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m= Jim v'S+l-v'2(4)+1 11m ~-3. ~+3
_-4 z-4 _-4 z-4 ~+3

- Jim (2%+ 1) - 32 - Jim 2(:.: - 4)- .-4 (:.: - 4)( ~ + 3) - .-4 (:.: - 4)( v'2i+I + 3)

lim 2 -2--!
11-4 (v'2:1: + 1 + 3) - 3 + 3 - 3'

&' - 3 = 1:1: - t * &' = 1:1: + I

=
Tangent line: 11 - 3 = l(z -.() <:} 11

9. Using (1) with /(z) = z - 21 8Dd P(3, 2).

z-

{::}

=..::..! - 2 ~ - .1 - ~l~ - ~)
m = Jim f(~) -f(a) = Jim :r: - 2 = Jim ~ - 2 = Iim 3 ..J~

_-a :r: - a --a:r: - 3 .-s ~ - 3 --a (:r: - 2)(c - 3)

-1 -1-lim l- .-a :r: - 2 - 1 - .

TqeotliDe:y-2=-I(:r:-3) # y-2=-:r:+3 .. y"-:r:+5

2:r:. . (:r: + 1)2 - 0 2:r: 2 2
18. Usmg (1). m = Jim 0 = Jim ( + 1)2 = Iim ( 1)2 ..

1 2 = 2.

.-O:r:- --O:r::r: .-0 ~+

Tangent line: y - 0 = 2(:r: - 0) # Y = 2:r:

Tangent line: 11- 2 := -l(s - 3)

Tangent line: 11 - 0 = 2(% - 0) ~

11. (a) m = Hm 1(:1:) -/(0) = Iim 2/(:1: + 3) - 2/(0 + 3) = Hm 2(0 + 3) - 2(:1: + 3)
.-a :I: - 0 a-a :I: - 0 -- (:I: - 0)(:1: + 3)(0 + 3)

2(0-:1:) . -2 -2-Hm -Jim -- .-a (:1:-0)(:1: +3)(0+3) - (:1:+3)(0+3) - (0+3)2

(b) (i)a=-1 ~ m= (-1-:3)2 =-4 (0)0=0 ~ m= (O~-2 2m - (0 + 3)2 = -9(ii) a = 0 ~

(tii) a = 1 ~

(b) (i)z=-1 "* m=I+2(-I)=-1

(ii)z=-! "* m=I+2(-!) =0
(lli)~ 1 "* m = 1 + 2(1) = 3

(c)
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. Let a denote the distance traveled from 1:00 to 1:02, b from 1:28 to 1:30, and c from 3:30 to 3:33, where aU

times are relative to t = 0 at the beginning of the trip.

,
diII8oce iD IIIiIe8

2OO+0I+b+"
2OO+a+b

7O+a+ ..
70+41

70 slape - 0
dope-"

U 1:02 1:30 3:33

0 1:00 1:28 3:30'
lime iD boun

Let 8(t) = 4Ot - 1&2.
v(2) = lim .(t) - .(2) = lim (4Ot - 1~) - 16 == lim -1~ + 4Ot -16 = Um =!(2t' - 5t + 2! .

t 2 t - 2 t 2 t - 2 t-2 t - 2 t-2 t - 2
= lim -8(t - 2)(2t - 1) = -8 Um(2t - 1) = -8(3) = -24

t-2 t - 2 1-2

Thus, the instantaneous velocity when t = 2 is -24 ft./I.

(a) v(l) = lim H(1 + h) - H(I)
10 0 h

(58 + 58h - 0.83 -1.661& - O.BahI) - 57.17
= Um h = Um(56.34 - O.83h) = 56.34 m/s

Io~ Io~
(b) V(a) = lim H(a + h) - H(a)

10-0 h '

= 11m (5& + 58h - 0.8342 - 1.66ah - 0.83h2) - (5& - 0.83a2)
10 0 h

= lim (58 - 1.8& - O.83h) = 58 - 1.6& m/I
10 0

(c) The arrow strikes the moon when the height is 0, that is. 58t - 0.8:Jt2 = 0 # t(58 - 0.S3t) = 0 ~

t = o~ ~ 69.9 s (since t can't be 0).

(d) Using the time from put (c), v( O~) = 58 - 1,66( O~) = -58 m/I. Thill. the arrow win have a vel

of -58m/s.

lI(a) = lim .(a + h) - .(a) = lim 4(a + h)S +6(a+h) + 2 - (40' + 6a + 2)
10-0 h 10-0 h

= lim 40' + 12a2h + 12M2 +41&S +6a+6h+ 2 -40' - 611- 2
10 0 h'

= lim 12a2h + 12Gh2 + 41&3 + 6h == lim (12a2 + 12M + 41&2 + 6) = (1242 + 6) m/I
10-0 h Io~

;0 v(l) = 12(1)2 + 6 == 18 m/I., v(2) = 12(2)2 + 6 = 54 m/s, and v(3) = 12(3)2 + 6 = 114 m/I.

