150 Chapter 2 Differentiation

136. () (&' - fB) = /&" + /&' - f& - & ®) (&) = (& +r&)
=" - /% True ="+ 18+ fE+ [
=g+ 2/¢ + &
% fg" + g False -

137. 2] = (1) (o)i)]

= %[ f (x)g(x)]h(x) + [ (x)g(x)ﬁ'(x)

= [/®e'@ + @) + F@e( ()
= ['(%)g(=)A(x) + 1()g n(x) + f(x)g(x)(x)

Section 2.4 The Chain Rule

y = f(g(x) u = g(x) y = f(u)
1L y = (5x - 8)° u=5x-8 y=u
2. y= 1 u=x+1 y = uV?
Vx o+ 1
y=~x-7 u=x -7 y:JE
4. y = 3tan(7zx2) u = nx? y=3tanu
5 y=csc®x u = cscx yv=u
. 5x .
6. y = sin— u = — Yy =sinu
2
T y=(4x-1) | 12. g(x) = V4-35 = (4-32)"
Y = 3dx - 1)°(4) = 12(4x - 1)° () = Ya - 3V Plen) - 3%
= ~ 3\
b= 13, y=6x+1=(6x2+1)"
y = 5(4)(2 - x3)3(—3x2) = —60x2(2 - x3)3 ,
oo b -2/3 4x 4x
2 3 3 Y = —(6x + l) (12x) = = -
= 60x (x - 2) 3 v (6x2 + l) \3/(6x2 + 1) ,
9. = 3(4 - 9x)*
gx) = 3(4 - 9) W f()=Nx - v 2= (s -ax+2)"

g'(x) = 12(4 - 9x)°(=9) = ~108(4 - 9x)’

, 1/, -1/2 x -2
%)= (x?—dx+2)(2x—d)= 222
76) 2( * ) ( ) Vxt—4x+2

10. 7)) = (9 + 2"

7 = %(9: + 27(9) = UthTz 15 y =249 - 2 = 29 - )"
e
1 () =~5-1=(5-1) 4
70 = 3697 = 2 RS
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Section 2.4 The Chain Rule 151

6. f() = Y12x =5 = (125 - 5)" 24, f(x) = x(2x - 3)’
1 s 4 Uy - ~ 5V (2) - (0y — 5V
) = 2020 - 5P = ——— J(x) = x3)(2x - 5)(2) + (25 - 5)°(1)
; . (125 - 5" = (2x - 5)[6x + (2x - 9)]
: v’y = (x = 2)-I =»(2x - 5)2(8x -5)
-2 -1
V= -1(x - 2)7(1) = (x - 2)2 » 25. y = \/1___,;— ( )I/z
: ' = x 2 e x x? V2
) - - - Sl N
- - 2 -1/2 5 1/2
() =-(4-5 - tz)_z(—s - 21) = =x(1- _7/2) +(1-)
_ o S+u U+ = (1-+) [‘ﬁ (- XZ)J
(4-5t-2) (2+50-4) oo
0= -3 .
70) = 20 -3 = 2 oy griens
= =1 2(1( 20+ (16 - #)"
. Y =372 {16 -
y == “3(t - 2)—4 —x(3x“ - 32)
-2 N SN ex o
‘ )_5 - B 2\/16~x 2316 - &2
y=12(t-2)" = (-2 :
i i/2 e \/xz +1 i (XZ + 1)1/2
vy = - = {3x + 5 .
N o 90 oS e
;1 -3/2 = 2
-—(3x + 5)7°(3) Y [( 2 1)1/2]2
2(3x_+ 5)3/2 _ ( 2y 1)/ AZ(XZ + 1)—1/2
_ __—3___ x4+ 1
2\/(3): + 5)3 _ ( L l)gl/z[x2 +1 - xz]
X+ 1
)= == (-9 " e
1t o -3 (x* 1)/ \/(xz +1)
g = —5(12 -2) ()
o / | 28, 5 = 4" -
- 2)3 i ’ 12 12
L y,=(4 70 - et + 4) (00
, -2 _x +4-2xx=+:-; _ 4y
109 = ¥ - 2)4 (x“ N 4)3/2 (x“ + 4)3/2 \/(x“ + 4)3

