S olub
Math 141 Name:  OlEonNS

Joseph C Foster June 24th, 2017
Summer 2017 Time Limit: 150 minutes
Final Exam

This exam contains 12 pages (including this cover page) and 21 questions.
The total number of marks is 100. You have 150 minutes to complete the exam.

Read each question carefully. When specified. you must show all necessary work to receive full credit.

Try not to leave any questions blank. This is your chance to show me what you know. If you are stumped,
write down any definitions you think you may need, or write out the steps you want to take. even if the
calculation is too hard. These things will bag you partial credit at the very least. I cannot give marks for a
blank page.

If you need scrap paper. raise your hand. There is a detachable formula sheet on the last page.

No calculator /phone/smartwatch allowed under any circumstances. Place these items in your bag. out of
reach. Cheating of any kind will not be tolerated and will result in a grade of zero.

Question Marks Score Question Marks Score

1 3 12 4
2 3 13 H
3 3 14 5

B 1 3 15 6
D 3 1G 6
6 3 17 6
7 3 18 7
8 3 19 7
9 3 20 10
10 3 21 10
11 4 Total 100
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1. (3 marks) True or False: If a function is continuous at a point ¢, then it is differentiable at the point c.

A, True False

in(ds) 2
2. (3 marks) True or False: lim sm.(-l.:) ==
=0 G 3
@Tl‘llc B. False
. NN .
3. (3 marks) True or False: If y = M where g(r) # 0. then §' = [(1)g ('i) f.,(" ol ).
4(r) g(o)f

A. True False

4. (3 marks) Fill in the blank: Let f(r) be a function. The limit definition of the derivative is

| Flern) - £(0) C(2)-E(x)
L n oc I TZz-x
Z-I2¢

(Either of the two definitions we learnt 15 fine)

. (3 marks) Fill in the blanks: Let f(.r) be a function. Then ¢ is a critical point of f if

LY{H=0 () DNE

o

or

<

. (3 marks) Fill in the blanks: Let f{xr) be a twice differentiable function. Let ¢ € R be a point such that
J'(¢) = 0. Then;

o If /7(¢) <0, f(c) is a local PMCA X A CAeN

o If /"(c) > 0, f{c) is a local __CUOYUM

o If jff(c) =0, C)e kho(") (\OH/\W]‘G‘}
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For questions 7-10. choose the best answer. There is only one correct answer but you may choose up to
two. If yon choose two and oune of the answers is correct. you will receive 1 mark.

. (3 marks) If y = tan~'(r). then r}'_y is
dr
1 1
A — o 1
v1-ua? 1+

1 1
142 1 =2

-1

8. (3 marks) If f(r) = _l-\/1=’ then / Slr)dris
== .

A tan () +C @:‘sin‘1 (ry+C

B. cos7Ha)+C D. sec () + C

9. (3 marks) The graph of a function f(r) is given below. How many critical points does f() have?

N

10. {3 marks) Calculate Fi(r) = /G.r+ Sdrif F(2) = 14.

A 3r*+5r-6 C. 3r*4+5r—10

3.:-‘-’ +5¢r—8 D. 342 4 5 — 12
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For questions 11 — 21 you must show all necessary work to receive credit. Simply stating the answer will
not be sufficient.

x ifr>0
11. Consider |#| = ’ l e
—r ifr<o

{a) (2 marks) Determine whether or not |r| is continuous at r = 0.

v el = lim ¢
a0+ A0

o

by |l = (i -x =-lm L = -0
-0 | 2=0" e s

"
1

O

Dot sdes agree ond egual [of

:'-——-> el 15 conEinuods
ot o

{h) (2 marks} Determine whether or not fx| is differentiable at @ = 0.

PO 2] Kk o) I P S IV
h—vo* h woot o her

- h
\{M \O'{"h\ '-\O\ = llm- e ‘IM—-'—| = ‘
n->0" w0 h->0

)uvnbs o not Oﬁfee =D (imiE does not
ex\sk

== |xl 15 not i Ferentvlole
ot o.
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12. (4 marks) Let f(r) = 82 + 17. Use the £-§ definition of a limit to find lin;{f(:::).
T=F

IEG)-L <€ ollx-cles

| 8o +17 -t 1| L& Ol -3145

| & - 241 < E

Sl -3\ <E et 5=%. Thus hg}p(x) =4
\30-3\¢£/=g' -

13. (5 marks) Find % if 22y + In(y) =y + 17 + cos(x).
2 oy
2xU + rlg + x—== -sn(x)
4 5 d =Y A

10{‘5' L Otfd Y - y-sinlx) -2
dx T Y dx s N J

(:{_z,;. /Ej__:x,) *&OL"C%‘ = ‘j - SN (SC) ‘thrj

A Y —sinx) -2xy
d T T
x1+ /lj -—DC .
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2
14. (5 marks) Find the volume of the solid formed by revolving the curve y = = about the r-axis over
Fe
the interval z =0 to x = 1.
B |

- gas = [(F) de - o[ i e

- trrten () | = 4 [% -] - )

