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3)(a) f(x)=x*+5x—-1 (b) f(x) = —x*+4x+2
3. (a) flx) Tr* <+ o I
f{x) 2r + 5
°r + 5 )
x 5/2 is a critical number.
This is a parabola opening upward, so we
nave & minimum at r o/2.
(L) flx) r* +4xr + 2
_f’:.r} 2x 4+ 4 O when » 2.
1T'his is a parabola opening downward, so
woe have a maximum at r = 2.
4)(a) flx)=x*-3x+1 (b) f(x) =—x>+6x*+2
(n) Sflx) a3 3r + 1
{x) 3x~ 3
3 1)
S(x + 12 1) R
A Ll aare crnitical numbors and J(1)
1. J1i 1) " 1
This is a cubic with a pasitive leading co-
cithoecient so » 1 is= &2 Jocal max, 2 i
1S a Jocal min,
(b)) Sfix) x> 4+ 6x?® + 2
,('I.l'} 3r- 4+ 12x Sriax + 4) i
whon O and o i.
Ji0) 2, J( i) 162,
This 15 a cubic with a negative leading
ococthoelbent so 2 (1 s & Jlocal min and
x -4 15 n local max
0505712489 (zélawll jale yagaza Page
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5)(a) f(x) =x3 —3x% 4 6x (b) f(x) = —x3 + 3x% — 3x
(aa) JSx) x> 3x2 4 =
JF{x) B G + 6
3r? — Gr + G (2 — 20 4+ 2) 0
Wer caan = the guacdratic formmala o find
thes rOotx, which are r 1 -4 \'——] e sure

are imaginary = there are no real critioal

et

(b) S (x) z= - 3x= S
J (=) 3Ir~ 4+ Gz 3
~ W T -2 1)
L S = -3 1)
$l.r 1)
7 (=) 3(x 1)* O when = — 1.

Sinoe f{x)is a cublic with only one oritical
number it is neither local min nor masx.

6) (a) f(x) =x*—2x3 + 6x (b) f(x) =x*—3x3+2
() J (=) rd — 2% + 1
F {x) tr $a
$a (x * 1)
s 5 Ll 1)¢{ax 4+ 1)
F2. (o) 0 swhen 2 O, 41
r — 0. 21 are critical numbers. r — O
is= Jocal maximum and o 1 are local

SSSFITISSEINSs D

(b)) J (=) s 3z + 2
J- ) ixr" — Qa2
= {(4dxr — D)
J' (x = ) when = = 0O, '-;
z 0, § are critical points. r = 2 is local
rminimmuarn and = O is neither max no:x
Inin
0505712489 (28lawd) yals Haga Page
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{(aa) On [0.2], 1 is the only critical number.
We calocnlate:

F{O) = 1
F(l) = 1 is the abs min.
F(2) — 3 is the abs max.

(b) On the interval [—3.2]. we have both 1
and 1 as critical numbers.
We calculate:

f(—3) = —17 is the abs min.
f(—1) = 3 is the abs max.
JF(1) = -1

f(2) = 3 is also the abs max.

27. f(x) = */9
F'(x) = £/ 5 =
f'(x) £ 0 for any x, but f’(x) undefined for
xr =0, so xr = 0 is critical number.

3 o

(a) On [—4, —2]:
0 & [—4, —2] so we only look at endpoints.
f(—4) = V16 = 2.52
f(—2) = V14 =~ 1.59
So f(—4) = V16 is the abs max and

f(—2) = /4 is the abs min.
(b) On [—1. 3], we have 0 as a critical num-
ber.
f(—1) =1
F(0O) = 0 is the abs min.
f(3) 3277 is the abs max.
0505712489 Ozdlawmd) yals jaga:y Page
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28. f(x)=sinx + cosx

fi(x) =cosx —sinr = 0 when = = % + kx for

integers A.

(a) On [0, 2x]:
F(0) = 1, f(x/4) = V2, f(57/4) = —v2,
and f(27) = 1.
The abs min on this interval is f(57/4) =

\_T! and the abs max is f(x/4) = V2.

(b) On [7/2, 7l
f(x/2) =1, f(x)=-1.
The abs min on this interval is f(w) = —1
and the abs max is f(=x/2) = 1.

29. f(z)=¢e"%
f(z) = =2xe™™
Hence x = 0 is the only critical number.

(a) On [0,
f(0)
f(2) =

(b) On |—3, 2):

f(—3) = e ¥ is the abs min.
f(0) = 1 is the abs max.

f(2)=e*

is the abs max.
4 is the abs min.

:)' =
‘-. .
1
(_'

0505712489 (adlawd) yale yaga:a Page
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30. f(x) = z%e 4=
() = 2xe " —42%¢ " = 0 when x = 0 and
r= 172

(a) On [-2, 0]:
f(—2) = 4%, £(0) = 0.
The abs min is f(0) = 0 and the abs max
is f(—2) = 4¢P,

(b) On [0, 4]:
f(1/2) = e~%/4, f(4) = 16e~1°.
The abs min is f(0) = 0 and the abs max
is f(1/2) = e~2/4.

o £ oo
31. f(x) = ——

i H .
Note that & = 3 is not in the domain of f.
. Gx({x — 3) — 3x2(1)

-}

2] - (x—=3)2

Gxr® — 18 — 31~

= 334
o 15
[ 3)=
dx{x — G)
_ {x— 3)2

The eritical points arc o (., 0.

(&) CFrx I .4 ‘_:']:

f(—2) 12/5

(2) —12

F{O) 0

Hence abs max is f{0) = 0 and abs n
s F(2) 12.

(b) On [2.]8], the funcrion is not continuo
and in fact has no absolute max or min

0505712489 (adlawd) yale yaga:a Page
6| 124




32. flx) = tan— ' (=)

Filz)= L

: - = when x = ().

(a) Om [0,1]:
F(O) =0 and f{1) =m/4.
The abs min is f{0) = 0 and the abs max
is f(1) =w/4.

(b) On [—3.4]:
F(—3) == 1.46, f(0) = 0, and f(4) = 1.51.
The abs min is f{0) = () and the abs max
15 f(4) =tan™" 16.

83. Flz) = ———
x4 1
(2 4+ 1Y -1 — > - {2
.IF..I:--E'] S ) ::I_.I ] - :I
L= 4 1)°
- (r® + 1) -1 — @& - {2x) = e —_
N (22 + 1317 w2 4 1)
when o = =1.
r = —+1 are critical numbers.
(a) On [0, 2]: _
Fy) = U_)E—_JL1 — (1 is the als minirooaro.
2 2
2] = = —
£42) 1_3_'— —+ 1 o
FL1) - o i= thoe abs maximnmoom.
(b} On [—3, 3]:
3
B = ———
S I”l
FIl—1) = — 5 is the abs minimum.
Fi1) é iz the abs maxirmuarm.
(%) 3
Tl =45
0505712489 zélawl) jals jaga: Page
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o
r? 4+ 16
(&= + 16) -3 — 3F -
(2 4 16)°
(2 +16) -3 — 3=z - (22)

34. flx) -

T
[l
(i

L

i () R

p— - , ]
L= 1T
32 48
= 3 — = 0 when r = =4.
(x<+ 16)"
axr = =£4 are critical numbers.
(a) On [0, 2]
F(0) = T 18 = (1 iz the abs minimum.
v
f(2) = ——— = — iz the abs maximum.
f2) 22 1] 10

(b} on [0, 6]
Fi) = 0 is abs minimun.
v T :
Fi4) = = is abs maximum.
3

F{6) = =

26

0505712489 Oadlawd) jale jaga:
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WESEREY L y=r'+204]
boy=r-br+ b=y =3 =Ur4]
EE Tk b Iw:f,.l-]]i"!

I =S cosy B II."hi[T?.l

), y=¢~ 10, y=lir -1
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3.4 Increasing and Decreasing
Functions

1. y=2 -3z +2
y =35* =3=3{z*-1)
=3r+1){x-1)
r = 41 are critical numbers.
(& + 1) > 0om (=1, ), (x4+1) < 0 on
(=0, =1)
(#—=1]) > 0on (1, o0}, (x=1) < 0on (-0, —1)
Hzx+1{r—1)>0on (1. oe) U {—nc, —1) so

y 18 increasing on (1. >¢) and on (-2¢, ~1)
Hr+1)x—=1)<0on (=1, 1}, so y is decreas-

mgon (—1. 1).

' = 6z
iy 6<0atrx |
Hence the function is a local maximum st
I 1.
' =6>0at xr =1 Henece y(l) = 0 is a local
minimum,

40— ,

e /

20 ,_ " /
= /
[“-rv-yf’?‘l T T T

- S =2 < 2 B
‘ s

4/"
/ y =20~
1, -
]
0505712489 (adlawd) yale yaga:a Page
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. y=1"+2°+1

y =31° 441 = 1(3r +4)

The function 18 increasing when r 2 (o=
. . | :

creasing when <= < r < (), and Increasing

when - > (0.

) =bhax+4d
'=-2<atr= -4
Hence f(~3) is a local maximum at r = -
M .
i =4>0atr=10
Henee y(0) is a local minimum at z = 0,
4
h!
(AN ARAASASRALS AR AN ARANAS 4 A% RSN ns s
A / . .0 n) .4 [ 05 \
0505712489 Ozdlawmd) yals jaga:y Page
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3. y=a*—8x° +1
g = 4rd — 16z = dxef{x® — 4)
= Jdrlr— 2> 4+ 2)
r= [, 2. —2 are critical mumbers.
lr = U on (1), oo); 4o < (} on {—o0, ()

o — 2} > 0 on {2, o), [r—2) < on {—oc, 2)
{x 4+ 2) > 0 oo (—2 2a), (¢ + 2} < 0 aon
{ =~y —2)

A 2%er 4+ 2} >0 on [—2. 000U (2, ), so
the function is increasing on (—2, 01 and on
{2, &),

Hr—2Mr4+2) < 0on(—ac, =2)U(0, 2}, 50 vy
15 decrensing on (—oc. =2 and on {0, 2).

y" 12y 16

At r =0, " < 0. Hence g(0) is a local maxi-
paathaeh @b ¥ L1

T = M4 214 16 = @ al. x4 = 42 Henee
al £2) are local mininas at > 2,
- i
| |
= |
i = I
i = |
|I i _I
| 3 J
IIII _. |II
|""|_'|_'Il___|_|_T"I_I"i'|'-'§ "'FT_.IL_I_I___I' IJ!_I_l'_|
—_ - _.f’f E | “, T i
o -] L
]
ki
0505712489 O28lamld) jals Haga:a Page
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y=r' -3 -9 +1
Y =3r=-6r=-0=Yz
The unction 5 Increasing when r <

INCIeasing

e+ 1)
1, ddi=

creasing when =1 € ¢ < 3, am
when ¢ > 3.

3;" G = I

i 12 < () ot r
i5 & local maximum at r = -1

y' =123 0at r=3. Hence the function is a

. Henee the function

Wocal minimum at F =3

o |
L I|I
_II-: I. .II
aj # | i i
Ll [ j |- 1 i_'l..l 1 [ 1 Illllr
.I.l 1 L I|
'll Ef .'.."'- |I
! £
f 2 H~H /
571
|
0505712489 (zdlawll jale jaga:a Page
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B. 4 =[x+ 1]%7
;'.I'I I:--:.: I I_:I'I"I:: R

Jur—+1
" e

i 18 oot defined for r = =]
sy = om | 1. 2z], i 15 inereasing
oy — |

i . i
—ree < ) om (=20, — 1), y 8 decreasing
sy ; ; I|I ]
The graph has minimum at ¥ = =1,

_.-'"'
—
=, . _: e
. 3 ,.p-"--
s —y
" 1
. =
O o
' 1 T ™ I | T 1 |
il — - -
el
- i )
6. v (xr 1)
’ 1 2’3
v = s(x — 1)

The function is increasing for all r. The slope
approaches vertical as r approaches 1.
The graph has no extrema.

L)

-
)
'
"
A\
i
'y /
L T e & L L]
“
T
1
"
»
Y

0505712489 (Oaélawml) yjales Haga:a Page
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Te ¥ =5INT+CO8T
lI -
o= {osr — sy =\l

O = SIEL
| ey

= 'r-"l a4, O /d, et cosr - sine >0 on

[—3n /4. = 4 LU (B4, 9 /) L),

CoRET — Rinar < b on {x/4.5%/4)

(O /4, 13m f4) ...

S0 iy = &inr +cosx is decreasing on
{mid4, 57 /4), (9nr /4,137 /4),

ete., and is inereasing on

(3% /4, x/4) . (54,97 /4), ete.

y" = —sinx —coaz

gl = — et [} gt = ®fd; =014, etc.
--J

Henee the function s local  maximom

r=xfd, v =09r/4, rte.

g = /2 % 0at =07/l r= 13 /4 et

Henee  the fuinction is local minimam
r=ohx/4, r = 13x/4 etc.

