Math 251 Exam l-practice September 27, 2016

Name:
¢ READ THE FOLLOWING DIRECTIONS!
e Do NOT apen the exam until instructed to do so.

® You have 75 minutes to complete this exam. When you are told to stop writing, do it or you will lose
all points on the page you write on.

¢ You may not communicate with other students during this test.

No written materials of any kind are allowed. No scratch paper is allowed except as given by the
proctors.

No phones, calculators, or any other electronic devices are allowed for any rcason, including checking
the time (a simple wristwatch is fine).

Any case of cheating will be taken extremely seriously.

e Show all your work and explain your answers.

Before turning in your exam, check to make certain you've answered all the questions.,
g 1n y :
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Math 251 Exam l-practice September 27, 2016

1. Let u = (2.6) and v = {2, —1). Compute and plot the following together with U and v.
(a) U+V

:(0’57 | v,

v

) 2v =<{-4,-2)

{c) the angle between U and v
wev = -2 rif-) = ~10 = [ulu] 1
ful = N3 = Juo = 2l L
=y =5 a

T o o - "‘__I:?-_ v
Cos6 = ol oy
= g=3m

 /

{d) the projection of U in the direction of v

= KV v = ey = <Lf,;2>
(VERY, 3

(¢) If U and V live in the planec of this paper, and you consider the paper in the 3D classroom, then
which direction does U X v point?

tipunrd outof Hu papes
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2. Consider the lines £;(t) = (0,1,3) +#(- 2, -2, - 10) and £5(t) = (- 5,2, 3)+#(-9,9,30). Are they parallel,
perpendicular, or neither? Do they intersect or not? If they intersect or are parallel, find an xyz-equation
of the plane containing them. Otherwise find the distance between them.

JM«HZ{ Ner P L r'c_u/4¥ ('&,_’Q/ —I(j\ :f & (—' ?, 7} 3(3\ [“’f. //]

S et ~2,-2,-1¢)e (=9, ; TN A

AP R & (22,190 (-1,9,30) o [nt L]

Titesedl§ | ~at = A+95

3-let = 3+3es -6 = igs
-dng 2 t=l Lk . )
3 = 5 a selubiey [5%'11'57‘:‘{5 all ?_r/ Sa

‘7%51 ﬂ«“{ f\fLi;(fSi(f l
at 5 =17y

B (-2,-2,-06> x(~1,9,30) * 3 &
=2.3- 11,50 %33, [ (5 :*L<~—5, -25, 4)
3

le

[5'(‘x-+53 +25‘(j+1) ~6(z+7) =0

3. Consider the lines fg(t) = (0,1,3) +£(2,1,5) iimenamsee and €3(t) = (3,0,1) +¢(-2,~1,1). Are they
parallel, perpendicular, or neither? Do they interseet or not? If they intersect or are parallel, find an

ryz-cquation of the plane containing them. Otherwise find the distance between them.

[Pepadestc} (29)» (20D =0

: a3 tt= 3-23
B“[’{(}g_;j{"{ !+t’:’ — % @)‘@! Lj'{'ét =

3e5¢= 113 (3 £ = ~—.'i = 5= -1 s net a seluten PR @1 =

@”}m, A st Ytugeedt |

& (z,:,s">i(~2"
o TFe {(2a1)~{a )
_ A é /2 Vv (3r,0 (0,(13
/—Lz y < o » =45, Sl 222
Q(( Za>

Let 37~ 5 25 ~¢)

Vi

13

jpeud = 3v270 [ ¢

”V’/ \fl?+t+n1
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4. Consider the two planes given by equations

Jr-y+z=4
x4y~ 2z =0.

Find an equation of the line that is the intersection of these planes.

V= <‘3’,"fr5'>x<2/'a’7> " 13 :'I ! :< [, 3, 5)
At -2

te 3x-qytrz¢
' ?o{x +j~11=(¢, Chevse. w20j D@ Tx =10
j X*Z:?j:;_

1= ( 2,20+ £(1,3,5)

5. Consider the two planes given by equations

J3r+12y~3z2=1
2r+8y-22=T7.
s

Find the distance between them.
el (”3[, C;,_o) en ﬁ;g'ﬁp[w —
1 = /2l i) et
Q: (_2%/ 6;‘0') & se'dﬁlﬁl P[M“Q PQ (é ’a/c) <Z’0/63
=4, a>
i;\? = <L L‘r/ -!> 6\5 suv*wm! fb !goﬂ[ f’[*}""ib' L

J‘lsi‘zmct = /Pw\jy‘f‘ }% / - (L:“;'f’,é> °< l; Li/“]>
{<l, Y, —:'>I

. Ve
"—'--_____ —
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6. Consider the triangle with vertices (1,#, 5}, (2,~1,2), and (3, 1. -1).
‘ G

(a) Find its arca.

