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SECTION 2.5 THE CHAIN RULE = |

2.5 | THE CHAIN RULE

I Click here for answers. I Click here for solutions.

1-4 = Write the composite function in the form f(g(x)). [Identify |- x
the inner function u = g(x) and the outer function y = f(u).] Then 24, y = cosz< >
find the derivative dy/dx. L+

I y=(x*+ 4x + 6)° 2. y = tan 3x 25. y = /1 + tan(x + (1/x))

3. y = cos(tan x) 4. y =31 + x? 2\ -2
] [] [] [ ] ] L] [] [ ] ] ] [] 26. p(t)_|:<1+t> +3t:|
5-29 = Find the derivative of the function. 8

27. N(y) = (y + 3y + \/m)

5. F(x) = (x* — 5x)* 6. f()=0r*+6t+1)3

1
7. g(x) = Vx* = Tx 8. fl)= @ — 21— 5) 28-34 = Find an equation of the tangent line to the curve at the
given point.
< 1 >3/2 1 8
9. h(t) =t — — 10. y = sin—
28. y=—F———, (4,2
t X y m, ( s )
1. G(x) = 3x — 2)"°(5x*> —x + 1) 29. y =sinx + cos2x, (w/6,1)
(32 _ )0
12. g(t) = (6:* + 5°%(° — 7)* 30. y = (x ¥+ x—-1D% (1,0
e\ - 31y = Vx ¥ (70, (1.42)
13, F(y)=<y+7> 4. 50 = \[ 5 N -
yl RN
X
15. f(z) = m 16. f(x) = m 33. y= cot’x, (m/4,1)
17. y= /1 + 2tan x 18. y = sin’x + cos’x
, 5 34-37 = Find f’ and state the domains of fand f'.

19. y = sin“(cos k 20. y = (siny/x% + 1)¥

y = sin’( %) y = (sinyx ) 34. f(x) = x?sec’3x
21. y = cos?(cos x) + sin*(cos

J (cos x) in(cos x) 35. f(x) = siny/2x + 1
2. f(x) =[x + 2x — P

£ = [¥ + @x = 1] 6. 19— Vo T

23 g(0) =Y =30t + 1 37. f(x) = cosy/x + /cos x
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2.5 | ANSWERS

A Click here for exercises.

2. 3sec’3x

X2

4. W
5. F'(x) = 4(x* — 5x)°(3x> — 5)
6. /(1) = —16(2t> — 61 + 1)°(2t — 3)

1. 10(x* + 4x + 6)*(x + 2)

3. —sin(tan x) secx

7. g'(x) = 2x — 7 8. ['(1) = 8(1 — 1)
A W (t* — 2t — 5
1 1
9. h'(t) =3 — 1/0"*( + 1/ 10. y = — cos —
x x
1. G'(x) = 6(3x — 2)°(5x* — x + 1)'"(85x% — 51x + 9)
12. g'(¢) = 12t(61* + 5)*(* — 7’91 + 5t — 21)
39(y — 6)*
13. F'(y) = ———+—
©) (y+ 7
4. 5'0) = = ARSI
o0 2\ +1 #—1)7
14 — 3x
’ _ _ 2 _ —6/5 ’ —
15 f'2) = =22z — 1) 16. f'(x) = 27 = 30"
_— sec’x 18, ' = 3si (si )
LY = — . y' = 3sinxcosx (sinx — cosx
Y V1 + 2tanx Y
19. y' = —ksin kx sin(2 cos kx)
S F 1
20. y' = ﬁx(sin\/xz + l)ﬁﬂ%
2.y =0 22. f'(x) = 9[x* + 2x — 1)’ (9x* — 8x + 2)

23. g'(t) = [(1 = 30" + *T*[* = 3(1 — 317)]

= el )

1
x*=1) secz<x+
, X
Y=
) 1
2x 1 + tan| x + —
X

24.

EN

25.

B Click here for solutions.

26. p'(1) = —2[(1 +2/)"" + 367 [2(r + 2) 2 + 3]
27. N'(y) = 8(y + 3y + 2y = 9)
[1+3 v (14

28 y=—2x+4 29 y=—Lyr+1+8

30. y=0 3l.y=.2

32 y=39x— 80 33 dx+y=m+1

34. f'(x) = 2xsec’3x (1 + 3xtan 3x),

{x |x# (2n — 2)g, nan integer} (both f and f")

