MATH 16020 PrACTICE FINAL EXAM

Please show all your work! Answers without supporting work will not be given credit.
Write answers in spaces provided.

Solutions

Name:

1. Evaluate the indefinite integral.
/ 18z cos(z?) dx
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2. Evaluate the indefinite integral.
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3. A forestry company estimates that acres of forest available for logging will increase at a rate given by
R (t) = —— for 0 <t < 20 where R'() is the rate of new acreage becoming available in thousands
] JirT (t) ge g 8

of acres per year, t years after the current year. How many acres of forest will become available for
logging over the first 5 years? Round your answer to the nearest thousand acres.
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Answer:

4. Find the area under the curve y = 7cos(4z) for 0 < z < 7/2.
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0

Area = | o




5. Evaluate the indefinite integral

= 2
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6. Evaluate the definite integral.
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7. Evaluate the indefinite integral.

/ 2 In(9x) dx
W) goe R - Gl = @D - KLy
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8. Evaluate

/3a:1n(z*‘)d:x
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9. Evaluate the indefinite integral.

20« sin(2x) dz

= JO% dv= SFW(QX)JX i S ailie
OQM“— QOAL)( V= ~COS§2@

- va(%_%%@) = ?(’(ﬁ%@) 20xdx

= —|Ox cos (2x) + § |0 cos (2x) hx

= —0xcos (2x) + 105in(20 4 ¢
2

f20xsin(23:)dx: '\Ox COs (QX) i 5 S;n(Q){) +C

10. Evaluate the indefinite integral.
/ 182 cos(3x) dx

VERES dv- cos(Sx)_dz wv-vdu z \&x(S?n£3x)>_S (s;‘g;wx 84
&u:]%&x V= SIW){ 39 - :
,

= Gy sin (3x) + (éﬁfiﬁ.@’,@ 4
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11. Which of the following is a partial fraction decomposition of the rational expression show? Do not

explicitly solve for the constant.
Tt —5

f(-’b‘)=m

Cx+ D
249

@ .A+£+Cx+D
z x2 2249

A Bz+C Dz+FE
(C);+ z2 +:c2+9

A B
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Az+B Czxz+D
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12. Which of the following is a partial fraction decomposition of the rational expression show? Do not

explicitly solve for the constant.
2

0= e

A Bx+C D

(A) z~1 (z-1)2 2245
A Bx+C

(B) (:1:—1)2+ x2+5

(C\')\ A B Cz+D

—lﬂ}(:c-—l)2 245

A Bx+C Dx+E
(D) 1‘—1+(.’1:-—1)2+ 2245

A +B:1;+C'
z—1 z2245

(E)
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®) - T 2+




13. Evaluate the improper integral or state that it is divergent.
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14. Evaluate the following integral;
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15. Evaluate the definite integral.

*  dz
/2 3z+1
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16. Set up the integral that represents the AREA of the region bounded by the following curves:

12 2
y=g%, y=-z"+6
i . 3 :O
Rounds. _r;’{x"lz = L M >i
3. y:4x —> y=0 = Balom
Sy
2 s T ) i
X"= (2 pEIHED e Top
=
YRR
¥= g

G (- 157 dix




1, Pl AT of e vegion bowunld by = 2 —af pnd g =
Boundst Ax-Xx =x" [ A= g‘ (Ux-x*~x") dx
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18. Find the VQLUME of the solid that results by revolving the region enclosed by the following curves
about the(r-axis
. — y=3z,x=1x=4, andy=0
and

