CHAPTER 2
Derivatives

Review of Prerequisite Skills,
pp. 6263 ‘

la.a* X a* =a "
=qa°
b. (=2a°) = (=2 (a*)
= —8(a**?)
= —8a°
ap” x ep’  24p"""
Co12pt T 12p”®
= oplo=1s
d. (a*b a2 = (a* )b

= 48¢'"
; (3(—;"4)[211_-‘(-b V] (3)(2)(~1)3'((1"’4*3)(1;3)
) 12a°b* 12a°b?
~6(a“"5)(b3'2)
- 12
_ —Ma=")b)
- 2
b
27°
2.a (x)(x) ="
= v
b. (8x°) = 8%
= 4y

. Vava (a)(a)
" Va a
=
3. A perpendicular line will have a slope that is the
negative reciprocal of the slope of the given line:

—1
a. slope = —5—
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3
2
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-1
b. slope = —7
=2
-1
c. slope = —
-3
5
-1
d.-slope =7
=1
-4 - (-2
4. a. This line has slope m = (=2)
-3-9
-2
-12
_1
6

The equation of the desired line is therefore
y+4=4x+3)orx— 6y —21=0.

b. The equation 3x — 2y = 5 can be rewritten as
2y =3x—5Sory= 2x — 3, which has slope 3.
The equation of the desired line is therefore
y+S5=3(x+2)or3x ~2y—4=0.

¢. The line perpendicular to y = jx — 6 will have

slopem = — = —3. The equation of the desired line
3
isthereforey + 3 = —3(x —4)ordx + 3y =7 = 0.
S.a. (x — 3y)(2x + y) = 27 + xy — 6xy — 3y?
=2x% = Sxy — 3y’

b. (x = 2)(x* — 3x + 4)

= =32 +4x - 2*+ 60— 8

= x>~ S5x' + 10x — 8

. (bx —3)(2x+7) = 12x% + 42x — 6x — 21

= 12x + 36x — 21

d.2(x +y) — 5(3x — 8y) = 2x + 2y — 15x + 40y
= —13x + 42y

e. (2x — 3y)? + (5x + y)?

= 4} — 12xy + 9% + 25x7 + 10xy + )

= 20x% — 2xy + 10y?

£ 3x(2x — y)* — x(5x — y)(5x + y)

= 3x(4x? — dxy + y*) — x(25x° — v

12 — 12x%y + 3xy? — 25¢° + x)°

= — 13 — 12x%y + 4xy?

I
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6. a 3x(x +2) 50 15 (x + 2)
o x° (x +2)  27%(x +2)
15
_ _2_»,{473
15
= —5:{
x#F0, -2
. ¥ _ {y —15)'
(y +2)(y = 5) 4y

¥y =5y -3

T At 2)(v - )

S
Ay +2)
y#F —2.0.5
4 9 4 y 2(h + k)
C. + =
h+k 2h+ky h+k 9
_ 8(h + k)
C9(h + k)
8
"9
h# —k

{(x+y)(x—v) (et vy

5(x = y)

10
10

_ -y

S(x — y)

(x + y)}-

C10{x + vy (x — y)

S0 = Ve )

_ 2
(x +y)
X F —y, +y
e X 7 S5x _ - NDx -1 N (5x)(2x)
T 2x v - 1 2x(x — 1) 2x(x — 1)
X = Tx = x + 7+ 100
B 2¢(x — 1)
1 - 8x 4+ 7
- x{x —~ 1)
x # 0,1
; x+1 x+2

y—2 x+3

_ (x + D)(x + 3) 2 -2)

(x=2)(x+3) (x+3)(x—2)
XA+ +3 -2+ 4
B (x +3)(x —2)
4x + 7

(x +3)(x — 2)

x# —3.2

7.8, 4K = 9 = (2k + 3)(2k - 3)

2-2

box' + 4y =32 =224+ 8 — dx — 32
=x(x + 8) — 4(x + 8)
=({x —4)(x + 8)

&3 —4da—-7=3—Ta+3a -7
=a(3a =7y + 1(3a —-7)
={a+ 1)Y3a—-7)

d.x’ — 1= (7 + 1) - 1)

= (X +D)(x+ Dx—1)
= (0 =y 4 xy + )
+d=r -4 -+ 4
=r(r = 4) = 1(F - 4)
= (P = )P - 4)
=(r+ 1= 1) +2)(r—-2)

8.a. Letting f(a) = a® — b f(h) = b - b

=0

So b is aroot of f(a). and so by the factor theorem.

a = bis afactor of «* — . Polynomial long

division provides the other factor:

a + ab + b’

a—bla+0a®+ 0a — b
a = a’h

a’b + 0a—b’

5 .
ab — ab-

ab’ - b*
ab® — b*
0

Soa’ = b’ = (a = b)(a’ + ab + b?).
b. Using long division or recognizing a pattern from
the work in part a:
@ = b= (a—b)d"+ b+ b + ab’ + by,
¢. Using long division or recognizing a pattern from
the work in parta.: o’ — b’
= (a ~ b)(a® + a’b + a*b? + &°p*
+ a’b* + ab® + b°).
d. Using the pattern from the previous parts:
alt=b"=(a-bWa" "+ a b+ a7+ .
+a’h" "+ ab" 4+ b,
9.a.f(2) = =2(2") + 3(2H) + 7 - 2(2)
-324+12+7 -4
= —17
b.f(=1) = =2(=1) + 3(=1) + 7 - 2(~1)
=—-2+3+7+2

i

=10
1 1\ i\? 1
A= -22) +3(2) +7-2(=
“f(z) 2(2> 3<2> ! 2(z>
1 3
=4+ 47—
8 4
_ 3
8
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—

6*9\2#\\2
(4\/)

- 12(2)

C(3V2 - 4V3)(3V2 - 4V3)
IV AV (3VE + 4V (V2 = 4V3)
(3V2) = 24V6 + (4V3)
(3V2)' — (4V3)
9(2) — 24V6 + 16(3)
9(2) — 16(3)
66 ~ 24V6
30
11 - 4V6
_ —_—

1l.a. f{x) = 3¢ — 2x
When a = 2.

fla+h)y~flay f(2+h)—=f(2)

h h
3(2 + hY =202 + h) = [3(2)° — 2(2)]
B h
34 +4h+h) 42138
B h
12+ 12h + 3h* = 2h — 12
h
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37+ 10h

h
=3h+ 10
This expression can be used to determine the slope of
the secant line between (2, 8) and (2 + /1. f(2 + h)).
b. For A = 0.01: 3(0.01) + 10 = 10.03
¢. The value in part b. represents the slope of the
secant line through (2.8) and (2.01, 8.1003).

2.1 The Derivative Function, pp. 73-75

1. A function is not differentiable at a point where its
graph has a cusp. a discontinuity. or a vertical tangent:
a. The graph has acusp at x = —2.50 fis
differentiable on {xe R |x # —2}.
b. The graph is discontinuous at x =
differentiable on {ve Rix # 2}.

¢. The graph has no cusps. discontinuities. or
vertical tangents, so fis differentiable on {x e R}.
d. The graph has acusp atx = 1.50fis
differentiable on {xe Rjx # 1}.

e. The graph hasno cusps. discontinuities, or
vertical tangents, so f'is differentiable on {x e R}.

f. The function does not exist for x < 2. but has

no cusps. discontinuities, or vertical tangents
elsewhere, so fis differentiable on {xe R jx > 2}

2. The derivative of a function represents the slope of
the tangent line at a given value of the independent
variable or the instantaneous rate of change of the
function at a given value of the independent variable.

2.s0f1s

3-2-190 1 2 3|32
_2_/
PR —4
Y
4. a. flx)y =5x -2
fla+h)y=>5a+h)—12
= Sq + 5h — 2
fla+h)— fla)=5a +5h —2— (5a —2)
= 5h
b. flx)y=x"+3x -1
fla+h)y=(a+h)+3a+h)~—1

=a + 2ah + " + 3a
+ 3h — 1
fla + h)y = fla) = a® + 2ah + b’ + 3a + 3h
— 1= (a +3a~-1)
2ah + " + 3h
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fx) =
fla+h)=

fla+h) = fla) =

fx)
fla + h)

Il

i

fla+h) = fla) =

flx) =
fla+h)=

fla+h) - fla) =

f.

flx) =
flath)=

fla+h) - fla)=

5. a.

b. £(3) = lim’.

(1

= lim

= lim

= lim

O —4x + 1

(a+ h)Y —4(a+h)+1
a +3ah + 3ak + K

-~ 4a —~ 4h + 1

a® + 3a*h + 3ah® + B° — 4a
—dh+1—(a>—4a+1)
= 3a’h + 3ah®> + h® — 4k

CH+Hx—6

(a+hY +(a+h)—6
a*+2ah + W +a+h—6
A+ 2ah+ W +a+h—6
—(a*+a-6)

= 2ah + W’ + h

—Tx + 4

~T(a+ h)+ 4
=-—Ta—Th+4
—Ta~-Th+4—(-Ta+4)

—~Th
4 — Jx — x?

4—-2(a+h)—(a+h)
4—-2a-2h—a’—2ah—H
4 - 2a —2h — a* — 2ah
- -4+ 2a+

~-2h — kB — 2ah

_ i SO )~ A1)

h—0 h
i i 2 _ 32
- gim}}:_}il“mt
h—0 h
1+ 2+ K -1
= him
h—0 h
. 2h + K
= hm
h—0
= lim(2 + k)
h—0
=2
3+ h) - f(3)

h—0

h

B+ hY+33+h)+1

h-0

(32 +3(3) + 1)

h

S+6h+H +9+3h+1-19

h

h—0
Oh + h?

h—0

= lim(9 + h)

h-—0

=9

h

¢ f(0)

d.f'(-1)

6.a. f'(x)

= lim

i L0 = £(0)

J—0 h

. VhE+1-V0+ 1
= lim

=0 h

. Vh+1 -1
= lim———

h—{

(VE+T-1)(VR+1+1)

h0 A(VE+1+1)
(Vh+ 1) -1

o h(VE T T+ 1)

. h+1-1
= lim :
i-0h(Vh+1+1)
1
= Im——
o (VR F 1+ 1)
TN S
h—m(\/f + 1)
_1
2
—1—+ hy—f—1
I e ()
0 h
S
_ lim"] + h -1
h—0 h
5
—im i
H—0 h
h} St=1-+-h)
:Hm~l+h -1+ h
0 h
5—-5+ 5k

= lim

h—)()h(_} -+ h)
. Sh
o h(—1 + h)

= lim———

o (—1 + h)
_ 3

-1
= -5

n - flyx

[ ) )

h—0 h

. =S{x+h)— 8- (—-5x - 8)
= lim

h—0 h

. S5« —5h-8+5x+8
= lim

ho0 h
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~5Sh

= lim
h—0)

= lim =5
h—0

= =5
.. o flx + hy — flx
b. f'(x) = Ih_n(l) }2 f(x)
: {Z(X + hY + 4(x + h)
= lim
h
B (2% + 4x)}
h
_ {2}(2 + 4xh + 2h* + 4x
= lim
h
4h — 2x* — 4xj1
_+. U
h
 d4xh + 2W + 4h
= Iim
h0 h
= lim (4x + 2h + 4)

h-0

h—+0}

h—0

=4x + 4
x + h)—
e ['(x) = ﬁmf(*’ 1) — f(x)
0 h
{6+ hY - T(x + h)
= hm{
710 h
(6 - 7x)}
h
. [6){3 + 18¥%h + 18xk* + 6h°
= lim
h—0 h
—7x — Th— 6x*+ 7)(}
_J‘_
h
 18x%h + 18xkH° + 6k° — Th
= hm
h—0 h
= lim (18x% + 18xh + 6ht = 17)
h—{
= 18x* — 7
x+ h) - f(
h—0 h
V3 +h)+2 - V3 + 2
= hm
h—) h
CNBx + 3k +2-V3ix+2
= lim i
h—0

(V3x +3h +2 - V3x + 2)

= lim
h—0 h

(V3x + 3h + 2 + V3x + 2)

X
(V3x + 3h + 2 + V3x + 2)
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_ (V3x + 3h + 27 — (V3x + 27
T h(VAx + 3k + 2+ \V3x + 2)

i 3x +3h+2—-3x — 2
o0 h(V3x +3h+ 2+ V3x + 2)
I 3 \
h]f(l) V3 + 3h + 2+ V3x + 2
_ 3
2V3x + 2
7. a. Let y = f(x), then
dy et ) - f()
e = 7 X} = I - -
dx RS h]-rz(l) h
6 =T(x+h)y— (6 - Tx)
= hm
7} h
6 -—TIx—Th—-6+7x
lim
B0 h
i —-Th
= hm
hLo h
=lm ~7
h—0
= =7
b. Let y = f(x). then
1 x + h) — f(
Y oy = g ) F)
dx h) h
x+h+1_x+1
:limx+h*l x -1
h—0 h
(x +h+ ){x — 1)
. (x+h-1D(x—-1)
= lim
=0 h
(x+ D{x+h~1)
B (x = 1x+h—-1)
h
XX+hx+x—-—x~-h-—1
(x +h - 1)(x—1)

