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Instructions:

Do not separate the pages of the exam. If any pages do become separated, write your name on
them and point them out to your instructor when you turn in the exam.

2. Please read the instructions for each individual question carefully. One of the skills being tested
on this exam is your ability to interpret questions, so instructors will not answer questions about
exam problems during the exam.

3. Show an appropriate amount of work for each exam question so that graders can see your final
answer and how you obtained it.

4. You may use your calculator on all exam questlons except where otherwise indicated. However,

' if you are asked fo find an exact value of a quantity that involves an mtegral then you should not
- use calculator integration for this.

5. If you use graphs or tables to obtain an answer (especially if you create the graphs or tables on
your calculator), be certain to provide an explanation and a sketch of the graph to show how you
obtained your answer.

6. Please TURN OFF all cell phones and pagers, and REMOVE all headphones.

Problem Total Score
1 i5
2 16
3 24
4 ' 10
5 20
6 15
Total 100




SoLuTIONS

. 2

1. 15 Points. CLEARLY INDICATE YOUR ANSWERS.
In this problem you wiil be concerned with the solid S bounded by:

* The elliptic paraboloid x*+2y*+z=16,

¢ The plane x = 2,

* The plane y =2, and,

* The three coordinate planes.
NOTE: You should not use your calculator to evaluate integrals in this problem, apart from working

out arithmetic and evaluating functions.

{a) (7 points) Write down a triple integral that will give the volume of the solid S. You do not have to
evaluate the integral in Part {a).

There are severald ways to write dewn the

Snzwes, dePe_ndfng en how you order dx, dy and dT,
-5 2 }é__x?-.___zyz
Volume = f f f 1 d=z dy dx
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(b) ~ (8 points) Find the volume of the solid 5.
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SotLuTIiONS
2. 16 Points. SHOW ALL WORK. NO PARTIAL CREDIT WITHOUT WORK.

Use Lagrange Multipliers to find the maximum and minimum values of the function:

flry)=x>-y

x*+2y* =6

subject to the constraint:

Show your work and record your answers in the space provided below.

The constraint ﬁanch'§n i S 9(_)(;\,) - x4 «2_\/?. —¢ = O,

Vi = <2xy, x*7 Vg = <{2x, 4y 7
TAhe SyS‘{-an of eq_u.a'HonS Is V -F = A Va. ) or:
Zxy = 2 AX
X% = 4%y
Case 1: X =0 y = */3
2. 2
Case 2! X#O Y =X  and xX= 4247 5o that
X = X 2y, Plugging 4his inte the
Conshcaint gives Y = x|
X Y £(x,y) ~_Comments
o N3 O
9} -3 0
2 | 4- 1 Global maximum
-2 [ 4 J |
-2 -1 —4 3 Global minimum
2 ~| Yy J
MAXIMUM VALUE OF flx, y): “

MINIMUM VALUE OF f(x, y): — 4




SoLUuTIONS

3. 24 Points. SHOW YOUR WORK. NO WORK = NO CREDIT.

The diagram given on the left shows part of the paraboloid:

r=xl4 y?
and part of the cylinder:

(x—1)2+y2=1_

In this problem you will be concerned with the solid D that is inside
the cylinder, lies under the paraboloid and above the xpy-plane.

NOTE: You should -not use your calculator to evaluate
integrals in this problem, apart from working out arithmetic and
evaluating functions. :

(a) (4 points) Use the axes provided below to draw the “shadow” cast on the xy-plane by the solid D.

A)’

1 T~ /(x-f)'7'+y"=l.
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Continued on the next page.



SoLuTIONS

SHOW YOUR WORK. NO WORK = NO CREDIT.

The diagram on the previous page shows part of the paraboloid z=x?+y® and part of the cylinder
g y p

(x-1)7+y=1.

(b) (5 points) Write down a double integral expressed in Cartesian coordinates that will give the volume
of the solid D. You do not have to evaluate this integral.

Volume =

2,1 (x-1)t
f (X7'+)/Z) cjydx , °f

o di = (x-1)*

) 1+ JT+y* _
Volume = f f (x* + YZ) d X dy.
-1 b ’,_Y?.

(c) (5 points) Convert the equation of the circle in the xy-plane:
2 2
(x - 1) +y =1
from Cartesian to polar coordinates. Clearly indicate your final answer.

X* - 2x + 1 + y* = |

x* o+ y* = 2
r* = 2r cosl(8)
r = 2 cosle),

In Pcla.r‘ Coordinates, the e:iu.af"fc\n of Hhe

Ccircle s

r= 2 cos(6),

Continued on the next page.



SOLUTIONS
SHOW YOUR WORK. NO WORK = NO CREDIT.
You may use the following integral formula without having to verify it:
fcosj(x)dx = Lcos*{x)sin{x) + & cos’(x)sin{x) + Zsin(x)+ C.

You should not use your calculator to evaluate integrals in this problem, apart from working out arithmetic and
evaluating functions.

