AR

Problem 14.

@)=+ +z+1= f(2)=32"+224+1=0 Now 0= f'(z) = == :35%5. Hence there are no
real values of = for which 0 = f'(z) and consequently no eritical points.

Problem 15.

flz)=-2e +22+7= fl(z) = 62+ 2x = 223z - 1). NowD=fl{z) =z =0o0rz =4 We
compute f"(z) = —12z + 2 and see that f"(0) =2 > 0 and that f"” (4) = —2 < 0. Hence there is a local
minimum at = 0 and a local maximum at z = % As mlirgu f(z) = —o0 and :lirgm Flz) = oo, neither

of the local extrema are absolute extrema.

Problem 16.

fiz)=2*+222+3z+4= flz) =322 +4z+3. Now0=f'[z) =z = M Hence there
are no real values of = for which 0 = f'(x) and consequently no critical points.

Problem 17. Problem 18.
_}" L] .H'
11 1
11/3418/3, L/3-19/3) Jix} ] fix)
2 2pgta, 12727
- -3 -2 0 1 P X 4 2 -y 2 1
= (2,01
-4 -4
-5 =
-8 =8
141884143, J19/34103)
=18 =18
=13 -3
Problem 19. Problem 20.
yrl y B
B ﬁx} [
5 (1/3-(19/2, L/3-{19/3) fix)
2 3

e,

g -4
- : &
-8 =B
14198/641/3, f19/341/3)
-18 -1@
e -12
Problem 21.

_f(:c}.-—h3+3mz+ﬁx-2=:~f[
s (1,7 ) = (13)- Now 7' ()

y—-—:ﬂ—,‘

} —ﬁa: 4+ 6z +6= f'(x) = —12¢ + 6 = The point of inﬂ;el:tion
= 15 The equation of the tangent line is (y — §) = Flz - 3) &

P31
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Problem 10. =
P(z) = kz®(z — m)?(z +2), for some k # 0. As ,.}i."ég P(z) = oo, k can be any positive number, and hence

the answer is not unique.

Problem 11. K.
P(z) = k(z + 1)*, for some k # 0. As lim P(z) = oo, k can be any positive number, and hence the
T—+0a

answer is not unigue.

Problem 12. & _ : :
P(z) = al(z _ﬂz + 2, for some a #0. As 0= P(0) =a(0 - ﬂ.}2+2, a=—3. This answer is unique.

Problem 14. : .
P(z) = k(z — 1)2(2 — ), for some k # 0. Now /& = P(0) = k(0 — 1)2(2 - 0) = k = ¥F. This answer is

unique.

Problem 16.

(8) f(z) = -2 —2® — 55 = ~z(2® + £+ 5). Now if 2> + 2+ 5 = 0, then g = —EV46) 4.
real solutions. The only zero is = = 0. : z 3 , which are not

(b} g(x) = 0.52* — 0.5 = 0.5(2% + 1)(z - 1)(z + 1). Now z* + 1 = 0 has no real solutions; hence, the zeros
arer=—1and r=1.

Problem 19.
P(z) = z* — 22® — 62% + 122 = z(x — 2)(z% — 6) = z(z - 2)(z — v6)(z + vE). The zercs are z = 0,2, V5,

and —/6.
Problem 20.
g(z) =32 +3 =3(z+1)(z? —z+1). Now, as (—1)>—4(1)(1) < 0, 22 — £+ 1 = 0 has no real solutions.
Hence, the zero is £ = —1. |

N3

Problem 8.
The strategy here should be to use the z—intercepis to establish the factors of the appropriate polynomial

and then to use the additional point provided to determine the multiplicative factor.

(a) The zeros of the function are * = —2,1, and 2. As the graph has the shape of a graph of a cubic
polynomial, the function could have an equation of the form P{z) = kiz +2)(z - 1)(x — 2), where k is a
constant. Because the graph has a y—intercept of 3, we have 3 = P(0) = k(0+2)(0—1)(0-2) = k = 3.
Therefore, P(z) = 3(z + 2)(z — 1)(z — 2).

(b) This graph is the reflection of the graph in part (a) in the z—axis. Thus, P(z) = —%{:r+2}|::!: —1){z—2).