]

i

- }zlir(l) h
X+ hx—-x+x+ h-1
(x +h = 1)}{x — 1)
h
—2h
Lo x+h-1D(x - 1)
= lim
h—0 h
o I -2
TG th-D(x-1)
_ 2
TS
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¢. Let y = f(x), then

dy o flx+h) - fx)
g @ =lim P
3(x + h)Y — 352
= lim (x ) &
H—0 h
o 3x% + 6xh + 3K — 3x2
= lim
h—0 h
_ 6xh + 3K
= jiim—
h—0 h
= him 6x + 3h
h—0
= 6x

8. Let v = f(x), then the slope of the tangent at
each point x can be found by calculating f(x)

x+ h) — fix
o) = G =)
h0 -
. 2x + k)Y — 4(x + h) — 207 + 4x
= hm
h—0 h
2% + 4xh + 2R — 4x — 4K
= hm
Ji—0 h
720+ 4x]
h _l
C dxh + B — 4k
= hIm —
h—0 h

= limd4x + h — 4

h-0

=4y — 4
56 the slope of the tangent at x = § is
f(0)=4() -4
= ~4
Atx = 1, the slope of the tangent is
f(1)=4(1) -4
=0

Atx = 2, the slopeof the tangent is
f(2)y=4(2) -4
=4

2-6

b. Let y = f(x), then the slope of the tangent at
each point x can be found by calculating f(x)

x + h) — f(.
) =l ) = f00)
: Ji—0 h
. x+ Ry =¥
= hm——
Ji—t) h
X F 3R+ 3+ R - 8
= im
h—) h
o 3x5%h + xR+ R
= Iim
11} h

lim 3x% + 3xh + B

h—(

il

= 3y’
So the slope of the tangent at x = =2 is
f(=2) = 3(-2)
=12
Atx = —1, the slope of the tangent is

S=1) =3(-1)

=3
Atx = (), the slope of the tangent is

f1(0) = 3(0y

=0
Atx = 1, the slope of the tangent is

£y =30y

=3
Atx = 2, the slope of the tangent is

f1(2) =32y

=12
C. Y

WX
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d. The graph of f(x) is a cubic. The graph of f'(x) 1 1

seems to be a parabola. Ny +1 6
10. The velocity thlc particle at time 1 is given by 5" (1) 6= 2V F 1
1+ hy - s S s
(1) = nn-}—(-w—i)—* () 3= (Vx+ 1)
g , . 9=ux+1
. —1+h)+(s(z+lz)—(—r+81) .
= lim ; B =X
Jr—0) 1 —
N a ) N ) = ,/('3 ;
- Rasiishep oy T VET
g ; = V9
o =2h = W+ 8h A =3
h }}B?, h So the tangent passes through the point (8. 3), and its
—m-21-h+8 equationisy — 3 = Hx—8)orx — 6y + 10 =10.
“‘-*;’ Q 12.a. Lety = f(x). then
= — /! + 8 .
< , dy flx + h) = f(x)
So the velocity at 1 = 018 il =f'(x) = [1Ix? h :
$(0) = —2(0) + 8 R
= 8m/s = lim /
At = 4. the velocity is h=s0 ; !
s'(4) = —2(4) + 8 = lim—
= {) m/s h—t 11
At = 6. the velocity is =0
¢(6) = —2(6) + 8 b. Let v = f(x). then
— I ],v ‘ ) (x + } _ X
= —4m/s W ey = hmf(\ 1) — flx)
B flx + )y — f(x) dx =0 h
L) = ,l‘?l h T {x #i*;i)':“\_
Va1 - Vet b !
= hm  h
) h = lim—
. h—01
= lim“v'r thil- Vet ) = lim |
h— ;_ h h=0
N =1
(Vi + h+ 1+ Vet })1 c.Let y = f(x). then
(Vx e+ h 1+ Ve+ 1)) dy P = f‘(,x + 7)) = f(x)
:}m(\/\ TP - (V1) dx /Hu h
heo BV +h+ 1+ Vx+ 1) i m(x +hy+b—mx—>b
= lim
-l x+h+1-x-1 h—=0 h
N /,linh(\/\ Fh+ 1+ Vi+1) — lim my +mh+b—mx—>b
h Ji—0 h
= lin /
ioh(VX F b+ 1+ Ve 1) = jim 22
h—o B
= hm fw___l = limm
ho{Vx + h+ 1+ Vx+ 1) B ;r;o
= M__L_% d. Let y = f(x), then
2vx + 1 d\ _ fe) = lim flx + h) = f(x)
The equatlon x—6y+4=90 can be rewritten as (x h— h
y = tx + 3. so this line has slope L The value of x . alx + h) + b(x +h) + ¢
where 1he tangent to f(x) has slope ¢ will satisfy B /,T}; h
flx) =4 B (ax* + bx + ¢)
h
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ax’ + 2axh + ah* + bx + bh

hl—>() h
—ax® — bx — c}
_{_ e
h
. 2axh + akh® + bh
= hm
H—0 h
= lim (2ax + ah + b)
h—{}
= 2ax + b

13. The slope of the function at a point x is given by

X+ h)y — f(,
Py = tim O ) )
X h—0 h

i (x + 1’7)3 -3
/;Lo h
X3k R+ R =)
= lim
Ji—0 h
3%k 3+ B
= lim
0 h
= lim 3¢° + 3xh + ¥
h—0
= 3y’

Since 3x” is nonnegative for all x, the original
funcuion never has a negative slope.
4. h(ry = 18 - 497
a. n'(n) = }imh(i TR )
Eest) k
8L k) — A9+ k)
B k]—!-»?} k
(18 - 4.97)

PR
18 + 18k — 4.9 — 9.8tk — 4.9%°

= hm

k=0 k

18+ 497

k

. 18k — 9.8tk — 4.9k2
= lim
k=0 k

= lim (18 ~ 9.8¢ — 4.9k)

k—0

=18 — 9.8t — 4.9(0)

= 18 — 9.8
Then h'(2) = 18 — 9.8(2) = —1.6 m/s.
b. 1'(2) measures the rate of change in the height
of the ball with respect to time when 1 = 2.
15. a. This graph has positive slope for x < 0, zero
slope at x = 0, and negative slope for x > 0, which
corresponds to graph e.
b. This graph has positive slope for x < 0, zero
slope at x = 0, and positive slope for x > 0, which
corresponds to graph f.

21-8

¢. This graph has negative slope for x < —2.
positive slope for —2 < x < 0, negative slope for
0 < x < 2. positive slope for x > 2, and zero slope

atx = —2,x = 0, and x = 2, which corresponds to
graph d.
16. This function is defined piecewise as f(x) = —x*

forx < 0,and f(x) = x* for x = 0. The derivative
will exist if the left-side and right-side derivatives are
the same at x = 0:

hmf(o + h) _f(o) - hm -—-(O + h)] . (*Oz)

h—0 h h—s0 h
— -
- /;I—S?' h
= lim (—~h)
h—{
=0
i [0+ 1) = f(0) _ i (O R~ (07)
h-s0" h 0" h
= Iim i
h—0" f1
= lm (h)
h—s0)"
=0

Since the limits are equal for both sides. the derivative
exists and f'(0) = 0.

17. Since f'(a) = 6 and f(a) = 0.
St h) ~ fla)

6=1

hs) h
-4 [ e

6 = imla ) -0
h—0 1
. fla+h

3= hm———=
h]—{n«) 2h

18. v
6_

[ -
| 1
pad

E— e
Lt 234
) :
f(x) is continuous.
f(3) =2
But f'(3) = .

{(Vertical tangent)
19.y = x> — 4x — S has a tangent parallel to
2x —y = 1.
Let f(x) = x* — 4x = S. First, calculate
. x+ h)— f(
) = i) = F0)

h—0 h
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x4 h)Y —4(x+h) -
_ lim{(\ h) 4/1(\ 1) — 35
1

oo

h—0

h
24+ 2h+ W —4x—-4h -5
h
—x2 4+ 4x + 5}
+ S —

it

hm
h—(

h
C 2xh + W~ 4h
= lim—m—————
=0 h
=lim(2x + h — 4)

h—0

=2x+0—4

=2x— 4
Thus. 2x — 4 is theslope of .the.tangent to the curve
at x. We want the tangent parallel to 2x — y = L.
Rearranging, v = 2x — L.
If the tangent is parallel to this line,
2x —4 =12

x=3
Whenx = 3,y = (3 —4(3) - 5= -8
The point 1$ ('5 —8).
20. f(x) = x°
The slope of the tangent at any point (x,x%) is
L St k) = )
= lm

1} h

(xR -

= lim————
hsl) h
(x +h+x)(x+h—x)

m
fir) h
. h(2x + h)
hm————"
h—0 h
= lim(2x + )

h—(
=2x +0
= 2x
Let (a. a”) be a point of tangency. The equation of
the tangent is
y —a = (2a)(x — a)
y = (2ay — a’
Suppose the tangent passes through (1, —3).
Substitute x = 1 and y = — 3 into the equation of
the tangent:
-3 = (2a)(1) — &
a—2a—-3=0

i

(a—3)(a+1)=0
a=-173
So the two tangents are y = —2x — lor

2x+y+1=0andy=6x—9o0rbx—y—-9=0
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2.2 The Derivatives of Polynomial
Functions, pp. 82-84

1. Answers

may vary. For example:

) ¢
constant function rule: ——(5) =

power rule:

d, .
constant multiple rule: T(4\) = 12x
dx

dx
d ”
E(x ) = 3x

d
sum rule: :1——():2 +x)=2x + 1

difference rule: —

Z.a. f'(x) =

b. f'(x) =

x
dx”
d
—(4x)y — —(7
dx( <) a’.);( )

d d
= 4—(x) — —(7
d_r(x) d.r( )

= 4(x") - 0

=4

d, , d,

) = )
=3x% — 2

d

¢ fi{x)=

d d
—(=x?) + —(5x) + —(8
d.r( r) (l.x(' ¥) d.r( )

d d d .
——(x?) + 5—(x) + (8
dxb) 3(1)((") dx( )

= —(2)+5+0
= -2 +5

d. f'(x) =

Il

4(97)

dx

)




1 5
£ () = 2o{x)
= (=3)(x7)

= —3x71

Joa. h'(x) = —(L((Zr + 3)(x + 4)

1(21-+81+2\+12)
ax

d,. d d
—(2x%) + —(11x) + —
dx<b ) {1.»((“‘) dx(lz)

i

da, , d d
= 2—(?) + 11-—(x) + —
d.r(\ ) (i_\'(x) dx(lz)
=2(2x) + 11(1) + 0

= 4x + 11
bof(x) = 5—(2& + 5x% ~ 4x - 3.75)
= ~(2x )+ ;—i(s ‘) - %(4_@
- -(};_—(3.75) |
= 2%@) + 5%(.\'2) - 4-(%;(;()
-7

= 2(3x%) + 5(2x) ~ 4(1y -0
=6x7 + 10x — 4

ds d, ,, \
C. F{ = E(f"(!“ - 21))
d
= 7{_(14 - 21
e
— d 4 d 3
- (11<z ) (11(21 )
1 R
= S =20
I
4r' = 2(3r%)
=41 — 67
dy dfl . 1 1
d—=—|-X + - - =% + )
dx dx(s‘ ot

d

5 df1l . aj/t,
3 +_ RN} — ] 2 —_—
dx 51> dx(3)‘) dx 2 ) (1)

s
= ()5 + (3 ey - @z’“

d
+—*(1)
dx
1 1., 1
=5 ~(3x7) — =(2x) +
S(r) 3(3r) 2(2x) 0
=x"+x?—x
2-10

e.g'(

X)

I
J\
—

-
[N
——
R
S

= 5—(y8
dx(‘)

= 5(8x7)
= 40x7

-3
f.s'() = It(r 21 r)

d,, d |
”< (E(I) dr“”)

2
\/d,, d
= -2 - 3L
(2> i) ‘dz(’))
1 .
= (= )J(ar - 31
(2>( r = 3(1))
=27 - 3
a 2
”lv»‘?__d_
4. dx d.x’(l\ )
d, -
= ';..._ *
'(ix(x)
[5\ .,
=3P
= 5y
(i}" . i -t é
dx dx(4x x)
_ .4 o4
B dx<_' ) 6(1,1((']L )
B Cotn—
= —2x7t 4 gx2
d_d(6.2 )
dx  dx\x* ¥
d, d, d
= H—i 4+ 2y = =
)+ 2o (,_r<3>
= 6(=3)(x ) + 2(~2)(x ) = 0
= —18x7% — 4x73
_ 18 4
x* x
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iy g
N ;1“\(1 )+ (1)((" )
R )
, b
= —X 7 - j;)\
~ ds d R
3. 53‘ = :{;("71 -+ 71)
\ d
= 7)(—(1“/) + 7( 11(!))
= (=2)(20) + 7(1)
= —4t+7
ds d 3 i
b. ?17 (/1(18 + 5t %1 )
_4 da o (145
B (11(]8) * Sdt([) ( >d1< )
=0+ 5(1) ~ (%)(3:2)
= 5 -
& L - 3y)
“a T a3
d, .
= E( — 61 + 9)
d .
=41 - @y hw + 5O

