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(;)ror the curve y = 1n:J: and the point P(2, In 2):

(8)

(d)

&. (a) Y = yet) = 4Ot - 16t2. At t = 2, 11= 40(2) - 16(2)2 = 16. The average velocity between times 2 and 2 +
p --,.. ~

(i) [2,2.5J: h = 0.5, Va.,. = -32 ft./s (ii) [2, 2.1J: h = 0.1, V- = -25.6 ft./s

(Hi) [2,2.05]: h = 0.05, Vave = -24.8 ft./s (iv) [2,2.O1J: h = 0.01, Va.,. = -24.16 ft./s

(b) The instantaneous velocity when t = 2 (h approaches 0) is -24 ft./s.

(a) Here t = I, 10 the average velocity is 58 - 1.66 - 0.83h = 56.34 - O.83h.
(i) [1,2): h = 1,55.51 mls (d) [1,1.5): h = 0.5,55.925 m/s

. (ill) [1,1.1): h = 0.1,56.251 mil (iv) [1,1.01): h = 0.01,56.3311 mil

(v) 11,1.0011: h = 0.001. 56.33911 mls

(b) The instantaneous velocity after 1 second is 56.34 m/s.

(b) The slope appears to be !.

(c) JI-ln2 - 1(2: - 2) OIl

JI=i2:-1+ln2

. 11(2 + h) - 11(2) - l4O(2 + h) - 16(2 + Ian - 16 = -24h - 1M'" = -24 - 16h, if h ~ O.
IS tla- = (2 + h) - 2 - h h.



. 0
(b) 1 We see that problems with estimation are caused by the

frequent oscillations of the graph. The tangent is so steep .

P that we need to take x-values much closer to 1 in order to
0.5 get accurate estimates of its slope.

-I
(c) If we choose x = 1.001, then the point Q is (1.001, -0.0314) and mpQ ;:::j -31.3794. If x = 0.999, then Q is

(0.999,0.0314) and mpQ = -31.4422. The aw:rage of these slopes is -31.4108. So we estimate that the

slope of the tangent line at P is about -31.4.

(b)

2.2 The Limit of 8 Function .1. : ' '.~ .../,-,'L '"

1. As x approaches 2, f(x) approaches 5. [Or. the values of f(x) can be made as close to 5 as we like by taking x

sufficiently close to 2 (but:z; :F 2).J Yes. the graph could have a bole at (2,5) and be defined such that f(2) = 3.

2. As x approaches 1 from the left, f(x) approaches 3; and as x approaches 1 from the right, f(x) approaches 7. No,
the limit does not exist because the 1eft- and right-hand limits are different.

3. (8) lim I(x) = 00 means that the values of I(x) can be made arbitrarily large (as large as we please) by taking x
3

sufficiently close to -3 (but not equal to -3).

(b) lim I(x) = -00 means that the values of I(x) can be made arbitrarily large negative by taking x sufficiently
4+

close to 4 through values larger than 4.

(c) lim f(x) does not exist because the limits in part (a) and part (b) are not equal.--1
(d) I(x) approaches 4 as x approaches S from the left and from the right, so lim I(x) = 4.

,"-IS

(e) 1(5) is not defined, so it doesn't exist.

0<&)
'(a) Jim g(:I:) = -1---2-
(d) g(-2) = 1

(&) 11m g(:I:) doe8o't exist_-2
(j) 11m g(:I:) = 2

_-..-

(a) lim g(t) = -1
t-o-

7. (a)

(c) lim g(t) does not exist because the limits in part (a) and part (b) are not equal.
t-O
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We see that problems with estimation are caused by the

frequent oscillations of the graph. The tangent is so steep .

P that we need to take x-values much closer to 1 in order to

get accurate estimates of its slope.

(c) lim 1(%) = 2
--1+

(b) lim g(:I:) = 1
2+

(e) lim g(:I:) = 1
2-

(c)

(f)

(i)

Jim g(z) doesn't exist.--2
Jim g(z) = 2

.-2+
Jim g(z) doesn't exist

8-+<11+

lim g(z) = 2
..-2+

(h) g(2) = 2

(k) g(O) doeso't exist

(b) Jim g(t) = -2. ......

