
SECTION3.l DERIVATIVES

20. By Definition 2, l\ ry-: /'(16), where f (r) : {i and a: 16.

or: ByDefinition 2, I\ ry=: ,f'(0), where f (r) : tTd + rand o : 0.

, I  _ 2 '
21. By Equation 3, jI, ";; : f'(5), where f (r) :2' anda : b.

2 .  ByEquat ion  3 ,  
* \T ,nY# 

:  f ' ( t r l4 ) ,  where  f  ( r ) : tanr  anda:  n14.

8.ByDef in i t ion2,;*  *g+A! :  f ' (n) ,where f ( r ) :cosrand a:r .

0r:ByDefinit ion 2, l irn^ 
cos(zr t h) + 1 :,f '(0), where f(*) :cos(zc * r) and a : 0.' h - o  

h

2{. By Equation 3, lim L# : f'(t),where f (t) : t4 + tand o : 1.

25, u(2) : f' (2): ;,Ib 
I@4:19 : ;T,

lQ + D'z - oQ + D - s1 - lz'z - o(z) - s)

10'l

( -13)
h

, .  h 2  - 2 h
:  l lm

h * 0  n i '$(h 
- 2) :  -2 mls

h*0  h

6. t ' (2)  :  f 'e\ :  l im f  
(2 + h) -  f  (2)

h _ o  h

_, i -  l z lz  +  h) '  -  (2  +  h)+ 1 ]  -  l z (z ) '  -  2  +  r l
: -[lm

: l  (zn. + L2h2 + z+r, +hta - z -h + 1) - 15: lim

: ;;. 
r!-ry*t:i* (zn2 + r2h + 2r) : 23 mt s

t?. (a) /'(r) is the rate of change of the production cost with respect to the number of ounces of gold produced. Its
units are dollars per ounce.

(b) After 800 ounces of goid have been produced, the rate at which the production cost is increasing is $1/ounce.
So the cost of producing the 800th (or 801st) ounce is about $17.

(c) In the short term, the values of f 
'(r) will decrease because more efficient use is made of start-up costs as r

increases. But eventually f 
'(n) might increase due to large-scale operations.

f (a) /'(5) is the rate of growth of the bacteria population when f : 5 hours. Its units are bacteria per hour.

(b) With unlimited space and nutrients, /' should increase as f increases; so /'(5) < /'(10). If the supply of
nutrients is limited, the growth rate slows down at some point in time, and the opposite may be true.

I (a)/'(u) is the rate at which the fuel consumption is changing with respect to the speed. Irs units are
(gal/n)/(mi/h).

0) The fuel consumption is decreasing by 0.05 (gal/h) I @ilD as the car's speed reaches 20 milh. So if you
increase your speed to 2I mifh. you could expect to decrease your fuel consumption by about
0.05 (gal lh)/(milh).



t r  cHAPTtnJ  uEnrvn t ru ' -  
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a) /'(8) is the rate of change o'-'i::uunt:T:;tj:'::iJffspect 
to the pn

tt' 
{J:fii'"n'tn" units for /'(8) are pounds/(dollars/pound)'

,r, ::fi: ;JH:ffiil:i*' {- :::l*::: 
- the price charged for it increases People are

l.:J';-;;:,''*ut"* to tuv a product when its price increases'

,,,;; ,, ; ;: ; -r:. the remperature is changing ar 10:00 e.r'r. ro estimate the vatue or r'(10)' we will

- R q n d t : 1 2 . L e t

;::n:.;;'" quotients obtained using the times t : 8 and t : 12' Ler

r n l 1 n \  * n  -  8 1

"(8) 

- T(10) - 72 - 8r - 4.5 and B --
A: - '- 

" 
_6- -z

r(r2) Jgq : tu; tt_ 6d -  or  :  3.b.  Then

, f  ( t \  - " (10) -  'q '  + B -  4 '5 t3 '5 :  4"F fh.
T'(10):|To--ttr x--r- - 2

32. For 1910: we wilr average the difference quotienrs obtained using the years 1900 and 1920'

F . (1900 )  -  E (1910 )  - -  48 ' 3  -  51 ' l  :  0 ' 28  and
LetA-- f f i  -10

E(le?g)-9-(1910) :w

CHAPTER 3 DERIVATIVES 36. Since f(r) : 12 sir

f ( 0 +
/ , (o): l ry.-

- l h l  <  l h l s i n l  <h -

32 The Derivatit

l, Note: Your answers

estimating the sloPe

(a)  / ' (1)  x  -2

(c) 
"f ' (3) 

= -1

L Note: Your answers

estimating the sloPe

(a) / ' (0) = -3

(c) f ' (z) = 1.5

(e) /'(a) = 0

I It appears that / is i

function-that is, /

(a)  / ' ( -3)  = 1.5
'  (c)  / ' ( -1)  = 0

(e) /'(r) = o

G) / '(3) = 1.5

(a)': II, since fron

then 0, then nep

O)': IV since fror

suddenly becon

slopes of the tat

(c)': I, since the s

function values

: JII, since fro

then positive, tl

. /  r \

l i m { h s i n i ) : t
l - o  \  n /

31,

: 0 .41 .  Then

E(t) -E(1910) 
= 

A t^ 
" 