If

*4(x = 2°0)] + (x - 2)'(29)

2x(x - 2) [2x + (x - 2)]

I'()

]

2x(x - 2)’(3x - 2)
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152 Chapter 2 Differentiation

- (523 (52
- x4+ x4+ 2) - (x + 5)(2%) 0 - 1-—2v2(1+v)(—2)—(1*2v)
g(x)=2(x2+52)( (iuz)z 7o 3(1”) (t+vy
_ 2+ 5)2 - 10x - x) - —9(51:‘;:)2
(x2 + 2) '
~2(x + 5)(x? + 10x - 2) 5 (3x2 - 2)3
= 3 - gx) =
(x> +2) 2x +3
o () = o 33— 2)[ (@ + 3)(6x) - (332 - 2)(2)
30, h(t):[t3t+ 2] , ‘?’() (2x+3) (2x + 3)

3322 - 2)2(6::2 +18x + 4)

i _ o2 Y (E+2)2) - (3%) = Y

") - 2[13 + 2] (2 +2) (22 )
6(3x? - 2) (35> + ox + 2)

_ 24 - 1) _w(-7) = 213

(t3 + 2)3 (t3 + 2)3
((x2 + 3)5 + x)z
2((x2 + 3)5 + x)(S(x2 + 3)4(2;) + 1) |

2[10x(x2 +3) 4 (2 3+ 10x3(x? 4 3)" x] = 20x(x* + 3 + 2(x% + 3)° 4+ 2047(x? 4 3)' 4 24

3. f(x)
fAx)

]

3
34. g(x) = (2 +(x* + 1)4) ’
, ) OCToae 3 5 3 ) 4\2
g'(x) = 3(2 + (x + 1) ) (4(x + 1) (2x)) = 24x(x + l) (2 + (x + l) )
35.y=\/2;+1 36. y = 2x
x° +1 x +1
o _ 1= 3x% — 4x¥2 J = 1
2\/;(x2 + 1)2 A N 2x(x + 1)3/ : ’
The zero of ' corresponds to the point on the graph of y ¥' has no zeros.

where the tangent line is horizontal.

o
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x+1

X

2x(x + 1)

Jx -1+ /x+1

W
AN
X

i}

1

1

‘?'(’f) NS RN

g"has no zeros.

coswx + 1
x
—zx sin rx — cos rx — 1

x2

]

x sin rx + cos rx + 1

X2

y N &:ﬁi\ o

o

o
(Sf
——
]
o)

2 1
.y = x° tan —
x
d
Yoo oox tan-l-— secz-l-
dx x X

6

L l_i:,f”"'
=i

-6

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

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

41.

42.

43.

44,

45.

46.

47.

48.

(@

(®)

y

’

y
¥(0)

Section 2.4 The Chain Rule

sin x
COS x
1

1 cycle in [0, 27]

y

’

Yy
'(0)

sin 2x
2 cos 2x
2

2 cyclesin [0, 27]
The slope of sin ax at the origin is a.

sin 3x

(a) y

y
¥(0)

3 cycles in [0, 27]

3 cos 3x
3

® ¥

7=(5)()
y(0) =3

Half cycle in [0, 27]

]

2.

=
/TN
N | &
N——

The slope of sin ax at the origin is a.
y = cos 4x

iy- = -4 sin 4x
dx

sin 7x

i

d
2 = 7 cos mx
dx

g(x) = 5tan 3x -
g'(x) = 15sec? 3x

h(x) = sec(xz)

H(x) = 2x sec(xz)tar;(xz)

y = sin(mc)2 = sin(ﬂ2x2)

y' = 008(7[2)62)[27f2x] = 27%x cos(n‘zxz)

= 27%x cos(m:)2

y = cos(l - 2):)2 = cos((l - Zx)z)

¥y = =sin(l - 2x)’(2(1 - 2x)(-2))
= 4(1 - 2x)sin(l - 2x)’

153
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154

49,

50.

51.

52.

53.

54.

58.

64.

65.

