Name Section

APPM 1350

Summer 2022 Exam 4 July 22

Instructions:
e Write your name and section number at the top of each page.

» Show all work and simplify your answers, except where the instructions tell you to leave your answer
unsimplified.

* Name any theorem that you use and explain how it is used.
* Answers with no justification will receive no points unless the problem explicitly states otherwise.

* Notes, your text and other books, calculators, cell phones, and other electronic devices are not permit-
ted, except as needed to upload your work.

* When you have completed the exam, go to the scanning section of the room and upload it to Grade-
scope. Verify that everything has been uploaded correctly and pages have been associated to the correct
problem before you leave the room.

* Turn in your hardcopy exam before you leave the room.

Formulas

/\/117‘%2 d$ = Sin_l(x) —+ C /‘1_:1:2 dSU = tan_l(ﬁ) + C
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1. (18 pts) Compute the derivatives for the following functions.

(@) g(x) = cot(In(2x — 3))

3(1)
(b) hiz) = sec(bx)
(© fla) =z
Solution:
(@)
i((30‘5(111(2:1U —3))) = —csc?(In(2z — 3)) - L 2
dx B 2z -3
= —2:62_ 3 csc?(In(2z — 3))
(b)
d 3* _sec(5x) - 3 In(3) — 37 sec(5x) tan(5x)(5)
dx <sec(5x)) a sec?(5x)
~ 3%sec(5x)(In(3) — 5tan(5x))
B sec?(5x)
~ 3*(In(3) — 5tan(bx))
B sec(bx)
(©
y = I3x+1

In(y) =In (3:3””“)
In(y) = 3z +1)In(x)

L (n(y)) = (3 + 1) n (2)
;Zi = (3z + 1)% + 3In(x)
% _ (3:1: +1 . 31n(x)> (x3z+1)
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2. (16 pts) Evaluate the general integrals.
z—1
d
@ / 20+ 1 o

V3 o3
(b)/ 72dx
0 9+IE

Solution:

1 1
(@) Letu=2zx+1, du=2dex & z= i(u —1), de = §du. The integral becomes

1
= 1(u—3ln\u]) +c

1
:Z(2x+1—3ln|2x—|—1|)—|—c

(b)

v o3 VB3
A L N
0o 9+ 0o 9(1+%)

1
Letu = du = gdaj. The integral becomes

z
37

S
=

[e=]

1 -1
/0 T du = tan™ " (u)

T
6
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3. (16 pts) Compute the following limits.

. sin™!(2z)
@ 5
(b) lim In(z — 2) — In(z? — 4)
T—

Solution:
(a)
o1
ligg S0 (22) _ 0
x—0 5% 0
2
(LH) = lim 1-42?
x—0 5
i 1 2
= lim - ——
=05 +/1 — 2
_2
5
(b)
lim In(z —2) — In(z? — 4) = 00 — 0
r—2+
-2
lim In(z —2) — In(2% —4) = In  —
g lta =)= Inte? ~ )~ 1a (2=3)




4. (16 pts) You are given the following information about of a function f(z):

(a) Compute if_l(:c)

dx

(b) Suppose j(z) =

Solution:

(a)

(b)

Name

2T

242

r=3

T 0 1 2 3 14
flx) |[-3| 5] 3 4
F) | 8 |—13 420 | 69 | =

f(t) dt. Compute j'(1).
N R
R M (TRIE)
1
e
1
T 420
J'(x) = £(27) (2 In(2)) — f(a? +2)(22)
7'(1) = £(2)(2In(2)) — f(3)(2)
— (3)In(2) - (1))
= 61n(2) — 2

Section
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5. (14 pts) A scientist puts an unknown quantity of bacteria in a petri dish. An hour later a grad student
measures 150mg of bacteria. Two hours after that, they measure 1350mg of bacteria.

(a) Create an exponential model for the amount of bacteria in the dish at time ¢, where ¢ = 0
corresponds to when the scientist put the bacteria into the dish.

(b) At what time will the population of bacteria reach 5000mg? (No need to simplify here)
Solution:

(a) We have the data points (1, 150) and (3, 1350). Using the model
f(t) = Ce
We get the following two equations:
(1) 150 = Cek (2) 1350 = Ce*.
Solving equation (1) for C' gives C' = 150e . Using this in equation (2) we have

1350 = 150e *e3

9 = 2
In(9) = 2k
1
= In(92)
= In(3).
Plugging in k into equation (1) we get
150 = Ce®)
C =50

F(t) = 503 = 50(3)".

(b)
5000 = 50(3)"
100 = 3¢
In(100)
t = log,(1
e or logs(100)
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6. (20 pts)

(a) Find the z- and y-intercepts.

(b) Find the horizontal asymptote(s). That is, compute Ill)rinoo f(z).

(c) Find the (x,y) coordinates for all critical points. Indicate local max and mins.
(d) Find interval(s) where the function is increasing and where it is decreasing.

(e) Provide a sketch of the function.

Solution:
(a) (0,0)
(b)
3:2
lim ze” 2 =0 -
r—+o0
. _ a2 ) T +o00
lim ze” 2 = lim = —
r—+o0 r—+oo e% o0
1
TCH = lm ——~
r—too _zZ
—ze 2
=0

Thus there is one horizontal asymptote y = 0 for x — +oc.

(©)
22 22
fl(z)=z(—xe 2)+e 2 =0
1-2
e 2 (=2 4+1)=0
z2
e 2 =0 or (—x2-|-1) —
no solutions or r==1
. . 1 _ 1 D
Thus, the critical points are | 1,4/ — | which is a local max, and { —1, —4/— | which is a local
e e
min.
22
(d) f'(xr) = —e~ 2 (x — 1)(x + 1). A number line test would tell us that f(x) is increasing on

(—1,1) and decreasing on (—oo, —1) U (1, 00).
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Scratch work

Be sure to label your problems

10



