Exercise Set 1.6

Using the window:

WIMOOL
Amin= -4
Amax=d
wecl=1
Ymin=-3
Ymax=6
Yacl=1
ares=1

We get the graph:

Note, the function f (x) is the thicker graph.

Using the calculator, we can find the derivative
of the function when x=1.

ArAEEL 2000042
We have f'(1)=1.2.

Exercise Set 1.6

1. Differentiate y = x° - x° using the Product Rule
(Theorem 5) .
dy _ i(xs )
dx dx
d

= ()2 ()

=x"-6x +x%-5x*

— 6x10 + le()

=11x"
Differentiate y = x° - x° = x'' using the Power
Rule (Theorem 1).

& _d

dx dx
:llxllfl
=11x"

The two results are equivalent.

2.

139

Using the Product Rule:
dy _ i(x9 %)
dx dx
=x"-4x +x*-9x*
=4x"” +9x"
=13x"
Using the Power Rule:
dy _ i(x4 )
dx dx
_ d
=)
=13x"

The two results are equivalent.

Differentiate f (x) = (2x + 5) (3x - 4) using the
Product Rule (Theorem 5).

£(x) =5 (2045)(30-4)]
=(2x+5)'%(3x—4)+

(3x—4)~%(2x+5)

=(2x+5)»3+(3x—4)'2

=6x+15+6x-8

=12x+7
Differentiate f (x) = (2x + 5) (3x - 4) using the
Power Rule (Theorem 1). First, we multiply the
binomial terms in the function.
f(x)=(2x+5)(3x-4)

=6x>+7x-20
Therefore, by Theorem 1 and Theorem 4 we
have:

d 2
' =— +7x-2
f(x) (6x X 0)
———(6x2)+—(7x)——(20) Theorem 4

=12x+7
The two results are equivalent.

Theorem 1

Using the Product Rule:

, d
g'(x)= [ (3r-2)(4x+1)]
=(3x=2)-4+(4x+1)-3
=12x-8+12x+3
=24x-5
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Using the Power Rule:
g(x) = (3x—2)(4x+1) =12x" =5x-2

g'(x) = i(lez —-5x— 2)

dx
=24x-5
The two results are equivalent.

Differentiate G(x)=4x’
Product Rule.

G'(x) = %[4)3 ()c3 +5x)}

=4x? ~%(x3 +5)c)+(x3 +5x)~%(4x2)

=4x? -(?))c2 + 5) + (x3 + Sx) . (Sx)
=12x* +20x% +8x* +40x7
=20x" +60x”

Differentiate G(x)=4x’ ()c3 + Sx) using the

(x3 + Sx) using the

Power Rule. First, we multiply the function.
G(x) =4x (x3 + Sx)

=4x° +20x°
Therefore, we have:

G'(x)= %(438 +20x°)

= %(4)(5 ) + ix (20)63 ) Theorem 4
=4(5x*)+20(3x%)  reem!
=20x"* +60x’

The two results are equivalent.

Using the Product Rule:
. d
F (x) = E[SXA (x2 —4x):|
=3x" ~(2x —4) +()c2 —4x)-12)c3
=6x" —12x* +12x° —48x*
=18x" —60x"
Using the Power Rule:
F(x) =3x" (x2 —4x) =3x"-12x
. d
F (x) ZE(Sx(’ —12x5)
=18x" —60x"
The two results are equivalent.

Chapter 1: Differentiation

7. Differentiate y = (3«/; + 2) x” using the Product

Rule

‘i[3(+2 x2:|

dx

- (3% (3«/5 +2)

x2 +x2 d 3x% +2
=[" ) ) d( )
= (3x4 +2)~2x+ x %x_% Theorem 1

=6x% +4x+%x%

zgx% +4x

Differentiate y = (3\/; + 2) x” using the Power

Rule. First, we multiply the function.
y= (3\/; + 2)x2
= SJC%+2 +2x°

5
= 3xé +2x7
Therefore, we have:

ﬂ = i(?ﬁx% +2x2)

dx dx
= i(f’x% ) +i(2x2 ) Theorem 4
dx x
=3[§x%1]+2(2x1) Trmem
_B / +4x

The two results are equivalent.

8. Using the Product Rule:

-l (ees) ]
= (4xé +3)~%(x3)+x3 -%(4x% +3)
= (4x% +3)-3x2 +x° -%xf%

= 14x% +9x7

dx
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Exercise Set 1.6

Using the Power Rule.
y= (4J}+3)x3 = 4x% +3x°
Therefore, we have:

ﬂ = i(4x% +3x3)
dx dx

T 1% 2
=4(5x4 )+3(3x)

5
= 14x4 +9x°
The two results are equivalent.

Differentiate g(x)=(4x—3)(2x" +3x+5)
using the Product Rule.

g'(x) = %[(4)( —3) (2x2 +3x+ 5)]

=(4x—3).i(2x2+3x+5)+

X
d

2% +3x+5) —(4x-3

( X" +5x+ ) dx( X )
= (4x=3)-(4x+3)+(2x" +3x+5)-4
=16x* —9+8x” +12x+20
=24x" +12x+11

Differentiate g(x)=(4x—3)(2x" +3x+5)

using the Power Rule. First, we multiply the
terms in the function.

g(x) = (4x—3)(2x2 +3x+5)
=8x"+6x" +11x—-15

Therefore, we have:

g'(x)

d (8x +6x” +11x-15)

T dx
d d
25(8)(3)4-3(6)62)4-

%(m)—%(ls)

=24x" +12x+11
The two results are equivalent.

Using the Product Rule:
oy d
£'(x) —E[(2x+5)(3x2 —4x+1)]
£'(x)=(2x+5)-(6x-4)+(3x* —4x+1)-2
=12x" +22x-20+6x" —8x+2
=18x +14x 18

11.

Using the Power Rule:
F(x)=[(2x+5)(3x" —4x+1)]
=6x" +7x" —18x+5

, d (o

f (x) = a(@cz +7x° —18x+5)
=18x> +14x—18

The two results are equivalent.

Differentiate F () = (v +2)(3r— 41 +7)

using the Product Rule.

F () =2 (Vi +2) (30 - 44 +7)]

=(t% +2)-5 (3t—4t% +7)+

t

141

3[—4t%+7 -i t%+2 «ﬁ=t%
dt

=(t%+2)~(3—4(%t%)j+
(3[—4t% +7)-(%t%)
=(t% +2)-(3—2{%)+
(3t—4t% +7)-Gt%j
=31 2 46-41 +§t% o4 lih
2 2

=2t% _ltf% +2
2 2

ot 1

2

N
Differentiate F (1) =V +2)(3t 41 +7)

using the Power Rule.
F(1)= (Vi +2) (3t -4Vr +7)
=3t% —4t+7t% +6t—8z% +14

=3 -1 42414
Therefore, we have:

F'(t):i 300 1 120114
dt

= i(31%) —i(z%)+i(2z) +i(14)

dt dt dt dt
P
=9t——lz% +2
2 2
ot 1
= 42
N

The two results are equivalent.
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12. Using the Product Rule:

G'(1) =%[(2r+3\/?+5)(\/2+4)}
=(2t+3t% +5)(%t_%)+

(t% +4)-(2+§f12)
2
— ) +%+§t% 121 +§+8+6t_%

=3t/ +l?7t% +11

PN AL L

2/t

Using the Power Rule:

G(x) =] (20+3v7 +5)(Vr +4)]

=2t% +17t%+11t+20

G'(r) d (22‘% +17t" +11z+20)

i
17 -
—3 +?t 2411

RN S

N3

The two results are equivalent.

7
13. Differentiate y = x_3 using the Quotient Rule
X

(Theorem 6).
dy d

x7
dx 5 [7]

2 g )

X
ﬂ _ 7x° -3x°
dx x°
4x°
= 6
X

Chapter 1: Differentiation

7

. . X .
Differentiate y=— = x* using the Power Rule.
X

dy _d .
dx dx
=4 x*!
=4x*, forx#0

The two results are equivalent.
14. Using the Quotient Rule.

dy_d(x
dx  dx| x*
d d
B x4a(x6)—x6dfx(x4)

(+)

X

_6x° —4x’

xS
_ 2x°
xS

=2x, forx#0

Using the Power Rule.
6

y= i—4 =x’
dy _d ,
dx dx

=2x, forx#0
The two results are equivalent.

2 5 2
15. Differentiate f(x)= e using the
X
Quotient Rule.
. d(2x° +x
! (x) B dx[ X j

f'(x) = 2
X
_ 10x° +2x% =2x" —x°
= =
_ 8x” +x°
xZ
x’ (8x3 + 1)
x2
=8x" +1, forx#0
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2 5+ 2
Differentiate f (x): o

Rule.
First, factor the numerator and divide the
common factors.

f(x) _ 2x° +x7

X (2x4 + x)
X
=2x" +x
f'(x) zi(2x4 +x)
dx
=8x° +1, forx#0
The two results are equivalent.

Using the Quotient Rule.

s

_ x(21x6 —3x2)—(3x7 —x3)(1)

2
X

_ 18x" =2x°

2
X

X (18x5 — Zx)

2
X

=18x" —2x,
Using the Power Rule.
x(3x° —x?
= ( ) =3x" —x
X X

forx#0

7.3
g(x)=3x X

g'(x) :%(3){’ —xz)

=18x" —2x, forx#0
The two results are equivalent.

using the Power

2

143

3

17. Differentiate G(x)= Szx

I using the Quotient
x—

Rule.

G'(x)=i 8x’ -1
dx\ 2x-1

) (2x—l)j (8x* —1)—(8x’ —1)%(2x—1)

X

B (2x-1)
_(2x- 1)(24x) - (8x" -1)(2)
(2x-1)
(2x—1)(24x7) = (2x 1) (42> +2x+1)(2)
B (2x-1)
_ (2x=1)[ (2427) = (42" +2x+1)(2)]
(2x-1)°
_ (2x-1)[ (2457) = (82" +4x+2)]
(2x-1)
[16x* —4x-2]
o (2x-1)
_(2x-1)(8x+2)
(Zx—l)
=8x+2; x#3

3

Differentiate G(x)= 8x
r_

using the Power

Rule.
First, factor the numerator and divide the
common factors.

8x* —1
G(x) =75
2x—1)(4x” +2x+1
:( Y )( Y * ) Difference of cubes

2x -1
=4x" +2x+1

G'(x) =%(4x2 +2x+1)

=8x+2; x#3
The two results are equivalent.
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18. Using the Quotient Rule.
3
(%) =i[x +27j
de\ x+3
()6-4-3)(3)62)—()63 +27)(1)
()c+3)2
(96-4-3)(3)62)—(x+3)(x2 —3x+9)
()c+3)2

(x+3)(3x2 —(xz —3x+9))

- (x+3)

(2x* +3x-9)
(x+3)
(x+3)(2x-3)
(x+3)
=2x-3,

Using the Power Rule.

_ X +27
X +3
(x+3)(x2 —3x+9)
x+3
=x>=3x+9

for x # -3

F(x)

d
F'(x)=—(x"-3x+9
()= )
=2x-3, for x # -3
The two results are equivalent.
2

19. Differentiate y = 16
t+4

using the Quotient

Rule.
ﬂ_i =16
dt  dt\ r+4

(z+4)%(¢2 ~16) (s’ —16)%(r+4)

(t+4)2
(1+4)(20)—(* -16)(1)
(t+4)2
_ 27 +8t—1° +16
(t+4)
_ > +8t+16
(t+4)2

dy (l‘ + 4)2

dt

(t+ 4)2
I

t#-4

20.

Chapter 1: Differentiation

2

t
Differentiate y =
t+4

using the Power Rule.

First, factor the numerator and divide the
common factors.
_17-16
t+4
(1+4)(r-4)
=—— Difference of squares
t+4
=t-4
d d
DL (x-4)
dt dt
=1, for t#—4
The two results are equivalent.

Using the Quotient Rule.

dy _d(r-25
dt dt\ t-5

(t-5)(21)—(r* —25)(1)
(=5)
_ 2% — 101 - (1 - 25)

(1-5)

1P —=10t+25
(1-5)
(=5
(e=5)
=1, fort#5
Using the Power Rule.
=25
YT s
_(1=5)(+5)
- -5
=t+5
ﬂ:i(t+5)
dt dt
=1, fort#5

The two results are equivalent.
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21 f(x)=(3x" —2x+5)(4x* +3x-1)
Using the Product Rule, we have:

f(x) =%[(3x2 ~2x+5)(4x> +3x-1)

=(3x —2x+5)~%(4x2 +3x-1)+

d

(4 +3x - 1)-5(3);2 ~2x+5)
= (32" —2x+5)-(8x+3)+

(42> +3x—1)-(6x-2)
Simplifying, we get
= (24x° - 7x" +34x +15)+

(24x° +10x* —12x +2)
=48x" +3x> +22x+17

22, g(x)=(5x" +4x-3)(2x* —3x+1)
Using the Product Rule, we have:
g'(x)= %[(sz +4x-3)(2x =3x+1)]
= (5x* +4x-3)-(4x-3)+
(2x* =3x+1)-(10x +4)
= (202" +x” = 24x+9)+
(20x° — 224 —2x+4)

=40x° -21x* —26x+13
5x° -1
2x’ +3
Using the Quotient Rule.

ﬂ d 5x2 -1
dx dx 2x° +3

(247 43) 5 (5x° =1)=(5:*=1) (2" +3)

23. y=

(2" + 3)

(2x +3)(10x) - (5x* —1)(627)
) (27 + 3)2
_ 20x* +30x —30x" +6x°

(2’ +3)2
_ —-10x* +6x° +30x
(2 + 3)2

—2x(5x* =3x-15)

- (2x° +3)2

145

Using the Quotient Rule.

