Name: Class; Date:

1L flz)=10+2Tz -2 0<a <4 ffa)=27T-32" = —3{.::2 - 9} = —3(x + 3}z — 3} = 0 only when = = 3 (since
—3is not in the domain). f'(2) = Oforz < 3and f'{z) < 0for z = 3, 50 f{3) = 64 is a local maximum value. Checking
the endpoints, we find f{0) = 10 and f{4) = 54. Thus, f(0) = 10 is the absolute minimum value and f(3) = 64 is the

absolute maximum value.

L fr)=x—- T 0<z<4 Ma)=1-1/2y7) =0 & 2,0=1 = x=2 ['(z)doesnotexist <
=0 faz)<0ford <o < % and f'(z) = 0 for % <@l 4 50 fl:%} = —% is & local and absolute minimum value.
J(0) = 0and f(4) = 2, so f(4) = 2 is the absolute maximum value.

- . 2+ z+ l}{l] — 2w + 1) _ 1 — 2
e+l (x2 4+ o+ 1)? (2% 4z 4+ 1)*
is not in the domain). f{z) < 0for—2 <z < —land f'(z) > 0for—1 <= < (0, 50 f(—1) = —1 is a local and absolute

=0 = r=—1(sincel

3 (=) 22 <0 fle) = (

minimum value. [{—2) = —% and f{0) = (0, s0 f{00} = 0 is an absolute maximum value.

x? . % - {11" -'5:'[?3»'} _@x—2rlnz 1-—-Zlnx

I . ) !
4, ”:I‘J = ?, [lﬂ] f’{,g:] = {:r3}3 — - =0 < lnr= 5
z=e'"? = e 165 f(x) = 0forz < /Fand f'(2) < Oforz > J/F so [ is increasing on (1, /% ) and decreasing on
1 Inj 1
(e, 3) . Hence, f(/e) = o is a local maximum value. f(1) = 0and f{3) = nT =2 0,12, Since 7~ 0.18,
e ( e

1. . . ..
Fie) = 5g 18 the absolute maximum value and f{1) = 0 is the absolute minimum value.

5 (a) flz) =222 — 2 is a polynomial, so there is no asymptote. () M
) fflz)=—-2— ar? = —1(3:5"; + 2} < 0,50 f is decreasing on .
() Mo loeal extrema ‘E..,__ N
(d) [z} = —6x < 0on (0,00) and [ (z) = Oon (—oc,0),s0 [ is CD on

{0, 20} and CU on {—oo, 0). There is an IP at {0, 2}
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Name: Class; Date:

6. (a) f(x) = =" + 4z is a polynomial, so there is no asymptote. {e) ¥
() ) =4’ + 122" =40z +3) >0 < = > —3,s0 [ is increasing

on (—3. oo) and decreasing on {—oc, —3).

(¢) Local minimum f{—3) = —27, no local maximum
(d) f(z) =120 + 240 = 120(x +2) <0 < —2<x<0s0 isCD
on (—2 0} and CUon {—oo, —2) and (0, oo). IP at {0, 0) and {—2, —16) . 0
{-3.-17)

T (a) f{x) = =+ +'1 — = has no asymptote. () ¥
by flz) =1-1/(2yT—z) =0 = 2I-z=1 <«
N | b 8 T b o 3 I —
l—z=% <« w=sand ['(z) >0 < =<3 s0fisincreasing / I]| S

on {—oc, 4) and decreasing on (2, 1).

e} fld) =2 4. J1—-2=24./2 =3 42— 3isalocal maximum.
@FF) =3+y1-3 =3+ =3+ =Fisalocal max
(d)y f7"(z) = _4(1—1}“!3 < () on the domain of [, s0 fis CDon (—oo, 1). No IP
—x
8 (a) f(z) = L. L has vertical totes ¢ = =1 lim [{ir) = (), s0 [ has a horizontal ¢ tote
. (a) f(= 2~ 0 a7 as vertical asymptotes = = =1 lim f{x , 50 f has a horizontal asymptote
af g = 0.
2
by fiz) = ﬁ =0 <« w=0,s fisdecreasing on { —oo, —1) and (—1, 0}, and increasing on (00, 1) and {1, oc).
—x
(&) Local minimum [{0} = 1; no local maximum [e) M
—1i 1
Gy 2 - e r r p. P a2 = A= 1l -
@ f(x) - (1—2*)" -2 —2x-2(1—2%) (—22) 21— ) + 8x” B !
- — 22} i
(1— =) (1— =)
HE ] x
. - |
B’ + 2 : :
{:E—-:}‘.; <0 = 2% =150 fisCDon{—oo,—1)and (1, 2c), and CU on |
—x i
i
(—1.1). NolIP ;
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Name: Class; Date:

9. {a) y = f{x} = sin® © — 2cosx has no asymptote.

by = 2sinz cosa + 2sing = 2sina {cur-;:£+ 1). ' =0 <+ siner=~0orcosz=—-1 < x=mnror

= (En + l}ﬁ_ y" = 0 when sinae = 0, since cosz + 1 = 0 forall 2. Therefore, " = 0 (and so [ is increasing) on
(2Znw, (2n+ L)w); ¢" < 0(and so [ is decreasing) on ({2n — 1), 2n7) or equivalently, {(2rn + L), (2n + 2)7).

F

{c) Local maxima are f{{2n + 1)7) = 2; local minima are f{2n7) = —2.