Disk Method = dx
\__/——_\ "
V= CH (30l > G el
< | i

:Wiﬁ]” :?ﬂ?x?’]q
> Jd, |

Aw(y3-1°) =187

\ L9y

Volume =




19. Find the VOLUME of the solid generated by rotating the region bounded by

y=z+2, z=0, y=

around the y-axis y OLX)\S b D'S,’( ) J)/

=) yEXt2 &5 X=y-2

V=" g(’ (y-:?)gcﬂy ey 2 ‘?“S wdu |

‘) du=dy
6
- = (y-2)
W.(/i:-{- = 1 (y-2) ]Q
:,‘ﬂ((c-zu-(ﬂ-ﬂl) ST
bt
Volume =

20. SET-UP using the washer method. the VOLUME of the region bounded by

y=x% y=22

around the x-axis

(A) fg(z — 2?2 ds N()’}‘e an ”H’\l b()ugds are 'H/lz samg,

2 2 90 4
l: (422 — 2Y) dx

i

0

(C) -wfz(&t——;tz)d:v ) \ (E)o’va
0
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21. Set-up the definite integral that would calculate the VOLUME of the region bounded by the following
curves when rotated about the w-axis.

y =5z and y = 15/
Y:GX Bow)dls; by = 15J%]

o} 2y= 154 (52)"= (150x)*
Q)Ok\oﬂ‘ sta - 225 %
7 g e Wy - 2B« 20

25x(x-9)=0

V=1 § (1550) - (5¢) A 750,%

Cr
11 $,35% - 255 o

VOLUME =

22. Find the VOLUME of the solid obtained by revolving the region bounded by the following curves
about the y-axis.

ce+2y=4,2=0, andy=0

D

Na

iyl
o)




23. Find the general solution of the given differential equation.
dy 4z

dx y

gydy:g‘”dx

n 2%
e
Tt

\/2: Ux* + 46
>/'1: yy + C

- & ,L{)(q"‘c

- o \5“(xq+ G

24. Find the particular solution to the given differential equation if y(2) =3

dy =

dr 2

y"zdy 2 XU{X ,L'f y(')) 3
S/”t}’ C x dx 3ﬁ3——)—+c

;L?.-;x + C OF = LT
> qu. 3i=L

3.—. & " 2
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¥
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25. Find the particular solution of the equation.

%—5y=0,y(1)=7
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26. The rate of change of the population N(t) of a sample of bacteria is directly proportional to the
number of bacteria, so N'(t) = kN, where time ¢ is measured in minutes. Initially, there are 270
bacteria present. If the number of bacteria after 7 minutes is 770, find the growth rate k in terms of
minutes. Round to four decimal places. o e

N’=uN = NP =Ce

WKt

W-0
0)=270 > 270=C¢ ,

W
N (7) =770 = F70= 270¢e
70

n(Z)=™M_ 0,497
- g




27. What is the integrating factor of the following differential equation?
2,
Y+ ( $:3> y = 101In(xz)

P 5
ubd= e[S L g e

% Ax

2 exp [g flxxd olx] =Xe

B ex‘o}:g 9 + % OQX:]

= exp [Qx+ 3|n(><)j ‘

egm(@ 3
u(z) = X e

=€

28. Find the general solution of the following differential equation. = L' Q X) = Q X4 20
(x "

ulx) = exp B prodk]  yrubd=§a0)-uto dx 4
yoxt= S(@xwo)x“olx bC

2 ex Yy
F{gx } '”“S@x”t’%wx\')d“c

VAR
2 exp | Y n(x) 5
f[q ] v Xq?Q_LG.'-p-Q—Q%i?nLC
3€ln(X> 6
2 i
2 A Rl
S % - +Lf><+xq
2
X +Ux+ C

14



(i

29. Compute the following sum.
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30. Evaluate the sum of the following infinite series.

o0 4(3)"1
e

Answer:
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31. Find the sum of the following series:
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Answer:

32. Express f(z) = 3% as a power series.

X

c— O

\

x — ®
T3 +Xz 3 -(=%/3)
3 X g (- X>n 1 %o _{:_'_M
3 n=o 3 3 n=90 3"’
>0 n Ntl
e _ = (1) x
3+a n=o0 3”)-/-'
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33. Express f(z) = as a power series.