ﬂ a’ 3xt +2x
dx dx x =1

_@ugi@f+mypﬁ+h)
(v -1)
(x* —1) (120" +2) - (3x* +2x) (3x°)

] (e

122 —10x" -2 (9x° +6x”)

(x3 - 1)2

_ 3x° —16x" -2
)

25. G(x)=(8x++x)(5x* +3)
G(x)=(8x+x%)(5x2+3) I:\/_zx%]
Using the Product Rule, we have:

G'(x) = ;x[(Sx-i-x/) 5x° +3)}

= (8x+x%) %(sz +3)+

s %)
e

e-)

X

—

5x +3
(8x+x )(
(5x2+3)-(8+§x_%j

Simplifying, we get

&.lg_‘

- (80x2 +10x7 )+
[4Ox2 +§x% +%x7% +24j

257
=120x% + —— S +i1+24
ZxA
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26, F(x)=(-3x" +4x)(7Wx +1)
Using the Product Rule, we have:

F(x)= %[(—sz ) (W +1)]
= (-3x? +4x)-%(7\/; 1)+
(7\/;+1)

= (—3)62 + 4x)~ in% j +
2

d
—(-3x*+4
dx( X +4x)
(7x% +1)-(—6x+4)
=(—2x32+14x%j+
2
(—42x% —6x+28x% +4)

105+ Y
=642 14

27. g(1)= iJrSz3

Differentiating we have:

AT R
g(t)—dt(3_t+5t)

d t d
7(3]*5@3)

We will apply the Quotient Rule to the first

term, and the Power Rule to the second term.

| (3—t)-%(t)—t-%(3—t) 2
g'(1)= 6o +15¢

Quotient Rule
B0,
(3-1)

=%+15t2

(61

ot
5+2t

d 4
1) =E(54:2t 2 )
(5+21)(1)-1(2) g
(5+21)"
Quotient Rule

3
(5+21)°

-2t

28. f(1)

l3

-8

f(1)=

Chapter 1: Differentiation

29. F(x) = ()c+3>)2 = (x+3)(x+3)
Using the Product Rule, we have

F'(x)=%[(x+3)(x+3)}
= (x+3) 2 (x3) +(+3)

=(x+3)-(1)+(x+3)-(1)
=2x+6
= 2(x+3)
30. G(x)=(5x—4) =(5x—4)(5x-4)
Using the Product Rule, we have

G'(x) = [ (5x-4)(53-4)]

(x+3)

&~

=(5x—4)~%(5x—4)+

d
(5x —4)-5(5x —4)
=(5x-4)-(5)+(5x-4)-(5)
=50x-40
31. y= ()c3 —4)c)2 = (x3 - 4x) ()c3 —4x)
Using the Product Rule, we have

Gl (2 -4 -40)]

: A5
= ()c2 - 4x) I (xz 4x) +
(x3 - 4x)~;ix(x3 - 4x)
= ()c3 - 4x) . (3x2 - 4) +
(x3 - 4x) . (3x2 — 4)
=2(x" - 4x)(3x" - 4)
32, y=(3x" —4x+5)
= (32" —4x+5)(3x* —4x+5)
Using the Product Rule, we have
dy _d

= E[(w —4x+5)(32 —4x+5):|

=(3x —4x+5)-dix(3x2 —4x+5)+
(3x2—4x+5)-%(3x2—4x+5)
= (32" —4x+5)-(6x-4)+
(32" —4x+5)-(6x-4)
=2(3x" —4x+5)(6x-4)
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33, g(x)=5x"(x"=5x° +10x-2)
Using the Product Rule:
, 5 d
g (x) =5x 3E(x4 -5x +10x—2)+

d
(x* =5x" +10x —2)5(5x )
= (5x7)(4x* 152" +10) +
(x* =52 +10x-2)(-15x7")
Simplifying, we get
=20-75x" +50x7 —15+75x"" -
150x7 +30x7*
=5-100x" +30x7"

34. f(x)=6x"(6x"+10x" —8x+3)
Using the Product Rule:
£(x)=(6x7")(18x +20x—8) +

(6x7 +10x> —8x+3)(-24x7")
=108x7 +120x7° —48x~" —

144x72 —240x7 +192x7* =72x7°
=-36x72—120x" +144x* =72x7°

3s. F(t):[t@)(ﬁ_3):(t+zt—l)(t2_3)
Using the Product Rule, we have:
7 =glle+2)-3)]
=(t+21“)-%(z2 —3)+
(=35

£(e)=(t+20")-(20)+(r* =3)-(1-27)
Simplifying, we get
=27 +4+(t2 —2—3+6t’2)

(r+207)

=3 —1+6¢7

6
=3t2—1+t—2

147

s6. 6= )12 = -)(-5r)

Using the Product Rule, we have:
d
G'(t)= E[(&“ —2)(e=51")]
=(3 =) (1+57) +
(r=s5e7) (150" —21)
Simplifying, we get
=(38° +15¢ 1> -5)+
(157 =756 — 27 +10)
=18 -60t’ =3t +5, fort#0

x+1

37. y= —5x7

-1

Differentiating we have:

2+
ﬂ:i x3_+_5x2
dex dx\ x’ -1

d | d
:zi%fﬂ‘;“f)

We will apply the Quotient Rule to the first
term, and the Power Rule to the second term.

ﬂ= (x3 —1)-(2x)—(x2 +1)~(3x2)_

> 10x
dx (x3 - 1)
Quotient Rule
Simplifying, we get
2x* —2x—(3x4 +3x2) 10
= —10x
)
_ —x* =3x7 2—2x 10x
(+-1)
38, y=""ligp
) x> +1
Differentiating we have:
dy_d -l +4x°
dx  dx|x*+1
& _(FH)Er)-( 10
dx (x2 + 1)2
_ (3x4 +3x7 ) - (22)64 - Zx) 1o
()c2 + 1)
_ x* +3x7 +22x 124
(x2 + 1)
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39, y= Ux -7 _ x% -7
. Jx+3 +3
Using the Quotient Rule.

dy_dfx"-7
dx dx x%+3

x%+3—x%—7 - x%—7—x%+3
i ;

_ x
2
(x% + 3)
(x% +3) lx_%j—(x% —7) lx_%
3 2
(x 2 +3)
Note, the previous derivative can be simplified
as follows
(x% + 3) [1 xf% j - (x% - 7) [1 xf% )
ﬂ _ 3 2
dx (x% +3)2
le% +x7% —le% +zx7%
_3 2 2
2
(x% +3)
Lo, AL KTy
_3 2 2
2
(x% +3)

xi% _lxi% +zx7% 23

_ 6 2 6x
(x% -i—3)2 6x%
6-x 421

6P (Vx+3)

y_\/;+4_x%+4
Ix-5 Vs

Using the Quotient Rule.
dy d % +4
dx dx x% -5
e o A 0,

)

40.

41.

Chapter 1: Differentiation

Simplifying the derivative, we get
dy  —8+x 151
dx 6x% (x% —5)2

Fla)=—"

x T +1
Using the Quotient Rule, we have

fv(x)z%(x“xﬂj

(x’l + 1)%(@ - (x)%(x’1 + 1)

(xfl + 1)2
B (xfl + 1) (1) - (x) (—lez)
- (xfl + 1)2
_ ' Hl4+x7
(x’l + 1)2
_ 2x71 +1 for x#0
- ()fl +1)2 ’ and x#—1

Note, the previous derivative could be
simplified as follows:

f'(x) _ 2x7' +1

(x_l + 1)2

for x#0
(1+x)2 ’ and x#—1
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-1
X

1

42, f(x)z o

Using the Quotient Rule, we have

o=l )
o)) ()= 7)
(x+x’1)2

-3 -1 -3
—-X —Xx +x

-1
_ =X

= = forx#0
-1
(x + 1)
The previous derivative can be simplified as
follows:

f’(x):_—zx, forx#0

(xz +1)2
1

t—4
Using the Quotient Rule, we have

, d( 1
ro=5()
(r=4) 5 ()=(1) £ (e -4)
]
(1-4)(0)-()(1)
(1-4y

43. F(1)=

1
44. G(l)=E

Using the Quotient Rule, we have

il
(r+2)(0)-(1)(1)
(t+2)’

_ -1
(t+2)2

3x% +2x
45. f(x)= o

Using the Quotient Rule, we have

F(x) == (Mj

:E x*+1

149

(1)L (322 +20)= (35" 42x) & (+* +1)

x
- (x2 +1)2
(x* +1)(6x+2)— (3x +2x) (2x)
) (x2 +1)2
6x" +2x° +6x+2— (62 +4x7)
) (x2 +1)2
_ 2x>+6x+2
(x2 +1)2
-2 ()c2 —3x- 1)
46. f(x)= 3’;:?’“

Using the Quotient Rule, we have

d(3x*-5
F= 2]

_(x* =1)(6x-5)—(3x" —5x)(2x)

] )

6x° —5x* —6x+5—(6x" —10x°)

(e
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=12 +3t+5
t*=2t+4
the Quotient Rule, we have

(1) d (—t2+3t+5]

Ta\ P2 +a

47. g(t)

d
(t2 —2t+4)2(—t2 +3t+5)

(t2 —2r+ 4)2

(—t2 +3t+5)%(l2 —2t+4)

(7 -2+ 4)2
(=20 +4) (=20 +3) = (—1* +3t+5)(21 -2)

(tz —2t+ 4)2

Note, the previous derivative could be
simplified as follows:

28 +7¢ —14r+12—(—2z3 +8¢ +4t—10)

g'(t)=

_ —1* 18422
( —2t+4)2

(" -20+ 4)2

3P +2t-1
8. 1= —* +41+1

Using the Quotient Rule, we have
d (3 +2t-1
' t)=—
7(0) a’t[—t2 +4t+1j

(= +4r+1)(6r+2) - (36> +20 1) (21 +4)

(—1* +4r+ 1)2
The previous derivative can be simplified as
follows:
, 141° +4t+6
f(r)= S,
(2 —4r-1)

49. - 96. Left to the student.

7. y= xzi—4
dy (x*+4)(0)-8(2x)
& (fra)
dy  —l6x

98.

Chapter 1: Differentiation

-1
, d_y = 6—(0)2 =0, so the slope of
dx (O2 +4)

the tangent line at (0,2) is 0. The equation of
the horizontal line passing through (0,2) is
y=2.

dy _ -16(-2) 32 1

When x=-2, S =—=_,
dx ((_2)2 +4) 64 2

SO

1
the slope of the tangent line at (-2,1)is 5

Using the point-slope equation, we have:
Y=y =m(x—x1)

NP
y: =
x+1 x+1

" (x+1)-(;x%j—x%~(l)

dx (x+1)
L
2 2

()c-i-l)2
:—x%+x_%
2(x+1)
I
When x—l,y—(“_l)—z
dy _—(1)2+() "
dx  2(1+1)

Therefore, the slope of the tangent line at

(1,%) is 0. The equation of the horizontal line

1 1
assing through | 1,— | is y=—.
p g g ( 2) y >
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1 % 1 ’% 1
) ) 3
ﬂ_ 4 4 2 8 2

dx 1 ¥V 25 25 25
2| —+1 o
4 8

Therefore, the slope of the tangent line at

38
2

(l,gj is 12 . Using the point-slope equation,
45 25

we have:

y=y :m(x—xl)

2 12( 1)
y-o=o| X
5 250 4

2 123
y-o=ooX—oC
5 257 25

12 7

=Zx+—
V=05 s

When x =2, y=(2)2 +%=4+3=7,and
3

dx - 2(2) (2_1)2

Therefore, the slope of the tangent line at
(2,7)is 1.

Using the point-slope equation, we have:
y=y =m(x—xl)

=4-3=1.

y=7=1(x-2)
y=T1=x-2
y=x+5
When x =3, y=(3) +——I=9+—=——,mm
CYRE NP}
dx (3-1) 4 4

Therefore, the slope of the tangent line at

[3,2) is 2 .
2 4

151

Using the point-slope equation, we have:
y—y1=m(x—x1)
21 21
PR — -3
5
21 21 63
a2
2 4 4
21 21

=—Xx——

4 4
_ 4x
C1+x°
dy (1+x2)(4)—4x(2x)
de o (142)
=4+4x2—8x2
(1+xz)2
_ 4-4x"
(1+x2)2

100. y

dy _4-4(0)" _
(14 (0))
Therefore, the slope of the tangent line at
(0,0)is 4.
Using the point-slope equation, we have:
Y=y =m(x—x1)

y—0=4(x-0)

y=4x

When x=0,

dy _4-4(-1) 0 _

When x=-1,

—=—=
dx (1 " (_1)2) 4
Therefore, the slope of the tangent line at

(—1, —2) is 0. The equation of the horizontal line

passing through (—1,-2) is y = -2.

101. The average cost of producing x items

is Ao (x)= C(x) . Therefore,
x
950 +15vx

Next, we take the derivative using the Quotient
Rule to find the rate at which average cost is
changing.
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d (950+15x%]

T dx
x(lzsx%)—(950+15x%)(l)
(x)

%x% 950 —15x

X

2
X

—%x% ~950

2
X

—1?5&—950

X2

Substituting 400 for x, we have
- g 7400 —950

(400)’
_ —150-950
160,000

= —0.006875
Therefore, when 400 jackets have been
produced, average cost is changing at a rate of
—0.0069 dollars per jacket.

A '(400) =

102. A (x)= )
%
A (x)= 375+(1.75x
;{0.75 [3 g ))—(375 +0.75x%)(1)
4
Ac'(x)= 2
gx% —-375 _é %
_16
xz

_3 0 ars
__16

2
X

Substituting 81 for x, we have:

=3 (81)% =375
16

(81)
=—0.05792753
=~ —0.0579
Therefore, when 81 bottles of barbecue sauce

have been produced, the average cost is
changing at a rate of —0.0579 dollars per bottle.

A '(81) =

Chapter 1: Differentiation

103. The average revenue of producing x items

R(x)

is A, (x) =——. Therefore,
X
85Jx 85
A (x)=——=—+.
() b
Next, we take the derivative using the Quotient

Rule to find the rate at which average revenue is
changing.

gl
] 4 (0) —(ss)Gx% )
[+

2

X

X
85
o Zx%

Substituting 400 for x, we have

A, '(400) = 8

2(400)”2
85

~ 16000
=-0.00531250
Therefore, when 400 jackets have been

produced, average revenue is changing at a rate
of —0.0053 dollars per jacket.

