Math 251 Exam 1 October 5, 2016

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

e 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.

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

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

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

e Any case of cheating will be taken extremely seriously.
e Show all your work and explain your answers.

e Before turning in your exam, check to make certain you've answered all the questions.

Question: 1 2 3 4 5 6 7 8 9 Total
Points: 8 6 9 5 9 9 16 3 0 65
Score:
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Math 251 Exam 1 October 5, 2016

1. Suppose f is a function with continuous second partial derivatives. You are given the following informa-
tion about f and its derivatives at five points:

¥ 3 0 -1 2 5
fo | 0 0 0 0 0
Iy 0 -1 0 0 0
Foo 1 2 -2 2 -1 . ,
oy 3 -1 d -1 3 D - 'px‘x pXj
fw| 8 -1 -2 2 2 I p
. x Ty
D -1 -3 3 3 - A
(a) (5 points) Classify each of the given points as a local maximum, local minimum, saddle point, or
none of those.‘d, ' O_?M Deviv ; s't ;
0.0 _Sad Q‘ ‘ T¢ wf(P)=c &
(1,1) _iwne (et a ch{-'m(!ﬂ@-‘nf : 4351{@) D(PY>o & xfxx(ﬂ>of then Pis locsl men
g D(P) >0 & £:{F<¢, 'Hnm P s locel max
(L D(P}<a’, then P s saddle [xs[nf
(1,5) _wWin

(—1,1)_Sodd le

(b) (3 points) Estimate f(0.9,1.1) using the linearization of f (at the most appropriate base point).

Lt J'} (s
closest el e

F*m”m'{_ ‘LLu‘- (d‘f} {. I)

L(x,j\ = F(1,0) + .[;({,l)(x-o #{}(i, 1) [j ,1\
= s G = z(-jﬂ

= _jg_(

@@%LOxL@qJJ):~u+l=fﬁmg

Page 2



Math 251 Exam 1

October 5, 2016

2. Find the following limits if they exist. Fully justify your answers.

- 24 4 y4
3 point ——
(a) (3 points) - y)g(o 077 14

r“q(,as;’g + f—qsir\n lf@

———

3+ -.fz

3 3
Ty — Yz

int
(6] {4 poiuie) (z)=(00) 7% +y?

A(ﬂﬂj X-axis, Z\m "% s Q
(x,c) >(.¢m)
/qf,;wj y: 0?)(', (?m x (QX i (Qx)xg

(x, 2x)=>(g,¢) e [«Qx)

_SE ‘ﬂ*‘- ﬂ‘m.“,* in ?ues]('fah DNE
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Math 251 Exam 1 October 5, 2016

3. The lines #1(t) = (3,1,4) +t(—1,—1,1) and #5(¢) = (7,0,8) + t(6, 1, 2) do intersect.
(a) (3 points) Find the point where they intersect.
B~t= F+by

| —¢&*= s .
e+t = G424 g@ J= g+3s

~j& 8 -= /(U“‘) ¢)

(b) (6 points) Find an equation of the plane containing both lines.

w = -1,
i J & ___34 8/§
NCE g < >

A a2 4yt -2 =
B. 22 +y?—22=-1
C 2?2 —y?+22=-1
D. 22 —y?+22=1
E (x—202%-9y2+22=-1
F.(z—22+y2-22=1
@(2‘—2)2—;{;2—4—22—1
H (z—202%4y*—22=-1

Name of surface: !'\ Uﬂ’é«’“lﬂ:} O»i‘cl (.[: onNne 31’\—&’. t
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5. Below is a contour plot of a function f, together with several points and a unit vector u.