L
4+ 3x2

X | X, X, -
07 Y3 Ty 1 EHX Yo i %)
- X 2 (3)"xE 07376
1755 VN e "
=X g (3" x"
A n=o yn
e S H)”B”xm“
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34. What are the first 3 non-zero terms of the Maclaurin series representation of the follow?

/6—3-1 dx

- 3 - ® ()" 3"
P i 5 O{X S x "olx
e = = 2(___\_ S e Sn%o n'.
o = 2 3n§ "
. N = « ol
‘ 029 0 P Nt
n=0 n; = E (- I) 3 X )
N L
- (l)anXn e 0 n',' ;”‘” ,
Z 1 .:(~|)0306x_| i (vl!‘3 G_xj
e i Y ‘ - )
)
e 3
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35. Find the Maclaurin representation of the following:

cos(v/z) dz "
cos(x)= Z (- x N" X" Scos(ﬁ)&xjgg (;D)‘ x" dx
(Qn)b n=0 nle
n=6 _ oy )
cos (A= & ()" = O (xddx
ns=o (Rn)a ? (__\)ﬂ L. 25:,__._-,‘
3 Diﬁ:_'_)_ X" T2 ()
n=0 (flﬂ)b.

o
fcoq(\/-’?)da-: Y\%() (Qn)" (n+|)

36. Given f(z,y) = 323y? — 2y'/3, evaluate f(3,—8).
2% 2 )
£(3,-3)23(3)°(-8) - (3) (-7
25184 +13

502

f(3v _8)=
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37. What do the level curves for the following function look like?

f(za Z/) == 12111(6(1' — 3)2 + ﬁ(y . 2)2) = C
#

(a) Lines ‘m(é(x'3)l+ é(y-l)l) € !
C

N
o

(b) Parabolas

O ((x-3)+6(y-2"= ¢

(d) Point at the origin

) Eliges (x-3)"+ (y=3)'= £ = ¢

(f) Hyperbolas

]
a

38. What do the level curves for the following function look like?

fay)=Vy+iaz = C

in(xs;)l y+ le’l: Caa: C,
(c) Circles y - -—L( )(Q.J- C

(d) Point at the origin
(e) Ellipses
(f) Hyperbolas

39. What do the level curves for the following function look like?
fl@y)=Iny-e=) = C

ncreasing exponential functions =] 5% 4+ C
(b) Rational Functions with x-axis symmetry y
(¢) Natural logarithm functions
(@

{e) Rational Functions with y-axis symmetry

Decreasing exponential functions

40. What do the level curves for the following function look like?

f(z,y) = cos(y + 43:2) =i C_

a 1 ~1 -
ali‘:tsbolas >/+L{XQ—»_ Cos (¢ =¢
(¢) Circles n.

(d) Point at the origin y-"' - Lf X "L C

)
(e) Ellipses
(f) Hyperbolas
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41. Given f(z,y) = zsin(zy?), evaluate f,(3,7). Round to 4 decimal places.
= J ; 2
‘P)/ ()yy.) 5—* (XSH’)(A}/ ))
/ 5 .
=X ~——(52m(xy ))
iy
= x cos(xy” ("Y )

(y™)

I

X C0S (Xy) ’( oy
= x?cos (xyD - ()
z Qxiy cos(xyq)

5,57 = - qC{a q35 Q
42. Find the first order partial derivatives of f(z,y) = ze®™?
-2 (xe*”
“Fy: :_99__ (xa?‘)/) "PX ™ (Xe )
s 22 (e + x2 (V)
= 2 (ex7> % oX
=2y

= Xexy%(.XW

= xe' 7 o x > (1+X)e*Y




43. For the given function f(z,y), find f.(z,y).

f(z,y) =5cos(z"y®)
‘i %(Scos (x*y2))
- =5 sin(xFy®) 2 (3
>\ 2 7
= -5 SEn(x?y2’> ° y$5;(x )
6
b -SY%SEVI(X?YBB o ?X