’ (7\' (I'.\‘ :

dy d . ~
- VeV V2)
iy e did) + L2
N —(I-x(\) 6({x( ' ) dx v 2)
:y\*)+4§ygﬂ)+o
= (%) + 9
)

v _ 41230
Tdy dx X

Calculus and Vectors Solutions Manual

2t — 6(1)+ 0
=21 -6
1/ . —
6.a. f'(x)= ’(—(x - \/.\')
dx*
d d o,
= =) = x)
N
= 3x° — —2*(.1'3 ])
= 3¢ - —x
2
. . S
sof (a) = f'(4) = 3(4) = 2(4)
11
(16) = 57

il
L
~
“
w

d

il

so f'(a) = f'(64)

dy d 5
Tdx d.r<3)L )
i
B 3(1)(()( )
= 3(4x7)
= 12x°

The slope at (1, 3) is found by substituting x =

the equation for = So the slope = 17(1)

hﬂ:ipg
dy  dx\x""

=12

1 into

2-1



The slope at (—1,—1) is found by substituting x = —1

. . . dy
into the equation for —=. So the

dx
slope = 5(—1)*
=35
a2
Tdx ody\x
d
— 2— .'"]
(z’x(x )
=2(-1)x'!
= —2x7 ¢
The slope at (—2.-1) is found by substituting
X = —2into the equation for % So the
slope = —2(-2)""
_ 1
2
iy d n
d. == S(Vier)
dy  dx’
=V }6(—1;(.\=)
— 4(}_) A1
=45 1
= 61

The slope at (4. 32) is found by substituting x = 4
. . 1y
into the equation for (dj\ So the

slope = 6(4)1{‘

=12
8.-a: V= 2)(3 + 3y
dy d, .
— :_ﬁ_zun + 3y
dx d):\ ! 3\)
d
= 2*1*—( ) + 3_*(1)
= 2(3x ) + 3(1)
= 6x7 + 3

The slope at x = 1 is found by substituting x = 1
. 1y .

into the equation for % So the slope is

6(])2 +3 =9

Y = Z\f +5
d" (2\f +5)

dx

= zf—( )+ _~(5)

A

2-12

The slope at x = 4 is found by substituting x = 4
into the equation for g{ So the slope is (4)?‘ =3

16
C.yz?

e
dx  dx
d
=]
6——(x77)
= 16(—2)x"!

= -32x"?
The slope at x = —2 is found by substituting
x = —2 into the equation for - So the slope is
—-32(-2)7% = i ?) 4,
dy=x(x"+1)

e T
dy d. _, -3
— = 4 xS
dx dx(]r )
= ~4x7% —~ 3x74
_ 4 3
¥ X

The slope at x = 1 is found by substituting

. . dy .
x = 1 nto the equation for ﬁ So the slope is
4 _ 3 _ = —7.

dy _d / i
9.2, 2 - Ly 1
dx dx( x)

d d
=2--(x) - E(x")
=2(1) = (=Dx7!

=2+ x?
The slope at x = 0.5 is found by substituting

. . dy
x = 0.5 into the equation for e

So the slope is 2 + (0.5)72 = 6.
The equation of the tangent line is therefore
y+t1=6(x—-05)orbx—y—~4=0

(3 4)

“dx de\x®
_ a4 o d
= 3 T) — AT

=3(=2)x77 = 4(=3)x !

=12x"* — 6x7
The slope at x = —1 is found by substituting
. . d .
x = —1 into the equation for d—i So the slope is

12(-1)"* - 6(—~1)" = 18.
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The equation of the tangent line is therefore
y=7=18(x + 1)or 18 —y +25=10.

& A5

C.
dx dx

/vi
AY, 3(1'\‘(.\ )

. 3 3
- vs(g)w
_ 3\/5)"“é

2
The slope at x = 3 is found by substituting x = 3

i

. . . dy
into the equation for e

3V3E3Y

So the slope is

1

ro | W
o

s DD

The equation of the tangent line is therefore
y—9=%x-3)or% —2y-9=0.

dy dfyf 5, 1
s e+
d dx (1.\‘(.1‘(x X ))
_ 1’.( L L)
A\

d d, _,
= L g(-r”")
1+ (=2)x 7!
=1 -2
The slope at x = 1 is found by substituting

i

. . dy
into the equation for v

Sothe slope is 1 — 2(1) ™ = — 1.
The equation of the tangent line is therefore

y—=2=—-(x—-1lorx+y— 3=0

e. % = (;—i((\ﬁ - 2)(3Vx + 8))
= %(x(\/l) + 8Vx - 6V - 16)
= (—;2(3_1' +2Vx — 16)

d d, d
=30 2l = e
=3(1) + 2(%);—%'* -0
=34 xF

The slope at x = 4 is found by substituting x = 4
. . dy
into the equation for e

So the slope is 3 + (4)7F = 3.5

Calculus and Vectors Solutions Manual

The equation of the tangent line is therefore
y=235(x—4)or7x — 2y — 28 =0.

o dy _ _d(\/.? - 2)
“dx de\ iy

S22
dx x

d, i

= I(\ = 2x )
d, d,

= —(¢) =2

= é(rl”) - 2(*%),{% -0
1 . 2

= ‘6‘(1’ ) + 3)&

The slope at x = 1 is found by substituting x = 1
. . dy
into the equation for e

So the slope is 1(1) 7% + 3(1) 7 = 4.
The equation of the tangent line is therefore
y+1=3x—1)or5x — 6y — 11 =0.

10. A normal to the graph of a function at a point is

a line that is perpendicular to the tangent at the
given point.
3

4
y==-zaP(=17)
X X
Slope of the tangent is 18, therefore. the slope of
the normal is —15.
1
Equationisy — 7 = ——(x + 1).
quation is 18(1 )
x+ 18y —125=0

3 ;
1.y =—5~=3"
X
Parallel tox + 16y +3 — 0

Slope of the line is — 5.

dy _
dx o
o1
U=
o1
X 16
r%=16‘
x = (16) = 8

2-13



120yv=—-=x""1y =%
X
i I dy .
dy _ uﬁ:c,\ _ 30
dx voody
] 5
Now, —— = 3y~
X
1
A4 1
X 3
No real solution. They never have the same slope.
a 1 !
3.y =y, A 2x
: dx

The slope of the tangent at A(2, 4) is 4 and at
B(=%.7i)is —1.

Since the product of the slopes is — 1, the tangents
atA(2, 4) and B(v%. 6-&) will be perpendicular.

= —2x 43
dx
_odv
fFor - =5
ax
S=~2x+3
v = — ]

X
-2
Y
1Sy =x'+2
dy 5 .
=== 3x’ slope is 12
e X~ slope 18
¥ =4

x=Z2orx= -2
Points are (2, 10) and (-2, - 6).

2-14

16.y = ix* — 10x, slope is 6

{—i’\;:_rg— 10 =6
dx

=16

=4 o0or X’ = -4
X = *2  npon-real

Tangents with slope 6 are at the points (2. *“{’)
and (~ 2. %) \ ‘
17.y = 27 + 3

a. Equation of tangent from A(2. 3):
Hy=uay=22"+3

Let the point of tangency be P(a. 2a° + 3).

dyv dy
Now, o= 4x and when x = g, s 4a.

ix
The slope of the tangent is the slope of AP.
2a°
PR 4a.
2¢° = 4a* — 8a
2a° — 8a = 0
2a{a — 4) =0

a=90ora=4.
Point (2, 3):

Slope is 0. Slope 1s 16.
Equation of tangent is Equation of tangent is
yv—3 =40 y = 3=16{x - 2)or

1oy — vy — 29 = (.
b. From the point B(2,—7):
Slope of BP: El = 4q
a—2
2a° + 10 = 4a° — 8a
2a* = 8a — 10 =0
a—4da—-5=0
{a = S5)(a+1) =
a=>3
Slope is 4a = 20.
Equation is
y+7=200x~-12) y+7=—4(x—-2)
or 20x — y — 47 = 0. ordx +y— 1= 0.

. a
18.ax — 4y + 21 = Oistangentto y = Zatx = =2,

a= —1
Slope is 4a = —4.
Equation is

Therefore, the point of tangency is (~2, g)

This point lies on the line, therefore,
a(—=2) - 4(:‘;—) +21 =0

~3a+21 =0
a="7.
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19. a. When /1 = 200.
d = 353200
=499
Passengers can see about 49.9 km.
b. d = 3.53Vh = 3.53i

1 .
d = 3.53(511 >

353
2V
When i = 200.
353
4 =750
= (.12

The rate of change is about 0.12 km/m.
20. d(1) = 4.9¢
a. d(2) = 4.9(2)° = 196 m
d(5) = 4.9(5) = 1225m
The average rate of change of distance with respect
to time from 2 5t0 5 s 1s
Ad 1225 - 19.6

Ar 52
:34.3m/s
(1) = 9.81
Thus d'(4) = 9.8(4) = 392 m/s.

¢. When the object hits the ground, d = 150.
Set d(1) = 150:

497 = 150
o 1500
49

16, —
1= x—V15
7

10
Sincer = 0.1 = —7~\/E

Then,
10 10
d'<7w/E> = 9.8(7\/E>
= 542 m/s
21 v() =s'(1) =2t = I
05=2r— 7

£F=2t+05=0
2 -4 +1=0
4=V8
4
t= 171,029
The train has a velocity of 0.5 km/min at about
0.29 min and 1.71 min.

! =

Calculus and Vectors Solutions Manual

22.v(1) = R'(1)y = — 10
v(2) = -20
The velocity of the bolt at 1 = 2 is —20 m/s.
23. 3
34 (0,3)
2

Let the coordinates of the points of tangency be
Ala.=3a%).

iy . .
%I\\ = —6x. slope of the tangent at Ais —6a
. 34 — 3
Slope of PA: ————— = —6a
-3a" — 3= —6a’
3P =3
a=1ora= -1

Coordinates of the points at-which.the tangents
touch the curve are (1. =3) and (=1, —3).
24.y = x* — 6x° + 8x.tangentat A(3, —3)
ﬁi"\ =3y — 12vr + 8

dx

When x = 3.

Yo 8=

dx

The slope of the tangent at A(3. —3)is — 1.
Equation will be

y+3=—1(x~3)
y= o
—y = x* — 6x° + 8x
-6+ 9 =0
( Z - bx + 9) =0
y(x — 3P =(
y=0o0orx=3
Coordinates are B(0, 0).
y
3_
2_
]-
X
LN 4 3
—2H
1
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25.a.i. f(x) = 2x — 5x?

fl(x)=2-10x
Set f'(x) = O
2~-10x =20
10x =2
1
x = 5
Then,
1 1 1V
f(S) - 2<5> 5(5)
21
5 5
1
5

Thus the point s (3. é)
i f(x) =4 + 2% — 3

fi(x) = 8x + 2
Set f'(x) = O:
8 +2 =0
8x = —2
_ 1
YTy
Then
AN ,__;y (__\
f( )" ( a) *?
1212
4 4 4
. &
4

Thus the point is (—% —%)
i, f(x) =x" - 8% +5x+3
fi(x) =3x"—16x + 5

Setf'(x) = 0:
3x - 16x+5=0
3 - 15x—x+5=0
x(x=5)-(x—-5)=0
Bxr—-1D(x—-5=0

1)

3

2-16

il
NN
(IS
~
!

o]
TN
| =
~
+

Lh
PN
(PSR

f5) = (5 = 8(5) +5(5) + 3
25 —-200+ 25+ 3

= —47
Thus the two points are (3. %) and (5, —47).
b. At these points, the slopes of the tangents are
zero, meaning that the rate of change of the value
of the function with respect to the domain is zero.
These points are also local maximum or minimum
points.

26. Vx +\Vy =

P(a, b) is on the curve, therefore a = 0. b = 0.

Vy=1-Vx

y=1-2Vx+x

‘ | %: —%-Zr‘fﬂ-l
>At.r = qa, slope is L +1= :—lj—@
' Va Va
But Va + Vb =1
~Vbh = Va - 1.
Vb /3
Therefore, slope is -v~a— =N

27 f(x) = X", f'(x) = nx""!
Slope of the tangent at x = 1is f'(1) = x,
The equation of the tangent at (1, 1) is:
yv—1=n(x-1)
nx—y—-—n+1=40
Lety =0, nx=n -1
n=1 1

-=1--

I n

X =

: : 1 1
The x-intercept is 1 — asn— =, Pl 0. and
¥

the x-intercept approaches 1. As n — = the slope
of the tangent at (1. 1) increases without bound, and
the tangent approaches a vertical line having equation
x—1=0

28. a. 5%
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flx) = { if x <3
S x+6.ifx=3
£7(3) does not exist.

b.