~
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1&. Let a denote the distance traveled from 1:00 to 1:02, b from I :28 to 1 :30, and c from 3:30 to 3:33, where all

times are relative to t = 0 at the beginning of the trip.

17. Lets(t) = 4Ot -16t2,

Thus, the instantaneous velocity when t = 2 is -24 ft/s.

/;'<8> vel) = Um H(l + h) - H(l)
'\:J " --0 h

(b) v(a) = lim H(a + h) - H(a)
~-o h

= lim .(584 + 68h - 0.8302 - 1.66Gh - 0.83h2) - (580 - 0.8302)

A~ h
= lim (58 - 1.6& - O.83h) = 58 - 1.6& mil

h-O
(c) The arrow strikes the moon when the height is 0, that is, 58t - 0.83t2 = 0 .. t(58 - 0.83t) =

t = O~ ~ 69.9 s (since t can't be 0).

(d) Usina the time from put (c), 11( O~~) = 58 - 1.66( O~) = -58 m/s. Thus, the arrow will hI

of -58 m/s.

11. l1(a) = lim .(a+h)-.(a) = 1im 4(a+h)8+6{G+h)+2-(4a8+6a+2}
h-O h h-O h

= 1im 408 + 12o2h+ 12ah2 +4h8 + 6a+6Ja+2 -~ - 6a- 2
h~ h'

= lim 12o2h + 12ah2 + 4h8 + 6h = lim (1202 + 12oh + 4h2 + 6) = (1202 + 6) mls
h-O h h-O

So 11(1) = 12(1)2 + 6 =: 18 m/s. 11(2) =: 12(2)2 + 6 = 54 mis, and 11(3) = 12(3)2 + 6 = 114 m/s.

t(58 - 0.83t) = 04* ~



~

~ h decreases, the line PQ becomes steeper, 10 its slope increases. So
0 < 1(4) - 1(2) < 1(3) - 1(2) < lim I(z) - 1(2). Thus, 0 < 1 (/(4) - 1(2)] < 1(3) -/(2) < 1'(2).

4 - 2 3 - 2 _-2 Z - 2 2

. g'(O) is the only negative value. The slope at z == 4 is smaller than the slope at z == 2 and both are smaller than the
slope at z = -2. Thus, g'(O) < 0 < g'(4) < 9'(2) < g'( -2).

, Since (4,3) is on II == I(z), 1(4) = 3. The slope of the tangent line betwcen (0,2) and (4,3) is i, 50/,(4) == ~.

, We begin by drawing. curve through the' ,

origin at a slope of 3 to satisfy 1(0) == 0 and

/,(0) = 3. Since /'(1) == 0, we will round

off our figure so that there is a horizontal

tangent directly over z == 1. Lastly, we make

sure that the curve bas a slope of -1 as we
pass over z = 2. 1\\'0 of the many

possibilities are shown.

) ,

I Jf

Using Definition 2 with I(z) == ~ - 5z and the point (2,2), we have

/,(2) == lim 1(2 + h) -/(2) .., lim ,[3(2 + h)2 - 5(2 + h)~
"-0 h ,,-0 h

- 1. (12 + 12h + 3h2 - 10 - 5h) - 2 - lim 3h2 + 7h - lim (3h ) - 7- 1m - - +7 - .
"-0 h ,,-0 h ,,-0

So an equation of the tangent line at (2,2) is 11- 2 == 7(z - 2) or II == 7z - 12.

~sing Definition 2 with g(z) == 1 - z3 and the point (0, I), we have
'(0) == lim 0(0 + h) - g(O) == 11m 11 - (0 + h)sl:2. == lim (1- hi) -1 == lim (-h2) == O.

9 "-0 h "-0 h ,,-0 h ,,-0

1'(2) = 11m /(2 + h) -/(2) - Jim j3(2 + h)1 - 5(2 + h)~
.-0 h .-0 h

So an equation of the tangent line is y - 1 = O(z - 0) or" := 1.

~~

I
The line from P(2, 1(2» to Q(2 + h,/(2 + 1»

is the line that has slope 1(2 + h~ - 1(2) .

Definition
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~

/';j).,y Definition 2, Hm ~ - 2 - 1'(16), where 1(:1;) = ~ and a = 16.
\..7' "-0

Or. By Definition 2. lim ~ - 2 = 1'(0), where 1(:1;) = ~ and a = O.
,,-0
2"'-3221. By Equation 3, lim --;- = 1(5), where 1(:1;) = 2'" and a = 5.