(c)} This function has an even order zero at £ = —2 and an odd order zero at & = (1. As the graph has the shape
of the graph of a cubic polynomial, the function could have an equation of the form P(x) = kz(z + 2)°.
Because the graph contains the point (1,2), we have 2 = P(1) = k(1)(1+2)® = 9k = k = 3. Therefore,
P(z) = %z{;r +2)?

Problem 12.

(a) (i) True.
(ii) False; P(z) = (x — 1)(z — 2)(z — 3)(z — 4)(z — 5) has 5 zeros. -
(iii) False; P(x) = z® + = has derivative P'(z) = z* + 1 which is positive for all z, forcing P(z) to have
no turning points.
(iv) True.
(b) Statement (i) is true. Because P'(x) = 0 and P"{x) > 0, P(z) has a local minimum at = = m; because
P(z) has degree 5, it cannot have an absolute minimum.
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Problem 3.

(a) The graph has no zeros and vertical asymptotes at £ = —1 and x == 2. The sign of y changes across
both of these vertical asymptotes, which implies that there are odd powers of (z + 1) and (x — 2) in the
denominator of the function. As there is a horizontal asymptote at y = 0, the degree of the numerator of
the function is less than the degree of the denominator of the function. Hence the equation has the form
3":@%@’ where k is a nonzero constant. Asy < 0 for |z| > 2, k < 0. For simplicity, we choose

k = =1. Therefore, y = -‘(mjl{m~

(b) The graph has simple zeros at £ = —2 and = = () and a vertical asymptote at z = —1. As the sign of y
does not change across the vertical asymptote, there is an even power of (z + 1) in the denominator of
the function. As there is a horizontal asymptote at y = 2, the degrees of the numerator and denominator

of the function are equal, and the lead the coefficient of the numerator is 2. Hence y = %:-531.

(c) The graph has a simple zero at z = —2 and an even-ordered zero at x = 0. Thus, the numerator has
factors of (z + 2) and x® There are vertical asymptotes at = = —1 and £ = 1. The sign of y changes
across the vertical asymptote z = 1 but not across z = —1. Thus, the denominator has factors of {r: +1)?
and (z — 1). As there is a horizontal asymptote at y = 2, the degrees of the numerator and denominator
of the function are equal, and the lead the coefficient of the numerator is 2. Therefore, the equation has

the form y = zﬁ;g&"z—r"_)“

Problem 5.

16 - ¥ Badb o e
1. @ N7 e
/ N
g / 8.125 14

—

4 —* -4 B _
{-3.0842,-3.5963

=

!

——

Calculating the derivative of f(z) = {-‘f"_%: via the quotient rule gives:

o 2 _4) = (2® +22)(2)  (3z* +22° — 1202 — Bx) — (2% + 22%) _
fliz)= e +2z}|:$,:zz_}4]={ o) _ = —4)2

24 —1227 -8z z(z*—120-8) z'-1%" 8z
F-9¢ = @-¥ @~

i iti i i ill verify that there is a local
Now, as f'(0) = 0, z = 0 is a critical point. A graphing calculator will ver
mgmumfn(t ?r = 0. Furthermore, a graphing calculator will find a local maximum at = —3.0642, a
local minimum at = = —0.6946, and a local minimum at = = 3.7588.

it




Problem 12.

(i) The z-intercept is the origin; the y-intercept is the origin; the wvertical

horizontal asymptote is the x—axis,

(ii),(iii) The z-intercepts are x = 0, 2; the y-intercept is the origin; the vertical asymptotes are * = *1; there

are no horizontal asymptotes.

b

Xu=l !

i#i{%%d?
0y
1

A

horizontal asymptote is y = 1.

'.l
:-P,?:
6!
i 5: =1
. 194
T 44
1 I
PERRECT L T
R . T e
- -76-5E4-3-2 3456 'lxl
(2,0}

sk

sign of y

sign of y

asymptotes are = 41; the

+|+ -

+

-lqll

(iv) The z-intercepts are x = 0,2; the y-intercept is the origin; the vertical asymptotes are x = %1; the
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{(v) The z-intercepts are = = 0,2; the y-intercept is the origin; the vertical asymptotes are © = *1; the
horizontal asymptote is the r—axis.

