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Directions:

This exam has 14 questions. Pleas: check that your exam is complete, but otherwise keep
this page closed until the start of the exam is ealled,

Fill in your name, and your instrucize’s name.
It will be graded out of 92 poinis.
Show your work. Answers (even correct ones) without the corresponding work will receive

no credit.

You may use a calculator which cannot connect to the internet. The use of any notes or
electronic devices other than a calculator is prohibited.

A formula sheet has been provided with this exam. You may not refer to any other notes

during the exam.

Good luck!
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1. Sand is continuously falling onto a pile. The height of the pile, & (in meters), is measured at
various times, ¢ (in hours).

t [[(3:200]3.40] 3.60 [ 3.80 [ 400
h(t) | 4.735.63 | 5.91 | 6.12 | 6.22

(a) (3 points) What is the average rate of change in the height of the sand pile from
t = 3.2 to t = 4.0? You must include units in your answer and round to two decimal
places.
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(b) (3 points) Estimate the instantassous rate of change of the pile’s height at ¢ = 3.6.
Use an estimate .of left and right intervals. You must include units in your answer and
round to two decimal places.
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2. (3 points) Approximate s'(2) using h = 0.01 if s(z) = sin(Iln(z + 4)). (Be sure that your
calculator is set in radians and round your answer to three decimal places.)
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3. (6 points) Use the graph of p/(z) below to answer questions about p(z), p'(z), and p”(z). Circle
all points that apply for each question. Choose NA if none of the points apply. CAUTION:
The graph below is that of p/(z) and not p(z).

1 p'(x)

L
L]

(a) At which point(s), if any, is p(z) increasing”
A B S D Y, B NA

(b) At which point(s), if any, is p’ (z) increasing?
@ B ©) o B NA

(c) At which point(s), if any, is p”(z) negative?
A C D @ NA
(d) Which point(s), if any, are critical points of p(z)7?

A (®) @ b (B) nNA coch

P

(e) Which point(s), if any, are local minimums of p(z)?
A B @ D E NA

(f) Which point(s), if any, are local maximums of p(z)?

A@CD@NA
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4. Let P(t) represent the number of people currently infected with a new type of flu virus in the
state of Washington, where ¢ = 1 is January 1, 2025.

(a) (2 points) Data shows that P(30) = 487. Explain the meaning of this statement about
the new flu using a complete sentence without calculus terms.
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(b) (2 points) Data also shows that P’(30) = —19. Explain the meaning of this statement
about the new flu using a complete sentence without calculus terms.
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(c) (3 points) Using the values in the previous parts, calculate an estimate for £(28). Explain
the meaning of this statement about the new flu using a complete sentence without
calculus terms.
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5. Find the requestcd derivatives. You are not required to simplify your final answer.

a FI(6) for f(©) = sin(mt + 1) =7 (Fpeirts)

frer= cogg;em. v ()G chainmle
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b. g'(x) for g(x)=w/§+x5—§ (6;»»*/»*0
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6. For the questions below, use the function w(t) = 13 — 3tZ2—t3 on —4<t<0.

a. Find all critical points of w(t) in its domain. ("{ pe / /\*5)

Wit) = _GF -3t = -3t (3 tE) =0 = £=0,"2

)

b. Classify each of the critical points from part (a) as a local maximum, local minimum, or
neither. You must show evidence using derivative tests to receive any credit. (% f) arntS )
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c. Find any inflection points of w(t). Use must calculus to confirm that the point are actually
inflection points. You show all work and reasoning to receive any credit. ( (7 P 20 At S )
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7. A company is designing a storage unit in the shape of a rectangular box with a square top and
bottom (see the diagram below). The box must hold a volume of 27,000 cubic meters, and
designers want to minimize the box’s surface area to lower construction costs.

