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2.y=f(z)=2+32> -2 A D=R B. y-intercept= f(0) =2 C. No H. J
symmetry D. No asymptote E. f'(z) =6z — 32> =32(2—2) >0 < (2, 6)
0 < < 2, so f is increasing on (0, 2) and decreasing on (—oo, 0) and (2, co). tﬂ,zrm
F. Local maximum value f(2) = 6, local minimum value f(0) = 2 0 x
G f'(z)=6—6z=6(1—2)>0 = =z<1s0fisCUon(—oo,1)and
CDon (1,00) IPat(1,4)

8. y=f(z)=(4—2%)° A. D=R B. y-intercept: f(0) = 4° = 1024; z-intercepts: £2 C. f(—z) = f(z) =
f is even; the curve is symmetric about the y-axis. D. No asymptote E. f'(z) = 5(4 — 2?)*(—2z) = —10z(4 — 2?)*,
soforx # =2wehave f'(x) >0 < ax<Oand f'(x) <0 < 2z >0 Thus, fisincreasing on (—oo,0) and
decreasing on (0,c0). F. Local maximum value f(0) = 1024
G. f'(z)= —10z - 4(4 — )3 (—2z) + (4 — 2°)*(—10) H. mi
= —10(4 — 2*)?[-82? + 4 — 2] = —10(4 — 2?)* (4 — 92?)
sof'(z) =0 & z=22+2 f"(z)>0 & -2<z<—Zand

2<e<2ad f(z) <0 & z< -2 -f<z<iadr>2so0fis

s '
CUc-n(—oo,2),(—%,%],and(loo};andCDon(—2,—%}and(%,Q)_ ( ! \ *

IP at (+2,0) and (ig? (%)5) ~ (0,67, 568.25)

x? —4 _(z42)(xz—2) =z+2

10'y:f{m)=m2—2w_ z(x — 2) Tz

= 1+E for = 5~ 2. There is a hole m the graph at (2, 2).
pe o}

A D={z|z#0,2}=(—0cc,0)U(0,2)U(2,00) B. y-intercept: none; z-intercept: —2 C. No symmetry

2 _ 2
D. lim “% 1 soy—1lisaHA lim 22— —so.
xr—too x x—0— x
2 _
1jm+‘”Jr —oo,s0z=0isaVA. E. f(z)=—-2/2 <0 [z#£0,2]
a—i X

so f is deereasing on (—oo, 0), (0,2), and (2, 0c). F. No extrema

G. f'(z)=4/2* >0 & =z >0,s50fisCUon (0,2)and (2, 00) and

CD on (—o0,0). No IP
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14 y=f(z)=2"/(z+9) A. D=R B. y-intercept: f(0) = 0; z-intercept: f(z) =0 < =z=0
C. f(—=) = f(x), so f is even and symmetric about the y-axis. D. lirf [z®/(z* +9)] =1,s0y = 1isaHA;no VA

2 2
_+ Ez)ngg_)f (22) _ ( zlf_xg)z >0 = =z >0,s0 fisincreasing on (0, oc)
& &

and decreasing on (—oo,0).  F. Local minimum value f(0) = 0; no local maximum

E. f(z)

G Fa) — (z® +9)*(18) — 18z - 2(z® +9) -2 18(x? +9)[(z® +9) —4z?]  18(9 — 3z?)
= (@ + 97 - (=2 +9)F GERE

_ —54(z + Vﬁ){w_ Vﬁ) _ ¥
— e >0 2 —\3<zx<.\3 H. -

so fis CU on (—vﬁv’ﬁ) and CD on (—m,—ﬁ] and {\/§ oo)

0 x
There are two inflection points: (:I: V"E_. %)
3
2. y = f(z) = ;’_ 5= +20+4+ % [by long division] A. D = (—oc,2) U (2,00) B. z-intercept = 0,
2 3
y-intercept = f(0) =0 C. Nosymmetry D. lim = —oo and 1im+ =oo,50x = 21s5a VA
x—2— T — o—2 x —

There are no horizontal or slant asymptotes. Nofe: Since lim = 0, the parabola y = 2 + 2a + 4 is approached

o—too g —
asymptotically as z — £oo.

, (z—2)(32%) —2%(1) 2Bz —2)—=z] 2*(22—6) 2z%(xz—3)
B = e

=0 <« x>3and

fllz) <0 = x<0or0<ax<20r2<x< 3 50 fisincreasing on (3, oo) and f is decreasing on (—oo, 2) and (2, 3).