0505712489 (28lawl) jals Haga:
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sin”

8. y

y' = 2s8inrcosr.

The function is increasing for 0 < r <

=, and

decreasing for 5 < x < r, and this pattern re-

peats with period
y" = 2008 2r

f '
f/’ = -2<0atx=n

Hence the function 18 local maximum at

3x/2. ete.

y' =v2>0at r=

:'ll.u). d"

U

l") ’

l‘,'h.l

= 3x /2. etc.

D.r=rx,elc

Heucee the function is a local minimum z = (),
1 7. CLC.
- ) - P
/ " y [ | \
! \ 0' ‘l 0' 1
| " . .| \ | ‘U
| oA \ |
| ) ' | I
| ' | I
| ' ‘ | ' |
| \o \ ' l
|(,'\ ! ]
l * ' l
I ! |
: T i | |
ba ‘ | |
1y ! |
| ! | ' ‘
I' ‘ 'l |' |
e |
l' "4 " |I |
0' ‘l ,. J 5‘ [
|l .. iy 'i
O'Vvovovvd,co-ocooo'.'ooooo.
- D P “
0505712489 O28lamld) jals Haga:a Page
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0, = T | |
iy = &% .3y = BT
I Ia
2oe™ 1 = 0 om (), 20), ¢ i increading
2re®™ =1 = 0 on {—o0,0), ¥ iz decreasing

=271 [+ 1]
" = 0.736 = 0 at 2 = 0. Henee the unction

is oa local minbmum at o = (.

Vit il

10. y = In(x* - 1)

The function i1s defined for |r] > 1. The func-

tion 1s decreasing for r < —1 and mcreasing

otz > 1.
The graph has no extrema.

I|..a .‘
|
-3 |
0505712489 (Oaélawml) yjales Haga:a Page
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dima AN Adaal) 5 guadlll asil) alay)
A AR SLEA aladliuly
20 — 11 (» 267 u<

u.,.ﬁ..H JH.I’.'I'I s {L’.u] » 1120 g Llj
i nJ.ﬂf B il I“,J!'N iyl jlas f”‘“*&

e i g ) s pebic 2 g
ol
oy=1+dy-2 12, y=r =51 +]
13, = (i 4 y= i
16, y=tan~'(v' b, = ram"(l - l)
17, y= — : 1§ u:L
|+ BENE S
19, y= ' P43 0, y=x"" 44
0505712489 Oz2dlawl) jals jagasa Page
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11.

12.

13,

=1+ 4" =3

i =det 4 1204 = ¥ (2 + 3)

Critival mimbers ave ¢ =10, x = -3

St e+ 3 = 0on (=8, 00 LD, el

d*le +3) < 0 on (-oc, —3)

Henee 7 = =4 15 a local mintmum and 2 =0
18 1ot d1 extremmm,

y=a° = 5ot + ]

it = 5t — 10 = Bala® - ).
At ¢ = 0 the slope chanpes from positive
to nesative indicating 4 local maximam. At
r= 2 the Jope changes from negative to

positive indicating a local minimum,

= I 1
=10 L g =0
=g _ Qg
o (1=

(1 = 21) > 0on (=0, 1/2)
e {1 = 22) < Don {1/2.5]

' ) - ' i
80y = r¢ =" has a local maximum at r= 172,

0505712489 (adlawd) yale yaga:a Page
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r iy
4. y=zr"¢""
=™ =17 = 2e7F(2 - 1)
At x = 1) the slope changes from negative to
positive indicating a local minimum. At r =2
the slope changes from positive Lo negalive in-
iicating & local mwaximum,
15, i = tan~'{r*)
b
¥y = -
| + #*
Critical munber is 2 = 1),
oI _
— e l or 1 > ()
| 4 14
2 . : ;
— < {l for r < (), Henee x = 08 o loeal
| 4 2%
EERLTRATTRVRTND.
16, j=sin"' (1- )
.-:I. l
, 2
-
r i | 5
1=l =)
The dertvative is never () and i defined where
the function s defined. so there are no critical
ot
0505712489 ¢zélawd) jals Haza: Page
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I . . '
17, y T"-T Note that the function s not de
+ I°

tined for x = -1,
W42~ xldr*)

f

i

(1+ )
| 4 2° - 317
(] +1%)°
| = 2

(14 2%)¢
Critical number is 2 = V1/2

]

y > 00n (=0, =1)U(=1,=y1/2)
y <0on | V 1/2,%)

Hence 7 = (/1/2 i a local max.

18, y= —
P Y —
| 4 2
- (1429 -4 1-32"
U ) y !
(141 (1+7')°
At 1 \‘T—i the slope clianges from negae

tive 1o lx_».xiti\'v mdicating a local minimum, At
r = /1/3 the slope changes from positive to
negative incicating a local maximum,

0505712489 (adlawd) yale yaga:a Page
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2

19. ¥ vl + 3ré (x® + 32%)/3

l_)ulu.iliu is all r > 3.

o = ;-)-ir“ +32°) *(3r" + 6x)

3r° 4+ 6x

2V 2?4+ 3r”
Srlxr + 2)
e
2Vt 4+ 3x-

r = 0.2 -3 are critical numbers

¥ undefined at x = 0, -3

y >0o0n (=3,-2)U (D, o)

¥ < 0Don (—2,0)

So y = vVz° + 3z° has local max at z = -2,
local min at x = 0, —3.

20, y =23 + 4!/
4959 4 4 1+l

f
.':’ : ry .J '

1 Q35 423 '

Al r = =1 the slope changes from negative Lo
positive indicating a local minimum, At r =0
the slope is vertical and is positive on positive
side and negative on negative side, so this is
neither a minimuim nor a maximum,

fo—— = —

0505712489 (adlawd) yale yaga:a Page
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W alagl g cilkaady) Al 2 ggda o iy
276 o=

Rl b s el
i il )l
s bl sy M J i

L =r=dreb-1 2 fof=r'-br 424}
) [zt L f=r431-0"
b (=dr-or 6 )=t
AT P
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(e : 1
3.5 Concavity and the Second
Derivative Test

1. filx] = 3=* — Gz + 4
fYa)y=tr—6=18{zx—1)
) = Don (1,3}
fYz) =< Don {—20,1)
mo s concave down on { =20, 1) and concave
up om (L, oc).
r =1 ig a point of inflection,

Z. Fllr) =42 — 122 + 2 and F"{2) = 127 — 12,
The graph is concave up where f"(r) is pos-
itive, and concave down where f"{z) is nega-
tive. Concave ap for o < —1 and & > 1, and
concave down for —1 < ¢ < 1.
r = =1, 1 are points of mection.

3. flx)l =2 ++ e
filx) =1—32
Fx) = g
Fx) = 0 on (0. oo)
Fa) < 0 on { =oa, 0)
g s concave up on {0, oo) knd concave dow
on {—oa, 0).
r=0is n point of indlection.

d. g =1 = {1 =) and y" = u_-:il:l R T
Coneave up for ¥ > 1 and concave down for
s il
r =1 Is a point of inflection,

0505712489 (zélawd) jale jaga: Page
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G. fF{x) = oodir 4 sSinm
Fi{a) = LT i S T
_ll_ff.:i']'::l;l'"lﬁ---{z_..%_:ll—l |:-I—Irl¢:l_
FNa) > 0 oo - - {i-l-_-_ Z)u I_r;-lf-_ :_E'l- i
F s concave down oy |::|_ -—I'_r_:ll '{1_|' IJE_:.:I e
COTCAYE T (H1 ---'i."i_'-%'r' ["—I'_ %} -
r = k7 + & are the points of infection for any
interser k.
2 r — bBp®
23 2 I
B. Flig)l = —m— — and (] =
£l 1 4 x4 f (1 4 132
" : of 1 if 1
Cloncave up for — 4 f g S ||'|l 3 arnd concave
s B 1
; L T | | | P .
clevwin foir llII 5 ond.x -|IIII =
IIIT IIIFI- -
=gl Af goare the pomts of infection.
. = . : -
= i 5 -_ L
() = =x/¥  —p~d
I :{1 -+ s
= — R -:_. ¥ =
Fiax) T 1 i+ o
1 2
o Ty
o= 1
: U :
The quantity o373 15 never negative, so the
Ox=
sign of the second derivative is the same as the
. 2 .
sigmm of 1 — —=. Henee the function is concave
g
up for r > 2 and x < 0, and is concave down

for 0 < x < 2.
r = 02 are the points of inflection.

0505712489 (adlawd) yale yaga:a Page
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e A1 Jiad Mg Aol ) alil) il 58 saas
46 945 Jlsw 276 oa Ay IV Cptiidial) aladiualy
adlogly daul el G.o',’..';l' a8 464 45 Sy o) \_,3
231909 yaazll o) 2By LAl gead)) n.all 2 3)gay
et llaany bilas

4 45
‘ 201 /

\ :
104 ‘

45, flz) 18 concave up on (-a¢, ~0.5)

0.5, 20): f(x) is concave down on (=0.5, 0.5).

and

[{2) 18 decreasing on the intervals (=0, 1) and
(0, 1) ; increasing on the intervals (=1, 0) and
(1,00), flx) has local maxima at 0 and min-
ima at -1 and 1. Inflection points of f{z) are
~0.5 and 0.5,
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1,

(

!
Iervals

oWt O (=50, 1), [{2) 18 Increasing on the
etvals (=20, 0) and (2, %0); decreasing on
0, 2}, Inflection poin of f(z)is |

. e
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28 — 1 (» 286 =

3.6 Overview of Curve
Sketching

1. flz) =z — 3z* + 3x
= pig* — 3+ 4+ 3)
The only r-intercept is r = 0; the yintercept
is (0, 0],
filz}) =3z —6x + 3
=— .'H..'"" —2r41) =3txr — I_J:
iz} = 0 for all r, so flr) is Increasing for all
r anvd has no local extroma.
ffAry=6xr —6 =06z —1)

There s an inflection point at & = 1: flx) is
concave down on {—o>0, 11 and concave up on
(l,9¢).

Finally, f(xr) =+ oc as ¢ — o and f{z) = —x
As I —» . o

rooo4
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=

2. flx) = 2% = Jar= 4 2

= x(x* — 3r +2)
The r-intercepts are T = 2 r—=1and r = 0:
the y-intercept is (0, O).
J|""{.."'| — G Ba < 2

= 2 2z? — 3> + 1)
The critical numbers are r = 1366, [.3066
ancd 1.
Fiiz} > 0 on (—1.366, 0.366) and (1, o), so
Fla) is inereasing on these intervals, f'le) < 0
O | — o0, | 360G ) andd ((LAGH, 1}, so Flr) is de-
creazing on these intervals. Thus fix) has local
minima at & = 1.3686G and r = 1 and a local
maximum at x = [}.366,

Fi{r) = 122% — 6= 6(2x* — 1)

The critical numbers here are © = +1/472.
f'{x) =0 on [(—oc, —1/+2) and Il_l,-"-.,f"l 0} s0
Fla) is concave up on these intervals. () <
0on (—1/v2. 1/v2) so flx) is concave down
on this interval, Thuas fir) has inflection

points at r = £1//2.
Finally, flx) = oo a5 5 — 200
i L i
|
I|I - (
| Vo — |II
— II
II| i : I|I
II| B I.-'I
II /I,rll
||i||"'L,|'-='-i'ir"-'J-=';“i_iT1Tl"="'lli||
s oy o ___,.-" 4 1 a F
. e
T e
=1
0505712489 (zilawl) jals jagaz Page

29 | 124




3 Filzy=ao"—22" + 1

The r-intercepts are = 1 and x» = —1.512%9;
the y-intercept is (0, 1).

Fi{x) = 5zt — Ga* = =7 (bx” — 6)

The critical maumbers are # = 0 and & =

+./6/5. Plugging values from each of the
intervals into F(e), we find that Ff{x} => 0
on [—as, —+A808) and (65, o0) so flz) is
increasing on these intervals. f'(x) < 0 on
[ — -.,r.-"ll:'-_.-"-"r.ﬂ'l and {0, -.w"l._’-:-.'r'?_'r a0 flr) is decreas
ing on these intervals, Thus f{r) has a local

maximum &t —+/ 6,5 and a local minimum at
2 G5,

) =20 — 122 = dx(bx? ='3)

The critical numbers are = 0 and r» =
£ 3780 Plugging values from each of the in-
tervals into f(r), we fAnd that () = 0
on {— -.,r,-";‘.'__Tr,‘l]] amd {4 3/5,00) so flr) is con-
cave up i::-_ll_"l_].ll..'!"il:.‘ imtervals,  f™i{r) < 0 on
(o ---.u-",'i.l.-'-.']:l and (O, .,._r"i._T"__:-] =0 flor) 15 con-
cave down on these intervals. Thos fi{r] has
inflection points at all three of these critical
numbers,

Finally, f{x) — oc as & — oo and flz) — —o0
a8 T —» —0C.