Chapter 2 Differentiation
h(x) = sin 2x cos 2x
H(x) = sin 2x(-2 sin 2x) + cos 2x(2 cos 2x)
= 2cos?2x — 2 sin?2x
= 2cos 4x
Alternate solution: h(x) = 1 sin 4x

H(x) = L cos 4x(4) = 2 cos 4x
2(6) = sec 16 tan 19
g'6) = sec(%e) secz(%e)% + tan(%ﬁ) sec(%@) tan(%ﬁ)%
%sec(-%&)[secz (%9) + tanz(-zLH)]

cot x COs x
Sx) = —= =2 5
sinx  sin? x
, sin’ x(~sin x) - cos x(2 sin x cos x)
I(x) = —
sin® x
_ Sin’x —2cos’x -] - cos? x
sin® x sin® x
cos v _
g(v) = =CcOosV-sinv
csc v

= cos v(cos v) + sin v(~sin v)

= cos? v — sin?y = cos 2

4 sec?x

8secx - sec xtan x = 8sec? x tan x

= 5cos’zt = 5(cos nt)*

10 cos 7t(~sin 7t)(rr)

w\

_—~

o
"

1]

~107(sin 7¢)(cos zr)

~57 sin 27t

f(6) = tan® 56 = (tan 56’
f(6) = 2(tan 56’)(se02 5(9)5 = 10 tan 58 sec? 50

cosy/sin(tan 7x)

fi

¥

1l

Vxt+ 8x = (x2 + Sx)llz, @ 3)

2(x + 4)

y——.

56.

57.

58.

59

60.

61.

62.

63.

x+ 4

Y = —;—(xz + Sx)-m(Zx +8) =

1+4 5

JErs) T

Y1) = -;-

Z(x2 + Sx)vz B \/x2 + 8x

g(6) = cos® 89 = (cos 8)°

g'(6) = 2(cos 86)(~sin 86)8 = ~16 cos 86 sin 86
J(6) = ;sin? 26 = L(sin 26)?

7(6) = 2(L)(sin 26)(cos 26)(2)

sin 26 cos 26 = % sin 46

fl

fi

h(t) = 2 cot*(nt + 2)
H(r) = 4 cot(zr + 2)(—cscz(7rt + 2)(7r))

= =4x cot(mt + 2) csc?(nt + 2)

f(t) = 3sec*(nt ~ 1)
S(t) = 6 sec(nt - 1) sec(zt - 1) tan(mt — 1)()
_ Sz sin(mt - 1)

— 7

= 67 sec®(m - 1) tan(ms - 1) T <)
. cos*(mt ~

y=3x-5 cos(mc)2 = 3x - 5cos(7r2x2)

% =34 SSin(nZ;cZ)(anx) = 3 + 107x sin(zx)’

y=+x+ %sin(Zx)2 =Vx - %Sin(4x2)

% = %x—lﬁ + i—cos(4x2)(8x) = —2% + 2x cos(2x)2
y = sin x' + (sin x)"

~
|

' = cos x 3(%):-'2/ 3) + %(Sin x)—mcos x

_ 1ljcosx'? L _Cosx
Y 2/3 . 273
3 x (sin x)

sin(tan 2x)

=%
it ]

" = cos(tan 2x)(sec'f 2x)(2) = 2cos(tan 2x) sec? 2x

. 7 sin/Sn{tan 7} cos(t 5
V' —sinm . %(sin(tan 7x)) Vzcos(tan mx) sec? mx(z) = 7 siny/sintan 7z) cos(tan 1) sec? zx

2\/sin(tan 7x)
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Seciion 2.4 The Chain Rule 155

y = (3x_~, . 4){)“‘5, (2,2) 71y = 26— sec’ 4x, (0, 25)
’ a2 2 .
1/, 3 415, . . y = —3sec” 4xsec 4x tan 4x 4
-y = —{3 4 9x~ + 4 .
y 5( r x) ( * ) = —12 sec” 4x tan 4x
_ 9x? + 4 _ ¥(0) = 0
5(3x° + 4x)
j;’(Z) _ % 72, y = %4— Jeosx = x7 + (cos x)I/:, (%, ;Z;J
. oo 1 -y, 1 sin x
,_ N Vo= =y w (eos x) T (=sin x) v - e
100 = = 30 -2 (-] ’ S
o , ¥'(2)is undefined.
ol 3 20 2 ~15x
/) = -D(x \ 2) (3A ) 3 _9) L . 1B
(“ - ) 73. @)y f(x) = (2x— - 7) . {49
60 3 .