(I) lim g(:I:) = 0
..-0

lim get) = -2
1-0+



equations of the vertical asymptotes are x = -3, x = 2, and x = 5.

n J(:r:) exists for all a except a = :H.
...

Jim /(z) = 2,
3-

/(3) == 3. /( -2) - 1

SImON 2.2 THE UMfT OF A RJNCTION 0 .
(e) lim g(t) = 0

t-2+

(b) lim g(t) = 3 .
t-4

(b) lim R(:r:) = 00
..-5

(c) Jim R(=-:} =--00
3-

11m l(x):::8 1
.-0-
11m l(x):::8 0

.-0+

(c) Jim /(1:) does not exist because the limits in part (a) and part (b)
.-+0

are not equal.

14. lim /(z) = I, lim /(z) =: -1,
z-o- z O+

Jim I(x) = 0, Jim I(x) = 1, 1(2).. 1,
.-2- ..-2+
1(0) is undefined

JC



Itappearstbatli ~-l-s 05-1.~ z~ -, - J'

'1. For /(:J:) - v'i+i - 2,
:J: '

% /(%)

1 0.236068

0.5 0.242641

0.1 0.248457

0.05 0.249224

0.01 0.249844

It appears that lim ~ - 2
_-0 ... = 0.25 = 1

.. ..
I'~'.;.

sI - 2:1: .
1&. For 1(:1:) = z2 -:t 2'

. /(.)
0 0

-0.5 -1
-0.9 -9
-G.95 -19

-o.w -99
-G.999 -999

s I(s)

-2 2
-1.5 3
-1.1 11
-1.01 101
-1.001 1001

z2-2z
HID 2 doe, 1IOt exist.--1 ~ - :II -It appears that

81% -+ -1+.

11. For I(x) = x In(x + z2):

fA: !(fA:)

1 0.693147

0.6 -0.143841

0.1 -0.220727

0.0& -0.147347

0.01 -0.045952

0.006 -0.026467

0.001 -0.006907

Jim zln(z+~) =0.
..-0+

It appears that

~ f(x) =- :::

It appears that Jim tan 3z = 0 6 - J..-0 tan5x . - Ii'



s. -I,~- s1O-I'

:r;8 -I 1
I that Hm ~ I - 0.6 == .._-I:r; - ..

~6 6 ' .. ~ - 6 = 00""" (. - 6) ~ 0 ou ~ 6+ .-=i > 01\... > ...

. ~ = -00 since (x - 5) -+ 0 as x -+ 5- and ~ 5 < 0 Iou < 5.
.~5 x-

lim (1/ cou;) == -00 siDc:e con -+ 0..:1: -+ (-Jr/2)- 8Dd CO8:1: < 0 eOI'
(-ft/2)-

88CZ =

II: f(z)

0.5 -1.14

0.9 -3.69

0.99 -33.7

0.999 -333.7

0.9999 -3333.7

0.99999 -33,333.7

'" these calculations, it seems that

SECTION 2.2 THE LIMIT OF A RJNCTION Q 71

gtt-58
zz. For 1(2:) - -:

s

c I(z)

-0.5 0.22TT61

-0.1 O.~
-0.05 0.534447
-0.01 0.576706

-0.001 0.586669

s I(s)

0.5 1.521864

0.1 0.711120

0.05 O. M6496

0.01 0.599082

0.001 0.588906

g- - 58
It appears that lim - - 0.59. Later we

0 z
will be able to show that the exact value is

10(9/5).

:r: f(e)

.5 0.42

~.l 3.02

l1.01 33.0
.1.(K)! 333.0 .

1.()OOl 3333.0

1.00001 33,333.3

lim f(:r:)::8 00.
11-1+

11m /(:1:) == -00 and
.-1-



limits

~

CALcu.AT1NG LIMITS USING TME LIMIT LAWS

,.

the

= (-3)2 = 9

{Umit Laws 1 and 2]

[3}

[9. 8. and 7}

(Limit Law 4)

[2. 1. and 3]

(7.8. and 9)

.41 = 205-&



a)II

I. lim (r + 1)I(t + 3)1- 11m (r + 1)'. lim (t + 3)1
8--1 8--1 8--1

( I+Sz ), ( I+Sz )'
~ 1 +4%2 + Sz4 = ~1+4%2+k4

[ lim(1 + Sz) ] ,
a-I= lim(1 + 4%2 + 3z4)

.-1
[ liml+3liDu ] 1 .-1 .-1 :z Iiml+4lim~+3lim~

.-1 .-1 .-1
:z [ 1 + 3(1)

] , - [~] 1 - (!)'
1 +4(1)2 +3(1)4 - 8 - 2

7.

