39.

40,

INSTRUCTOR’S SOLUTIONS MANUAL

Sy =x"

gxy=—-x"=—-/f(x), n=23,4,...

i)y =nx""=0atx=0
If n is even, f, has a loc min, g, has a loc max at
x=0. .
If »# is odd, f, has an inflection at x = 0, and so does
8n.

Let there be a function f such that

Sx0) = /"oy = .. = S D(xo) = 0,
TP o) #0

for some k > 2,

If k is even, then f has a local min value at x = xp
when f® (xg) > 0, and f has a local max value at
x = xo when /®)(xg) < 0.

If k is odd, then f has an inflection point at x = xq.

—1/x? ;
=g L
—1/x?
a) Xl_ig&x""f ()= lim —— (puty=1/x)
= lim y"e")'2 =0 by Theorem 5 of Sec. 4.4

y—00
Similarly, limy_¢. x7" f(x) = 0, and
limyox ™"/ (x) =0.

b) If P(x) = Z};o a;x/ then by (a)

1 1 .
i — = E i ¢~/ = ),
\l}% d (x) f(X) Jj=0 Y \IER) * f(X) 0

¢) If x £ 0 and Py(r) = 213, then
2 .
S(x) = ;B-e—'/"z =P (%) S

1
Assume that f(k)(x) = P (—) f(x) for some
X

k > 1, where Py is a polynomial. Then
ey =

= Pent (xl) 7).

where Py (1) = (2P(t) + Pi(1) Pt (1) is a polyno-
~ mial. |
By induction, /) = P, (—) J(x) for n # 0, where
n
P, is a polynomial.

AR i 1
—}51’/{ (;) J )+ Py <;) Py (;) JSx)

42,
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d) /7(0) = limy_so 1@-%& = lim B f(h) =0 by

(a). Suppose that [ ("')'(0) =0 for some k > I. Then

(k) _ b
Gt ) oy g () = [(0)

= lim =1 f®
fm e
I
= ki =1 | — =
_Iil—rpoh Pl‘<h>f(h) 0

by (b).
Thus f®(0) =0 for n = 1,2, ... by induction.

e) Since f/(x) <0 ifx < Oand /'(x) > 0ifx > 0,
therefore /" has a local min value at 0 and —f has a
loc max value there.

f) If g(x) = xf(x) then g'(x) = f(x) +xf"(x),

g"(x) =2/"(x) +xf"(x).
In general, g (x) = nfO= D) + xf(x) (by
induction),
Then g™ (0) = 0 for all # (by (d)).

. Since g(x) < 0ifx < 0and g(x) > 0ifx >0, g
cannot have a max or min value at 0. It must have
an inflection point there.

We are given that

1

x%sin—, ifx # 0;
X

0, ifx =0.

Jx) =

If x # 0, then

1 ]
/ — 2y sin - — 2
S xsmx cosx
1 2 i !
"(x) =2sin— — = - — —sin —,
S (x) smx xcosx w2 sin-

If x = 0, then

R sint 0
‘%) = lim ——"%—— =0,
f ) hl—% h
Thus 0 is a critical point of /. There are points x ar-
bitrarily close to 0 where f(x) > 0, for example

2
X = m, and other such points where f(x) < 0,

for example x = . Therefore f does not have

(@n +3)r
a local max or min at x = 0. Also, there are points

arbitrarily close to 0 where f”(x) > 0, for example

X = TEEE and other such points where f(x) < 0,

for instance x = ——, Therefore f does not have con-

nx
stant concavity on any interval (0, @) where a > 0, so 0
is not an inflection point of f either.
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3 2
27, y:x—————._l; +l=]—§ _.1.5
X X X
S 3 3 3=
Ve T AT T A
. 6 12 2—x?
y = 3 -\—5_6 s

From y : Asymptotes: y——l x = 0. Symmetry: none.

Intercepts: since limy_, g4 ¥ = 00, and limy_,o_ y = —oo0,

“there are intercepts between —1 and 0, between 0 and 1,
and between 2 and 3.