8.

v ]

'3 ]

‘: #=1

3456 7X8
y=0

{vi) The z-intercepts are = = 2,3; the y-intercept is y = —6; the vertical asymptotes are = %1; the hori-
zontal asymptote is y = L.

S St

K=

e ]

£
B
4
’%xﬂ sign of y ok I— * =




SECTION 11.4

{vii) There are no z-intercepts; the y-intercept is y = 2; there are no vertical asymptotes; the horizontal

Rational Funetions and Their Graphs

asymptote is the z-axis. Note that y < 0 for all values of z.

Jf4

(0,2}

=01 2 2 X4

-1
-2

_4

(viii) The z-intercept is the origin; the y-intercept is the origin; there are no vertical asymptotes; the horizontal
asymptote is y = —1. Note that y < 0 for all values of z.

y-q

i¥
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Problem 1, —————

a) 1-t i i
(a) 1-to-1 and invertible (as long as social security numbers are not

rEﬂSSigﬂ .
(b) Not I-to-1 and hence not invertible: ed after someone dies)

s five people are put into each Eroup,
¢) Not 1-to-1 and not invertible; many sites have the same altitud

e
Problem 2.

(&) 9(z) = =8, f(g(z)) = 6 (2£2) = ¢ (z:4) 3

—_-2.‘-+3—-3“-=ﬂ:' g{f{xl}_ & Gr—3)4+3
b - : ! L t‘3}=j‘———1——="5—*=;!:,
{}5;&1:“3153"5+i.f{.q{z})=f[ﬁf’5+3j_—.(¢f£+3_3}a=EB e 5 G
il o S T Wy Va) = 9(f(z)) = g((z - 3)?) =
Problem 8.
(a} False. (b) True. (c) True. {d) True.
2.2
Problem 4. . 5 R ——
Given y = 2=—1
3.‘:3-'—1;:;-' %r nierchange z and y and solve for y. Now z = Zu-1
A —l#y::’:L_—zi‘ HEMEI“{.-:}_—.—‘!:I*—I Brd T3y tdr =2y -] o
—— i el
Problem 9. = =
Given y = 2v'r — 6, interch
=3 5 ange r and y and solve for y. N = 25—F
¥= 47" +6. Hence f-1(z)122 + 6. The domain of f~1 is the r::g: of fgwii;h isTl]Iz B R
Problem 10, ; o)
Given y = 23 4 1 interchange
= : Z and y and so] B
Hﬂl'.I.CE_f 1 &’I__T_ ThE‘dD[n,aiﬂ Df::;-_,l E?—‘;fijyl ND’W T —‘Us-l- 1=z 1 zya ='~'...y= a,f;__ll

o)

Problem 5. : ] =

(a) Spending half as much on advertising would result in $80,000 less in revenue.

{b) Increasing advertising expenditures from $30,000 to $30,001 would result in roughly a $2.80 increase in
revenue.

{¢) To generate twice as much revenue as last year, the company would need to spend R~'(2C) on advertising.
Problem 6.

8) £728) = -4

(b) Interchange t and y in the equation y = 5(1.1)%*? + 1 and solve for y. Now t = 5(L.1)%*? 41 =

=1

ﬂ=(111}ﬁu42#w=ﬁy+2#y=1 In (£5* ~—2). Hrmcef"l{t}=%(m—}—2).

i Inl.1 61 Inll In1.1
(Note that logarithmic calculations are discussed in Chapter 13.)

g=1
(¢) Hence f7'(6) = % (%—T_IL}—z) — %{u—z}=_%_

(d) f~'(30) is the number of days after the dump opens that it will take to accumulate 30 pounds of garbage.
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Problem 3.

(a) It is between 2 and 3, because log;(50) is the number to which 7 must be raised to get 50, and 7% = 49
while 7° = 343.

(b) It is between -1 and 0, because log,,(0.5) is the number to which 10 must be raised to get 0.5, and
107! = 0.1 while 10° = 1.

Problem 4.

(a) It is between -2 and -1, because log,(0.05) is the number to which 10 must be raised to get 0.05, and
102 = 0.01 while 10~ = 0.1.