2 .
folw,y) = =35 XC/y“s:n (X;,y8>

44. Given the function f(z,y) = z3y* — 3z + 5y — 52y>, compute f(x,y)
Y o I B 2 3
?x—%<x)/ 3x+5>/ 5;()/)

3
= 3><qu“ 3+ 0 —5°dxy
. R
= quy — 5 = lOXyg
’ 3
x> 6%( (leya— 3~10xy )

> 3°axyl+o-— 10)/3

2, 3
Y —1(
.fafa:(l,y) = é xy Oly
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45. Given the function f(x,y) = z>sin(y), compute f.,(2,0)

£y 79% (X*sin()) ﬁQ’*}' (n/o)j '3;.1) cos (0)
= Sinly) 5%‘()43) =

= SM(y) . 3x*

46. For the function f(z,y), find fo,(7,2).

f(z,y) = 8y° sin(x)
% (%yss}w(x)) Txy
- 5 9 \\
- 8>/ 9‘—;(&)’)(%))

(W, = YOcos(i) g1

P><
=— 640

iJ

= 37/5 cos (x)

FX)’ - ‘;%, (3)/5 Cos (x))
= cog(x) }9%: (gys)
-6Yo

= cos (x) - 40y T g2 =

22



47. At what point {z,y) does the function f(z,y) have a local minimum?
fz,y) = T2* — zy + 5¢° + 75z + 84y + 2

Py = 4% -y +0+75+0+ 0 Mulliply © by 10 and add /@

= 14x -y +75 Mm»%wgo:o
e "X+Oy+w

139x + 834=0

Fy: O - X+l0}/+ O+8""

2",X+|O>/'1—3l‘l ee
_ Plu@ x=26 ivto @, 159~y =0
Ty 75 _O (CD@ 19(6) -y+7F5=0 y=159
~ X+10y+34=0 g4~y +75=0

‘FXX‘; \L{ ‘ny:’l ' Local min occurs at (é// 166/)
FY)’: 10 =) Dyo + ‘FX)s<O for all )ohs s

48. Given the information below, which critical point(s) (a,b) would be classified as a relative maximum?

L (@0) [ fee(a,d) | fu(a,0) | fry(0,0) ]

(7,8) -5 =0 10
(—"8? —1) —4 = -2
(1,7) —10 =1 6

D" “ijx Ji)yy . (Fx)/)’l

D(7, 8) = (-6)(-9)-10" < 0 = saddle p}

D(-8,-1= (-u)(-?)~(~'131>o% R
Fx (—8,-0 <O

@('/ 7’)‘2 ("'O){'D'—(B)q <C) -:»_) SOL&CQIQ Pl—

Answer: (- g"/ = ‘ )
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D'Z ‘@xx ‘Pyy - ('ny>a

49. Given the table below,

I (a,b) ! fmz(asb) l fyy(a1b) I f:cy(av b) '

(9,4) =1 =1 ]
(-2,9) 1 3 1
{4,5) 8 5 6

‘Which statements are true?
I. f(z,y) has exactly 1 saddle points \/
IL. f(x,y) has exactly 1 relative minimum

10 , f(z,y) has exactly 1 relative maximum
T f(x,y) has exactly 1 inconclusive critical point \/

D (q/ ‘0 = (-NED~(- l)’)\ = O < incenclusive
D (-2 )= (H)(?ﬂ = (—‘01 <0 sadclle

D(45) = (8)(8)- €* >0 % el min
fux (45) = 3 >0

50. The critical points for a function f(,y) are (0,0) and (8,4). Given that the partial derivatives of

J(z,y) are ,

Classify each critical point as a maximum, minimum, or saddle point.
Cribical Pts (0,0) p (&,4) ), (0/0) =2-3L<C0 sa ddle
\_4/\/

: g, 1)= 18(1)-36 >0 ) el
,ex'-_' 3)(_6)/ ‘gy‘_' 3)/‘6)( D( / ){)XX_:3>O %m‘qn

‘PXX:B ‘Fy/: é}/
Qxy"b

D?{?XX?)’X 2 ('ny)Q (0,0) is saddle ,P}
= 3 ((’y) - (—(’)Q (8,4) is Y‘Llaﬁvﬁ min
= 13y~ 3¢ y




