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170 Chapter 2: Derivatives

Exercises 2.6

Derivatives of Rational Powers
Find dy/dx in Exercises 1-10.

1, y=2x" 2 y=x- —»
3 y=v2 4. y=45x
5. y=7Jx+6 6 y=-2Jx—1

7. y=2x +5)"'2
9, y=x(x24+1)'?

8 y= (- 6x)2”

10. y =x(x*+1)"'7?

Find the first denvatives of the functions in Exercises 11-18.

1. s=vi 12, r =6

13. y =sin[(2r + 5] 4. z = cos[(1 - 66)*7)

15. f)=1-Jx 16. g(x) =2(2x~'2 4 1)~'3
17. h(B) = YT+ cos (28) 18. k(8) = (sin (@ + 5))**

Differentiating Implicitly

Use implicit differentiation to find dy/dx in Exercises 19-32.
20. x' +y' = 18xy

2 -xy+y =1

19. X3y +xy* =6
2L 2y + i =x4y

2 x—-yP=x2-y 24, 3xy+7)* =6y
x =1 X=y
25. = —) 2 =
y x4+ 1 o x4y
27. x=tany 28. x =siny

29. x +tan(xy) =0
3L ysin(l) =|=2xy
y

Find dr/d@ in Exercises 33-36.

30. x +siny = xy

32 yzcos(i) =2x 42y

3802 4r2=]
1

2

M. r-2/8= ;02’3+;0”‘

35, sin(rf) = 36. cosr 4 cos8 =rf

Higher Derivatives

In Exercises 3742, use implicit differentiation to find dy /dx and then
d’y/dx*.

MNP+y=1 38 x4y =)
3. ¥ =x?+2 40. Y2 —2x=1-2y
4.2, /y=x~-y 2 xy+y =1

43, If x* + y* = 16, find the value of @’ y /dx? at the point (2, 2).
44. If xy + y* = 1, find the value of dy/dx* at the point (0, —1).

Slopes, Tangents, and Normals
In Exercises 45 and 46, find the slope of the curve at the given points.
45 ¥ +x3=y"-2x at (=2,1)and (-2,-1)

46. P +y)P=(x-y7 a (1,0 and (1,-1)

In Exercises 47-56, verify that the given point is on the curve and
find the lines that are (a) tangent and (b) normal to the curve at the
given point.

47. x2+xy - ),z =1 (2,3)

48 X’ +y* =125 (3,-4)

9. X’y =9, (-1,3)

50. ¥ —2x—4y—1=0, (-2,1)
5L 6 +3xy+ 2y  + 1Ty -6 =0,
52. x? - VAxy+2y' =5, (V3,2
53. xy+msiny=2x, (l,m/2)
54, (/4,7 (2)
55, (1,0

56. x*cos’y —siny =0, (0,7)
57,

(—1,0)

xsin2y = ycos 2x,

y=2sin(wx — y),

Find the two points where the curve x? + xy + y* = 7 crosses
the x-axis, and show that the tangents to the curve at these points
are parallel. What is the common slope of these tangents?

Find points on the curve x* + xy + y* = 7 (a) where the tangent
is parallel to the x-axis and (b) where the tangent is parallel to
the y-axis. In the latter case, dy/dx is not defined, but dx/dy is.
What value does dx/dy have at these points?

The eight curve. Find the slopes of the curve y* = y* — x? at
the two points shown here.

59.

olve all
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EXAMPLE 13 The first four derivatives of y = x* — 3x? + 2 are

derivatives First derivative: y' = 3x? - 6x
yn uy pﬁmcn y» n’v doublc mmc" Swond dcrivalivc: y” — 6x - 6
d'y 4 — " Third derivative: y'=6
— uared y uare o
x2 E “ Fourth derivative: y¥ = 0.
y" "y uiple prime” The function has derivatives of all orders, the fifth and later derivatives all being
y* *y super n" zero. .
d‘y “ \ad
dx*® d to the  of y by dx to the n Solve as much as you can
Exercises 2.2
Derivative Calculations Find the derivatives of all orders of the functions in Exercises 29 and
In Exercises 1-12, find the first and second derivatives. . < 4
2 » X 3y X
Ly=-x*+3 2 y=x*° +8 P = — — =X — , Y= —
R LA Bymoy = gk Y= 120
3os=5-3 4 w=37"-77+217
453 S8 g s Find the first and second derivatives of the functions in Exercises
e Y = —— S Se RS 31-38.
LAY 3 X 6. v 3 + 5 + 3
47 P45 -1
7.:4::3:.‘2-—l 8.s=-2f"+f,- M= Ros=—pg—
z t2 :
s 2 2 g
9, y =67 —10x —5x? 10. y =4 —2x —x73 13, r=(8 l)(03+0+l) Al (x +x)(x‘ x+1)
11 r——l---s- 12r"'12 4+l - ;
T 32 2 T8 8 e