104. A, (x) _RW)

X
7.5x"7 15
Ay (x)= 0
x"*(0)=(7.5)(0.3x77
AR '('x) = ( 03 )2( )
X
-2.25x7%7
2.25
= BE
Substituting 81 for x, we have:
2.25
A,'(81)=—
=-0.007432792
= —0.0074

Therefore, when 81 bottles of barbecue sauce
have been produce, the average revenue is
changing at rate of —0.0074 dollars per bottle.
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P R(x)=C
105. 4, (x)= 21) _ R()=C()
X X
From Exercises 101 and 103, we know that

) ]
852 —(950+15x4) 706 —950

A, (x) =
X X
Using the Quotient Rule to take the derivative,

we have:
70 -y 1
x(zx % ) - (70% - 950)(1)

(x)

35x/2 ~70x'% +950

2
X

35272 4950

2
X

Substituting 400 for x, we have:
~35(400)’2 +950
(400)”
~700 +950
~ 16,000
250
16,000

= 0.015625
When 400 jackets have been produced and sold,
the average profit is changing at a rate of 0.0156
dollars per jacket.

A, '(x) =

A, '(400) =

Alternatively, we could have used the
information in Exercises 101 and 103 to find the
rate of change of average profit when 400
jackets are produced and sold. Notice that

4,'(x) = A () = Ac'(x)
=—0.0053125—(-0.006875)
=0.00156250

106.  A,'(x)=A,'(x)-A.'(x)
=-0.0074 —(-0.0579)

=0.0505

Therefore, when 81 bottles where produced and
sold, average profit is changing at rate of 0.050
dollars per bottle.

153

107. The average profit of producing x items is

A, (x)= M . Therefore,
0.9 0.6
A, ()= 65x"° — (4300 +2.1x"°)
X
65x%° = 2.1x"° — 4300
- . .
Using the Quotient Rule to take the derivative,
we have
A (%)
x(65(0.9x°") ~2.1(0.6x"*)) — (651" ~2.1x" ~4300) (1)
(=)
58.5x"% —1.26x°° - (65x"° - 2.1x"° - 4300)
x2
—6.5x" +0.84x"° +4300
x2

Substituting 50 for x, we have
, —6.5(50)"" +0.84(50)"" +4300
Ap (50) = 2
(50)
_4089.00428745
2500
=1.63560171

=~1.64
Therefore, when 50 vases have been produced
and sold, the average profit is changing at rate
of 1.64 dollars per vase.

R —
108. A, (x)= (x)=C ()
X
Therefore,
75x™% —(900 +18x"7
P )
X
75x*% —18x%7 =900
= . .
Ap '(x)

~ x(60x77 —12.6x) - (75x" ~18x"7 =900 (1)

(x)
_ —15x* +5.4x"" +900

2
X
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Substituting 20 for x, we have
, -15(20)" +5.4(20)"" +900
A,'(20)= 2
(20)
_ 779.18169591
400
=1.94795424

=1.95
Therefore, when 20 skateboards have been
produced and sold, the average profit is
changing at rate of 1.95 dollars per skateboard.

109. P(1)=567+1(36:"° ~104)

a) Using the Product Rule and remembering
that the derivative of a constant is 0, we
have

P'(1)=0+1(36(0.60"*)) +(36:°° ~104) (1)
=21.6:°° +36:°° —104

=57.6:"° —104
b) Substituting 45 for ¢, we have:

P'(45)=57.6(45)"" 104
=565.39243291-104
=461.39243291

c) P'(45) is the rate of change of the gross

domestic product 45 years after 1960, or in
2005. In other words, the U.S. Gross
domestic product was increasing at a rate of
461.39243291 billion dollars per year in

2005.
500¢
110. P(t)=———
(1) 2t* +9
2% +9)(500) — (500¢) (41
o o)< 7 O)0) - (50004
(2t2 +9)
10007 +4500 — 20007
(2t2 +9)2
_ —10007* +4500
(Zz2 +9)2
b) P(12)= 500(12) _ 6000 =20.2020

212 +9 297
After 12 months, the city’s population is

approximately 20.2020 thousand people or
20,202 people.

Chapter 1: Differentiation

~1000(12)° +4500

o P'(12)=
(2(12)2+9)2
o —139.500
P(12)= 55200
= —1.58147128

The city population is growing at rate of
—1.581thousand people per month. In other
words, the city population is declining at a
rate of 1,581 people per month.

4¢

2 +1

(7 +1)(4) - (4r)(21) o
(~ +1)2
_ 4t +4 -8t
(tz +1)2
41 +4

+98.6

111. T(¢)=

a) T'(t)=

4(2
b) T(2)= E) +98.6=§+98.6=100.2

(2) +1
After 2 hours, the temperature of the ill

person is approximately 100.2 degrees
Fahrenheit.

_ —4(2)" +4 -2
(2 +1)2 25

After 2 hours, the person’s temperature is
changing at rate of —0.48 degrees per hour.

) T'(2) —0.48

Simplifying the function we have:

3

flx)= 52
—+5

2
X

_7(2¢7)-3(x)
4(2)+5(20)
_ 14x* —3x

841047
We apply the quotient rule to take the
derivative.

2

2x2
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8+10x)(28x —3) - (14x” - 3x)(20x)
(8+10x%)

_280x° —30x +224x — 24 —280x" +60x>

) (8+102°)

_ 30x* +224x 24

C (s+102)

The previous derivative can be simplified as
follows:

, 15" +112x—12
fl)=———u

2(5x° +4)

f'(x)=(

113. y(¢)=5t(r—1)(2¢+3)

First, group the factors of y(¢) in order to apply
the product rule.

(1) =[5t(r=1)]- (2t +3)
Now we can take the derivative. Notice that
when we take the derivative of the first term,

[5t (t— 1)] we will have to apply the Product

Rule again.

y'(1)=[5¢(r=1)](2)+ (2t +3)| (5¢) (1) + (¢ =1)(5)
Product Rule for [ 5¢(t-1)]
=10z (1 —1)+ (21 +3)[5¢ +5¢=5]
=10z(t—1)+(2¢+3)(10t -5)

The previous derivative can be simplified as
follows:

y'(t) =10 =10t +20¢* +307 =101 — 15
=301* +10r - 15

114, f(x)=[x(3x" +6x-2)](3x* +7)
£1(x) =[x(3x" +6x-2) ] (1247) +
(3 +7)[ (927 +6) + (32" +6x-2) (1) ]
=36x" +72x° =24x* +
(3x* +7)[ 92 +6x+3x" +6x-2]
=36x" +72x° —24x* +
(3x4 +7)[12x3 +12x—2]
=36x" +72x° =24x* +36x" +

36x° —6x* +84x° +84x—14
=72x" +108x° =30x" +84x> +84x —14

155

115. g(x)z(x3—8)-izti

We will begin by applying the Product Rule.
d{x*+1) x*+1 d
"(x)=(x"-8)— + —(x’ -8
g( ) ( )dx x=1) x*-1 dx( )
Notice, that we will have to apply the
Quotient Rule to take the derivative of

X2 +1
-1
x’ —1)(2x)—(x2 +1)(2x)

g'(x)z(x3—8)( +

(1)
)

= (¢ -5 [ M) o)
(x*-1) ( ]

The following derivative can be simplified as
follows.

' —4x ()c3 —8) 3x° (xz +1)
g (x)z (x2 _1)2 + 1
_ —4x* +32x  3x* +3x7 ' x* -1
B (x2—1)2 -1 x*-1

_ —4x* +32x43x° =347

(1)

_ 3x% —4x* —3x% +32x
(" 1)

-1

£ +1

= (e +3)[(ﬁ +1)(3t23)_(i _1)(3,2)]+
(©+1)
o
=(r +3)[(t36jr 1)2]+(; :JS#
6 (1 +3) 5 (£ -1)

RS

116. f(r)=(r +3)-
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(x—l)(x2 +x+1)

117. f(x)=—F————
f( ) 4 _3x3 _ 5
First we will group the numerator, to apply the
Quotient Rule. Remember that we will have to

apply the Product Rule when taking the
derivative of the numerator.

[(x— 1)()62 + x+1)]

f(x)= xt=3x" -5

f'(x)
(x =327 =5)[ (x=1)(2x + 1)+ (x> +x+1)(1) ]
(x —3x° —5)
|:(x —1)()62 +x+ 1)](4)63 —9x2)
(x4 -3x’ —5)2
B (x4 -3x° —5)[2)62 —x—1+x° +x+1]
- (x4 —3x’ - 5)2
[x3 - 1](4)63 —9x2)
(x4 -3x° —5)2
B (x4 -3x° —5)[3x2:|—|:x3 —11(4)(3 —9x2)
- (x4 -3x° —5)2
_ X8 —9x° —15x% —4x° +9x° +4x° —9x?
(x4 -3y —5)2
_ —x8 +4x7 —24x7
(x4 —3x° —5)2
-1
18. f(x)=— - and g (x) =—
(o D) =x() 1
W fx)= (e (xt1)
(2 GO =D 1
b £(x)= (x+1) (x4
c) The two functions have the same rate of
change.

119. f(x)= 2_1 and g(x) 21_1

2 f'(x) (x - 1) (2x) (2x) 2x

e )

120.

121.

Chapter 1: Differentiation

x* =1)(0)-1(2x) _
(xz - 1)2 (xz - 1)2

c) The two functions have the same rate of

b) g'(x)=(

change.

Suppose F(x) = f(x)-g(x)-h(x) , where
f (x) is the “first” function, g (x) is the
“second” function and h(x) is the third

function. Using the associative law of
multiplication, we can write

F(x)= [f(x)-g(x)}h(x) . Then using the
Product Rule we have:

x)=%([f X -g x :Ih(x)
=[£(x)s()]n (x)+n(x)[f (x) 8 ()]
=[f(X)8(X)]h( )+
([ f(x)g'(x)+g(x) f'(x)]
—f( )g(x)h ( )+ f(x)g"(x)h(x)+
£(x)g(x)h(x)

The derivative of the product of three functions
is the first function times the second function
times the derivative of the third functions plus
the first function times the derivative of the
second function times the third function plus the
derivative of the first function times the second
function times the third function.

In general the derivative of the reciprocal of
a function is not the reciprocal of the derivative.
Let f '(x) be the derivative of f (x) . Therefore,

the reciprocal of the derivative is '; .
(%)

L using
flx)”

the Quotient Rule, we find the derivative of the

reciprocal.

i[ | ] _IWO-06) )
dx| f(x) (£(x) (f(x))
Clearly, the derivative of the reciprocal is not
equal to the reciprocal of the derivative.

The reciprocal of the function is
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L[k
R(Q)=0 (E—%j
arR _ o 1) (k_©Q
Y dQ_Q[ 3j+[2 3)(2@
_ L k207
- 3Q +22Q 3
=0’ +kQ

b) The derivative found in part (a) tells us

the rate of change of the reaction with
respect to a small change in the quantity of
the dose. If the reaction is measured in blood
pressure, then the derivative tells us at a
dosage Q, how much change in millimeters
of mercury is seen due to a small change in
the dosage. If the reaction is measured in
temperature, the derivative tells us at a
dosage Q, how much change in degrees
Fahrenheit is seen due to a small change in
the dosage.

a) Definition of the derivative.

b) Adding and subtracting the same quantity is
the same as adding 0.

¢) The limit of a sum is the sum of the limits.

d) Factoring common factors.

e) The limit of a product is the product of the

limits and lim f (x+h) = f (x).

f) Definition of the derivative.
g) Using Leibniz’s notation.

The break even point occurs when P (x) =0.
P(x)=R(x)-C(x)

=7.5x""-375- 0.75x%
Using the window:

WIMOOL
Amin=g
Amax=SEE
wecl=180
Ymin=-58A
Ymax=5HA
Yecl=16A
ares=1

We graph the profit function on the calculator.

|
l

125.

157

The break even point will be the zero or x-
intercept of the function.

H—'-'_‘-'_'-F

|

2hba

n=rzB.15048 Y=

We see that the break-even point occurs at

x =328 bottles.

The profit is changing at rate of

P'(x) =5.25x —0.5625x /-

Substituting 328 for x we have:

P'(328) = 5.25(328) " —0.5625(328) ¢
=0.791239

=0.79
Therefore, at the break-even point, profit is
increasing at a rate of 0.79 dollars per day, or 79
cents per day.

From Exercises 102, 104 and 106 we know that:
Ap '(x) = Ay '(x)—AC '(x)

3 %

225 1% 3P
= NE - )
304 ~362°7 46000

16x°

Substituting 328 for x we get:

3(328)% —36(328)" +6000
16(328)°

~0.00241342

= 0.0024
At the break-even point, average profit is
changing at a rate of 0.0024 dollars per day.

A,'(328)=

The break even point occurs when P (x) =0.
P(x) = R(x)—C(x)
— 8512 (950 + 15;%)

=70x"2 —950
Using the window:
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We graph the profit function on the calculator. 126. f( x) =52 ( x— 2)( X+ 2)

the derivative in the same window. We can use

~

The break even point will be the zero of the
function. Using the zero finder on the calculator

[ Using the calculator, we graph the function and

the nDeriv feature to graph the derivative
without actually calculating the derivative.

Flokl Flotz Flots
‘:':'-.-'1 B2 in=20 (it

=MeBrnDer 1wy . X,
Ha

we have: wiaE=
“My=
~Ne=
Using the window:
WIMDOOW
t f;f min=_ 3
BEEN=S
2era necl=1
Ho1B4.1B367 ¥=0 Ymin= -5
We see that the break-even point occurs at MEE=
x =184 jackets. yecl=l
The profit is changing at rate of We get the graph:

1 - 7
P'(x)=70(—x %j= ? =£.