F. Local minimum value £(3) = 27, no local maximum value G. f'(z) = Q—Ti :2:;22 =
” _ l:m — 2)2(3332 — 6z) — [:“":2 — 3:.1:'2}2{m —2)
f'(z)=2 (= _2)7]2 H
_ (== 2)al(x —2)(3z — 6) — (= — 3x)2]
(xz—2)*

22(32% — 122 + 12 — 22 4 6z)

= 0,0 ]
(z—2)3 0.0 ] x
;x=2

2z(z? — 6x + 12)
= 0 =
@—27

xz < 0orx > 2 50 fis CUon (—oo,0) and (2,00), and f is CD on (0,2). IP at (0,0)
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28. y=f(z)=x/vaE —1 A. D=(—o0,—1)U(1,00) B. Nointercepts C. f(—=z) = —f(z), so f is odd;

the graph 1s symmetric about the origin. D. lim —— —land lim ———— = —1,s0y = =1 are HA

z—oo 4 md — 1 z——oo /2 — 1

lim f(z) =4occand lim f(z)= —cc,s0ox = +1 are VA

z—1T z——1"
o a

E. fl(z)= ’ _l_m."x _1=m2_1_m2= ! < 0, so f is decreasing on (—oo, —1) and (1, o)

: (22 — 1)1/2]2 (22 — 1372~ (@22 —1)3° : ng : S
F. No extreme values H. ST

3x
2y 2 —5/2 = \

G. f'(z) = (-1)(-2)(a® — 1)~¥ 2= e y=1

f"(x) < 0on(—oc,—1)and f'(z) > 0on(1,00), so f is CD on (—ooc, —1) 0 x

==
and CU on (1, o0). No IP \ Y
x=1

M y=flzx)=x+cosz A D=R B. yintercept: f(0) = 1; the x-intercept is about —0.74 and can be found using

Newton’s method C. No symmetry D. Noasymptote E. f'(z) =1 —sinz > 0except forz = £ + 2nm,

so f 1s increasing on . F. No local extrema H. ¥

G f(z)=—cosz. f(z) >0 = —cosz>0 = cosz<0 = P

zisin (% +2nm, 3 + 2nx) and f(z) <0 = ! ——
z x

@isin (—F + 2nm, § +2nx). 50 f is CU on (§ + 2nm, & + 2nm) and CD on ’

{—% + 2nm, 3 —I—Qn?r}_ IP at (% +nm, f (% +n?r}} = (% +nm, § —I—‘m'r)

[on the line y = x]
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sin x

40. y= f(z) = A. D=1 B. y-ntercept: f(0) = 0; z-intercepts: f(z) =0 = smzx=0 <= z=mnm

2+ cosw
C. f(—=) = —f(z), so the curve is symmetric about the origin. f is periodic with period 27, so we determine E-G for
0<z<2m D. Noasymptote

E f(2) (24 cosz)cosz —sina(—sinz) 2cosz + cos® x + sin’ x 2cosxz+1
. fllz)= = — )
(2 + cosx)? (2 + cosx)? (2 + cosx)?

fllz) >0 & Z2cosz+1>0 = casm}—% = xisin[:D,zT”}or("‘TT,Zar};sofisincreasing

on (0, %) and (4, 27), and f is decreasing on (3, 57 ).

V2 _ 3
3

F. Local maximum value f(z‘g—”} = =

2 —(1/2)

(2+ cosz)?(—2sinz) — (2cosz + 1)2(2 + cos z)(—sin x)
[(2 + cosz)?]?

2—(1/2) 3

4-'.rr}_ _\/ﬁjz V/:i

T/ T 5 /ey

and local mmimum value f

G. f'(z)=

_ —2sinz(2+cosz)[(2+cosx) — (2cosz+1)]  —2sinz (1 — cosx)
- (2 +cosa)* - (2 + cosx)?

ff(x) >0 & —2sinz>0 <« sinz<0 < zism(m2r) [fisCUJand f'(x) <0 <

zisin (0, 7) [f is CD] The inflection points are (0,0), (7, 0), and (27, 0).

n 7 (2 33‘1) Y

3

AV VARV

x

48. y = f(z) =" /2 A. D= (—00,0)U(0,00) B. Nointercept C. Nosymmetry D. lim 6—2 =0,s0y=0is HA

r——oo I

= 2 = = = -]
. —e”(2 -2 -2
lim S — 00,50z =0isaVA. E. f'(z) = — Q) _zefe=) _ -2 4 L ,coorz>2
= 22 (22)? o 23
50 f is increasing on (—co, 0) and (2, oc), and f is decreasing on (0, 2). H. Y

F. Local minimum value f(2) = e®/4 =~ 1.85, no local maximum value
23[e*(1) + (= — 2)e"] — %(z — 2)(32?)
(=9)?

zle[z(z — 1) — 3(x —2)]  e%(a® —4x +6) -0

= G = 1

G. f”(:n) _

(2,¢%4)

pe o} &€

for all 2 in the domain of f; thatis, f is CU on (—oc, 0) and (0, oc). No IP
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1 ; .
52. y = f(z) = % A D= (0,) B. y-intercept: none; z-intercept: f(z) =0 = Ihaz=0 = z=1

. i 1 .
C. No symmetry D. mirg_'_f{x)=—oo,50x=ﬂﬁaVA;m]in;D%E}ﬂ]in;%:ﬂ,so;;:ﬂlsam_
2
7 (l/x) — (Inx)(2z z(l —Z2Inzx l1—-2Inzx
E. f'(z) = (/)(ngz )@22) _ =( — ) _ & f(#>0 & 1-2hz>0 & hz<; =

0<z<eand f(x) <0 = =z >e'/? sofisincreasing on (G, v";) and decreasing on (\/E., oo)

/2 1

F. Local maximum value f(!/?) = — =5 H. y /(85.*6, #]
3(—2/z) — (1 — 2Inx)(322) a7 1 0 x
G " _z ( —
) @%)? (Ve 2:)
z?[-2—-3(1—-2Inz)] —5+6€lnzx
f'(z) >0 & —5+€6lmz>0 & hz>% = z>e%[fisCU]

and f'(z) <0 < 0<az<e [fisCD].IPat (€ 5/(6e?))

2. The two numbers are x + 100 and z. Minimize f(z) = (z + 100)2 = z° + 100z. f'(z) =2x+100=0 = =z = —50.

Since f'(z) = 2 > 0, there is an absolute minimum at = —50. The two numbers are 50 and —50.

6. Let the vertical distance be given by \y
14
viz)=(z" +1)—(z—2’) =22 —z+1. J(z)=4x—-1=0 = r :fi,i—;l'-‘lj
z=1%. v'(z) <0forz < }andv'(z) > 0forz > 1, so there is an absolute 0 1 x

mhﬁjnumnta::%_ TheMnnmdistanceiSv(%:] =%—%‘—|—1=%_
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12. (a)

N [
o

baf—

N

The volumes of the resulting boxes are 1, 1.6875, and 2 ft*. There appears to be a maximum volume of at least 2 ft*_

(b) Let = denote the length of the side of the square being cut out. Let y x
denote the length of the base.

(c) Volume V = length x width x height = V =y .y -z =2y’
(d) Length of cardboard =3 = z+y+x=3 = y+2xr=3

@y+22=3 = y=3-2z = V(z)==z(3-—2)

(f) V(z) = =(3 — 22)? =

3

Vi) =2-2(3—22)(-2)+ (3 —22)% -1 = (3 — 2z)[—4z + (3 — 22)] = (3 — 22)(—62 + 3),
so the critical numbers arez =  andz = 3. Now 0 < z < 3 and V(0) = V(3) = 0, so the maximum is

V(3) = (3)(2)* = 2 &, which is the value found from our third figure in part (a).

16. V=lwh = 10= (2w)(w)h =2w’h soh=>5/w’.

The cost is 10(2w?) + 6[2(2wh) + 2(hw)] = 20w? + 36wh, so

W C(w) = 20w? + 36w(5/w?) = 20w® + 180/w.

2w

C'(w) = 40w — 180/w* =40 (v’ — §)/w® = w= \’/gis the critical number. There is an absolute minimum for C

when w = {/%since C'(w) <0for0 < w < {/gand(}’{w} > 0 forw > {/%_

c({/g) — 20({/%)2 + % ~ $163 54
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2 2

24, ¥ ) The area of the rectangle is (2z)(2y) = 4oy Now w_z T 1‘;_2 — 1 gives
a
(x, ¥)
x ’ b o b
¥ a y = —va® — z2, 50 We maximize Alz) =4—= Var — a2
a &
0 / x
N — A@)=2 |2 $(a® =27 /*(=22) + (a® = =*)"/2 1]
[+
_ B, 2-1/2 2 2 27 4b 3 N
=—(a" —= [z +a —x]_m[a — 227

So the critical number is @ = 715 a, and this clearly gives a maximum. Then y = Tfl'!' b, so the maximum area

is 4(:}5 a) (715 b) — 2ab.

32 > Perimeter — 30 — 2y+m—|—?r(§) —30 =
2
y= %(3[] —x— %) =15— E - % The area 1s the area of the rectangle plus the area of
y the semicircle, or zy + gﬂ(g){ so Az) = 2(15 - 2 = Z2) + g2’ = 152 — Ja” — 5o
X
A@)=15—(1+5)z=0 = o= 14:;4 — f:’ﬁ_ A"(2) = = (1+ 3 < 0,50 this gives a maimum

30 157 =6‘U+157r—3[]—1517= 30 & so the height of the
447 447 447 447

The dimensions are = = ﬂ ftandy = 15 —
4+

rectangle 1s half the base.

dl
38. \ L=Scsc5+4secﬂ=0<ﬁ'<%=E=—Scscﬂcotﬁ'-i—-’:lsecﬂtanﬂ:l}when
[
4 L secf tanf = 2cscf cotd = tan"f=2 = tanﬁ':f/ﬁ = g =tan"" f/@.
8 \ dL/df < 0 when0 < @ < tan™" /2, dL/df > 0 whentan™' ¥/2 < 8 < 5. 50 L has
[

an absolute minimum when 8 = tan™’ f/’E, and the shortest ladder has length

4
1 L2238
L= sl;—ﬁ +4/TF277 ~ 16.65 fi.
L 8
X Another method: Minimize L? = x> + (4+ y}2, where T -2
8 4+y
4 ¥y
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45. 15 km/h N Let ¢ be the time, in howrs, after 2:00 M. The position of the boat heading south

w O ] E at time ¢ is (0, —20¢). The position of the boat heading east at time ¢ is

(—15 4 15¢,0). If D(t) is the distance between the boats at time ¢, we

20 km/h l minimize f(t) = [D(¢)]* = 20% + 157 (¢ — 1)%.
5
F'(t) = 800t + 450(t — 1) = 1250t — 450 = O whent = o= = 0.36 h.

0.36 h x S22 — 21 6 min = 21 min 36 s. Since f”(£) > 0, this gives a minimum, so the boats are closest together

at 2:21:36 PM.

48 B In isosceles triangle AOB, ZO = 180° — § — 8, so ZBOC = 26. The distance rowed is
%
" 4 cos § while the distance walked 1s the length of arc BC' = 2(28) = 44. The tume faken
. 4cosd 46
A c 1s given by T'(9) = ﬂ;)s +Z=20059+95 0<6<3

T'(6) = —2sinf+1=0 < sinf=% = 6=

als

Check the value of T" at 8 = % and at the endponts of the domain of T'; that 15, § = 0 and § = 3.
T(0)=2T(%) =3+ F ~ 226, and T(5) = ¥ ~ 1.57. Therefore, the minimum value of T is § when 6 = ¥ that is,

the woman should walk all the way. Note that T"(8) = —2cos# < 0 for 0 < 8 < F, so § = X gives a maximum time.

68. P Ifd = |QT|, we minimize f(61) = |PR| + |RS| = acsc#1 + besc s
8§
. - . .
Differentiating with respect to 81, and setting ﬁ equal to 0, we get
a 1
b
d df
6, 6, i =0= —acscf cot#1 — bescHy cotfa —2_
o R T dbs df,

. dé : .
So we need to find an expression for ﬁ We can do this by observing that |QT'| = constant = acot #1 + beot 83
1

dfa

Differentiating this equation implicitly with respect to 8;. we get —a csc? 61 — besc? 62 o2 = 0
1
de Zg ] o . o
ﬁ = ——: :::2 9; . We substitute this mto the expression for dT)': to get
: 2
b 8; cot 8
—acscfy cot@y — bescly cot b2 ki T N TN —acscly C'Clt-91+acsc 1cotby _ o
besc? By csc fs

cot 81 . cot G849

cot @4 cscy = cscfq coty =

= = cosfly = cosfs. Since #1 and &5 are both acute, we
csc By csc Oa

have 91 = 92.
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74. Let = be the distance from the observer to the wall. Then, from the given figure,

9=tan_1(h+d) —tan™! (E) x>0 =
x T

a8 1 {_h—i—d} 1 [ d]_ htd d

dz 1+ [(h+d)/z]? 2 | 1 @eeE | R Erhtd 2id
_dlZ2’ (At d)] — (h+d)(z’ +d)  h’d+hd —hz o
N 22 + (h + d)?](z? + d2) e+ (R +d)?](2® +d2)

ha® = h*d+ hd® « a2 =hd+d® & z=./d(h+d) Sincedf/dr >0forallz < /d(h+ d)anddf/dz < 0

forall z = \/d(h + d), the absolute maximum occurs when @ = +/d(h + d).
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