Math 164: Multidimensional Calculus

Midterm 2
June 9, 2022

NAME (please print legibly):
Your University ID Number:

e You have 75 minutes to work on this exam. You are responsible for checking that this

exam has all 11 pages.
e No calculators, phones, electronic devices, books, notes are allowed during the exam.

e Show all work and justify all answers. You may not receive full credit for a

correct answer if insufficient work is shown or insufficient justification is given.

e Numerical or algebraic simplifications of answers are not required except when specif-

ically stated otherwise.
e Please sign the pledge below.

e You must physically write solutions on paper. NO electronic writing on tablets (or

similar) is allowed.

e If you have technical issues try not to panic and contact your instructor immediately

so we can help you through these issues.

e The zoom session will be recorded. You MUST HAVE A WORKING WEBCAM. It

must be on at all times during the exam.

e You may not have any files or windows open on any device during the exam. The
instructor may ask you to share your screen at any time during the exam, so be sure
to close blackboard and all other files/windows before we start. Your work area must
be clear all items/ materials during the exam. The only exception is blank sheets of

paper, pens/ pencils.

e When you are done with your exam, please send a private chat message to your proctor

before starting your scanning process.
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Pledge of Honesty
I affirm that I will not give or receive any unauthorized help on this exam, and that all work
will be my own.

Signature:

QUESTION | VALUE | SCORE

10
10
15
15
20
15
15

TOTAL 100

N | | O | W DN =
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Some Formulas

u-v . u-v lazg + byo + czo + d|
comp,(v) = —— proj,(v) = S u D =
|u [u Va2 02+ 2
[ ]

//SF.dsz///SF.ndsz//DF.(ruxrv)dA //D (g_g_g_];)dA:/cdeQdy
//ScurlF-dS:/CF-dr ///EdideV://SF.ds

For spherical coordinates (p, 0, ¢) with 0 < 6 < 27,0 < ¢ < 7.

o dV = p?sin ¢pdpdpdd

e For r(¢,0) = asin ¢ cos i + asin ¢ sin 0j + a cos pk:

ry X 19 = a’sin® ¢ cos 0i + a* sin® ¢ sin 0j + a* sin ¢ cos Pk
Trig Identities

e sin’0 +cos’f =1 tan? +1 = sec? 0 cot?0 +1 = csc? 6§

o sin(20) = 2sinf cosd

e sin®f = 1(1 — cos(20)) cos?(f) = 1(1 + cos(26))

e sin(a + b) = sin(a) cos(b) + cos(a) sin(b) sin(a — b) = sin(a) cos(b) — cos(a) sin(b)
e cos(a + b) = cos(a) cos(b) — sin(a) sin(b) cos(a — b) = cos(a) cos(b) + sin(a) sin(b)

e sin(a) cos(b) = 3[sin(a — b) + sin(a + b)]

N

e sin(a)sin(b) = 5[cos(a — b) — cos(a + b)]

e cos(a) cos(b) = z[cos(a — b) + cos(a + b)]

N =
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1. (10 points) Let f(z,y) = 2® — 3zy + y°.

(a) (5 points) Find the directional derivative of f in the direction of the vector v = (1, 1) at
the point (2,5).

Vf’==<3x‘—3w~;x+zy>
VF(2S)=( ~3 %5

LA RS = B

(b) (5 points) Find the unit vector in the direction for which f(x,y) is increasing fastest at
the point (2,5).

-

£ ~3%,4> (s
——— : — -+
[{—3, 25| s 2
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2. (10 points) Find an equation for the tangent plane to the surface 23 + y? + z = 3 at
the point (1,1,1).

Let FCxy.=z) =X +Y+2
VT = < 2%x> 2Y.\D

VT .y = <% 21>

2RA)+20Y 1) + (24)=06
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3. (15 points) Consider the function f(z,y) = 2 — 2% 4+ 222 — y2. Find all the local
maximum and minimum values and saddle points of the function.