() = s =% 7 = Hox? = 7)) = =22
‘ 100 s () = 5( ) () N

8

I S A B 1 @) =-=

- (x* - 3::)2 (=) (4’ 16] 3

Tangent line:

- _22x —
fx) = —2()‘2 —3x) 3(2):-—3) = (jz(j?)x;s) y=-5= %(x—él) =8 -5y-7=0
5 b — °
f’(4) Y N, (4.53.{'
32 "
-6 \l‘ 'ﬂ/ 6
0= 0-2) 7
() - (t - 1)3) - (3 + 2)(1)
2
(-1 74. () f(x) = -;—x X245 = gx(x2 + 5)'/2, (2,2)
_ 3 -3-+-3t-2
(t - l)2 f'(x) = é—x[—;-(xz + 5)—”2(2x)} + l(xz + 5)”2
-5
= —*— 5 _ —i——*‘ 1 -
‘- WEET AL
7(0) =5 y 4 1 13
‘ 7'(2) o 30 = 5 .
fx) = 252 (9,1
; 2x -5 V7 Tangent iine:
) = (2x = 5)(1) - (x + 4)(2) y -2 = E(A -2)= i35 -9y -8=0
(25 - 5Y >
=2x—5—2x—-8 (b) e 7
(2x - 5 j
R A "
T (x- ) 4
13 1
'3 9 = e =
10) = et =
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156 Chapter 2 Differentiation

5@ y=(a+3), (-11)
Y =245 + 3)(1252) = 24x(4x° + 3)
y’(—l) = =24
Tangent line:
y-l=-24x+1)= 24x+ y+23 =0
(® 1

a3

76. @ f(x) = (9 - x2)", (1,4)

f(x) = -;-(9 - x2)~l/3(“2x) = 3(9 :4:2)1/3

m=_——2 __2
f(l) - 3(8)113 3

Tangent line:
y~4=—§(x—l):> 2x+3y-14=0
(C) B

o

77. (@) f(x) = sin 2x, (z,0)
S(x) = 2cos 2x
[(z) =2
Tangent tine:
y=2x-7)>2x-y-27=0
(b :

£

¢
<
'/\.s i, 0 j,,-. \'-‘
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78.@)  y=cosin |Z-Y2
4" 2
Yy = -3sin 3x
(n) : (3;:] 332
Yi—l=-3sin|—|=—C
4 2
. V22 n
Tangent line: y + = = -z
2 2 4
-3V2 32 2
TR T

(b) 2

ol

7. (a) f(x) = tan’x, [%, 1)

S(x) = 2 tan x sec? x

f’(%) 21)(2) = 4

Tangent line:

1]

y—l=4[x—%)=>4x—y+(l—7r)=0

(®) 4

-
¥

(1)

\qr

-4

80. (a) y = 2 tan’sx, (%,2]
Y = 6tan’x - secx
y'(%J = 6(1)(2) = 12
Tangent line: ;
y—2=i2(x—%)=>12x—y+(2—37r)=0

(® 3

i
op




: Section 2.4 The Chain Rule 157

=25 -5 =(25-)" (3,4 . i e
81-‘”f( ) 1 2 ( )_x 82. f( ) \/_2——x2 l ](2 ) ’ (1’ 1)
e R 6

Vi forx > 0
L | (2 - )
SO =3 0 - 2

Tangent line: Tangentline:y —1=2(x - 1) = 2x -y -1 =0

it

]

3
y_4=—z(x—3)::>3x‘+4y—25=0

§3. f(x) = 2cosx +sin2x, 0<x <27
S(x) = =2sin x + 2 cos 2x
= -2sinx + 2 - 4sin’x = 0

