EXERCISE SET Graphing Utility

]
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1-8 Find dy/dx. B

Loy=4x" 2 y=-3x"

3.y=3x3+2x+1 4.y=§(x4+7)

5.y=n° 6. y=+2x + (1/4/2)
2

7. y=—3G"+2x-9) s.y=x;'1

9-16 Find f'(x).
9 fx)=x"+ i,
X
1L f(x) =-3x"* +2/x
e, 1 e
13. fix)=x +';—J'ﬁ 14. f(x)=‘/;

15, f(x) =322+ 1?2
16, f{x) =ax*+bx*+cx+d (a,b, ¢, d constant)

10, () =3+ -
12, flx) =Tx"% —5/x

17-18 Bind y'(1). &

3/2 2
17. y =522 =3x +1 18, y =21
X
1920 Find dx/dt.
2
19 x=f—1 20, x = 1
3

21-24 Find dv/dx|;=|. B

2L y=1+x+x24+x3+x4 +5°
x4+ 45t x sE
= ~

23, y = (1 =)L+ +x)(1 + 2%
24, y = x% 4 2x'2 + 3x% + 4x6

22, y

25-26 Approximate f'(1) by considering the difference quo-
tient FA+R) = F(1)

h
for vatues of & near 0, and then find the exact value of f'(1) by
differentiating.

25, f)y=x*—3x+1 26. f(x) = %

27-28 Use a graphing utility to estimate the value of f'(1) by

zooming in on the graph of f, and then compare your estimate
to the exact value obtained by differentiating. B
xt+1 x 4 2x3/7

. 28, flx) = 7

29-32 Find the indicated derivative. B
d

29, —[16¢2
P t[ 1

27. f(x) =

30. ig—, where C = 2ar
dr

31 V'), where V=mr? 32, %[20:" + ]

33-36 True-False Determine whether the statement is true or
false. Explain your answer, &

33, If f and g are differentiable at x = 2, then

=@ -8

x=2

d
E[f(x) —8g(x)]

34. If f{x)is acubic polynomial, then f'(x) is a quadratic poly-
nomial.

35, If f'(2) = 5, then

;—[‘U(x) +24 = i[4J‘(76) + 8]
X dx

=4f(2)=20

x=2 x=2

36, If f(x) = x*(x* — x), then
I _ i 2 i 4 _ — 3
ey =11 —ix 2] = 2x(4x? = 1)

37. A spherical balloon is being inflated.
(a) Find a general formula for the instantaneous rate of
change of the volume V with respect to the radius 7,
given that V = 7.
(b} Find the rate of change of V with respect to r at the
instant when the radius is r = 5.
d [uo + a8

38. Find — | 22012
Mol 2o

39. Find an equation of the tangent line to the graphof y = f(x)
atx = —3if f{—3) = 2and f(-3) =5.

40, Findanequation of the tangent line to the graphof y = f(x)
atx =2if f(2) = -2 and f'2} = —1.

] (Ao is constant).

41-42 Find y/d=*. &

41, () y=7x* =522 +x M y=12x*-2x+3

©y=22 @ y= G2 =305 +x)
2 @ y=4"-5>+2x (B y=3x+2
© y=" @ y=—5H2x+3)

43~44 Find y”. ®

43. (a) y=x"3+x° (b) y=1/x
() y=ax’ +bx +c (a,b,cconstant)

44, () y=5x"—4x+7 ) y=3x2+4x"1+x
© y=ax*+bx?+c {a,b,cconstant)

45, Find
(@) £"(2), where f(x) =3x* -2
2
® 22| wherey = 6x° —4x?
dx? x=1
a
(© H[" ]x=]
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EXERCISE SET Graphing Utility

1—4 Compute the derivative of the given function f(x) by (a)
multiplying and then differentiating and (b) using the product
rule. Verify that (a) and (b) yield the same result. B

L fxX)=x+D2x—-1) 2 fix)=0Ex*-DE24+2)
3. fE =G+ D=1
4 f)=x+DE—x+1)

5-20 Find f'(x). ®
5. f(x) = (3x*+6) (2x — 1)
6. F(x)=Q2—x-3NT+x%
7. fx) =@ +72 -2 +x7H
1 1
8. fx)= (; + x_l) 323 +27

9, FX)=Gx-2DE2+2x+4)
10. f(x) = (x* + x)(x? —x)

x+4 x—-2
W79 =337 2=
x? 2t 45
13. f(x) = P 14. f(x) = —
2 Dix =1
15. f(x) = M’%Ll
2—x

17. fx)=(2x+1) (1 + %) x24T

18, f(x) = x7 (2 4+ 2004 — 32" + 1)
19, fx) =G +2x—-37% 20, fx) =2 +1)°

21~24 Find dy/dx|,=;. ®

2x—1 4x +1

21, y= 2 y=——

Y= %¥s TEE s
3x+2 -5 7 2 fx—1

. Y= 1 24, y=(2x"' -
23. y (x )(x + 1) y={2x —~x°) |

25~26 Use a graphing utility to estimate the value of f/(1) by

zooming in on the graph of f, and then compare your estimate
to the exact value obtained by differentiating, =
x x2—1
P x4l
27. Find g'(4) given that f(4) = 3 and f{4) = =5.