..-6 :1;-"

%1. (a) J' (z) is the rate of change of the production cost with respect to the number of ounces of gold produced.
units are dollars per ounce.

(b) After 800 ounces of gold have been produced. the rate at which the production cost is increasing is S17/cx

So the cost of producing the 800th (or 8O1st) ounce is about 817.

(c) In the short term. the values of I'(x) will decrease because more efficient use is made of start-up costs as
increases. But eventually I' (x) might increase due to large-scale operations.

a (a) I' (5) is the rate of growth of the bacteria population when t = 5 hours. Its units are bacteria per hour.

(b) With unlimited space and nutrients, I' should increase as t increases; so 1'(5) < 1'(10). Iftbe supply of
nutrients is limited, the growth rate slows down at some point in time, and the opposite may be true.

21. (a) /'(1)) is the rate at which the fuel consumption is changing with respect to the speed. Its units are

(galfh)J(miJh).

(b) The fuel consumption is decreasing by 0.05 (galJh)/(miJh) as the car's speed ~hes 20 mi/h. So if you
increase your speed to 21 miJh, you could expect to decrease your fuel consumption by about

0.05 (galJh)J(miJh).

CHAPTER 2 LIMITS AND DERlVATMSD124

tan% -1 -1'(1r/4). where j(%) = tan % aDd a = 1l/4.
% - ./4fun.--'4.22. By Equation 3,

23. By Definition 2, lim oos(1I' ~ h) + 1 = 1'(11'), where I(z:) = oou and a = 11".

11-0

Or: By Definition 2. lim coe(1I' ~ h) + 1 = 1'(0), where I(z:) ... coe(1I' + z:) aDd a = O.
11-0

. t4+t-224. By Equation 3.1im t 1 == t(I), wba'e let) == t4 + t and a == 1.t-l -

25. v(2) = /'(2) = 11m 1(2 + Ia) -/(2) ... Um J(2 + 1a)2 - 6(2 + h) - 5L:J~ - 6(2) -51
~-O Ia.-o h

~+~+~-U-M-~-~~ ~-~== 11m Ia == Jim Ia == lim(h - 2) == -2m/.
~-O ,,-0 "-0

21. v(2) = 1'(2) == Jim 1(2 + Ia) -/(2)
,,-0 Ia

. 2h3 + 12h2 + 23h = Um (2h2 + 12h + 23) = 23 mIl=Um h "-0 ,,-0
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3&. Since f(x) = x3 sin(l/x) when X"" 0 and 1(0) = o. we have

2.9 The Derivative as a Function

1. Note: Your answers may vary depending on your estimates. By C ""-~~- I

estimating the slopes of tangent lines on the graph of !, it appears that 1
(a) 1'(1) ~ -2 (b) 1'(2) ~ 0.8 0

(c) 1'(3) ~ -1 (d) 1'(4) ~ -0.5

~ Note: Your answers may vary depending on your estimates. By 7 I

estimating the slopes of tangent lines on the graph of!, it appears that ) \ r
if ,(a) 1'(0) ~ -3 (b) 1'(1) ~ 0 0 J \. J

(c) 1'(2) ~ 1.5 (d) 1'(3) ~ 2 I ~

(e) 1'(4) ~ 0 (I) 1'(5) ~ -1.2

~

3. It appears that ! is an odd function, so I' will be an even 7

function-thatis,I'(-a)=I'(a). """'""""" I' ~
(a)I'(-3)~1.5 (b)1'(-2)~1 " /'
(e) /'(-1) ~ 0 (d) f(O) AS -4 0 I

oofOO~o OOfOO~l i
(g) J' (3) ~ 1.5

I___L_- - .--

4. (a)' = n. since from left to right, the slopes of the tangents to graph (a) stan out neptive. become Q.1ben posit

then 0, then negative again. The actual function values in graph II follow the same pattern.

(b)' = IV, since from left to right. the slopes of the tangents to graph (b) start out at a fixed positive quantity, tb

suddenly become negative, then positive again. The discontinuities in graph IV indieate sudden changes in

slopes of the tangents.

(c)' = I, since the slopes of the tangents to graph (c) are negative for % < 0 and positive for % > O. as are the
function values of graph I. .

(d)' = lli, since from left to right, the slopes of the tangents to graph (d) are positive, then O. then negative. thel

then positive, then 0, then negative again, and the function values in graph m follow the same pattern.