.. lim vuC + 3u + 6 ==
u 2

.. lim
..-4-

= v'16 -(4r = 0 [7 and 9J

11. (8) The left-hand side of the equation is not defined for x = 2, but the right-hand side is.

(b) Since the equation holds for all x ::f= 2, it follows that both sides of the equation approach the same limit as
x -+ 2, just as in Example 3. Remember that in finding fun f (x). we never consider x = a.

"-0
11. Jim %2 + % - 6 = Jim (% + 3)(% - 2) = Jim (% + 3) = 2 + 3 - 5

--2 % - 2 _-2 % - 2 _-2

~ Jim %2 + k + 4 = Jim (% + 4)(% + 1) = Jim % + 1 "'" -4 + 1 "'" -3 = ~
~ _--4 z2 + 3z - 4 .--4 (% + 4)(% - 1) ---4 % - 1 -4 - 1 -5 5

%2-%+6. 211 lim 2 does not exist since % - 2 -+ 0 but % - % + 6 -+ 8 as % -+ 2.
8::;j % -

14. Jim %2 - 4% = Jim %(% - 4) .. Jim -=- "'" ~ = !
_-4 %2 - 3z - 4 --4 (% - 4)(% + 1) .-4 % + 1 4 + 1 5

15. Jim e2 - 9 = Jim (t + SHt - 3) == Jim t - 3 = -S - 3 = -6 = .!!
t--I 2t2 + 7t + 3 t--I (2t + 1)(t + 3) t--I 2t + 1 2( -3) + 1 -5 5

e .~1 z2%~ ~ ~4 does not exist IiDce %2 - 3z -4 -+ 0 but %2 - 4% -+ 511% -+-1.

11.

CHAPTER 2 LIMITS AND DERIVATIVES

J' [ ] 11 11m '1 . Umt+Um3

.--~ '--1 '--1
18. [-1 + 3)11 = 8.32 = 256= [(-1)2 + 1]1

a

(5]

.
[2, I, and 3)

[7,8, and 9)

[11)

[1,2, and 3)

[9, 8, and 7)

="; Jim (u4 + 3u+6)_-2
="; Jim u4+3 Um u+ lim 6_-2 2 _--2

= ";(-2)4 + 3(-2) + 6

= v'16 - 6 + 6 = v'fii = 4

[lIJ

12J=

. t-3 -3-3 -6 6lim -- ----3 2t + 1 - 2(-3) + 1 - -5 - 5



- 1 . (I + 4h + 6h3 + 4h3 + h4) - 1 . 4h + 6h2 +.thS + h4
-=lim -lim

"...0 h "...0 h

= lim h(4 + 6h+4h2 + h') - 11m (4+6h+4h2+hS) -4+0+0+0-4
,,-0 h r.-o

~ - lim (8+ 12h +6h2 + hIS) - 8 - lim 12h+ 6h2 + h'
,,-0 h ,.-0 h- lim(12+6h+ h2) -12+0+0 -12
11...0

= lim (3+ vtl~- vt) = 8m (3+ v'i) = 3+ '-'9 = 6
t-IJ 3 - t i::;j

-1 = lim v'i+'1i - 1 . v'i+'1i + 1 = Um (1 + h) -1 = lim h
'-0 h v'i+'1i+l "-0 h(v'i+h+ 1) ,,-oh(Vl+h+l)

- lim 1 - !..- - .!- ,,-0 v'i+h+ 1 - vi + 1 - 2

- 3 = Um v'ZTI - 3 . v'ZTI + 3 = lim (% + 2) - 9
, _-1 % - 7 v'% + 2 + 3 _-1 (% - 7)( v'% + 2 + 3)