2 2x4 Jx
Substituting 184 for x we have:
P'(184) = 3

V184

=2.580234233

=2.58
Therefore, at the break-even point, profit is
increasing at a rate of 2.58 dollars per jacket.

From Exercise 105 we know that:

L 235x% 4950
A ()=

Substituting 184 for x we get:
~35(184)2 +950
(184)°

= 0.014037

=0.014
At the break-even point, average profit is
changing at a rate of 0.014 dollars per jacket.

A, '(184) =

127.

VAL
VIV

Note, the function f (x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative. Using the trace feature, the
minimum/maximum feature on the function, or

the zero feature on the deri

ivative on the

calculator, we find the points of horizontal

tangency.

We estimate the points at which the tangent

lines are horizontal are

(0,0),(—1.414,-4), and (1.414,-4).

£(x)= [Hi)(xz _3)

Using the calculator, we graph the function and
the derivative in the same window. We can use
the nDeriv feature to graph the derivative
without actually calculating the derivative.

Flokl Flokz Flots
E'-:.l-'1 B+ Z m " 2-

=MeBrlderiwviy'y 2K,
Ha

M=
“My=

wHe=
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Using the window:

WIMOOL
Amin= -4
Amax=d
wecl=1
Ymin=-2A

We get the graph:

P
/[

Note, the function f (x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative. We can see that the derivative
never intersects the x-axis, therefore, there are

no points at which the tangent line is horizontal.

¥ ( ) _ x -1
g X +1
Using the calculator, we graph the function and
the derivative in the same window. We can use
the nDeriv feature to graph the derivative
without actually calculating the derivative.
Flakl Fletz Flokz
:'-{'1 Bin™3—12s 00 2

2
SMezBnDeriwcy'y s Hs
W

MW=
Ny =
wMNe=

Using the window:

We get the graph:

1/

Note, the function f(x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative.

129.

159

Using the trace feature, the minimum/maximum
feature on the function, or the zero feature on
the derivative on the calculator, we find the
points of horizontal tangency.

We estimate the points at which the tangent
lines are horizontal are

(—0.596,—0.894) and (0,-1).

0.3x
F) =G0 e

Using the calculator, we graph the function and
the derivative in the same window. We can use
the nDeriv feature to graph the derivative

without actually calculating the derivative.
Flokl FlokE Flotbz

WY RO 308, B

+im ™ .

g?zEnDer1ui?1:ﬁ:

wMr=
“My=
wHe=

Using the window:

W IHOC

amin=-1

Note, the function f(x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative. Using the trace feature, the
minimum/maximum feature on the function, or
the zero feature on the derivative on the
calculator, we find the points of horizontal
tangency.

We estimate the points at which the tangent
lines are horizontal

are(—0.2,-0.75) and (0.2,0.75) .
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130. f(x)=

131.

0.01x’

x* +0.0256
Using the calculator, we graph the function and
the derivative in the same window.
We can use the nDeriv feature to graph the
derivative without actually calculating the
derivative.

Flakl Fletz Flokz

W ECHLBLAT2 0
“d+@, B256 0

SMezBnDeriwcy'y s Hs
W

We get the graph:

Note, the function f(x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative. Using the trace feature, the
minimum/maximum feature on the function, or
the zero feature on the derivative on the
calculator, we find the points of horizontal
tangency.

We estimate the points at which the tangent
lines are horizontal

are (—0.4,0.03125), (0,0), and (0.4,0.03125).

4x

f (x) x*+1

Using the calculator, we graph the function and
the derivative in the same window. We can use
the nDeriv feature to graph the derivative
without actually calculating the derivative.

Flokl Flokz Flots
Wi B CE 2L

=MeBrlderiwviy'y 2K,
Ha
wMr=

“My=
wMe=

132.

Chapter 1: Differentiation

Using the window:

WIMOOL
Amin=-3
AMax=3
wecl=1
Ymin=-4
Ymax=5
Yacl=1
ares=1

We get the graph:

\/1

Note, the function f (x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative. Using the trace feature, the
minimum/maximum feature on the function, or
the zero feature on the derivative on the
calculator, we find the points of horizontal
tangency.

We estimate the points at which the tangent
lines are horizontal are (—1,—2) and (1,2) .

4-4x"
The graph of y, = S I Y

(xz +1)2

This graph appears to be the correct derivative
of the function in Exercise 131. Using the
Quotient Rule we can verify this result.

4x
0=
f'(x)=4_—4xz
(x2+1)
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Exercise Set 1.7

1. y= (Zx + 1)2
Using the Extended Power Rule:

% =%[(2x+1)2]

=2(2x+1)"" -%(2“1)

=2(2x+1)(2)
=8x+4
Simplifying the function first, we have:
y= (Zx + 1)2
=(2x+1)(2x+1)

=4x* +4x+1

Now we take the derivative using the Power
Rule.

dy _d
dx dx

d oy d d
= 5(4x ) +;(4x> +E(1)
=8x+4
The results are the same.
2. y= (3 - 2x)2
Using the Extended Power Rule:

45 g0y ]

(4x* +4x+1)

dx dx
=2(3-2x)" (-2)
=8x—-12

Simplifying the function first, we have:
y=(3-2x)" =4x* —~12x+9

We take the derivative using the Power Rule.

ﬂ=i(4x2 ~12x+9)
dx dx
=8x—-12

The results are the same.
3. y= (7 - )c)55
Using the Extended Power Rule:
ﬂ = i[(7 — x)55i|
dx dx

5571‘i(

=55(7—x) 7—x)

X

% =55(7-x)" (1)

=-55(7-x)"

161

y= (8 _ x)lOO
dy 99
= 100(8—x)" (1)

=-100((8-x)")

y=M=(l+8x)%

Using the Extended Power Rule

% =%|:(1+8x)%}

= %(1 + 8x)’% %(1 +8x)

2V1-x

1
y=+3x" -4 =(3x° —4)4
Using the Extended Power Rule

4l )]

dx dx

1 -y d
=507 -4 567 -9)
1

=———(6x)
2(3x% - 4)4

_ 3x
J3xP -4

y=+4x"+1 =(4x2 +1)%
Y il:(4x2 + 1)%}

dx  dx
dy 1 .
d—)yc = E(4x2 +1) % (8x)
_ 8x
2(4x? +1)4
. 4x
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9. y= (8x2 _6)40 12. y= (x+5)7 (4x—1)10
ICJJ;ing Sle[fxtjnde)djower Rule % _ (x N 5)7 [10(4x 3 1)9 (4)} .
— 8 6 }
dr dx (4x=1)°[7(x+5) (1)]

=—40(8x* ~6) di(sz ~6)

» 0(x+5) (4x—1)" +7(4x—1)" (x+5)°

40
(x+5)" (4x-1)"[40(x+5)+7(4x~1)]
(x+
(x

=—40(8x> ~6) " -(16x)

= —640x(8x* =6) 5)° (4x—1)’ [40x +200 +28x — 7]

_ —640x =(x+5)" (4x—1)" (68x+193)
(8> ~6)"
3. y=— =(3x+8)"
10. y=(4c+1)" (3x+8)
p 4 Using the Extended Power Rule
_y:_[ 4x% +1 ’5"} dy _d 2
dx dx ( ) EZE[BJC—%) ]

=-50(4x* +1) " - (8x) o d
=-2(3x+8) E(3x+8)

= —400x (42 +1)

—400x =-2(3x+8)"-(3)

- (45 +1)" =—6(3x+8)"
=6
1. y=(x-4) ‘ (3x+8)’
. y—(x—4) (2x+3)
Using the Product Rule, we have .
dy d s 6 14. y= =(4x+5)"
L - (-4 (2043)'] ey )
d 6 6 d 8 dy 3
=(x-4)=(2 2 (x4 D__
(x ) dx( x+3) +( x+3) dx(x ) i 2(4x+5) (4)
) Next, we will apply thf; Extended Power Rule. dy _ g ( Ayt 5)
d—i=(x—4)8{6(2x+3)6 ‘d (2x +3)} dx= §
(2043 [s(x _ap gy —4)} (4x+3)
dx
= (x—4)8 [6(2x+3)5 (2)]+ 15. y= L
6 i (7-5x)°
(2x+3) [S(X —-4) (1)] First, we use the Quotient Rule.
=12(x-4)" (2x+3)" +8(2x+3)" (x—4)’ dy _d| 4%
Factoring out common factors, we have: dx dx (7 — 5)6)3
dy 7 5
5_4(x—4) (2x+3) [3(x—4)+2(2x+3)] (7-5x )’i(4x2)—4x2%(7—5x)3
=4(x—4) (2x+3) [3x—12+4x +6] - ((7—5x)3)2

=4(x—4) (2x+3) (7x-6)
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Next, using the Extended Power Rule, we have:

[3(7-5x) (5)]

dy (7-5x)" (8x) —4x

dx (7 - 5x)6

_ 8x(7-5x)" +60x7 (7-5x)’

((7- 5x)3)2
7-5x)"[8x(7—5x) +60x>
= ( X) [( X( )GX) * :| Factoring
7-5x
_ 56x —40x% +60x* Dividing
(7 _ 5x)4 common factors
_ 20x” +56x
(7-5x)"
_4x(5x+14)
(7-5x)’

o

(4-9x)°
dy  (4-9x)' (212) -7 [ 5(4-92)" (-9)]
dx ((4-9x)° )2

2107 (4-9x)" +315x" (4-9x)’

(4-9x)"

2127 (4-9x) [ (4-9x) +15x]

- (4-9x)"
dy 21x*(4+6x)
dx (4 —9)6)6

_42x° (3x+2)

(4-9x)°

17.

18.

19.

163

f(x) = (l-i-)c’z)3 —(2+x8)4
Using the Difference Rule and then the
Extended Power Rule we have:

7= [000) )]
) )
=) () -
s2ea)” (%(zﬂs))
42+°) ()

=92 (1+x°) =32 (242*)

=3(1+x°) (3x°) -

f(x (3+x ) —(1+x7 )
£ =5(3+x) (32%)—4(1+x7) (72°)
=150 (3+2°) ~282 (1+47)’

£(x)= % +(200-x)’
Using the Sum Rule and the Extended Power
Rule, we have:

£1(x)= di[xz +(200-x)' |

X

d d
:E(x2)+a(200—x)2

=2x+2(200—x)"" [%(200 - x)}
=2x+2(200—-x)(-1)

=2x+2x—-400
=4x-400

20, f(x)=x+(100—x)’

f1(x)=2x+2(100-x)"" (1)
=2x+2x-200
= 4x—200
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21. g(x) = x/;+(x—3)3 = x% +()c—3)3
Using the Sum Rule and the Extended Power
Rule, we have:

g'(x) =%|:x% +(x—3)3}

SR

= %x%71 +3(x —3)3_1 [

X

d
4 x-9)]
=%x_% £3(x=3) (1)

1 2
=—+3(x-3
Zx% (X )

1 2
o )

22.
G (x) = x—1+(4—x) =(2x 1) +(4—x)
G'(x) = %(2x— )5 (2)+2(4—x) (-1)

=§(2x—1)_% -2(4-x)
2

- 842x
3(2x-1)%

S N
33(2x-1)’

23, f(x)=-5x(2x-3)"
Using the Product Rule, we have

f'(x) Z%[—SX(ZX—3)4]
=—5xdi[(2x 3)' J+(2x-3)

Using the Extended Power Rule, we have
f(x)= —5){4(2x -3) (%(u —3))} +
(20-3)'(-5)
=-5x[4(26-3)" (2) |+ (2x-3)" (=5)
= —40x(2x-3) -5(2x-3)’
=-5 (2)6 - 3)3 [8)6 + (2)6 - 3)] Factoring

L-sx)

= -5(2x-3)’ (10x-3)

Chapter 1: Differentiation

24, f(x)=-3x(5x+4)
£(x) = 3x] 6(5x+4)"" (5) ]+ (5x+4)" (-3)
=-90x(5x+4) ~3(5x+4)°
= -3(5x+4) [30x+5x+4]
= 3(5x+4) (35x+4)

25. g(x)=(3x-1)' (2x+1)’
Using the Product Rule and the Extended Power
Rule, we have

¢'(1)=<[(3x-1) (241)']
=(3x-1)’ di(2x+ 1) +(2x+1)° di(:sx -1y’

=(3x=1) [5(2x+1)' (2) ]+
(2x+1)'[7(3x-1) (3)]
21(2x+1)’ (3x-1)’

( x=1) (2x+1)" +
[10(3x=1)+21(2x+1)]

)6 2x+1

4

(2x+1)"
)6 (2x+1)"[30x—10+42x +21]
(2x+1)"(

72x+11)

26. F(x)=(5x+2)"(2x-3)°
F'(x)=(5x+2)"[8(2x-3)" (2) ]+
(2x-3)[4(5x+2)' (5)]
=16(5x+2)" (2x-3)" +20(2x-3)" (5x+2)’
=4(5x+2) (2x-3) [4(5x+2)+5(2x-3)]
=4(5x+2)’ (2x-3) (30x-7)

27, f(x)=x’V4x—1=x"(4x —1)%
Using the Product Rule and the Extended Power
Rule, we have

f'(x) = di[xz (4x - 1)%}

= S @) |- 1) 20
(x)= 2% +2x(4x— %
= B e
2x°

= (4x_1) +2x (4x—1)
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The derivative on the previous page can be 42 e A (.2 Y
simplified as follows: 30. F(x) =Vx—=5x+2 = (x - +2)

()= 20 2afAx—1 Jdx-1
L N v A N o
_o2x 2x(4x-]) (x2—5x+2) (2x-5)
Jaxo1 ' a1 -
_ 2x° +8x2—2x :ﬁ
Jaxo1 Jar_1 4(x* —5x+2)
_10x2—2x .
_—m 3L f(x)=(3x—l)

S5x+2
2x (Sx - 1)
=—F Using the Extended Power Rule, we have

Jax—1 ;
f'(x):“[:x_lj i{Sx—l:|
x+2 ) dx|5x+2

Using the Quotient Rule, we have

=—(x —5x+2) (2x-5)

4>|~4>|~

28. f(x) =x’V5x+2=x’ (5x+2)%

Filx)=x B(sﬁz)‘% (5)}+(5x+2)% (3¢%) )= 4(3x—1 T (5x+2)(3)-(3x-1)(5)
. sc2) | (sxe2)
==x(5x+ 2)’% +3x7 (5x +2)%
2 =4[3x 1) 15x+6—15x+5]
5x° S5x+2 (5x+2)
X’ \5x+2 L
2\/5x+ o 3l
The previous derivative can be simplified as = [3x ~1 j 1
follows: Sx+2) | (5x+2)
?(35x+12) 3
I _44x-1)
2V5x+2 (5x+2)5
29. G(x) =:/x’ +6x = (x5 +6x)% 2 V
Using the Extended Power Rule, we have 2. f (x) = (m)
(e dls % -
G (x)_dx[(x +6x) :| f'(x)zS( 2% )2 (x2+1)(2)—2x(2x)]
Y- X +1 24 g
= 1w +6x) () L ()
:l(x5+6x)% (5x* +6) =3( 22)‘ ) 2x +2_fx
3 x +1 (x2 +1)
5x* +6 -
3(x5+6x)% =3( 22x ) 2_2)522
5x* +6 ()
s 3/(x5 vox) _3(24)'(2-2¢)
(x2 +1)3
)= 245 (1-x7)
(x2 +1)’
=24 (¥ -1)
(@)

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



166

33.

