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e The exam lasts 3 hours and it has two parts: the first
one consists of Multiple Choice (MC) questions, and
the second part of Free Response (FR) ones. You
must show work for both parts, unless explicitly told
otherwise. An unjustified answer will receive no
credit. If you are using a shortcut, explain it.

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

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

e 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.

e Provide an exact answer for each problem. Answers
containing symbolic expressions such as cos(3) and
In(2) are perfectly acceptable, but sin(z/2) = 1.

e If additional space is needed, use the last two pages.
Write “cont’d” (continued) in the designated area
and continue on the scrap paper by first writing the
problem number and then continuing your solution.
Work outside the specified area without any
indication, will not be graded.
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Part I: Multiple Choice

Show work and circle the final answer.

1. [5pts] If y = 2x° 4+ 3x% — 12x — 10, find y/'(=1).

(a) -18
® —12
(c©) -6
(®) 0
E) 6

"(z2) = 62"+ 6x - 42

y' (1) = (-t e(-1)-12

= -—l.?.//

2. [5 pts] If £(0) = sin@, find £V (x), the 11th derivative of f() at 6 = x.

T

@O®®

{13): 4mB
'(8) = ces8
2"(6) = - 4ins
"(g)= - o8
f"’(a) = 4inb
4o £/%18) = f('v)m) = wno

Md f{”){ﬂ) = f‘S},p}- -co3 8
At 6=  -od6= 1

Fhoa f’”’/”) =1,




3. [5 pts] How many critical points of y = X = ?ﬁ are NOT local extrema?

(a) 0

@) 1

(©) 2

(p) 3

& 5

Afm“'n 7‘} : (%9 oa)
;': 5z%- 20x?
erctical poonds

J'= 52 % -4)=0 > T=0,-2,2.

c.p -2 o 12
e IT_I_ 1+
it T TITTT
Loc. Loc.
max. .

% x=0 44 mot a boeal extmm, #zc#a"mm <o one.
4. [5 pts] If y(x) = V1 — x? + x arcsin x, compute y'(x).

1 —x?
#) arcsinx
% 4 .
") = 1 (f—xz) c(-2x) + - + orcsimz
¢ 2 fi—ar
= =% + = + arcémac

Vi-z2 Vif-x2

= acunx /




5. [5 pts] A person walks away from a lamp post at a rate of 3 ft/sec. The lamp post is 10 ft tall,
and the person is 5 ft tall. How fast is the length of the person’s shadow increasing when the person
is 15 ft from the lamp post?

@ %ft/sec
10
?ft/sec
5
@ Eft/sec
@ 2 ft/sec

(E) 3ft/sec
Lt xet) Be Hh Aom'booﬁl dicamce ‘% #'e/wom %ow the ,lam.//wd:;

A
T amd 418) o shadow .o/ e /smm.
i c
o

?’/‘V&ﬂ! iJ__‘_z =3
de

"‘/‘amt': is_ =2 W‘cn x = 45.
dt

zie) dsit) E

5 = 5% o at)estt) = 25t) = X (€)= S(E)

ONCED ~ AAEB 4o ore
40 S(&) + x(¢t)

x'tt) = s't¢) =3
%& 10'7# of #; fmon',, Mdvuf «wo iﬂﬂwﬂi’y at a sale Of 3 #/4¢c'

6. [5 pts| What is the slope of the tangent line to xy* + ¥ = x? at the point (1,0)?

-1

()

SOOOE®

2
3%“.‘1‘;2177 Lot acdes with m/“uzz, e Lawe :
Tayy's gt yet < 22

At @1,0) :

}'-e°= 2 = ;’:.z//




7. |5 pts] Consider the function

x*+ax—-3x+3—-a, ifx<l1
f(x)= 2x
xX2+1

ifx>1

What should a be so that the function is differentiable everywhere?

@ a=0

&
Q
Il

Bl—= Q= N

WO ©

7f¢=°> Lo @ plecewide fgnci'u:n and Aoth bacnches are conlivwost ew-;w@w weth mo

-44 Corners . e © flace where Fx) cen ¢ 15 be #ue-;:tzglc <o at x=1
Ao ﬁ' ,J;.mano[ ,J.ﬁu :Z. #‘Ma we ook demand Zao Z&I'm;,s :

@ coads ot x=4; <.e. 7((1) ?.ftz) @ tvgcwt Lineo wwnst be Thi aame

PTS

."". ’_. . L - 2ett2
(¢) Bom 2* 4 az-3z+3-a= Lom 2= (* Ly 221a-3 = (™ (x%+1)*
X y- z—24t ot e x2191" a-1=
Sl don ot -0 > [a=T]

8. [5 pts] If f(x) = x> + 8x + cos(3x) and g(x) = f~'(x), find the slope of the tangent line to g(x)
at the point (1, 0).

