m Exercises

1-2 Use the given graph to estumate the value of each derivative
Then sketch the graph of /*

1. (a) £1-3)

3. Maich the graph of each function m (a)—(d) wath the graph of
itz derrvatve in I-IV. Give reasons for vour choices.
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Graphing calculator or compater required 1. Homework Hints available at stewartcalculus com
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4-11 Trace or copy the graph of the given function f. (Assume that 13. A rechargeable battery 1s plugged into a charger. The graph

the axes have equal scales.) Then use the methed of Example | to shows C(¢), the percentage of full capacity that the battery
sketch the graph of /" below it. reaches as a function of time ¢ elapsed {1m howurs).
a . {a) What iz the meaning of the denvative (47
| : | (b} Sketch the graph of C'(¢). What does the graph tell vou?
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¥ 14, The graph { from the US Department of Energy) shows how
1. v 8 - driving speed affects zas mileage. Fuel economy ' is measured
) -~ . in miles per gallon and speed v 15 measured m miles per hour
N e {a) What is the meaning of the dexivative F(v)?
/ \\ // (b) Sketch the graph of F"(r).
[ 5 | CI - (c) Atwhat speed should vou dnve if you want to save on gas?
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15, The graph shows how the average age of first mamage of
Japanese men vaned m the last half of the 20th century.
0 ¥ Sketch the graph of the derivative function M'(r). During
- which vears was the denvahve negative?
M
12. Shown is the graph of the population function /) for veast + L o
cells i a laboratory culture. Use the method of Example 1 to 7l —
graph the derivative /*(f). What does the graph of /* tell us e o
about the yeast population? T
254
Py (yeast cells)
I ) - 1960 1970 1980 1990 2000
P
T /
L / 16. MMake a careful sketch of the graph of the sine fuimction and
T below it sketch the graph of its denvative in the zame manner
] t y y T (hoars) as in Exercizes 4-11. Can you puess what the denvative of the
3 o 15 sine fanchon 15 from 1ts graph?
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11. The unemplovment rate {/¢) varies with time. The table
(from the Bureau of Labor Statistics) gives the percentage of
unemploved i the US labor force from 1999 to 2008,

17, Let fAlx) = 2
(2) Estimate the values of £(0), £'(L), £(1), and £(2) by
usmng a graphmg device to zoom 1o on the graph of £

- w1 —

(&) E'j :s_:.['IEI:jetry to dednce the values of I [ ._}: fi—1), ¢ i ' e
(e} Use the results from parts (a) and (b) to zuess a formmla 1990 42 2004 5.5
for {x). 2000 40 2005 51

(d) Use the definition of derrvative to prove that your guess 200t 4.7 2006 4.6
in part (¢) is corect. 2002 | 58 || 2007 | 4

2003 6.0 2008 58

_
FH 8. Let 7o) = ' (a) What is the meaning of L(¢)? What are its units?

(2) Estimate the values of £(0), £7(2), £(1), (2), and £(3)

Construct a table of estimated values for L7(4).
by using a graphing device to zoom mn on the graph of £ (&) Cons 3 fable ot values for [/'(9

(%) Use symmetry to deduce the vales of //(—z), (—1), 3. Let A7) be the percentaze of Americans under the age of 18
F(—2), and £1{—3). at time ¢ The table zrves values of this function in census

() Use the values from parts (3) and (b) to graph wyears from 1950 to 2000,

(d) Guass a formmla for £x).

() Usa the defimtion of dermative to prove that your guess t A r Fin

in part (d} iz comrect. 1950 | 311 1020 | 120

1960 357 1000 257

19-2 Find the dervative of the function using the defimition of 1270 340 2000 257
denvatrve. State the domain of the function and the domain of 1=
derivative. {a} What is the meaning of /*{ /)7 What zre its umnits?
19, A =1 -1 M. Fix) = mx+ b {b) Construct a table of estimated values for F(r).
S {c) Graph Pand /*.
H. A =5t — 9t 22 fld) =15 —x+37 (d) How would it be possible to zet more accurate values
for P(e1?
) 1
B fly=x -2¢ 2 gld = I 35-38 The graph of £ is given. State, with reasons, the numbers
N at which £ 1s not differentiable.
f _x-l 3, 36.
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30. (a) Sketch the graph of f(x) = /& — x by starting with the ™, AN Ve
graph of y = ./x and using the transformations of Sec- .-"f PR P yd
ton 1.3. +—+ I:D + “-' +—+ |;.r' — M
(b} Use the graph from part (a) to sketch the graph of I -2 I'. / 4 /;' -2 J 0 2 x
(c) Use the definition of a denvative to find £{x). What are ,,’; ; i
the domains of fand /7 -
m (d) Use a graphmg device to graph ' and compare with vour
sketch i part (b). ] 38, Graph the function f{x) = x + ‘-m Foom in repeatedty,
. first toward the point {—1, 0) and then toward the origm.
N (@) If flx) = x° + 2x, find (). What i= different about the behavior of f in the vicinity of
G5 (b} Check to see that your answer to part (a) is reasonable by these two points? What do you conclude ahout the differen-
companng the graphs of fand /. tiability of 7
Eﬂ 8. Zoom in toward the peints (1, 0), (0, 1), and (-1, 0) oo
I (3) Bflx) = x + 1/x find /'{x). the graph of the function g{x) = ix* — 1}*". What do you
G5 (b} Check to see that your answer to part (a) is reasonable by notica? Account for what vou see in terms of the differen-