34.

35.

(x)= 4-x =(4—xj%
& 3+x 3+x

Using the Extended Power Rule, we have

g'(x) 1(:+i)/ ldx[i+ﬂ

Using the Quotient Rule, we have

1(4_x)-%[(3+x)(—1)_(4_x)(1)

$'0=3137x (3+x)

_1(4—x)‘%
2\ 3+x

—3-x—-4+x
(3+)c)2

(5-2

(5]
) e
)

& {(5_@(2)_(3”,6)(_1)]

2\(5-x) -3 +2%)

Fx)= (2" =327 +4x+1)"”
Using the Extended Power Rule, we have

£1(x)=100(2x° =32% +4x+1)” (62° ~6x+4)

=200(3x ~3x+2)(2° 32> +4x+1)”

|

36.

37.

Chapter 1: Differentiation

f(x) = (7x4 +6x° —x)204
£1(x) =204 (72" +6x° —x)"" (28" +182° 1)

(x):[2x+3)*‘:[5x—1)4
8 Sx—1 243
Using the Extended Power Rule, we have
()= [5x—1j4
8 dx|\2x+3
_4(5x—1)41 i[Sx—l)
-\ 2x+3 dx\ 2x+3
Next, using the Quotient Rule, we have
s5x—1Y'| (2x+3)(5)-(5x-1)(2
22043) | (2x+3)
_ (Sx 1 10x+15—10x+2
2x+3 (2x+3)°

j :
- (Zé) (2x1Z3)2}
68(5x-1)°

3

_68(5x-1
(2x +3)

1-3x Y (2-7xY
38. h(x)=(2—7xj =(1—3x)

:5(2—7x)4 (1—3x)(—7)—(2—7x)(—3)]
1-3x (1-3x)
2-7x\'[ -7+21x+6-21x
=5(1—3x) (1-3x) ]
2-7xY' [ -1
) (1—3x) (1—3x)2]
_=5(2-7x)'
C (-3
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2 2 %
o =)

Using the Extended Power Rule, we have

2 s 2
() =1(X_+XJ i{x_ﬂ

2 2
X —X X —X

2 dx

Using the Quotient Rule, we have

|

(x2 - x)(2x+1) —(x2 +x)(2x— 1)

I (=)

1 27 —x? —x=-2x" —x* +x
2( X —x (xZ_x)2
1
1 X —x % —2x*
2% +x (x2_x)2

)}

(x - 2) (3 +x)

The previous derivative can be simplified as

follows:
1 _‘xz

O e
— —x2
B x% (x—l)% xlz (x+1)%
— —x2
B X (x—l)% (x+1)%

-1

|

Factoring

=)

[4_xs ]%[(HZ)(_3xz)_(4_x3)(1_2x)

3l4-x°

(=)

Next, we simplify the derivative.

2
l(x—xz jé[—3x3+3x4—4+8x+x3—2x4]

|

41. f(x)=

167

f,(x):l(x—xz]% x4—2x2+82x—4
3\4—x (x—xz)

xt=2x"+8x—-4
3(4-2 ) (x-2)"

f-2x" +8x—4

) =5 ;

) 3a-2) (x-at )"

(2x+3)4
(3)6—2)5

Using the Quotient Rule and the Extended
Power Rule, we have:

, d|(2x+3)*
! (x>:EL3x_2)5]

(3x-2) [4(2x+3) (2) ]~ (22 +3) [ 5(3x-2)' (3)]
(Gx-2)")
8(2x+3)’ (3x-2)" —=15(2x+3)' (3x-2)"
(3x-2)"
(2x+3)’ (3x-2)"[8(3x—2)~15(2x+3)]
(3x-2)"
(2x+3)’ [24x 16 —30x —45]

(3x—2)6
(2x+3)’ [-6x—61]

(3)6—2)6
~(2x+3)’[6x+61]

(3x - 2)6
(2x+3)"[6x+61]

f'(x)= - (3»)6—2)6
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(6x-+1)' [ 7(5x-4)" (5) ]~ (52 -4) [3(6x+1)" (6) ]
((6x+1)")

35(5x—4)" (6x+1)’ —18(5x—4) (6x+1)°
(6x+1)°
(5x-4)" (6x+1)°[35(6x+1)-18(5x—4)]
(6x+1)°
(5x—4)°[210x +35-90x +72]
(6x+1)*
(5x—4)" [120x+107]
(6x+1)*
5x—4)'[120x+107

fi(x)=

43. f(x)=12(2x+ 1)% (3x- 4)%
Using the Product Rule and the Extended Power
Rule, we have:

f(x)= 12%[(2“1)% (3,(_4)%}
= 12{(216 +1)* E(:wc —4)h (3)ﬂ +

12{(396 -4y [%(2x+1)% (2)H
:”[?(2“1)% <3x—4>%}+

12| -4 )

16(3x - 4)-

— % %
=45(2x+1 3x—4 + .

Simplifying, we have

Chapter 1: Differentiation

f'(%)
45(2x+1)% (3x-4)* (2x+1)" L 16(3x- 4)%

1 .(2x+1)% (2x+1)%
45(2x+1)(3x—4)% . 16(3x—4)%
(2x+1)% (2x+1)%
B 45(2x+1)(3x—4)% +16(3x—4)%
(2x+1)5
(3x—4)%|:45(2x+1)+16(3x—4)%}
(2x+1)%
(3x—4)4[45(2x+1)+16(3x—4)]
(2x+1)%
(3x- 4)% [90x +45 +48x — 64]
(2x+1)%
(3x —4)% [138x—19]
(2x+1)%
3x-4)4[138x-19

4. y=63" +x(x* —6x)

y= 6(x2 + x)% (x4 —6x)3

dy
dx

- 6[(xz 0 [3(x* ~6x) (46 —6)ﬂ+
6[(x4 “6x) B( ex) % (axs 1)H
= 18(x 1) (x' —6x) (427 —6)+

2 (x4 - 6x)3 (xz + x)_% (2x + 1)

45, y=f=u% and u=x> -1
ﬂ=lu12‘l =lu_% =L

du 2 2 2Ju
d

a_ 2x* =2x

dx

Applying the Chain Rule, we have:
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47.

48.

Exercise Set 1.7

dy _dy du
dx du dx
1
=—2x
2u
2x o2
= Subtituting x~ — 1 for u.
24x% -1
X

= Simplifying
1

1
y=—§=15u‘3 and u =2x+1

u
dy —3-1 a4 45
—=15(-3 45y~ = ——
du ( ) ! u'
i _
dx
&y _dy du
dx du dx
-45
= )
u4
=9
(2x+1)’

y=u" and u = 4x’ - 2x*

ﬂ — 50”5()71 — 50“49

du
du n _
E=4(3x3 1)—2(2x2 l) =12x% —dx
dy _dy du
dx  du dx
=50u" ~(12x2 —4x)
Subtituting 4x° —2x° for u.
=50(4x’ —2x)" (120 ~ 4x)
=200x (3x—1)(4x" - 2x° )49 Simplifying
y= utl andu=1+x/;=1+x%
u_
dy _(u=)(1)-(u+1)(1) _ -2
du (u—1)’ (u—1)’
du_1 .y 1
dx 2 2x

49.

50.

51.

169

& _dy du
dx_du.a

e S

(u—l)2 2Jx

-1
= Subtituting 1+ \/; for u.

R

=——  Simplifying

y=u(u+1) and u = x’ —2x

ﬂ = u(l) + (u + 1) (1) Product Rule

du

=2u+1
ﬂ=Z’>)62—2
dx
dy dy du
dx  du dx

= (2u+1)-(3x* -2)
Subtituting x* — 2.x for u.
= (2(x3 ~2x) +1)-(3x2 -2)

= (2x3 —4x+ l) . (3)62 - 2) Simplifying

y:(u+1)(u—1) and u=x" +1

D (1) (1) + (w=1)(1) = 20

u
d

R
dx

dy _dy du
dx du dx

= (2u) . (3x2)
=(2(x*+1))-(3x*)

=6x’ (x3 + 1)

y=5u"+3uandu=x’+1

ﬂ=10u+3
u

ﬂ=3x2

dx

Applying the Chain Rule, we have:
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52.

53.

b _dy du
dx du dx
= (10u+3)-(3x)

= (10()63 + 1) + 3) . (3x2 ) Substituting for u.
=32 ((10x3 +10)+3)
=32 (10x° +13)

y=u'-Tu* andu=x*+3

3014
du

@=2x

dx

dy _dy du
dx du dx

= (3142 - 14u) -(2x)
- (3(;& +3) - 14(x +3))-(2x)
(

D _ (32t +18x +27 - 1428 —-42)(2x)

dx

(3x* +4x> -15)(2x)
2x(x* +3)(3x° - 5)

y=32u+5 =(2u+5)% and u=x>—x
ﬂ:%(zms)’% )

Extended Power Rule

54.

55.

Chapter 1: Differentiation

y=\/7—3u=(7—3u)% andu=x>-9
dy 1 -y _ -3
D (7-3u) 2 (B) =
du 2( ) 2(7-3u)”

(34-3x° )%
_ —3x

\34-3x

1
y=— and u =5+3¢
u +u

dy (u? +1)(0) = (1) (2u+1)

= Quotient Rule

“ e

_ —(2(5+31)+1) )
((5 +31)" +(5+ 3t))

__ 3(10+6r+1)
((5+3t)2 +(5+3t))2

_ —3(6¢+11)
(5+31)° ((5+31) +1)

_ 3(6r+11)
(5+3t) (6+3t)

Substituting

Factoring
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Exercise Set 1.7

and u=7t" +1

Y= 3u’ -7
5 _ _ 4
? = (3u ;) ((5)) ()12) (15u ) Quotient Rule
u 3u” =17
_ —15u4*
(3u5 - 7)2
@ =14+
dt
dy _dy du
dt  du dt
—154*
=% 114
R
— L—H)z .(14;)
5
(3(7:2 +1) —7)
B —2Mn(h2+1f
(3(7;2 +1) - 7)2
%

y=+x*+3x = (xz +3x)
First, we find the derivative using the Extended
Power Rule.

dy = %(xz -1-3)6)%_1 (2x+3)

dx

o 2x+3

24x* 4+3x
When x =1,
dy  2()+3 s

NG RV

e fap sy 24 22

5
Thus, the slope of the tangent line at (1,2) is 1

Using the point-slope equation, we find the
equation of the tangent line.

Y=y zm(x—xl)
5

y—2=Z(x—1)
o2 5,5
4 4
R

4 4

171

% =10(x* —4x) (3x° - 4)

When x =2,

% =10((2) —4(2))9 (32 -4)
=10(0)’(8)

Thus, the slope of the tangent line at the point,
(2,0) is 0. The equation of the horizontal line

passing through the point (2,0) is y=0.

59. y=xVJ2x4+3= x(2x+3)%

First, we find the derivative using the Product
Rule and the Extended Power Rule.

& x(l(zx p3) (2)) F(2x+3)%(1)
dx 2
X
_JE;I§+ 2x+3
When x =3,
o B, hEs
dx ,/2(3)+3+ )+
:%wg
=§+3
3
=1+3
=4.

Thus, the slope of the tangent line at (3,9) is 4.

Using the point-slope equation, we find the
equation of the tangent line.

Y=y =m(x—x1)

y—9=4(x-3)

y=9=4x-12
y=4x-3
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2x+3Y
60. yz[ 1 )

ﬂ:3[2x+3j2_(x—l)(2)—(2x+3)(1)]
dx x—1 (x—1)’
3[2;+13)2:2x(512);c3]
- (2;;3) _ﬁ]
_-15(2x+3)
(x-1)

=-15-49
=-735
Thus, the slope of the tangent line at (2,343) is

=735.

Using the point-slope equation, we find the
equation of the tangent line.

