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INSTRUCTIONS

¥ The exam lasts 3 hours and it has two parts: the brst
one consists of Multiple Choice (MC) questions, and
the second part of Free Response (FR) ones. You
mustshow work for both parts. An unjustibed
answer will receive no credit. If you are using a
shortcut, explain it.

¥ Your work must be neat and organized. Circle the
answer for MC questions and put a box around the
Pnal answer for the FR questions. There is only one
correct answer for each MC question.

¥ Smart devices, including smart watches and cell
phones, are prohibited and must not be within reach.

¥ If you plan to use a calculator, only TI-30XS
MultiView (the name must match exactly) is
permitted; no other calculators or sharing of
calculators is allowed.

¥ Provide an exact answer for each problem. Answers
containing symbolic expressions suchcas(3)and
In(2) are perfectly acceptable.

¥ If additional space is needed, use the last two pages.
Write Octd® (continued) in the designated area and
continue on the scrap paper by brst writing the
problem number and then continuing your solution.
Work outside the specibed area without any
indication, will not be graded.



Part I: Multiple Choice

Show work and circle the bnal answer.

1. [10 pts]Evaluate the following limits:
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s 3. [5 pts] Below are the graphs of thaerivatives of two functions$ (! ) and" (! ). Carefully read
the following statements and determine which of them must necesbaritye.

Statement (1)$(! ) has a local minimum.
Statement (I1)" (! ) has a root.
Statement (111)" (!) is increasing everywhere.
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0:

%t 2l %okt 4131 24 Gk A3(121 )1 1421 28)
%! 1! 3 @D %~ 7 ® %~ (121 #)2
T TE Gk 4131 124

70!_21!3#2 %! 211 3R

; ? ? g
xa_zx;f-ac;_a;?

71= 4::2—-.3235% / - //d. cormeclt s
%

s 5. [5 pts] Consider the graph of a functi@{! ) which is twice di erentiable except at a few points
on the interva[! 4, 5]:
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Which of the following sketchelsest describeghe graphs o$#! ) and$*{! )?
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=« 6. [5 pts] Athow many values of on the interva[! 1,2] does the functio (! ) = 711! 411341243
attainabsolute minimum?

ox ® 1 @) 2 (® 3 ® 4
7{'@): x3- 3z%+ 22 — //.t;.

Cniticat volues: L 3 3x%+2x=0
x(x?-3z+2)=0
x (x-1)(x-2) =0

= x=o0,1,2 € [-1,2] ~— 2

(1) = fateira=d

4
(o) —@
pla.
/m f(’)"';—{-r/-ff)' 73- abaoile minimum at =0 and x=2.
ffl)"# -8 +4+3 =
2
e . [5 ptS] If $(!):|!_Sin((§)%8hen$#(!)is

®'= @ © 1=
® ! ®! 3 @ sin)
© st GEx: M sin(4)! sin()

‘{"" —"'—/ dim (£2) dE
dx

&
({ﬁ/ﬁ'«n{fzjcﬂj ’ft'

= _ 'n 2 ) J—
, ((\/3)) i 3 f;g

= _j’:;/ ,z/;ﬂ.




"H#
- 8. [5 pts] Approximate the area under the grapth ) = 1+sin?('! )on O,% using a right-endpoint
Riemann sum withhree subintervalsof equal length.
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== 9. [5 pts] The rate of growth of rabbit population in a forest is given(b{® = 1000) %% where
( (& is measured in number of rabbits per year, &glthe time in years since the start of 2010.
7
Using the correct units, what dogs ( (§ %d&epresent?
t2
0 @ The integral represents the area under the cur\e(8fbetween the years 2012 and 2017,
measured in square rabbits.

5/,5 @ The total increase in the number of rabbits between the years 2012 and 2017, measured in
rabbits.

0 flz @ The rate of growth of the rabbit population at year 2017, measured in rabbits per year.

o pb. (D) The total number of rabbits born since 2012, measured in rabbits.

o0 bli- @ The average rate of growth of the rabbit population between the years 2012 and 2017, mea-
/W— sured in rabbits per year.



_ e 10.[5 pts] Which of the following is the derivative of the function
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___ s 11.[5 pts] Which of the following is true about the function
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o/;LT @ * (1) has a vertical asymptote at= 3, but has a removable discontinuity!at 5.

3 /,7‘2' * (1) has vertical asymptoteslat= 3 and! =5, but has a removable discontinuitylat 2.

5/55- * (1) has a vertical asymptote at= 5, but has a removable discontinuity!at 3.

0/;5 @ * (1) has vertical asymptoteslat= 2 and! = 3, but has a removable discontinuitylat 5.

5/;,;,- @ * (1) has avertical asymptotelat= 2 and! =5, but has aremovable discontinuitylat 3.
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s 12.[5 pts] Classify all local extrema OM

@ I =1 is alocal minimum and = )?is a local maximum

I =1 is alocal minimum and =0 and! = )? are local maxima
@ I =1 is alocal maximum an#l = )?is a local minimum

@ I = 1 is the only extrema and is a local minimum

() ! =)?is the only local extrema and is a local maximum
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s 13.[5 pts] Let+ and( be two dl erentiable functions satisfying
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-« 14. [5 pts] Find the area enclosed by the cutve 1! |2, the! -axis, and the lines = 0, and
I =3.
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Part Il: Free Response

11

Present all work leading to your Pnal answer clearly and in a structured manner. Show all relevant

steps and justify them.