1. Note: Your answers may vary depending on your estimates. By

estimating the slopes of tangent lines on the graph of /. it appears that

(a) /'(1) ::::: -2 (b) /,(2) ::::: 0.8

(c) /'(3) ::::: -1 (d) /'(4) ::::: -0.5

0 Note: Your answers may vary depending on your estimates. By

estimating the slopes of tangent lines on the graph of /. it appears that

/'(0) = 11m /(0 + h) - /(0) = 11m h28in(I/h) - 0 = 11m hsin(l/h). Since -1 < sin.!. < 1 we haY
,,-0 h ,,-0 h "-0 - h - ,

-Ihl ~ IhisinX ~ Ihl ~ -Ihl ~ hsinX ~ Ihl. Because ~ (-Ihl) = Oaud F-.olhl = 0, we know

11m (hsin ! ) = 0 by the Squeeze Theorem. Thus, /'(0) = o.
"-0 h
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negative) slope.

negative).
1.

6.

If

r
"

10.
9.

13.
12.

-
00-0



~Um [l-3(z2+bh+h2)1""(1-~) = Um 1-~ -6zh-3h2 -l+~
~. . "-0 h ,.-0 h

~ Jim /(z + h) -/(z) = Jim 15(% + 1&)2 + 3(s + h) - 2] - (5z2 + 3z - 2)

h-O h .-0 h
= Jim 5z2 + 100h + 5h2 + 3z + 3h - 2 - W - 3z + 2 == Jim 100h + 5h2 + 3h

h-O . h ..-0 h

= Jim h(1O% + 5h + 31 = Jim (10% + 5h + 3) == 10% + 3
h-O h h-O

of / = domain of /' = R.
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,.. '.'...c~+h) - /(~) = lim (~+hr~ - ~2

.. h ,,-+0 h
[~~ + 2kc + hI!) - X2 = lim 2hz + h2 = lim h(~ + h) = lim(2x + h) = 2x
.- . h "-0 h "-0 h 10-0

(c)'in, we estimate that f' (0) = 0, f' (l) s:::s 0.15,

'11'(2) ~ 12, and 1'(3) s:::s 21.

~'C)' f'(-x)=f'(x).Sof'(-!)s:::s0.15,f'(-1)S:::S3,

12, and f'( -3) ~ 21.

) = 0, it appears that f' may have the fonn f'(x) = a:c2

'(1) = 3, we have a = 3, so f'(x) = 3x2. ...)

~1im f(z + h) - f(z) = Jim (z + h)S - zS = Jim (Z3 + 3z2h + 3zh2 + h3) - Z3

~-O h h-O h h-o h
Jim az2h+3zh2 + h3 - Jim h (3z2 +3zh+h2) . ( 2 2) 2~ h - h-O h = ~ 3z + 3zh + h = 3z



] DIFFERENTIATION RULES

From the tables (to two decimal places), Jim 2.7:-1 = 0.99 and Jim 2,8:-1 = 1.03. Since
h-O h-O

0.99 < 1 < 1.03, 2.7 < e < 2.8.

2: (2.7"' - 1)/x

-0.001 0.9928

-0.0001 0.9932

0.001 0.9937

0.0001 0.9933

:I: (2.88 - 1)/:1:
-0.001 1.0291
- 0.0001 1.0296

0.001 1.0301

0.0001 1.0297

(b) f(x) = e'" is an exponential function and g(x) = xe is a

power function. d~ (e"') = e'" and :x (x-) = ez8-1

(c) f(x) = eZ grows more rapidly than g(x) = x" when x is

large.

151
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15. Y(t) = 6C9 =

~

~(x) = ~ = v'iOX-T '* R'(~) = -7v'iO~-' = - 7v'iO
~ x ~

17. G(z) = v'i - 2e'" = ZI/2 - 2e8 => G'(Z) = Iz-I/2 - 2e8 = It: - 2e'"
2yz

1 2/s 1
11. Y = ~ = ~1/3 ~ 11 = s~- = sr/3

Z1 JI = %2 + 4% + 3 = z'/2 + 4%1/2 + 3%-1/2 ~

Ji 2 3
JI' = J%I/2 +4(!)%-1/2 + 3(-!)%-1/2... J Ji+ 7z - 2%Vz

[DOte that %112 = z2/2 . %1/2 = % Ji]

(3'11 = :r:' -~2.;z == ~ - 2%-1/2
'I
~,
':

@= W+2Vii=r/3+~/2

31. % = ~O + Be" = .4.,-10 + Be"
.,

32. II = e8+1 + 1 = e-el + 1 = e . e- + 1

~

DIFFERENTIATION RULES

. Y'(t) = 6( -9)t-lO = -Mt-lO...

(II'

"-1- 2(-I)z-3/2 = 1 + l/(zv'z>

* g'(u) == v'2(1) + v'3 (lU-1/2) == v'2 + v'3/(2y'U)

u' .. 2t-1/1 + 2 (I ) t1/2 = ...!.. + 3../i3 2 3*

.' = -IOAy-ll + Bell = _lOA + Bell
yll

~

1/' = e . eZ = .,-+1..