(b) It is between 3 and 4, because logz(29) is the number to which 3 must be raised to get 29, and 3° = 27
while 3! = 81.

Problem 5.
Note that /30 is between 5 and 6, because 52 = 25 and 6% = 36.

(a) It is between 2 and 3, since log; v/30 is the number to which 2 must be raised to get /30, and 2% = 4
while 23 = 8.

(b) It is between 1 and 2, since logs /30 is the number to which 5 must be raised to get v/30, and 5! = 5
while 52 = 25.

(¢) Tt is between 0 and 1, since log, +/30 is the number to which 2 must be raised to get /30, and 10° =1
while 10" = 10.

2]

Problem 2.
(a) log(u?w) = logy(u?) + log, w = 2logyu+logyw=24+B

(b) logy(u®/w?) = log,(u?) — logy(w?) = 3logy u - 2log, w = 34 - 2B
(c) logy(1/yD) = logy 1 — logy v =0 — |§2 ﬂ»"}_=_—% 1052;1‘ =—3B

- e
(d) Ingg[m] =log; 2 — log,(uw)? =1 - %[Iugg{uw]} =] %{!ugg u+logaw)=1- %[A + B)
Problem 4. Problem 6.
(a) 3210215 = g(10'°e25) = g(25) = 225. (a) 2'08a3+3 = glog; 393 _ 3(8) = 24.
(b) Be—3In2 _ geln2™ _ 5{2-3} = % ) e2.].n A+l _ 2lndgl _ Jnd¥, _ 42
Problem 8. Problem 10. = N

I L i Bl
{a} lD_!n'ﬂiiﬁ = 1{]"'5{15&]"1 =1 ll]l"':'iln =10 51053 EEIDEE 1053} 5{ﬂ 'b}.

(b) % =edln3 = (g23)3 =33 = V3,

Problem 12, £ 5
5log V6 = 5log(6}) = § log6 = §(log2 +log3) = §(a +0).

e




2

Problem 4.
(a) 5=(lnz)(In(2) - 3) = gF— =lnz = £ = eRHS,
(b) TiHee= =4 = 1 +logz = log; 4 = = = 1008 (4)-1
(c) K+L=L¢‘—Ke’=>K+L=e‘[L—K]=s’=%=.*rz=ln(%).

(d) R= 1+n = = log R = log(7i5)* = log R = ::lugi'_ﬁ{-gﬁ} = log R = z(log(Pn) — log((1 + n)™)) =
log Rt
T = (P g )"
(e) 36 = "3 = log,(3b°) = logy(c*3%) = log33+lngab’° logy ¢ +logs 3% = 1+ xlogy b= zlogg c+2x
= l—ml[]r:lgac+2—lugaﬁ] #z“m

Problem 8.

In (23—_3) = In(7***!) = In(3) - In(2°~) = (22 4 1) 1n(7) = In(3) — (z - 3)In(2) = (22) In(7) + In(7)

= ln{f.‘:.'} + 31n(2) — In(7) = z(2In(7) + In(2)) = z = 23+ _':“_;ﬂ 7) (22 0.269).

Problem 12.
3% =0 or 5%y = 0; no solution, since 3% > 0 for all z's and § - (})” > 0 for all o’s.

Problem 14.
logz — log(z + 1) = log(z%) =2 = %5 = 10° = z = 100(z + 1) = = = — 47, which cannot be a
solution of the original equation because x < (. = No solution.

Pru_blem 16.
InzV2 4z =1-2lnz = %lnx+21n:c =]1-2lng = Eln.r =]1=Inz =§ =% = eaiw 1,2494),

Prnhlem 18 : s
[In(2z+3)] =9 = In(2x+3) =3 or In(2z+3) = -3 = 2z4+3=edor2z+3 =3 = z = 555 (=~ 8.543)

or = L_}'—E{m —1.475).

Problem 20.

e*(e* ~5}~ﬁ=>(e=}3-5ct—ﬁ=o
c" 6)(e*+1) =

=Boref=-1 {uot. possible) = = = In6(= 1.782).