T i
L. III|
:-.l:l—: II
[
1
] i
B 25 J
o —\____\_ 7] r
—— A
I T L | T T T T T T |- T T T 1
—a ! -1 1 z
III = ]
| —m
]
i [
| ¥
I|I —":h.l'.l—_
| -
| ]
II -
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[ c: 1
4. Flo)=x%+45° — 1
The r—intercepta are o = —4.01511 and = =
0.6012; the y-intercept is {0, —1}.
fi{x) =4z + 122 = d42* (x + 3)
The critical mumbers are r = 00 and r = —3.
Plugging values from each of the intervals into
F{z}, we find that f'(xr) > 0 on (—3, 0} and
(0, o) so flx) is increasing on these intervals.
fiix) < 0 on {—oo, —3) so f{r) is decreasing
on these intervals, Thus fla) has a local min-
i at —3.
FAa) = 1255+ 240 = 127 (0 4+2)
The eritical tmmbers are 0 and 4 2.
Plugeing values from each of the intervals into
{z}, we find that f“{x) > 0 on {—mc, —2)
and {00, =) so fie] is concave up on { —o0, —2)
and (0, oc). f(x) = 0 on (—2, 0) =0 f{z) is
concave down on (—2, ). The graph has in-
Hection points at —2 and 0.
Finally, flxr) = oc as r — oo and flx) — o0
a5 I o= =, i 0
L I
& & e a4 J'fl & @ o E
i i i 1 i 1 [} 1 Iu-__- | 1 1 i 1 i | i 1
| ot
| II."' =
| g ey
I / H
||I g W5
S
I|I I."I =
I"'-.f"lll I
g
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_ 4 x*+4
5 fla) =g+ —=—"1"
£

I
This function has no z- or g-intercepts. The

domain is {x|r £ 0},

flx) has a vertical asymptote at r = 0 such
that f{z) =+ —20asx =0 and [f{5) — 2 a8

r—+ 0T,

;oat—4
flo)=1-da~ = =

¥

e
The critical mumbers are & = +2. We fnd
that f{x) > 0 on (—aa, —2) and (2.00) =0

Fla) is increasing on these intervals. f(x) < O
on {(—2,0) and {0, 2), so flx) is decreasing on
Lhese mmtervals, Thus fixr] hazs a local maxi-
(AL TR T e 2 oand a local minimoem at w = 2.
l||.'-'-'|: r.] bl |

Fa) = Don { —oc, 0 so i) is concave down
on this inferval and () = 0 on (0, x<) so
Ffla) is concave up on this interval, but f{x)
has an asymptote (not an infection point) at
o=k

Finally, flx} -+ —oc as T —% —oc and f{xr} —
e B - e

= —
qi5— |
1= I e
a—] | s
h o
g v

I_T-.T_l_l_ "'l_l"_l__q___"T_|_|"_'|"'_|'_|"_'_"|

=1 -0 —n _— —_ ¥ = -1 B n 10
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g* ] ]

=

G Jlxl =
I r

There are s-intereepls at

EL, but no -
intercepts. The domain is {r|r £ 0}
flx) has a vertical asymptote af .
that firl -+ casx — 07 and flx) — —0oC as
=%t

filr) = 1+ r~% = 0, So there is no critical
numoers, flr) 5 increasing lunction,

f'x) = =227

iz} = 0on {(—o0,0) 50 fix) is concave up on
this interval and f™(z) < 0 on {0, 0c) 50 fiz)
is concave down on this interval, but fir) has
an vertical asymptote {not an inflection point |
at =1

Finally, f(r) — —-o0 as r — —o2¢ and
Fla) =+ 00 B8 T —b 0,

= () such
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ot o+ o

T Flm) = ——— lhias no r-interscept and no g
e
interscept,. The domain of f includes all real
pummbers ¢ . fla) has & vertical asvInptots
at & =1 _ .
: 2 {ax?) — (&2 + 4) (32)
Friia) = : —=
(=)
— [(x* + 12)
_T'I
Since M {x) =0 has no real roots, the graph
lias o extrema. Ff(r) < 0 on (—oc. ) and
(0, 2 ) s M) is decreasing on these intor—
-4 & " | = L%
: a7 (2o et 4= 12y (4
il Jl'" (i) = — I:- 4 :I '
4 gl
2 |_a'-" ~+ :__L'l:
. = ]
F' i) = 0 on | »o, ) s i) is concave down
on this interval and M (x) = 0 on {(0,o0c) so
_lf'[.r:l 1S COnNCAaVo 1M[r On this interval, bt Ji®]
has an asyvmptote (ol an inflection point) at
a = Lk
Finally, fiz) - Dasxr —+ —ooc and Flo) — 0 as
- Ll -[1II;I:'J'L'.'I_JI'|;'| Tll:lI' Hl'i’Llll:l IE:!.“-\. Il.l.ill'i:.-'.LI'l.ITl'I]
asymptot g = (.
1 CD—— |
|
- |\
aa— |I
= L]
o
WT#|||||||||| |||-|
= — — "'-,. . | ] = = |
Tt
Jl-ul-
—|:.-r_':
I —
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T r — <
8. fx) = T=
Thes graph has c-intorcoeprs at o — A, Tbhat oo
g-intercepts. The domain of F inclndes all real
nuymbeaers e 22 . a2 has a vertical asympbobe
at & = 0

a* — [ — 4) (3x%)
{x3)”

—2Zr + 12

e
The critical muombers is o0 = 6. We Hnd thadt
Fiir)l > 0 on (—oo. ) and (0,6) so fl=x) is
increasing on these intervals,. ffie) =< 0 on
(15, »a), =0 fir) is decrepsing on these intervals.
Theretore, the graph has a local maximum at
X = B

,I"” : .|".:'

S ) =

(%) (—2) — (—2% + 12) (4x3)

(x1y®

G — 4=

~ Hoadl :
Fx) = 0 on {—rg,0) and (8,o¢) s flr) is
concave up on this interval and Ff{xr) < 0 on
(0, 8] sa filx) is concave down on this interval,

but fix) has an inflection point at & = K.
Finally, f{x) — 0 as r — —oc and flax) — 0 as
x — oo, Therefore, the gsraph has horizontal
asyvinptote o — (o
o
III-?'_'
I —_ ‘l
B [
A %
_-'_--- 2 = —
I_|_|_I'_|-|_-||||-|l_'l'l—"|||l|r| e
- —=:0 —= K | a5 =0 |
— |
—
—1a]
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O.

=¥

alall)
J ) = —/———
a= 1 ) )
The graph has r-intercept and g-intercept at
(0, 1), The domain of F includes all real ooomn-

bhers w = =1, Fiax) has vertical asymptotes at
= ==1:
e 1} — {2ac) {2x)
.lr'--' I-.E:' = s ':. ~ -
(< — 1)"

2 (2 + 1)

(22 —13)°
Since " {(x) = 0 has no real roots, the graph
lias s et rerrean. ey = 0 on [—o, —1),

(—1, OF, (0. 1) and {1, o= ) =0 Ffla) is decreasing
aon these intervals,

po |2 ({x* — 1) jx* — 1 — 2% — 2]
£ ) = —2 — '
8 1)
i |.r2 4 -'T!
xR —1)"

__I'""'{.r':l = ) on [ 1.1 and (1,=x) sa f{x] is
concave up on this interval and F{x) =< 0 on

[—oo, —1) and (0, 1} so flr) is concave down on
this interval, but flx} bhas an infHection poini
ab o ==1{}

Finally, fiz) =+ 0asz —+ —ocand flz) —+ 0 as
r —+ o0, Therefore, the graph has horizontal

asyimptote g = (.
18

=
l.f

.h-\---_—
1 T T T 1 0 1 _'I
=i - -0 ) i = i o - ] ic
—_ .L"':l:l_:\.- L
1
|-l|
el
b =
—fa—
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(e : 1
) Ja
10h. K I..I'_:I = ﬁ
T e f_.';l:'“:l.]:ll'] has= ..l'—§|:311.-:":|'l:'-|'=|:hr. arncl _-l_.-—'t1:1 ol ad
(h, ). The domain of f includes all real mam-
I:I‘l.'!':-_\-. = o
.j'” () f.r- 4 I_-:l Ll )y - -|'."Lr'—"j { Z2a)
Ly — -
(22 + £}
Gior
Lass - ]-:Ii
Filx) = ) on [ —oa. ll'l s e ) s doecreasing orn
these intervals and Fliz) => 0 on (0. 0a) s fle)
15 IINCTORSIILE, Ol |l|.f'_'-‘-ﬂ'l" inbersal,
Pl (2 + 1) [6 (=2 + 1) — 24x7]
Fr L) = = T
t== + 1]
- 182
(a2 4 15"
The critical numbers are & = =& v ll We find
that F"{x) = 0 on { 1..,-'_-: "'r_;l s flx) is
concave up on this interval and we find that
_f""'-:.r'_l == 4} O [i 5 e -,IIII.'-I%-:I ancl I:;.l'.ll-"-ll_-_-“'-c.'::l SO0
Flax) is concave down on this interval, but the
graph has inflection points at r = 4+ IIL-_.
Finally, flxz) & 3asrx — —oc and fla) — 3 as
v~ oxa.  Pherefore, the graph has horizontal
asymptote at gy = 3.
=
_____H “'T_ e
\; Il,—"f
'|I'. [
i
.I|I. I|
I=||
||||||||l—_"l.|||||||
=10 - _I: =1 L]
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11. fla)={x + 5inx)

The graph has e-infercepts and g-intereepts af
(0, 0}, The domain of f includes all real num-
s,

izl = 14 cosx > 0 therefore the graph has
ne extrema and flz) is a increasing function.
f"{z) = —sinT

j""l[.r'] < Don (2nm,(2n+ 1) 7] s0 flr) is con-
cave down on this interval and we [ind that
Fe) = 0 on ((25n4 lim.2{n+11m 80 fir)
is concave up on this interval, but the graph
I:Jl'lh i]lﬂl'i't-]i_lil. ]_Hli:ll.l.-h alb ¥ = .

Finally, flz) &+ —oc as & = —oc-and f{r} —
a0 as ok — o0, Therefore, the graph has no
horizontal asyvimptote,

I—. .-__.-

'|: .___..-'"F-.
e T L

= A

T — T _.F._.l'_.l_l.-_._.-l_r-_.l..-.l_:. ..... 1
-1 - - -t -1 .l"ll.h 1 L e | o B

0505712489
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12. f[xr) =8k — cnsx

’ - : : -
Iz} =cosr+sinz is zero for r = nw — 3.

" {z) = —sinr + cosx

When n iz even, f"{r) > 0 and so0 f iz mini-
mum at x = nw — I,

When n is odd, fP(z) < 0 and so f is maxi-
mum at @& = nw — I,

f{x} = 0 for T = nw + £. So inflection points

T
]

A Tew A -1

f{r} = 0 on {5+ .'I*.'T.'-f—q"’ | r.'ﬁ:l gy flur) is8
concave down on this interval and we fod ehat
'z} = 0 on (2 +nm. 25 + nw) so fix) is

concave up on this interval,
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13. f(x) = xlna

The domain is {rlr > 0}, There is an x-
intercept at x = 1 and no p=intercept.
flz)=Inx 4 1

The only critical number is r = ¢™'. ) <0
on (0.¢ *) and f'(z) > 0 on (e~ !.2¢) so
flx) is decreasing on (0.e”') and increasing

I ac). Thus f(x) has a local minimum
|

on (e
al r = ¢
["(x) = 1/x, which is positive for all 2 in the
domain of [, so f(x) is always concave up.
fl(x) — o0 as ¥ — 00,
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14, f(z)=zInz*

The domain is {x|r # 0}, There are z-
intercepts at & = 41 but no y-intercept.

f(z) =Inz* +2

The critical numbers are r = +¢ ' f"(x) =

20z, 50 1 = —e”" 15 & local maximum and

J’—('“l

15 & local mmmum, f(r) 1s mereasing
on (~00, ~¢™') and (e7!, x); flx) is decreas
ing on (=e~1.0) and (0,¢71). f(r) is concave
down on (=oc,0) and concave up on (0, x).

fle) =+ =0 as 2 - o and f(x) = o0 as

Z =7 .

o o
E HJ
.ﬂ_'.-:' _,.-'"'-
=4
U] | ] ) L lill =8 | L ] ] |
-3 —..1;._,.-* s f-_ ¥ 1 3
/ 4]
/ .
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15. fiz)=vxs+41]
The p=intercept is (0.1).  There are no z-
Hiteroepts,

! / N 2, » .yt
f’l I) slr® + | l ' -17-7 I'he unl.\'
- N - |

critical number is r = 0. f'{x) < 0 when x < ()
and f'(x) > 0 when = > 0 so f(r) is increas-
ing on (0, o¢) and decreasing on (~o¢,0). Thus

