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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 questions except where otherwise indicated. However,
if you are asked to find an exact value of a quantity that involves an integral then you should not
use calculator integration for this.

s. 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 ' 17
2 | 8
3 25
4 16
5 16
6 8

Total 100




SoLUuTIONS

1. 17 Points. SHOW ALL WORK. NO WORK = NO CREDIT.

An object is moving along a curve in the x-y plane. The position of the object at time ¢ is given by the
parametric equations x(f) and y(¢). All that you can assume about x(f) and (¢ is that their derivatives are given

by:
@ =t cos(t3) and Ell =-f" sin(f)
dt dt

for 0 = ¢ = 3, and that at time # = 2 their values are:

e x(2) =4, and, « 3(2)=5.

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

() (7 points) Write down an equation for the tangent line to the curve at the point (4, 5).

.E'L' = —=2.5in(8) ax = 2. cos(9)

dt t=7 d-t' £t =22 '
dy ,

d x (K,)“) =(4,5) - qn(?).

TQA92n+ line ! )( Y -"f-qn(g'). ( X = 4)

(b) (3 points) Find the speed of the object at time ¢ = 2.

Speed = \/4.3,‘(17-(8) + 4 cos™( ?) ‘ = J4 = 2.

() (7 points) Find the exact distance that the object travels in the time interval 0 <7< 1.

|
Distance = fo \/-L-"'. cos* (£3) + £t sin®(¢3) dt
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SoLwTIoNS

3
2. 18 Points. SHOW ALL WORK. NO PARTIAL CREDIT WITHOUT WORK.
A plane has the equation z=5x -2y + 7. Ex — 2y — 2 = =~ 7
(a) (5 points) Find a value of A that makes the vector Ai + } +0.5k perpendicular to the plane.
!
Normal wvector: < 5, "'2-,-—!7, Vector: < 1; b, /1>

o = {B8,~2, 17 x<A, 1, %y = < O -A-5%2,22a+5p

Soived for: A = - 5/2.

(b) (3 points) Find a value of ¢ so that the point (a + Lo, ~ 1) lies on the plane.

oL — |

1

S(x+1) = 2 -+ F
* =l = JIx + 12
=13 = 2

Solved for: X = ""3/2_.

(©) (8 points) Is the plane z =5x -2y + 7 parallel to the plane 4x+ 3y +2z = -1 or do the two planes
intersect? Either show that the planes are parallel or find a vector equation for the line of intersection.

—y

Normal vechors: n = <5,-2,—-7>
-y
N =2 < 4,3,2 2

n, X n, = ¢ j kU = =1, =14, 23>
S -2 =1 5 <2
.y 3 2 4 3
Planes are no+ Pc:u‘a.“-ef. To Had o pPoint on +he

line assume Z =0, and Solve:

SK—Zy = —~7

olute 1 = =
4x +3y = - }sahn:sx y = |

S  +he Pcin-}- o0 -I—)-\e- llae 5 ! (—'}; l, O)_

Vecror equation for Iine:

<x,y, 2% = <-1,1, o> + t-<-~1,-14,23>



SoL.uTioNS

3. 25 Points. SHOW YOUR WORK. NO WORK = NO CREDIT.

You should not use your calculator on this problem for anything except evaluating functions or arithmetic. In
particular, you should not use your calculator to evaluate integrals or find anti-derivatives.

You may use the following trigonometric identities without having to verify them:

sin®(x) = -%-(1 - cos(Zx)) cos’(x) = %(l + co‘s(Zx)).

(a) (8 points) The diagram given below shows the graphs of the two polar curves:
r=—2-sin(6) and r=1-sin(8).

Find the exact coordinates (x and y) of all intersection points. Show your work and record your results
in the table at the bottom of the page. No work = no credit.

~2 s5iA(B®) = |- Ssin (6)

rT——_

L ,ﬂ“\/f—xxx sin(@) = -1
AN

& 3‘7‘(/2-

I

.,\ /e There is alse an intersechion

\‘xx\\/z}x ot r= o0, althowugh Fhe
| Values of 68 Ffor which

the Carves reach #Hhig

Paint are different

0]
y
M

Continued on the next page.



SoLuTIONS 5

You should not use your calculator on this problem for anything except evaluating functions or arithmetic. In
particular, you should not use your calculator to evaluate integrals or find anti-derivatives.

You may use the following trigonometric identities without having to verify them:

sin®(x) =

1 (1 -~ cos(Zx))

cos*(x)=4(1+ cos(2x)).

(b) (9 points)} Find the coordinates (x and y) of all points where the tangent line to the polar curve:

r =1-sin(6)

is horizontal. Show your work and record your results in the table below. No work = no credit.

y = r- Sim (©)
,f“"""‘“‘*\_ﬁ AT = sifa(®) — .S‘l'f\'zfa)
VA d
e \ \ o = c0:(6) = 2 5in(6) cos (6)
Y
1' J = cos(©) ( | - Zsin(a))
H /
%, I dy
b 4 — = 0 2 N
\"m / 4© o
“'“M—
- T 3 7 5TC
e= = v =

Of +hesa, note that the tangent line is ne#r

for

8= Ty an =0

d
x/da IG = W/

O -2, (6= zw/z)
- N2/ Yoy (6~°"%)
I/ Vey (e ="/)

Continued on the next page.



