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m Exercises

1. & curve bas equation y = £ x). [—0.5, 0.5]. What do you notice about the curve as you zoom
{a) Write an expression for the slope of the secant line in toward the ongm?
through the points A3, F(3)) and (Nx, Ax)). - .
. . . 3 (a) Find the slope of the tangent line to the parabola
{(b) Write an expression for the slope of the tangent line at £ y=4x — x* at the poiat (1, 3)
2. Graph the curve y = sin x in the viewing rectangles [ -2, 2] {1} using Defimtion 1 {1} using Equation 2
by [-2.2].[-1. 1] by [-1,1], and [-0.5, 0.5] by (b} Find an equation of the tangent line m part (a).

Graphiugulculmmmpmrequimd 1. Homework Hints available at stewartcaloulus.com



() Graph the parabola and the tangent line. As a check on
your work, zoom in toward the pomt (1, 3) until the
parabola and the tangent line are indiztinguizhable.

4. (a) Find the slope of the tangent line to the curve y = x — »°

at the point (1, 0)
(1) using Definiton 1 (1)} using Equahon 2
() Find an equation of the tangent line 1n part (a).
() Graph the curve and the tangent line in suceessively
smaller viewing rectangles centered at (1, 0) until the
curve and the lme appear to coincide.

5-8 Find an equation of the tangent hne to the curve at the
given polnt.

B oy=dx— 3%, (2,4 6 y=x—3x+1 (23)
x+ 1
x+2°

Ly=+r, (LD g y= (1)

9. (2) Find the slope of the tangent to the curve

F=3+ 4y — 25" at the point where v = a

(b) Find equations of the tangent lines at the points (1, 5)
and (2, 3).

{c) Graph the curve and both tangents on a commeon screen.

10. (a) Find the slope of the tangent to the curve y = 1/, at

the pomt where xr = a.

(b) Find equations of the tangent lines at the points (1, 1)
and (4,1).

(e) Graph the curve and both tangents on a common screan.

1. (a) A particle starts by moving to the nght along a honzontal

line; the graph of its position function 15 shown. When iz
the particle moving to the nght? Moving to the lefi?
Standing still?

() Draw a graph of the velocity function.

5 (meters)
<

6 ¢ (seconds)

12. Shown are graphs of the pesition fimetions of two runners, A

and B, who mn a 100-m race and fimish m a te.

5 (maters)
0 A/’;-J—
L]
40 =
A IE
D] 4 8 12 t(seconds)

(2) Desenbe and compare how the mnopers mm the race.

13.

14.

15.

16.

1.

18.

19.
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(&) At what time 15 the distance between the runners the
greatest?

(c) At what time do they have the same velocity?

If a ball 15 thrown into the air with a velocity of 40 ft/s, it
height {m feet) after ¢ seconds 15 given by y = 40¢ — 1645
Find the velocity when ¢ = 2.

If a rock 15 thrown upward on the planet Mars with a velocity
of 10 m/s, its height (in meters) after f seconds is given by
H=10¢ — 1867

(a) Find the velocity of the rock after one second.

(&) Find the velocity of the rock when r = a

(2} When will the rock hit the surface?

(d) With what veloecity will the rock hit the surface?

The displacement ( in meters} of a particle moving 1n a
straight line is given by the equation of motion 5 = 1/,
where r iz measured m seconds. Find the velocity of the par-
ticle at imes f = a, = 1,¢= 2 and ¢ = 3.

The dizplacement (in meters) of a particle moving 1o a
straight line is given by s = * — 8¢ + 18, where ¢1s mea-
sured in seconds.

(2} Find the average velocity over each time interval:

(1) [3.4] (i) [3.5.4]
(i) [4.5] () [4,4.5]

(t) Find the instantanecus velocity when ¢ = 4.

(e} Draw the zraph of s as a function of ¢ and draw the secant
lines whose slopes are the average velocifies in part (a)
and the tangent line whose slope is the instantaneous
veloeity in part (b).