=lim %-7 =lim 1 = 1 _.!
.-1 (% - 7)(v'%+2+3) .-1 v'%+2+3 '-'9+3 6

SECTION 2.3 CAlCUlATWG UMITS USING THE LIMIT LAWS 0 71

.::..!! = Jim (16+M+h2) -16 = I8n M+h2 = Jim h(8 + h) := Hm(8+h):= 8+0:= 8

"-0 h "-0 h ,,-0 h "-0

- Um (%-1>(%2+%+1):= Jim %2+%+1:= 12+1+1:z ~- _1 (% - 1)(% + 1) _-I % + 1 1 + 1 2

s-7= ~ (z - 7)( VS + 2 + 3)



. :0

.. 3:1: $/(z) $ ~ +2forO $ z $ 2. Now Jim 3z = 3 and Jim (Z3 + 2) = Jim Z3 + Jim 2 = 13 +2 = 3.
..-1 ..-1 ..-1 ..-1

Therefore. by the Squeeze Theorem. lim 1(%) = 3.
1

D. -1 S ooa(2/%) S 1 ~ _Z4 S Z4OO8(2/z) S Z4, Since limo (_Z4) = 0 and limoz4 = 0, webave.- ..-
lim [Z4 OO8(2/z)] = 0 by the Squeeze Theorem.
.-0

.. -1 ~ sin(,../:.:) ~ 1 e-l ~ ~(fr/.) ~ ~

Jim (~/e)=Oaod
.-0+

31. If x > -4, then Ix + 41 = x + 4, so lim Ix + 41 = 1b---4+ a-.
If x < -4, then Ix + 41 = - (x + 4), so 11m Ix + 41 =

_--4-
Since the right and left limits are equal, Jim Ix + 41 = O.

_--4

(?)H x < -4, then Ix + 41 = - (x + 4), 80

41. 11'% > 2. then 1% - 21 = :I: - 2, 10 Om
.-2+

1%-211% - 21 = - (z - 2), so Om =
--2- :1:-2ja-2j- -(~-2).1O

dift; Jim 1% - 21 docs . erent. so
2 Dot eXIst.

_-2 %-

3C2. Ih > 2' then 1:U - 31 == :u - 3. 10

Jim :u2 - 3:r == Jim :u2 - 3:r
--1.5+ 1:U - 31 --1.II+:U - 3

. ~-&1:U - 31 = 3 - 2z, so Jim 12 31
..-1.11- z -

The right and left limits are cfifI'ereut, so

a. Since Ix! = -:z: for x < O. we have lim (! - _II ,) = lim
0- x :z: 0-

since the denominator approaches 0 and the numerator does not.

.. SiDc:e Izi - z for z > O. we have

45. (a)

LIMTS AND DERIVATIVESCHAPTER 2

~ .,file S .,fi e"'-(w/a) S .,fi e. Since

lim [.,fi ealD(W/8> ] = 0 by the Squeeze Theorem.
_-0+

Um (y'% e) = O. we have
--0+

Jim (% + 4) - -4 + 4 = O..--4+
Jim - (:I: + 4) = - (-4 + 4) = O.

.--4-

1 %-2==1Im-..-2+ % - 2
- (% - 2) == 11m

%-2 _2-Jim
z-2-

lim
..-2-

~ -:u - Om z (2z - 3) = Om z = 1.5. Hz < ~. then2z - 3 - _-1.1+ 2z - 3 ..-1.5+ 2

~ -38
+1~-3f

~= Jim 2z2_3z = Jim ~-
I 1.6- - (2z - 3) 1.6- - (2i=1)
lim 2z2 - 3z does not exist.

1.6 12z-31

-s = -1.1.Um
--1.&-

lim ~,which does not exist
..-0- x

fun (! - ..!.)-,,-0- :r -fir

lim (1 - .!.)- lim (1 - 1). -
..-0+ ~ I~I .-0+ ~ 21

} = Jim 0=0.
.-0+

Jim sgnx = 1
.-0+ 8-

I). ~-sgnx=

(i) Since sgox = 1 for x> 0, I..
(ii) Since ago x = -1 for x < 0,

(ill) Since lim sgn X:F lim 81
8-10- .-0+

(b) lim 1 = 1.
.-0+

..;.l--LJim
.-0- lim

..-0-
lim sgn:l:, lim ago :I: does not exist.--0+ _-0

(iv) Since lagoxl = 1 forx:F 0, lim 'agox' = lim 1 = 1.
--0 --0
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1 On the left side of x = 2, we need Ix - 21 < I ~ - 21 = ~. On the right side, we need Ix - 21 < I \II - 21- t

For both of these conditions to be satisfied at once, we need the more restrictive of the two to bold. dw is.