Fx) = {2,\‘. ifx <3
FPYIZ U Lifx =3

Y

—é—i-%_?_ 12 3
N
o = {3,\‘3‘6,11‘,\-< ~V2orx>\2
T =6 = 3if -V2 < x < V2
Flx) = { 6r.ifx < =V2orx > V2
S e if-V2=x=V2

I (\6) and f* ( - \//5) do not exist.

c. hix)=(Bx+2)(2x—7)
R(x)= (3x +2)(2) + (3)(2x = 7)
=12x — 17
d. h(x) = (5" + 1)(x* - 2x)
B (x) = (5x7 + 1)(2x — 2) + (35x°)(x* — 2x)
= 45x% — 80x’ + 2x — 2
e. s(r)=(2+1)3-27)
s'(1) = (2 + 1)(—41) + (20)(3 - 2r)
= —8° + 2

x—3
R

flx) = (x = 3)(x + 3)"' )
)= (x=3)(=D(x+3)77+ (I)(x+3)"
=(x+3)(—x+3+x+3)
6
T (x + 3)
2.a. y=(5x+ 1) (x—4)
d—’z = (S5x + 1)(1) + 3(5x + 1P (S5)(x — 4)
= (5x + 1)+ 15(5x + 1) (x — 4)
b. y=032+4)3+ )
dy _

y D 30+ )53 + VGE)
: 3. X —
;] + (6x)(3 + x)
: = 15232 + 4)(3 + ) + 6x(3 + 1)
X
T30 1 13
x — Irnfx=i since” jxr— 1] = x—1
fla) = l —xif0=x<1 since x —1]=1-x
LA v+ lif—1<x<0 since |—x—1j=x+1
—x = Lifxy=-1 since |—x—1| = —x—1
Lifx>1 c. y=(1-x)2x+6)
_llf()<)&<l d,V 2\3 3
) = —= = 4(1 — P (-2x)(2x + 6)
R =41 = P (- 2025 + 6)
1ifr < —1 + (1 = $2)*3(2x + 6)'(2)

F(0). f(—1). and f(1) do not exist.

2.3 The Product Rule, pp. 90-91

l.a. h(x) = x(x — 4)
A (xy=x(1) + (1)(x —4)
=2x — 4
b. h(x) =x*(2x — 1)
h(x) =x7(2) + (2x)(2x — 1)
= 6x° — 2x

Calculus and Vectors Solutions Manual

= —8x(1 - Xf(2x + 6)°
+ 6(1 — )} (2x + 6)’
d y=( -9 (x -1y
% = (& - 9)'(3)(2x — 1}(2)
+ 4(x? = 9P (2x)(2x ~ 1)
= 6(x? — 9)*(2x ~ 1)’
+ 8c(x? — 9P (2x — 1)
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3. It is not appropriate or necessary to use the product
rule when one of the factors is a constant or when it
would be easier to first determine the product of the
factors and then use other rules to determine the
derivative. For example, it would not be best to
use the product rule for f(x) = 3(x* + 1) or
g(x) = (x + D(x - 1),
4. F(x) = [b(x)Je(x)]
F'(x) = [b(0)][c' ()] + [b'(x)]e(x)]

Sca. y=(2+70)(x - 3)

o 24 70(1) + T(x - 3)

dx
Atx = 2,

Y014+ 7(-1)
.

=16 ~ 7
=9
b. y=(1—2x)(1 + 2x)
dy »
L. (1 = 2x)(2) + (—=2)(1 + 2x)
dx
1
Aty = —,
tx 5
dy
—— = (0}(2) — 2(2
e 0@) - 2(2)
= —4
¢ y=0@3-2x-x)F+x-2)
dy ) N .
RS, :‘ - "'. - X 2 1
e (3~ 2x —~ X){2x + 1)
+ (=2 - 20" + x — 2)
Atx = ~7,
dy
Lo 3ra-ay(-4+1)
dx

+ (=24 4)(4-2-2)
= (3)(=3) + (2)(0)
-9

d. y=x3x+7)

a _ 3¢ (3x + 7)Y + x%6(3x + 7)
dx
Atx = =2,
dy , N
=207+ (=8)(6)(1)
=12 — 48
= —36
e. y=(2x+1Y0Bx +2)"x=—1
dy ’ 4 Ny 4
e 5(2x + 1) (2)(3x + 2)
+ (2x + 1)°4(3x + 2)*(3)
Arx = —1,

2-18

sy -1y
dx
(=1 E)(-1)(3)
=10 + 12
=22
f. y=x(5x—2)(5¢ +2)
= x(25x* - 4)
dy = x(50x) + (25x7 — 4)(1)
dx
Atx = 3,
dy = 3(150) + (25-9 — 4)
dx
=450 + 221
= 671

6. Tangentto y = (x" — Sx + 2)(3x — 2v)
at (1.-2)
% = (3x" = 5)(3x7 — 2v)
+ (= Sx 4+ 2)(6x - 2)
when x = 1,
D )+ (-
dx
=-2 + -3
= —10
Slope of the tangent at (1. —2)is —10.

The equation is y + 2 = —10(x — 1)
10x + vy~ 8=0.

T.a. y=2(x - 29 (x + 1)
ij—')l =2(x =291y + 2()(x + 1)
dx
2x =58+ 2x+2 =0
4x — 56 = ()
4x = 56
x =14

Point of horizontal tangency is (14. —450).
b y=("+2x+1)(x +2xv + 1)
=+ 2+ 1)
dy
dx
(F+ 2+ 1)(2x+2) =0
2x+ Dx+ DH(x+1)=0
x=—1
Point of horizontal tangency is (—1.0).
8.a. y=(x+1P(x+4)(x—3)
dy _
dx

=20 + 2x + 1)(2x + 2)

3(x + 1)*(x + 4)(x — 3)?

+ (x + 1Y) (x = 3)
+ (x + 1) (x + 4)2(x - 3)]
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b 1= (327 + 47(3 - O
dv

dx

;= 42590 (inadmissable) or 1 = 5.4097

Viry = 75(1 -5

- ! !
Vi = 7’(1 - :)(‘ - “ﬁ

1
o9@)(1 - 5;)("5)

V'(5.4097) = —4.84 L/h

10. Determine the point of tangency, and then find the

negative reciprocal of the slope of the tangent. Use

this information to find the equation of the normal.
hix) = 2x(x + 17+ 20 + 1)
W(x)=2(x + 1P +2x + 1)

+ (20)(3) (x + 1+ 20 + 1)

+2x(x + 12+ 20+ 1)(2x + 2)

2(-1) (1)

+2(=2)3) (=1 (1)}

+2(=2) (- 1) (2)(1)(~2)

-2 12 - 16

= =30

il

h(-2)

11.
a. f(x) = g (x)g(x)ga(x) o g1 ()8 (¥)
Fx) = g/ (x0)g(x0)ga(x) .o gy (x)ga(x)
+ g, (x0)g ()ga(x) .o+ g1 ()8, (X)
+ g ()8 (X)gy (x) ... gy 1 (X)ga(X)

+oL Tt gl(x)gZ(X)g?(x) e gn—l(x)gn,('r)
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b. flx) = (1 +x)(1+20)(1 +3x)...

(1 + nx)

frx) =11+ 2x0)(1 + 3x)... (1 + nx)
+ (1 + x)(2)(1 +3x)... (1 + nx)
+ (1 +x)(1+20)(3)... (1 + nx)

+ .0+ (1T +x)(1 + 201 + 3x)

()
10y = 1) ... (1)

+ 1(2)(H)(1) ... (1)

+ 13 ... (D)

o (D) ()

=1 +24+3+ ... +n

f’(O):L2 D

12. flx) =ax’ + bx + ¢
fix)y=2ax +b (hH

Horizontal tangent at (—1, —8)

fr(x)y=0at x = —1

~2a+b=0

Since (2.19) lies on the curve,

4a +2b+c =19 (2)

Since (—1. —8) lies.on the curve,
a—b+c=—38 (3

4a +2b+c =19

—3a - 3b=-27
a+b=9
~2a+ b=20
3a =9
a=3 b=2©6
3 — Gt =0
¢c= -5
The equation is y = 3x* + 6x — 5.
13. ¥
3..
2...

RECER

lorx= -1
J=2x,x< —lorx>1
y=—2x, -1 <x <]

y

2-19



¢ f1(~2)=2(~2) = —4

[(0)=-2(0) =0
[(3)=23)=6
14. vy = }g -1
x°
dy 32
dx X
Slope of the line is 4.
N
x
4y’ = ~32
= -8
x = —2
16
y= p 1
=3

Pointis at (—2,3).
Find intersection of line and curve:
4y -y + 11 =0

y = 4x + 11
Substitute,
16
4r 411 =5 1
3

40+ 117 = 16 ~ P or 4t + 1207 ~ 16 = 0.
fet x = -2
RS = 4(-2) + 12(-2) - 16

=40
Since x = -2 satisfies the equation, therefore it is
a solution.
When x = =2, v =4(-2) + 11 = 3.
Intersection point is {2, 3). Therefore, the line is
tangent to the curve.

Mid-Chapter Review, pp. 9:
1. a. 37

A

((x + h)’ = 5(x + h)) — (* = 5x)

b. f'(x) = lim

-0 I’l

. X+ 2hx + R~ 5x — 5h — x? + 5¢
= lim

h—0 h
_ il 20 = Sk

=0 h

2-20

. h(h+2x - 35)
= lm———

h=0 h
=2x -5
Use the derivative function to calculate the slopes of
the tangents.

x Slope of Tangent
f'{x)
0 -5
1 -3
2 -1
3 1
4 3
5 5
¢ y

6

4

2

4. f(x) is quadratic; f'(x) is linear.
o (6(x 4 h) +15) = (6x + 15)
lim :
h—>{ h

. bk
= lim—

507
=1im6

h—0

=6
b. £/ (x) = im2E M) = 4) = (22 ~ 4)

2.a. f'{x) =

) h
X+ h)? - ¥
= fimp )
B0 h
~ lim2 ((x +h) = x)((x + h) + x)
) h
hA(2x + h
- i 1(2x + h)
h—0 h
= lim2(2x + h)
h=-{
= 4x ; .
. 2
, D (x+Hy+5 x4+ 5
100 = fimE R

S(x +5) = 5((x + h) +5)
((x + h) + S)(x + SHA

. ~5h

}zl-l?(}»((x +h)y + S5)(x +5)h

h—0
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-5 dy

=li - d.—=5—6x"
I G+ /) + 5)(x +35) dx !
3 _5- 2
(x +5)° x7
- -2 — P d\)
df(x) = lim P m 2o Ve n 2 e. =200+ (D)
’ h—0 h 1
_].m\/(x+h)-2—\.\'—2 :2421[+22
B hl—e() h f. y = 1 — —
x
V{ix+h) -2+ Vx-2 Y
Vix+h) -2+ Vx-2 dy B
m (x+h)=2)— (x=2) a0
noh(V(x + h) —2 + Vx - 2) b
i h X’
B /;er(lilr(\/(_r Th) -2+ Vx—2) 5.f(x) = 8x°
1 8x' =1
=i . 1
h]—r?n\f(x +h) -2+ Vx—12 xt = 3
: a 2Vx — 2 X = 5
Joa.y =2x — 4 .
© Whenx =1, f(l) = 2(1)
y=2(1) -4 2 2
‘ = —2. 1
© Whenx = 1, 8
y= (1 —4(1) +3 Equation of the tangent line:
- =0 | 1 1 3
Equation of the tangent line: yog© Hx— 5 ) ory=x-—g
y—0=-2(x—1), or y=—-2x+12 6.a.f (x) =8 — 7
b. Y b. fi(x) = -6+ 8x + 5
¢ flx)=5¢"%— 3"
f(x)=—10x" + 9x~*
2 /. 10 9
—T - =-a3ta
-4-20 4 6 Lx i *
—2 d. f(x) = x + x
4 1 1 .
—6- fix)= 5-1"5 + gx_“
‘ L,
40D =24y ¢ 3¢
dx e. flx) = Tx? = 3x
dy o . 3
e (x) = —14x73 — =x7¢
dx : f(x) 14x X
N _ 14 3
Vi X 2¢
cog(x)=—6" £ f(x)=4x2+5
6 4
=3 =3 +5
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7.a.y' = —6x + 6
When x = 1,
y'o= —6(1) + 6
= ().
When x = 1,
y=-3(17) + 6(1) + 4
=7
Equation of the tangent line:
y—T7=0{x— 1) 0r
y=7
b.y=3-2¢

Whenx = 9,
V=3-2V0
= -3

Equation of the tangent line:

1 i
y—{(-3)= _E(X -9 ory= ~§.x

e fi(x) = =8+ 12¢7 ~ 4x — 8
f/(3) = =8(3) + 12(3)> — 4(3) - 8
= 216 + 108 — 12 ~ 8
= —718
f(3) = =2(3)" + 4(3)" ~ 2(3)* ~ 8(3)

—-162 + 108 — 18 =24 + 9
= —§7

Equation of the tangent line:

v - (~87) = —128(x = 3), or

= —128r + 297

8.a. f(x )— (4:{ - 9x)(3¢% + 5)

+ (4x* - 91) (3)( +5)

= (8 - 9)(3)(' +5) + (4% 9x)(6x)
= 24x* — 27%° + 40x — 45

+ 24x° — 5447
= 48x% — 81x% + 40x — 45

b. f(z)——( 32~ 7t + 8)(41 — 1)

