MTH 141

Final exam
June 22, 2023

Name: g O (/U‘D\O NS

UR ID:

Instructor’s Name: Andrés Chirre

Instructions:

e The presence of calculators, cell phones, and other electronic devices at this exam is strictly forbidden.
Notes or texts of any kind are strictly forbidden.

e We will judge your work outside the box as well (unless specified otherwise) so you still need to show
your work and justify your answers. You may not receive full credit for a correct answer if insufficient work
is shown or insufficient justification is given.

PLEASE COPY THE HONOR PLEDGE AND SIGN:

I affirm that I will not give or receive any unauthorized help on this exam, and all work will be my own.

YOUR SIGNATURE:




QUESTION | VALUE | SCORE
1 6
2 6
3 8
1 9
] 5 7
6 6
7 g
8 8
9 6
10 6
11 6
12 6
3] 12
14 6
TOTAL| 100




Some formulas

sin®# + cos? 6 = 1

tan?6 + 1 = sec? @

cot?6 + 1 = csc?f

sin(26) = 2sinf cosé

sin”§ = (1 — cos(26))

cos? @ = 3(1 + cos(26))

sin{a + b) = sin(a) cos(b) + cos(a) sin(b)
sin(a — b) = sin(a) cos(b) — cos(a) sin(b)
cos(a + b) = cos{a) cos(b) — sin(a) sin(b)
cos(a — b) = cos(a) cos(b) + sina) sin(b)
sin(a) cos(b) = [sin(a — b) + sin(a + b)]
sin(a) sin(b) = 3[cos(a — b) — cos(a + b)]

cos(a) cos(b) = z[cos(a — b) + cos(a + b)]
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Part A

1. (6 points) For this problem, justification is not required and partial credit will NOT be awarded. Fill
in where you see ?777.

(a) Let y = mz + b be the equation of the line that goes through the point (1,2) and is perpendicular to
the line 3z — 7y = 1. Then b = 797

Answer: _‘
b= 13

ey,

3

(b) cos(arctan(/3)) =777

Answer:




(c) Let f(z) =2+ 2z — 8, and g(z) = vz — 1. Then (f o g)(5) =777

Answer:




2 —
2. (6 points) Let g(z) = ;T;’ Justify your work in the following questions.

(a) Find an explicit formula for g !(z).

j—_—- 2%X-3 = 3X+53=2X_3

X+5
I{ —2X = _3"52
(3-2)%< =373
= --:S"‘S:j = SJ\UO:—.S"S-X
J -2 X =2
Answer: ) . !
Ao m3-SX L 340
Dy = — -

(b) Compute g71(3).

Ty — 3 +30) _Is 8

=D —{

Answer:




3. (8 points) In the following questions, justify your answer by using properties,/theorems involving

limits. Consider the function:
3r—3

(7)) = 2
) 212 —6xr 4+ 4

(a) Compute lirr} f(x) or justify why such limit does not exist. (NO points will be awarded if ’'Hospital’s
rule is used.)

’Sim‘ 3een 3k L 2 ke ¥EL
i 2.(xE3X¥L) 2 (X -2 2(x-2) !

OCM ‘L\X\;— cL-'-m __3_. - -—?-)— ~-3—»
X} >

Kol arx-z) A=)

Answer:

e

(b) List the vertical asymptote(s) of f(x). Justify your work properly.

_ X=4
Tre wndels T b vedial syl o X=2 o
AL
: ) -1 5 NT A Vedd
Buk , S j:r(n tro- R N TNt

. =2 jg A Vertal
OL“\.\’—Q\]Q): ‘L""‘Jf S5 _ i ) Ahen X )— PS

pOTE.
X2 X=2  A(X-2) Asrn

%N\Ji Myw (s MJLA ol 5o lo; )?lj;\__—ptx);—oo/ Laed" Ne ith

Answer: ' W

X =2 o heT DAE,




4. (9 points) For each part, show your work and put your answer in the answer box.
{a) Compute the following limit

lim (vVz?+2-—z).

z—+00

1&'+X)
. [+ ‘«X)(F
)0&:‘; \‘)ﬁ—i 'V——-—\,‘é!f?aQ ’ (\I/Q*?*X)
1 < 1
=°L*“~'Q,_,_,_\Wl: Koy X2
AR S N F TR
= OL-'“~ 2 —_ O

LX)

Answer:
(b) Compute the limit
lim s
t=5 4/t —1-2

[ -5 L b-S (o4
— = "\ )
S 175_:‘«2) (\1/’0__\ =
b (- (Ve e (8 (e
G
= dim m—\’lz Ij

Answer:




(c) Consider the function f(z) which satisfies the inequality
VT +9< f(z) < 2?42z +3.