4>

/ ]
e |7
X
(a) (2 points) Write a formula for the surface area of the box. Assume the width of the
square base is z and the height of the box is y.
sum o T =2 & Des ortas

S(x, ‘7) = ,m/ e ux«j @U’m* WFN”M

(b) (2 points) Write a formula for the wu%al vehune of the box. Assume the width of the
square base is z and the height of the b i3 3.
wae of b,x \/o\wwu Larmnta

V(K)”” = ’X.’(j @Camd’{'”’““'”“

(c) (2 points) Write a formula for the box’s sulface area in terms of a single variable.
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(d) (4 points) Use calculus to find the minimum required (i.e. the global minimum) surface
area of the box. You must show all calculations and formulas used to receive credit.
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8. Maria runs a chemical reagent business. She calculates her monthly revenue using the function
R(g) = 2100-In(10g + 20) and her monthly costs using the function C(g) = 5000 + 30q, where
g stands for the number of chemical containers produced.

(a) (2 points) Write a formula for the profit Maria earns every month.

P(%) - %‘Ooﬂu([(?cb-\—lo) ~ Spo0 — 3°Y% @

(b) (3 points) Use calculus to determine the quantity of containers (g) she needs to sell in a
month to maximize her profit.

24000
@) = lograg
@ = 20,400 = 3097

A M-{ay

(¢) (1 point) Calculate the profit she expects to make in a month by selling the quantity
determined in part (b). Round your answer to the nearest dollar.

- 30 =0 = 2000 = 3009 + 600
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9. (5 points) Using the figure below, find / f(z) dz. Show all of your work and calculations.
=

! f(x)
2, 7 i
@‘56\#\ o‘{:'\m«g | x t/&/ig

@ /\Qjﬁ* :‘Ve, VaLKQ

oVRT —2 ¢ x ¢ -

/3f(:v)dw= ~L(2)(¢) T f;L_M (2) + (3)2)
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10. A polluting chemical is being removed from a large pool at a rate of 7(t) (in liters per hour).
The data in the table below gives the rate at varying times since the removal process began.

t JO[3]69]12
r(t) || 8.7]7.2]6.0]5.2]47

12
(a) (3 points) Use the table to estimate / r(t)dt. Use an average of the upper and lower
0

estimate A’{::B
l -
R(‘t") -:(3@7.& +6.0 +5.2 +'+,7) = (3) ((3,2 +7,q)= 3(23_{) _(7@
L) =) (27 £72 +6.0452)=@) (1.9 +1:2)= 3(27.1) = ¥

Y a2 s A5 T Yemoved

(b) (2 points) Interpret your answer from part (a) in terms of chemical removal. You must
include units.

A PPVOXCTM)Q’Z/( 753 L 0—31— the polluting
Cﬁ.e—m:ca ( Were  Yemgved @ WAl g

@ Corm+ 6‘[‘5“(‘04 e.‘_‘i'

(¢) (1 point) If the large pool originally contained 322 liters of the polluting chemical, how
much remains after 12 hours?

322 — 15,3 — :_2:.{_@— (aFFrox[Mai'&(jﬂ>
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11. (4 points) Given that / f(z)dz =4, f(z)dx = -9, and / g(x) dxz = —8, evaluate the
1 7 1

expression below.
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12. (4 points) The graph of f'(z) is shown in the figure below. Given that f(0) = 50 find f (6).

s (4w =3
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13. Find the indefinite integrals below.
(a) (3 points) f(ﬁ - g —5z)dx
%2 | s oy (D casn term
= %7( _S'/Qngxe'-i(}i +C—

(b) (3 points) / (3sin(z) — 24z> — 9) du

_z2cos(x) - bX —Ax +C D each +erm

12%5 points] For 0 < z < 4 find the exact area between y = 2z% — 18 and the x-axis using the
Fundamental Theorem of Calculus. You must show all work and reasoning for credit.
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14. (6 points) For 0 < z < 4 find the exact area between y = 272 — 18 and the x-axis using the
Fundamental Theorem of Calculus. You must show all work and reasoning for credit.
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