(=32~ T+ 8)5(41 - 1)

= (—6r—7)(4r — 1)
+ (=30 = 71+ 8)(4)

2-22

9‘ vl i{<\

yi(1)

= =24r = 280+ 61 + 7 — 1277 — 281 + 32
= =36 - 501 + 39
dy d

c.—— = —(3x7 + 4x — 6)(2x% - 9)

dx  dx

b3 Ay - 6)(: (242 - 9)

= (6x + 4)(2x" = 9) + (3" + 4x — 6)(4v)
= 12x" — 54x + 8% — 36 + 12¢°

+ 16x° — 24x
= 24y + 24x7 — 78x — 36

dy d
.= 3-2 -
dx (1\< -t )(7 2 )

= (9 - ]7\ + 41")(—18.1‘3)
= —162x + 216x° — 72x*

4 0y — 2V 2 L9y 1)
Ox IN—x 2+ 3

d
+ +0x = 2) (=% + 2x+ 3
(5x7 + 9x )d.\( o+ 2+ 3)

(10x + 9)(—x* + 2x + 3)
+ (57 + 9x — 2)(2 — 2x)
(10(1) + 9)(—(1)* + 2(1) + 3)
+ (5017 +9(1) — 2)(2 — 2(1))
(19)(4)

=176
Equation of the tangent line:

I

y—48=76(x — 1), or 76x —y - 28 =0

16. dy _ Zi(x - 15— x)
dx dx
d
+ 2(x l)dX(S x)
=25 —-x)—2(x - 1)
=12 — 4x
The tangent line is horizontal when ;11" = {},
12 —4x =0
12 = 4x
r=3
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When x = 3,
yo=2(3) ~ 1)(S = (3)
= &,

Point where tangent line is horizontal: (3, 8)

dy . [(5(x+h)y -8+ h)+4)
11.— = Iim

dx  h=0 h
h
_ S(x+ h) =5 - 8h
= lim
h—0 h
CS((x + h) = x)((x + h) + x) - 8h
= Iim
1) h
. ShQ2x + h) — 8h
= Iim
h—i h
= im{5(2x + h) — §)
11}
=1 -8

~

N\
12. V =501 ——1.0=1r=90
() ( 90) :

a. After 1 h. r = 60. and the volume is
V(60) = 500(1 ~ )

=5
1 z
500(5)

s

500
==L
9
b. V(0) = 500(1 ~ 0) = 500 L
500
v(60) = - L

The average rate of change of volume with respect
to time from O-min to 60 min is

AV~ 500
At 60— 0
_ 3(500)
60
200 .
=7 L/min

c. Calculate V'(r):
. Vi +hy— V()
Im

1) h

’ 1+ h 2 t \?
. 50{)(1 T ) - 500(—1 + "6)
= lim

=0 h

Vi) =

Calculus and Vectors Solutions Manual

h—0 h

i »:5,(‘)_0(2~21+h>
=0T o0 90

B —50(%31)
9 90

~900 + 101
81

Then,
—900 + 10(30)

81

il

V'(30)

L
= Ty /min

4 |
13. V(r) = g'n'r‘

a. V(10) = %w(10)3 V(15) = %w(15)3

4 4
= 571(100()) = -3:71'(3375)
= f’%@ﬁﬂ = 45007

Then, the aver;ge rate of change of volume with
respect to radius is
AV 4500w —
Ar 1510
500m(9 — §)
5

100 (-1—9)
™3

1900
= cm’/cm

i

b. First calculate V' (r):
V(r+ h)y—V(r)

v’ =]
(r) I1I~—>r]?) h
h—0 h
%ﬂ'(l} + 372h + 3rh? + R - 13>
= lim
P h
in(3°h + 37 + )
= lim
B h

2-23



= hmﬂw(sr2 + 3rh + h?)
h—{

= 377(3# +3r(0) + (0)?)

3
= 47/’
Then, V'(8) = 47 (8)?
= 41 (64)

= 2567 cm’/cm
14. This statement is always true. A cubic polynomial
function will have the form f(x) = ax® + bx? +
cx + d, a # 0. So the derivative of this cubic is
f'(x) = 3ax’ + 2bx + ¢, and since 3a # 0, this
derivative is a quadratic polynomial function. For
example, if f(x) = x* + 2 + 1,

we get
f(x) = 3x + 2x.
and if
fx) =2x" + 3% + 6x + 2,
we get
fiix)y=6x"+6x+6
J2a+3b
1S.y = —— a bel
X
Simplifying,
y — x’lu".“ah ~{a—h) - X” +4h
Then,
o= (a4 dbytr b
16.a, f(x) = —6x" + 4x — 552 + 10
filx)y = ~18x + 4 - 10x
Then, f'(x) = —18(3)" + 4 — 10(3)

= - 188
b. /'(3) 1s the siope of the tangens line to f(x) at
¥ = 3 and the rate of change in the value of f(x)
with respect to x at x = 3.
17.a. P(r) = 100 + 120r + 107 + 27
P(1) = 100 + 120r + 104 + 27
P(0) = 100 + 120(0) + 10(0)* + 2(0)
= 100 bacteria
b. At 5 h, the population is
P(5) = 100 + 120(5) + 10(5)> + 2(5)
= 1200 bacteria
c. P(1) =120 + 201 + 6
At 5 h, the colony is growing at
P'(5) = 120 + 20(5) + 6(5)?
= 370 bacteria/h

1
18. C(1) = —?»Q,z =2
Simplifying, C(1) = 100 .

1
Then, C'(1) = — 10012 = ——1029.

2-24

C'(5) C'(50) C'(100)
100 100 100
(57 T (50)? (100)°

100 100 1

25 2500 100

= —4 = ~0.04 = —0.01

These are the rates of change of the percentage with
respect to time at 5, 50, and 100 min. The percentage
of carbon dioxide that is released per unit time from
the pop is decreasing. The pop is getting flat.

2.4 The Quotient Rule, pp. 97-98

1. For x, a, b real numbers,

r"x" — Lath
For example,
b =43
Also,

(X”)b — Xub

For example,

(1'2)3 = b
Also,
x° ~
- =X’ bx #0
X
For example,
S
X
—==x
X
2.
pifferentiate
and Simplify;
Function Rewrite if Necessary
F) = X+ 3x
x) = x fixy=x+3 fi(x}=1
x # 0
3)(( 0 B i
g(x):—)—(—,x¢0 g{x) = 3x° g'{x) = 2x"°
h(x) = - ! 1 1
10x> hix) = Tax' 5 h'{x) = —2~)("6
x# 0
8¢ + 6x
TR y=4x +3 gX:Sx
dx
x# 0
£-9 ds
= =t+3 — =1
— t# 3 s=1 s
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3. In the previous problem, all of these rational
examples could be differentiated via the power rule
after a minor algebraic simplification.
A second approach would be to rewrite a rational
example
h(x) = L(—‘*)

g(x)
using the exponent rules as
h(x) = f(x)(gx) "
and then apply the product rule for differentiation
(together with the power of a function rule to find
' (x).
A third (and perhaps easiest) approach would be to
just apply the quotient rule to find I (x).

(x + D) — x(1)

4. a. /7’(,\‘) = (x N 1)2
_ b
S (x 1Y
+5)(2) - (2= 3)(1
b () = {20 (1 n é)f Y1)
13
T (1 + 57
2 1V a2) - 43
- B
-
= (2):2 _ 1)2
 + 3)(0) — 1(23
d. h'(x) = et (v\»)?( +) 3) (2x)
oI
(x* + 3)
L x(3x +5) 3 + 5S¢
R (e

dy  (6x + 5)(1 — x*) = (3x" + 5x)(—2x)

dx (1 - x2)2
6 + 5 - 6x* — 5x + 6x° + 10x?
- (1 - %)
_ Sx* + 6x + 5
- (1 - .r2)2
. dy _ (x* + 3)(2x — - (x?—x+ 1)(2x)
" dx (x? + 37
2%+ by — X2 -3 -2 4+ 2% - 2x
- ():2 + 3)2
X +4x -3
- (Xz + 3)2

Calculus and Vectors Solutions Manual

S.a.y=— = -3
x+5
dy (x+ SY3) — (3x + 2)(1)
dx (x + 5
Atx = —3
dy  (2)(3) = (=1(1)
dx (2)
13
= ﬁ
X
b S +9 vel
dy (x* + 9)(3x7) - (x)(2x)
dx (2 + 9
Atx = 1:
dy _ (10)(3) — (1)(2)
dx (10)°
28
100
7
25
¥ =25
c.y= 2505 x =2
dy  2x{x’ +25) ~ (& = 25)(2)
drx (x* + 25
Atx = 2
dy 4(29) - (~2D)(4)
dx (29)2
116 + 84
29
_ 200
841

o (x + D{x+2)
Y e he -t
X+ 3+ 2
=342
dy _ (2x+ 3)(x* - 3x + 2)
dx  (x = 1x-2)
(x* + 3x + 2)(2x — 3)

(r = 1f(x = 2)

At x = 4:
dy _ (11)(6) — (30)(5)
dx (9)(4)
%
T 36
7
T3
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X 2(8)°

“rTE e '
dy 3r( - 6) — x¥(2x) = 32
dy (x* = 6) So the curve has horizontal tangents at the points
At (3, 9): (0. 0) and (8, 32).
dy _3(9)(3) = (27)(6) boy= L L
dx (37 Tox+y =2
=9 - 18 _ - Dx+1)
= —9 (x +2)(x —- 1)
The slope of the tangent to the curve at (3, 9) is — 9. _x+1 Vg
7. v = 3x x+ 27
’ x —4 dy (x+2)~ (x + 1)
dy _ 3(x—4) -3 _ 12 dx (x +2)
dx (x — 4y (x — 4y 1
Slope of the tangent is — 1. - (x +2F
Therefore, . ]_24) L Curve has horizontal tangents when % = (.
x—4=5S0orx—4= -5 No value of x will produce a slope of 0. so there
x=9%90rxy = —1 are no horizontal tangents.
Points are (9. ' \vand( 1.3). 10. p(1) = I()()()<1 L 41_ )
L S5x 2 50
8. flx)= T oy ol A+ 50) = dr(2r)
v (X H2X(5) — (5x + 2)(1) Py = m‘“( (17 + 50) )
IS (x + 27 _ 1000(200 — 41%)
frix) = r=—=3 ( + 507
S n 1Y = 10*(}01196) — 7L 2
Since {x + 2} is positive or zero for all x e R, A (sip
6—4-83)? > 0 for x # 2. Therefore, tangents to P2y = ]()(()22;84) — 6310
c o n 5
the graph of f(x) = 1_‘;?5 do not have a negative Population is growing at a rate of 75.4 bacteria per
slope. hour at 1 = 1 and at 63.1 bacteria per hour at 7 = 2.
2% ¥ =1
9.a. y = PR * 4 11, v = T
dy _ (x = 4)(4x) — (2x7)(1) 1 1,
dx (x — 4y 33
43 — 16x — 247 dy 1 1
= — ==yl
(x — 4y dx 3 3
2x — lébx 1 1
(x — 4) 3 3x
2r(\ —8) Atx = 2:
(x — 4y s @
Curve has horizontal tangents when % =0, or ) 3(2)
whenx =0or 8 Atx = ) _ 1
0 2
Y= and
= ( dv 1 1
— ==
Atx = & dx 3 3(2)
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1
= — 4
3012
3
Y

vy 'ﬁ(\ —2).ordy — 12y —4 =0
W06 — 1)
12.a.5(1) = —:‘ — ‘).() =71<6.1= 0.
+ 3
s(0) =20

The boat is initially 20 m from the dock.
[+ 3)(=1) = (6= ()
L (r+3)

b.ov(ty = s'(1y =10

o =90
vit) = (1 +3)
At = 0.1(0) = = 10. the boat is moving towards
the dock at a speed of 10 m/s. When s(7) = 0. the

boat will be at the dock.

: =90 10
v{b) = > =
The speed of the boat when it bumps into the dock
is ¥ m/s.
13.air=190
1+ 2(0)

1+ 0
I em

r0) =

,_a
q}
o

+
1
|
o

NP P o~
[y

1.

= 1.

= (.