:50“”6’ D For x,
va)/
Pluj x>y into @

51. Classify the critical points of the function f(z,y) given the partial derivatives

F(zy)=z -2y folzy)=y* -2

A) 2 Local Minima ‘ - i
B) 2 Saddle Points % X~ ) o Q
D)

1 Saddle Point and 1 Local Minimum \/ . d%x=0 @) ‘)/ 2_19 (Q},) 20
1 Saddle Point and 1 Local Maximum S 7 PN

E) 1 Local Maximum and 1 Local Minimum y . da

F) 2 Local Maxima Y()" y)=0

Y 20,4

.Fx‘: X—Q)/ ‘

¥xx1|
?xy.‘«‘

P]uj y=0,4 into
Xﬁay
=0, X0 = (0/0)

K_i: Xz 3 - (8/‘0

D:‘FXXP)’)/- (F’()/)J

= [(2)- (-9

= Q)/"' 4
fy=y=2%) p(o,0)= -1 < saddle

FYY‘JQ)/ D(g/%)>o i {9)0(3,>0 =5 rel miy

52. Find the minimum of the function using LaGrange Multipliers of the function f(x,y) = 22 + 2y?

subject to the constraint z2 + y? = 1. |
‘F(X/y)= )(Q+ Q)/Q 3(x/y)= Xﬂy’l P,uj A=l into @

QX:QX

f(x,y): X+ 9)425
f(x,0)= |

Selve O, f(0,£1)= Q

Critical Pts:

QAx= A X (1,0), (=1,0)
Ax-NAx =0
Qx(h)) =0

x=0, r=\ Minimum Value =

P\uj X=0 into @ Critical 25
y = PEs: fo,1)
y= 1| (0,-1)



53. Find the maximum value of the function f(z,y) = 18z — 19y subject to the constraint 2% +19y? = 81.

£ly)= 19x- 14y gO= ¥+ 19y Plug y>0 into @
- 2 -

’Fx‘?_ ‘% 3}‘9){ X -g'

_ Lt
gy"-‘?)?)y 3r: 3%)/ Critical PH (4,0), (- C{/O)
lg: )Qx (D

38y >\3~8)’ @
x’uy 4,°-81 @

il e e e |
P(us ):—lnn" 0, «(f(x,y)’:]gx—"fyl

- =X :
l%;: -9 F(q,0)= 162

Plug x==4into @ CrTw‘__l_Pir f-4,0)=- 162
,(~q)?+,gya:&l =90
&y*=0

YZ0 %)

Maximum Value =

Jolve @),
3%y - K33y =0
38}/(\1'.\)30
>/:O/ ==l y

54. A factory can produce a chocolate bar with a weight of W(z,y) = 100 with the weight W in ounces

and z and y are the percentages of cocoa and sugar respectively. The percentage of cocoa and sugar
are constrained to 2x + y = 75. What is the weight, in ounces, of the largest chocolate bar that can

be produced? Round to 2 decimal places. P I (,Lﬁ y - Q X o } 0 Q X 3 . ? 5
wilx,y) = Xy (x,y)= A+ J 7= -
7700 S | g Ax+ Ax = 75

Ux=~ 75
x < 25/

Henee y= 75/2
W(i?w§5gy7.03

Wy = 7/\00 Ix= 2
\/\/y:’ X/‘OO 6/:‘

Y oA @

100
X 2\ ©®
100
Ux4y=75 (3

P|u§ @ into 0,
Moo QrX
%;’ (w;>

‘)/:QX

Weight of Largest Chocolate Bar = ? ! O 3
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55. Evaluate the double integral

[ [ 10 eerivi
S" "’2( 6y cos x)ot/>cﬂx
. gx =W st (Sy iey"a!y)dx
S (9 o | )a&x
= (0 cos() - Mx