Jix) has a local minimum at r = 0,

» ] )

fed 41 = xs(x*+1)" "2
f"(z) = = :
r< 4 |
|

(22 +1)%/2
Since [“(z) > 0 for all z, we see that f(z) is
concave up for all x.
J{x) = 00 a8 2 = 00,

: [
\-
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16. fir) =2z —1
The domain is {x|z = 1/2}. There is an x-
Intercept at r = 1/4,
fi{z] = %l’ﬁ!.r — 1)~1d2 = TTI-T
Fle] is undetined at ¢ = 1/2, but this ks an
ciadpoint of flre) and there are po other criti-
cal points. Since f{x) 15 positive for all » in
the domain of f, we see that o) is increasing
for all r in the domain,
fiz) = —g(2z — 1)"342 = —

— [2p—1)hr2

F'(x) < 0 for all & in the domain of £, g0 F i
concave down for all 2 for which it s defined,
Flx) =+ 0008 T~ 20

] -
: -
o
o .___.-"'
i Wy
1. % '..-.
1=
& j
[ 0L ] 1.4 2 1.9 3
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17. f{x) = Vx3 — 3x2 4+ 2x

17 fle) = {x = Jx° 42t
: Frd — fr + 2
I

Had — Jx? + 22

There are critical munbers ot - . (]

and 2. :
e -Gr* + 12— 8
Ilx) a2 CTSETE

32 + )5
with eritical nmmbers = 0, 1 and 2. f"(r)
changes sign at these values, so these are in-
Hection PO IEES. The Sevcond Derivative test

iy
3+ w3 !
T 15 @ IMInimumm,  andd

shows that T

4 v i
s A maximum,

T =

flry = —o0 ag & — —oo and flr) — o0 ns

" — -!l:‘:
|
i
{
]
rrrrorrrrrrr T T T T T3
= - =1 4
. /
{
|
'I--I
=
_aJI
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18. filx) = V/'x? —3x= + 2x

18, flr) = (z* — 3 + 20)1/2
Fled is defined for 0 < >+ < | and = > 2
flr) — 50 pg m— o,

3 — Gir + 2

! _,l" — 2
B 2(x? — 3x* + 2}l
L 5= - &
There are critical numbers at ¢ = —il"f L,
1 and 2. . - ’
= Fr® 1252 2 1
FlEl= r—— —
i g e ]
with coritical sambers 2 = 0, | amd 2 and
T fz o~ AGTH and 246749, Fir) 5 undefined at
r = 046749, so we do ot consider this point.
F"{x) changes sign at ¢ = 24679, 50 this is an
imBection point. The Second Derivative test
o
1 |5 1|.'--:|' . .
I-I:il.:l'l'.':- Liat & L B 8 LILELXERLIINLNG.
At =10, 1, 2. flr) 1= mininimn
o
P
~
o : : 3 H H H
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19. ,fh} = .‘I':"r‘ _ FI'.T"I"IT

19. fix) = ™3 _ 6’

The donain of Ff inclodde=s all real mmnnlsers,
LF 5 frl 1
Fia) = .I.rﬁ - _.—q..-'__

.::;-'—' -:;*..--'?j
-2 (7<)

Coritical nummbbser is ©w — 2
FUxel = 0 on (—az.0) and {2 o). So o) is
increasingeg on hese intervads,
FiUx) = 0 on (O, 2% and 26 flioc) is decreasinge
on this interval
Therefore i) i= maximmum at o — 0 e rsin-
ircekerIne ak o = 2

T = i

o3 R
-f_'l'l l:.:":l = E EI——. -4 %_r——.}
Tii P | ; &
— 7 |:.|' o | : :I
10 e J\.}|
0y ST

The critica] nomber is at & = 0O, —1. §F"{x)
changes =sign at these yvalues, so these are in-

fAection point=2,. flx) — —o0 as o — —oo and
Flix) — oo Aas 0 —+ 0.

FEMEE)

gl

= 1T - ® T T T — 1 T J
—=0O . — —a — — = 4 4 o = E=
—
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i - 3
2{]_ .f Il : P . - -
fix) =2 100
20. f(x)=x" . po=plx" 2, |
1 s f — II_:H_F. il ¥ 5 tE_"_I

The y-intercept [also an c-intercept) is (0,0)
AT o Tt 3 o 1k SR
i there are also r-intercepts at r = £+/3,20

4
i -oh Cy
iz =3r* — —
f I
The critical numbers are © = +1/210).
fr) = 6e, 8o = -1/ is a local maximum
ard v = 1 /20 15 a local minimum. fir) is in-

creasing on | —oo, =10 aed (1720, o) sl
decremsing on (=120, 1/20). It is coneswe up
on (1, s0) and concave down oo {20, 0), with
an inflection point &1 a2 = (0.

Jir)y = —o0 a8 ¢ = —o0 and Fix) — oo a8
[ —F 0

I.I.E.i: -.___JI.I.I I..I
13 -ops o n:a4 0.5
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21. i) — T =/=

il

o — 3
= s ¥ —_ —_—
=l 1

. =
F{x) = 0 on o =, C0 L (0, =)
Sy =1k om (—oz k) L {4k, 1)
F ey = dAF an [1. o)

Ff increasing on { —oc, 0] amnd o (O, oo}, oo

cave e oey [—oso W LY (0 R . esncanne

(1, >}, imAection point at - = 1. F

Brns=t at = = (L.

L

T e

is

by = =T = iry ——— — [ ;e
o — -t e e X
Bm « %% — .oc
I N
=i lLim= = e b el PV ITE R Al Y
a g a 5 a
lim e = F = iy e =% =1
T — e —
=0 f has o horizsontal ssyvinpiobe ab o =
Calolal srapbh of Flaxi:
.- S
— - ——— ————
o
Tlocal graph of f(x):
.-/A-—
. /_/-
--‘/.
S ~ar- Folai o el e~ T Talir
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2. Flz) = e

22 Flx) == 2'/2

The fanction has a vertical asvmptote at @ =10
stch that flx) — oo as o approaches O from
the right or left, There is 6 horizontal asymp-
tote ol =1 as r —+ Lo,

.il-rl_l.'l - - L/

T
FUx) =0 for < 0, so flr} is increasing on

(=oc, () and £{x) 0 for r = 0, sa flr] is
decreasing on | -oo, ).

Jelld™ [ gpd + ¥

iir
Pl = .
- :
15 positive for all o 30, s0 f{x) s concave ap

for all & £ ().

1:_
|II'rIIII
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Lo ,i5) deged! o)) pae> 30> .23-36 Saoled! 3

Lolo M pa sty (a1 050 T5)

|

4 — s — Y7 4+ ]
Fr? G — 4

(&% — 3% — 9r + 1)

The eritical numbers are 2 = —1. 3.
i [ et I — Ta? + 120 4 )
)= = S

; - 0
[z = Brd = Q<+ 1}
The Second IDerivative test shows that the

graph has a local monimom at r = —1 anad
a local maximum at 7 = 3. The graph has
a vortiesl asymptote al o L., Sim-

ilarlyv, the graph has wvertical asvmptotes at
r = 01074 and 4.827].

flry =+ 0asz = —ocand flz) = Dasx — co.
Theretore, the graph has horizcntal asyvmptote

R
55
h i

""l'l-m'_r.:ﬂll' =TT
—_— —- - =7 = - = ;| = L] n

B

—:-.rr-l

i

—m:ri
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24. fir) =

i
e+ 3x¢ +4x + 1
£ () = T + Gr -+ 4 1
(27 4+ 3x2 =42 + 1)

Since f'{x) = 0 has no real roots, the graph
has no extrema,
£ (2) = 12x* + 48" 4+ TRx* + Gbx + 26

s (3 4+ 322 + 42 + 1)
The Critical number = r = 0316722,
(e} > 0 on (=0.3176722. oc) so the graph
is concave up on this interval. f“(x) < 0
on [—oc, =0.3176722) so the graph is concave
down on this interval, the graph has a vertical
asvinplote at r = —031767/22. f(r) —+ D as
r =+ —oC and fir) — 0 as r — 0.
Theretore, the graph has horizontal asviptote

y = 0.
] -
s
i
1_
1
%
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[ u: |
i l!' -I = |
29. flr) = (a 3r* 4+ 2r)=
Fix) 2 A3x* — Gr 4. 2)
B} :
At —3rd 200
e M 3 e '-..-"i:-i‘
Lliere are critical numbers at @ = — i ik,
LS
I andd 2, ; \ .
II“ll-'l l":l Lo E-h'i"- — 'I-I-F'Il- = !.'!'-["l T — -:l'L|r — ?{'
i ! |:||: .I':': :i.-‘"l L 'é.."_:l L&
with ecritical numbers > = 0, I and 2 amd
o= —0U18R3 and 22,1883, i) changes sign
al these last two values, so these are inflection
points, 'l'hi Scecomd Derivative test shows Llhat
e e T _ HY-
o= — are bhoth maxima. Local minima
oecur at =0, 1 and 2.
flx) — 00 a8 T — O,
-:: I|'III
. i
.l: Ill-
I|. : -I
A, i /
L il
-I:I ] L] I-Il l:.l L] L] :I L] L] s ] L] L] JI ] L] ] II.
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26. fiax)=a% — 100% — Tt - 807 + 1252 — 102
Flae) — oo as a — 0
Filx) = 6™ — et — 2827 ++ 24007 4 24r — 192
Crritical nombers ot approximately @ ==
—1.9339, —1.012%9, 1. 1.9%%44, and 8,315
F{x) = 30t — 200 — 842* + 480> 4 24
Critical pnumbers at approximately e =
—1.5534, —0.049%5, 1.543. and 6.7267, ancd
changes sign &t each of these values, so thess
are infection points. The Second Derivative
Tiest shows that o 193, 1, and 5.35158

P01 2% ane 10600

arc loeal maxima. The oxtremas ooar o= ()

ook lilks this:

are Iocal mimima, aned @

Y 4
1 i
i
i
1
\ 4
i o I
-_. _.-"" e
o 1
e
- -1 at, ' =
1
- -\-"-\. = - —_—
—~
~1e0e ——— h*
' i
| )

The inflection points, and the global boehavior
of the uncticon can be seen on the Bollowing

mraprhn o
II:'I:U':lﬂE - 2
_':--" == . g = - = 1 4:_;-
- | “'-m.q___ I
—ll:_:l__ﬁ_.:-é _-- II
= maeram. ", |
—-I-:-ﬂ-:i-:-_ l".. III
—:F.-:-r:q_'v-r__s. -"-__H__ .".
U... e < JeE= age
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2T. flx) =

< 4 1

3rd |
Note that r E+/1/3 are not in the domain

of the funetion, but vield vertical asvimptotes,
2e(3x? — 1) — (x? + 1)(6xr)

JhC (3xr2 — 1)2
[ Ga? 23 ) {Gxr" -+ Gx)
{ 3= 13=
— =g
T (Ax? — 1)2
S0 the only eritical point is & = (.

F i) =D for =0
f i) <= 0 for a > 0

23 F i= Increasing on | =5 . v 1/3) and on

(—+/1/3,0); decreasing on (1), ]_,-"i: and on

(+/ I '3.50). Thus there is o local max at r i
D= + 1

f!."E-r } H B

(302 — 1)3
F(x) =0 on (—oo. —J/173) U (,/1/3.¢)
() = O on | v 1734 173)
e _f is concave up on | = . v 1 'I) alnd on

( +/ I '3, 0 ) concave down on ( — 5 I.— 3. 8 1.. 3.

Finally, when |r| is large. the function ap-
pronched 173, so g 1/3 = n horizontal asyvimp-=
Lotae.,

1

0505712489 (adlawd) yale yaga:a Page

54 | 124




o M
28. f(x) =
rt — x> + 1
- . =
Looking at the graph of x” r+ 1, we see

that there is one real root, at approximnately
—1.325; s the domain of the function s all &
except Tor this one poinl, and = = — 1325 will
be g vertical asvmptote. There is a horizontal
asymptote of p = (0.