@ s =i ® g =L2

28. Find g'(3) given that f(3) = —2 and f’(3)2= 4,1
@ g =32 —5f(0) () g(x) = -
Fix)
29. Inparts (a)-(d), F(x) is expressed in terms of f(x) and g(x).
Find F'(2) giventhat f(2) = =1, f'(2) =4, g(2) = 1, and
g'(2) = 5. '

25, fix) = 26. f(x)=

(a) F(x) =5f0x) +2g(x) (b) F{x) = flx} —3g(x)
(e} F{x) = fx)g(x) (d) Fx) = fx)/g(x)

30. Find F'(n) giventhat f(z) = 10, f{7) = -1, g(z) = —3,
and g'(7m) = 2.
(@) F(x) =6f(x)—35g(x) (b) F(x)=x(fx}+gix))

(©) Flx) =2f(x)glx) @ F(x) = 41(;;:)

3136 Find all values of x at which the tangent line to the given
curve satisfies the stated property. &

2 2

x° =1 x“+1
. = H i 3 " = H h i
3.y P} horizontal 32, y Py orizontal
41 .
3.oy= 1 ; parallel to the line y = x
+3 . .
34, y= —2; perpendicular to the line y = x
1 . .
3B.y= oy 4; passes through the origin
2x+5
36. y = il +2 ; y-intercept 2

EQCUS ON CONCEPTS

37. (a) What should if mean to say that two curves intersect
at right angles?
{b) Show that the curves y = 1/x and y = 1/(2 ~ x)
intersect at right angles.
38. Find all values of @ such that the curves y = a/(x = 1)
and y = x? — 2x + 1 intersect at right angles.
39. Find a general formula for F”(x) if F(x) = xf(x) and
F and f7 are differentiable at x.
40, Suppose that the function f is differentiable everywhere
and F{x} = xf(x).
(a) Express F”(x) in terms of x and derivatives of f.
(b For n > 2, conjecture a formula for F™ (x).

41. A manufacturer of athletic footwear finds that the sales of
their ZipStride brand running shoes is a function f(p) of the
selling price p (in dollars) for a pair of shoes. Suppose that
F(120) = 9000 pairs of shoes and f'(120) = ~60 pairs of
shoes per dollar. The revenue that the manufacturer will
receive for selling f{p} pairs of shoes at p dollars per pair
is R(p) = p - f(p). Find R'(120). What impact would a
small increase in price have on the manufacturer’s revenue?

42. Solve the problem in Exercise 41 under the assumption that
F(120) = 9000 and F/(120) = —80.

43. Use the quotient rule (Theorem 2.4.2) to derive the for-
mula for the derivative of f(x) = x™", where r is a positive
- integer.



/ The Derivative

(See page 174 for answers.)

t/ QUICK CHECK EXERCISES .

1. Find dy/dx. :
(a) y =sinx (b) y=cosx
{c) y=tanx (d} y =secx

2. Find f/(x) and f7(=/3) if f(x} = sinx cosx.

EXERCISE SET Graphing Utility

3. Use a derivative to evaluate cach limit.
sin{% -;h) -1 ®) lim cse(x + k) —cscx

@ I}I—IPD h—0 h

1-18 Find f'(x). #
1. f(x)=4cosx +2sinx 2. f(x) = x%. -+ sinx

4. f(x) =2sin’x

—Ccosx sinx
6 F(x) = oo
X* +sinx

8. F(x)=(x*+ Dsecx

3. flx) = —4x®cosx

5
S f= 5+ sinx

7. Flx) =secx —/Ztanx

9. f(x) =4cscx —cotx

11. f{x) =secxtanx

cotx
13. f@x) = 1+escx

15. f(x) =sin®x +cos’x

10. f(x) =cosx —xcscx

12, f{x) =cscxcotx

¢eCx
W 0=

16. f(x) = sec’x —tan’x

sinxsecx (x%+ 1)cotx
17. = — 18. = =
Fx) 1+ xtanx 1) 3—cosxcscx
19-24 Find d%y/dx*. ®
19, y=xcosx 20. y =cscx

21. y=1xsinx —3cosx 22, y=x"cosx +4sinx

23. y =sinxcosx 24, y=tanx

25, Find the equation of the line tangent to the graph of tan x at

(@ x=0 by x =n/4 @) x =—n/4,
26. Find the equation of the line tangent to the graph of sinx at
@x=0 byx=m (©) x =n/4.

27. (a) Showthat y = xsinx isasolutionto y” + y = 2cosx.
(b) Show that y =xsinx is a solution of the equation
¥y + vy’ = —2cosx.
28, (a) Show that y == cosx and y = sin x are solutions of the
equation y” 4+ y = 0.
(b) Show that y = Asinx + Bcosx is a solution of the
equation y” + y == 0 for all constants A and B.

29, Find all values in the interval [—2m, 2x] at which the graph
of f has a horizontal tangent line.