X=0
x=1/2

= L(Sm(x)]

53 . 1 a2 |
= L{ SN (% o= L‘ Si n(O) ‘]01 I 16y° cos(z) dy dx = Lf

56. Evaluate the double integral
7 prm/2
/ / 20y* cos(z) dz dy
o Jo

;i7 (G 20p1cas( s ) dy

g‘/ 7 20y (gx :/ cos(x)atx>o£/
= Qr2t 207 (sinbo | 157 )
gy " QO}/ o | J}/

- Qoy° ]V

v =i [ [ nctiass -6 7238
= Y(3)°
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57. Evaluate the definite integral.

" g X
:quéx =177 >o(x
X=0 YLY"S
LY ([ ~L 4L\ d
"S~ éx x+3> X

58. Evaluate the definite integral.

/06/;30:cdyd$ *
Sx=£ (g YER 30)(0(/} . e (IO;(3 f-gdx’l)j:.:z

);:Z - = X > (080
:gx;o BOX( ;’/;9 OQ)/>0QX

= (e 3ox(v ] )

- g:z 30% (x-2) dx

- SX=G (30x™- 60x)dx
X=0

3 % o g

28




59. Find the bounds for the integral f [ f(z,y) dA where R is a triangle with vertices (0,0), (1,0), and (1,2).

Equ@Hon of 4 m=2-0 .9 = y=213x
~J = o

gy ' fx ) dyelx

\Y4

Answer:

60. Switch the order of integration for the following integral d)’ JX ":7 ToP + Boﬁom

1 ~9
/ f(z, ) dzdy
0 J9y

g\/z' szq FOup) dxcly

5 y:.o XT"‘?{}/ Ci
Rearon is y=0,y=1, X>dys X=
9 35
y:.q
N
R /
A 97 Y=%17
‘ |
o °| ’ Answer: S.X—OS = 10(1‘/)”)(]}/ OOX
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61. Switch the order of integration on the follow integral

1 10
/ Sy dedy

y=1 (x
- gk - ﬂx/y)JmQ/

: V20, ye = [0y , X2
R53 on Yy /yl,xf)//

Vx
Y=o

(%

N2

/
&\\§ s """SY‘ "% $0x,)d ydx

Answer: SX 0

62. Evaluate the double integral

1o, s |
2e" dxdy = b4 X=
/o /,, © S e oV xol 0%
y=0
(Hint: Change the order of integration) \v//L_\__/

- 1 B
Regior Y20, y=l, X2y, al ‘gﬁo 2¢" s x

(% Uz X’ Seuoeu, S
Yy’ cdu= Axdx
2 Xz
X
> - < ]x-o
1 ‘ &
2o —-e
S (\/ = 2@’( d )Js{
y=o

i SX"O Qe (;:2 aQY)‘JQX I1I12€w2d$dy= e~ |
‘ =1 e 30
= Q2 (1], )



Axdy D Right + L op4

63. Evaluate the double integral

2 2 %>
/O/méley dy dx !S }, X Lie d}/&x

(Hint: Change the order of integration) \ 5
— =2 ¥ ( '
S )y
N AST.
o 1y o
B:Z-X.\ S Yy e S%“tﬁ%
du> 2 d)’ y22
d&“ = Qe Qe y=0

f2f24€”2dydz: Qeq.— &)/

0 ]

64. Evaluate the double integral o o {
/ / sin(z®) dzdy 2 e S ” Sin{x® )AZXJ)/
0 Jyi / ==

el )(Qs§n(x3)dQX
)g,o

L5 g)( Sm(u')

(Hint: Change the order of integration)

Qgg?(m Y=0, il XZW/ x=|

oQ

g::; (g/ 91 n(xa’> &y) Ax | lj;;m(ﬁ)dxdy:

- gx:i SW)(X%)( . °e>’>0/zx L) "—% cos(D+ L

IR0

:SX"‘ S\w(x?’)( y ) >o¢x
K= y:o