. | D
F{r) =5 - =
(3 — o — 1)
o Lo " ] e
he ondy eritical point 5 r = /172 By the

frst derivative test, this is o locnl mase.
i i i R Ga* 4+ 1
lil_..--'l:-_l,.] = 10 -
[ — > + 1)
The mumerator of Y has three real roots,

which are approximately @ = — JO018, &5 =
43347, Bopd & = 11077 F=x) = 0 on
(—oo, —=1.825) U {—.890. 433 L (1.108, o)
_||-"'-!..!'] = [ on § —1.325, = 390} U {433, 1.1058)
S F oils concave dp on {—oo, —1L325) UL
{ —.300; 453) J [1.108, o) and coneave down
on (—1.325, — 300 L[ 433.1.108). Henee r =

S9D1R, = 43347, and x» = 1. 1077 are in-
Hection points.
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52- 49 (» 287 o=

bghs Sl Lplics ang 1y as 49-52 gLl
allasgdl oy slac

49. x=1, x=2and y=3

A2E. e proas=silility:

:;..:
() —
I { o L3¢ = >

30, x==]L,x=landy=0(

). Cnc gproxs=silsilaty:

JF(x)

=
la
—_—

o). x==l,x=l,y=-2and y=2

51, OUne possibility:

f =
i ————
A E Lltx = T)

52. x=1l, y=2andx=3

52F. (ipo peessilsilicw:

) =

p e
[T |

[
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Lgyaﬁ\ﬁﬂ\&ﬁw\gaﬁdhaﬁ\dim&
9-7 Jia 312 e

Gl A AL Ll e 9.7l

Ny 2 yl.ug B'Jig H‘ 14 ,sgl.?u 4.103 J84JI U" iyl dla,g.ﬁ' 5)|AJ' (sl
iododzgdl 1AL pagad) szl HLall e cdgd 232 slas) iUy ol = 0,05 iiSey

Fighase )l 0 Ll aob Mgt gl o s 232 8 21

oyl alasial) dlall o s )ul aia b il ol cld) oS o
il sl )
Q) =107 + 2te™ + 3sin 2t = 7 cos 2
o3l Ll

-
L= -

)= =506 4 267 - 4t + 6cos 2t + 14 sin 21

aal 14 2iys 0.05
A J‘E
I
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36-33 (314 <

2l g8 5l 3 dastd) of o b e 33
)L,_J' - P’J,S Q“) = N(C()\ 3t=2sIn ”)

33. (= (-2)(cosH - 25m )
ke~ ((=sindt - 3) = 2eos 3t 3)

e (=B ens 3t + sin 3t) Amps

g 5,01 3 dastd) o a3 Le (34
J1 Al | IS P,l,S Qlf) = ¢'(3cos 2t + sin 21)

3. (1) =" (Jeos 2t +3in )
Fet(=Gsindt + 2eos )
= 5 (cos M —3in 2t) amps
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ASb ,4S)) 3,000 L8 sass GlSe B s o o e 35
153) ANad) aiy) oo 13ke .aedeS QUf) = ¢ cos 2t + 4 sin 3¢

Al ¢ cos2t asd) | — 00 e 3L 7,51 §f — 00 GIS
—ulE)) das 2.3 o) 2Ll Ul ol 3,0 45in3f 4 ple

bl A 5 ulally anla)) ) o3 o s> ans A Al

35. Ast = oo, Q(f) —» 4sin3t, so e cos2f is
called the transient term and 4sin 3t is called
the steady-state value,

QL) =e" . (~3)cos 2
e~ — sin 2L - 2) 4+ 4cos3f-3
. -"”( ~3cos2f — 251 2t)
12 cos 3t
The transient term is ¢~ (=3 cos 2t — 2sin2t)
and the steady-state value is 12 cos 3¢.

anl)! A g3 o> .35 e 0 LS .36
JWs e da i) Al Ssas 13) 5,000,
Qt) = e*(cost = 2sint) + te= + 2 cos 4

36. )'(¢t) 2e ! cost — 2sint)
be”* (—sint - 2c0st)
e~ = Jte™ — Ssin 4t
Q'(t) = e ='(~4cost + 3sint)
e 3] — 31) ~ Rsin 4t
The transient term is e (-4 cos! + 3sint) 4
e (1 — 31) and the steady-state value is
-8sin 4L,
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SUara Al A55ial) (uSe May)
28 -5 329 4o

. 3 5 E Bis n
H. /(3.:" 3 .—r;.': 2.:

o RS-
G. /(.r“ Ndar — 1.1 Q20 V¢

o
P o,
N
+
-
™~
~—

10 /:z:+2a;3/4dm= /(m“l/"—}—Zw’l/z)dI

11. /(2 sinz + cosx)dr = —2cosx + sinx +
123, /(3(:4;3 x — sinx)dr = 3sinxe +cosx + ¢

13. /-25(:(:;1; tanxzdr = 2sccax + ¢
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4
dr = Aarcsinz + ¢

14. i
J V1 - a?

15. /.")sv("e rdr = Hlanx + ¢

2

dcosx
16. : dx = —4cscx + ¢
sin“ a

17. /(36” —2)dzr =3e* — 2z +c
18. /(4:1: — 2¢%)dz = 22° — 2" +c
19. /(3 cosz — 1/z)dx = 3sinz — In|z| + ¢

20. /(2::;"l +sinz)dr = 2In|z| —cosx + ¢

. 4.
21./ 21 dz =2In|z* + 4| + ¢
zé + 4
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22.

23.

24.

25.

26.

27. /:L‘l/"(ws/" —4)dz = /(:1:3/’2 — 4z dzx
O 5
= 33:1/3 . 91?5/3 i
3]
0505712489 O28lawdl jals Haga: Page

3 LI A
‘/ m(lﬂ: = E Lan T+ c

COS & ;
——dax = In|sinz| + ¢
sin @

/(2cos:1: —e")dx = 2sinz — e* + ¢

eﬂ:
/em+3dm=ln|cx+3|+c

xTr FRE
/c cj’ J(l:lf = /(l + 3¢ ")dx

=x -3¢ " +c
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AEidal) uSe Allaay 3ganall b JalSl ageda o G gl
48- 45 (» 330 U2

o2 Al de ) A colS 1) asls) AJla)) sas> 45
+5(0) =3 s Slan¥) 3gadly v(t) =3 - 121

45. Position is the antiderivative of velocity,
s(t) = 3t — 612 4 c.
Since s(0) 3. we have ¢ = 3. Thus,
s(t) 3¢ — 6t?2 + 3.

oA il de ! Ay el 1) sl Al sas 46
- 5(0) = 0 9 Slam¥) $3g)ly vff) =37 =2
46. Position is the antiderivative of velocity,
s(t) = -3e ' -2t +c.
Since $(0) = 0, we have —3 + ¢ = 0 and there-

fore e = 3. Thus,

s(t) = —3et -2t + 3.
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.a(!) = 35"”*'1 U" t)LnS." adly cals ')" QIS.J' Jly) sas .47
.5(0) =4

47. First we find velocity, which is the antideriva-
tive of acceleration,
v(t) = —3cost + c;.
Since v(0) = 0 we have
—34c¢,=0,c;y =3 and
v(t) = —3cost + 3.
Position is the antiderivative of velocity,
s(t) = —3sint + 3t + ca.
Since s(0) = 4, we have ¢z = 4. Thus,
s(t) = —3sint + 3t + 4.

all) =P +1 La gLl U1y colS 15) a5l D) sas .48
34 Sl 235y 0(0) = 4 o A1 ¥ dpal) de )y
5(0) =10

48. First we find velocity, which is the antideriva-

tive of a(,cc,lcrat,ion,

v(t) = —t3 4+t 4 c;-
Since v(O) = 4 we have ¢; = 4 and
1 ..
v(t) = §t~’ + t + 4.
Positionl is the antiderivative of velocity,
1
s(t) = ——t + 212 + 4t + 3.
Since -;(0) = 0, we have c2 = 0. Thus,
l -
s(t) = ' 4+ =2 + 4t.
2
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) gaalaall Sy Ladses § sanall ja alaiin
18 — 5 (» 337 =
Eaened) sy 3gaad) JS L3S 58 aoled)
6 ,
5. )3 6. Y+
=1 [ |
]
: ~ i ' -3 4 108
5. Z:;,‘J _ 34124+ 274+ 48+ 75 + 1
1=1
273
-,-_‘ . ‘ ' ] o 3 142 F '1[‘1
8. \#’J | 12 -+ 20 -+ 30 -
M
1 GO
10
7. }_“:(.u 2)
1 —0 . "
(A(6) + 2) + (4(7) + 2) + (4(8) + 2)
- (4(9) + 2) + (4(10) + 2)
26 + 30 4 34 + 38 + 42
= 17O
4.‘%
8. Z(iz 4+ 2)
1=—6
. (6% +2) + (72 +2) + (8% + 2)
38 4+ 51
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Y DOPES B CPWE D Sc gt ansa) 9—18 a,lad)

(E gore!
70 ?”
9. L(:si 1) =3.» i-170
| $ == |
TO(T
8 = (.,' ) — 70 = 7,385
‘s'b 5 ‘.")
: ‘—ﬁ o . - \ . — ‘ P—
10. ) (3i—4) =3 i S
s ) =} $=s ]
1510 . e
_ 3 ( )\.) 0) ) - -1(-1.’)) — Z‘)Z)
40 40
11. » (4 —1i%) = 160 — > i?
i=1 i—1
o . (A0)(a1)(81)
— 160 — 22, lfl(()) — —21.980
50 510 50

12. > (B—4i) =8> 1 — > i

i=—1 i==1] g==1
H50(51)

S8(H0) —-8TH
2
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100
> (n? — 3n + 2)
n=—1
100 100 100
: 2 ne —3 Zﬁn i\ Zﬁ‘_’
n=1 n—1 n—1
1OOY(101)(201 1OO(101
_ (100)( ) ( ) _ 4 ( ) 4 200
6 2
338, 3H0 15,150 + 200 323,100

140 140 140
3ot on-3od
n=1 n=1
ll() 141)(281 140(1411)
~ (140)( : )(281) ( ( ) 1(110)
) - J

913, 670

i

18]
.\‘“ 3)* 4 > 3)

>
8]

n“ | > n (substitute 7 — 3 — n)

‘_‘

0+ Ln +O+Zn

n=1 n=1
)7 (€ rr
- (z? (55) a 37_(22_81 — 7308
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(P il
20 20
C . 2
16. S (i —3)(i+3) =) (i*-9)
i=4 1=
20 20)
=) 2-9) 1
i=4 1=4
20 3 20
NN
=] =] 1=4
20(21) (41 =
20(21) (41) 1 —4 -9 -9(17)
O
= 2703
- E :(kz 3)
=3
= > %2+ S " (—3)
=23 =3
72 >
= E e E )
e=—1 k=1
7 2
+ > _(—3) > " (—3)
Jp— o =3
72 (72 + 1) (272 4+ 1) ; .
O
- (- 3) (—3) (2)
re (72 + 1) (272 + 1) 5 — 32 + 6
O
mint )2t l) Lo
£
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. il
- E (Az - 5)
A O
\;ﬂ A_. ‘ \‘ﬂ ;_)
) I8 i)
n n
0O+ D k%2454 >
’ | [}
n oy 1)(2n 4y V)
‘_, 1
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538 A Al Aadal) caad dalual) s
CBLbaiall aladiudy Saasa
38-35 (» 345 <
o) dlaagl Wl ad pasi! 3538 o ,lad) 3
iglg)) dads pmad plasiwl L)) Cand doe Luug))
gt Aglgl) ddaldly (g )

- —

SO.

x 00 010 o203 04 05|
f(x) 20 | 24 | 26 | 2.7 | 26 | 2.4

0.6 07 | 08|
2.0 |l[m'

25, sing left |\\n||cm||mi|||‘
O00) 1 SO )4 S(0.2) 4 [(0.3) 4+ [(0.4)
05) 1 m.m L JOD)(0.1)
(2.0 4 2.4 4 2.0 4 2.7 + 2.0 4 24 + 2.0 +
1.4)(0.1) = 1.8l
Right (mlpomts
Re = [[(0.0)4(0.2)+ £(0.3)+f(0.4)+ F(0.5)+
1(0.6) + £(0.7) + £(0.8))(02)
(24426427 +26+24 4204+ 144
0.6)(0.1) = 1.67
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36.
x 0.0 020406 08 10][12]14]16
[ f@ [20]22]16 1416 ]20]22]24]20

36. Using left hand endpoints:

Lg

= [£0.0)+f(0.2)+ [(0.4)+ [(0.6) + [ (0.8) +

f(1.0) + f(1.2) + f(1.4)](0.2)

= (20+22+16+ 14+ 1.6 + 2.0 + 2.2
2.4)(0.2) = 3.08

Right endpoints:

Ity
/(1

= (22+4+ 16+ 14+ 1.6 + 2.0+ 2.2+ 24 +

= [/(0.2)+ f(0.4)+ f(0.6)+ f(0.8)+ f(1.0)
2)+ f(1.4) + f(1.6)](0.2)

2.0)(0.2) = 3.08

37.

X

10 |11 ]12[13 14157 1.6 "17 1.8 |

f(x)

1.8 | 14 i,l‘l 07 | 1.2 | 14 | 1.8 2‘4 2.6 |

37. Using left hand endpoints:
Lg = [f(1.O)+f(1.1)4+S(1.2)+ f(1.3)+ f(1.4)+
f(1.5) + f(1.6) + f(1.7)](0.1)
= (18+14+1.14+07+124+14+ 1.82+

2.