1
@ 11+ 3sin3

(®) 8
[f-y“)J/: / f"(f(z)) =

a (7{:!(:)) ot (’T’—)/{f_f)). ?(’(”x) =

' (£ =
L 1
3z’ 8- 3 4im(3z) /;c:o f f'(o)
1/
-1y 3z g-Bumlsx)/,_,
8 -4y



9. [5 pts] Let f and g be differentiable functions, and suppose the following values are known:
fl@g=-4, fl(@=8, gla=c, g)=h,
f(e) =3, flley=2, gloy=5 g=1

Define h(x) = [ f(g(x))]*>. What is the value of 4’(a)?

(a) 4b

6b
@ 12b
(D) 15b
(B) 24b 3 2 :
® 36b — —
4'ta) = 2 7’(3(00)- 7{'(?“;) 3
= 42 4.

10. [5 pts] Below is the graph of the derivative f’ of a continuous function f.

yl\
y=f'(x)
)
7 '
0 | A | 6 x
4
S »

At what value(s) of x does f have a local maximum?

@ 0 only
2 only
@ 4 only
(D) Oand 6
@ 2 and 4
(F) 4and 6
2 and 6
@ 4 and 8

/ .
Kocat maximum et X = Q = 'T/ (a) w0 O oA DNE .and

PTS

07(4, and mcyame /;ﬂz
M?At.

ﬁfhc“ w‘ue ﬁ'c above [Woem are at x=2 and :z:G‘.//



2x
11. [5 pts] If H(x) = / ¢ dt, find H'(1).
0

@ ¢
°
@ e12
@ 2e°
@ 2e12

, 2% 3(2z)* 2
H () = _g/_/ 3tzalf_— = 2e = ‘Zelzx

d=z .

Hl(’) = ‘Ze PTS

12. [5 pts] Let f(x) be a continuous function defined for all real numbers. We are given that

1 2
/ f(x)dx =3, and / f(x)dx =5.
-1 -1

Calculate [ (3 — 2 (x)) dx.

% -1
() 0
(© 1
(D) 5
®) 7

2

2 2
- X z = - 'z J-‘f—
f(s .27!1 )4 /3:/: .z[ fe

! 1
= - - - 2 d
3(2-1) .Z[[ 7[(:) dx +[' 7f(¢) 2}

= 3-2-2

PTS

=_1//



0

13. [5 pts| Compute / 14+ V4 — x? dx by recognizing it as the area of a region made up of simple
-2
geometric shapes.

@ T+2

-z =2
@ 2w
@ r+4
() -x
° = ° meole A of @ b
[ =) b= o f s Lol AL
] height 1
-2 2
= 2.4 + 4L7w.2°
4
=2+n'/

PTS

14. [5 pts] Compute the area bounded by y = e*, x =0, and y = 2.

%) 2In(2)—1
2In(2) + 1
(©) In(2)—1
(D) 2-1n(2)

® 2In(2) .
y,._. e;c g{m of 4'%460&0‘4 H
/ ex: 9 = X = [‘nl
y=2
Az
/J/ .74'4!0- = / (2_ ex) dx
x=0 ya
= 2z-e” / ’



10

15. [5 pts] A scientist is studying how the concentration of a chemical in a solution changes with
temperature. The concentration C, measured in moles per liter, is modeled by the function

C(T) = In(T? +5)

where T is the temperature in degrees Celsius. To make quick predictions without using a cal-
culator, the scientist wants to use a linear approximation of C(T) near T = 2°C. Estimate the
concentration at T = 2.1°C.

1
(A) C2.1) »In(9) + 3
C(2.1) ~ In(9) + 9i0
2
@ Cc2.1)~In©M) + 5
4
(D) C(2.1) » In(9) + 31
(E) CQH~ ln(9)+é

Cra1) = Ct2) + C'(2)(21-2)
"

]n(22+5) # 21—7- - o.4
T+5 |T:

2
) /712 g + 5 V4
16. [5 pts] e dx is to be approximated using a Riemann sum with 8 subintervals of equal

0
width, where the height of each rectangle is determined by the right endpoint of the subinterval. If
i is an integer between 1 and 8, what is the area of the i rectangle?

Q
N

® &

A= B|—= 0O~ 00|+
Q
|
N )

Q

Nl
—
N
N
5]

Q
N

S @8 O

= %(-”i}-[]x where Ax = A-a _ 2-0 = 1 agud x;=a+ia=x

..2 2
- e_ (Z) a4 y 4 ¢
2




1
17. |5 pts| Evaluat
[S pts] vauae/o 2

(A) In(2)

;

(© %ln(Z)

(D) arctan(l) = %
@ %m(z)

18. [5 pts] If f(x)is continuous and it is known that

AW N PL O

dx.