Problem 22. -
0e?® 4 6 = 116* = 2(e®)? — 11 +6=0= =25 B 5 o=1n (L‘E{-’E) (= —0.488,1.586).

Problem 25. ” .
e l=eg==ee*—1)= e’{e"] = ()P - (ef)-1=0=¢€" = l—ﬁﬁ (only positive solution is

possible) = €* = —‘f—"& = z = In(2£8) (= 0.481).

Problem 23. A
Eﬁ‘m-l'ﬁ =13= m:_"'-ﬁ =8=4=8ln(z+1)=> i =In(z+1)=>z+l=er=>zx= Ve—1(= 0.649).

1




‘?.5 fol
Problem 4.
= e " 2 e .
Problem 5. Problem 6.
a 10
8 7.5
1
5
1
2.5
1 2 2 4 5 3
-1 1 z g a 5 &
. -2.5
-a -s
5l s
y = In(x) — In(z®) + 4In(z”) =
In(z) — 3In(z) + 8ln(z) = filn(z)
L
Problem 1.

y= a2 = B = (22)(2°) + ((2)2)(&) = =)@+ In(2)e).

Problem 2. B B
5-47 T
= —= = —{In(2)27).
Y T 3[ n(2)2%)
Problem 3.
t‘ = dy

1 1
y=EiE = =T '5{(51'4]{?] + (In(5)5%)(z")) = 3(5:4}{53][54‘1“{5}3}-
Problem 4.
flz)=x-2¢ = fi(z) = 2% +x(2% In2) = 2°(1 +zln2). Now f'(z)=0= 1+zsn2=0=2z= g i
the only critical point. Moreover, note that f'(z) < 0 for = < — g and f'(z) > 0 for z > ~ g Hence
the absolute minimum value of f(z) occurs at = = —pyandis f ["E%ET} = {_ﬁi'j}z_ﬁh ~ —0.53.
Problem 5.
{a) f(zx) _ Pyt tel = fllx)=2z+€ +ex*L.

(b) f(z) = (r— S)e= = (&) = (7~ Fg)e®

(©) flz)=(3e%e® = [z} = (3e3)e® = Be**?




1]

*roblem 1

Problem 2. .
y =In(32%) = In3+lnz? =In3+2nz =y = 2.

Problem 3.

z* zlnm
V=58 = 5

Prnhlem 4

=y =

f[:ﬂﬂ} lu[:] =) o prg) = 3{1! !:—[l}ln[r 31— In[:r ! f{ﬂ} Sil—;rn!eu =0

(1)e¥)—(3e* )(lnz) _ 2i1-3Inz)
2 Gl =

*,‘.lr—{l‘lilu In
-Tim i

Problem 5.
y=zln(}) =zh(z™!) =-zhhz = ¥ =-(Vhz+(l)(z)=-bz-1

Problem 6.
flz)=zin(i) = zln(z™) = —znz = f'(z) =— (1) Inx+ (1) (=) = —Inz-1.

Problem 9.

; E o+ ((n3)3*)(Inz) +( (3%) (1) _ 3*(z(in3)(inz) +1)
() = $(0g2) = 3° (i) = (55iF") = /(=) = = In10 ) z1n 10 '
_P_:_*oblﬁrn 10.

Problem 7.

flz) = lngsﬁm & 3|m[3“} _ 3n(3" }+3 In{=") s alu[:i“} ﬁln{:’-“]+21 lnz _ - f/(z) = n

Problem 8.

:r}—e“‘“ln( )-—e"“{lnw—lnf *sst{lnn—%inm]=[e“

'IE

] {lnﬂ' - % lnm]

o /() = (56%) (In7 — 3 (@) + (~ &) (%) = €% (5 (mm — %) — Ly,

f{ﬂ-:l o inf2=:$] i

de®

lzgalaz o f/(z) =

Hgie i 3xe®

2Y(36%) — (In2 + 311 = = =
_l;E_:I (3¢*) — (In24 3Inz)(3e*) d—xln2 B:clnz.'l

{l—l]l {22} — (2z)(z — In(z)) ;1:2 — 3 — 22% + 2zln(z)

Problem 11.
f(z) = =Hn3)
2In(z) —x -1
¥ ;
Problem 12.

flz)=a"+7"+In

Problem 13.

flz) = 22 (inz+1n(ﬂ)
) (In61 —In2 - Inz)) = (3)z*(In6l - n2+Inz) =

2? (Inz + (1)

o m+!rl{: ;—ln: =>f

x*

=22 (tnz + (3) (i (8))) = #* (lnz + (3) (1061 - In(2))) =

=)= {2][2I}1n61—1n2+1nm}+m2[]]-xinﬁl—ln2+1n:1:} 2.