4)(0.1) = 1.182

Right endpoints:

Rs = [f(1.1)+f(1.2)+ f(1.3)+ f(1.4)+ [(1.5)4
f(1.6) + f(1.7) + f(1.8)](0.1)
=144+ 11407+ 1.2+ 1.4+ 1.82 + 2.4
2.6)(0.1) = 1.262
0505712489 O28lawdl jals Haga: Page
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38. 7
x |10]12[14[16]18]20]22]247]26
S [oo o4 o6 0812141214 10

38. Using left hand endpoints:

Lg = [f(1.0)+f(1.2)+f(1.4)+ f(1.6)+ f(1.8) 1
J(2.0) + f(2.2) + f(2.4)](0.2)

= (00+04+06+08+12+14+12+
1.4)(0.2) = 1.40
Rig,ht endpoints:
= [f(1.2)+f(1.4)+f(1.6)+ f(1.8)+ f(2.0)+
ﬂ‘)+ﬂ’l+f2)]2.
= (04+06+08+12+14+12+ 144
l.())(().2) = 1.60
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3 gaaal) Jalsill) pailad o il
24 523 Jlsw 356 o2
: J/'i"l;n;fx i | .24, 23 Cyid yegid | UJ

23. flx) = ) -
-t . \4

/ [(2)da
/ [(z)dx --/"f(.")d-l'
I/ 2edx + /1 dda

/ 2zdx is the arca of a triangle with base

<1
x>1

I and height 2 and therefore has arca
3(1)(2) =1.

4
/ ddz is the area of a rectangle with base 3
!

and height 4 and therefore has area = (3)(4)
12,

T'herefore

o
/ f(x)dz =1+ 12 = 13
0
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( J ) x<2 13l
4, flx) = :
U fW=15 5o
4
[(z)dw
0
2 1
:/ f(x)dx + f(x)dx
0 J2
2 4
= / 2dx / Sadx
50 i

2dx is the area of a square with base 2 and
0
height 2 (it is, after all; a square) and therefore

lm.?' area = 4.
/ 3adax is a trapezoid with height 3 and bases
2

6 and 12 and therefore has area (using the for-
mula in the front of the text)

1
area = ;2-(() + 12)(2) = 18.

T'herefore

o
/ f(z)dx =4+ 18 = 22
0
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o el LS 4.2 3B sl 36y 35 el L8

A yaia JalSS 5 pee

I — / o ) / () de / o de
2 J J
35. (a) / [(2)do + / [(2)dz = / [(z)dx
J() 2 0

J J 2
b /0 f(a)da - /2 f(a)ia = [ fa)da

. g =1 1 !
36. (a *u'I'.I.r+./_I'{.ﬂu'1' (b) ]_ﬂ_r].'h -Lfff_qd-r
1 i rd

36. (o) /U oo / ol / o

() /2I J(x)da | / "/ () ‘ /‘“ J()da
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e av=—2, [ f) dx =3 51 La 3 .385 37 Gome i o

3 /Slf(x)+g(x)] dx (b) [3[2f(x) — 8(x)] dx
.3
~ ¥ (n) / (S () +9g(x))dr
J1
/ f (J') (!.l' -+ / < { » ) clr
3+ (—2)=1
(l))/ (2f (x) —g(x))dx
— / ft.r,d.r—/ 9(x)dr
a) / [f(x) — g(x)] dx (b) / [48(x) — 3f(x)] dx

38. (a) / (f(x) — g (x))dx

/ f(.x ) dx —/ g(x) dx

5

u»)/ (Ag () - U(t))da
4 / gle)de — 3 f(l)([,

4(-2) - 3(3) = 17
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i o
Jalsil) A Ao giall Aagll) 4y a3 gaaka
28 — 25 &~ 356 o=
o dlal) daweld) ALl s 2628 4yl o
) alaay)) 6 )
25, f(x) = 2x+ 1,10, 4|
l I
Jave _| [ (22 -+ edr
1 Jn
14+1=93
26, f(x) = x* + 2x,10,1]
| !
20 Jape = - / (s b2 il
1_”
.
6] 3
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27. !(1] . I[]}'i

HH - / ) 1)1"&1"

=24
28, f(x) = 2x=2¢,10,1]

. I S
28. Jave | 0 _/“ (20— 2% Vel
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;,,mwéz,.sgut(-z.;.;._,.34,33;,,;,,a\,:s

LSS o ado ped) el

a3, / I dx (= 8)

We are looking for a value ¢, such that
1 2
C) = — 3:122(1:1:
J&)=5=5 |
2
Since / 3z%dx = 8, we want to find ¢ so that

f(e) = ?1 or, 3¢2 =4

Solving this cquatéon using the quadratic for-
mula gives ¢ = i:%

We are interested ';n the value that is in the
interval [0, 2], so ¢ = 7

34.] 1:—11-.:'.~=:-1'1

We are looking for a value ¢, such that

1 O i
(¢) = —— / (z* — 22)dx
=1 L,
Since / (z* — 22)da = 3 We want to find ¢
J -1

| ¢
so that f(¢) = 3 or, ¢ — 2c = 3

We are interested in the value that is in the
.

interval [—1, 1], so ¢ = S ev= 2\/3.
3
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JalSall 5 Jualaill g3 ) 2 ylail) e ol
BJjJMQj\A&ABJ‘g:\.cjﬁAd‘JJéSMJ

wt_u»'\' M)L\J’ W JQ\' . ,)-J‘ P.\Mv‘

1—18 el 2

adon JelSS IS )

3. / '.1" ’z)dl = (—-}-:L' ) = 0
. -1
4 (J‘ + 3z — 1) dx
0
1 2 B
- 1 ) —
4 2
. 3
/ (:r\/a:-{-—) dx
1 T
-
r 2
= =-32+4+3log4 — —-.1 —3log1
H
62
= — + 3log1
J
2

¢ 2
/ (41 - dae = (2;1." }- T)
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& PR ¥ |
3z be
£ / (6% 4+ 4) da - ( itk 4;,-)‘
() ‘ ' c‘ 0
- ;’3’ { (l {2 ()— ;:-“ | ()
2 ,2.1' ‘) Ju1
8. / (l—r—.‘:—‘ ) dr
Jo \ ¢ ;
' / (¢ 2) dr = (-e™* - 2z)
JO ()
|
—_ =3
02
9. / | (2sina — cosz)de = —2Co8T — SINT
g/ n/2
s 3
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. w/2
10. / /231'.-«'.:’«'()1. adax (- Jescax)
R/4 w/A
I 3V2
w/4 nw/4
11. / (secttant) dl — secl
J0 0
vE - 1
w/4 n/4
12. / soc2tdt — tant = ]
JO 0
13 e S lx 3sin 'z v
- C =
O V : o
-
=3(5 - 0) 3
1 1
4
14. 5 dr = 4arctanz| =27
o 142 1
=8
15. —dt
1 t
4
/ (1-3t7")dt=(t—3In]t|)
1
=3-3In4
0505712489 O28lawdl jals Haga: Page
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() 550
(slial) o) Y (5 pecill ol e Ay Gy Jila U
7-1 296 o=

o peiaddl il lasn Cilgs B e plow ol o ]
il ildains dadad Wl N0 By Ul
Ssall 8100 203 iin) a5 1800 ft2 gyl dlalong
PR adgl L

3.7 Optimization

1. A =1y = 18K

1500
Uy
’ 1300
el |
P =2r+y=22
x
: 1840
P 2 - 1)
" J.-
2re = 1800
r M)

Plx) >0 for x > 30
P{z) <0 for 0 < x < 30
SO r S0 18 min.

1800 1 S0 »
Y = — = )

xr 30
So the dimensions are MY x 60" and the mini-

mum perimeter is 120 ft,
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o peail epd) Sl il B o gl ol oy $2

As iddaiany Glad ol ) b Bl 4l

dalowa)) s luaal) dsad) gl s> plodl o 96 ft
sl aig) Bl gl slaly pladl

2, 10y 1s the length of fence opposite the river,
atich 1 18 the length of the other two sides, then
we have the constraint 2 + y = 96, We wish
L0 maximize

A=iry= 296~ 2r)

A =964z =0when =24

A" = =4 < 0 30 this gives a maximum. Reg

sonable possible values of 2 range from 0 to 48,

and the area is 0 at these extremes, The maxis

mum area is A = 1152, and the dimensions are
=0 y=4,
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dadass JS8 05 udas e 09Se Jodas! cby v W3
Jla G5 13) .5 elenia puullazs puldaiiss Jda !
lpaeina 2l slas¥) Lo L3 8000 Lol e 120 f
el dalnd! anbud) J) Ll

3. F=2r 43y =1X
3y = 1) = 2z
o

=40 :3'
A = I .

Alz) =1 (Il)
Allz) =1 ( [

4
=40 « =z =
3

wilto L3S

et g ®
y

P

Y I

v

10 !
= =
3
r =30

Alr)>0for0< < 30
A'lx) <0 for x > 30,

9
8O r = 30 s max. y = 40 -; 30 = 20,

So the dimensions are 20" x 30
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ildazius ALY suste v o e Ao 095 o) Gary o4
g.Q 6 ft Ll cloady ole> &Y U" ahyas &M
et A TO ML asay pubilazd) sl
o L 800 2 oo )l s dua)) dxlas 3588 o) v
Spasiad) Jlasnll Jobs il gySau 2l sl

4. Let 2 be the length of the sides facing each

other and y be the length of the third side.
We have the constraint that xy = 800, or
y = 800/x, We also know that > 6 and
i » 10, The function we wish to minimize is
the length of walls needed, or the side length
minus the width of the doors.
L=(y=10)+2(r~6)=800/r+2z -2
L' = -800/r* + 2= 0 when r = 20.
L' = 1600/r* > 0 when z = 20 so this is
a minimum. Possible values of 2 range from
6 to 80. L{6) = 1233, L(80) = 148, and
L(20) = 58, To minimize the length of wall,
the facing sides should be 20 feet, and the third
side should be 40 feet,
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o dlaona gl bl oLl 8 Ll f s

G. A

_Ir:='

T ——
|'-.-| u

I
=
-

13 o JS0 P it

II_I-
T = _|
Az =0 for O =< ¢ = PS4
Ae) = ) for o > Pl
Sk e = 0418 I,
_ g ' | = -
= — — _— — — = —
2 . 1 4
=0 the dimensions are '—I x; "— Thus we have a
SCph1aI,
0505712489 O28lawdl jals Haga: Page
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i L calaay duall sl b sl o) cae B
Bl pa Bl A

6, We have a rectangle with sides 2 and y and
atea A = ry, and that we wish to minimize

the perimeter,
. B
Pedttdy=r42 =
I
A -
['m ) o () when 2 = VA,
7°

P" = 44/ > 0 here, so this is a minimum
Possible values of z range from 0 to x, As 2
il])pl'ni‘u'llf'.\ these valies the |N"lilllt‘h‘l' {TOWS
without bound. For fixed area, the rectams
gle with miviwum perimeter has dimensions
rzy:vqﬁwmmn

0505712489 (adlawd) yale yaga:a Page
89 | 124




aapl o 1) dlaaly Lol o giia dgain oy oy T
ks ol il o s 23y 10in = Bin oala Sokal
i A X Gd s iyl g &yl IS G XD
Sysiall bl il

7. \ :—"-“'-h
"{‘1'1 = t](' — 2.]‘)“' — 21-| -I. ) < T < .-‘
‘v’(."' —— -—2‘“ — 2;, ' T+ ,:]“ - -21 H —ll .
{10 ~ 2z)(6 ~ 2x)
= 60 — 64x + 12~

N

1(32° — 16x + 15)

(0
16 + /(~16)* -~ 4:3-15
v -
G
— I\I “’ﬁ
3 3
~ \.'"-l-'-’
v Al gy Al 3
3 3 _
Vi ix) >0 for xr <8/3 - 19/3
Vir) <0for xr > 8/3 - V19/3
. 5 V19
SO X = -2 - 1S & max.
0505712489 O28lamld) jals Haga:a Page
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9-8 297 =

ase)! e ze) Al LLe¥) o ratae 3saia b oy 8
S dals Sl 0 yadg 1610 -g.'ﬁ-*l.? in wolbas ot
a3 X ded > alead) ey dagly JS e x0T Lgse

dgriall gl dasdlaLal)
B, L1 we cut squares out of the corners of a 127 by
167 shieet and fold it nto a box, the volume of

the I[.‘:'-!Iliiljtll:', by will be

V=12 =20)(10=21)
-i.r"' Bhet 4 102r,

where the vadue of r must be between 0 and 6
V=il - 21 +102=10

lI. =y f { = ¥ A P
when r -‘—ﬁ-'- = 707 nnd 2,26, The crit-
ical valie 1 = -L-LL i nitside of the rea-

sonable range [hlI yolume s O wher x5 0

or 6, The First Derivative Test shows tha
=211 ;
§= LSE eives the maximm volume,

i -
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3o8)) o dadad sl Le¥) e paine Ggais o (@) 9
oo XN g alas e ady 6= 36 1In Lgislas a2l
islgs dayY) cilay ! 3uad 45.'-.-5:'»5' ooy agly S
‘u‘l‘"" ,3 u.l.;“!' O C,Lu’ Lol Bgnis JS..'.-.J L x in?
desbal) slaa¥ Lelial) il 3355 ¥ ded 4
in Lpaslas gsnadl )8l o dadaz i Al , 5 ()
6 In- 3

D () Valoph
The volime of the first Bk (wthont top!
’
Vo= Vilr) = (6= 20(r) = defd- 1)’

whete 0 € ¢ € 3 The volume of th

second box {without top and bottom) is
Vi=lalr) =1
This, we lnd the absolute maximum of
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(N

the comtimeouas fapection

" = TWie) = Widael+1als) = dx(3 — 214+

r.-!

gl Ehe mterval 4 = o7 <= &

T {x)] = {3 — 17 + Az (23 — ) [ —1h) 4+ Hx*

— 4 (0 — B 4 =4) Br (3 — &) 4+ 3a=
= 15x* — 4By + 36
= [ — 2] (15> — 18]}
Sy cormpare e valuae of the fancetion ar
ths oritical points,
{1.2) = 17.28
F {2 = 16
T'heretore, the walne ¢ = 1.2 maximni=es
the 2um of yolumes of thie boses,

The volume of the first box (withont top)
s
1 = ¥idax) = {4 2 2r{w)

13 T 2 ). where € << a0 <= 2
Thes warlunine aof the seconsd o Cwret baoseat
toapy Al Baovttoan) is
o = Vaulx) = =3t
Thus, wwe dnd the absolute maximum of
the contitneous fumnction
V= Vi) = Vila) + Valz=)
= 4r(3 — 12 — ) 4+ 7, on the interval
b == g == IF,

LT T R o

' {r] =4 {3 — 2112 — )+ 4 {2 — ) [— 1}
+dxr(3F —x){—1) + o e
=46 —-—5r+x) —4Ar{2 —=)

dx (4 r} -+ Fx?