(a) f(x)=sinx
(©) f(x)=tanx

) f(x)=x+cosx
(d) f(x) =secx

31. A 10 ft ladder leans against a wall at an angle @ with the
horizontal, as shown in the accompanying figure. The top
of the ladder is x feet above the ground. I the bottom of
the ladder is pushed toward the wall, find the rate at which
x changes with respect to & when 6 = 60°. Express the
answer in units of feet/degree.

-7 4 Figure Ex-31

32. An airplane is flying on a horizontal path at a height of
3800 ft, as shown in the accompanying figure. At what rate
is the distance s between the airplane and the fixed point
P changing with respect to 8 when 8 = 30°? Express the
answer in units of feet/degree.

s A Figure Ex-32

33, A searchlight is trained on the side of a tall building, As the
light rotates, the spot it illuminates moves vp and down the
side of the building. That is, the distance D between ground
level and the illuminated spot on the side of the building is
a function of the angle # formed by the light beam and the
horizontal (see the accompanying figure). If the searchlight
is located 50 m from the building, find the rate at which D
is changing with respect to # when 6 = 45°. Express your
answer in units of meters/degree.

30, (a) Use a praphing utility to make rough estimates of the
values in the interval [0, 27] at which the graph of
¥y = sinx cos x has a horizontal tangent line.

(b) Find the exact locations of the points where the graph
has a horizontal tangent line.




FOCUS.ON CONCEPTS

5. Given the following table of values, find the indicated
derivatives in parts (a) and (b). .

3| s 12| 5] 7
5 3 | -1 |12 4

(a) F'(3), where F(x) = f(g(x))
(b) G'(3), where G(x) = g(f(x))

6. Given the following table of values, find the indicated
derivatives in parts (a) and (b).

-1 31 2 | 3

2 0 4 i ~5

(a) F'(-1), where F(x) = f(g(x))
(b) G'(—1), where G(x) = g(f(x))

7-26 Find f'(x).
7. fx) = (x> +2x)*7

A 1
o f<x>=( —;) W I =iy
4

11. f(x) = m 12. f(x) = vx-” —2x+5

13, f(x) =vV4++/3x 4. fixy= 12+ /%

8 flx) =G24+ 20— 1)6

15. f(x) = sin (é) 16. f(x) = tan J/x
17. f(x) = 4cos’x 18. f(x) =4x +5sin*x
19. F(x) = cos?(3./%) 20. F(x) = tan*(x%)

— 20,7 —nnd [ X
21. f(x) =2sec*(x") 22, f(x) =cos (x+ 1)

23, f(x) = /cos(5x) 24. f(x) = v 3x — sin’(4x)
25, f(x) = [x + cse(x® +3)] 7
26. f(x) = [x* —sec(x® = 2)]7*

27-40 Find dy/dx. B

27, y = x% sin®(5x) 28, y = /xtan®(/x)

L o Snx
29. y = x¥sec(l/x) 30. y sec(3x + 1)
31 y = cos(cos x) 32. y = sin(tan 3x)
. 1 + csc(x?)
33. y = cos’(sin 2x) Wy ="t

35. y=(5x +8)7 (1 — /%) 36, y = (x2 +x)sindx
=53 1+x0\"

7. y= Boy=["2

7y (2x+1) Y (1—x2)

3
y= -(%%% 40, y = [1 +sin’(x%)]?

39,

The Chain Rule 179

4142 Use a CAS to find dy/dx. =

41. y = [xsin2x + tan* (x7)°
(7 — Wi+ 5)

x3 +sinx

42, y =tan* (2 +

43-50 Find an equation for the tangent line to the graph at the

specified value of x. ®
43, y=xcos3x, x =71

44, y = sin(l +x*), x = =3

45, y=se&:3 (g—x), X = ——;E

1 3
46'y=( _;),x=2 4’7.y=tan(4x2),x=ﬁ
8, y=x2/5-%%, z=1

48. y =3cot*x, x = -E

x=0

X
50. y= ,
J 1= x2
51-54 Find d%y/dx®. &
51 y = xcos(5x) —sin®x 52, y =sin(3x?)

1
53 y= L+x 54, y = xtan (—)
1—x X

55~58 Find the indicated derivative. B

. d
55. y = cot*(w — 6); find d—;

6

E

56. o= (%) ind 2 (@, by, d constants).
cu +d du

57. di [acos? ww + bsin® mw] (g, b constants)
()

58, x = cs¢? (g— - y); find

dx
dy’

59, {2) Use a graphing utility to obtain the graph of the function

fx) = x4 = x2.

(b) Use the graph in part (a) to make a rough sketch of the

graph of f'.

(c) Find f'(x), and then check your work in part (b) by

using the graphing utility to obtain the graph of f".

(d) Find the equation of the tangent line to the graph of f

at x = 1, and graph f and the tangent line together.

60, (a) Use a graphing utility to obtain the graph of the function

f(x) = sinx? cos x over the interval [—x/2, z/2].

(b} Use the graph in part (a) to make a rough sketch of the

graph of f' over the interval.

(¢} Find f'(x}, and then check your work in part (b) by
using the graphing utility to obtain the graph of f/ over

the interval.

(d) Find the equation of the tangent line to the graph of f at
x =1, and graph f and the tangent line together over

the interval,