Ix - 21 < f So we can choose {; = ~,or any smaller positive number.

0m the left side, we need Ix - 51 < 14 - 51 = 1. On the right side, we need Ix - 51 < /5.7 - 51 = 0.7. Forbolh

conditions to be satisfied at once, we need the more restrictive condition to hold; that is, Ix - 51 < 0.7. So we ca

choose {; = 0.7, or any smaller positive number.

5. The leftmost question mark is the solution of .;x = 1.6 and the rightmost. .;x = 2.4. So the values are

1.62 = 2.56 and 2.42 = 5.76. On the left side, we need Ix - 41 < /2.56 - 41 = 1.44. On the right side, we need

I:.r: - 41 < 15.76 - 41 = 1.76. To satisfy both conditions, we need the more restrictive condition to bold-name~

Ix - 41 < 1.44. Thus, we can choose {; = 1.44, or any smaller positive number.

~The left-hand question mark is the positive solution of:.r:2 = !' that is,:.r: = ~,and the right-band question mark

the positive solution of x2 = ~, that is, :.r: = Ii. On the left side, we need Ix - 11 < I ~ - 11 :::::I 0.292 (roundil

down to be safe). On the right side, we need Ix - 11 < Iii - 11 :::::I 0.224. The more restrictive of these two

conditions must apply, so we cboo8e {; = 0.224 (or any smaller positivc number).

7.1v'4x+1-31<0.5 <* 2.5<v'4X+1<3.5.Weplotthe ..
three parts of this inequality on the same screen and identify the 1 . 15

x-coordinates of the points of intersection using the cursor. It appears

that the inequality holds for 1.3125 :$ x :$ 2.8125. Since

12 - 1.31251 = 0.6875 and 12 - 2.81251 = 0.8125, we choose t.t 2.9

0 < {; < miD {0.6875, 0.8125} = 0.6875. 2

L lsinx - il < 0.1 <* 0.4 < sin:.r: < 0.6. From the graph, we see !hat for this inequality to hold, we need

0.42 :$ :.r: :$ 0.64. So siDce 10.5 - 0.421 = 0.08 and 10.5 - 0.641 = 0.14, we choose

0 < {; :$ miD {0.08, 0.14} = 0.08. .

14



. 0
~ For M = 100, we need -0.0997 < x < 0 or 0 < x < 0.0997. Thus, we choose 6 = 0.0997 (or any smaller

positive number) so that if 0 < Ixl < 6, then cot2 x> 100.

For M = 1000, we need -0.0316 < % < , or 0 < z < 0.0316. Thus. we choose 6 = 0.0316 (or any smaller

positive number) so that if 0 < Ixl < 6, then cot2 x > 1000.

13. (a) A = 1rr:l and A = 1000 cm:l

[r > OJ

(b) IA - 10001 :$; 5 =?

{iij :$; r :$; V ~

(c) x is the radius, f(x) is the area. a is the target radius given in part (a), L is the target area (1000), E is the

tolerance in the area (5), and Ii is the tolerance in the radius given in part (b).

14. (a) T = 0.lw2 + 2.155w + 20 and T = 200 ~ D (eC)

0.lw2 + 2.155w + 20 = 200 ~ [by the quadratic formula or T-~n

from the graph] w ~ 33.0 watts (w > 0) T-D

32.S 13.5
191 ('willi)

(b) From the graph, 199 :::; T :::; 201 => 32.89 < w < 33.11.

(c) x is the input power, f(x) is the temperature, a is the target input power given in part (a), L is the target

CHAPTER2LIMITS AND DERIVATIVES

I

i

!
,-~

i

0 ... 0.0997 0.2

~ ~

r = ..; J!J!1

1000 - 5 5 ,..,-2 5 1000 + 5

V ~ - /iff Rj 0.04466 and

V ~ - V.lJ!I!I Rj 0.04455. So if the machinist gets the radius within 0.0445 cm of 17.8412, the area will be

within 5 cm2 of 1000.

=>
~

temperature (200), E is the tolerance in the temperature (1), and 6 is the tolerance in the power input in watts

indicated in part (b) (0.11 watts).