= Y5 M 4 24
MNow compare the valoae of the fanction st
the critical points.
Tk a1 1 665 ] — il
iL.¥R4ABM] = S
Therefore, = = 081169 pmeecitaizes Ehee
giirel caf woalvemmaes oof ke Teooses.
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iasi yall ¥ anall e Al 5 daaly ) Jile Ja
13— 1 (% 303 U=

Ay 120 g1/min Joay daad) alsb e dand) oy ol
7.5 gobus 16 oY Vs ‘ o 3,803 2 ol
ooy die )l Jlad Caad W15 Jass il
o 75 (0) 200 m 4 (3) 100 M ) daz)! caas
Al el il Jaadl adls

3.8 Related Rates

1. V() = (depth)larca) = —': r(.‘]*"
(units in cubice feet per mmin)

. ;.) ) I \ ; of J [
V(1) l-?\-'“}' (t) .3_11 (Lhr(t)
We are given V() = ’vf; = 16,
Hence 16 = — () (1) so

24
{16)(24)
wril) ;

ri{) =

{(a) When r = 100,
(16)(24) 96

() = —
100 25n
~ 1.2223 It /min,
(b) When r 200,
(16){21) ix
r'(!) = — -
AN 20n

~ 061115 ft /min
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Saces 90 gl/min Jasy daasd) alsl e daml) ooty W2
rh:lu.h!';}.]..\.u 3l : —.L"""."':’Jr*!‘:';.r"ml

100t ) dasd) sy Jsang dic s pat)]

N . 1 e
- {depth){arca), = — . RO
~ 96
Ve - wr{f)2.
d\V’ 27 odr
Differentintinge we find ——— = () =—.
dt 96 ot
Using 1 ft”? 7.5 gal, the rate of change of vol-
b )
mmne is — = 12. So when r{f) = 100,
).l e p
12 = —lﬁ(l—. and
e [ ot
dr 144

= feet per minute.
ll’ ’.) 0 l

Al 8 Lo 8 Jaae daad) AL oo dand) Copasy W3
caay o) oA e a) -'"_-L._.._.s;.uu_'sm'
soles Leaze 0.6 M/min Jusss 252 ._.,_..J',u
Llesw caclas 15) (b) 8§ & sad 100 ft oz caas
€ danl) Caal 05 Jase padny caSH L daal

3. {(a) From #l

\.‘

Ve = 2r(t)r (!l——.'l!)rlf
)= .:.\_ -3 ).
SO = - [ 100)(.6) 2.5%
1.0 .?l
SO g = I7.OH2.5)n

= IR.75m = 58905 gal/min.

(b) If the thickness is doubled, then the rate
of change of the radius is halved.,
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13l (@) & shs Lo aslal alad! dat ) o) =8 1 4
Jaae 3155 3 mm AlaJ! b)) bl caan oS
a (b)) Cala ) aat ) W05 Jass sa L3 .1 mm/hr
A A Gas Jeos 2 lad) Glac ! U5 Jass
S4:0eSh o I LR HES  naiinr el adaigs r % .6 mm
{a) et Jaas

4. (a) f = hours elapsed since injury
r = radius of the infected area
A = area of the infection
A=xre
A'(t) = 2xrit) - (1)
When r = 3 s, ' = 1 mm/hr,
A" = 2x(3)(1) = 67 wm? /hr

(b) We have A'(#) = 2=xrr'(1), and r'(t) = 1

mm/hr, so when the radius is 6 mm we
have
At) =27 61 = 12x mm- /hr.
This rate is larger when the radius is
larger because the area is changing by
the sane amount along the entire circun-
lerence of the circle. When the radius
15 larger, there is more circunerence, so
the same change in radius canses a larger
change in area,
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e Liae Jadls Gk oS as 33 ol pa 2 e 5
o I Aol Laau 59,5 8L pns o Lile 59 30 LSS
s s 138 LA = 3xp° - o dx>las ol V= -txr'
Jaas oIS 3] V' = Ar exsd) pasaly a3l g danll
Al caas ol o3 pdadd) dxlas g el (V) L5l
b Jaa an

wir(O)17r (1) = Ar'(t)
If V(1) = kA(L), then

Ad s a3 ey alble g ol ot Gl B
o Asal) s s Lease D I/MIN Juay s
fad o) ) dslas wlp Jase oo L3 2001t

6. We have A'(1) = 2err'tt), and ¢'(1) = 5
[t/ min, so when the radins is 200 we liawe
Al =25-20+5= 20007 & /min.
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82 Jud LS ) ol Gle 10 ft Jodas ple 555, .7
Jase Jasdl e Visas pladd) o i) ¢jod) a3 1303
i il Jaadh o (@) Jasl) Liede ploal o33 ft/s
ieas laad! 250l 5955 Lasae ploadl e soladl o5l @
aladl oo gl s Jase o> (b) lasd) e Bt Jua.
Saxd) e Bt plod) Jadl aay Leaie a,¥) pdasy

7. (a) 10° = x% + ¢°

) = '...?'(I—J ~ I..u'{—”
't Tt
dy rdr
dt y dt
B
= —=(3)
—2.25ft/s

(b)) We have
rit)

cos(t) = -IIT-
Differentiating with respect to t gives
inéit)-67'(¢) A0
— SN U4 . = .
10

When the bottom s 6 feet from the wall,
the top of the ladder is 8 feet from the

floor and this distance is the opposite side

of the triangle from theta. Thus, at this
point, sinf# = 8/10. So

N ",(’] ‘
- -

10 | 2 10

8'(t) = —— rad/s,
~
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by . et Lle 40 ft 5 20 ft Lyl ) ol
diiss ddais 3 candl sal o) ‘p,_sJL‘GOf(L.*-._‘@

15) fa) JSZJ1 3 €@ &yl av Lol bl Seadd) o
Led 4 ft/s Jane slacd) I Geedd) e Lo Gadeds o2l o
O sl o) oz L oasl 588 leacce 0 a5 Jase
isgl ) Ll HaSs i) a3 > (b) § daadl el
S Le SV 0O
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K., (a) ¥
f’"f :”( 1a) - ) -:
dix _an \° - 1+ =)
l ' (‘H s ) .
When 2 30, this becomes
gD 10| -77,|. 'éTh
"-’ 1+ ()" 1+ (%)
-'_—_.-— l'-Nl; "
lh_o
1{'_' I.") l.‘ |
( 1
- ) (
1625

~ DAXIZ2AG radd /' s
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() Ax i the solution to #8(a). kt r be the

distance from the 20° building to the por-
son. 1o bnd the maximum #, we set

s
S—— | ) ;|||(| \JD]\'I‘ fnl' - 4
dx )
l o ;
(=) 3
— r ..‘
“ — — 3 + - . ’
(@) (3)
. 14 (=
i) x " 4
) 40
xr* + 40 (60 — r)* 4+ 1]

() = 20x° + 2400x — 56000

0= r" 4 120z — 2800

Using the quadratic formula, we hud two
PoOts:

r = «i =+ Nl

We discard the r value obtained from the
minus sign as it s negative and does not
make sense for our problem. The other
valoe is r = 20. We find #010) > 0 and
#(30) < 0, 30 r = 20 must be a maximum
s dessired,
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Lty sUad)) se (lad)) x=40mi ass e 3,5Us o5 .9
Dl S, sl jUadd) 3 516); ags aaSe el S h
Jaas paiy jUaldly 55U o
JUall) g 35U cals 13) =240 mph (a) .s'(1) = =240
55 (0) %5 sUal) X' ()] de ,uad) o L3 =4 cub glo,b
id,a0 dceal Lo .oBLLs) 1 13kas) 6 Mi glo,l adea)
5, 5Ual) Llaadl gl )Y

. {a) We know [={£)]* + 42 = [s(£)]*. Hence
itz (1) = 2={13s" (), 8O
alt)="{t) —2A=(1]

[ - = T o s
xlE)] = -—J_I:r: e . When r
A, & = 407 4+ 42 = 47101, 50 at thad
EERCATILA 1R

2400 A+ 1001 p—e

o (1) = d J"“" L -24+/101,

S0 the apead is 241001 = 241 .2mph.

[h)] From #9(a), we have
a{tis"{t)  —240s(¢)

ol il
Thi= timee the hesght = G omales, =0 =

1.,.-'-|lJ'—I F s 20, 50 at that momment

DA WD A
P = l' ] |:§:..- ] F}l

') =

= — 12409,

. " = _' 4 T =L AR
So the speed is 12409 = 242, 7mph., The
difference in height does not make a large
difference in the speed of the plane,
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Y ade A0 5 ke culS 13 8.3 JL) dilw acl @ (10
o o2 (b) S@ds 281 0000 el Jasy Via o e
13) deall dc mad) dasy 8.3 JEJI 3 ,4S3) 100
Jua ¥ dlazs B aas dda i) 8 ylen calS

10, (a) If the police car is not moving, then
(1) = 0, but all the other data are un-

changed. So
3 (D) + y(t)y'(t)
d'() = y(t)y

Vel + ()
-(1/2)(50)
V17441716

- 100 )
—- — : —"'Jo";,lo
\53

This 1s more accurate.
(b) If the police car is at the intersection, then
the rate of change the police car measures

is
0 (~40) + 4 (~50)
: '___;_ ‘ al),
(4 40

Vi
the trne .\]l(wl of the car.

Page
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de el sase 8.3 Jldl 3 et ) b gz W11
b s M S dds ) 5l ZSlS 13y = % FEEAIEY |
.Sﬂ{ﬁ - 1)mph

, p(t) 2 (£) < ylthy/ (1)
11. d'(t) = %
() + i)
[1/2)(v2 = 1)(50) - (1/2)(50)

= =S

Ve

= =0}

st B3 Jil 3 S0 3 ey e s 12
o il g Uil @3 (4S5

12, The radar gun will pead less than the actual
speed 1l the police car s ot af the intersection,
and 18 travelling away from the intersection.
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oo b¥ed) L by YT k0 5,5 gas 13

ol palyal) o MYL AEDX apge Lplasss o) 0
- BU' o Ayl Lok slac s 5 = 60 = 40"

A Jpasd 38,88

13. From the table, we see that the recent trend is

for advertising to increase by 32000 per year,

A good estimate is then 2/(2) = 2 (in units of

thousands), Starting with the sales equation

8(t) = 60 ~ 4000501,

we use the chain rule to obtain

(1) = — 40000 0,057(1)
Q'rf{'}"--13<l".r|f|.