Ares =2 An(£77) P& =<1,-t,-%>
. P =<2, 1, -t
=3 | 7R

1<, 0, - B -2

m———y
(b} Is it acute, right, or obtuse? QE- - < ]' Ql 33
Qr =<, 1, 3)

Ss  fle zm][e ¢ G s Ob%uje_)

i/wn,yz, ﬂvﬂ. ‘}’VrWl& (s caja’hcs{ .

Page 5



Math 251 Fxam 1-practice September 27, 2016

7. Identify by name the following surfaces, and sketch them.
(a) z = (z — 1)* + 4? ard

C ell: P‘}u‘c_) ?Dafa!@o [GICL

(b} (z 1)} = = + 4
x= (-0 =44

AWJEV’L}@L‘(‘, meatlﬂlmc[

lf\‘jPW'{wlt!A- O‘P TLWL“' SL‘Z"Z{B [ L A "_,,.?._ S S
(wi-m jzcj &Mfﬂy Cm,-;-—:;edl‘i‘a..) \ j /

} P

' k

}

(d) 2 +y? -2z +4y=22-3
(=04 (4+2)" = 2"+ 2
L\W{)U‘oola:'i m@ one 5[4%;{

(WI‘\-L-\ -2-'50,, jfr!!‘q 6:’;’:1[1\

(e) 1 =uxzz

ff\}ffk«" fp(l e (‘,/y L"w‘u’

NS

(f) l=a+:2
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8. Suppose a particle moves in the plane, with position at time t given by (¢2,¢%) at time t.
| ¥

(a) Find the velocity at time ¢ = 9. CE)

Vs e R T
@ t9 < /8 243) - 92 ar)
{b) Find the acceleration at time t = 9.
e sg’s & & L)
G 429, < 2,59 = 241, %)

{(c¢) Find the tangential component of acceleration at time ¢ = 0.

—_— . TQ 5 an Bé) i
™ PR T UE 14,24

922, aN*<, 22) <
= - T J} 2
81:{229)+L9,27) ! ??

. (a2+27Y)
BT CEE D

(d) Find the normal component of acceleration at time ¢ = 9.

—

s

(e) What do you know about how the speed of the particle is changing at £ = 97

Fnr_we,-‘gm?;

in fﬂi (i*\’é.t:{i’am dwﬂ :?
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9. Parametrize the intersection of the surfaces z = 422 + y® and y = x2.

L{.I’— X:t, e jbﬂ{z, Qf

=4 LLZ‘?"[%Z)Z v gty if/
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10. Here is a plot of a particle’s position (in green). In blue is the particle’s acceleration at a particular time
(with its tail located at the particle's position at that time).

4[’ r’c"R

(a) Is the particle speeding up or slowing down at that time? Why?

-
gﬁaali%j “P . ;’? s jane‘.ra[( in tHhe same C[ffd"u!n 231 V/,
€. G V>64 PR, Of-r s in {'l“- c’drc,d‘o.a eﬂp l7>.

(b) If you were given the position function r(t) and that ¢ ran from 1 to 3, then give a formula for the
distance traveled. Estimate the distance traveled.

dstance fravld = ac o,ﬂﬂl F [ (ﬂl " o

=Pal+ [ar) = [{-2.5, i)f #|< If3>(
:2‘\[%7\” +\‘m
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11. Compute the curvature of a circle of radius ».

P%+ 'HY- U"tlﬁls Can‘hr ﬂ'IL #u: e g 771«01 W Chiet f)a,mme‘?(h“z—e .‘){ as
rl>reost, vsmtd , teloe] .

N.-.a.A ﬁw&*ﬂs
P as in b ‘DPJ m_f,f
Li95s
f e ;?/x] F"(L/f) " <"‘f‘s»ﬂ‘*, r‘cas‘f“>0 ks
K= 17 3 r/?[’[f) > ~reest, _Mmf'>é
v

-5

PN <@ &y V‘?m1l+ra:f> <@@v>
z;f‘x;g“]: r?

I;?/l = \} rlsmt rrices’t =
2
: Y
PR QP A %
e 3 —

12. Consider the vector function r(t) = (cost, sint, In(cost)) (t € [ n/2,7/2]). Find T, N, and B at the
point (1,0,0). Find an equation for the tangent line to the curve at (1,0, 00).

~o .
o ~ 4im't C=ll60) @ 220
_T_ l < Arm‘é C.v‘l,i* /Cﬂ_': C ”l<'a F O>
- W’t"\ M f
S i

L -5
&
(?uz)[7o ﬂr(fd;)
= . ,. e P
= < AmT, Cn{“} Z;wué Q‘_A//h't‘ Ct’i't, Eylt>
_—

L Cef'!,f {; f E‘*\”l_
[Tt Vet ey

= (it eott, col sen )
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13. Find the following limits if they exist.