2sin*x +sinx-1=0

(sinx +1)2sinx-1) =0
sinx = 1 = x = 2%
. 1 T S
sinx = — = x=—, —
2 6 6
Horizontal tangents atx = f_’ XT—, B
6 2 6
Horizontal tangent at the points (Z[—, 3—\/—3-: R (3—”, OJ, and z, _Eﬁ
6 2 2 6 2
3
. 1(x) = —= 86. f(x) = 6(x" + 4)
| e :/2 12 /(=) = 18(x3 + 4)2(3x2)v= 54x2(x3 + 4)2
76) = (2x - )" = x(2x - 1)
o 2x — 1 77(x) = 542(2)(x* + 4)(3x?) + 108x(x"_+ 4)°
= ﬁ = 108x(x* + 4)3x° + x> + 4]
o1 = 432,1:():3 + 4)()«'3 + I)
T o )” .
L | 87, f(3) = —— = (x - 6)"
== x=6
(2x—1)/ (5) = —(x — 6)°
f(x) = ~(x - 6)

2

Horizontal tangent at (1, 1)
oo

/'(x) = 2x - 6)” =
85 () "
1)
(%)

52 - 7x)°
20(2 - 7x)’(=7) = -140(2 - 7x)’
~420(2 - 7x)}(~7) = 2940(2 - 7x)’

il

I
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158 Chapter 2 Differentiation

8. 7(x) = ___8_2 - 8(x - 2)—2 89. f(x) = sin x?
(x-2) J(x) = 2x cos x
f(x) = -16(x - 2)-3 S(x) = 2x[2x(—-sin xz)] + 2 cos x2
I(x) = 48(x - 2)™ = (x_‘jng = 2(cos x? - 2x* sin x2)

sec?zx

90. 1 (x)
F'(x) = 2sec zx(rr sec 7x tan 7zx)
= 27 sec? zx tan 7x
7(x) =2z secz;'rx(sec2 ﬂx)(ﬂ) + 27 tamzx(Zn sec? 7zx tan ﬂx)
= 27% sec* zx + 4n’sec? zx tan? 7x
= 27% sec? 7tx(sec2 7x + 2 tan? 7rx)
= 27% sec? ﬂx(3 sec? zx - 2)

O rx)=43x+1), (1, %)
K(x) = 130x + 1)°(3) = 3x + 1)°
H'(x) = 2Bx + 1)(3) = 18x + 6
H'(1) = 24

The zeros of " correspond to the points where the graph

@
1
&.’
~—~~~
5
-
1
Tow
+
N
1]
=
+
S
~
=
«N
L
[\) P
N——
1

/(%) = *'2“(" + 4)*3/2 of f'has horizontal tangents,
96. ¥
"(x) = > 512 3 \
7 =39 4(x + 4)7 0
3 7
"0) = —_
70) = 73 A
-1
93. f(x) = cosx%, (0,1) N
f ,(x) = —-sin( )(Zx) - “Jxsin 'xz) il

Jfis decreasing on (~oo, -1) so /" must be negative there.

S"(x) = —=2x cos(x?)(2x) ~ 2 sin(x? :
( ) ( )( ( ) fis increasing on (1, oo) so /" must be positive there.
= ~4x? cos(xz) -2 sm( )
f"(O) =0 97.
9. g(t) = tan 21, [% \/5)
g')=2 sec?(21)
g"(e) = 4sec(2r) - sec (2f) tan(2¢)2
= 8 sec’(27) tan(2r) .
) The zeros of f” correspond to the points where the graph
g"(%) = 323 of fhas horizontal tangents.
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of f has horizontal tangents.

L@ el) = () -2 = g0 = 1)
®) A = 27() = K() = 2/°(x)

So, you need to know f(~3x).

(@—4ﬂ0—b(9=
A1) = 37G) = (4) = 12
(@ s(x) = f(x+2) = s(x) = />~ 2)
So, you need to know f(x + 2).

s'(=2) = /(0) = —%, etc.