I
Points: (—1,3), (1, —1), (2, —3), (3, 37
From y": CP: x = %1,

CP ASY CP

y + -1 - 0 - 1 +
} f ; X
I |

» 7 max N\ N min S

From y": y” =0 at x = /2,

ASY

-2 - 0 + V2 -
| : } X

y - infl ~ — infl ~

y

x3=3x2 41

y = 3

{(-1,3) X

Fig. 4.6.27

28, ‘y=x+sinx, y =1 +cosx, y’ = —sinx.
- From y: Intercept: (0, 0). Other points: (kz, kx), where
ﬁ .k is an integer. Symmetry: odd,

/' From y’: Critical point: x = (2k 4+ D)z, where & is an
%\%‘/ integer.

S+ - 4+ o - 3+
{
lj

S e / /

144
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From y”: y” = 0atx = kr, where k is an inte-
ger.

Yo+ -2t — —-x + 0 - m + 2 -
[ ! I I I X
¥ ¥ T ¥ T

y ~ inffl ~ infl — infl ~ infl — infl ~

y

27

z y=2Xx4sinx

Fig. 4.6.28

%94%4’

i,

p /5/ =

s
,/fgw«m}

o y=x{+2sinx, y' =1+2cosx, y //—/2smv.
y=0§fx=0

y~01f\'—

o

!V}%ﬂ“\’ /3:2—31/& 2nw

Y'=0ifx = imz
From y: Asymptotes: (none). Symmetry: odd.

Points: (:t%— -J:—+\/_> (:&;—_ i_+f>

4z 4n
+—, +— -3}
37773 f)

, 2r
From y": CP: x = :I:—3— + 2nr.

CpP CP Cp CP CP

e it SR S . A
| I} | | 1
T

1 T T 1 X

loc loc loc loc loc
YN min 7 max N min 7 omax N in /

min

From y”i p” =0 at x = *nrx.

Yo+ 2 — =z + 0 — 7 4+ 21 -

] | | { Il

T 1 T 1 T X

y — infl ~ infl — infl ~ infl — infl ~

Copyright © 2014 Pearson Canada Inc.



Fig. 4.6.29

%
30. =e ¥, y' = -2xe"‘2, Y= (4x2 = 2y,
rom p: Intercept: (0, 1). Asymptotes: y = 0 (horizon-
tal). Symmetry: even,
o ’ e .
rom p": Critical point; x = 0,
Ve “\!; y

; . Cp
// Sy + 0 -
—_—
EO SN
!
From y": " =0 at x = 4 —_

7

]
A = -
Y }/5 \/2-
T J{ ——>X
R
y

=1

7 7 *

Fig. 4.6.30
3.y =xe", y =ev(l +x), Y =e@ + x).
From y: Asymptotes: Yy =0 (at x = ~o0),

Symmetry: none, Intercept (0, 0),

Points: (~1,-= ), -2,-=,
e
From y': CP: x = _1,
o
e
- “t ——>x
abs
YN min

Crmiiniohe & An o

32.
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From y": p" =0 at y = —2.

y ~

(2-3) (-1-)

Fig. 4.6.31

y=e ¥sinx (x =0,

¥ = e ¥(cosx — sin x), y" = =2¢~ cosx.

From y: Intercept: (kx| 0), where k is an integer,
Asymptotes: y =0 as x — Q.

From y': Critical points: x = % + kr, where k is an
integer.
CP Cp CP
, 4 Sz . O
IR S L
; T T | I
abs abs loc
Y 7 max N min 7 max

From y": y" = Qatx = (k + 2'—)7;, where £ is an
integer.

X
y —~ mﬁ ~ mﬁ -~ mﬂ ~
Y

(5.e-r1v3)

Fig. 4.6.32

145



~

N

)

INSTRUCTOR’S SOLUTIONS MANUAL

Since ¥ (0) = ¥V (35) = 0, the maximum value will occur
at a critical point:

0= V'(x) = 4(2625 — 220x + 3x2)

=4QCx — 175)(x — 15)

175
= x=15or —Z—

The only critical point in [0,35] is x = 15, Thus, the
largest possible volume for the box is

V(15) = 15(70 — 30)(150 — 30) = 72, 000 cm”®.