Y=y =m(x—x1)
y—343=-735(x-2)
y—343=-735x+1470

y=-735x+1813

2
x
61. f(x)=——
(1 + x)
a) Using the Quotient Rule and the Extended
Power Rule, we have:

Chapter 1: Differentiation

f(ﬂz(yhg%z@_x1}9+xf@ﬂ

((1 + x)s)
2x (1 + x)5 —5x (1 + x)
(1 + x)lo
(1 + )c)4 (2x(1 +x) —5x2)
= m Factoring
(1 + x)
_ 2x+ 2x% —5x°
(1 + x)ﬁ
_ 2x- 3x*
(1 + x)6
3 x(2 - 3x)
(1 + x)6
b) Using the Product Rule and the Extended
Power Rule on f(x) = x* (1+ x)f5 , we have
£(x) =2 (=5 (10) (1)) + (14 1) (2x)
—5x7 2x
= 6 + 5
(1 + x) (l + x)
-5x° 2x (1+x)
st 5
(1+x) (l+x) (1+x)
_ —5x +2x +2x°
(1 + x)6
_ 2x- 3x
(1 + )c)6
3 x(2 - 3x)
(1 + x)é
¢) The results are the same.
(x)= (6); +1 T
8 2x-5
a) Using Extended Power Rule, we have
2x— - 1)(2
gv(x)_z(w“j{( £-5)(6)~(6x+1)( >]

225 (2x-5)’

4

_2(6x+1)[12x—30—12x—2]

26-5 | (2x-5)
_2(6x+1)| 32
25 [ (22-5)

3 —64(6x+l)
- (2)6—5)3
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b) Using the Quotient Rule on
(x) _ 36x7 +12x+1
SV T2 205125
o (4x* —20x+25)(72x+12)
8 (x) = ) 2 -
(4x* —20x+25)

, we have

(3627 +12x+1)(8x —20)

4x* —20x +25
_ 288x" —1392x* +1560x +300

(4x* —20x+ 25)2
288" —624x% —232x 20
(4x* —20x +25)°

_ =768x% +1792x +320
 (42?—20x+25)

_ —64(2x-5)(6x+1)

o (2x-9)

_ —64(6x+1)

© (2x-9)

) The results are the same. Which method

is easier depends on the student. We believe
that the Extended Power rule offers us a
more efficient approach. It takes too much
time to expand the function, and then factor
it back binomials.

63. h(x)=(3x2—7)5
Letf(x) =x" and g(x) =3x"-7.
(fo8)(x)=r(g(x)= £ (32> =7)=(3x* =7)

Thus, h(x)=(f°g)(x).
Answers may vary.

g'(x)

1
64. h(x)=
(x) NTx+2
Let f(x) =% and g(x)=7x+2.
Answers may vary.
X +1
65. h(x)==
x =1

Letf(x)=i—j and g(x)=x".

(Fog)(x) = £(g(x)) = 1) = 222

x =1
Thus, h(x) = (f ° g)(x) .
Answers may vary.

173

66. h(x)=(x+5)
Letf(x):x4 andg(x):\/;+5.
Answers may vary.
67. Using the Chain Rule:
f(u) =u’, g(x) =u=2x"+1
First find f'(u) and g'(x).
f'(u) =3u’
f' (g (x)) =3 (2)64 + 1)2 Substituting g (x) for u.
g'(x) =8x’
The Chain Rule states

(Fog)(x)=1"(g(x))-g'(x).

Substituting, we have:

(fog)(x) =3(2x4 +1)2 -(8x3)

=240 (2x* +1) .
Therefore,
2
(fog)'(=1)=24(-1)' (2(-1)" +1)
=-24(2+1)’
= -24.9
216,

Finding f (g (x)) first, we have:

£(g(x) = f(2x* +1)=(2x" +1)
By the Extended Power Rule:

£1(8(x))=3(2x" +1)° (82°)
=24 (224 +1).

3

Therefore, f'(g(—l)) =-216as above.

68. Using the Chain Rule:
F)="" g =u=vr ="

oy (=)= (u+1)(1) -2
f (M)_ (u—1)2 _(u—1)2
Fe)=

(vx-1)

1
$)=07
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21
(Vx-1) 2x
B -1
_\/5(\/}—1)2
Therefore,
(Fo8) () =———z=——z=—3.

Gy 20

Finding f (g (x)) first, we have:

o) =r (3=

Using the Quotient Rule:

—X

£(e(x)=

(=) (3 ()

)

L 1y 1. 1.4
_22 2 2

(Vo)

Therefore, (f ° g)'(4) = —% as above.

69. Using the Chain Rule:

f(M)Z%/;:u%,g(x)zu=1+3x2.
First find f'(u) and g'(x).
oy L2 1
flu)=Zu” I
f ! (g (x)) — 1 Substituting g(x)

W for u.
g'(x) =6x

The Chain Rule states

(fog)(x)=r"(g(x)g'(x)-

Substituting, we have:
1

UOQ(X)ZW.(

2x
3 (l +3x7 )2

6x)

70.

Chapter 1: Differentiation

Therefore,

(fog)'(2)=

2(2)
J(1+32))

4

J(13)°
= (0.72348760
Finding f (g (x)) first, we have:

f(g(x)) = f(1+3x2) = (1+3x2)%
By the Extended Power Rule:

f'(g (x)) = %(1 +3x7 )7% (6x)

2

_ 2x
(1+3x2)%
Therefore (fog)'(2) = 2 072348760
Y3y
as above.
Using the Chain Rule:
5 3-
f(u) =2u ,g(x)zuz 4+);
f'(u) =10u*
, 3-x)
Fle()=10(37% )
g'(x) = (4+x)(=)-(3-x)(1)
(4-i-x)2
_ -7
(4+)c)2

Therefore,
(1oL ~T0B-(-10))
e vevars
_—70(13)°

(-6)°

=—42.85129458
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Finding f (g (x)) first, we have:

sl (322) 2322

Using the Extended Power Rule:

f(gu»=25(3—XT{@+XX—U—G—XKU]

4+x (4+x)2
_ 10(3 —xj -7 :
4+x) | (4+2)
, _-70(3-x)"
! (g(x)) - (4 + )c)6
Therefore, (fog)'(~10)=-42.85129458
as before.

71 R(x)=1000vx" —0.1x =1000(x’ —O.Ix)%

Using the Extended Power Rule, we have

R'(x)= 1000[%@2 - 0.1x)% (2x- 0.1)}

2x-0.1
(xz — O.IX)%
~500(2x-0.1)
X =0.1x
Substituting 20 for x, we have
o) 500(2(20)-0.1)

=500

(20)* —0.1(20)
=1000.00314070

=~ 1000
‘When 20 items have been sold, revenue is
changing at a rate of 1,000 thousand of dollars
per item, or 1,000,000 dollars per item.

72, C(x)=2000(x" +2)% +700
)

C'(x)= 2000[%()8 +2) 7% (m)}

_ 4000x (x2 +2)*%
3

4000x
3(x%+ 2)%

175

4000(2
C'(20)= _400(0) 489.57364458

2,
3((20)" + 2)4
When 20 items are produced, the total cost is

changing at a rate of 489.574 thousand of
dollars per item, or 489,574 dollars per item.

73. P(x)=R(x)-C(x) and
P'(x)=R'(x)=C'(x)
Since we are trying to find the rate at which
total profit is changing as a function of x, we
can use the derivatives found in Exercise 71 and
72 to find the derivative of the profit function.
There is no need to find the Profit function first
and then take the derivative.
P'(x) = R'(x) —C'(x)

~500(2x—0.1)  4000x

m 3 (x2 + 2)%

74. C(x)=+5x*+60 and x(r)=20r+40. To find

the rate of change of the cost function with
respect to the number of months, we must apply

the Chain Rule.
(] % %
C'(x) =5 (5x" +60) 7 (10x) = 5x(5x* + 60) ™
' 2 7%
C*(x(r)) = 5(201 +40) (5(20¢ + 40)° +60)
(1) =20
Using the Chain Rule, we have:
ac ,
” =C (x(t))-x (t)
2\ h
=5(20¢ + 40)(5(20; +40) +60) (20)
%

=100(207 +40) (5(20; +40)° +60)7
100(207 +40)

) (5(20¢ +40) +60)%

Substituting 4 in for 7, we have:
dc 100(20(4) +40)
dt

A
(5(20(4)+40)" +60)

=~ 44.70273729
After 4 months, the total cost is changing at a
rate of 44.7 thousand of dollars per month, or
44,700 dollars per month.
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75. Let x be the number of years since 1995.
C(x) =0.21x* -5.92x’ +50.53x° —
18.92x+1114.93
ac_ 0.21(4x")-5.92(3x") +
a) dx
50.53(2x)—-18.92

=0.84x" —=17.76x* +101.06x —18.92

. dC
b) Answers will vary. I represents the

rate at which consumer credit is changing

with respect to time.
¢) Substitute 15 for x. [2010—1995 =15]

ac_ 0.84(15)" =17.76(15)" +

dx

101.06(15)-18.92
= 2835-3996 +1515.9 - 18.92
=335.98

Outstanding consumer credit will be rising
at a rate of 335.98 billion of dollars per year

in 2010.

VA
2x+1 :80(2“1)
x4+ 3x+4

(Bx+4)

:40(3x+4)4 5
2x+1 (3x+4)2

200
(2x+ 1)% (3x+ 4)%

77. A=1000(1+i)’

a) Using the Extended Power Rule, we have

‘CII—A =1000(3)(1+i)* (1)

i

=3000(1+i)".

dA
b) Z is the rate at which the amount in
i

the account is growing with respect to the
interest rate three years after it was invested.

AV (Bx+4)(2)-(2x+1)(3)
o[22

78.

79.

80.

Chapter 1: Differentiation

l. 20
A =1000 [1 +—j
4

a) Using the Extended Power Rule, we have

% - 1000(20)(1 %)19 G)

l
i 19
= 5000 (1 + —j
4

dA
b) Z is the rate at which the amount in

the account is growing with respect to the
interest rate five years after it was invested..

80,000

D(p) and p=1.6t+9
p
a) Substitute 1.6¢+9 in for p in the demand
function.
80,000
(r)=
1.614+9

b) Using the Quotient Rule, we have
(1.67+9)(0)—(80,000)(1.6)

(1.61+9)°
~ ~128,000
(16r+9)

Therefore,

D'(t)=

~128,000
(1.6(100)+9)°
~ —128,000
28,561

=~ —4.48163580

After 100 days, quantity demanded is
changing —4.482 units per day.

D'(100) =

P(x)=0.08x" +80x and x =5t+1
a) Substituting 5¢ +1 for x, we have
P(r)=0.08(5¢+1)" +80(5¢ +1)
=0.08 (25:2 +10f + 1) +400¢ + 80
=21 +400.8¢ +80.08
b) P'(t)=4t+400.8
Therefore,
P'(48) = 4(48)+400.8 = 592.80

After 48 months, profit is increasing at rate of
592.80 dollars per month.
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D =0.85A(c+25)and ¢ =(140— y)72

a) Substituting 5 for A we have:
D(c)=0.85(5)(c+25)
=4.25(c+25)

=4.25¢+106.25.
Substituting 0.6 for x, 45 for y, we have:

c(w)= (140—45)#06)

—95- "
43.2
_ 5w
43 2

=2.199w

dD
0 2= (4250 +106.25) = 425
c dc

The dosage changes at a rate of 4.25 mg per
unit of creatine clearance.

de _ d (95w)_ 95
dw  dw\432) 432

The creatine clearance changes at a rate of
2.199 unit of creatine clearance per
kilogram.

d) By the Chain Rule:

D _dD 2 _(425)( 2 )=95346.
dw dc dw 43.2

The dosage changes at a rate of 9.35
milligrams per kilogram.

) ~2.199

dD
e) Answers will vary. T represents the
w

rate of change of the dosage with respect to
the patient’s weight. For each additional
kilogram of weight, the dosage is increased
by about 9.35 milligrams.

(2x-3) +1= ((236—3)2 +1)%

dy 1

== E((2x —3) + 1)% (2(2x-3)(2))
o 2(2x-3)
((2x-3)"+1
2(2x-3)
(2x-3)" +1

)%

177

1
83. y= A-xs

Using the Product Rule and the Extended Power
Rule, we have

%:(x3+6x+1)%.(5x4)+

U +6x+1-x° z(x3+6x+1)

x° [%()ﬁ +6x+ 1)_% (sz + 6):|
5 2
=5x* (x3 +6x + 1)% +—3x (x i 2)2
3(x* +6x+ 1)4
The derivative can be further simplified by

finding a common denominator and combining
the fractions.

dy (x3 +6x+1)% 5x* ()c3 +6x+1)%

dx (x +6x+1)% | 1 i
x° (xz +2)
(x3 +6x+ 1)%
Sxt (¥ +6x+1) X (x7+2)

= +
(x3 +6x+1)% (x3 +6x+1)%

5x7 +30x° +5x* +x7 +2x°

()c3 +6x+ 1)%
_ 6x7 +32x° +5x*
(x3 +6x+ 1)%

1
84. s=3r"+3>+8-3¢ =(t4 +3¢ +8)A 3t

s _ (¢t +30° +8)% (3)+

3t[4([ +3¢° +8) /(4t3+6l‘)}

2 2
=3(t4+3t2+8)% _orertd) (2 +3)z
(t +3f2 +8)A
B 6(r" +31 +8) 3 (21 +3)
2(t4+3t2+8)% (t +3¢ +8)%

_61* +181° +48+61" + 91
2(r +30° +8)%
_ 12t +271 +48
2(r +37° +8)%
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3
X
85. =
g ( x—lj

Using the Extended Power Rule and the
Quotient Rule, we have:

dy 5| x Hi _x
dx (x—l)% dx (x—l)%

v |6
] [

JA X

Ve B

_3x2 (x ) Z(x—l)%

S x-1 x—1
2x-2 B X

D3 | 2(x-1)2 2(x-1)?