(<) (4 points) Suppose that the solid D is made from a material with density: 5(x,y) = -\}xz + .yz . Part

of an integral that will give the mass of the solid is shown below. Complete this expression by adding
limits of integration in the spaces shown. Note that 0 and 2x are not limits of integration for dé.

2 wos{B)

f rfé X, V) r-dz-dr-d0
o 0

|1

leﬂ

{d) (6 points) Calculate the mass of the solid D. Clearly indicate your final answer. You do not need to
include units in your final answer.

R lees(® r*

Mass = T J. f - dz de d6
-1
-

% Lewos{®)
= { % dr a6
- 0
z
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T2
-3[ cos ' (B)sin(0) + A cos?(8)sin(B) + B sin(B)
o,
2,

Il

~  6.8266



SoLuTIONS

4, 10 Points. SHOW YOUR WORK. CLEARLY INDICATE YOUR ANSWERS.

In this problem, the path C is part of the graph of the parabola x = 4 — y* from the point (-5, -3) to the point (0,
2). Calculate the exact value of the path integral:

fyz-dx+X'dy.

c

Clearly indicate your final answer.

. NOTE: You should not use your calculator to evaluate integrals in this problem, apart from working
out arithmetic and evaluating functions. '
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SoL W TIONS

_ _ 8
5. 20 Points. CLEARLY INDICATE YOUR FINAL ANSWERS.
© (a) (5 points) A surface is defined by the following equation in spherical coordinates:
p = cos(g)

Convert this equation to Cartesian coordinates and identify the surface (e.g. plane, elliptic paraboloid,
etc.). ‘
2
po = P cos ()
x>+ y* + 2 = 2
{

X + y¥ + 2z z + 7 ;
"

TL‘\(S surface IS o SlDl'\e.f‘f..
(b) (7 points) Consider the cone defined by the equation:

z=Ax*+y"

Convert this equation to spherical coordinates.

Vel cos () = f{ﬂ- sin*(p) cos*(0) + P” sin* (@) gin®*(B)

e co.s(tp) —_— \/PZ- s:'nz(Lp)

P cosle) = o sia(P)

"

ton (@)

¢

(

7

Continued on the next page.



SoLuTIONS

CLEARLY INDICATE YOUR FINAL ANSWERS.

() (8 points) Consider the solid 7 bounded below by the surface p= cos((p) and above by the surface

z=4/x>+y*. Write down a triple integral in spherical coordinates that will give the volume of
the selid. 7. You do not need to evaluate this integral.

Ty cos (@)
Vo lume = f f f 1 p*sin(e) dp de dE

(T[’\U‘f- art  many other Correct way s to write

down Hhis volume. )



SOLUTIONS :
10
6. 15 Points. SHOW YOUR WORK. _

The curve of intersection between the
cylinder:

x+yt=1

F

and the plane:

E-]

x—y+z=1

]

| O T T O R T I O O Y

1s shown in the diagram on the left. Find the

maximum and minimum values of the
function:

L)

s | f{xy,z)=x+2y+ 3z

on the curve of intersection shown below.

[

Record your final answers in the space
¥ - 1 15 provided on the next page.

We will  use Lagramge Multipliers to Fad the |
Maximunm And minimum values oF -JC(X;Y/ Z) Subjec"_

4o +he  consdrvojnts :

9(":’ \/, Z’) — xl + yl_l = O
hix,y, 2) = X -y + & —-| = O,

V:F. = <1, 2, 3 > | So  the system of
‘ equations
Vg = < 2x, 2y, 0> VE = A, Vg + A, VA
Vh = <, =, 0> is: -
| = 2xx t+ Az
Z = 2N Y - Az
3 = N2

Additional space for your work on the next page.



SbL.uTlONS

SHOW YOUR WORK.

The curve of intersection between the cylinder:

x2+y2=1

and the plane:

x—y+z=1

is shown on the previous page. Find the maximum and minimum values of the function:

f(x,y,z) =Xx+2y+3z

on the curve of intersection. Record your final answers in the space provided below.

As Az T3 we
equations as
A X =
Xy =
So that Y = ~5/, X .

%(KlY, z) = O gives:

can re—-rife

the remardn ‘ng

— |
5/,

Subsiy '/uh’nj this /odo

X% + —gzt'i x* =1
— 4
K = /2-‘1
Z con be Computed u.ﬁ'r\j E o= 0 = x o+ Y.
X Y z F(x,y, %) Comments
-5 T
/q'/?.‘i 2 /4/2‘1 [—--7:_"/4/21 3-—-—-_2:_} Q/Z‘I Crlobal Mmin
- | & 1
[4/5q 24 429 |\ * 5J Yq 3-!-'?;}_—7' Yq | Global max

3 = (29

MAXIMUM VALUE OF fix, y, z):

MINIMUM VALUE OF f(x, y, 7):

3+ 29