11

2 z
/ f(x)dx = 6, evaluate / ’ f(2sint)costdt.
0 0
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Part II: Free Response

Present all work leading to your final answer clearly and in a structured manner. Show all relevant
steps and justify them.

19. [16 pts] Compute the following limits:

(@ lim V245 = V¥
t—1-

4 PTS

o mEolir0 o e s
x—2 x2 -4 A2 (7/2) (‘t+2’) 4
= -Z.-vn 2x-? = ‘3/4// 4 pTS

X2 2L

x x
© im¥=3 = hm 3 Jos . 3dnzy

x-1 x—1 X9 1

4 PTS

Il

(d lim Vy2+6y—1—y

y—=+oo

Lo (Vgreg= -})-{‘W + )
\;?--r-Gyff *;

4 PTS

0



20. [10 pts]

(a) Write the limit definition of the derivative of a function f(x).

por Skt
- 4(x)
=g/ f_(ﬂ 2{
b A ¢

(b) Use that definition to compute the derivative of f(x) = % (No credit will be awarded
x

for any other method.)
1 4

x+h+5 T+5
ft(x) - /me i ]
40

A
Gro F\THhes  T*S

) ‘ xX+5-(x+4+5)
- Lo 4 (x+he5)(x+5)

=,Z:m’_L

4o 7 (z+4+5)(z+5)

-1
(@+5)?

=

He can cheele our seoutt —wu'fr? Chawn sule 7&4 e_m,m/’[‘.
f(z)= @t+5]_',amd 7’f’(:x)= - (.x+5)—;.’//

13

2 PTS

8 PTS
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21. [24 pts] Consider the function

X
/)= x2+1
with first derivative
f’(x) — 1_—xz
(x2+1)2
and second derivative: )
2x(x* —=3)
" _
10 =

(a) Find the domain of f(x).

do'rnaén 07[ flx):= (—“’/ oo)

2 PTS

(b) Find the x— and y— intercepts of f(x).
X - dntercepds :  4et J=o & x=o
y_ 4»,13“_?5: det x=0 & ;=a+1 =0

(0,0) <o Zhe on‘? 7:a¢)nt _o]{ rdovedion wiff M coondimdde .azes.

2 PTS

(c) Does f(x) possess any symmetry? (Even/Odd/Neither)

Feos m, T = T T

;{(ac) < wodd .

2 PTS

SUBTOTAL 6 PTS
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(d) Does f(x) have any vertical or horizontal asymptotes? Justify.

. There cane mo wverlecal ,aAymfm s Yle denomimalor <o mever 3ero.
- x - 0 . =o,w'ﬂ?z7w%~' ?{%,ﬁouémfd

X +0e (X1
().
7 17

4 PTS

(e) Using the first and/or the second derivative of f(x), find all critical points.

=+
fro = s o2 o

(332"‘ ’)2 o} never

2 PTS

(f) Using the first and/or the second derivative of f(x), find all inflection points.

%”up 22 (a%s) -

(£41)° S

a=o0,+ V3

2 PTS

SUBTOTAL 8 PTS
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(g) Organize the above findings in a table that encodes the signs of the first and second derivative
of f(x). Clearly state the interval(s) where the function is increasing, decreasing, concave
up or concave down. If not applicable, state “none”.

-3 - o
w4 - / - 4 ’ /
igm (£°) — é + /+ 47 - / - 0 +

Amcreasing on (-1,1)

f(.z) “ —Jcmea“";’* on (-0,=1)u(1,0)
concowe 17 on (-1 5,0)"(‘[3;”)
Concave down on (~0o, —1/'3') U(o+s),

6 PTS

(h) Sketch the function, putting in evidence intercepts, local extrema, inflection points and asymp-
totes, if any. Do not forget to label your graph.

f#

2

4 PTS

-2

SUBTOTAL 10 pTS
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22. [10 pts] A closed box with a lid is to be formed by trimming identical rectangles (shaded below)
from two adjacent corners of a flat, 6-foot by 6-foot cardboard sheet with negligible thickness. The

sides are then folded up to form the box. A diagram is provided here

A

(a) Write a formula for the volume of the box in terms of x along with a reasonable domain

Simplify the volume formula as much as you can.

V= x;é

= x(6-22)(3-)

= (6x-22%)(3-x)

3
4pTS

18x - 6x*_ g’y 22

W’&Me x € (0,3)

=

8x - 122>+ 23

(b) Use calculus to find the value of x that gives the largest volume and justify your finding

!
V= 18 - 24 + g=*
= 6'(3-4:5-:-362)

_ 6 (x-1)(x-3)

V’=0 ab z=1 and x=3.
1 3
] I + 6 PTS
) + 9 - o
(v) ] i

“r
Behowron
o]{ V(x) . /\/

Ao V(x) seackeo .a.z/alal marimem at:x _1/
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