15.[10 pts] Compute the following limits:
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____ = 16.[10 pts] Use the limit debnition of the derivative to compute the derivativé @f) = ! ° at

I = 2. No credit will be awarded for any other method.

[Hint: recall that (, + -)3=,3+3,2- +3,- 2+ -9]

,/Tf’(.z,)-- /- (-“’MB* 2”

4o S

= Mo 8424 16 B3 473
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17.[5 pts| Consider the functiom(! ).

__ 3ess (@) Findits linearization at = 1.

L(x) = jfm+ 7{/(,) (z-1)
= fatr) + i—/ (z-1)
xX=1

x‘l//

205 (D) Use the above linearization to estim&i€l.02).

'gl(l..z) ~ {42-1 =a.-2,//
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18.[10 pts|Evaluate the following indebnite integrals:

|
@ ';1%!

"l 2)

= i(. (5 —-c,y-r jnlz/f- C,_/

4
2

7
_ /..84_“ %/i,/x/uj whoe C= L0+

() | 2 +4%! At w=22+4
du:Z:/.z
=/\Et—éb
2
3
= _!.é uz + C
2 3
¥,
= Lusr C
3

¢,

13


Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies


14

/s 19.[10 pts] In a petri dish, a colony of bacteria takes on a circular shape. The radius of this colony
is increasing steadily at a rate of 0.2 millimeters per second. WhatOs the rate at which the area of
the circle is increasing at the instant when the circumference reachasiflilneters? Make sure

to include the units in your Pnal answer.

Hala.:

d—R = 0.2 mm
dt S
dA

dt

- =Sao

When C seaches 0T mm.

- < ? ”437' C =201 mm

%wu.: ﬂc orea ﬁf #_‘: ecacle Mjrnow"n; wt o sqle ?[ 4 ”""’/;

=« 20. [5 pts] Determine the derivative & (! ) = [cos(2 )]*. [You might want to use logarithmic

di! erentiation.]

Z/wni A. 7@«’//«‘/'4'6 o&%wmﬁ'afion :

,K, f{z): /41 ([caa(zz)]ax/

= 3x //‘n (c»:!(z.z)}

- = -

] . A
(x) = 3z . —-fo.hm(lx/,‘ + 3 j,,(cogzx)
£ \Cod (22).
Aa (3z)

%w) [%l[x)= (—6.:::2[;»1 (2x) + ajn[coﬂzx))[cq(zx]]\ax[



Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies

Jimmy Dillies


15

«rs 21. [10 pts] You have been put in charge of designing a box for a revolutionary product in your
favorite company. The product manager tells you thatéaogangular box needs to have volume
200cm?, it should have a square base, and it should be painted in such a way that:

¥ The top and bottom faces are squares, painted blue. (blue paintdfsts?)

¥ The front face is painted red (red paint cag2$cn?), while the rear face is painted yellow

(yellow paint cost$0.5%cnr).
¥ The left and the right faces are not painted.

The aim is to minimize the cost of painting the box.

2PTS

(a) Draw a picture of the box. Mention explicitly which variable you use to denote which side,
especially which variable you use to denote a side of the square base.

(b) Write all the constraints and equations relevant to the situation.

Commsloanh :  Zy = oo
/
C"f" C(z):-z(xz)J +f?-.z + 7'0-5

- a2y
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205 (€)  Write a formula of the function you want to optimize in terms of a single variable, and give
a reasonable domain for the function (this is the domain where the problem makes sense).

Clz) = Lat+ Sz 200
2 z’-

= ax’+ Soo xe(oloo)
X b

ses - (d)  Minimize the function using calculus, and thus determine the dimensions of the box that
minimize the cost of painting.

Cltz)= 4hx - 500

'zﬁ-

Y - G00 =0

z2
4&;3:—. 500
3= S0 _ n5
4
= x=5 .a.na( =8

. . A e 4
Mu/‘ we meed A5 Vs Hiat z =5 indeed A?u,c“,ﬁ ﬁofl'mal domengaon f’ Uz bose
W nm'mm'«ww's,u % cosl pf- fM:‘AM]

s dimnemoions Lot getd U Lowest cost
m Zakle 4‘0#\/4 #d‘ x=5cm (;:30,,,) a%e #—' ,& i_‘

e e Aox.
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22.[15 pts] Consider the function
1 4
1y=-+213,
$() =5

Here is some useful information: the roots® ) are! 4 andO, its domain is the set of all real

numbers and its derivative is
$%1)=213+6!2.

(@) Find the critical points o$ (! )

2 PTS

f(:c)- 2x3+ 6x? o
-3

x*(2x+ 6)- o = x=0,

(b) Find$*(!) and determine where the curve is concave down

5PTs

f”(z): Gx? + 12x
6x(x +2)=0 = X =0 -2
Z 2 o
P2 [ _
Lt +t7 -t
[

fll
The e <o comeave dowm on (-2,0)

(c) Complete a number line/table/chart, partitioning it appropriately and indicating the sign of
$* the sign of$**and the shape & (increasing/decreasing and concave up/down).

5PTs

x -3 -2 ©
-eaf— "
wE = e L+
Tt j’ qlf /é'"/{
] |
Aepe N\ o / e

77
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(d)

Sketch the graph & (!).
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