(dyy" = sin2zx + 2sine = (e}

Yy =2cos 2w+ 2cosr = 2{20(.-:-:2 T — l] +2cosz = dcos’ r + 2cosz — 2

= 2{20{:52 z+cosr— 1) = 2(2cosr — 1){cosr + 1) \/ —r : I ha \l

1

sor—1 & w=InwrElorz=(2n+1lx7 y" =0

" =0 < cosa= + 2

{and 3o [ is CU) on {Efm — Z 2nw + :s}= y" < 0 (and so [ is CD) on

{Enﬂ + 5. dnw + G—;} There are inflection points at (E-rm + 3. —%}

0. {2} lim gt 0,50y =0isaHA.

R = =]

by = flx) = 2 o Fliz) =2(1 - .?:::lr*.zz_z2 =0 <« @< 1,30 [ is increasing on (—oo, 1) and decreasing

on (1, c0).
{c) f{1) = eis a local and absolute maximum. ()
() f7(2) = 2(20 42+ 1) ¥ =0 & w=1+L [z)>0 ¥

<= :r{l—%{Jrrr}l+%,su_|"i:«;(lhm (—Do._l—‘frTE) and

[ (L#)

\.-"'E . al \.-'"E \.-'"E i \-"’E - _)
(14 c0)andCDon (1 -2, 14 32) 1Pa (1532, /F). .

M. {a) |iIJ1:.I. |[E"T' + {,_—:iu'} = o0, N0 Asymptote. () yi

(byy = flx) =e" + e = fz) =" — 3 = re_:i'"l[red'“ — H] =0

=l e dr=hhd & o> % Ind, 50 [ 15 increasing on H In 3. ocr} 2
and decreasing on {—oo, % In .’-i]_
{e) f{% In.'i] = 3% 4 373 = | TE is a local and absolute minimum. o

(d) f'(z) = + 89 = 0,50 fis CUon {—o0,00). No IP
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Name: Class; Date:

12. (a) |iIJ1:.I. 1|1|:.?:2 - J.] = o0, lim lnt::r2 — l:! = —og, lim |n{.J'J3 — ljl = —og, 802 = Land x = —1 are VAL
S =S a—]1" r——1
4 . 2z .
(b)y = flz) = In{z" — l] =  flz) == 1 =0fore = 1 {e) 4
T = =1 =1
and ['(xr) < 0 forx < —1, so [ is increasing on (1, oc) and
decreasing on (—oo, —1). Note that the domain of f is |z] = L
: . —~z\l 9 V2
fc) No maximum or minimum. . |
. 2 +1 ;
(dy f(z) = —2—”3 < 0, s0 fisCDon (—oo. —1) and (1, co). No 1P

(2

2 3 2 2 :
-1 ¥ (2x) — (=" — 1)3 3—x*
13. f{x) = — = ['{z)= = == = 1
" 'rl‘t{ '2“:} ) (3 ’ .}C:!]l-'],‘i,!:t E-EEIJ - 12
f'x) = o8 - o) 1 r
Estimates: From the graphs of f" and [”, it appears that f is increasing on
-.5
(—1.73,0) and (0, 1.73) and decreasing on (—oe, —1.73) and (1.73, cc);
-0z
[ has a local maximum of about f{1.73) = 0.38 and a local minimum of about 02
F(—1.7) = —0.38; fis CU on {—2.45,0) and (2.45, oc), and CD on i
(—oo, —2.45) and (0, 2.45); and [ has inflection points at about ¥
-8 ——— P =
(=2.45, —0.34) and (2.45, 0.34).
3—a” 2
Exaer: Now ['{z) = = —— is positive for 0 < «* < 3, that is, [ is increasing - =
on (—xfﬁ,[]] and (0, \.-“E}; and f' () is negative (and so [ is decreasing) on - LS
(—ee, —1,;"?:] and (\;’E, ec). f'(x) = 0 when = = +/3, I f
. - ) . -5 ' .
f" poes from positive 1o negative at = = /3, so [ has a local maximum of ———
= VP - .

f(+/3) = % = i:s—ﬂ; and since [ is odd, we know that maxima on the L

V3 -15
interval (0, o¢) correspond to minima on (—o¢, 0), so f has a local minimum of —0.25

- " " 2t — 12, » .
F(=v3) = ===, Also, [" () = ———is positive (so f is CU) on I f
; -

(- VB, 0) and [s.f'E, o), and negative (so f is CD) on {—oo, — xf'E} and r
(0,VB). There are [Pat ( VB, 5 ) and (—vB, - 5T ). e
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Name: Class; Date:

— Y 9.,
14, ‘”:r} . L\."""r _ H:l,ﬂ'i[l _ ”1'],—1 = Jl"'r[;i:::l = :rl.'"”(—l}{l — .1*:]_2[—]_} + I:J. — ;r,':l_l Ii%);i:_g’!:" = i_{%
T : T —
) = g3 (— 1)2(2) — {1+ 22)(2)(x — 1) L+ 2 (—Era:_““f”) o 22 B LB — 1
e 3 (z—1)* (w—1)? 9 9 fw—1)°
4 n ] o
| ,
R M } g
-3 ’j 3
-3 3 l - - — / ’
P m—r -1
, 2 -3 0 3
/]
-3 k|
A f
" -3 06 o

From the graphs, it appears that [ is increasing on (—0.50, 1) and (L, o0, with a vertical asymptote at # = L, and decreasing
on | —oo, —0.507; § has oo lecal maximum, but 2 local minimum of about f{—0.50) = —0.53; {15 Clon {—1.17, 0) and
(0,17, 1) and CD on (—oo, —1.17), (0,017} and (1, co); and [ has inflection points at about {—1.17, —0.49), (0, 0) and

{0.17,0.67). MNote also that lim  f{z) = 0, so y = 0} is a horizontal asymptote.