In Exercises 13-16. find y' (a) by applying the Product Rule and
(b) by multiplying the factors to produce a sum of simpler terms to
differentiate.

B.oy=03-)—x+1D 4, y=(x—-1)x*+x+1)

15, .v=(.x’+1)(x+5+1) 16. y=(x+l)(1-1+|)
X X X

Find the derivatives of the functions in Exercises 17-28.

35, w=(|+3z)(3-z)

»
“~

 r= (552) (55

3. w=0z+Diz-1Z+1)

¢ +3
(g—1D+{g+1)

38 p=

Using Numerical Values
39. Suppose u and v are functions of x that are differentiable at

2x 45 2x+ 1 x = 0 and that
17. y= 5 18. = ——
3= S W) =5, W(0)=-3, v)=-1, v()=2.
- =1 . N
19, g(x) = 105 20, f(r)y= Fri—3 Find j)e values of th; following derivatives at x = ;)
d sv
2L v=(1 =)(1 + 3! 22, w=(2x-T)""(x+5 — —_ — - — TV —
v=( \/E(T ) u ;r l) (x+5) a) () b) - dx(u) &) —(v-2u)
S - X +
23, _—— Y R T ) " . : b
fls) NS i i 40, Suppose u and v are differentiable functions of x and that
s _|+I-4.,/; Ro— i 7 u(l)=2, w(l)=0, v(l)y=35 vi(l)=-1,
o x =il 7‘5+ Find the values of the following derivatives at x = 1.
1 (x + Dix +2) d d d sv d
2. y= = —_— — b} = == —(Tv —2u
g (2= Dixt4x41) 4 (x = 1Dix—2) 2) dx(“v) ) dx v) £ dx (u) d) dz( ! )
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dy d?
l.£=—2x.‘—1—;_—2
3. %: 15¢* — 15¢%, j% = 30t — 60¢°
S.j-—::-=4x2—l. j-i-{:z;x
7.’;—‘:=—6z'3+12. ‘%’:13{‘—%
9. %:le—lO+le“3. 3—1’5' =12 -30x~*
o B R 3 dr 2 5

S DNHEAT DI
ds 353 2527 dst st 3

1
13, y'==5x*+12x*-2x -3 15, y’=3x2+[0x+2_;

. -19 , x4+ x+4
V-YeG—y P¥9=Grosr
dv 1*=2-1 1
A. —=—""— B f)= ———
dt — (1+12)? RDd'e) VIS +1)?

1 —4x* —3x* +1
25, vV =—— +2x73 21y =

i Y = o rx+ 1)
29. y=2x=3x—1, y'=6x2 -3, y" = 12x, y¥ =12,
y® =0forn=>5
3. ¥y =2x—Tx72, Y =2+ 14273

dr d*r
33 — =307, — =-—120"°

de de?

dw d*w

38, — ==z2-1, —
dz > dz?

= 22-3

dp 1 1 5, s &p 1 1 %
37 i 6q+6q +477 a2’ = 6 59 S5q
39.a) 13 b) =7 ¢) 7/25 d)20 4l a) y=—%+§

bym=-4at(0,1) c¢) y=8x—15,y=8x+17
43, y=4x,y=2 45.a=1b=1c=0 47.a) y=2x+2,
dP nRT 2an®
2,6) 49. — =—
.450) V- W_mp Vv
51. The Product Rule is then the Constant Multiple Rule, so the latter
is a special case of the Product Rule.
T

3. 3 3 572 d oy _ " -1
55. a) 5% b) 5x ¢) 5x7% d) dx(x )_2.:




