General Information:

This is a midterm from a previous semester. This means:

e This midterm contains problems that are of similar, but not identical, difficulty to those
that will be asked on the actual midterm.

e The format of this exam will be similar, but not identical to this midterm.
e This midterm is of similar length to the actual exam.

e Note that there are concepts covered this semester that do NOT appear on this midterm.
This does not mean that these concepts will not appear on the actual exam! Remember,
this midterm is only a sample of what could be asked, not what will be asked!

How to take this exam:

You should treat this midterm should be as the actual exam. This means:

e “Practice like you play.” Schedule 55 uninterrupted minutes to take the sample exam
and write answers as you would on the real exam; include appropriate justification,
calculation, and notation!

e Do not refer to your books, notes, worksheets, or any other resources.
e You should not need (and thus, should not use) a calculator or other technology to help
answer any questions that follow.

However, in your future professions, you will need to use mathematics to solve many
different types of problems. As such, part of the goal of this course is:

— to develop your ability to understand the broader mathematical concepts (not to
encourage you just to memorize formulas and procedures!)

— to apply mathematical tools in unfamiliar situations (Indeed, tools are only useful
if you know when to use them!)

There have been questions in your online homework and projects with this intent, and
there will be a problem on your midterm that will require you to apply the material in
an unfamiliar setting.

How to use the solutions:

DO NOT JUST READ THE SOLUTIONS!!!

The least important aspect of the solutions is learning the steps necessary to solve a specific
problem. You should be looking for the concepts required to provide solutions. Content may
not be recycled, but concepts will be!

e Work each of the problems on this exam before you look at the solutions!

e After you have worked the exam, check your work against the solutions. If you are
miss a type of question on this midterm, practice other types of problems like it on the
worksheets!

e [f there is a step in the solutions that you cannot understand, please talk to your TA or
lecturer!
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Instructions

e You have 55 minutes to complete this exam. It consists of 6 problems on 12 pages
including this cover sheet. Page 11 has possibly helpful formulas and may also be used
for extra workspace.

e If you wish to have any work on the extra workspace pages considered for credit, indicate
in the problem that there is additional work on the extra workspace pages and clearly
label to which problem the work belongs on the extra pages.

e The value for each question is both listed below and indicated in each problem.

e Please write clearly and make sure to justify your answers and show all work!
Correct answers with no supporting work may receive no credit.

e You may not use any books or notes during this exam

e Calculators are NOT permitted. In addition, neither PDAs, laptops, nor cell phones are
permitted.

e Make sure to read each question carefully.
e Please CIRCLE your final answers in each problem.

A random sample of graded exams will be copied prior to being returned.

Problem | Point Value |Score

1 16
10
24
14
18
6 18

Total 100

O | O DO
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1. Multiple Choice [16 pts]

Circle the response that best answers each question. Each question is worth 4 points.

There is no penalty for guessing and no partial credit.

I. Find a vector orthogonal to 4 = 7+ 3k and 7= 3 + 2§

A. 61—95— 3k B. —6i — 97 — 3k
C. =63+ 97 + 3k D. —6i — 95+ 3k
E. 6i+9) + 3k F. None of the above|
S 1
Sudh a  vechsr wiust ke para“el v uxV del | ©
3

A
J
I

A
v
3
a O

= -Gh+ 9 -3k

II. The curve C described by the polar equation r = sin(26) is shown below:

1Yy

. P4
r = sin(26)

3

Which of the following represents the point on the curve when 6 = -21—-?
A P B. P, C. P 1 D. P
E. More than one of these F. None of the above Als, o= , O+ 3‘-?‘
Pt
When ©- QLII." r(0)= s 3‘% = -1 A o P
Cwr res 00 s - () 3 > By s e pt !
N R AT AT I 3{{_- ()= - g
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III. The curve C is described by the polar equation r = i szc(e)'
Given that % = %2 when 0 = 7, find Z—z when 6 = 7.
A.%=1 B.Z—Z:% C.Z—z=%2
D. % = % E. 2—?; = % F. None of the above

c Pl
X= resb- /% Sec@) cu,.e‘ % - %%-‘ 459
_ﬂf\%, \h\'g/\ Q:W‘ ‘3—%: Vi

ja gy
Sﬂ(e d¥ - M =T ':l_\l - ﬁ/H - lr
R R when © 2, & T2 T 2

IV. Using the vectors @ and @ shown below, determine the best choice for projza.

=V

A. projzu = 3.5 B. projz i = 3.5)

C. projzu =2 F) projzu = j

E. proj

]
X
<y
=
=
=
S
<y
ISd]
Il

<y
IS4
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2. Multianswer [10 pts]
Directions: A perfect answer for this question is worth 10 points. You will be
penalized 2 points for each incorrect response. Thus, the possible grades on each
problem are 0, 2, 4, 6, 8, or 10. You cannot score below a 0 for this problem.

Problem: Suppose @ and ¥ are nonzero vectors in the zyz-plane. The symbol - refers
to the vector dot product, and x refers to the vector cross product. Indicate whether

the following are vectors, scalars, or undefined in the space provided.

vechr

A T3 scalav E. (@x7) x4
B. (i+7)% undefnecl p. I undehnel
v
C. projsii Veckor G. (scalg?) ¥ Vector
sl o
A
D. (@-7) x4 UV\(H:W\ed H. (projzi) -0 SCCAar‘

Facs®  When  defned, chot poduds ae  sealus
Cross Pfoducjcs are  veclors

: Scal—\;a s o Scalw

-+ opeR U s vetlor
- ot procucks  amd cross prodluh bebween verlos cwe lefived,

sy

©otpoducs” f vechos ke g7 o

. P,odu(k GF Scalars cmd \fec‘lWS owre dpFw@d ,
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3. Short Answer [24 pts]
Answer each of the following questions and justify your responses unless otherwise
requested. Each question is worth 4 points.

I. Determine whether the following statement is True or False. If the statement is true,

briefly explain your answer. If it is false, provide a counterexample.

If @ and ¥ are nonzero vectors and projz i = 0, then @ and ¥ must be orthogonal.

, ‘-”—9 .é - -
M; PWJ.&G: (_U/\{ )\/ . _H’N5 1S O fF EFH"BV' U'\/:O o 7=0.

Sne Vs nonze\0 Y, mw{ ke O, _ﬂ/‘ug)

II. CIRCLE the correct response to each question. NO justification is necessary!

vz 210 cos®
=0 if s 60

PARALLEL PERPENDICULAR =) - Ig

If 4 and ¥ are ,then @7 =0.

If @ and ¥ are , then @ X U =6.

uxv |- lUHV‘ sud
=0 6’0111"

PARALLEL PERPENDICULAR

III. Find all values of a such that the curve C described by the polar equation
r(6) = 2a — 3 cosf passes through the origin in the zy-plane.

The cune passes -thnough the ongin F tee s o E- valwe Tor which
f(®=0 - - 3cos 00

2
cos B 3 a

The vange a0 | [\ ] o suh a O-vulve exsts it

‘afa-j;%

A
IN
=i
o
N

w
N

Ty gty As(en Doires o oxame) B 0=-6,-3,73 1,5, 0 b e
happonsng  sisually.
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IV. The curve C is described parametrically by:

{ z(t) =1-—1¢2
y(t) =t

t>0

) —

Eliminate the parameter to find a description in terms of z and y only. Sketch the curve
and indicate the positive orientation on your sketch.

x= |-1* » ‘[;}7 ‘—x r

y= At @) s (1) |
Cs 4hus Foxrf d e pamb‘a y=(|'x))
Notle when t=0 x= [, y=0 S‘_
When t 1ncreass, x decreases amd Y mCretses, |

o we ook T 1ef half o the parcibola.

V. The polar curves r = 4cos(30) and r = 2, which intersect at (r,0) = (2,7/9) in QL

Set up, but DO NOT EVALUATE, an integral or sum of integrals in terms of 6 that
expresses the total area inside the curve r = 4 cos(36) but outside of the circle 7 = 2.

r=4cos (36)

The total area s G tums te shaded
areq

A B 57 rl) 0]
2 foder™ H 036 - 35”’9 [ 16 cos®30- 4] aei

Finer = 3 °

VI. Suppose that ¥ is a unit vector and 4 is a nonzero vector. Show that scal; U = - .

By dehnition, U

<>

u.
V|

|

O\: ‘ ancl Sca‘vaf

<>

Y
= -

s

"
<l
<>
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4. [14 pts] A curve is described parametrically by:

z(t) =t2+2t+2
y(t) =4t+1

for all ¢ where z(t) and y(t) are well-defined.

I. Find Z—z in terms of ¢. Simplify your final answer!

dy . M 04 | 2
JIxX dx [k B b+ T | 4|

IL. Give the Cartesian equation(s) for all vertical tangent lines to the curve or state
that there are none.

Thae ave wrhcal Jtuvgewf lings when %,{ 15 n fooundect
- ‘t‘l":o - ‘t:——l‘

TLe atuahms GF‘ﬁe \,erhca{ hngen‘i live 5 X= XH)

-

-~

—
—

EORR TN
\

III. Find the Cartesian equation(s) for all tangent lines to the curve with slope 2.

Tk?‘fcmgevrt ‘”"IQMSSB#QWMV\ dy 2 =2

dx 7 pe
A= el
‘t:/Q.
© The POMJt GF_}WWMY S fhus x(0) = 0% ¢ J(0Y+ ) - x=2
YO = H@vi - y=

- The '&cwsyw% §me 13 thus
) < m[x xf’))]

Y‘ = Q[ x-2]
Y= 9x-3
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5. [18 pts] A curve C in space is given described by the vector-valued function:

7(t) = (2t — 1, £* +5, 2t) .

{
I. Find the unit tangent vector to the curve. \I/' Nok ¢ st vector”

A vedkor pavalll -t TWr 7= MY, 3,2
o, IRl T ooy

= Dot gy’

= Jea08" = Julee) = 2 [
) RGN e ’J—— (at, ¢, |>1

II. Find all values of ¢ where 7(¢) and 7'(t) are orthogonal.
We want £ 5o RIEZ L) £245,96) and P (g 4 0y
areothagoral < L0g2) £245 US> (it 3k, 25 = 0
UE( 36>1) + ot (42<5) + 202417 0
BE*-Ht « WP (04 Lf = 0
10£%+ |04 = {}
10t(*+1) =0 = |4=0

I1I. Give a parametric description of the tangent line to C' when ¢ = 2.

A \oumwkvm obSCnPL'K)'\ o a lhve 55
GE WP,

VA‘GPC v Is o VﬂC{vf‘ Pou’t&“re\ 1o tle e and PO E mﬁoﬂ
‘We

R2) s ponlel 4o e gt lue, S0 V= F1)= (g4, 2

-

CF(2) s He pok of Jmgnoy so Bom Y= (g D

=34, 0t (3,94
- | (807, g, Bty

Hence
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6. [18 pts] The trajectory of a particle in space is given described by the vector-valued
function:

7(t) = <sin(t3), -gcos(t3), %sin(t3)> , 0<t<2

I. Show that the speed associated with the trajectory is |U(¢)| = 5t2.

The veberky VA is T 38 ws(t), - S omlt) W )
The speed 1 [V(E)] = j[%?‘oosw)]“+[~5J3sm(#)]’»«[qt’ms(v)]”'

—
. 94H cosa(fz) + 264" 02 (£2) + l617 s> 1)
Rt 35" [cosa (4%) « Smn({y)]

= bt - o]

II. Explain whether the curve is parameterized by arclength. If it is not, find a
description that uses arclength as a parameter. Make sure to give the bounds of
the arclength parameter in this case.

© A cuwme s povumetenzed oy arglength iF cyeel only F R =1
For ol £ Hee, [P@E S8 5o te cume 5wl

porepvetenzed by cm:iem qth.

+ To pavametenze Yoy antlongth -
A= j:‘ ]F'(’t)‘ dT

\

Su&:s‘aw P=2y v ewnr

N= ¢ 2 v
j; St dL l ‘ﬁ/wm 50‘;/1&\3 ’FOF t Oﬂ‘d
N = _.3:%3 B Sub%w%mg‘

So tic 2y ond [R(M) = <sm(%1v),§ ws(iv) 3 gmli%y)\

wacrparare ]

Note & 02 22, we bane 0£1°%3
| OL SN X
or s
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