T
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Name: Class; Date:

15, fle) =3z — 5" + 2" — Bz — 22" +2 = fla) = 182" — 22" + 407 — 1527 —dx =

FM(z) = 90z — 1002" + 122 — 302 — 4

™ 1 )
as| Jos
# r
=1 7 < -0s 15
- -y —am

From the graphs of 7 and [ it appears that [ is increasing on (—0.23,0) and {1.62, oc) and decreasing on { —oo, —0.23)
and {0, L62): f has a local meximum of about f{0) = 2 and local minima of about f{—0.23) = 1.96 and [{1.62) = —19.2;
FisCUon {—oo, —0.12) and {1.24. o) and CD on {—0.12, 1.24); and J has inflection points at about {—0.12, 1 98) and
(1.24,—12.1).

—D= ns
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Name: Class; Date:

16 ((x) =sinrcos’s = [(z)=cos’x—2sin®zeosz = ["(x)= —Tsinx cos®z + Isin” =

25

Noanl A,
VAVAY

-1 -35

—04
From the graphs of /" and /', it appears that [ is increasing on (0, 0.62), (1.57, 2.53), (3.76, 4.71) and (5.67, 27) and
decreasing on (0,62, 1.57), (2.53, 3.76) and {4.71.5.67); f has local maxima of about f(0.62) = f(2.53) = 0.38 and
F{4.71) = 0 and local minima of about f{1.57) = Oand f{3.76) = f(5.67) = —0.38; [ is CU on (1.08, 2.06), (3.14, 4.22)
and (5.20, 27) and CD on (0, L.08), (2.06,3.14) and {4.22_5.20); and | has inflection points at about (0, (), {1.08, 0.20),

(2.06,0.20), (3.14,0), (4.22, —0.20), {5.20, —0.20) and {27, 0).

1. 1 From the graph, we estimate the points of inflection to be about {40.82,(.22).
fla) =V o fa) =270V o

Mz =2 [‘”—:1{2”,—:1}“—1;:3 4 g b= [—I-i.r:_*)- — gy et/ (2— H:r:gjl.

Thisis D when2 — 32 =0 < o= :I:vg, s the inflection points

“ ; g2
are (: \/'E"" e )
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Name: Class; Date:

Ll 1 . . 1 1
18. {a) r’_J ™ (b} ||—'|:J :I m .I:ILI'I:: ! {r} m E‘
1 1
f li r=— ==
Jm JE =T
_ _ lim f(a) = —— — 0, lim f{z) = —— — 1
-0 . . J 10 D+ L 4+ oo a— 1410
=01
{¢) From the graph of [, estimates for the 1P are (—0.4, (0.9) and {0.4, 0.08).
. E]
el leli= (e — 1)+ 22 + 1 r "
(dy f“lz) = . 1
zi(et/= 4 1)° i 7
f _ -3 3
{¢) From the graph, we see that " changes sign at @ = 0417 —041
(i = 0 iz not in the domain of ). IP are approximately {0,417, 0.083) )
and (—0.417, 0.917). -3
19. f(x}) = arctan(cos(3 aresin 2)). We use a CAS to compute * and ", and to graph [, ', and /"
1 4 L]

. 1 AN
VARN A EREV.NE

-1 -4 =11

From the graph of ', it appears that the only maximum occurs at @ = 0 and there are minima at = = +0.87.

From the graph of [, it appears that there are inflection points at @ = +0.52.
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Name: Class; Date:

20. f{x) = In{2x + = sinx). We use the CAS to caleulate

Fla) = 2+ sine + reosz and ¥ ¥

22+ osine

I . 2 %
2risiner 4+ 4dsine —ow x4+ a4+ 5

rifcos?s — dsinz — 5)

1"(z) =

Fromm the graphs, it seems that f* > 0 {and so f is increasing) on approximately the intervals (0, 2.7), (4.5, 8.2) and
{10.9, 14.3). It seems that " changes sign (indicating inflection points) at = == 3.8, 5.7, 10.0 and 12.0. Looking back at the
graph of f, this implies that the inflection points have approximate coordinates (3.8, 1.7), (5.7, 2.1), {10.0, 2.7},

and (12.0,2.9).

21. The family of functions f(x) = In(sin = + () all have the same period and all 2 ,Cm3 Cm2

have maximum values at # = 5 + 2mn. Since the domain of In is (0, ca), f

has a graph only if sin 2 + (7 = () somewhere. Since —1 < sinz < 1, this

happens if ¢ = —1, that is, [ has no graph if ¢ <0 — 1 Similacly, if & > 1,

then sinz + (7 > 0 and f is continuous on {—oo, oo). As ' increases, the

graph of f is shifted vertically upward and flattens out.
If—1< <1, fisdefinedwheresinz + ' >0 < sine > —( & sin”N{—C) <z <7 —sin -0

Since the period is 2, the domain of f is {?-.li-.fr +ain” =), (2 + )7 — :-;in_l[—{'l'}], I an integer.
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Name: Class; Date:

22. We exclude the ease ¢ = ), since in that case f(z) = 0 for all 2. To find the maxima and minima, we differentiate:
flz)y = cre” = ) =¢ [JJF._C'I:E{—Ef:.Tj g e [l}] — e (—E-r::?:g + 1}.
This is 0 where —2ea” + 1 =0 & == :l:l,f@. Soif e = 0, there are two maxima or minima, whose z-coordinates
approach () as o increases. The negative root gives @ minimum and the positive root gives a maximum, by the First Denvative
Test. By substituting back into the equation, we see that f(£1/v2c ) = o(£1/4/2¢) P S AT e/ Soas e

increases, the extreme points become more pronounced. Note that if ¢ = 0, then  lim  f(x) = 0. If ¢ < (0, then there are no
r—Eoo

extremne values, and lim  fiz) = Foo.
a— oo

To find the points of inflection, we differentiate again: ['{x) = ce™er {—2{'.’{:3 +1) =