Using onr estimate that 2'(2) =~ 2 and since

r(2) = 20, we got #'(2) = 2(2)e"" & 1471,

Thus, sales are increasing at the rate of ap-

proximately $1471 per year,

0505712489 (adlawd) yale yaga:a Page

105 | 124




s sl pdll o dale 5 dpaliail Jilse da
312 =
ALl A Sl ) dde 97 B
6o 2 alaay 31Ty pgl 14 pglag 4.103 JS1 3 ddl a3l 4801 3l s
vdadza! DIl sl 33 ,2all Ll o iy 232 slsa) dyUagy syl = 0.05 iy
Fighase sl b L) s s syl gulis £ ) s 232 50 21
oyl plasial) Al a5 lall ain 3 il o cild) oSu  Jou

PO (FRITL1)
Q) = 106 + e + 3sin 2t =7 cos 24

od) ,lalld
: Q') = =500 + 267 = 4™ + 6.¢0s 2t + 14 sin 2
aal 14 2l 005
M rer J‘(
|
P g ! .|E
S |
wmalgn 232
4.103 gs.an
P NPT T S
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37 Jlsw 314 pa

s i ol dsbal) By S ool ol a3 Le 3T
ot sy U1 AL sl s I = TS = i)
el dpill A gl Jaay

vd aovin i dywong aoiteluqoq 1o ode1 adT JTE
I“q Gk = {q =)k = [q)}
(q€ = )k = (q))
golti 8.8 = &l wdwo Leoitin vloo sl os
atl) rwoh guinoqo slodsg 6 21 \ Yo dagstg od)

e & od f2um

38 Jl5w 315 (=

o dtam gl Aslacl) Gy SISl gl 4 a8 L 38
ad ey ol SIS Gl slaasl) 4 o p'lfy = 2ol 7 = 2pit)]

rediall daall ) gl Jacaa

38. The rate of growth £ = 2p(7 — 2p), =0 K’
14 —8p = 0when p = 7/4. This is a maximum
hecanse 7" & < (),
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il 5 aalaall aladinly Aall iaiall cind dabiall slay)
3-2 Jis 341 =

Wy ALyl aed aley! 3.2 gL
10 1] 5,00 Jle v=f(0) = 2r = 202 Lsudl csd aslaed) anyl
Load gels Jedadl Gpglccs 4355 3,20 1 alasall !

1=-0 1
Ax = = -
n H
” I : A 2 1 ,.
o 1=0,1,2....0n > X = - 13) 'A_‘l"_\:=\|+A,\=;;,,1'0=(],xl:;.“,,
n

Ly a>bad g5l (3.1)

=3 i, 't 2 P PO

n? 2 n [
n+1 (4 120+ 1)

n 3n?
_(n+1)(n-1)
B 3n?

Mgy 33020 pdoleg) LS, S GV LA ) s LU DT L,

~ (201)(199)
20 ™ '3(40,000)
~ (501)(499)
500 = m

= 0.333325

= (.333332

Lyad Ay J 2 sley! LSy 5

2 2
lim A, = lim =1 o i o L |
H—o0 n=o  3p N—00 3 3

m inLSLS.1/3 .58 JEL L Lo L
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14 — 11 o= 344 o=

:th)’ algy oyle) £ 900 P..La:‘.w' J1-14 G2y led) U’
cnied | i Aadod) Ao L)) deld

11. v=x"+1on(a)[0,1]; (b) [0,2]; (c) [1,3]

" wWe will use right endpoints as

N ..\A-"

N -
!
ovaluation I“’i“ts- £y "
A, }:f(.r,)A;z.'
=]
n o 2 n
1 [ 1 "2
— — l T — { "' l
n 4 (n) ¥ n Z
=1 1= 1
1 /n(n+1)(2n+ l)) ‘1
- nd 6
8n? 4+ 3n + 1

Gn?
Now to compute the exact arca, we take

the limit as n — oo: < l
: . 8n* 4+ 3n -+
A= lim A, = lim o2

9O 1N =»2C
' ~ ' 3 . | A
= 1im - — e —
n—oc 0  On 6Gn? 3
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2 a .
(b) Ax — —. We will use right endpoints as
7
21
evaluation points, r; — —.
n

An = Zlf(.r,)A.r

=2.—‘ [(2.) +1]
=%?;.[< )+ ]
22 () +25

;;5 :E::i2'4—:2

Il

=]
8 [n(n+1)(2n+ 1)
—— ’,3 L 6 ,2
8 [ (n + 1)(2n 4 1)
. n"’ G

3"2 (2n +3n+1)+2

14n2% + 121 + 4
3n*

Now. to compute the exact arcea,

the limit as 11 — o0 :
A= lIim A,

L] B g

i 14n° + 12n 4+ 41
= hm

s~ OO 34!2

14
3
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(c) Ax = 2 We will use right endpoints as
n
2;
evaluation points,r; = 1 + '_:
= 2 :f(.'r.-)A.r
tsl
2
. 2 :(r. + 1) (n)
l::l
— (( i - l)
.si
= f. 4i*
“n (2 e B
._' L
E 2
= 4 -+ ;‘?..‘ll."- 'ldgt
8 (n(n+1)
At >
e 8 (" (n+1)(2n + 1)
n3 G

An + 4 8n? 4+ 12n + 4
= 4 + _ ] + >
T dn

Now., to compute the exact area, we take
the limit as n — oo:
A= lim A,

[ i
An + 4 8n? + 12n + 41
= jhm 4+ -4 —
12— OO n 3n

R 32
=4 444 == ——
3 3 :
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1: .IL = .T: + 3.".' on [tﬂ I(]: ”; (b) m: 2]; (C) []r 3'

1 = .
12. (a) Az = —. We will use right endpoints as
n g
2 . i
evaluation points, r; = —.
n

Ap = i.’(:ri)AT

i=1

13+ ()]

1 ” 9 n
2 b o
== e— 3" 4+ — ; i
ns : P d
1=

1 (n(n + 1){(2n 4+ 1)1

6 )

3 (n(n + 1)
\ pgy -

n3

n- 2

1122 + 12n + 1

6n?
Now to compute the exact area, we take

the limit as n — o<:
A= lim A,

Ti—» 00

I 11?2+ 12n+1
nllogo 6n<

" 11 12 1 11
= lim 4 +- - —

n—oc 0O 6n 6n? 6
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(b) Az = 12—1 We will use right endpoints as
2i

evalution points, z; = —.
n

Ap = j:?;;; Jf(xi) Az

n ST - =
_2 [(_2_:) +3(a)]
n < n n

8 n .2 12 n .
;:E; :EE:;}I -4 ;;EE :;E;;:I
8 [n(n+1)(2n+1)
n3 6

12 [n(n+1
. [ ( )]

n? 2

(8"2 -+ 12n + ‘1) 6n 4+ 6
= -+
3n? n

Now, to compute the exact area, we take
the limitasn -+ o00: A= lim A,

n—>200
(8n? +12n+4)  6n+6
= |lim : +
n— 00 3n? n
3 26
=R Ty
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(c) Ax = %- We will use right endpoints as

23

evalution points, xy = 1 4+ =

= f(z)Ax

t=l

=Z["" _,.3,,.]_.
ME(H_) +3( L2 ]
102 452

8+—zt+ Z:’

=1 =1

20 /n(n+ 1)

=8+n? >
n{n+1)(2n + 1)
( -
g 10 E
3n?

Now, to compute the exact area, we take

the limit as n — ©o:
A= Iim A,

n—hoo
= Jim
L% D0
[ n 3n?
8 10 ie} — 62
St iy S

0505712489 (adlawd) yale yaga:a Page
114 | 124




13. v=2"+1on()[0,1]; (b)[-1,1]; (c) [1,3]

13. (a) Az = -l- We will use right endpoints as
n .

i
evalution points, z; = —.

A = Zn:f(z.-)Aa:
i=1
1 n g 2
= ;; [2(;) +1]

2 .
— ;;Fi :5{;;‘2 + 1
=
= 2 [n(n+1)(2n+1) +1
nd 6
(5n% +n+1)
3n?
Now, to compute the exact area, we take
the limit as n = 0o :

A= lim A,
n-—+00
| (5n® +n+ l)] 5
n—00 n 3
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(b) &x = ;2‘- We will use right endpoints as

evalution points, x; = —1 + 2;‘-

A,.=Zf(:c¢)Az

‘_l (2::. +l)( )

=i2(2( 1.+£{. +1)

2 «— 8i 8i?
= — p, s
16 e~ . 16 < »
=0 2 8 2"
= i=]
6 16 fn(n+1)
S 2

16 fn(n+1)(2n+ 1)

n 6
2
s (8n+8) & (lGn +2;1n+8)
n 3n

Now, to compute the exact area, we take
the limit as n — co:

A= lim An
= i
[ (8n+8) (lfin"I +24n+8)]
2
=6—8+ - =3
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(c) Azx = % We will use right endpoints as

. 2 22
evaluation points, ©; = 1 + —.

TL

g

=§ f(z:))A=x

=1

2 123
____22(1+_) +1
ni=1

M 8i2 R )
—— =_ 3% =53
23"

16 <« 6
=,—55_‘,t n22'+

=1 i=1

(n(n % 1)(2n. + 1))

("(n+1)) +6

16n(n + 1)(2n + 1)
63

16n(n + 1
4 16n(n +1)
2n
Now to compute the exact area, we take
the limit as n — oo:

+ 6

A= lim A,

n—o0
s it (lGn(n +1)(2n + 1)

n—oc 6n3

16n(n + 1)
onint D), s)
g 32 16 58

=N TP T ——
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14 v =4 -xon(a)[0,1]; (b) [-1,1]; (c)[1,3]

1
14d. (a) Ax = — We will use right endpoints as

evalution points, x; = —y

Z:f(x‘)Az 2(4:‘ —x.)-

el da]

‘,,[() - (D]
-+ [(&-2)]

I S
no-l n* niﬂl"

__ 4 n(n+l)(2n+l)

|

-3 (=54)

=3 (2n* +3n+l)——l-(n+l)

= . as 3 -3 2
T 6  2n = 3n2
Now, to compute the exact area, we take

the limit as n — oco:
A= Iim A,

n—too

2
— nll{l}“ (— 3“2)

Ax = %- We will use right endpoints as

(b) >
cevalution points, x; = —1 + -i—'-
Zf(z.)Ar 2[4:. —n]-
i=1 =1
_._2[4(-1-1»—) (_1+—)]
=1
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|
SR
=)
r e S
|
[-—y
S| ®
3|l
N~
N

10 36 o . . 32 < .
==Y 1-5> i+t i
n i=1 L i=1 " i=1

36 n+1
aE n(n+1)
n? 2
32 /fn(n+1)(2n+1)
.+- —
n3 6

_10_—(n+l)+ (2n +3n+l)
8 2 16

=8 B o
Now, to compute the exact area, we take

the limit as n — 00 :
A= lim A,

n—oo

im (8_2,16
= 1:-!12:: Ei’ n :311FZ

8

3
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() Az = 2. We will use right endpoints as

n
21
evaluation points r; = 1 + ="

A, = Zf(xi)AI = Z [4z:* — =z;] %

i=1 i=1

Q2 ( 2i)2 ( 2i ]
— 44011+ — — 1=
Q2 ( 14i 16:‘2)

= 34+ — 4

6 «— 28 —n . . 32 <.
;le'*';izz-*';gzltz
= =

s==]

28 fn(n+1)

=6+n2 2
+32 n(n+1)(2n+1)
n3 6

=6+%(n+ l)+£5(2n2+3n+1)
_92 30 16

.3 n 3n?
Now, to compute the exact area, we take
the limit as n — ©0:

A= lim A,

n—oo
I 92 4 30 + 16
nlon;o 3 n 3712
92

3

Il
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Lot 5 Jal&all 5 Joalanll 2l dunluy) 4 et e (o el
lolaidia Alany 52 gana OIS Alan 48 y2a Jl 50 e
32 — 25 (= 366 u=

) adadu! s (2532 okl 5
75, f(x) = / (F =M+l
r (a) " 3r 4+ 2
26. (x) = / (r° LY L) ol
¥ ] i
[“ () i Ja |
27. flx) = / (e 4+ 1) i
« I}
i il"::':l Ff >
1 (@) = (o F1) L (22)
i.IrJ'
i ]
a2 {\1' . i 1j
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121 | 124




I |

Z28B. [lx) = [ scc P ol
¥ o & - SO T
29. fl{x) = / sin £~ dt
J (2 / -““l'“'w"f / .\;l"':-':'

r
[ (a ST
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30. f(x) = f & di
S () / e="dt / ' ¢
of
S’ () e " "L;.(‘ r)
- e* x ‘([J- ('-lt )
p | -—X $ c,.'Jv' (J( t ‘J)
1._'.
31. f(x) = / sin(3t) dt
a-
0 J_li
[ (x) .;/ \m(z:).u+f sin (2t) dt
r2 0
Y P S ) 2
['(x) = —sin (22 )‘,2, (%)
(D3 ( 3
+ sin (22 du (=)
Zzsm(Zl ) + 3z° “‘"(2' )
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32. f(x) = f (P + 4) dt
dx

() »SIN T
f(z) = / (% + 1) dt }/ (£° + 1) dt
Jx .'h suu")
= — / (£% + 4) dt +/ (t° +4) dt
JA) 0

f'(:lf)= (9.1 + ¢ l)d—I- (3x)

d
E(

= —272% — 12 +sin’z cosz + 4 cos z

+ (sin’z +4) — (sinz)
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