Problem 16.

(a) y=3In52+6In(}) =3In5+3Inz +6In3 ~6lnz =31n5+61n3 — 3lnz = ¢/ = -2
3,

(b) ¥ =20log (1%5) = 20log z — 20log(100} = ¢ =

{ ] keik:

::Inlﬂ

V=0 = e = Y = (ke = ke

JERLC

ng 3-5: In 2 (1] a
(d) v %14_ [nn}; ;mz}: T {Einn24135 1

I

4

(Z)= " 47 +In(rz!) = 2"+ 7% +Inw—In(z) = f'(z) = rz™ 1+ (lnm)n® — L.

Py 4




Problem 19.

(a) P(t) = Pye**, for some constant k. Now P(0) = 60 = Pye*® = Py, and hence P(30) = 2000 = 6030
= ¢ = = Gle 3
Thus 1§° = €% = 30k =In (32) = k= L In (1) 5 k =~ 0.1169. Therefore, P(t) = 60’1169,

(b) ;;}1 = e?-rm—n'“_““:” = 01188 = 1.1169. Hence the annual growth raﬁ was about 11.69%.

(c) The doubling time is the value of ¢ for which 2P, = P(t) = Pye®1%%, (Note here that this last equation
1mpl1es that the doubling time is independent of the particular value of Py.) Now 2P, = Pyel-1169t -
= 01188 = In 2 = 0.1169¢ = ¢ = 523 =~ 5.93. The doubling time is 5.93 years.

(d) P'(t) = 60(0.1169)e%115% = 7.014e%116% = P'(0) = 7.014e%1159(00) = 7,014 oryx per year and P'(30) =
7.014e%1169(39) ~ 233 903 oryx per year.

(e) The average rate of change over the 30-year period is ﬂw 200060 = §4.667 oryx/year.
() (i) The oryx population ten years after their introduction
(ii) The number of years after the oryx introduction it took the population to grow to 200 oryx

(8) P~*(200) is the value of ¢ for which 200 = P(t) = 70" *%. From this equation, we have & = €110
= t= g1t hl{m:' = 8.98. Thus P~*(200) ~ 8.98.

Problem 21. _
P(2) = 1000 = Fye?* and P(4) = 1300 = Eyet*. Dividing the second equation by the first, we obtain

L0 _ Rl 13 = ¢ = 2% = In13 = £ = 051013 = 0131 Substituting this value of k

ml:u the first equation, we have 1000 = Pye?(®181) = Py =~ 769.5. Therefore, the growth equation is
P(t) = 769567151,

Wi/ Al 0 e

Pmb];{r;‘ﬁﬁ— (322 + 1)1 = f'(z) = €*((3* + 1)) + (~(322 +1)72 (F(32* + 1)) € =

= - 1
e*((322 + 1)~ — 62(3z + 1)~ j—i-%r&%*—l.

-— - ~

thlm:}i In(VaF)et = E(inz)et = f(@) = 3¢ + E(In)(6e™) =

5= (1+hclnz
- .

Problem 11.
3 b.?;?t;} n:+:: = e (gta?)? = f(z) = (¢ (£ma)) (a+2?) 2+ (B(z +27)* (Gla+ e

me™=(x +22) 2 — 3= + )41 + 2z)e™* = e”{ﬂ{m +2%)73 = 3(z + 2%) (1 + 2x)).
Prﬂhletr;;l}lﬂz =8 = (22 4+ Tx+5)7 = filz) = (2% + Tz + 52 (£ + 7z +5)) =
_ (2 + Tz +5)"2 (3% + 7).