-

(a) (3 points) Sketch in V£ at each labelled point.
(b) (2 points) Estimate Dy f(R).

fi5) £R)
: 5 -2
o <L el SN
jul |

(c) (4 points) Circle below the sign of each second partial derivative of f at Q.
fwm(Q) : 3 - L-‘&vil Cd ™ VES e eyenm Py sftu;'t‘af‘ LL[@‘nj ff’m t‘}:ml{‘n { f:‘m, ‘H‘ﬂ’ ’Lfl“ Q
fmy(Q): @ o 0 M;w?nj na-th 'H’\“wijl"\ C\ﬁ fr;vel Curvis }m.v?, Mare h;»»,»i‘;’,eﬂ.{hﬂ( ﬁf"w"‘mj-
F(C) 1 + @) 0 Simi l@% t.e E ,1 e l.':e(_';-:.w(.fj @3) e '/"'7(“%’} i f

= B i\%hj; rc(cxyj>o
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6. Consider the function f(z,y) = 22 4+ 4y?, and the disk D given by 22 + ¢? < 1.

(a) (2 points) Find f, and fy.

p];:‘zx pj__g*j

(b) (5 points) Find the maximum and minimum values of f on D.

A 2x <6 A g
nTeeicr : = H)= ().
Lt ggj " > (XJ) (¢, 0)

%D@i»mclzw*_j3 La7r@j€
2x=A(3x) = A= cr x=¢
By = X (2y) b ‘
o g /
xzi'ljz:. , x‘jﬁﬁé I&

4+ |

= j”ii

'TC(C’f@X ':(C’ M;n_j.
£(#1,0)= 1

'F(O; ii)li’( M"t)f‘ [

(¢) (2 points) Draw D together with anv critical points you found in (h) and the level curves of f

corresponding to the values at those critical points.
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T

(16 pomts ) Circle ‘True’ or ‘False’ (2 points each, no partial credit):

(a)@ False
(b) True

(c)@ False
(d) True @

(e) True

(f) True @
(g@ False

(h@‘) False

For any two vectors u and v, we have |u x v| = |v x u|.

iV = =y xiu, & these have
+H same mﬂi,w'f.,cde.

For any three vectors u, v, and w, we have u x (v Xxw)=(ux v) x w.

e A Y
RN TSy WY e Ly L x(€x7Y)= ¢ —*5\
KQ\‘ijﬁiJa = .:)( L\?&j . OXJ - 5’

For any vector v, we have |v + v| = |v|2.
Vv = I a‘:ur‘ﬂj v!b mk, U«A[q?.; d,‘;bsn‘{'lﬂ.u‘f' §me_e_ ({— i3
eﬂaﬂwd/

1]

For any vector v, we have |v x v| = |v|2 Flon nejq{n w2

Always VXV =3

/ab £) dt| = f{r(t)|dt
7

net Jr-gp!suma_:f' dleﬁW_L traviled
If a curve in the plane is concave down, then its curvature is negative.
K= lr'xe”]
PIE
If r(t) is the position of a particle at time ¢, then it must be true that projg r” = 0
at every value of ¢ (provided B # 0). o
P inﬂ),«g L3
QC@‘{[Q""\L‘C/‘! an I/V has Campeineeds

VO < FMJ&:I‘:&( éa‘ rimlﬂ-‘t(

For any vector function r(¢),

5 @ (wﬂ)/5 Mo 6.3;&(77\/ &

If r(t) is the position of a particle at time ¢, and '+ r” < 0 at time ¢, then: Heivha

————— y i
dt < 0 at time ¢. spreed Vea directic
,_,qn-—-'-'

P:w{z::fg i< slown'-—j >

8. (3 points) Compute proj; 5 4(3, —1,5).

= (f, f;?; °2> " (311";} ‘Sr
_—m 7
ClLz 27, g2)

& Ligap
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9. (6 points (bonus)) Compute the arc length of the curve r(t) = (cost,sint, Incost), t € [0, 7/4].
w4

Ace le-"‘j]Lll = f lr’(i‘){(%
1<)

) = (mgint, cout, —22E 2 (it cort, T £

Cett

Ir"‘//f), = @2_6 . G {_aﬂl&ﬁ

:\/ [ +tan*t

" aait = //w,t{ = Aee ¢
L

{- él‘af “7‘1’] = '%f >(j\

-Tr/_‘i "
[aetelt - ff ot ets]] "
ag -0

= duf VTZ21| = 4] 1+0]

:/’%(’ﬁ‘f'i) /
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