A Ly
a lim e
(a) (xjy B> (0:0) 22 + y2

DANE! AIMJ 820, functin s ©
Ala-‘lj 1=X, Panchvn s <2 J

—

T ™ 2z

a?y

b li —
(b) (xjyﬂgl(o;o) r? + y?

=8

Poafw woa-J;mﬁs L M =

4 k
. rcej '6{44449 =
V‘“’CJ’" ’,.2, V“')0+ e i O

lb OMJ{II

(o) xzyc* i

m
T gy x? 4 y?

=0

- /q*
, A J w0 As y=vo,

3
&r. iﬁ{ >0 jg\/ a,), ot F'»ij‘ ¢ se =0

4
(d)  lim 3y

(xpy 0:0) 70 + g2
DN]E' Algﬁj X=G, {“th'![uk‘n s O
A[&nj y:x? oo, (A = <6
2

N~
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14. Below is a plot of several level curves of a function f(z,y) (they are NOT at equally-spaced heights). At
the indicated points, sketch in the gradient vectors. At the lower-right point, is fyy positive, negative,
or zero? At the upper-central point, estimate fx. Find the (approximate) locations of the critical points
of f, then classify them. '&’C‘j

4 N B L R T | ;0' Lo S e SEEe S jooi Soi BRI e DI Mo so SEE S CHE o oi i Bt SR i | SR I B I (s '". :}‘
| p
| S v
f ; £, &0
x _
~ i i 4 '5:\ = h-'i"?
2 l’j ey (T Tz =
3 ¢ \ 1
% fa‘a&\z’
ok [ e 2 10 "
i MF

"1

PORT RN, SIS MUY GO O IR [T TN UUNR CO (NN [SUSK U (DU YO PR (DS YU BT LY RNS [ |
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15. Find the linearization of f(z,y) = r’e¥ based at the point (1,0).

— s D :
-I:; = a(ZX &‘ @ (La) 4 2
.P,j = Xléj |

-[;(zj)i;&d) + .&(l,éf) (x -1) + %ﬂl,a}Cj —@‘)

Lo = |+ 8le-d+ 145D }

16. Approximate f(1.1,0.9) using the lincarization above.

10[[,40,‘%\ ~ Ll a.q) = 1+2(0.0)+1(0.9)
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17. Suppose f(x,y, z), x(s,t), y(s.t), and z(s,t) are all differentiable everywhere. You are given the following:
x(1,2) =3 y(l,?)f_éi B 4}.2}2 5

Tr(1,2) = 1 ,2y= -2  #(1,2)= -3
23 =

f(-1,-2,-3) =11  f(0.0,0)=12 f(3,4,5) =10

Fel~1,-2,~3) = - (0,000 =0 [FGA5y=-4
fy(~1,-2,-3) = -8  f,(0,0,0) = -9 :
e ~1,~2,~3) = =10 §(0,0,0) = 11

/]
Compute %ft{ at- {81y = (1,2}

OF _3f & , 303 9 | ~
ok~ 3x O "5y 3% "5 B¢ At G8)=(1,2), )

(9= (4,8
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18. Find and classify the local extrema of f(z,y) = z° + y* ~ 322 - 3y* - Or.

fx = 3x° —6x -9 =a 3(x-3x+1) =G = x=-[ or x=3
‘C‘j = 37& -‘é(j =0 By(j'ﬂ') =0 — j>@ eRrR 3:2

f:@mr drc‘{;“gﬁ( ’g.;f.-‘.q'fs:- ("J) O),. (-1, ‘Q'),
( 36), (3.2)

R
DC"!’;G> >O fjcx-(l‘l,O)&G e [‘aat[maw @ (’-[/e)
D( 3, ;> >O ‘fxx(gréz) 0 = /t?ull Miin @ C%,l)
Di-,2) 2@

CiclJle_ D7 T %
D(30) L0 %s R @) () & ()
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19. (a) Find the maximum and minimum values of f(r,y) = xy on the disk z? + y? < 4.

ok Q‘:j lcg = (a,6)
_pj =X =0

gcfmmjavy j Lﬁl.‘ 3 :XQ/X suhshlate
9649 Y. y g‘“ﬂLé x =2z 4x°
B L3 P

'X‘Z"YL”L[l =) )Z:CQ oR  4)'=|
g=¢ A=%
Plo,c)= o
Rl $ X2 =4
F(2~R2)=f(, T)=2 May 2xt
‘F(*‘E,- JZ)}-F(E;JE):»Q man Y=z
S:iﬁ

(b) Draw the disk together with any critical points you found and the level curves of f corresponding
to the values at those critical points.
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