70-2x 70

Fig. 4.8.18

19, [Let the rebate be $x. Then number of cars sold per

o

20.

‘month is

2000 + 200 (gxa) = 2000 -+ 4x.

The profit per car is 1000 — x, so the total monthly profit
is

P = (2000 + 4x)(1000 — x) = 4(500 + x)(1000 — x)
= 4(500, 000 + 500x — x?).

For maximum profit;

dP
0= — = 4(500 — 2x) = x = 250,
dx
2p
(Since ol —8 < 0 any critical point gives a local
X

max.) The manufacturer should offer a rebate of $250 to
maximize profit.

If the manager charges $(40+x) per room, then (80— 2x)
rooms will be rented.

The total income will be $(80 — 2x)(40 + x) and the total
cost will be $(80 — 2x)(10) + (2x)(2). Therefore, the
profit is

P(x) = (80 — 2x)(40 4+ x) — [(80 — 2x)(10) + (2x)(2)]

=2400 + 16x —2x2  forx > 0.

If P(x) = 16 —4x = 0, then x = 4. Since
P"(x) = —4 < 0, P must have a maximum value at
x = 4. Therefore, the manager should charge $44 per
room,

22.

SECTION 4.8 (PAGE 264)

Head for point C on road x km east of 4. Travel time is

T__«/122+.\t2+10~—x

T © 39
12 10

We have T(O)=—1—§+3—9':1.0564 hrs
/244

7(10) = 5 = 1.0414 hrs
For critical points:

_ dr 1 X 1
Tdx T 15122422 39
= 13x = 5122 4 x2

= (132 -2 =5 x122=x=5

13 s 7(0)
T(5) = 15 -+ 30 = 0.9949 < T(10).

(Or note that

2
V122 552 - ——
er 1T T
di? 15 122 4 x2
122

- 50
15(122 + 22972

so any critical point is a local minimum.)
To minimize travel time, head for point 5 km east of A.

X C 16—x B
—
39 kmvh
1215
; 1 iR
L)
Fig. 4.8.21

This problem is similar to the previous one except that
the 10 in the numerator of the second fraction in the ex-
pression for T is replaced with a 4, This has no effect
on the critical point of 7', namely x = 5, which now lies
outside the appropriate interval 0 < x < 4, Minimum T
must occur at an endpoint, Note that

12 4
T e —_— . 6
T(0) T +39 0.902

1
T@4) = 5 122 + 42 = (.8433,

153
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el @ be the angle of inclination of the ladder. The

~height of the fence is
~ N

\
§1(H)=6sin(?—2tam’-) <0 <9<%>.

2 m 4

Fig. 4.8.30

For critical points:

0=k (@) = 6cosf —2sec’ A
=3cosf =sec? A => 3cos’ A =1
= cosd = (%—)l/3

Since (@) = —6sinf — 4sec® Atand < O for
0 < < Z[—, therefore /() must be maximum at

@ = cos™! (%)”3. Then

VB
sing = 3 tanf = v/32/3 — 1.

Thus, the maximum height of the fence is
N T

=237 — 132 ~ 2.24m,

Let (x, y) be a point on x2y* = 1. Then x2yt =1
and the square of distance from (x, y) to (0,0} is

1
S:x2+y2=7+y2, (o #0)

Clearly, S — oo as y — 0 or y — =00, so minimum §
must occur at a critical point. For CP:

ds.  —4
0=—=—+2 =y =22 y=+2/
dy y

:>.X=:b§-]—/—3-

Thus the shortest distance from origin to curve is

' 1 | 3 3l
. /3 _ —
S—\/22/3+2 _\/22/3 913

units.

156
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The square of the distance from (8, 1) to the curve
y=1+4x3%is
S=(x -8+ (-1
= (x =82 + (1 +x¥2 —1)?
=x3 4 x% — 16x + 64.
Note that y, and therefore also S, is only defined for

x> 0. If x =0 then S = 64. Also, § — o0 if x — o0.
For critical points:

ds :
0:;=3x2+2x——16:(3x+8)(x——2)
=>x.,—_—38— or 2.