companng the graphs of fand /. fiabdlity of g



41. The figure shows the graphs of £, /7, and F°. Identfy each
curve, and explain vour choices.

42. The figure shows graphs of £, [, ", and /™. Identify each
curve, and explain your choices.
abcd
¥i

43, The figure shows the graphs of three functions. One 15 the posi-
tion function of a car, cne 15 the velocity of the car, and one 15
its acceleration. Identify each curve, and explam vour cholces.

¥

44, The figure shows the graphs of four funchons. One 15 the
position function of a car, one 15 the velocity of the car, one is
its acceleration, and one 15 1ts jerk. Identify each curve, and
explam your chowces.

¥
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[F] 4586 Use the definition of 2 dermvative to find () and F(x).

Then graph £, f', and ™ on a common sereen and check to see if
YOuUr answers are reasonabla.

85 flx) =3 +2x+ 1

8% ) =x" —3x

- ' [ 47, If Alx) = 2x* — &%, find F'(x), F(x), F7(2), and F9x).

Graph f, /7, ", and /™ on a common screen. Are the graphs
consistent with the geometric mterpretations of these
denivatives?

48. (2) The graph of a posihon function of a car 15 shown, where 5
15 measured 1 feet and ¢ in seconds. Use it to graph the
velocity and acceleration of the car. What 15 the accelera-
tion at £ = 10 seconds?

(b) Uze the acceleration curve from part (a) to estimate the
jerk at £ = 10 seconds. What are the units for jerk?

49, Let f{x) = Jx.
(a) If a # 0, use Equation 2.1.5 to find Ma).

(b) Show that £(0) dﬂes not exist.
{c) Show that y = 4'x has a vertical tangent line at (0, 0).

(Fecall the shape of the graph of /. See Figure 13 m
Section 1.2.)

50. (a) If g(x) = x>, show that ¢'(0) does not exist.

(b) If a # 0, find g'(a).
{c) Show that y = ™" has a vertical tangent line at (0, 0).

ﬂﬂ (d) Mhustrate part (e} by graphing y = x*".

51. Show that the function f{x) = |x — 6| 15 not differentiable
at & Find a formmla for " and sketch its graph

52. Where is the zreatest mteger function f{x) = [ x] not differen-
tiable? Find a formula for /" and sketch itz graph.

B3 (a) Sketch the zraph of the function flx) = x|x|.
(b) For what values of xis f differentiabla?
{c) Find a formula for .
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54. The left-hand and right-hand derivatives of / at a are defined

by
F(2) = Tim fla+ b — fla)
Bl h
and £i(a) = lim Mla+ b — fla)
B0t h

if these limits exist. Then {a) exists if and only if these one-
sided derrvatives exist and are equal.
(2) Find ' (4) and 7, (4) for the finction

0 if x=0
Ax) S—x f0=<x=4
x) =
3 if x =4
—x

(b) Sketch the graph of 7.

57.

(c} Where 15 [ discontinnous?
(d) Where 15 I pot differentiable?

Recall that a function fis called even if A{—x) = fix) for all
x1n its domam and odd if —x) = —F(x) for all such x. Prove
each of the following.

(a) The derivatrve of an even function 15 an odd function

(k) The derivatrve of an odd function 1= an even function.

. When vou twm on a hot-water faucet, the temperature T of the

water depends on how long the water has been running

(a) Sketch a poszible graph of I ac a function of the time f that
has elapsed since the faucet was tuned on.

(b) Describe how the rate of change of T with respect to ¢
varles as / lncreases.

(e) Sketch a graph of the denvative of 1

Let £ be the tangent line to the parsbola y = x* at the point

(1, 1). The angle of inclination of £ is the angle ¢ that £ makes
with the positrve direction of the x-amis. Caleulate & correct to
the pearest degree.