Compute lim1 f(z), and justify why this limit exists.

Neh thet DL‘M 3\‘ X"{‘ql ?3F: e

K -1

Gnd

O[“'\ XQ,‘. )/X-’r?) =
Koot

&_ \\l_(, L0320

Tho Aimd
/W\Ml b:) BWIS Thwotm.  WE haws. T owisTs

Omd an Jlx):: 0

X7 -4

Answer: |




5. (7 points) Let f be a function and consider its graphic:

N
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! : : :
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13
*
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....... -
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] .

Write TRUE or FALSE in each { ). Justification is not required and partial credit will NOT be awarded

(a) fiS CONLINUOUS BE T = 1 1oovoeesooeoeeeeee oo { FALSE€ )

2%

MJg?ﬂﬁ=3 s e | T RS

b —

(e) m]i[{l FE)dosotekigte cascomammassmssasse | PRESE

() lim f(x) = £(3) R B R e PPLSE
(g) fiscontinuous at £ =3 ..o ( FALSE )

i
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6. (6 points)

(a) Let f(z) =

24_%, and recall the definition of the derivative

fe) — i L) = F@)

h—0 h
Use the definition to find f/(z).

Note: NO points will be awarded if you do not use the definition or if you use I’Hospital’s rule.

e - A
= 2 = T~ = ' -_
hao A4XHh 2F 190 (24x4h) (24X) T nae p(24xdn)iip)
h i
:OL'\“'\ — | =
N0

(24x40) (24x) T (2x)?

Answer:

_
‘Hm:

(24x)%

(b) Compute the equation of the line tangent to y = f(z) at z = 1.

nf}__: 'P‘U): '_'_'_}__ - _§L
Poia & — [ (x-1)
) (X
=X+l » jr—"ﬁ-l'i
J %’ ?+7 7 g
Answer: - S
5:‘ ~-X 4 4
7 7
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7. (8 points) Find the derivatives of the following functions. Show your work and put your answer in
the answer box.

i
-P(K\ = (117’—# ) eX —_ (K?:-J'\s

2
= (b e Xy e e ~J (k=)

-2
k)

(xuy)

f
- @’(m)e’#@u ™) e 2%
3(x=2)

wp

Answer:

X
. Temy + mrn)e’ - 2X ]
: 3()(1-2-) Yy

(b) g(z) = eteniarsino?

T L
§ho. ™ [ et @)

TQAX,[-@“)(‘)Z L ,E((-lX"(' Q%X;](_

/

P Answer:

TaX 4+ [ 1 bn X
ﬁ(lxw: c S X + 2}’"]‘




!
(¢} f(z) = arctan{~/z% + 16). f,n” _ arJZ«. C CX ({_(_ (/6) 2.)

Foa = | i i(x\’ﬂtlb)-é, 4x°
H{(X5BY

|

-l
’P(\;c\: W .2 (XLLHé’J X
% U (3
Answer:
Jm: alxj’ _
(413 { X4xlo

d‘X du 60(

e/ x
b _ e e
ayx

Answer:
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Part B

8. (8 points) Consider the equation

(a) Use implicit differentiation to compute

y* + 2arctan (y) + tanz = 2z.

299’4+ 2 g4 kix=2

dy

(b) Find the equation of the tangent line at the point (0, 0).

e

D Je O

X0+ =2
[+0

PoinT (0,0)

p
O+ 2

—

l
2

\

J-0-1(x0) = J=%

Answer:

d= %2

(+Y4?* ) . 3 %2%
HYy> +yt
Answer:
OLB _ a’l—'altc.zx
d Qb—l-nl’_;ﬁ_



9. (6 points) Use linearization to approximate the value of & B.1. Justify your work.