Ma)=r¢ re_"'zi{—iir:a':}l + (—Er:a':"* + 1) (—Qx:ﬂ:re_“zi)] = —2ctgemeT (3 — f-jm:zj]. This 15 [} at & = 0 and where

-2 =0 & x==£3/(2) = IPat (:I: v/ (2e), £/3c/2 r._””). If ¢ = 0 there are three inflection points,
and a5 e increases, the e-coordinates of the nonzero inflection points approach (0. If & <2 0, there 15 only one inflection point,

the origin.

23. For (1.6) tobe onthe curvey = o 4+ az® +ber + L, wehave that6 = L +a+b+1 = b=4—n Now
y' = % + 20 + band y"' = G + 20. Also, for (1, 6) to be an inflection point it must be true that
il =6(1)4+20=0 = a=-3 = b=4-—(-3) =7 Notethat witha = —3, we have y” = 6z — 6 = 6(x — 1),

soy” changes sign at & = 1, proving that {1, 6) is a point of inflection. [This does not follow from the fact that 3" {1} = 0]
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Name: Class; Date:

2. (a) g{z) = f(a*) = g¢'(z) = 22f"(z®) by the Chain Rule. Since f'(x) > 0 forall & 5 0, we must have f*(z*) > 0 for
x# 0509 (2) =0 & =0 Nowg'(x)changes sign (from negative to positive) at @ = 0, since one of its factors,
I {.J'JE:J . 15 positive for all 2, and its other factor, 2, changes from negative to positive at this point, so by the First
Derivative Test, © has a local and absolute minimum at = = ().
() g'{w) =2 (2*) = " () =2 [xf"(2*) (22) + ['(2®)] = 42" (2} + 2f'(=*) by the Product Rule and the
Chain Rule. But = = 0 for all  + 0, f”{z*j = 0 (since fis CU for 2z = 0), and [ {:rz} = 0 forall & 0, 50 since all
of its factors are positive, g" (z) = 0 for & 5 0. Whether g"'{0) is positive or 0 doesn’t matter (since the sign of g does

not change there); g 15 concave upward on 1.

T tanwr w i wsect T w12
11— i =
z=0In{l +x} =—01/{1+x) 1/1

l—cose n | sin {]

26 lim ———— = =—=1
zl—r}-ll:l x? .|:I—~mn 241 1
dax dx « da
AT 1 — 4 4" — 4 16e .
21. lim ————— & lim ——— 2 lim —— = lim 8¢'* = §.1 =8
T— b a—+l ?;’I‘ a—=l a—0

e g . Az 2 il
2 lim & — LT H g de —dH o 1067 i gt = oo
oo z? m—oa 2 o ra——
z 3a? B 6
29. lim a%c " = lim — & lim — £ lim — £ lim — =0
= T L = = L
0. lim o?lne = hm 425 5 g g (C1.7) =g
sl z—it Lfw? a—n+ —2/7% apr b2
: 1 lna — L ri Ly Ine—1
3 bim (— - ) o (EREorE e 2 ()t
e—1* V@ —1 Inx a—1* & [z —1)Inz a—1t (@ — 1) (Ljx) + Inx
~ lim In Ho Lix 1 1

e | - T —
e Tz +neg - e+ Ljx 1+1 2
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Name: Class; Date:

32,y = (tanz)™" = Iny = cosxlntanm,so

. . Intan 1/ tanx) sec® x
Iim Iny = lim H lim ( ."J ]
we(m 2} m—(w/E)"  BRCE (w2 sectanr
0S8 [
= im —=— =10,

s—imz/2- sin®z 12

H [ . 1 ]
so lim (tanz)™ = lim "V =& =1

a—{m 2} a—{x /2]

33 We are given il Jedt = —0.25 md/h. tan @ = 400/r =

fx 5 il -
r=400cotl = — ——d00esc®f —. Whend = Z,
el el
i o e
= = —400(2)*(~0.25) = 400 f/h.
[

34, Given dV/dt = 2, find di/df when h = 5.V = ﬁmﬂgh and, from similar

riangles, - — 2 o T3 T
T g\10/) " 100

dV _ 9n qdh_ dh_ 200 200 8
— = vt — — = = 5 = —— Cm,'%
di 100 dt dt — 9wh?  gn(5)° O

I3

when i = 5.

35. Given dhjdt = 5 and dae/dt = 15, find dz/di. 2* = * + h® =

iz e ih iz 1
¥ 3 — — ?:"‘ — ¥ | — — e — I .: : R F &) = — :
2; = r— + 2k = = I z[l’u + 5h). When { = 3,

ho=45+ 3(5) = 60and x = 15(3) = 45 = z = /452 + 602 = 75,

1z
50 "’!—L = = [15(45) + 5(60]] = 13 fi/s.
fl I=a

36. We are given dz/df = 30 ft /5. By similar triangles, ¥ _ ﬁ =5
4 ez 4  dz L20)
= 80 — = — = —— = .7 fi/s.
Y v 241 el V241 di 241 /

. L1 i
lim =
a—{x 2] tan®.r

PAGE 12




Name: Class; Date:

37. Call the two integers @ and . Then z + dy = 1000, 50 = 1000 — dyy. Their product is P = zy = (1000 — 43 )y, 50 our
problem is to maximize the function Py} = 1000y — 4y*, where 0 < y < 250 and y is an integer. P'{y) = 1000 — 8y, so
P =0 & 5=125 Py) = —8 < 0,50 P(125) = 62,500 is an absolute maximum. Since the optimal 3 turned out

to be an integer, we have found the desired pair of numbers, namely @ = 1000 — 4{125) = 500 and y = 125.