= ls

(1+0(2) = (1 +20)(1)
(1 + 1)

2421 —1-2t

(1 +1)

by
i
wn

(1 +1
+ 1.51

—
o+ +
N

.\.
(o)

—~

iii. r' (1)

0.25 em/s

b. No. the radius will never reach 2 cm, because

y = 2 is a horizontal asymptote of the graph of the
function. Therefore, the radius approaches but never
equals 2 cm.
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B0 =0ohe e
oy Lo Dl = 4)(a)
{v) = (\ _ 1)2(‘\, . 4>3

4 .
(ax + b)y—{(x — ){(x — 4)]
dx

(x = 1)(x = 4)
(v = )(x = 4)(a)
(x — 1)(x — 47
(ax + b)Y (x — 1) + (x — 4)]
(v = 1)(x = 4)
(x' — 5S¢+ 4)(a) = (ax + b)(2x = 5)
(x = 1) (x = 4)°
—qx” = 2bx + 4a + 5b
(x = 1)'(x — 4)
Since the point (2. — 1) is on the graph (as it’s on
the tangent line) we know that

~1=f(2)
_ 2ur b
(1)(-2)

2=2a+0
b=2-12a
Also. since the tangent line is horizontal at (2. —1).

we know that

0=7r(2)
~ —al2) = 2b(2) + 4a + 5D

(1(=2)

h=10

0=2-2a

a=1

So we get
X

)= e

Since the tangent line is horizontal at the point

(2. - 1). the equation of this tangent line is
y=(-1)=0(x—2)o0ory=—1

Here are the graphs of both f{x) and this horizontal
tangent line:

7
i
N
|
N
e
-
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(207 + 7)(5) = (5¢)(41)

15.¢(1) =

(207 + 77
107 + 35 = 207
(22477
=107 + 35
C (2 + 77
Set ¢’(t) = 0 and solve for 1.
~10r" + 35 0
—10° +35 =0
100° = 35
=35
1= +\V35
1= *1.87
To two decimal places, 1 = —1.87 or 1 = 1.87,

because s'(1) = 0 for these values. Reject the
negative root in this case because time is positive
(1 = 0). Therefore, the concentration reaches its
maximum value at 1 = 1.87 hours.
16. When the object changes direction, its velocity
changes sign.
(17 + 8)(1) — 1(20)
GRR;

2+ 8 =27

(r* + 8

sy =

selve for 1 when s'(1) = 0.
—1" + 8
(71 8
-1+ 8=
r=+\V3
1= *283
To two decimal places, r = 2.83 or 1 = —2.83,
because s'(z) = 0 for these values. Reject the
negative root because time is positive (1 = 0).
The object changes direction when 1 = 2.83 s.

~
r
I
oo

x + b d
-t
oy (ex + d)(@) = (ax + b)(c)
Flo) = (cx + d)
., ad — bc
IO =tavay

For the tangents to the graph of y = f{x) to have
positive slopes, f'(x) > 0. (cx + d)? is positive for
all xeR. ad ~ bc > 0 will ensure each tangent has
a positive slope.
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2.5 The Derivativ
Functions, pp. 10
Lfx)= Vx,g(x) =x* -1

a. f(g(1) = f(1 - 1)
= f(0)
=0

b. g(f(1)) = g(l)
¢ g(f(0)) = g(0)
=0-1
= —1
d. f(g(=4) = f(16 — 1)
= f(15)
= V15
e flg(x) = fx* - 1)
=V-1
L g(f(x)) = g(Vix)
= (Vi} — 1
=x—1
2.a. flx)y = X%, g(x) = Vx
(fog)(x) = flg(x)
= f(Vx)
= (Va)
= X
Domain = {x = 0}
(8N (x) = g(f(x)
= g(x’)
BV
= x|
Domain = {xeR}
The composite functions are not equal for negative
x-values (as (f° g) is not defined for these x), but
are equal for non-negative x-values.

b. f(x)= 3;, glx) =x"+1
(fe8)(x) = f(g(x))

= f(x*+ 1)

1

41
Domain = {xeR}

(g NMx) = g(f(x)

o)
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1
= 3 + l
R

Domain = {x # 0}

The composite functions are not-equal here. For
instance. (feg)(1) =3and (g= /(1) = 2.

¢c. flx)= % g(x) = Vx +2

(feg)x) = flg(x))
(Ve +2)
]

i

i

Ve + 2
{x > -2}

g(f(x)

0

/1
/
Vox
The domain is all x such that

1 - . .
o 2 = 0and x # 0, or equivalently

i

Domain

(g°Hlx)

Domain = {x = —1orx > 0}

The composite functions are not equal here. For

instance. (fe¢)(2) = 4and (g2 )(2) = V4

3. If f(x) and g(x) are two differentiable functions

of x, and
h(x) = (f°g)x)
= flg(x)

is the composition of these two functions, then

h(x) = f(g(x) - g'(x)

This is known as the “chain rule” for differentiation of
composite functions. For example. if f(x) = x' and
g(x) = x* + 3x + S.then h(x) = (X’ + 3x + 5)'°,

and so
h'(x)

il

f(glx) - g'(x)

10(x* + 3x + 5)(2x + 3)
As another example, if f(x) = © and
g(x) = X" + l.then h(x) = (x* + 1)
and so

1l

SRR

(¥ + 1) (2x)

4.a.f(x) = (2¢ + 3)°
7(x) = 4(2x + 3)(2)
8(2x + 3)°
b.g(x) = (¥ — 4)
g'(x) =30 = 4)(2v)
= 6x{x’ — 4)

h{x)=

i
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¢ h(x) = (2 + 3x = 5)

W (x) = 4(2x* + 3x — 5)'(4x + 3).
d. f(x) = (7 - )

fx) =3 = 2P (=20)

= —6x{7? — x')’

l ) 1
y' = E(x‘ - 3)(2x)
B X
v -3
f(x) = s
Jx) = (x* = 16)°
= (x* - 16)7°
f(x) = =5(x* = 16)7°(2x)
o —10x
(x* — 16)°
2
5.a.y=—-—3
. 'x".
= —2x
dy o o 4
= (-3
)
by = l
‘ x+1
=(x+1)"
d -
= (DD
(x + 1)
o v i
e v — 4
-4y
dy 2 -
L= (-1 - 472
T
e
3 -
d Y= 5 =3(9 - X%)
dy 6x
FRR R
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1 b.y = (&% + 3)%(x* + 3)

e y= 5 T )
5x° + dy i, . R ,
~ (56 4 o) D =L 3 (v 3
d . ) ,
:1_{' = (=1)(5x" + x)72(10x + 1) + (2 + 37 %{(r-‘ + 3)]
_ 10x +1 = 3(x* + 3P (20)(x* + 3)?
(557 + x) + (7 + 3P(2)(F + 3)(3x7)
fy= 1 = 6x(x’ + 3P(x" + 3)[(x* + 3) + x(x2 + 3)]
(¢ + x4 1) = 6x(x* + 3P(x° + 3)(2¢% + 3x + 3)
- (Xz Tx+ I)_4 ey = 3x% + 2x
d—y:(—4)(x2+x+1)°5(zx+1) M
dx 8x + 4 dy _(6x +2)(07 + 1) = (37 + 2x)(2x)
= *m dx ; ) (> + 1) } 7
6. h=gof _ 6+ 20 + 6;¥ + 27— 6x — 4x°
= g(f(x) ) ( + 17
h(=1) = g(f(~1) _ T bt
= g(1) (x* + 1)
= —4 d. h(x) = x(3x - 5)?
h(x) = g(f(x)) p :i .2y _ <\2 1_{1 Iy — 5)2
() = g ) () W) = ] B = 5P (e = 57
(1) = g (f(=1)f (- 1) = 30(3x = 5P + 2°(2)(3x ~ 5)(3)
= g'"(1)(—5) = 3x’(3x — 5)[(3x — 5) + 2x]
= (=7)(—5) = 3x(3x — 5)(5x — 9)
=35 = 157*(3x = 5)(x — 1)
C N ; | \ ey =x'(1 - 4x7)
T J) = (o= 3)g(x) = — h(x) = flg(x)), dy _d. .0 o od
F00 = 20 — 3), ') = "_;i e ;L—r[x I —dx ) +x°- Q}W — 4x°))
. , X =41 = 4 + ' (3)(1 - 4x?)(—8x)
h(X} = f(g(xz)g (X) — 4x3(] . 4X2)2[(1 . 4_’(2) _ 61’2}
- f,(l)(_%.) = 4x°(1 — 4)P(1 — 10x7)
X P x2 -3 4
= 2(1 - 3)(——2) Ly= (xz + 3)
X X 2
21 R CER IR
= _P<; - 3) dx X +2)dxlx*+ 3
8.a. f(x) = (x + 4P (x — 3)° _ 4(x2 - 3)3 (P 3)(2x) - (- 3)(2x)
oy d - ¥+ 3 (x* + 3)
F0) = gl + 497 - = 3y SFEESV
(5 + 4P - 3] 7v3) ey

= 3x + 4P(x - 3)° _ A8 - 3p

+ (x + 4P(6)(x — 3)° (- * 3y
= (x + 4P (x — 3y 9.a.5(1) = £ (41 — 5)

X [3(x = 3) + 6(x + 4)] = [(41 — 5)7F
= (x + 4 (x — 3)°(9x + 15) = [1(41 — 5)7

= [t(167 — 40r + 25)f
= (167 — 407 + 251)',1 = 8
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] : ;o= -3 — S‘ - I
(1) = =168 — 407 + 250)° 2. y=( =T atx =2
y DS - 7))
X (487 — 80r + 25) el SN
(487 — 801 + 25) When x = 2,
~ iy ‘
‘ ©3(16F — 407 + 251) sy
Rate of change at 1 = &: dx
, (48(8)" — 80(8) + 25) = 60
s'(8) = - . A .
?(Ié(b) — 40(8) + 3(3)) Slope of the tangent s 60.
2457 Equation of the tangent at (2. 1) 1s
o972 v—1=060(x~—2)
9] 60x — v — 119 =0
36 13.a.y =3 — Su+2
[”‘7‘_ ; u=x = lx=2
b s(l):<—_—> t =27 H=23
om
dy du
IWit—= di+—m ~— = fu — S.—=— =
s (1) = = — du dx
3\ — o7 . drlt — 67 EQ' B _{ji y fjf_l
= l<l - 67‘.): U 6m) — (1= 7) dy  du dx
SANE Sl 14 i (t — 67) = (6u — 5)(2x)
ﬁl(t*(m)““ — 57 = (18 = 5)(4)
Nr—m {r— 6m) = 13(4)
Rate of change at t = 24 :“52 i ‘
) o1 o~ 5w bov=20+3r u=x+x.x=1
s’ (2m) = 5(‘4)‘ e dy dv du
V2 dy  du dx
Y . ; 1
2437:3 = (6w + (w)(l + 5= f«>
10.y = (1 +x7) y = 2x° 2Vx
dy dy . Atx = [:
o= = 2(1 +.0°)(3x%) oo 120 =14
For the same slope, I =2
6x’(1 + ) = 124 Y _ 62y + 6(2 b
\ ) ) S 627 + 6201+
6x* + 6x = 12 dx o ) 2V1
6x° — 6x° =0

6x’(x* —1)=0
x=0o0rx = 1.

Curves have the same slope atx = Oand x = 1. -y
1. y = (3x — x7)7? ’ dy
dy -3 du
e 2(3x — x7)7(3 - 2x) dy _
Atx = 2, dx
dy
== -26-47(3-4
L= 26 - 473 - 9)
=2(2)7° d. y=
_ 1 =
4 =y, x =4

The slope of the tangent line at x = 2 is j. dv _dy du

dx ;ﬁ; dx
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> 3 2 1 i
33w = 100" — Tu)(3u? = 7)] - (;{)

5 5 , \ 1
= 3" — 10(e" — 7u)(3u° — 7)1 -
[Bu (u )(u )] 2%
Atx = 4:
142\/4
=72
dy

=[3(2)" = 100(2)" = 7(2)(3(2)* - )]

=78
14.  hi(x) = f(g(x)). therefore
h(x) = f(g(x) X g'(x)
fl) =’ = 1.g(2) =3.g'(2) = -1
Now. h'(2) = f(g(2)) X g'(2)
=1(3) xg (2)~
Since f(u) =’ = 1. (u) = 2. and’f(3) =6,
h(2)=06(-1)
= —6.

]
dx 2(2)

! 2
15. V(1) = 50000{ 1 — -
(1) ) ( 30)

i ! 1

Vi) = 500000 2(1 - =) -2
(1) O(}O_( %o)( soﬂ

. [ 10) 1

V'(10) = 50000[2( 1 - — ) - —
(10) 00 ( m ( 30)}

(=)
oo00i2(2)(~ )
= 2222

At = 10 minutes, the water is flowing out of the
tank at a rate of 2222 L/min.
16. The velocity function is the derivative of the
position function.
s(r) = (¢ + 1)

- 1,
v(ry =s'(t) = E([ +
3T+ 2
2Vt +1?
33 +2(3

o3y = 3BV +20)
V3 + ¥
27T+ 6
2V/36
3
Y
= 2.75
The particle is moving at 2.75 m/s.
17.a. h(x) = p(x)g(x)r(x)
R (x) = p'(x)q(x)r(x) + p(x)g' (x)r(x)
+ p(x)g(x)r'(x)

)33 + 2)
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f{x) = lim

b. h(x) = x(2x + T)(x — 1)
Using the result from part a.,
h'(x) = (1)(2x + 7)*(x — 1)°
+ x4 (2x + T)(2)](x — 1)?
+x(2x + 7)2(x - 1)]

n(=3) = 1(16) + (=3)[4(1)(2)](16)
+ (=3)(D[2(—4)]
=16 — 384 + 24
= —244
18.y=(x*+x-2P+3
dy

+x = 2P (2x +
. =3(x? +x = 20 (2x + 1)

At the point (1, 3), x = 1 and the slope of the
tangent will be 3(1 + 1 ~ 2)*(2 + 1) = 0.
Equation of the tangent at (1, 3)isy — 3 = Q.
Solving this equation with the function, we have
(F+x-2P+3=3

(x + 2 (x — 1) =

x=—2orx =1

Since —2 and 1 are both triple roots, the line with
equation y — 3 = 0 will be a tangent at both x = 1

and x = —2. Therefore, y — 3 = 0 is also-a-tangent
at {(—~2, 3)
(1 - x)?
19.y = ——"t-
YT 0y

dy 1-x\ (1= x\?
dr 2')((1 + x> o (1 + x)
~(1+x)-(1- A)(l)J
(1 + x)?