Cx-1 x—1

_ 3x’ x—2

(x=1)" | 2(x-1)"2

_3x2(x—2)

2(x—1)%

=327 (1427) | ——+ 1”21
(1) (1+x)" (1+x2)4]

=3¢ (144°). (11: 22’“)2% ]
X

= (3" + 62 )(1427) 2

=(3x2 +6x4) (1+x2)

Chapter 1: Differentiation

)}
e (1-x)"
87. y= =
1-x 1-x
Using the Quotient Rule and the Extended
Power Rule, we have:

1

& (1-@(5(1 ) (—2x))—(1 Y ()

dx (l—x)2
x(x=1) +(1_xz)%
& (1_x2)A
dx (l—x)2
P_x +(1—x2)%.(1—x2)%
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> 0 Simplifying, we have:
89. y=| 11— N
Using the Extended Power Rule and the f'(t)= L
Quotient Rule, we have 243t + \/;
631 +1

dy =

dx IN/NCEN
B Yox—1Y (x2+1)(2x—1)—(x2—x—1)(2x)
5] |

92. F(x) = (6x(3 - x)5 +2)4

X+l (xz+l)2 F'( )
=3(xe11_1} [x(;i);)_f] —4(6x(3-x)' +2) [6x(5(-2)" (-1)) + 3 -x)'(6)]
(5=t (411 =4(6x(3-x)’ +2)3[—30x(3—x)4+6(3—x)5]
B (¢ +1)’ ' =4(6x(3-x) +2)3 [6(3-2)" (-5x+(3-x))]
. N =24(3-x)' (3-6x)(6x(3-x) +2)3
x —4x x —4x
0. sl =5 :( 2x+1 ] =72(3-x)" (1-20)(6x(3-x)’ +2)
g'(x)
=l(x2 4xJ%[(2x+1)(2x—4)—(x2—4x)(2)] 93, Let Q(x)=ll\;2x;-
2\ 2x+1 (2x+1)2 X 1
:1[ 2x+1 )% 4x2—6x—4—2x2+8x] E:e“fQ(xFN(x)[D(x)]_
N\ —4x (2x+1)2 | ere ore,d . »
:l[ 241 j% 2x2+2x—4] Q (x)=N(x)E[D(x)J +EDE:):| Rd_)lCN(x)
2\ x* —4x (2x+1)’ roduct Rule
1 ( 2xal )% _2(x2 +x—2)] =N() (D[] ~D'éxze+n[i c(le)’ll er'(l:)le
Rl ey NW)D(), V()
X 4+x=2 = > T
3 1 [D(x)} D(x)
(r+1)% (* -4) _-N(x)-D'(x), N'(x)-D(x)
T 0\ [p@]  [pH]
91. f(t)= 3t+\/;=(3t+t4) D(x)-N'(x)= N(x)-D'(x)
Using the Extended Power Rule, we have B D(x\T
cxeniel (o]
f'(t)=5(3t+té) (3+2t/j
e
2\/3z+«/_
3 20,
AP f

2\/3t+\[
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9.

95.

f(x)=1.68x79.2—x*;  [-3,3]

Using the calculator, we graph the function and
the derivative in the same window. We can use
the nDeriv feature to graph the derivative
without actually calculating the derivative.

Flotl Flokz Flotz
:E;EI.EEKHE'.E—H

SMezBnDeriwcy'y s Hs
W

=%zl
Ny =
wMNe=

Using the window:

We get the graph:

Note, the function f (x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative. Using the trace feature, the
minimum/maximum feature on the function, or
the zero feature on the derivative on the
calculator, we find the points of horizontal
tangency.

We estimate the points at which the tangent
lines are horizontal

are (—2.14476,—7.728) and (2.14476,7.728).

£(x) =V6x* —3x* —48x +45, [-5.5]

Using the calculator, we graph the function and
the derivative in the same window. We can use
the nDeriv feature to graph the derivative
without actually calculating the derivative.
Flakl Fletz Flokz
Wiy Bl CEsR 33N -
4288+45)
gngﬂDer1uﬂ¥1,H=

WMr=
Ny =

wMNe=

Chapter 1: Differentiation

Using the window:

W IHOOW
Amin=-5
Amax=5
wecl=1
Ymin=-1@

We get the graph:

Note, the function f (x) is the thicker graph.

The horizontal tangents occur at the turning
points of this function, or at the x-intercepts of
the derivative. Using the trace feature, the
minimum/maximum feature on the function, or
the zero feature on the derivative on the
calculator, we find the points of horizontal
tangency.

We estimate the point at which the tangent line
is horizontal to be (~1.47481,9.4878) .

() \/ﬁ—x(4 x)
[;(4 X 2x):| (4—x2)%(1)

Using the window:

W IHOOW
Amin=-2
Amax=2
Bscl=1
Ymin=-5
Ymax=5
Yacl=1

ares=1
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The graph of the function and the derivative are

shown below.

Note: The graph of the function is the thicker
graph.

4x 4x

g(x)= 10 = (x—lO)%

Using the Quotient Rule and the Extended
Power Rule, we have

(x—10)2 (4) - 4x G(x ~10) (1))
((x—lO)%)z
T =
4(x—10) 10)"
(x—lO)
4()6—10) 2x

(x —10)% (x— 10)%

g'(x)=

(x-10)
_ 2x—40
(x—10)2

As a check, we first graph y, = nDeriv (y,, X, x),
after entering

4x
= —— . We then graph
yl (x _ 10)().5 g p
2x —40
= % , the result of our
T (x—=10)"
differentiation. Note that the graphs coincide.
. (2x —40)
v, =nDeriv (y,,x,x), y; = m
5
-10 { ( 50
-5

181

2x—1

As a check, we first graph y, =nDeriv (y,,x,x)
after entering y, = (2x — D" +x’)’.
We then graph
C5(2x =D +x)'Gx*2x = D™ +1)
- (2x — 1)0,5 >
the result of our differentiation. Note that the
graphs coincide.
v, =nDeriv (y,,x,x) ,

C5(2x =D +x)'Gx*2x = D™ +1)
Y3 = (2x — 1)0,5

3

100,000

Exercise Set 1.8

1. y=x"+9
dy 5-1 4 . ..
d_ =5x" =5x First Derivative
x
dzy 4-1 3 ..
F = 5(4x ) =20x" Second Derivative
x
2. y=x"-7
d
D gy
dx
dZ
Y =124
dx
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y=2x"-5x
d
d—y =2(4x")-5=
X
=8x*-5 First Derivative
dzy 2
de = (3 )
=24x? Second Derivative 10.
y=5x+4x
? =15x* +4
X
2
% =30x
X
11.
y=4x+3x-1
?: 4(2x7)+3-0
X
=8x+3 First Derivative
2
Z Z =8 Second Derivative
X
y=4x" —=5x+7
? =8x-5
X
dzy 3
ax’
y=Tx+2
J 12.
d_y =7 First Derivative
X
d’y
e =0 Second Derivative
X
y=6x-3
b_g
dx
dzy ~0
ax®
1, 13.
y= x_z =X
? =-2x""
X
=-2x""
-2 . .
=— First Derivative
X

Chapter 1: Differentiation

_ -3-1
dx2 - _2 (_3x )
=6x
6 ..
=— Second Derivative
X
y= L = x73
x3
dy _ 3y = _43
dx X
2
d Y 125 =¥
dx X
y=x =5
ﬂ 1 V-1
dx 2
1y
__ ! —L First Derivative
2% 2x
&y _1( 1
dx* 2 2
= —lx_%
=— L _ - ! Second Derivative
PN
y=dx ="
dy lx%—l 1 x-% _ 1 _ 1
dx 4 4 a4y
dy _1(_3) ¥
dx* 4\ 4
= —ixiA
16
_ 3 3 3
16x4 163x"
f(x) =x'+=
£(x)=4x" +3(-1x7)
=4x’ -3x7"
; 3 . ..
=4x -— First Derivative
X
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Exercise Set 1.8
£r(x)=4(3x"")-3(-2x7")
=12x*+6x7°

6
=12x* + — Second Derivative
X

14. f(x) =x’ —§= X’ =5x7"
X

f'(x) =3x> +5x7°

1
=6x——?
15. f(x) = x%
' 1 li
F()=tx
1y
5
1 . .
=— First Derivative
SxA
N 1 4) -4
=53]
= —ix_%
25
4 L
=_ 5 Second Derivative
2515
16. f(x)=x"
1 2 1
"(x)==x 73 =
/ ( ) 3x%

17. f(x)=4x"

=-12x"
12
Xt
£o(x)=-12(-4x")
=48x7
48

=5
x

First Derivative

Second Derivative

18.

19.

20.

21.

183
f(x) =2x""
fi(x) ==
X
f(x)=12x7" =%
X
f(x) = (x2 -i—3)c)7

£'(x)=7(x*+3x) " (2x+3) Theorem 7
=7 (2x + 3) (xz + 3x) First Derivative
(%) =7(2x+3)(6(x2 +3x) (2x+3))

Theorem 5

=42 (2x + 3)2 (x2 + 3x)5 + 14(x2 + 3x)6
We can simplify the second derivative by
factoring out common factors.

f ”(X)

= x +3x 5[3 2x+3 x +3x)}

)

=14(x2+3x)5[3 40 +122+9)+(x +3x)
5

=14(x* +3x) [ 122 +36x +27 +x +3x |

)

Derivative

14(x +3x) (132 +39x+27) Seond

f(x z(x +2x)
(x3+2x) (3x +2)

)= ef(e 24 6]+
[Sx +2)-5(x* +2x)’ (3x2+2)}
=36x(x’ +2x) +30(32% +2) (+* +2x)’

=6(x* +2x)’ [6x(x3+2x)+5(3x2+2)2:|

6(x" +2x) [6x* +12x* +45x* +60x> +20]

=6(x’ +2x) (51x* +72x> +20)

f(x) = (2)c2 —-3x+ 1)10
£'(x)=10(22* =3x+1)"" (4x~3) Theorem 7

=10(2x* 3x+1) (4x-3) B

Derivative
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£"(x)=10(2* =3x+1)’(4)+  Theorem 5
10(4x-3)-9(22% ~3x+1) (4x-3)
=40(2x* —3x+1) +
90(4x—3)" (24° ~3x+1)
=10(20* - 3x+1) (4(22° - 3x+1)+

9(16x* ~24x+9))
=10(2%° —3x+1) (8x* ~12x+4+
144x” —216x +81)
=10(2%* —3x+1) (152 ~228x +85)
Second Derivative
22, f(x)=(3x" +2x+1)
£1(x) =532 +2x+1) (6x+2)
£(x)=5(3x +2x+1)' (6)+
5(6x+2)-4(3x* +2x+1) (6x+2)
=30(3x° +2x+1) +
20(6x+2)° (3. +2x+1)
=10(3x +2x+1) (3(3x7 +2x+1)+
2(36x" +24x +4))
=10(3x> +2x+1) (9% +6x+3 +
72x° +48x +8)

=10(3x* +2x+1) (81x +54x +11)

2. f(x) =i +1) = (1)
() =2 (7 +1) 7 (2)

Theorem 7

First Derivative

N AW

24,

Chapter 1: Differentiation

f"(x) = %x-%l(xz +1)7% (Zx) +

%(x2 +1)% (1)

Theorem 5
_5 1
=3 (e ) ()
4 2
-3x’ 3
% 7
a(x?+1)" 2(x 1)
We can simplify the second derivative by

finding a common denominator and combining
the fractions.

) 32 3 2(x2+1)
! (x)_4(x2+1)%+2(x2+1)% 2(x+1)
o 6(x> +1)
4(x2+1)% 4(x2+1)%
. 3x7+6
_4(x2+1)%
3(x2+2)
4(x2+1)%
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Exercise Set 1.8 185

25. y= x% +4x . 9x 8()c3 —x) 3(3x2 —1)2
y'= . -
y'=§x%4+4 2(x3‘x)% 8(x* =) 16(’“3"“)%
4 2
= gx% +4 First Derivative = 72 - 72); - 3(9x o ;l)
; | 16(x3—x) ¢ 16(x3—x) ¢
— N V.
Y=g s _72x* =720 —27x* 418" -3
=_2x-% 16(x3—x)%
4 2
2 S d Derivati = u“xf Second Derivative
= _gx_% econ erivative 16(x3 —x) 4
26. y= x% —5x 28. y= (x4 +x)%
y=2is v=2(wex) (4 0)
y"=%x7% =ﬁ y"z%[(x4+x)% (12x2)+
Loy, %
27, y= (x3 _x)% (_4x3 +1) (—g(x“ +x) 3 (4x3 +1)]i|
2
y'= %(ﬁ —x)%f1 (3x2 —1) Theorem 7 _2 125° - (4x3 + 1)4
3 y 3 (x4 +x)A 3(x4 +x)é
= Z(x3 - x) ¢ (3x2 - l) First Derivative -
; o 2[36x° (¢ +x) 161 484 +1
y'= Z(X3 - x) *(6x)+ Theorem 5 3 3(x4 +x)% 3(x4 +x)%
3 -1 Y- }
Z(3x2 _1)'7()(3 -) g (3-1) _ 2] 202° +28x -1
:%x(x3—x)7%+ 3_ 3(x4+x)%
-3 s _ 40x° +56x° -2
1) () o
2
x| 3(3x° -1)
_2(x3_x)% 16(x3—x)% 29. y=2x 1 x
The second derivative can be simplified by y'= 2,2 x%*l +l X /p!
finding a common denominator and combining 2
the fractions. = %x% +%x7% First Derivative
" _2 lxlfl 1 -1y,
2 4 2 2
5% 1A
8 4
5 1

= — Second Derivative
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186 Chapter 1: Differentiation

30. y=3x%—x% 35 _3x+1
) 2x-3
4 44 1 V-
'=3.—x3 ——x" 2x=3)(3)=(3x+1)(2
Y 3x 2x ':(x )G) (QH_ )2) Theorem 6
Ly (2x-3)
_6x—9-6x-2
proa Lo Lo g -3y
3 2 2 11
_ _ = First Derivati
—%x % +lx ¥ (2x—3)2 irst Derivative
_ 4% . ly C(20-3)(0)-(-11)2(2x-3)(2))
y =
3x73 4x7? 2
((2x—3)2)
31 y= £+L PN S Theorem 6 and Theorem 7
' P _ 44(2x-3)
y' =23+ (207)  (2x-3)
=—6x"-2x" First Derivative 44 o
s S = S Second Derivative
y'==6(-4x"")=2(-3x"") (2x-3)
=24x7 +6x7*
2x+3
:i—?+% Second Derivative 36. y= 5x—1
(5x=1)(2)-(2x+3)(5)
301 v 5x—1)°
32. y=—F-—=3x"-x" (5x-1)

N - =-17(5x-1)"
y'==12x"+x o (5x—1)2
y"=60_x_6_2x_3=x_6_? y”=_17(_2(5x_1)73(5))

=170(5x-1)"
33. =(x*+3)(4x-1
y (x + )( X ) 10
y'=(x +3)(4)+(4x—1)(2x) Theorem 5 B (5x—1)3
=4x* +12+8x* —2x
=12x> —2x+12 First Derivative 37. y=x"
= 12(2)6271 ) -2 % =4x*" =44° First Derivative
=24x-2 Second Derivative .
dzy
=2 =4(3x"")=12x"  Second Derivative
3. y=(x'=2)(sx+1) dx’
3
:( *22)(5)+ (5x+1)(3+7) %=12(2x2_1)=24x Third Derivative
_ _ 4
B 20, 1(:- 15)160+3x fl ?: =24 Fourth Derivative
=20x" +3x" — X
"=60x* +6x
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38.