35. f'(x) = 7‘3"5%{?,

dom(f) = [~3. ). dom(f") = (=3, )

sin +/x

36. f'(x) = —4\/;\/(?@7,

dom(f) = {x|0 <x< 7/4or
[(4n — Dm/2])? < x < [(4n + D 7/2]?
for some n € {1, 2,3, .. .}},

dom( f") ={x\0 <x< w¥4or
[(4n — Dm/2]? < x < [(4n + 1)7/2]?
for some n € {1,2,3, .. }}

37. f(0) = - Slzn\/‘/; - 72\5/1:0%,

dom(f) ={x|0<x=<m/2o0r
@n—m/2<x< @n+ )m/2
forsomen =1,2,3,...},

dom(f") ={x|0 <x < ®@/2o0r
@dn—1Dm/2<x<@n+ )m/2
forsomen =1,2,3,...}

1

V2y =9

)
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2.5 | SOLUTIONS

SECTION 2.5 THE CHAIN RULE =

A Click here for exercises.

. Letu =g (z) =2” + 4z + 6andy = f (u) = u®.
Then
dy dy du

_ ayadu 4
de dudaci(s)u )(2x+4)

— 5(a? + 4z +6)" 2z +4)
= 10(x2+4x+6)4(x+2)
2. Letu=g(z) =3zandy = f (u) = tanw. Then

dy _ dy du

2o~ dud :(aec u)(3)*3aec 3z.
x u dx

3. Letu =g (z) =tanxand y = f (u) = cosu. Then

dy _ dy du
dr  dudx

4. Letu=g(z) =1+2andy = f (u) = u'/3 Then

dy _ dydu _, 33
dr  dudz 3" (3x)

2
3\ —2/3 9 x
- () e =

5. F(z) = («° — 5ac)4 =
F'(z) = 4 (x3 — 5x)3 diac (x3 — 5z)

— 4(2® —5z)" (3% — 5)

6. f(t)= (2> —6t+1) " =

J(t) = =8 (26 =6t + 1) " (4 — 6)

— —16(26* =6t +1) " (2t —3)

1. g(x) = Va2 — Tz = (2? —795)1/2 =

g/(x):%(x2—7x)71/2(2x—7):%

AN S NP VRS
s.j(t)f(ﬁ_%_mélf(t 2—5) " =

f’(t):—4(t2—2t—5)*5(2t_2):(t28_(127t—t)
9. h(t)=({t—1/t)"? =

R(t) =2 (¢ —1/6)"% (14 1/¢2)
10, y =sin— = y *coal(—é>*—%cosé

= (—sinu) (sec2 x) = —sin (tan ) sec? .

. G(x) = (32 —2)"° (5x2 —x+ 1)12 =

G (z) = 3z—2)"° (12) (5 x? — x4 1) (10x— 1)

+10(3z—2)° (3) (527 —z+1) "
~6(Bz—2)° (52> —z+1)"
[2(3z —2) (102 — 1) + 5 (52° —x + 1)]

63z —2)” (52> —z 4+ 1) (852 — 5l 4 9)

12. g (t) = (62 +5)° (£ -7)" =

g (1) = (682 +5)° (4) (©* = 7)° (367

+3(662 +5)" (12t) (£ = 7)"
— 12t (662 +5)° (¢ = 7)* [t (66% +5) + 3 (¢* — 7)]
= 12t (6¢% +5)° (¢* = 7)" (9¢° + 5t — 21)

15 F(y) — (y—_6>3 =

y+7

oy o f(Y=6\ D)= (y—6)(1)
F(y)73(y+7> (W +7)

L (y—=6\> 13 39(y—6)°
73(y+7> w+7* W+

341
14. s (t3 >

—3/4 o2 3 2
s/(t):l 241 3% (1° — 1) — (7 +1) (3t%)
4\’ -1 > —1)°
LB\ 3
2\3—1 153_1)2

5. f(z) = (22-1)° =
f@)=-t@-1)"@Q=-22:-1)"

16 f () = Ze=
y VT =3z —x (1) (7—32) /2 (-3)
f (x) B 7T —3x
1 3x 14 — 3x

— + or
VT=3z  2(7—3x)%?  2(7-—3x)"?