102. (@) f(x) = g(x)h(x)
7'(x) = g()H(x) + g'(x)r(x)
7(5) = (-3)(-2) + (6)3) = 24
® f(x) = g(h(x))
J'(x) = g(h(x)i ()
7'(5) = £B3)(-2) = -22'(3)

© 1) = ((—g

, h(x)g'(x) - g(x)K'(x)
£ = 2
T )
_B)6) - (=3)(=2) _
)3 9 3
@ 1) = [e®)]
/@) = [eT ek

7(5) = 3(=3)(6) = 162

The zeros of /' correspond to the points where the graph

© r(x) = /(3x) = r(x) = S(3)(-3) = -37(=3%)

Not possible, you need g'(3) to find 7°(5).

Section 2.4 The Chain Rule 159

99. g(x) = f/(3%) |
g(x) = /3x)0) = g'(x) = 3/(3%)

100. g(x) = f(xz)
g'(x) = f'(xz)('lx) = g'(x) = 2xf’(x2}

x -2 | -1 0 1 2] 3

f(x) 4 231 |2] 4

g'(x) 4 2412 4

H(x) 8 P02 2|4 -8
(x) 12 1

s'(x) - % —i -2 | «
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160 Chapter 2 Differentiation

103. (a) h(x) = f(g(x)). g(1) = 4, (1) = -1, 7(4) = -1
#(x) = 1(e()e'(x) ,
0 = 7(eM)e') = r(@)e'() = (-1)-4) = L
®) s(x) = g(/(x)), £(5) = 6, 1(5) = -1, g'(6) does not exist.
sx) = &(/(x) /(%)
s'6) = g(f(5)'(5) = g(6)-1)

5'(5) does not exist because g is not differentiable at 6.

104. (a) h(x) = f1 (g(x)) 108. y = A cos wt
H(x) = f '(g(x))g'(x). : (2) Amplitude: 4 = 222 =175
HB3) = 1 '(g (3))g ©B) =716 = ’;‘ y = 1.75 cos wt
(b) s(x) = g(f(x)) Period: 10 = o = ?—Oﬂ = %
s() = & (7(x)7'(») —
’ ’ 1 ’ Yy = 1. Cos —
s0) = £(70)70) = g6)2) = (-1)(2) = -2 5
y b) v=y = 1.75[-5 sin ﬂ] = —0.35z sin =
105. (a) F = 132,400(33] - v) 5 5 5
, -2 132,400 . . e . -
F" = (~1)(132,400)(331 - V) (-1) = = 109. (2) Using a graphing utility, you obtain a model similar to
(331 - ) T(t) = 56.1 + 27.6 sin (0.48¢ — 1.86),
When v = 30, F' ~ 1.461. @
(b) F =132,400(331 + v)” LR
P L]
F' = (-1)(132,400)(331 + v) *(-1) = =L32:400 o’ "
(331 +v) )
O 13
When v = 30, F' ~ —1.016. o
) 100
106. y = Jcos 12 - L sin 121 ‘,.\
v = = Y-125in 12/] - {12 cos 124] AN
= —4sin 12¢ — 3 cos 12¢ o 1
When ¢ = 7/8,y = 0.25ftand v = 4 f/sec. ’
The model is a good fit.
107. 6 = 0.2 cos 8¢ (©) =

The maximum angular displacement is@ = 0.2 (because

1 < cos 8 < 1), . ,L_\_\_\:_w o
6 g

—~ = 0.2[-8sin 8/ = —1.6 sin 8 7
dt ~20

When ¢ = 3, d6/dt = —1.6 sin 24 ~ 1.4489 rad/sec. T'(t) ~ 13.25 cos (0.48¢ — 1.86)

d) The temperature changes most rapidly around spring
p
(March-May), and fall (Oct—Nov).

110. (a) According to the graph c'(4) > ).

(b) Answers will vary.
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(9+2° 1331
4800(4) 19,200

(@ [f'(x) = Pcos fx
S "(x) = —f*sin Bx
S"(x) = =B cos fBx
= f*sin fx

~
=
|

© /) = () ﬂ“ sin fx
f(Zk'I)(x) = (-—l)k”ﬁ“" cos fBx
- (@) Yes,if f(x + p) = f(x)forall x, then

S'(x + p) = f(x), which shows that 1" is

periodic as well.

Because f” is periodic, so is g'.

