Gl [V E —ZX\/2x+2+2X\/3x—2+1]
- - = lim
e oy (o = 1|\3x—2-1 V2x+2+2 V3x—-2+1

=lim(x+2)=(0)+2=2
x—0

y [(2x +2) — 4 \/3x—2+1]
= l1im

o |Gx—2) -1 Voxr2+2

. 2x—2XM+1]

=1[3x =3 2x+2+2

i 2(x—1) V3x—2+1
—;Lnl_g(x_l)xm”]

i 2 \3x—2+1 3()-2+1
T3 mn] 37 2D +2+2
2 \/_+1 2. 2_1

~3 \/_+2 3273




x?+3x+2 (-1)*+3(-1)+2 1-3+2

S0) lm—"—5 S Y e S N
. —\/2x+5x3+\/2x+5 _9_0
= 11m = =
%2 x—2 3+V2x +5 2
—(2x+5)
= lim 52) If
%2 (x — 2)(3 +/2x +5)
—2x li_r)'rll(f(x) =—=
x—>2 (x—Z)(3+\/2x+ ) and
2@2 = x) lim g(x)
= (x—2)(3+V2x +5) Th k
—2(x—2) en L
x—>2(x—2)(3+\/2x+ ) pf®_~2_ 1.3 3
~ lim wokg() | 2 2.2 4
X—>23+\/2x+ e 2(2)+5 3
-2 -2 1
3449 6 3
V - V — \/ x> —-5x—6 x—6)(x+1
53) lim ot T2y [ xtat+2 54) hm—=1im¢_hm(x—6)
x—0 x x—0 x w/x+ 4+2 -1 x+1 x--1 x+1
i (x+4)—4 =(-1)-6=-7
= 1lMmM———
x*Ox(W+ 2)
=lim —— 1 1 3—(x+3)
x>0 x \/x+ +2 +3)"1-3"1 -= = T
( ) 55 lim &) ~ limEF3 3y S +3)
x—0 X x—0 X x—0 X
xﬁO\/x+ a+2 0)+4+2 lim——F = lim 1
_ _ x=-03x(x +3) x-03(x+3)
T Va+2 4 11
3((0) +3) 9 9
56) If 57) If
lim f(x) =3 lim g(x) = —
x—1 x-1
and
limg(x) = —4 limh(x) = -1
x-1 x-1
and then
li =—1
b h(x) lim/g(x)h(x) = J[lim g(x)] [1im h(x)] == (=D
then x-1 x-1 x—1
5(x) lim 57(3) =V4=2
. i
M 2900 T A& )] m2 lim 2900 T am )
ilif}“f () - 58) If
~2limg(x) + lim A(x) lim f(x) = 3
5 3 15 limg(x) = —4
() s 1)___ __15 limg
T 2(-4) 8 and
_-1>-8_ 23 lim h(x) = 1
8 8 then g

lim[2f (g ()R] = 2 lim £ ()] [lim 9GO [tim h(x)]
=209)(=H(-1) =24