17. y = V/1+ 2tanz =

sec2 xX

vV1+2tanz

!

y' =3 (14 2tanz) /2 2sec’x =
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18. y = sin® z + cos’r =

y' = 3sin’ zcosx + 3cos® x (—sin x)
= 3sinzcosz (sinz — cosx)
19. y =sin’ (coskz) =
y' = 2sin (cos kx) cos (cos kz) (— sin kx) (k)
= —ksinkzsin (2 cos kx)

20. y = (sin /2?2 + 1)\/5 =

V2-1
y/ = \/5 (sin 2 + 1) (cos 2 + 1)

(%) (22 + 1) (22)

2 41

V2-1 cos
= \/ix (sin Va2 + 1) cos
2+ 1

2. y = cos? (cosz) +sin? (cosz) =1 = 3y =0
22. f(x [z3+ (2z — 1)3]3 =
f(@) =3[+ 2e—1)"]" [32 + 3 (22 — 1)2 (2)]

9 [x3 + 2z — 1)3]2 [9x2 — 8z + 2]

B.gt)={/(1-3)" +t4 =

g6 = 711 [(1=30)" +¢*] ¥ [4(1 - 30) (=3) + 4%]
(=30 + ] " [ 3 (1 3¢%)]
-
o =2 (157) 0 (5577)
1+\/—)( f) BAPNG \/_

(11 Vo)
(R = G7%)

1
25. y = 1+tan(z+—) =

x

/ 1

e ) 3)
1 T T

2 1+tan(x+—)

T

2 2 1

(x —1)sec (er—)

B T

1

212 1+tan(x+—)

T

28.

29.

30.

=

[2(t+2)7° +3]

y+ Vy+ 2y — )

1/3) 8
y+ 2y — 9)1/2] } =

( s vars)

%(y+\/2y——9)

—-2/3

[1+3@y-9)" 1”(2)]}

(v o vms)

[1+§ (v+ \/2@/——9)72/3 (HV%H

: 8 -1/2
= = —8(4+32) V% =
v=J@) = ey 8t )
f'(x) =8(=3) (4 +32)*?(3) = —12(4 + 3z)*/*.
The slope of the tangent at (4,2) is f' (4) = -1 = -2
and itsequationisy — 2 = -2 (z —4) ory = —=x + LL.

y = f(z) =sinz+ cos2z =
J' (z) = cosz — 2sin 2z. The slope of the tangent at (g, 1)
is f' (%) = 3@ -2 (@) = —3§ and its equation is
y—l:—@ (x—2)orv3z+2y =2+ @m
y=f(z)= (x —x +x—1)10 =

1(=z) = 10(x — 2t tx— 1)9 (3x2 — 2+ 1)A The
slope of the tangent at (1,0) is f' (1) = 0 and its equation is
y—0=0(x—1)ory=0.

y=f(zr)=yz+1/z =

1) V? 1
I(x)=+ (z + ;) (1 — —) The slope of the

tangent at (1,v/2) is f' (1) = 0 and its equation is

y—v2=0(x—1)ory =2
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.y=f ( ) ﬁ = 37. cos\/f+ cosr =
3—x
‘ = —S L=t/ 1 (cos —si
. B (3—x2)5 (1) —z(5) (3_$2)4(—2x) 1(x) = ln\/ﬂ_ﬁ x | 1 (cosz) ™! /2 (= sinz)
fle) = (3—x2)10 - mnﬁ sinx
0z? +3 T2y 2kosw
- (3z— ;)6 Domain of f = {z | z > 0and cosz >0}

={z|0<z<Zor (Un-1)5 <=
< (4n+1) 5 forsomen € {1,2,3,...}}
Domain of f' = {z | z > 0 and cosz > 0}

The slope of the tangent at (2, —2) is f' (2) = 39 and its
equationisy + 2 = 39 (z — 2) or y = 39z — 80.
={z|0<z<Zor(dn-1)5 <z

< (4n+1) % forsomen € {1,2,3,...}}
B.y=f(z)= cot’z =

y' = 2cotx (—esc® x) = —2cot z s . The slope of the

tangentat (£,1) is ' (£) = —2(1) (\/_) = —4and its
equationisy —1 = —4(z—f)ordz+y =7n+ 1

. f(z) =x?sec’3x =
I (z) = 2xsec® 3z + x* (2sec3x) (sec 3z tan 3x) (3)
= 2xsec” 3z (1 + 3z tan 3x)
Domain of f = domain of f' = {z | cos 3z # 0}
={x |z # (2n—1) %, n an integer }

35 f(x) =sin2x +1 =
S (@) = cos Tz T 1 (w+—+) @) — %
Dom (f) = {z |22+ 1 >0} = [-1,00).

Dom () = { | 22+ 1> 0} = (-3, 00).

f(x)=+/cos/Jx =
f (@) = L (cos /@) ? (—sinvz) (3) a2

sin \/_
4\/_\ / Cos

Domain of f = {z | > 0 and cos \/z > 0}
{x|0<x<—or [(4n—1)§]2§x
< [(4n+ 1)%]2 for some n € {1,2,3,...}}
Domain of f' = {z | > 0 and cos /z > 0}
:{x|o<x<”;or [(an—1)%]" <z

< [(4n+1) %]2 for somen € {1,2,3,...}}