For the function g whose graph 15 given, arrange the follow-
ing numbers In inereasing order and explam vour reasoning:

0 g2 glm  gi2) gl4)

y=gix)_—

Find an equation of the tangent line to the graph of y = glx)
atx =5ifgl5) = =3 and g'(5) = 4.

If an equation of the tangent line to the curve y = fx) at the
point where @ = 2 is y = 4x — 5, find A(2) and F(2).

. If the tangent line to y = F{x) at (4, 3) passes through the

point {0, 2), find f14) and (4).
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2. Sketch the graph of a function f for which 0} = 0,
foy=3, A1) =0, znd F(2) = —1.
22 Sketch the graph of a function g for which
g) =g(2) =g =0,91) =g'3) =0,40) = g'4) = 1,
g'[23 =—1,lm, s gfx] = o, and hm, . 1+ glx}) = —o,
. Ifflx) = 3x° — &%, find (1) and use it to find an equation of
the tangent line to the curve y = 3x* — x* at the point (1, 2).
2. Ifgix) = x* — 2, find g'(1) and use it to find an equation of
the tangent line to the cwve y = & — 2atthe point (1, —1).
B, (2) M = 5x/(1 + x7), find FY2) and use it to find an
equation of the tangent line to the curve y = 3x/(1 + x*)
at the point (2, 2).

m (b} Nlustrate part {a) by graphing the curve and the tangent

lne on the same screen.

6. (2) If C(x) = 4x* — x°, find Ca) and use it to find equations
of the tangent lines to the cwrve y = 4x* — x* at the
points (2, 8) and (3, 9).

Eﬁ (b} Nlustrate part {a) by graphing the curve and the tangent

lnes on the same screen.

27-32 Find 1a).

. Ax)=3x" —dxr+ 1 B AH=20+«¢

2t+ 1 .
A A0 = T3 0. fx)=x
—_— 4
N Ax)=,T—2x 2 fx) = —
W1 —x

33-38 Each hout represents the derivative of some function f at
some mumber 4. State such an £ and a in each case.

wo__ :_,- + -2
g LB -1 w p JETE -2
=7 h =i h
X bl —
% lim % lm 2L
—5 xr— 5 .r:.'-ix—-wlu"4
:n.]immsh'r+h}+1 nh_m;"1+e‘—3
= h i~ ¢—1

39-40 A parficle moves along a straight line with equation of
motion 5 = (i), where 5 15 measwed in meters and ¢ in seconds.
Find the velocity and the speed when ¢ = 5.

0. A) =100 + 500 — 49/ W0 =¢"—z

4. A warm can of soda is placed m z cold refrigerator. Sketch the
graph of the temperature of the soda as a function of tume. Is
the initial rate of change of temperature greater or less than
the rate of change after an hour?

42. A roast twrkey 15 taken from an oven when its temperature has
reached 185°F and is placed on a table m a room where the
temperature 15 75°F. The graph shows how the temperature of

the twkey decreases and eventually approaches room tempera-
ture. By measuring the slope of the tangent. estimate the rate
of change of the temperature after an hour.

TF)
200

P
—

of 30 &0 90 120 150 ¢ (mim)

43, The pumber N of US cellular phone subsenbers { m millions)
15 shown i the table. (Midyear estimates are given )

f 1004 100g 2000 2002 2004 2006

N 44 6% 109 141 182 233

{a) Find the average rate of cell phone growth
(1) from 2002 to 2006 (1) from 2002 to 2004
(1) from 2000 to 2002
In each caze, mclode the units.

{b) Estimate the instantanecus rate of growth mn 2002 by
taking the average of two average rates of change. What
are 1ts unats?

{c) Estimate the instantaneous rate of growth in 2002 by mea-
suring the slope of a tangent.

44, The mumber V' of locations of a popular coffechouse cham 1s

ziven m the table. (The numbers of locations as of Oetober 1

are grven.)