Pmm;;:}l——'-r;fel+ln{m+ljﬁ (e =4 21n(z+1))V/? = f'(z) = l{e*+21n{m+1}}'”2{ (e® +2ln(z+1))) =

1 +2mm(a+ 1) F (0 + Fr (E=+D) ) = 3(e" + 2in(e + 1)) b+ 32) =

zel4eT y
2x{z+1)yfe=+in(z+1)*

Pmbl;;r]j 1Bm (In(z* + 2yt = filz) = —{In{z -2 |: d (ln{mﬁ +2)) =

~ (In(=? +2))~ (—:11{az$+2))"—'nim+2 (% ) ~ D

Py I




Problem 22. - - e = P9 I3
flz)=z(z+3)? =2+ 62 + 0z =

F(@) = ()= +3)* + 2(2)(z + 3) = (z+ 3)((z + 3) + 22) = 3(z + 3)(z + 1) = 32 + 12z + 9.

f'(2) = 0 when = —3 or 2 = —1. Now f”(z) = 6z + 12, and hence f"(~3) = 6(-3) +12= —6 < 0
and f"(—1) = 6(—1) + 12 = 18 > 0. Therefore, (=3, f(=3)) = (—3,0) is a local maximum point and
(=1, f(~1)) = {1, -4} is a local minimum point,

L]

¥y
*| fix)
(-3,0) |
* £ A Fan -2 - P
{'l!'d'} i
-&
-8

Problem 23.
flizy=(z-2)(z+12=(z-2)(z" + 22+ 1) = flz)=(W(z+ 1)+ (z - 2)(2Q)(z+ 1) = (= + 1)((= +
1)42(x—-2)=3(z+1)(x—-1) =322 ~3. f'(x) =0when = ~1orz =1 Now f'(z) = 6z, and
hence f"(—1) = —6 < 0 and f"(1} = 6 > 0. Therefore (—1, f(-1)) = (—1,0} is a local maximum point
and (1, f(1)) = (1, —4) is a local minimum point.

Problem 24.
flz) = (3~2)*(z—1) = (z~3)*(z-1) = f'(z) = 2(z—3)(z—1)+(2—3)2(1) = (z—3)(2z—1)+(z-3)) =
(—3)(3z~5) = 32 — 14z +15. f'(z) = O whenz =3 or z = §. Now f"(zx) = 6z — 14, and hence
f(3) =4 > 0 and ‘f""{%} = —4 < 0. Therefore (3, f(3)) = (3,0) is a local minimum point and
(3,£(3)) = (3, %3) is a local maximum point.
¥ L]
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Problem 25.

flz) =€z =3P = fliz)=e*(z— 3P+ 3z - 3)* (%) =z(x - 3)%". f'(zr)=0whenz=0orz=3.
Note that f’'(z) > 0 on (0,3) U (3, 0c) and hence there is not local extremum at = = 3. As f'(z) <0 on

{—oa,0), (0, F{0)) = (0,-27) is a local minimum point.

'lﬂ = o . e

Problem 5.
(a) ¥f = €"2° + ex*~e® = e(z* + ex*~!) = e*z® + ¥z,
{b] yf P ﬂ”m{—;l."zl ”'.
(c) v= Ve iz = e-=/251/2 o

y —_ __B—-a:,.ﬂ{xI,i'E} + e—n:fﬂ (1] I—lfz R

2e—=x"
(d) y=[InyT—1z| B [3In(1 wx}]-
¥ = (=35) [31n(1 - z)] Ty (— 2{11—1}) = 4{1-::)[I:nTv'T—_m]"h'

() y=ln(2) =z +1) - In(z 1) = ¢ = 25 (1) - 25 (1) = 2y — 2y = -4+

() ¢ = §(1 - In(=))/4 (1) = — S=tal=)**

T dz

(8) y=Inyal+1) = d(n(@) + I+ 1) = v = § (1 + (1)) = 2L
() ¥ = Joheys = De(~1/D/Ge)t2) = 5-1/120)2/2
@ L "

y' -5[—: }ﬂ-lf{lzm}-zn_ (5_%_) ~1/{12z)-z/2_

Problem 4.
(a) y= sy = (zln2+ 1) = ¢/ = ~(In2)(zIn2+1)7% = — iy

b) ¢ = (gt (15° +8) = 2.