38. On the hyperbola wy = 8, if d{z) is the distance from the point (2, y) = (2, 8/z) to the point (3, (), then
)] = (r— 3 + 64/ = flz). fz)=2Ax—3)—128/2" =0 = 2'—3*—64=0 =

(z— (2" + 2" +4z+ lﬁ} =0 = = =4 since the solution must have & > 0. Theny = 2 = 2, so the point is (4, 2).

2
Afz) = L(2p)e = oy = L =

/\: A{}__.'rrv..f —.E'rr—r'.: [ — ) a? — 2re

— - . . Y T . .
5. \ By similar triangles, = = —======= s0 the area of the triangle 15
N - R

— 2ra

—y— B ra? {xz — 3r)
(22 — 2ra)™?*

=0 when o = G
Az} < Owhen 2r < 2 < 3r, A'(x) > O when z > 3r. S0 ¢ = 3r gives a minimum and
A{Sr) = (9r?)/ (V3r) = 3305

40. The volume of the cone is V' = 3wy (r +x) = sw(r® — 2%)(r + ),

—r Lo T

Vi) = F [(r* — &) (1) + (r + &) {—2x)]
=Z[(r+z)(r—z—22z)] = F(r +x){r — 3x)

=0whene = —rorz =r/i

Mow V(r) = 0 = V[—r), so the maximum oecurs at ¢ = »/3 and the

] 2 P
volume is 1*’(%) — %(T-'ﬂ — %) (%") - 5;?1;" _

PAGE 13



Name: Class; Date:

We minimize Liz) = |PA| + [PB| + |PC) = 24/a? + 16 + (5 — =),
0<e<5 Lr)=22a2+16-1=0 = 2r=va?+1i =

2 __ L2 : 1 — i — 1 A4 ]
da? =a? +16 & a=-L L(0) =13, L(vﬁ)mllﬂ,

P

B L(5) == 12.8, 0 the minimum occurs when r = fﬂ, 22 2.3,
If (70 = 2, L{x) changes from (5 — r) to (2 — 2) with0 < = < 2. But
westilget L'{z) =0 & == T}iﬁ, which isn’t in the interval [0, 2].
Now L(0) = 10 and £{2) = 2+/20 = 4+/5 = 8.9, The minimum oceurs
3 when P = (.

1.
A
42,

I —tany tand 1 —itand’

Sodt(l —itand) =i+ tand = M= {l = 3.&3} tantl =

c
:
R R R
c
¥
4 D 4
It suffices to maximize tan 9. Now
8 3t tan v + tand {+ tand
N 3 an(y 4 0) = Sanwttan + tan
1
1
[ ]
f K1} i

2 9%
tan# = ———  Let f{t) = tan = ——
ant = =g Let f{t) =tanl = == =

Q{14 36%) —2u(6t)  2(1— 37

f(t) r ) T =0 & 1-3°=0 < &=-=sincel >0 Now f'(t) >0 for

20143 1
=1 :fl-g and f'(1) < 0fort = T;,I,-;,m [ has an absolute maximum when ¢ = T}'a and tan ! = M = —

L+3(103)° V3

=+ 0 = Z. Substituting for £ and ¢ in 3¢ = tan(y + 0} gives us 3 = tan{yy + ) = ¥ =Z.

PO T O FCRT A L X (i.,—%)—[] o 2L o oo oo L-c
Vo ' T AL o LjO) + (o) \C L C

This gives the minimum veloeity since v* < O for 0 < L < Cand o' = 0for L = O

el Bt
[
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Name: Class; Date:

44, We minimize the surface area § = mr + 2arh + 3 (4wr®) = dar? + 2arh,
r
-F-"u ) 1 .3 2,0 . _ V- %ﬁr:i _ v 2. .
e | ] Solving i+ 57T for b, we get i g e 5T, 50
. ¥ : e 2V
" (4 2 3 ] ) 2
h S(r) = dmr” + 27r [TT“J'_J — g?"j| = gt + -
a1/ W8 gy .
7 Sirl=—F+3Fmr="r—— =0 & Fmr' =2V &
T ' r :
1 SV . L _ NET .
o= T = g . This gives an absolute minimum since S'(r) < Ofor 0 < v < {f — and 5'(v) = 0
b 1'.- B "l,.' &

ki

3V
NET 1.--'_:—1?-— L_r_gi__r ] 5ﬁ2 EALETIT & NET
ﬁ,”.}ﬂ:;’ﬂ Thus, s — T e 10 R ORI 118 CO LN L

= vy RJEVE smyEvR Vi

" v (Bm)?

45. Let o denote the number of $1 decreases in ticket price. Then the ticket price i3 $12 — $1(x), and the sverage attendance is

L1000 + LO0O(z). Now the revenue per game is
fi(ir) = (price per person) ¥ (number of people per game)

= {12 — &) (11000 + 1000z} = — 10002 + 1000z 4 132,000

for 0 < & < 4 (since the seating capacity is 15,000) = R'(x) = —2000x + 1000 = 0 < = = (0.5 This is a maximum
since B {x) = —2000 = 0 for all =, Now we must check the value of B{r) = {12 — 2){ 11,000 + 1000:x) at z = 0.5 and at
the endpoints of the domain to see which value of = gives the maximum value of £, 2(0) = (12){11,000} = 132,000,
R{0.5) = (11.8)(11,500) = 132,250, and H{4) = (8){15,000) = 120,000. Thus, the maximum revenue of 3132 250 per

game oceurs when the average attendance is 11,500 and the ticket price is $11.50.
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46. (a) C'(x) = 1800 + 252 — 0.22% + 0,001 and 12,000
B{z) = zp(x) = 4822 — 00322, The profit is maximized -

when () = H'{x).