: 0.345. This means that life expectancy at birth was increasmg

E'(1910) :  , I IH,  ̂-- ' i -  1g1g--: r -T i t n t t o  t - 1910

ar about 0.345 year f yeaf; in 1910' 
r-r ̂2^ Fr ( 1( l/2 = 0.205' So

For L950: using data for 1940 and 1960 in a simirar fashion, we obtain E'(1gb0) = [0'31 + 0'10

l i feexpectancyatb i r thwasincreas ingatabout0.205year fyear in1950.

33. (a) s,(T) is the rate at which the oxygen solubility changes with respect to the watef temperature' Its units are

(mg/L) / 'C '

(b) For f _ 16o c, it appears that the tangent line to the curve goes rhrough the points (0' 14) and (32' 6)' so

6 - 1 4
5'(16) x 6Z o

"-rr* 
'o"'*OU"' is decreasing at a rate of 0'25 (mg/L) /'C'

34. (a) s, (T) is the rate of change of the maximum sustainable speed of coho salmon with respect to the temp€raflIa

,r, :#t:T[ffiars the tansent line to the curve goes through the points (10' 25) and (20' 32)' So

Lximum sustainable sPeed o

: ---lg2o -- 1910

For T - 15 uC' it appears LIre rartsvr'" "^^- - 
um sustainable speedol

32 - 25 : o'7 (cm/s)/"C' This tells us that at 7 : rS oC' the maxrm

S ' ( 1 5 ) = 5 _ 1 s

salmonischanging atarateof 0.7 (cm/s)/.c.Inasimilarfashion 
forT:25"c'wecanusethepoints

warmer than 20 oC, the; a lmon ischang inga ta ra re  
u r t r ' r  1v r "7 " " , r ^ - ^n  

/ ^ \ /o / -  ac i f  qe tswarmer than20oC, the

(20, 35) and (25, 25) to obtain s'(25) ='# * -2 (cm/s)/ 'c' As it gets t

maximum sustainable speed decreases rapidly'

35. Since f ( ' )  :rsin(1/r) when z I 0 and /(0) :  0'  we have

f ( 0 + h ) - / ( 0 ) - r i m h s i n ( 1 / h ) - 0 : l i m ^ s i n ( l / h ) . T h i s l i m i t d o e s n o t e x i s t s i n c e s i n (
/ ' (o ) :  In f f : ; ' l ' o -  

h  h -o

takes the varues -1 and 1 on any interval containing 0. (compare with Example 4 in Section 2'2')
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36. Since f (*) : 12 sin(lf n) when r + 0 and /(0) : 0, we have

,  r (o  +  h )  -  / (o )  , , .  h '  s in ( l /h )  -  o/'(o) : lg ff 
: ;T. 

-T : I'Ib hsin(l/h)'

- lh l  < lh ls in l<W + -  lh l  < nsi , , f  < lh l  Because j '16(-  In l )

yry(n t" *) : 0 by the Squeeze Theorem. Thus, /'(0) : 0.
h - o \  h /

3.2 The Derivative as a Function

Since -1 < ,; . ,  ]  (  1, we have
h -

: 0 and 
;Tr^ lhl : 0, we know that

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

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

h was increasing

) 1 2 : 0 . 2 0 5 .  S o

Its units are

I  ( 32 ,6 ) .  So

)s past 16oC, the

r the temPerature.

20 ,32 ) .  So

ble speed of Coho

e the points

120 oC,  the

ist since sin(1/h)

t \

(a)  / ' (1)  x  -2

(c)  / ' (3)  =  -1

(a) / '(0) = -3

(c) f ' (2)  = 1.5

(e) / '(a) = 0

(a)  / ' ( -3)  =  1 .5

(c)  / ' ( -1)  =  0

(e)  / / (1)  r  0

(e)  / ' (3)  r  1 .5

(b) f ' (2)  r  0.8

(d) f ' (4)  = -0.5

(b) / ' (1)  = 0

@ )  f ' Q ) x 2
(f) / '(5) x -1.2

(b) f ' ( -2)  x L

(d) / ' (0)  x -4

g1 f '(2) x I

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

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

3. It appears that f is an odd function, so /' will be an even

function-thatis, f ' (-a) :  f ' (o).

{, 1a;'= II, since from left to right, the slopes of the tangents to graph (a) start out negative, become 0, then positive,

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

slopes of the tangents.

(c)'= I, since the slopes of the tangents to graph (c) are negative for r 10 and positive for r ) 0, as are the

function values of graph I.

(d)'= III, since from left to right, the slopes of the tangents to graph (d) are positive, then 0, then negative, then 0,
then positive, then 0, then negative again, and the function values in graph III follow the same pattern.


