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ifx=z0

X%,
99. f(x) = x|x| = —x2, ifx <0

o= {2, 51202
2, ifx>0
f® = {—2, ifx <0

f"(0) does not exist since the left and right derivatives

are not equal.

Section 2.4  The Chain Rule

y = flglx) u = g(x)
1. y = (6x — 5) u=6x—35
2. y= . u=x+1

i+l
L.y=Jx*—-1 u=x*-1
4. y = tan(mx + 1) u=mx+1
5. y=cscx = cscx
6.y=cos3—zx u=3?x

7. y=(x-7
¥’ =3(x - 77(2) = 6(2x — 7)?

9. glx) =3(4 — 9x)*
g'(x) = 12(4 — 9x)*(—9) = —108(4 — 9x)?

1L f(x) = (9 — x?*

. 2 = 4.
116) =50 = A2 = 35
13. f() = (1 — n)'/2
)= %(1 =) (=1)=—3 ,1 _ 7

15. y= (9% + 4)1/3

6x

1
= 2 —2X3 = —————
y —13 9x2 + 4)~23(18x) Ot + 477

y = f(u)
y=u
y=u12
y=Vu
y = tanu
3=’
y = Cosu

100: @) (e’ —F8)' =R+ L8 - Fo'~1%
=K"=

®) (f)"=(fg' +f)’
="+ fe"+ 2 ¥ e

=" +2'e * e
LR

True

False

8 y=0C2+1)
y' = 4032 + 1)%(6x) = 24x(322 + 1)°

10. f(x) = 2(1 — x?)?
fx) = 6(1 = 2—20) = —12x(1 — 22

12. f(1) = (9t + 2)*3

i _ 2 = _ 6
f(f) i 3(91 + 2) ”3(9) - m
14, glx) = (3 — )12
g'lx) = %(3 — 2 =) =~ 1_ =

16. gx) =V -2+1=Vx-17=|x—1]

i) 1 el
g(x)_[—-l,x(]
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17. y =24 - )2

y'=@-R)1(-2) = - 42i P
19. y=(x-2)"!
y=-1x-2%1) = (x:—lz}z
21 f(r) = (r—3)2
fi)=-2-3)7= iist
23. y=@+2)~
% = -—%{x +2)"¥2 = _K:z_)m

25. f(x) = 2(x - 2)°
F) = 24(x — 2P(1)] + (x — 2)%(2x)
= 2x(x — 2)%[2x + (x — 2)]
= 2x(x — 2)*(3x — 2)

27, y=xJ1 —x2=x(1 — 22
5= xli%(l - _rz)—1/2(._2x)] + (1 — R)2(1)
—x3(1 — x3)~1/2 + (] — x2)1/2

=1 -2 [-x+(1-x)]
} —232
1 —

Il

J

29. y= f—le = x(2 + 1)1
y = =3+ )79 | + 2 + 1))

=202 + 1)732 + (32 + 1)-12
(2 + 1) =22 + (2 + 1)]

= m ik P
TR+ 1)

18. f(x) = —3(2 — 9x)'/4

’ ; ’ 27
PR -0 = i —sap
20. s() = (2 +3t— 1)
s(0) = ~1(* + 3¢ - 2 +3)
__—f(2+3)
TP +3- 1)y
22, y=—4(t +2)2
y'=8(t+2)73= (,f;z)a
24. g(f) s (tz _ 2)—[/2

26. f(x) = x(3x — 9)
Fx) = a303x — 9)%(3)] + (3x — 9)%(1)
= (3x — 94 9x + 3x — 9]
= 27(x — 3)%(4x — 3)

28. y=2x2/9— 2 =x9 — )2

=% 56 = A va-29] + 0 - e

= =239 — xA)7V2 + 2x(9 — x?)1/2
=x(9 = )" V-2 + 209 — 23]

_ x(18 - 32)
So-7

YT @ o

, (2 + 91P08) — 2(1/2)( + 9)~12 938
y= ©+9

_ (6 +9)7V22(x + 9) — (9/2)x°]
B ©+9

_ 18 = (5/22°] _ x(36 — 5x°)
T+ 9)3/2 2(x° + 9)32
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+ 1
x+1
gk = 3x% — 4432
Y T e 1y
The zero of y’ corresponds to the point on the graph of
y where the tangent line is horizontal.

_ 3t?
33. 80 = JE+2u-1
g 312+ 3t —2)
g0 =@ -

The zeros of g’ correspond to the points on the graph of
g where the tangent lines are horizontal.

i T

2

35 y= x: 1
,_ N+ 1)/x
YT T+ 1)

y’ has no zeros.
4
L

-2

-5 ht

37. slr) R T T

1 +1

The zero of 5 (1) corresponds to the point on the graph of s(t) where the

tangent line is horizontal.

YT e + 1)

v” has no zeros.

L

34, f(x) = Jx(2 — x)?
- 2(5x—2)

.f f(x) = 2 \[1'

The zeros of f* correspond to the points on the graph of
[ where the tangent lines are horizontal.

val

4

-3

36. y=(2—-9)i+2
i 8- 9

Y S iva2

The zero of y’ corresponds to the point on the graph of y
where the tangent line is horizontal.

L

=</

-3



Section 2.4 The Chain Rule

111

38 gx)=Vx—1+Jx+1

E/ l l
x=——+__
gW =g 2/x + 1

£ has no zeros.

cos mx + 1
3 y=——
x
dy —mxsinmwx — cos wx — 1
dx x®

_ mxsinwx +coswx + 1
N 2

X

-2

o)

The zeros of y” correspond to the points on the graph of y where the tangent lines are horizontal.