From the figure, we estimate that the tangents are parallel when o = 160

300

(b) () = 25 — 0.4 + 0.0032% and B'(x) = 48.2 — 0.06z. (¥(x) = Bz} = 000327 —0834x —23.2=0 =
ry = 1615 (r =) BY(2) = —0.06 and O (x) = —0.4 + 0.006x, so " (r) = —0.06 < Oz ) = 057 =
profit is maximized by prodocing LG1 umits.

Cla L&D .
() efr) = ﬂ = —— 4+ 25 — 0.2z + 0.001z" is the average cost. Since
@ T

the averzge cost is minimized when the marginal cost equals the average

cost, we graph oz} and C'{x) and estimate the point of intersection. From

the figure, ('({x) = of{x) < &= 1dd

47, f(t) =cost +i—1* = [f'{t)=—sint+1—20  ['{t) exists for all 3

r
]
£, 50 to find the maximum of f, we can examine the zeros of f*. From the f \

graph of [, we see that a good choice for £y is &1 = 0.3, Use —5

g(t) = —sint + 1 — 20 and g'(t) = — cost — 2 to obtain

f2 == 0.33535203, is == 0.33541803 == fq. Since f"({) = —cost — 2 <0 -3
forall ¢, f{0.33541803) == L.16T18557 is the absolute maximum.

48. Graphing y = sinz andy = 2° — %r + 1 shows that there are two roots,
one about (1.3 and the other about 2.8. {{x) = sinr —z* + 3z -1 =

: 2
gsing, — @y, +den — 1
COS Ty — 20 + 3

fMaey=cose —20+3 = w2451 =a, —

Mowzy =03 = xz = (00268552 =  @rz = 0268881 = x4 and

7 =28 = mp=2TT0354 = o3 2770068 = ry, 50 t0 51%

decimal places, the roots are 0268881 and 2. 770055,
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Name: Class; Date:

p—Lli241 12

0[5 = - QVE) = -2 5 Be) = -2 O -2

+ =" -4+

1+ 1 & _1/2 1/ 1/2 | 2,302 :
—_— e — = ! 4 = (i) =20 + &V O
1.,-"? -,..'"T -.‘.'"'I l::l N

0. g(t) =
B [(r)=2/(1+2") = flz)=2arctanc+C. f(0) = 2arctan0+C =0+ C' = Cand f(0) = -1 = C=-1

Therefore, f{z) = 2arctana — 1.

2
52. f"(u}—ﬂ—u+u_”2 = flu) = du® 4 2utF 4
"

fU=2+2+Cand f{1)=3 = =325 flu)=3u"+2/u+1

8. ["(#)=1—6z+482" = fla)=z—-32"+162° +C. f0)=Cand (1) =2 = =230
[(r) = = — 32° + 162" + 2 and henee, () = 32° — 27 + 42" + 22+ D

A)=Dand f{0) =1 = D=1s0f(z)=2s" —a + 4o’ + 2z + 1

B, [M[x) =20 + 32 —da+5 = fle)=g2'+a2' -2 +50 40 =

flr) = 22" + %J‘:d - %J‘Jﬂ < %.1:2 +Cx+ 0. J(0)=Dand {0} =2 = D=2

1o

fy=++2 2420 042amd f(1)=0 = C=-S 18,40 a0 10 _ 23 g

A _ 2.3, 5.3 351 _ -
ot — &1 + 3T =a+ 2

—
o
L
=
I
sl-
[

o
+
Exlli=
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Name: Class; Date:

55. (a) Since [ is 0 just to the left of the ye-axis, we must have & minimum of /7 at the same place since we are increasing through

(0,0} on I, There must be a local maximum to the left of @ = —3, since f changes from positive to negative there.
5 LE
i -,
F
f
LN 4
|
L -
-2
(b} flz) =0.1e” +gine = () 3

Flry=01e" —eosz+ O D) =0 =
DL—-14+0C=0 = =1089s0
Flry =01 —eosz + 0.9

-4L J4

-1
56. On (0, 1), f(z) = = since () = 2z and f(0) = 0. On (1,3), [ is ¥
lingar with slope —1 since f"(z) = —1. If z = 3, [ is linear with slope 1 Ll 1} {1
since f'(x) = L. Because [ is an even function, we can just reflect this \_\ / ﬂ" 1 { ; x
_ 31 1l 3-1
graph through the y-axis to get the complete graph.

57. Choosing the positive direction to be upward, we have at) = —9.8 = ot} = =98 + vy, but v{0) =0 = vy =
v(t) = =098t = & (1) =  s(t) = —4.9% + sp, but 5(0) = 50 = 500 = s(f) = —4.9¢% 4 500. When s = 0,

492 4500=0 = f=1/3W 2101 = u(n)=-9.8,/50

22 —95.995 m/s. Since the canister has been

designed to withstand an impact velocity of 100 m/s, the canister will nod furst.
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Name:

58. f(zr) = 2" + 2% + e2?