Year 2004 2005 2006 2007 2008

N 8569 10,241 12,440 | 15011 | 16,580

{a) Find the average rate of growth
(1) from 2006 to 2008  (un) from 2006 to 2007
(1) from 2003 to 2006
In each caze, mclode the units.

(b} Estimate the instantaneous rate of growth in 2006 by
taking the average of two average rates of change What
are its umis?

{c) Estimate the instantaneous rate of growth in 2006 by mea-
surng the slope of a tangent.

{d) Estimate the mtantanecus rate of growth in 2007 and com-
pare it with the growth rate m 2006, What do you concluda?

45. The cost (in dellars) of producing x units of a certain com-

modity is ({x) = 5000 + 10x + 0.05x".

{a) Find the average rate of change of { with respect to x
when the production level is changed
(1) from x = 100 to x = 105
(1) from x = 100 to x = 101

(b} Find the instantaneous rate of change of ' with respect to
xwhen x = 100. (This 15 called the marginal cost. Its sig-
nificance will be explained in Section 2.7}



4B. If a cyhndrical tank holds 100,000 gallons of water, which can
be dramed from the bottom of the tank m an hour, then Tormn-
celli’s Law gives the volume | of water remaining in the tank
after f minutes as

W = 1000001 — &4°

Find the rate at which the water 15 flowing out of the tank (the
instantaneous rate of change of I with respect to ) as a func-

tion of . What are 1ts umits? For times ¢ = 0, 10, 20, 30, 40, 50,

and 60 mm. find the flow rate and the amount of water remain-
ing in the tank Summanze your findings in a sentence or two.
At what time 15 the flow rate the greatest? The least?

41, The cost of producing x ounces of zold from a new zold mine
is &= flx) dollars.
(a) What is the meaning of the derivative {x)? What are its
units?
(b) What does the statement F{200) = 17 mean?
(e) Do vou think the values of x) will increase or decrease
m the short term? What about the long term? Explain.

48, The number of bactena after + hours in a controlled laboratory
expariment i n = ).

(a) What is the meaning of the dervative £5)? What are its
units?

(b) Suppose there 15 an unlmited amount of space and
nutrents for the bacteria. Whach do wyou think 15 larger,
£(3) or £110)7 If the supply of nutrients is limited, would
that affect your conclusion? Explamn.

49, Let 7T be the temperature (in °F) in Phoenix ¢ hours after
midnight on September 10, 2008, The table shows values of
this funetion recorded every two hours. What 15 the meaning of
T'(8)7 Estimate its value.

] 0 2 4 ] ] 10 12 14

T g2 75 T4 75 g4 oo o3 o4

50. The quantity {in pounds) of a gowrmet ground coffee that 1=
sold by a coffee company at a price of p dollars per pound
is 0= flp).

(a) What is the meaning of the denivative £8)? What are its
units?
(b} I= E) positive or negative? Explain.

51. The quanfity of oxygen that can dissolve in water depends on
the temperature of the water. (5o thermal pollution influences

SECTION 2.1 DERIVATIVES AND RATES OF CHANGE 113

the oxygen content of water.) The graph shows bow oxygen

solubility 5 varies as a funchion of the water temperature T~

(a) What is the meaning of the derivative 5( 7)7 What are its
umits?

{b) Estimate the vale of 5'(16) and interpret it.

5
(me/L)

o 5 16 24 32 40 TEO

Idapied from Eovromentzl Scevce Living Within e Systou
of Miature, el ; by Charles £ Eupchalia, £ 1522, Raprinied by
permizsion of Prentice-Hall, Inc., Upper Saddie Rier, K.

82, The graph shows the influence of the temperature I on the
maximum sustainable swimming speed 5 of Coho salmon.
(a) What is the meaning of the derivative 5(7)? What are
its units?
(b)) Estimate the vales of 5(13) and 5'(25) and interpret them.

5
(cmys) P
l / h
B T Teo

53-5 Determine whether £(0) exists.

1
rsm— if x#0
x

Bl flx) =
0 if x=10
2oin L if x#0
xtsin— x
By flx) = x
0 if x=10