3 3 -1
J’(Y): X = X = ’F(IX)= J-l—x = _3-‘:—(..1/.3
o= 8 _
Lin PR ZATON - LU\-— —F(q} +’Ha\(\<’a)
:fsﬁl n __\,___(Y" &)
Y. g3
= 2+ __\___.(X"%B
3. Y
Y+ X
Lixe 2+ X -2 = 3 I
>
Lia = 164X
\ 2- |
3. ..
7@(3\3 o L(e) = 6481 - 2008
lL
Answer:
24. |

2,00833... or




10. (6 points) Use logarithmic differentiation to compute the derivative of

i
(a)

flz) = 2.

. X

D Foo- (X x)T e X
| ¥

fho _ efpx + €%

Answer: T

} D X o X
Vi (X 4 anTe?
‘ - > ( 14%%) 2 X
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11. (6 points) Find the absolute maximum and absolute minimum of the function f(z) = z2¢* on the
interval [-2,2]. Justify your work.

o The Cond  Lld vl mibed

W
Cermeal  Nimoed N (—2 ,1) :

5 P T .
)
’? 2?&\: 2K 6><+ K€

/Hx) - Cfx. XUJVX)

’HX\JO > X=0 , k=72

W
»
(RITICAL poree X =0

) Gnwee e AW
0
_pfO\: 02_6 = 0.

Nyt dr X =0

pA
’)C(Q)—:/Z/ 61 = [’f@l

Pl
) (onemec; LPescest VAUE - 4e ;%L),
SHALLEST | puug @ 09 ,ﬁ(o)

Answer:

ARSOLTE  MpXIHUH - ‘/87':.4(2,)'
Arojoud€  riNinun Y O ~ —;@) _
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12. (6 points) Let f be a function.

(a) Complete the statement of the mean value theorem.

(b) Suppose that f(—1) = —1 and f'(z) < 5. How large can f(2) possibly be? Justify your answer.

USIN(: M

‘9(’2)— 10(-'!) = ’F(Jc) / ce (-1, 2)

’-__—-_______————_-D

o — (=)
)
—p(qs__ (...\)___:_ 3,&:&(’) = ‘P(’L): ?>J€Cc:) L
= IHX)S S / Thin ‘P(Z)'-:}‘F/(crl €3.5-]

'f’fl)éf(f

Answer:

Iy
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3 _.2
13. (12 points) Consider the function f(z) = 3ezucdabrRa’. 2X—-3X -36X .

(a) Find the intervals of increase or decrease.
Hx): GXQ--@(,BQ _ ¢ (B-x-6)
£l 6(x3K X+2)
‘52 iNReSNG (0o VU (3 4)

£ l
W 4» Dﬁuzem 6 (._"?_f 3)

Y T X
ol
-2 >

Answer: ;

(b) Find the local maximum and local minimum values (if they exist).

,F!
—2 3 Haxi Hv M

Answer:

CmiGe OF K=>
e \/ MiNIiHOM.
7 N Y
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(c) Find the intervals where the function is concave upward and concave downward, and the inflection
points.

Pz e -6 X =56

|
7o (2% — 6 = G (2%

Com ot Contoue
pun o0 ApLTED

INELECow  pin]

Answer:

W (02, 1) _F ¢ emeant QOWNWAD,
N (N, ey | L 45 Conaws  upLmeD.
Xally 5 AN WFLecTioN  POINT .

(d) Sketch the graphic of the function f.

Answer:
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14. (6 points) .In each case, use I'Hospital’s rule to compute the limit. Justify your work and your

answer.
@ .
TN S RLH
E_I_:’]—HOO 5:1:2 +xz—4 ':JQ “
® i M¥ = Thm b3
Tt we§ D . e /f;o hom B Proyenies gete &2 2 ) pgsents iy
i | /_\u
= K=o =60
YR g X— [OX+ L | O

Answer:

+

(b)
lim (7 + 1)/
‘ | X QM(')X“’D
W fn (GrD) ‘. & X
' _J. _ . Vi
OL’: (x4 " = ;Lf;: C = X%
X-ap J_ih IQM('_}X-H\
= *agt X
; WD forn «o/o\" ‘_‘po{'m . %‘ /}‘
ﬁ\bw’ i"-:} ,p,n_____(}xm: ‘,’\(“'“4 3% = 7 tha dim %KY e
X 70 \ b eI - 3
Answer:

e?
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