Class, Date:

=  f'(x) = 42" + 32 + 2cr. ThisisOwhenz(42? + 3z + 26) =0 = =z =10

: . . . s . 3+ .5 32
or 4x? + 3 + 2¢ = 0. Using the quadratic formula, we find that the roots of this last equation are = — VS

Mow if9 —32c <0 < o= % then (0. 0) is the only critical point, a minimum, If ¢ = % then there are two critical
points (a minimum at = = 0, and a horizontal tangent with no maximum or minimum at # = —2) and if ¢ <

u , then there are
three eritical points except when ¢ = (0, in which case the root with the 4 sign coincides with the eritical point at = = 0, For

3 v — 3¢
(< ¢ SE,terL 15 4 minimum at r© = —

) . 3 49-13Z d 4 mini ‘ 0
- e amaximumatr = —= + =————— and a minimum at = = 0.
3 8 ’ 8 8
For ¢ = (), there 1s a minimum at @ = —% and a horizontal tangent with no extremum at = = (), and for = < 0, there 15 2
/9 — 32c ]
maximum at @ = 0, and there are minima at - = _E + ¥ = 3 . Now we caleulate () = 122° + 6z + 2¢.
—G =36 —4-12-2¢ .
The roots of this equation are © = ki ]24 ‘ caoifd6 —96e <0 & o> ;3 then there 15 no inflection
. . - 1 W 09— 24
point. If ¢ < =, then there are two inflection points at ¢ = —— =+ —13
Value of ¢ | No. of CP | No. of IP 2
FT R 53
o= L] 3 —2-10 2 N T 0.03
§ Fa )
c=10 2 2 ! \\ / } l
0<e<= 3 2 —2.25 -+ \/ *-.,_,_.-"' 15 L
bt r & II o
C= ET 2 2 L .
e v —0B : [k |
iq o o r ‘I. I -
é = 0o ;1' 1 2 L “h.-"f y \"/ y
= 1 0 -3 001
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Name: Class; Date:

59. (a) L The cross-sectional area of the rectangular beam is
2
F+y'=100 A=22 -2y = dry = 4z /100 — 22,0 < x < 10, 50
¥ dA

E 4 {%)EID[] - ;}:3)_1)'3 (—EJ:} + {I[H} o ;}:'J:Il.l'lﬂ _4

—-i:I!3 1z
T +4(100 — 22) "

4[—x* + (100 — 2*)]
(100 — x2)*/2

44 _ o when —27 + (100-2%) =0 = 22=50 = z=\B0=T707 = y=,/100-(v50) =50

di
Since A(0) = A{10) = 0, the rectangle of maximum area is a square.

(h) Y3 The eross-sectional area of each rectangular plank (shaded in the figure) is
g1
¥ A=2z(y — v50) = 22[/100 — 2% — /B0, 0 < & < /50, s0
V30 dA -
" _— ‘2{-«.!1[][1 —x% — /B0 :! +‘2J{ ] (100 — )12 {—22)
0 x x dr
. . 242
= 2100 — =) — 2B - ————
( =) (100 — 22)1/2

dA
dx

10,000 — 40022 + 4z* = 500100 — 2%) = 42® — 3502% + 5000 =0 =

175 £ /10,625

25t —1TERE 42500 =0 = of = — ¥ 69.520r 1798 = 1 =/8.340r4.24,

But 8.34 > /50,50 r1 = 4.24 = y— /50 = /100 — =] — /50 == 1.99. Each plank should have dimensions about

Set — = 0: (100 — 22) — /BO(100 — 2?)V/2 — 22 =0 = 100 — 222 = /50(100 — 22)/2 =

1 . SR
#< inches by 2 inches.
{¢) From the figure in part (a), the width is 20 and the depth is 2y, so the strength is
S = ki(22)(2y)? = 8kxy? = S.E:.::(l{]'[]' — .::2] = 800kx — 8kr? 0 < x < 10, dS/dr = 800k — 24kx? = 0 when

Uka® =800k = "= = z=1z = = %-— V2 . Since S{0) = S{10) = 0, the

maximum strength oceurs when @ = T The dimensions should be 2 —r == 11.55 inches by ﬁi—- =2 6. inches.
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y = (tan )z — ﬁmg. The parabola intersects the line when
¥ cos
it Ve — (tan 8)z i EXN. (tan @ — tan o) 2e” cos® 0
1 An T = (tand e — m.l- L= g
¥ = {tam erlx ' '

z

R(0) — x  fsinf  sina 2w cos® @ fsinf _ sina (cos 0 cosa) 2u? -::;.-; i
COS cosfl  cosor ) goosa cosfl  coser geost o
23 IE . ey 2
= (sinf! coso — sin o cos E}}ﬂ = sin{#! — i’.l']w
goos? o g oos® o
(6) B (0) = —2 — [cos0) - cos(0 1) + sin(0 — )~ sin 0)] = —e—cosl0 + (0 — a)
. = cost - cos{f — o) + sin{f — a){—sind)] = ——— cos —
i cos? o ) . g cos? o o
Pl 2
= 21— cos(20 —a) =10
g cos? o

w2 T
= % = E + % The First Denvative Test shows that this

gives a maximum value for B(#). [This could be done without caleulus by applying the formula for sin xcosgy to F(0).]