15. (6 marks) Let f(x) = #? +3x +5. Find a formula for the Riemann sum of f(r) obtained by dividing the
intorval [1, 2] into n equal subintervals,
1.2 : ’ b-ex _ 2-) _ )
——— ——— o —t——

N '8 4

.
A=7 Pla+22 )22 =157 (1) +301+V0d) +5

N
| < -2 s
== |+'2/N+),,1.J F34 AL ED

: : y, ot | < o 4. . 9 A P
LsTqe it ad =22 A L Ay TR W
h d__‘ U:' \j_\ \)-—‘

o n
o O 5 s 4 L5 if
':T{Z\-F“'—ZZQJ"N?.\‘
e n 37! J

a 5o(n+ | o+ (zon)

0 A 2 n 6

-4+ %(l*"/n\ +g62+;“+‘/'r\1>
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Vie+1-2

16. (6 marks) Find the limit of f{(x) = pec—

Joae+t'-2 e iaz L+ =4

as x approaches 3.

‘IM

2 = h —
-y XA Joc+ i+ 2 =23 (x*-a)(Jxn +2)

. |{M x -3 — ‘1'/"1 |
5 =53 (‘1'3)(36*3)(-1&;4-\4—2) T se-n (x+3)( [2+1+2)

l |

f— PESEREE p—

T (z)ad) | 24

17. (6 marks) Explain why the function f(r) = 2cos(x) — 5z — 1 has exactly one real root.
CoYz | >0 (%) = "%11-_\ 20O
VT => (opo€ 10 (O,T/rz>
(-M(DC): -'/I.Sm_(ade) 0 For ol =< |
—> () s stnckly deckosty

ook,
£(x) hos exaﬁﬁ(‘j one (ech
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18. (a)} (6 marks) Determine the area of the shaded region using the table provided.
Y y=06r+ l—j
l
-
2 - a; 81 .1 A8 g 8= /3 9
/ G.r + lid.r = £ / .l.r' - -1-‘2.1: + 15dr = 81 / bm\/;r: —8de =80 / i—\/::_:n"r = i
J1 ?' 2 S0 3 b Ji 5 0 4 \3
| g
Q = (} 17 8] 13
| AC + 6CL4":ZO\SC + 5:6-%‘1%45&3-
o ! ,
1% doe — [ 60— S5
9 59X =& doc f L2 50 dae
b4 o 4

35 12

:lG{-F“_Z‘_‘Jt'?\-l-IC{O—é’O—‘T
oS5 224
— 2\0 —_— - == = e | by
A z c- = lzeo _ 2 -
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(b) (1 mark) Use your answer from part (a) to determine the area of the shaded region below.

A=2 7 =]
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7/l
19. (7 marks) Evaluate [ 8sin(r) cos(ir) (cox?(r) — sin(x)) du.

G
- j U sin(2x) cos(2x) dac

o

«
- So/qz sin (&) dx

=L cos(4x) lj‘* - o[-0 = E

(LS

WL\, (A= 6\0('23‘-3 .
= j 5 cin(250)cos(20) dhoc At = 2.cos(2o0) AL

oaa / o (2 E \i
e e _ ant(z= - o= j
- j . ZM Ol(/\ = U X =0 ’

o
K - (1) dx
:SJ qsm(i\ cos () dx - gjo cosS(x)smn
0
= cos (=) \ zomn(x)
_dua gtﬂbc)dag oV - cos(=) = DC:%
%= o
= ?{m /qld\u - gJ' k Vidv o= __zu‘T N .
szo ff/q. & Tp 4 TP (10
- ~72c0oS (:L) 25104(1)\ = 2[605 (V) + s’ AR ]
2\ _‘)?‘ ?
s\, (2) - :-(’Z)-FZ:*@(Z*
2 [(DD)) =k

__u(z) 42 =140 S
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20. {10 marks) Determine the maximal volume of the cone that can be inscribed juside of a cone of radius
3em and height 8cin, as shown below.

o

&-h —
c E-tn =
h 8 _
-3‘(3-'( =h
3
_ \ 2% . __‘."‘r 18(5_()
V=517 V03
- —85‘1\’(3(‘1—('
av _ g(ev 3r1> -
o(( 4
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21. (10 marks) Suppose that the minute kand of a clock is dem long and the hour hand is 3cm. How fast is
the distance between the hour hand and the minute hand changing at 3pm? (Hint: Use law of cosines)

2

—

)= <
AR
o
il
N
5
A\
[P

AT ‘
C:Dc—j f’é"&"l‘ﬂ'&
- e
-6

c*= ottlo - Za‘OCOS(C) |
- 43 - 7 () COS('%TT&)

- 2 5-2kcos (&TE) cl3F ﬁ;";"s('%ﬂ
- Y75 - Zhcos(iTT |

1}
-l - g

[

26 ain(-STE)
_ _phrron(-ETE)

zc._d_\__c_
aE

b 2210, (-4
— ac -—ZZT\'S‘(\(—%T\’&I} ,QE_(:(?’) = .—2——5-"5\('\( zﬂ)
- '?}.T_fsm("z‘ﬁ)
5
-\ —’2——}—1“ cm [ he |

.

IS