1T —xY 1= xV -2

- 2x<1 + x) * 3X¢<1 + x) {(1 + _r)ZZ{
1 —-x\V[1-x 3x

N zx(l +_r> {1 +x (1 +x)2}
= x\[1 - %%~ 3x
=l

2x(x* + 3x - 1)(1 — x)?

(1+ x)*

I
[
=

Review Exercise, pp. 110-113

1. To find the derivative f'(x), the limit
fGx + h) = flx)
-0 h
must be computed, provided it exists. If this limit
does not exist, then the derivative of f(x) does not
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exist at this particular value of x. As an alternative Joa.y= v =-S5 +4

to this limit. we could also find f"(x) from the dy
definition by computing the equivalent limit dr 2x =5
f(x) = lim'@—:{(—"'—). b. f(x) =¥
These tw\(;]‘imits are seen to be equivalent by f(x) = Ex—g
substituting z = x + A 4
2.a.y = 2" - 5x - 31
dy . (2(x + h)? = 5(x + h)) — (2% = 5x) 4x:
—— = Iim 7
dx  h-0 h € y=-—
o 2A(x + R - X7 = Sh 3x
= lim ‘ 7
s} h — _X“'4
D 2((x+ h)y = xX)({(x + h) +x) — 5h 3
R i dy _ 28
" - = X
. 2h(2x + h) — 5h dx 3
B /,ILT(]) h = — 28,
= lim(2(2x + h) — 5) 3x
h—s1} 1
=4y — 5 d. y=—
JR— x + 5
b. v=Vx -6 = +5)!
dy O V(x+h) -6 V-6 dy 5 -
—t— = —_ = — _,; + T4, :
i 0 = (-1l )T (20)
i [ YD — 6 - Va -6 o
a /;]E?x h (x* + 5)
\//ZX‘%‘I'I) -6+ Vx — 6} e, y:———3——-?—,7
Vix+h) -6+ V-6 (3”"1_7
_ = 3(3 - x') -
= lim () = 6) = (v 6) dy 7-3
mh(V(x F h) - 6+ Va— 6) o (-=6)(3 —x*)77- (=2x)
= hm ‘ J _ 1
o V(x + h)y— 6+ Vx—6 = (3 - ¥)
1
= = f. y=VId+dx+1
2\_‘ xo6 = (7% + 4x + 1)
. V= - dy 1 L
“Y Ty = —2-(7;(2 + 4x + 1)7(14x + 4)
x+h X Te+ 2
ly 4—(x+h) 4-x = =
L Il : VI + ax + |
dx It} h 2_,(3 -1
(x + )4 —x) —x(4 — (x + h)) 4.a. f(x) = 2
i (4 — (x + h)(4 — x) )
= lm Ju—, .
Bt h =2x - 2
= lim ah =2v—x?
h-0h(4 — (x + h)(4 — x) flx)y=2+ 273
i 4 9
= lim = il
(3 = (x + h))(4 - x) 2+
—_ 4 —
(4 — x)°
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b. g(x) = Vax{x’ - x)
= xfi(,\:’ - x)
=3~ 5
3,

(x _ 1. 3.,
g.x)~2x ¥

= 3?(7)(2 - 3)

X
VTS
dy _ G =5)(1) = (1)(3)
de (3x — 5
5
(3x — 5)°
d. y= (x = 1)(x + 1)

v = (x — 1)% + (x + 1)(%)& - 1)"%

x +1
BACRE RtV
B 2x — 2+ x+ 1
a 2Vx — 1
3y — 1
2Vx — 1
e flx) = (Vi +2)
= (¥ + 2)”
-2, <1
i) =—(x+ 2)"“5«57
3 1
VAV +2)
v+ 5x + 4
f. y=— -
i} x+4
Cx+ A+ 1)
a x +4
=x+1,x# —4
dy
dx 1
S5.a.y = X*(2x — 5)°
v = xT6(2x — 5)°(2)] + 4x3(2x — 5)°

I

4x*(2x = SY[3x + (2x — 5)]
4x*(2x — 5)°(5x = 5)
=20 (2x = 5)°(x — 1)

b. y= \\/YZT]
y = xB(—’f2 + 1)'%(2—’C)J (VA +1

I

X 3
RVEFTEE G

2-34

o (2x — 5)*

(x +1)°

oo (x + 1)4(2x — 5)%(2)

y

(x + 1)°
C3(2x =5 (x + 1)

(x + 1)°

(1) (20 = 5)%8x + 8 — 6x + 15)

(x + 1)°

. (2x = 57 (2x + 23)

(x + 1)

3x+5

10x — 1)°
Y :( * ) = (10x = 1)°(3x + 5)7°

y' = (10x = 1)=6(3x + 5)77(3)]
+ 6(10x ~ 1)°(10)(3x + 5)°
= (10x = 1y (3x + 5)x = 18(10x — 1)]

+ 60(3x + 5)

= (10x = 1)°(3x + 5)77
X (—180x + 18 + 180x + 300)

_ 318(10x — 1)°
(3x + 5)’

e y= (x -2 + 9

})

6. a.

"= (x = 2)T4(3 + 9P (2x))

+3(x = D) + 9)

= (x = 2)°(¥ + 9)[8x(x - 2) + 3(x* + 9)]
(x = 2% + 9P(11 = 16x + 27)

o

(1= xP(6+2x)°

(e53)
6 + 2x

()
6 + 2x

o [(6 + 2x)(~2x) — (1 = ¥*)(2)
(6 + 2x)?

3(1 — KPP~ 12x — 4x? - 2 + 249)

(6 + 2x)*
3(1 = P20 + 120 +2)
- (6 + 2x)*
3(1 = PP+ 6x + 1)
- 8(3 — x)*
g(x) = f(x*)

g'(x) = f(x?) X 2x

b. h(x) = 2xf(x)

h

X =
=12

U

(x) = 2xf"(x) + 2f(x)
7. a.

v=5"+3u—-1u=

X

2

2

18
+ 5
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dv ( <’>

e 23 e

dx 9,
184

9
u + 4 Vr + x

u =
u— 4 10

xo=
u =

dy

du
du

1/t )
= —| —x" + |
dx O\ 2

o8 duw L(i)
(. — 4y dx  10\4

When u =

[ R RS

dy 8

du (E B %Q)
5 5

_ 8(25)
(—17)°
When x = 4,
dy _805) 1
dx 17- 8
S
289
e yv=fVX¥+9),f(5)=-2,x=

dy

OV +9) % %(xz +9)7H(2x)

dx

dy 11
sy, 2.2 .8
dx F(3) 2 5
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4

B 4
= -2 g
8
=2 |
8. fx)=(9-xF
F1(x) = 20 - ) (- 20)
_ ~4x
C3(9 -
2
Sy =-3

The slope of the tangent line at (1. 4) is
9. y=—x +6x?

y' = =3¢ + 12x
-3¢ + 12x = =12 —-3x + 12x
X —4x—4=0 ¥ —4x—-5=
4+ V16 + 16 _ v
x:———‘z——*— (x =5+
4 + 42
= e yr=5x=-1
2
x=2%=2\2

2
3

=15
0

=0

\

R4 B2EM27YL 1Y
vz -12.600001H+B5 Z54B38_

B=r
vz ~15.000001

y [

\H{ 7 |

Rz - BzB4271 § ]
¥z =12 000000935558+ 5.2

-

Hni

-1 1
“15.0000031%+ "B.O000Q01

10.a.i. y = (x* — 4)

¥ = 50 - 4 (20)
Horizontal tangent,
10x(x* — 4)* =0
x=0,x=2x2
ii. y=(x"— x)

y =20 = x)(3xF = 1)
Horizontal tangent,
(= 1B -1)=0
V3

3

x=0x=*xlx==
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T

=-z
¥=-1.02400065E 9%+ ~2.04.,

#=0
EORe -1024

1]

OZHO00BYHE ~9¥e -2 048,

»

i. \,lw j \V“\ f\j

R=".E77380

Wi 3
2 -1 Z0O0O0SE “BH+ 1,200, »=7.69795E -78+ 14BI4BE T

) e

Ed] K= Bp735027

Y2080 957 GB7SEE -7R+ 14B14ES_
l! Jf
y e !

=1

¥=1.2000006E "5+ 12606

1t.a.y = (" + 5x + 2)* at {0, 16)
yo= 47+ Sx + 23 (2x + 3)
Atx = (),
v = 4(2)’(5)
= 160

Equation of the tangent at (0, 16) is
y — 16 = 160(x — 0)
y = 160x + 16
orl60x —y + 16 =0
b.y= (3x“2 - 2x3)5 at (1, 1)
Y =503x77 = 27 (—6x 7 - 6x?)

Atx =1,
y'=5(1)-6 - 6)
= —60

Equation of the tangent at (1, 1) is
y—1=-60(x—-1)
60x +y — 61 =0.
12y =32 - 7x + 5
dy

= = 6x — 7
dx ¥

2-36

Slope of x + 5y — 10 = 0is —4.
Since perpendicular, 6x — 7 = 5
x=72

y=73

=3

Equation of the tangent at (2, 3) is
y—3=5(x—-2)

Sx—y—7=0.

13.y = 8x + bistangentto y = 2x’
dy
9 4x
dx

Slope of the tangent is 8, therefore 4x = 8, x = 2.
Point of tangency is (2, 8).
Therefore, 8 = 16 + b, b = —8.
Or8x + b = 2x°
2 =8 —b=0
8 V64 + 8b
X = 22) .
For tangents, the roots are equal, therefore
64 +8b=0,b= -8
Point of tangency is (2, 8), b = —8.
14. a.

s
“.___,.r""

=8

Al

%

=g Ty
#= -1 BARARETUMNMMEE -Fhv

The equation of the tangent is v = 0.

Lo

W=l 2426407
vz 2 BIGEE “?H+6.2638427

The equation of the tangent is vy = 6.36.

! -~
Y

L

4

8= -4 zYEEY]
v= -z B1BSE 7i+ ~6. 363852

il

The equation of the tangent is y = —6.36.
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(x* = 6)(3x%) — ¥’ (2x)

C. f'(\) = (‘:3 - 6)2
ot - 18y
(¥ —6)
Xt = 18x°
ey

K -18) =0

¥=0orx’ - 18=0

x=0 x=*3V2
The coordinates of the points where the slope is 0
are (0, 0), (3V2.%32), and (-3V2. -372).
d. Substitute into the expression for f'(x) from
part b.

(2)

Ii

16— 72
(-2)
~ 56

4
~14

i

i

\&. 7

k!

LEr
vz iy Q0007 IS00NKeZR GO _

1S.a. f(x) = ¢ — 5y

5 2 .
’ X — X _:,': — S X _',i
fi(x)y=2 31 5 3\
10 . 10
= —x' — o7
3 3x
fx)y=0 -~ a2x - 51=0
x=0orx =<
X orx =2

v = f(x) crosses the x-axis at x = 3, and

=24

X
%
f,<§> — }9 e - X nl
2 3720 (3
- V2 2 i
= 5 X 7T 5% 7?2
= (25 x 2%
= V30
b. To find a. let f(x) = 0.
10 . 10
X — 7 =
3 3x
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30x = 30
x =1
Therefore a = 1.
16. M = 0.17 — 0.0017

a. Whent = 10.

M = 0.1(100) — 0.001 (1000)
=9

When 1 = 15,

M = 0.1(225) — 0.001(3375)
= 19,125

One cannot memorize partial words, so 19 words
are memorized after 15 minutes.
b. M' = 0.2r — 0.003F

When 1 = 10,
M = 0.2(10) — 0.003(100)
=17

The number of words memorized is increasing by
1.7 words/min.

Whent = 15.
M = 0.2(15) — 0.003(225)
= 2325

The number of words memorized is increasing by
2.325 words/min.
30

17.a. N(1) = 20 — —p===
VO + F

30t
(9+ 7y
b. No, according to this model, the cashier never
stops improving. Since ¢ > 0, the derivative is always
positive, meaning that the rate of change in the
cashier’s productivity is always increasing. However,
these increases must be small, since, according to the
model, the cashier’s productivity can never exceed 20.

]\/’([) =

1 |
18. C(x) = ¢ + 40x + 700
a. C'(x) = x> + 40

b. C'(x) =76

X +40 =76

¥’ =36

x=6
Production level is 6 gloves/week.