,~e need 6> 0 such that if 0 < Ix - 11 < 6. then

61 < E. But 1(2% + 3) - 51 < E * 12% - 21 <

,I<E * Ix-II < Ej2. So if we choose 6 = I

., - '" ~ 11"_, 9\ 0:'" - ""-UK

b. we need 6 > 0 such that if 0 < 1% - (-2)1 < 6. then

It.'21< E. But l(lz+3) - 21 < £ 4=>.
,- 21 < e. Thus, Um (lz + 3) = 2 by the definition of a
- 2

~ O. we need 6> 0 such that itO < Iz - (-3)1 < 6. then

- 131 < E. But 1(1 - u) - 131 < £ ~

21 < E ~ 1-411z + 31 < £ .. Iz - (-3)1 < £/4.
1Jooee6 = E/4. then 0 < Iz - (-3)1 < 6 *
U-131 < E. Thus, lim (1 - 4%) = 13 by the definition of

&---3

I
> O. we need 6> 0 IUCb dud if 0 < Is - 41 < 6. then

~) - (-5)1 < e. But 1(7 - 3%) - (-5)1 < £ <=>

121 < e <=> 1-311% - 41 < e <=> 1% - 41 < e/3. So

DOle 6 = e/3. then 0 < 1% - 41 < 6 ~

D - (-5) I <. Thus, Jim (7 - 3z) == -5 by the definition
. .-.

< 5£. So choose 6 = 5£. Then 0 < 1% - 31 < 6

,;/ < E. By the definition ora limit, ~ ~ = ~.

SECTION 2.4 THE PRECISE DmMTION Of A UMIT 11D.

(2:r + 3) - 51 < E <=> 12% - 21 < E
1% -1/ < E/2. SO if we choose 6 = E/2,
. /(2% + 3) - 51 < E. Thus,

Iz - (-2)1 < 2£. So if.llx + 21 < £

..

*> i Iz - 31 < ~ ..

1:11-31 <c
5

12: - 31 < 5e. .



102

(b)

J

11. Hm ~-s+4 = Jim (3z2_S14){;
:0-+00 2z2 +.~ - 8 "-00 (2:1:2 + 5% T 8 IS2

(Y2. Jim Jl~ -5z+2 = lim 12% -!5z+2
"-00 1 +4za +3%3 "-00 1 +~ +3%3

I

~

o' CHAPTER 2 LIMITS AND DERIVATMS

From the table, we estimate that Jim f(x) = 0.1353
"""'00

(to four decimal places.)

[divide both the numerator and denominator by %

(the highest power of x that

appears in the denominator)]

lim (3 - l/s + 4/s2)
..-co I= lim (2 + 5# - 8/s2)
..-co
lim 3 - lim (1/«) + lim (4/~)

..-co ..-co -co= lim 2 + lim (5/~) - lim (8/:e2)

..-co .-co .-co
3 - lim (l/s) + 4 lim (1/s2)- .-00 , "-00- 2 + 5 lim (l/s) i 8 lim (1/:e2)

..-co i ..-co

j

- lim 12-6 ~+2 zS- ..- 1/s8 4./s + 3

12 - 5 lim (l/s ) + 2 lim (l/s )
..-co . .-00

= lim (l/:e3j + 4 lim (l/s) + 3

"-00 .-co

[Limit Law 51

[Limit Laws I and 2]

[Limit Laws 7 and 3]

- 3-0+4(0)- 2 + 5(0) - 8(0) [Theorem 5 of Section 2.5]

3
0;1:2

[Limit Law 11]

[divide by xs)

[Limit Law S1

Jim 12 - liJn (5/%2) + Jim (2/%3)
.-00 .-00 .-00

Jim (1/z3)+ Jim (4./%) + Jim 3_00 . ..-00 .-00
[Limit Laws 1 and 2)

[Limit Laws 7 and 3]

[Theorem 5 of Section 2.5]



- (2 - 3JI)/11 - ~ (2/11- 3) - 2.~ (1/11) - ~ 3 - 2(0) - 3 -= _!
- ,~ (5y2 + 41/)/ff - 11m (5 + 411/) - 11m 5 + 4 11m (1/1/) - 5 + 4(0) 5

'-00 '-00 1/-00

I the numerator and denominator by %3 (the highest power of % that occurs in the dfmnmi_).