Only x = 2 is feasible. At x = 2 we have S =44 < 64
Therefore the minimum distance is +v/44 = 2+/11 units.

Let the cylinder have radius » and height 4. By sym-
metry, the centre of the cylinder is at the centre of the
sphere. Thus

The volume of cylinder is

2
V=nr’h=nh <R2— %—), (0 <h <2R).

Clearly, ¥ = 0 if h = 0 or h = 2R, so maximum V
occurs at a critical point, For CP:-

dv o 2K .
= — = RZ....___.____
0=Tn ”[ 4 4}

4 2R
= h? = —R? Sh=
3 V3

2
» = ./ =R.
o= h \/;

2R
The largest cylinder has height — units and radius

V3
gR units
JJ 3 .

Fig. 4.8.33
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7"(x) <0 on (81, 85] so error is negative: /85 < E
3 | 27

1637 11,664

Thus |Error| < ’%(85 —81)? = 0.00069.

[f"(x) < =k on [81, 85].

82 1 4 82
— — —— < V85 < —,
27 1458 27

or 3.036351 < ¥/85 < 3.037037

Let f(x) : then f'(x) ] and f"(x) 2
X} = - X)) = —— b = —_—

x’ x2 x3
Hence,

1 !
3503 = /(2:003) ~ /(2) + /(2)(0.003)
1 ]
5T (‘;) (0.003) = 0.49925.

If x > 2, then [f"(x)| < 2 = L. Since f"(x) > 0 for
x > 0, f is concave up. Therefore, the error

1

and |
|E| < 5(0.003)2 = 0.000001125.

Thus,

0.49925 < < 0.49925 + 0.000001 125

1
2.003
1
0.4992 —— 499251125,
5< 5003 < 0.499

e
ye \

b f(xy=cosx, f'(x)=—sinx,
cos46° = cos (E + L)

J7(x) = —cosx

) et () ()
_ _\}_5 (1 _ %) ~ 0.694765.

S7(0) < 0 on [45°,46°] so
1 T \2

E —— [ ——] =& 0.0001.

[Error| < Nz(xgo)
We have
1 Fis r? 1 T
— (- T 46° < — (1-
ﬁ( 180 2><1802><COS <ﬁ( 180

i.e., 0.694658 < cos46° < 0.694763,

20-

21,
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Let f(x) = sinx, then f'(x) = cosx and
JS"(x) = —sinx. Hence,
()G 5) = Q) ()
=5+ ? (35) = 0-5906900.

I
Ifx < %, then | /" (x)] < 7 Since f”(x) < 0 on

0 < x <90° / is concave down. Therefore, the error £
is negative and

] T \2
E — | —) =0.0038772,
Bl < 22 (30)

Thus,

0.5906900 — 0.0038772 < sin (f) < 0.5906900

wn

0.5868128 < sin (%) < 0.5906900.
Let f(x) = sinx, then f/(x) = cosx and
J"(x) = —sinx. The linearization at x = & gives:

sin(3.14) = sinz+cosw (3.14—7) = 7 —3.14 ~ 0.001592654.

Since f”(x) < 0 between 3.14 and =, the er-
ror E in the above approximation is negative:
sin(3.14) < 0.001592654. For 3.14 </ < &, we have

L/ ()] = sint < sin(3.14) < 0.001592654,

Thus the error satisfies

0.001592654
2

|E| < (3.14 — 7)? < 0.000000002.

Therefore 0.001592652 < sin(3.14) < 0.001592654.

Let f(x) = sinx, then f/(x) = cosx and
Jf"(x) = —sinx. The linearization at x = 30° = z/6
gives

sin(33°) = sin (¥ + &)
= sin z -+ cos z (l)
6 6 \60
1 3
(@) ~ 0.545345.

2 2

Since f”(x) < 0 between 30° and 33°, the error £ in the
above approximation is negative: sin(33°) < 0.545345,
For 30° < ¢ < 33°, we have

L/"(1)] = sint < sin(33°) < 0.545345.

Thus the error satisfies

545345 2
9—-2— (l) < 0.000747.

|E] <
60

163
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