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Show your work! No credit will be given for any answer without correct supporting
work. For nay answer based on a graph from your calculator, sketch the graph and
explain how it was used to obtain the answer.

1. (a) (9 points) Solve the indefinite integral /(62’” -7 + %) dz.

4 2 1
(b) (6 points) Solve the definite integral / (e** — — + —)dx using the Fun-
VT o 2x

1
damental Theorem of Calculus. Show all your work. You are not supposed
to use the fnInt, [, or int feature on your calculators.



2. The graph of the derivative f'(x) of a function f(z) is given below.
Y

f'(z)

Suppose you know that f(4) = 14, area A; = 3, area Ay = 6 and area A3 = 11.
(a) (5 points) Find the value of f(16).

(b) (5 points) Find the value of f(0).

For part (c) consider x just on the interval 0 < z < 16.

(c) (5 points) On which interval(s) is f increasing? On which interval(s) is f
decreasing?

d) (5 points) What is the average value of f’ on the interval 4 < z < 167
( g



3. Let
() = 0 z <0
PAT) =19 0.021e70021z 5 >

be the density function for the annual precipitation (in inches) in Michigan.

(a) (5 points) What is the probability of having between 10 and 40 inches of
precipitation in any given year?

(b) (5 points) What is the probability of having less than 10 inches of precipitation
in any given year?

(c) (5 points) What is the probability of having more than 40 inches of precipi-
tation in any given year?

(d) (5 points) Find the formula for the cumulative distribution function P(z).

(e) (5 points) What is the median annual precipitation?



4. Suppose the yield z (in pounds) of tomatoes grown in a greenhouse depends on
the amount of water x (in gallons) and the amount of fertilizer y (in kilograms)
used. This means z = f(z,y). Suppose that

f(z,y) =20y — (z — 10)* + 60 0<z<20, 0<y<5

(a) (4 Points) Write a formula for the function f(5,y) and use it to fill in the
following table:

(b) (4 Points) Write a formula for the function f(z,2) and use it to fill in the
following table:

z | o | 5 | 10 | 15 | 20
f(x,2) |

(c) (6 Points) What is the value of f,(6,1)7 What are the units of f,(6,1)? What
is the interpretation of the value you found for f,(6,1)?

(d) (6 Points) Which of the following represents the Contour Diagram of z =

f(z,y)?
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5. Let f(z) =y3— 3zy + 6.
(a) (8 points) Find the critical points of f(z,y).

(b) (10 points) Use the Second Derivative Test to determine whether each critical
point is a local minimum, a local maximum or neither.

6. (10 points) Consider the solution of the differential equation y' = y — 3z passing
through y(1) = 1.Use Euler’s method with step size Az = 0.2 to estimate the
solution at r = 1.2, 1.4, 1.6.



7. Consider the function f(z,y) = In(2?y) + sinz + 2.
(a) (5 points) Find the formula for f,(x,y).

(b) (6 points) Find the formula for f,(z,y).

(c) (5 points) Find the formula for f,,(z,y).

8. The following table gives the values of a function f(z,y):

r=0|z=10|2z=20| =30
Yy = 89 80 74 71
Yy = 93 85 80 76
y=4 98 91 85 81
Yy = 104 98 92 88
Yy = 112 105 99 94

(a) (5 points) Estimate f,(10,6) and f,(10,6).

(b) (5 points) Use the above partial derivatives to estimate f(12,5).



9. Find the general solution of the following differential equations.

(a) (7 points) y' = y* + (y)*

(b) (6 points) y' = ye* —y

2

, d*s
(c) (6 points) el +4s=0



10. (9 points) Below are given four slope fields.

x

N NN -
A N N
A S N
I N
A N S
AAAANANNN NS S S~
AR R S e N
VULV VANNNNN S S~
R R R R
FEEVETE VLV VAN

N

R TP YV
e Y P Y V4
— eSS
N YV I Y
— el s )
S/
et
—cees /ST
s/ /

s/ i

L
Lrrrrrrrrrrs/szss-
[Lllrrrrr777z7---
11111177777 777===
1111771/ 777777c==—
[/ s s e
SIS/ SIS S s e
SIS SIS S e e —
SIS SIS e —
SIS S S e — — |

S SIS S S P — —

NS N N NN NN
AVALLVVVLN VAV
Pt

T T
SSANAVV VT \
NN N N N A \
==>>SNNNANNA VAV
= =~>~SNNNNANNNNY
e~~~ S NNNANNNANNNNNN
—'— ~ =~~~ S NNNNNNNNN
— =~ ~~~SNNNNNNNNL
NN N NN

11
RN
-
LY
RN

= — =~ =~~~ NNNNNANN

2!///////////////
'

o5 S
NSNS NSNS NNNN
AR S R R R RN
vy

>
lﬂﬂﬂﬂﬂﬂ/ﬂﬂﬂﬂ/ﬂﬂﬂﬂ

AVALLVVVLAV VAV
NS N N NN NN

I
—ﬂﬂﬂﬂ_—ﬂfﬂﬂ_—ﬂ/ﬂﬁ
AR R S S A R RN
ANONNNNNNNNNNNNANANNN
S

VR g
VR g
VR g
VR g
VR g
1\\\\\\\\\\\\\\\\
VR g g
VR g
PP PP

S S S

x
v e 2 IS 77T TN
v ri )] VAUANANANY
v r i) VAUANANANY
v r i) VAUANANANY
v r i) VAUANANANY
B P Y s NN VAN
P PP YNl VANANANANY
P PP YNl VANANANANY
i) VANANAY
i) VANANAY

T )
Ry YV LR ENNNNN
i) VANANAN
i) VANANAN
i) VANANAN
B T PP Yy VANANAN
D P S yIyNa VANANAN
B P Iy VANANAN
P T P YyIaE VANANAN
R P S Yy IaE VANANAN
s YAl VANANANN

X

N

~—

~~

O

— N —

S g e e 2
e
e
e
I R
Syt
VR R
VPP PP PP
PP PP PP PP
P

Match the following differential equations with their slope fields.

y—1

y' =



11. You heat up a cup of water in your microwave, put in some tea and leave it to
cool on your desk.

(a) (10 points) If you know that the room temperature is 70°F, write down and
solve a differential equation describing the temperature H(t) of your tea, t
minutes after you took it out of the microwave.

(b) (10 points) Suppose you know in addition that the temperature of the water
was 170°F when you took it out of the microwave and had cooled down to
150°F in 5 minutes. If you like to take your tea at 130°F, how long do you
have to wait?



12. You want to be able to predict how pollution of a certain lake changes over
time. You know that pollutants enter the lake at a constant rate of 300 1b/year
and that the amount leaving the lake through its outlets is proportional to the
quantity that is already there, with the constant of proportionallity 0.8. Denote
by Q(t) the total amount of pollutants in the lake (measured in pounds), ¢ years
after you started monitoring the lake.

(a) (7 points) Write a differential equation for Q(t).

(b) (7 points) If you know that initally there were 4000 lb of pollutant in the
lake, solve the differential equation from (a).

(c) (4 points) In the long run, what will be the total amount of pollutants in this
lake?
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