N = 400/1 - —3—7 = 400 - 1200(¢? + 2)'2
(2 +2)
\ -3 4800t
N(t) = 2400(£% + 2) "(21) = ———
‘ 0 ( ) (t2 + 2)3
(@) N'(0) = 0bacteria/day
- 4800(1) 4800
N'(l) = ——% = —— =~ 177.8 bacteria/da
® M) a+20 27 y
e N(2) = (4 800(2))3 = %1969 ~ 44.4 bacteria/day
(@) N'(3) = 48003) - 14400 10.8 bacteria/day

() N'(4) = 16+ 2) T 3.3 bacteria/day
- (f) The rate of change of the population is decreasing as
{ —> oo,
.
a V =
@ T
k
7(0) = 10,000 = =k
©) Jo+1
= \lﬁfﬁ = 10,0000 + 1)
t+
av 1 -2 5000
(b) — = 10,000(——)t +1 =
dt 2+ (¢ + 1"
(1) = 53?0 ~1767.77 dollars/year
© ¥'(3) = :‘iszﬂ = :%O_O_Q = —625 dollars/year
. f(x) = sin fx

() f"(x) + B*f(x) = =B sin Bx + B*(sin fx)

(b) Yes, if g(x) = f(2x), then g'(x) = 2/"(2x).

Section 2.4 The Chain Rule 161

115. @) ~(x) = /(g(x))g'(x)
F(1) = (e()e'()
0

Note that g(1) = 4 and /(4) = _2.“_2

Nl

3
4
Also, g'(1) = 0.So, r(1) = 0.

®) s'(x) = g(7(x))f'(x)
s(4) = (/)@

Note that f(4) = %, g’(—;—) _6-4 %and

7@ = 550,50 = 5[ 3] - 2
116. (a) g(x) = sin’x + cos’x =1 = g'(x) = 0
g'(x) = 2sin x cos x + 2 cos x(-sin x) = 0
(b) tan’x + 1 = sec’x
glx) + 1= f(x)
Taking derivatives of both sides, g'(x) = f'(x).

Equivalently,
/(%) = 2sec x - sec x tan x = 2 sec? x tan x and

g'(x) = 2tan x - sec®x = 2 sec? x tan x, which

are the same.
117. (a) If f(-x) = - f(x), then
L7)] = Z-7)]
dx dx
S = -11()
[(=x) = f(x)
So, f'(x)is even.

() If f(-x) = f(x), then
d d
LL79] = 4 1)]
I =)0 = f1(x)

£(-5) = -1,
So, f'is odd.
8. |u|=u?
d d 1 -2
lul] = ] = 207" )
_u u 0
= ﬁ = ulz—zl’ u #

119, g(x) =|3x - 5|

g'(x) = S[EX—:—E—‘), x # %

[3x
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162 Chapter 2 Differentiation

120. f(x) =|x* - 9| © 123.(a) f(x) = tanx f(z/4) =
e ' S(x) = sec?x S(z/4) = 2
f(x) = 2x I-xT—-_zl , x # 3 ()
R(x) = 2(x - z/4) + i
121. A(x) =|x|cos x ) ]( ) )
Py(x) 5(4)(;: - 7/4)" + 2(x - n/4) + 1

2 sec® x tan x 7(z)4) = 4

K(x) = -|x|sin x +’i'cos x, x#0
x

, 2x - 7/4) + 2(x - 7/4) + 1
122, f(x) =|sin x| ®

sin x
f'(x) = cos x[ . J, x # kz

,\
N

==

-1

(¢) P is a better approximation than R.

(d) The accuracy worsens as you move away from
x = /4.

124. (2) f(x) = secx f(z/6) =

f ’(x) = sec x tan x F(/6) =

e

S"(x) = sec x(seczx) + tan x(sec x tan x) I(x/6) =

= sec® x + sec x tan? x

¢) B is a better approximation than 2.
2 pp: 1

(d) The accuracy worsens as you move away from x = /6,

125. False. If y = (1 - x)"*, then y' = 11 - 27 (-),

126. False. If f(x) = sin’ 2x, then f"(x) = 2(sin 2x)(2 cos 2x).
127. True

128. True
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