2o cos O sin(f 4 o)
g cos? o ’

whencos(20 —n) =0 = 2W-a=% =

(©) 7

Replacing « by —av in part (a), we get B =

Proceeding a3 in part (b), or simply by replacing o by —ev in the result of

part {b), we see that {8 is maximized when § = l—r - %
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B, (a) [ — f.:::c_]:-]l[.? _ k(hjd)y F.:i L f _ i h

d? o? d U (IE AT (1600 + K2y
di (1600 + 1) — hE (1600 + £2)F 2n k(1600 + A2)7 (1600 4 h? — 3K2)
= F o2 = " o F
ll'ih'- [{lﬁ{]:[} + .h-?:llh J:I {lhD[l + Irt-'a]

k(1600 — 2h7) ) o
— W L% 1s the constant of proportionality]
+ h2)

Setdl fdh = 0: 1600 — 2h* =0 = RK* =800 = &= +B00=20 Y By the First Derivative Test, T has a local
maximum at i = 2() \.."E = 28 i

(b}
dzx
—_ =4 ft s
dt /s
kecosd kllh —4 ki —4d klh—4 4 Y
f= c.;?-.; _ M 1dl [r. I (h—4) — —.i.:{.l‘i-.—al][{h—ni}'g+J:3] /2
d® if? o [(h — 4)% 4 22]**
af el dx 5 3 47 —5/2 i
R o MU L Y _ . B P
di dr di be(h — 4)( 3}[{h 4t ] ST

= 12zk(h — 4}
[(h— 412 + 22

B
542

= k(h—4){—3x)[(h —4)* +2°] 77" -4

dl A80k(h — 4)

dl |, _ 4o [(h — 432 + 16002

1. A function [ has an absolute maximum at © = ¢ if f(c) is the largest function value on the entire domain of f, whereas [ has

a local maximum at ¢ if f{) is the largest function value when @ is near ¢, See Figure 4 in Section 4.2

2. {a) See Theorem 4.2.3

{b) See the Closed Interval Method before Example & in Section 4.2,

3. (a) See Theorem 4.2.4
(b See Definition 4.2.5

4, See the Mean Value Theorem in Section 4.3, Geometrie interpretabion—there i$ some point &2 on the graph of & function | [on

the inferval {a, &)] where the tangent line is parallel to the secant line that connects (e, f{a2)) and (b, f{6)).
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§. {a) See the I'D Test before Example 2 in Section 4.3,
{b) A funetion f is concave upward on an inferval [ if 7 is an increasing function on  {or, equivalently, the graph of f lies
above all of its tangent lines on [ ).
() See the Concavity Test before Example 4 in Seetion 4.3,
{d) Aninflection point is & point where a curve changes its direction of concavity. They can be found by determining the points
at which the sccond derivative changes sign.

6. () See the First Derivative Test after Example 2 in Seetion 4.3
(B) See the Second Derivative Test before Example 4 in Section 4.3,

() See the note betore Example 5 in Section 4.3,

1. (a) See "'Hospital’s Rule and the three notes that follow it in Section 4.5.

, f g
{b) Write fgas — or —=—.
Lig  L/f

{e) Convert the difference info a quotient using a common denominator, rationalizing, factoring, or some other method.

(d} Convert the power to a product by taking the natural logarithm of both sides of y = [ or by writing [¥ as 9"
Pl I 2 24 y ¥ 2

8. Without caleulus you eould get misleading graphs that fail to show the most interesting features of & function.
See the discussion following Figure 3 in Section 4.5 and the first paragraph in Seetion 4.4,

8. (a) See Figure 3 in Section 4.8,
Sl )
by =2 —
(b} iz = T
_ f(ﬂin}
()

(d) Newton's method is likely to fail or to work very slowly when ['(2,) is close to (0.

{e) Tnt1 = &n

10. (a) See the definition at the beginning of Section 4.9,

(b) If ) and F; are both antiderivatives of [ on an interval | then they differ by a constant.

1. False. For example, take f{z) = 2, then f'(z) = 3% and f"(0) = 0, but £{0) = 0 is not a maximum or

minimuny; (0, ) is an inflection point.
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2. False. For example, f{x} = || has an absolute minimum at 0, but f*(0} does not exist.

3. False. For example, f{z) = x is continuous on (0, 1) but attains neither a maximum nor a minimum value on
(0. 1). Don’t confuse this with f being continuous on the closed interval e, b], which would make the
statement true.

4. True. By the Mean Value Theorem, f'(c) = % = E—; =L Notethat [¢| <1 <« e (-1, 1)

5. True. This is #an example of part (b)) of the /D Test.

6. False. For example, the curve y = f{z) = 1 has no inflection points but [“{=) = 0 forall c.

1. False. flay=4g"(z) = [flr)=g(x)+ C. Forexample, if f(2) = = + 2and g(a) = = + 1, then
fz) = g'(z) = Lbut flz) # g(=z).

8. False. Assume there is a function [ such that [{1} = —2and f{3) = 0. Then by the Mean Value Theorem there

34— fl1 0—i-2
exists a number ¢ £ (1, 3) such that f'(¢) = il E; {{ ) _ é ) _ L. But f{z) > 1 forall z, a
contradiction.

8. True. The graph of one such function is sketehed.

i
0 x
10. False. At any point (a2, f{a)), we know that f*{a) < 0. So since the tangent line at (@, f{a)) is not horizontal, it

must ¢cross the w-axis—at & = b, say. But since /" () = 0 for all =, the graph of [ must lie above all of its

tangents; in particular, (&) = (). But this is a contradiction, since we are given that f(z) < 0 for all o
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1. True. By the Mean Value Theorem, there exists a number ¢ in {EI__ l} such that

F(1) = F(0) = J'(e)(1 —0) = J'(c). Since J"(c) is nonzero, [(1) — [(0) # 0,50 [(1) # f(0).

12. False. The most general antiderivative is £{z) = —1/o 4+ ) for o < Oand Fiz) = —1/z + 2 fore = 0
{see Example 1 in Section 4.9).

- lin‘E b
13. False. lim == = =——— = = (), not 1.
e _I_1n‘E ot 1
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