(c) ¥’ = (In2)2%(z? + =) + 7(2* + 2)°(22 4+ 1))(2%) =
22(z? 4 z)5(z?’ In2 +zln2+ 14z + 7).

(d) y=+vinsz + % = V5 +Inz + = = ¢ = (In(5) + In(z) + €)% (L + 6e).
(e) y= ml.;‘; =T(nz) Y = ¢ =7(-3(nz)"32 (%)) = ‘W:z}!?f'

() ¥ =4 (n4)(in3z) (3) +47°5; = ¢ (3 lndIndz + ).

Pyt



Pedolem 5
(a) y=(22)" =4° = ¢ = (ln4)4*. :
(b) ¥ = (In2)22" (In2)2® = (In(2))?2%"*7.
{C:I y= ; =g~ 1™ = ,yJ' = _p—2gTE +ﬂﬂrm{m-l} — gz {1 i ;’!}

(d) y= 53 = (P +1)(=2+1)! =
A
Y = 322((@ + 1)) — (2 +1)222)( + 1) = Fr — T

=3 (—ﬁ}g—l) (In(8c? + 1))~2)(162) = — ey ez

- *

(6) ¥ =y = 3(n(8z? +1))7" =

Problem 6.
The denominator is always at least 1 since £ +1 = 1 for all z, so the function is no larger than 3. It
attains this value at « = 0.
-1/2 o4 f(z) = —E(z* + 1) 3/2(27) = —3x(2® + 1)~32, Now f'(z) =0

Nuwflim]l=:;;!===—'3(:t +1)
when z =0, and f'(x )}Dfﬂrm{ﬂandf{m}{[}furx}ﬂ Hence the global maximum value, 3, of f

is attained at z = 0.

Problem 13, b : e
K(z) = f(inz) () - #5f'=) = e 28,

Problem 14.
Fixglz)+flz

R(z) = 2 I{:is{ml{f{m} 9(z) + f(z)g'(®)) = 24/ J(x)glz) ;

Problem 15.
R(z) = ~§(f(g()))~¥*(f'(9(=))g' (z)-

Problem 16.
K(z) = f'(2?)2ze%®) + f(2?)g'(x)ed®) = e2=) (22 f'(z®) + f(2%)g'(z)).

Problem 17.

W(e) = — sk - £ (&) (3

Problem 18, Prub::,n; z(aﬁ:_nl) ( 1 mzlf_:f- 22( 2 ) g E!m’!a__zf: }Ergg;v.ll

() = 3[F(z))* f'(z)a(2x) + 2[f (z)]*g'(22).
Problem 24. —
y' = 2f(z)(f(z)) + (In2)2 =) f'(z) = f'(@)(2f (=) + (In2)2/=),
Problem 25
y=In (7”%%) = In(xz - flz)) - 1n(v‘355+2b Inz +ln f(z) — 3 In(32® + 2) =

y'=i+%¥)l"%($% _1+‘HL)2 st

Problem 26.
f(z) = In(e=+5) = (z + 5)* = f'(z) = 2(z + 5)(1) = 2z + 10

Problem 2 :
f'lz) = e‘*‘”” (2g(x)g'(z)) = 2g(z)g’ (x)elo=".

Problem 28.
f(z) = w(z® + )71 (32?) = 3ma? (23 + ).

Problem 29.
(a) LRUODSR)  6.773
(b) 2(22-1) =4 #£6.773; f'(x) # = . #®=1 because the exponent x is not a constant.
(c} In2- 2% = 2.773 # 6.773; f'(z) # Inz - 2" because the base x is not a constant.
Ed) f{x} =% = glnz® _ gxlnz fllz) = gFlnz {{1}(1ﬂ$] + {i) {m‘” £ Ezinu’ﬂuz +1).

Problem 35.

'S

(a) A(t)=n(r(t))® Therefore, A'(t) = m(2r(t))r'(t) = 2ur(t)r(2).

(b) V(t) = m(r(t))?A(¢). Therefore, V"(t) = n{2nr(t)r’(£)(z) + (r(2))?h(2)].