22
19. R(x) = 750x — = — =¢°
6 3

a. Marginal Revenue

R'(x) = 750 — % — 2
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10
b. R'(10) = 750 — EXN 2(100)
= $546.67

20. D(p) = p>1

20
Vp - 17
1 ;
D'(p) = 20(——5>(p ~ 1)
10
(p— 1)
10 10

D'(5) = == -5
5
4
Slope of demand curve at (5. 10) is —3.
21. B(x) = —=02x" + 500.0 = x = 40
a. B(0)= —02(0) + 500 = 500
B(30) = —0.2(30)° + 500 = 320
b. B'(x)= —04x
B'(0)=—-04(0)=0
B’(“a()) = —-0.4(30) = - 12
¢. B{0) = blood sugar level with no insulin
B(30) = blood sugar level with 30mg of insulin
B'{0) = rate of change in blood sugar level
with no insulin
B'(30) = rate of change in blood sugar level
with 30 mg of msulin

{50) = —=0.4(50) = =20
( )) = —0.2(50)° + 300 = 0
B'(50) = —20 means that the patient’s blood sugar

fevel is decreasing at 20 units per mg of insulin 1 h
after 50 mg of insulin is injected.
B(50) = 0 means that the patient’s blood sugar level
18 zero 1 h after 50 mg of insulin is injected. These
values are not logical because a person’s blood sugar
level can never reach zero and continue to decrease.
22.a. f(x) = %g

_ 3x

(1 =0 +x)
f(x) is not differentiable at x = 1 because it is not
defined there (vertical asymptote at x = 1).

x— 1
b-glx) = ¥+ 5x—6
x— 1

(x +6)(x — 1)

1
= (r+06) forx # 1

g(x) is not differentiable at x = 1 because it is not
defined there (hole at x = 1).

2-38

. hix) = \/(x - 2)
The graph has a cusp at (2. 0) but it is differentiable
atx = 1.
d.m(x) = 3x — 3| —~ 1.
The graph has a corner at x = 1, so m(x) is not
differentiable at x = 1.
3
23.a. f(x) = PRI
3
x{4x — 1)

H(x) 1s not defined at x = O and x = 0.25. The

graph has vertical asymptotes at x = 0 and
x = 0.25. Therefore, f(x) is not differentiable at

x = 0andx = 025.

¥ -x=6
b. f(x) = Y -9
(- 3)(x+2)
B (x=3)(x+3)
G 2.) forx # 3
{(x +3)
f(x) is not defined at x = 3and x = —3. At
x = — 3, the graph as a vertical symptote and at
x = 3 it has a hole. Therefore. f(x) is not
differemiable atx = 3and x = - 3.
€. f(x)“ ' Tx + 6

=Vix—6){x—-1)

J{x)1s not defined for i < x < 6. Therefore.
f{x) is not differentiable for 1 < x < 6.

(1 125y —(250) (1)

R
2.p' (1) = G+ 1)
251+ 25 = 251
g+ 1y
25
S+ 1)
25. Answers may vary. For example,
flx)y=2x+3
1
TR
oo 230 - (1))
' (2x + 3)°
_ 2
o (2x + 3)?
fAx) =35+ 10
i
y = =
T 50+ 10
= (5x + 10)(0) — (1)(5)

(5x + 10)*

Chapter 2: Derivatives



B R
T (5x + 10)?
Rule: If f(x) = ax + band y = f(%) then
_ -4
(ax + b)’
1 1 1

- l s —_—
¥ o h alx +hy+b ax+b

i l ax + b — [a(x + h)b] |
/Lnf‘)/ﬁ[a(_r + h) + bj{ax + h) ]

i

limi— ax + b —ax —ah — b |
nooh{{a(x + h) + b)(ax + b)]
lim—]; —ah ~
noh[a(x + h) + b}(ax + b) ]

il

—d

i

}1‘23){{1(.\‘ + h) + bj(ax + b)
—-a
(ax + b)
26.a. Lety = f(x) -
(2x -3y +5
2x — 3
lLetu = 2x — 3.
w+ 5
Then y = .
1t
y=u-+ Su!
b, £ (x) = dv
S =
dy - _(1)_ 5 du

}r ==

dx  du :i#r
= (1 - 5u")(2)
=2(1 — 5(2x — 3%

27.g(x) = V2x = 3+ 5(2x = 3)
a. Lety = g(x).
y=V2x -3+ 52 — 3)
Letu =2x — 3.

Then y = Vi + Su.
dy dv _ du
- e

b8 ) = e T e ax
= (—;-u"% + 5)(2)
=47+ 10
= (2x - 3)77+ 10

Calculus and Vectors Solutions Manual

28.a. f(x) = (2x — 5)*(3x* + 4)°
f1(x) = (2x = 5)3(5)(3x* + 4)*(6x)
+ (32 + 4P (3)(2x — 5)*(2)
30x(2x — 53 + 4)°
+ 603 + 4)°(2x — 5)*
= 6(2x — 5)(3x* + 4)*
X [5x(2x = 5) + (37 + 4)]
= 6(2x — 5)%(3x% + 4)°*
X (10x? ~ 25x + 3 + 4)
= 6(2x — 5)}(3< + 4y
X (13x* — 25x + 4)
(8xM)(4x> + 2x = 3)
(8)(5)(4x* + 2x — 3)*(8x + 2)
+ (4x2 + 2x = 3)°(24x)
= 407 (4x° + 2x — 3)*(8x + 2)
+ 2434 + 2x — 3)
= 82 (4x* + 2x — 3)"5x(8x + 2)
+ 3(4x? + 2x — 3)]
= 8x%(4x? + 2x — 3)*
(40x° + 10x + 12X + 6x — 9)
= 8x2(4x% + 2x — 3)*(52x* + 16x — 9)
ey = (S+ x4 - T
yo= (5 + x)2(6)(4 — TX)(—21x)
+ (4 — 7x)2)(5 + x)
—12603(5 + x)}(4 = Tx'Y
+2(5 + x)(4 — TxH)°
2(5 + x)(4 — 7)Y [-63x(5 + x)
+ 4 - 7x7]
= 2(5 + x)(4 — 7xX) (4 — 315" = 70x7)
b1
© (3x + 5)
(3x + 5)*(6) — (6x — () (Bx + 5)°(3)
((3x + 5)*)’
6(3x + 5)(3x + 5) = 2(6x — 1)]
(3x + 5)°
_6(—9% +7)
T (Bx +35)
o (2:* = 5)
ey (x + 8)°
dy  (x + 8)’(3)(2X" — 5)°(4x)
dx ((x + 8y
(2" — 5 (2)(x + 8)
((x + 8)%)
2(x + 8)(2x% — 5)[6x(x + 8) — (2x = 5)]
(x + 8)*
_2(26% ~ 5)’(4X° + 48x + 5)
- (x + 8)

i

b. g(x)
g'(x)

i

Il

i

d. h(x)

h(x)=

2-39



0 =
B -~ 34
(4x — 8)
(4v — 8)(—12¢)
((4x ~ B))

(—3x4)<%)(4x ~ 8)73(4)
) ((4x = 8)F
_ 6 (4x — 8)[2(4x — 8) — ]
B 4y — 8
_ —6x*(7x — 16)
B (4x — 8)§
=3 (7x - 16)
"~
: 2x + 5}
g g(x) = (6 - Xz)

2x + 5}
g'(x) = 4( -~ xg)
» ((6 - X2)~ {2x+ 5}(—2x)>

fix) =

\ (6 — x?)
B 4(2)( + 5\3/2(6 + % + 5.:())
6 - 2 / (6 — x*)

(23( + 5)3((_}: + 2){(x + 3)

) 252
6 — x°, (6 — x7)

i
o)

\

= (4x + ¥*)7°
dy 2y-10
e —9(4x + x)7 (4 + 2x)
X

29. f(x) = ax* + bx + ¢,
It is given that (0, 0) and (8, 0) are on the curve,
and f'(2) = 16.
Calculate f'(x) = 2ax + b.
Then,
16 =2a(2) + b
da + b =16 h
Since (0, 0) is on the curve,
0=a(0) + b0) + ¢
c=90
Since (8, 0) is on the curve,
0=a(8) + b(8) +¢
0=264a +8 + 0

a+b=10 (2)
Solve (1) and (2):

From (2), b = —8a hH
2-40

In (1),
4a — 8a = 16
—da = 16
a= —4
Using (1),

b= -8(—4)=32

a=—4.b=32c¢c=0.f(x)=—4x" + 32y
30.a. A(1) = - + St + 750

A() = =3r +5
b. A'(5) = —=3(25) + 5
= —-70

At 5 h, the number of ants living in the colony is
decreasing by 7000 ants/h.
¢. A(0) = 750, so there were 750(100) or
75 000 ants living in the colony before it was
treated with insecticide.
d. Determine 1 so that A(1) = 0. —¢ + 51 + 750
cannot easily be factored, so find the zeros by using
a graphing calculator.

2ere
[ #=8.2630185 - ¥=1r

All of the ants have been killed after about 9.27 h.

Chapter 2 Test, p. 114

1. You need to use the chain rule when the derivative
for a given function cannot be found using the sum,
difference, product. or quotient rules or when writing
the function in a form that would allow the use of
these rules is tedious. The chain rule is used when
a given function is a composition of two or more
functions.
2. fis the blue graph (it's a cubic). /" is the red graph
(it is quadratic). The derivative of a polynomaial
function has degree one less than the derivative of
the function. Since the red graph is a quadratic
(degree 2) and the blue graph is cubic (degree 3),
the blue graph is fand the red graph is f’.
flx + h) = f(x)

h

3 /(0 = i

0
xt+h—(x+h)7 - (x-x)

= lim
h—0 h
Cx+h— (x4 2he + ) — x4+ 1P
= hm
0 h
B h — 2hx — I?
- h—0 h
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. h(1 = 2x — h)
lim————

il

h—{ h
= /l}_f)%(] —2x — h)
=1-2x

. d , 4
Therefore, —(x —x7) =1 — 2x.
dx

1
4.a.y = g.\"} - 3x7° + 47

dy ,

E =x*+ 15x7°
b.y = 6(2x —9)
Iy
D2 3002 - 9)4(2)
dx
= 60(2x — 9)*
¢ 2 X eVs
Ly =t = X
Y Vix V3
L]
= 2x ~+~\7§-x+6x
a_ T e+ 2
dx 3
‘6N
d.y = ( \I'
3X + 4/

dx

dy _ 5(.\'2 + 6)4 2x(3x + 4) — (x> +6)3
T \3x + 4, (3x + 4)
_5(x +6) (3% + 8x — 18)

3x + 4)6
ey =x Vex — 7
W e 7+ w62 - 7) F(120)
dx . 3
= 2x(6x — 7)7H((6x* = 7) + 2x)
= 2x(6x% — 7) (8 — 7)
40 - SxP+6x -2
f. y = 4
X
=4y -5+ 6x 7 — 2x7?
D 418+ 8
dx
- =
s. y = (Xz + 3x — 2)(7 - 3X)
dy
dx
At (1. 8),
dy
o (5)(4) + (2)(=3)

= 14.
The slope of the tangent to

y = (& +3x — 2)(7 - 3x) at (1,8) is 14.

Calculus and Vectors Solutions Manual

(2x + 3)(7 = 3x) + (x* + 3x — 2)(—3)

6.y =31’ + 2u

R
D~ u+2
du

u=Vx+5
dll 1 4 i
= —(x" 4+ 5) 72
dy 2(x ) 2x
d

X
G ot ”(\/Tﬁ)

Atx = —2,u = 3.

dy _g
D (20)( 3)
40

3
7.y= (32— 2

dy 2 3 -3 :
o 5(3x77 - 20 (—6x T - )
dx
At (1,1),
dy
~~ =5(D)—-6-6
dx (1 )
= —60.

Equation of tangent line at (1. 1) is y = 1=60(x— 1)

y — 1= —60x + 60
60x +y — 61 = 0.

8. P(1) = (r* +3)
P(1) = 3(r + 3)2(31“3>

P/(16) = 3(16 + 3)3<]Z X 16*3>

(1 1
:3(2+3)<ZX§>
75
T3
The amount of pollution is increasing at a rate of
3 ppm/year.

9, y=x'
dy 5
CAE
dx :

1

— = 4y
6

Normal line has a slope of 16. Therefore.

y _ L

dx 16’

1
3~

X 64
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1 I.y=x+ax+ b

4 dy
- ~—]_ ;f: =2y +aq
7256 y=x
Therefore, y = x* has a normal line with a slope of dy ,
1 — = 3x°
16 at (‘“3. 5;@) dx
10 y=x'— x> —x + 1 Since the parabola and cgbic function are tangent at
dy (1, 1), then 2x + a = 3x°.
~= =37 - 2x — 1 At(11)2(1) +a=30Y
dx
d a =1

For a horizontal tangent line, ;1 = (.
3 —-2x—1=0 ’

Bx+Dx~-1)=0

Since (1. 1) is on the graph of
y=x"+x+b1=1+1+b

b= —1.
y = S or =1 The required values are | and — 1 for ¢ and b,
3'] l respectively.
}’—”57~“§+§+1 _\’—l—l_l+]
=0
1 -3+9+27
B 27
32
27

The required points are (- 33, (1. i)).

2-42 Chapter 2: Derivatives