SOLVTIONS
6

You should not use your calculator on this problem for anything except evaluating funictions or arithmetic. In
particular, you should not use your calculator to evaluate integrals or find anti-derivatives.

You may use the following trigonometric identities without having to verify them:
sin’(x) = (1 - cos(2x)) cos”(x) = 1(L+ cos(2x)).

(c) (8 points) Find the exact value of the area that is outside of the polar curve r = -2-sin(9) and
inside the polar curve r =1—Sin(9). Clearly indicate your final answer and show your work. No

work = no credit.

The lants of integraton
7 PERRE 2OV for the outer curve

- ... . ""—-s___h: . -”1 : . N

f':'« . /, ’\'\ . .'\.'%, r= ]l ~¢in(B) are O

‘j.. }ff \"-1, ':" +o 7,
. The limmibs of in-l-e.gm-hbq

L .',I'l
\:“, / for Hie ianer Curve
Ve . ’ «",_:r
§\ A = -2 $n(8) ore Q

] ™ | . 2
= —L'z. J;; (v~ an(e])z de - "?L_' fo (—2 Sin(e)) 46

A
' tH . w JE s
= -7!_-. J; (1_25;ﬂ(9)+s-n"(9))d9 - -'-7: L 4 sin*(8) de
T ®
= _2!.-1; (""ZSE(‘\(G)"" -z!:- CQS(ZB)) do - J; l""' COS[ZQ)AQ
. 2T L o n
= _2'.: [3/29 +2Las(6)~%11n(29)]° — [Q - sz(Zer
= 3N -~
A
— I
2
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7
4. 16 Points.
Consider the polar curve defined by the equation:
12
r= —_—-
2+ 4-sin(6)
(a) (4 points) Use the equation given above to complete all entries in the table shown below. If you give

your answers as decimals, be sure to give your answers to at least four (4) decimals places.

G 6 O
/2
Z O 2
6 - & o
3m/2
-6 O 6

) (3 points) Find the eccentricity of the curve.

12 6

2 + &4 - sin(9) I + 2 .5/a(0)

r =

E ccentricity = 2,
(©) (3 points) Classify the curve (i.e. is it a line, circle, ellipse, cardioid, etc. ).

Hype.rbolq (an eccentricity 7 ').

Continued on the next page.



SoL L TIONS

Consider the polar curve defined by the equation:

12

r=2+4-sin(9)'

12
2+4- sin(G)

the xy-plane. On your graph, include the coordinates of any points of interest such as x- or y-
intercepts.

(d) (6 points) Use the axes provided below to sketch an accurate graph of the curve r =

{0,6)

(®,2)




SoLyuTIONS o

16 Points. NO PARTIAL CREDIT WITHOUT WORK.

5.
(a) (6 points) Use the diagram provided below to calculate the value of @ 5. You can assume that
el =2.
- -y .
g aeb =lallbl cos (60°)
30°
13’ °
NG = +an (30°)
b -
, (21
a1 = 2. +an(30°)
= -Z
V3
Nex$ | e !
<+, LEl L 3o sl (T = - X
e Iag cos (30°) V3
Finally * o e b = (-2 )z. - . T2
Y = (&) 7)) = 5

(b) (10 points) Find the equation of the plane that contains all of the following points:

2,1,0) (0, 1, 3) (1,0, 1).
Let @ = <2,1,0> - <i,0,1> = <t ,1, -t
Let b
-2 b = <°’[13>—'<‘/°;'> = <—l,!}2.>
Normal vector:
- . . .
R=@xb= ¢ ) k ¢ j =<3, -,2>
! | ~ | ! }
-1 2 -
Egua‘h’on 0f Pleine
3(x=-2) = 1 (y~J) + 2(Z-0) = o
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6. 8 Points. CLEARLY INDICATE YOUR FINAL ANSWER.

The diagram given below shows part of a plane, P. The equation of this plane is:
I=m'X+n'y+c
where m and » are both non-zero constants and c is a positive constant. The two vectors:
0 =<, Uy, Uy > and V=<v, v, v, >
lie in the plane P and form the edges of the parallelogram R. The projection of R onto the xp-plane is another

paralielogram, . Find a formula for the area of F. Clearly indicate your final answer, which may contain i,
M, €, U1, Uy, U3, V1, V2, V3 and numbers.

The area of F
Is given by

|2 x B wheere

& ond Z ore +he
Projechons of U

-

oand v onto  Hhe

xs -Piane,

—
Q. =<u‘,uz,0>

—»
b = <v“vz)o>

x
o
I
~.
L
-

- <°1 o, u!V?."Vluz>

Arca of F = l?x?l = /u,vz;—-\/,ua_].