~=
+4

lim 1+5 lim .!.= .-00 .-00 z2 1 + 5(0) 1lim 2 - lim ! + 4 lim.!. .. 2 - 0 + 4(0) = 2
.-00 .-00 :z: .-00 :r:1

Jim ~ = Jim I/t+2/,a = 0+0 =0
00 (t! + t2 - 1) ItS '---00 1 + lIt - lIt! 1 + 0 - 0

the factors in the denominator. Then divide both the numerator and denominator by U4.

-1)

",.. - z /r lim y(~ - z)/~
-llm --- .-00 (za + l)/za == lim (1 + l/za)

.-00
11m y9 - 1/zF> ..; lim 9 - Jim (l/z')

a-oo .-00 .-00- -lim 1 + 11m (l/za) - 1 + 0
.-00 .-00

,;. v'9='1i ". 3
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( 5) 5 Jim 1+-1 + ;i - _-00 z2
Jim 1 4 - ( 1 4 )--002--+- Jim 2--+-:J: z8 _00 :J: zI

..

Um 4+5 Jim ~= = -- --- u' 4+5(0)Um 1Jm 2 - 5 Jim .!. + 2 Jim 1 - 2 - 5(0) + 2(0)

_-00 --- ,,-- 1£2 _-00 1£'

4 -"

.~Oo - . -.~u4

.. .. .. "n. 1 ... ".-- 1Jim 2-51im ~+2Jim ~
.""00 .-00 U2 .-00 U'

[since X3 = B for x > 0)
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22.

23. lim (v'9z2+z-3z) =
0:-00

1 1 1.~ V9+1/z+3 = V9+3 = m:::

(';) Jim (z + v'z2 + 2z) = Um (z + 1!v'z2 + 2z) [ z - vz2 + 2zJ = Jim Z2 - (z2 + 2z)
\..7 """-00 .""-00 z - vz2 + 2z """-00 z - vz2 + 2z

. -2 -2
hm = = -1

"""-00 1 + Vi + 2/z 1 + Vi + 2 (O)

26. lirn COB X does not exist because as x increases COB x does not approach anyone value, but oscillates between 1
.,-00

and-l.

28. ~ is large negative when x is large negative, so

1::\Jim x' - 2:J: + 3 Jim (x3 - 2:J: + 3)/X2 [di Odeb thehigh f o thede . ]~ .-00 5 - 2:J:2 = .,-00 (5 - 2:J:2)Jx2 VI Y est power 0 x m nonunator

. x-2/x+3/~ 2 2.~. 5/x2 - 2 = -00 because x - 2/x + 3/x -+ 00 and5/x - 2 -+-2as x -+ 000

11. ..;x is large when x is large, so lim ..;x = 00.
0:-00

29.

31.

1# + 1 - 1 u z - -00.

LIMITS AND DERIVATIVESCHAPTER 2

. v'9z4' - ~ . v'gze - zk 8~00 -v'(9z8 - z)/z8
Jim - Jim -"-+-00 z3 + 1 - 8-+-00 (zI + 1)/" - lim (1 + l/:c")

I 8--00
[since X3 = -.;;;e for :t

lim -"';9 - ljxS -..; Um 9 - 1bD C
. l/z&)_--00 _--00 .--GO= lim 1 + Jim (ljz!) = 1 +0

.--00 .--00
= -v'9=1i ... -3

11m (\1"9%2 +:.:)2 - (3%)2

c-ao \l"9:e2 +:.: + 3%
lim (v'9x2 + :r: - 3%)( v'9:r:2 + :r: + 3%) =
"-00 v'9x2 + :r: + 3:r:

(9:r:2 +:r: _9:r:2
lim =

"-00 9:r: +:r:+3%
lim : if:.-00 V\}:2 + : + 3a: . 1/~=

r x/x
"'~ ../9X2/X2 +X/X2 +33:/X

--

(0 - b)z]/z

("Z2+az+~)/.;;s
o-b o-ba-b

lim
""""00

../1 + a/x + ../1 +h/z = viI +0+ viI +0 = ~

lim (x - y'i) =
"-+00

-
:£11(; + 1) [factor out the largest power oh:} = -00 because XII -. -00 aDdJim (Z4 +~) =

"--00
lim"--00