39.

40.

Exercise Set 1.8

y=x
ﬂ =5x*
dx
d’y
— =20x°
dx
d’y
- = 60x2
dx’
4
d—f =120x
dx

=6x° —3x>+2
25 )-3(a)
X
=30x" —6x
d3y 4-1
—5= 30(4x*")-6
=120x" -6
ff =120(3x"")
X
=360x>

5

;f =360(2x"")

=720x

y:x7 —8x2+2

(4

=7x% —16x
X
2
% — 4255 ~16
X
d’y
5T 210x*
X
d'y
o = 840x°
X
5
% = 25202
X
d®y
5 =5040x

First Derivative

Second Derivative

Third Derivative

Fourth Derivative

Fifth Derivative

41.

42,

43.

Flx)=x? -
F()=-20 -2
= 2X73 _%xi% gier:i[valive

f(x)=-2 (—3)6’3’1 ) —%_71)[%71

Second
Derivative

= 6)(:4 +lx7%
4

f(x)= 6(—4)64"1 ) +i-_73x7%71

C od 3 5 Third
= Derivative

£ (x)=-24 (—S)C’S’l ) —%_75){%71

_ 15 ou
=120x ¥ +1_x A Eerir\t/gtive
f(x) =x +2x%
f(x)=-3x" +%x7%
f(x)=12x7 _gx,%

(4) =360 *7_16_0 -%
1 (%) =360x7 == x

9 (x) = 2520 +—127:§ '
g _x) = x4 —3)(3 —7x2 —6x+9
g'(x) =4x""-3 (3)6’H ) =7 (2)6271 ) -6
_ 4x3 _ 9x2 —14x—6 First

Derivative
g"(x) =4(3x") -0 (2¢) 14

=12x" —18x—14 D e
g"(x)=12(2x"")-18

=24x-18 Dorivative
g (x)=24 Desivative
P (x)=0 Pesivative
g® (x)=0 Desivative
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44.

45.

46.

47.

g(x =6x" +2x" —4x’ +7x* —8x+3
30x* +8x’ —12x” +14x -8
"(x)=120x" +24x° —24x+14
"(x) =360x> +48x —24

)

(x)

(x)

(x)
(x)=720x+48
(x)

(x)

(x)

49.

¢) When t=4
v(4)=3(4)" +1=49
a(4)=6(4)=24
After 4 seconds, the velocity is 49 feet per

second, and the acceleration is 24 feet per
second squared.

s(t)=-10* +2t+5

a) v(r)=s'(r)=-20r+2

b) a(t)=v'(r)=s"(r)=—-20

¢) When =1,
v(1)==20(1)+2=-182
a(l)=-20=

2

sec

50.

s(1)=3t+10
a) v(t) = s'(t
b) a(t) = v'(t
¢) When t=2
v(2) =3
a(2) =0
After 2 hours, the velocity is 3 miles per

hour, and the acceleration is 0 miles per
hour squared.

d) Answers will vary. Uniform motion
means that the object is moving with a
constant velocity. Since the objects velocity

is not changing, the objects acceleration will
be zero.

3
s"(t)ZO

)=
)=

48.

51.

Chapter 1: Differentiation

a) v(t)=s'(t)—2l—%
b) a(t)zv'(t)zs"(t)=2
¢) When =1,

13 )
V(l)—z(l)—g—g— w
a(l):2‘m2

s(t) =161

a) When 1=3,5(3)=16(3)" = 144.

The hammer falls 144 feet in 3 seconds.
b) v(r)=s'(r)=32t

When =3, v(3) =32(3) =96

the hammer is falling at 96 feet per second
after 3 seconds.

c) a(t) = v'(t) =s"(t) =32
When =3, a(3)=32

the hammer is accelerating at 32 feet per
second squared after 3 seconds.

s(r) =161
a) When t=2,5(2)=16(2) =64.
The bolt falls 64 feet in 2 seconds.
b) v(r)=s'(r)=32t
Whenr=2, v(2)=32(2) =64

the bolt is falling at 64 feet per second after
2 seconds.

c) a(t) = v'(t) =s"(t) =32
Whent =2, a(3)=32

the bolt is accelerating at 32 feet per second
squared after 2 seconds.

s(1)=4.905¢

The velocity and acceleration are given by:
v(t)=s'(t)=9.81t

a(l) = v'(l) = s"(l) =9.81

After 2 seconds, we have

v(2)=9.81(2) =19.62

The stone is falling at 19.62 meters per second.
a(2)=9.81

The stone is accelerating at 9.81 meters per
second squared.
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52.

53.

54.

5S.

Exercise Set 1.8

s(t
v(t

a(t)

) =4.905¢*
)=s'(¢)=9.81
=v'(t)=s5"(t)=9.81

After 3 seconds, we have
v(3)=9.81(3)=29.43

The stone is falling at 29.43 meters per second.
a (3) =9.81

The stone is accelerating at 9.81 meters per
second squared.

a)

b)

b)

The plane’s velocity is greater at

t =20 seconds. We know this because the
slope of the tangent line is greater at
t=20thenitis at t =6.

The plane’s acceleration is positive, since
the velocity (slope of the tangent lines) is
increasing over time.

The bicyclist’s velocity is the greatest at
time ¢ = 0. The tangent line at 7 = 0 has the
greatest slope.

The bicyclist’s acceleration is negative,
since the slopes of the tangent line are
decreasing with time.

S(t)=21—40¢* + 220t +160

a)

b)

S'(¢) = 61> =80t +220

When ¢t =1,

$'(1)=6(1)" —80(1)+220 =146 .

After 1 month, sales are increasing at 146

thousand (146,000) dollars per month.
When t =2,

5'(2)=6(2)" —80(2)+220 =84.
After 2 month, sales are increasing at 84

thousand (84,000) dollars per month.
When t =4,

S'(4)=6(4)" -80(4)+220 = —4 .

After 4 months, sales are changing at a rate
of —4 thousand (—4000) dollars per month.
S"(¢)=12t-80

When t=1, S$"(1)=12(1)-80 = —68.

After 1 month, the rate of change of sales
are changing at a rate of —68 thousand

(—68, 000) dollars per month squared.

9]

189

When t =2,

5"(2)=12(2)-80=-56.
After 2 months, the rate of change of sales
are changing at a rate of —56 thousand

(—56,000) dollars per month squared.
When 1 =4, §"(4)=12(4)-80=-32.

After 4 months, the rate of change of sales
are changing at a rate of —32 thousand

(—32,000) dollars per month squared.

Answers will vary. The first derivative

found in part (a) determined the rate at
which sales were changing ¢ months after
the product was marketed. We saw that for
the first 2 months, sales were increasing.
However, in the 4 month, sales had started
to decrease. The second derivative found in
part (b) determined how fast the rate of
change was changing. We saw that the rate
at which sales were changing was negative.
Which means that in the first two months
when sales were increasing, they were doing
so at a decreasing rate.

56. N(1)=2r-31+2t

a)

b)

N'(t)=61"—6t+2

When t=1, N'(1)=6(1)" —=6(1)+2=2
After 1 day, the number of items sold was
increasing by 2 items per day.

When 1=2, N'(2)=6(2) -6(2)+2 =14
After 2 days, the number of items sold was
increasing by 14 items per day.

When 1 =4, N'(4)=6(4)" —6(4)+2 =74
After 4 days, the number of items sold was
increasing by 74 items per day.
N"(t)=12t-6

When t=1, N"(1)=12(1)-6=6

After 1 day, the rate of change of the

number of items sold was increasing by 6
items per day squared.

When 1=2, N"(2)=12(2)-6=18
After 2 days, the rate of change of the
number of items sold was increasing by 18
items per day squared.

When t =4, N"(4) = 12(4)—6 =42
After 4 days, the rate of change of the
number of items sold was increasing by 42
items per day squared.
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58.

c) Answers will vary. The first derivative

found in part (a) determined the rate at
which items were sold ¢ days after the new
sales promotion was launched. The second
derivative found in part (b) determined the
rate at which the rates in part (a) where
changing. The information tells us that after
the new sales promotion was launched, the
number of items sold were increasing at a
increasing rate with respect to time.

y"=2(=3)(1-x) " (-1)=6(1-x)"
Therefore,

Chapter 1: Differentiation

(1+x ) 2x +1 [ 1+x 2 j

S

ax(140) = (20 +2)(1422)
(1+x2)

4x(1+x2)_ 25 + x
(142)®  (1427)"
- (1+x2)
2x’ +3x
(142)* (1+5°)
_ 2x° +3x
(142"

2 % 2 3 E 2 %
(1++) @x+g_@x+ymé@+x)(uﬂ
(0+2)7)

(60 +3)(1+ ) —3x (20 +3x)(14.47)

) (1+2°)
(1 +x° )% [(ze +3) (1 + xz)—3x (2x3 +3x)]

(1 +x2)3
6x* +9x7 +3-6x* —9x?

(142"

y:

1
2x+1

y =5 x4 )

59. y=

=(2x+ 1)’%

= —(2x+1)’%
y'= —_73(2x+1)’%’1 (2)

=3(2x+ 1)’%
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60.

61.

Exercise Set 1.8

y"=3 (;)(m 1172 (2)

——15(2x+1) 72

191

I e

y' - 2\2
_ 15 ((x% ‘1) j
(2x+1)? LK (oA _1)2 ex (¢
Y 2w [=-1)
o )
=ﬁ=11(2x+3)2 o _(;%_11)
v =11(=2)(2x+3) 77 (2) oY TRt
= —44(2x+3)” (x% —1)3
y"=—44(-3)(2x+3)"" (2) [3 il x_%)
=264(2x+3)" 2 2 )
264 (x% —1)3
(2x+3)° 31
1 _2x gy
y'z(xé—l)(;xéj—(xf—kl)(;x A) =zx%_2xl%
(/ _1) (/ _1)3
%—%xf% —%—%){% _ 3x% -1
) (x% _1)2 2x% (x% —1)3
= _x_%
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192 Chapter 1: Differentiation

X X d4y

62. y= x_1=(x_1)% W=k(k—1)(k—2)(k—3)x’<-“
| (x—l)%(l)—x(;(x—l)_%(l)j %=k(k—1)(k—2)(k—3)(k—4)x"‘5
y = 2
((x—l)%) 64. ydz ax’ +bx* +cx+d
1 x ay 2
(x_l)é_z(x_l)% fx—3ax +2bx+c
- 1 d—f=6ax+2b
2(x-1)  x dfy
_ 2(x-1)% 2(x-1)2 - 6a
x—1
x=2 x—1
2(x—1)% 63. f(x):x+2
T a1 (x)=(x+2)(l)—(x—l)(l)
__x 2 (x+2)
2(x—1)2 __ 3
Y y 3y (x+2)
R 0-6-2) 36 ) TN
y'== 3 otice, X)= 7 = X+ .
2 ((x—])%) (x+27)271
1 3 F(x)=3(-2)(x+2)
_l.(x—l)é[(x—l)—z(x—z)} (e
_2 (x_1)3 _ 6 :
_l x—1—-=x+3 ' ”(x+2) 6 .
=5 (x_])% Notice, f ( )=—(x+2)3 —6(x+2) .
RS () =-6(-3)(x+2) " ()
=— 2 _ -4
2 (x—l)% —18(1’;;2)
g " (er2)
C(xo1)? Notice, f'”(x)=(xi82)4 ~18(x+2)
63. y=x' Y (x)=18(=4)(x+2)"" (1)
d k-1 =-72(x+2)"
d_z—kx = 72(72 2)
Z;) zk(k—l)xk_2 :_(x+2)
Z—gzk(k_l)(k_z)w
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Exercise Set 1.8

66. f(x)zjc”_“;
()= =) =(+3)(1)
f'(x) (—2)
I =-5(x-2)"

67. s(1)=16r
Find the velocity function, v(t) = s'(t) =32¢.

This velocity function is in feet per second, we
need to convert 50 miles per hour to feet per
second. There are 5280 feet in one mile and
3600 seconds in one hour. Therefore,

SOE 5280ft 1 hr B @i
hr 1 mi 3600 sec 3 sec

Now we solve the equation:

v(r) =222

3
32t

_20

220 1
3 32
t= >3 =2.20.
24
The ball will have to fall approximately 2.29
seconds to reach a speed of 50 mi/hr.

68.

69.

70.

71.

193

s(t)=0.1t" = +04;  [-5,5]

1
a VI S
2N !
AN !
,5 L Il L ,.I 1 W 1 J 5

From the graph we see thatv (t) switches at
t=-129 andt =1.29.

s(t)=='+35,  [-3,3]

-3
From the graph we see thatv (t) switches at
t=0.

s(t)=t*+0 -4 =2t+4;  [-3,3]

From the graph we see thatv (t) switches at
t=0.604 and r = —1.104.

s(t)= =3 +2;  [-2.4]

From the graph we see thatv (t) switches at

t=1.
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