40. y= chtaml
%

& _ ) S
dx_zanx sec s

The zeros of y’ correspond to the points on the graph of

y where the tangent lines are horizontal.

41. (a) y = sinx
y'=cosx
y(0) =1

1 cycle in [0, 2]

42. (a) y = sin 3x
y'=3cos3x
y(0) =3
3 cycles in [0, 277]

43. y = cos3x

Q=—3sin3x :

- = y oe—s—1

M

(b) y = sin 2x
"= 2cos 2x
y(0) =2

2 cycles in [0, 2]

¥0) =

Half cycle in [0, 277]

4. y=sinmx

d
D _ rcos mx

dx
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45. gl(x) = 3 tan 4x

g2'(x) = 12 sec® 4x

46. h(x) = sec(x?)
h'(x) = 2x sec(x?) tan(x?)
47. £(6) = % sin? 26 = }(sin 26)? 48. g(1) = 5cos? mt = 5(cos m1)?
£1(6) = 2(2)(sin 26)(cos 28)(2) g'(t) = 10 cos me(—sin m1)(m)
= sin 26 cos 260 = sm 460

= — 107 (sin 7rt)(cos 7t) = — S sin 277t
., 5505+ % sin(2x)? 50, y=3% = 5 cos(m)? 51. y = sin(cos x)
= 3x — 5cos(m?x?) dy _ )
= Jx+ i sin(4x2) p " cos(cos x) + (—sinx)
Q-3+5 sin(7r? x2)(27r2x) " g
& ¥ g P | )& dx = —sin x cos(cos x)
o2 7 cos(4x )(8x

= 3 + 1072 sin(mx)?

s 1 2
2k + 2x cos(2x)

52. y=sinJ/x + Jsinx 53, s() = (1 + 2t + 8)/2, (2,4)
a‘ = cos/x * —x /2 + —(sm x)7 12 - cos x )= %(r’ + 2t + 8)7 122t + 2)
cosf cosx = gl
ZJ_ Jsinx V2 + 2+ 8
S'(Z) = Z
5. y=(0+495 (2,2) 5. f0)= 5= - o, (-1,-3)

v Lo 5 —4/5(042
y 5(3x + 4x) (922 + 4) ) = =302 — 4)2(32) = _%
- (o —4)
Ox=+
T 5(3x3 + 4x)V/S

F=0 = 5
v =3
S6. 1) = T = 7 = 307, (+) 5. 1) =222 (0,-2)
He) = — (52 — 33y — 3) = —22%—3) ; _(r~0(3)-(3:+2)(1)_ ~5
fx) = —2(x 35)(2x = 3) _. (2 — 3x) [ = (t—1)2 - (r—1)72
=% 1=~
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X 1

58. f0) =5 —% (2.3
ey 12 =3 — 12 =5
fa)= (2x 37 == 3
@) =-5

60. y= % + /CO0s x, (g %)

oo 1 _ _sinx
¥ X 2 /cosx

v'(7/2) is undefined.

61. () f(x) = V32 -2, (3,5)
£ = 5322 - 2 (6)

_ 3x
3E =2

3) = 2
8 =2
Tangent line:

9
y—5=§{x-3)=>9x—5y—2=0

62. @) fl) = %x\/_x_z 73, (2.2

£ = %x[%{xz + 571220 | + 302 + )12

o & ¥
“Es IS
1O =35+30 =%

Tangent line:

1
y—2=?3(x—2]:>[3x—9y—8=0

63. (a) f(x) =sin2x, (m0) -
f(x) = 2 cos 2x
fm) =2
Tangent line:

y=2x—-m=2%—-y—-27=0

¥ = 37 — sec?(2x), (0, 36)
¥’ = —3 sec?(2x)[2 sec(2x) tan(2x)]
= —6 sec?(2x) tan(2x)

y(0)=0
(b) \ 7
5 / 5
P
-3
(b) .
= /: ]
-6
(b) =2

7 e

-2
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64. (a) f(x) = tan®x, (14—1-, l)
f(x) = 2 tan x sec® x
f(f) =2()(2) = 4

Tangent line:

)'—]=4(x—jf)=>4x—y+[l—w}=0

-3+

The zeros of f” correspond to the points where the graph
of fhas horizontal tangents.

The zeros of f’ correspond to the points where the graph
of f has horizontal tangents.

—

(b) 4

NVAVAN
/

3.14

-4

fis decreasing on (—oc, — 1) so f* must be negative
there. fis increasing on (1, o) so f” must be postive
there.

4+
34

-2+
-3
-4

The zeros of f* correspond to the points where the graph
of fhas horizontal tangents.

76. y =4 cos 12t — 1 sin 121
v =y’ =4[—12sin 127] — [12 cos 127]
= —4sin 12r — 3 cos 12¢

When ¢ = 77/8, y = 0.25 feet and v = 4 feet per second.

YTCHO'0 = 01 X vTTY =

}
- =] x'_p

When v = 30, f" = —1.016.

77. 6 = 0.2 cos 8t

The maximum angular displacement is 6 = 0.2 (since
—1 < cos 8 < 1).

d

-E? = 0.2[—8sin 8] = — 1.6 sin 8¢

When ¢ = 3, d6/dt = — 1.6 sin 24 = 1.4489 radians per
second.

J P st =

i
[EU!SE—]SLI =L=a(@

s .
‘.—ESOOSLI =L

§ _ oIl

—_—— e = M &~ T ‘DIA]