Vf = ~ax?+4x, —2y>

~A%*+4x =0 ~» x(xt)(XA) =o

Y =o
Thes  criticel points are (. 0) (0.0) and C(lo)
'j'w = —(2xX"+ & fxy :-f‘/x =0 f‘!y =2

Dxy) =('fxx)ﬁyy) ~ By )= 2 Cax®=4) = 8 (3%*~)

DCl.ey = [k SO on d ‘.fx* Clo) = -8 Lo

- j—C[o) = 3

is O locrl MarXimum,
Deoro)y = -§ <o = (0.0 % o Saddle Po\:ﬁ',

DC.o) = lb 70 0nd Trm(Ho) = —§ <o

3 F(de)=3 i¢ o low\  maximum,
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4. (15 points) Use the method of Lagrange multipliers to find the extreme values of the
function f(x,y,2) = x — 2y + 4z subject to the given constraint z? + y? + 22% < 18.

@ X+yrs2z27=16.

Le+ gCx. Y, 2) = ‘Lz-f-‘f"-\- 227 . 'H\UI

9F = <, 2 4> gnd V9= 2R 42 )

1
If=2\V9 o [=2)\K ~ A=
'-2.:2.)\‘)/ }(":_:7‘?
4 = &\ 2 >- -
= A
Sinee XY 22°=18 (v e cotyve 201 =24 % o
, a) F () 2(w) =R F =18
I
)\: * 77;_

\
X-2y+dza 5 42 +E= 2%

S
>\=~‘%_ > x=2Y+4z = -3\

QD Kt ¥+ 22*< 1§,

Citce VT =<2 4> £<Ko0,00>
Thete 5 ne Cnitical po‘mT.

Mmox mum 32 Fg
minimum  ~ 3 S;_b -
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5. (20 points) Set up the double integral for both orders of integration. Then evaluate

the double integral using the easier order.

/ /D 2(\/5 + 1)dA

where D is bounded by y = 0,y = 2%,z = 1.

Y A
""""" D=23Cay)r» 02 X&], 0&£Y £ K*3

>)§ SS % (JY +1)d4 = 5: szxéf\f +1)dy dx
D
D;?(‘/\,\[)T 6=y <l ,W—‘-X-‘—ls

“ X(IY+Hd A = JO' ji’? Iy ) dx dy
D

SI szxCﬁ t)dydx = J. [M%V}i +7)]f 4%

D

- \'' 2 & 3
= L 3t 2 dx

Y
= 2z S L & —3 l‘:._k‘;
[1s*+“‘7\1°“1s++ o,



Midterm 2, Math 164 June 9, 2022 Page 9 of 11

6. (15 points) Find the volume of the solid bounded by the plane z = 0, the cylinder
22 + 3% = 1 and the paraboloid z = 2 — 2% — y%.

Tn Tact, theae are Two  solids bounded by them,

A‘(\SWW \ >

obove z=0 nside oF K+y* =, bhelow Z=2~X—Yy?
V= J 2-2~y>dA  Whee D=3Cr.¥ XY 219
b

La Polar CborcL}r\od'Q},
D=9 (re) : ozr=l, 0=6 £ ¢

> HX'Z'—Y) = _~r>.

V= L\ Lz'r\ (14_,‘ Y dedy _—;(J:mi J.S)( S: 2 —y3 JY‘)

=an [ -]l = o 2 = 2R

&bove_ 2=0 oOut Side oF ‘)("—(—\(z.—_l i helow 2_:.1-—‘&1«\["‘

P=5(n® = | =2y iz, 046 =2R3

APR

2T
I L (2~r) F dodr

V= jj 2-)(“*‘[’4/\ = S
i ATS

S& 2y —r* dp = am [ PPy ]

Both oF them are onsuers,
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7. (15 points) Evaluate the triple integral

///E(x2 +y*) 2V

where E lies between the spheres 2% + y? + 2> = 4 and 22 + y? + 22 = 0.

Whea we Use sfkcﬂ cal Coor dunates ;

= «3<T
C=3(re $): 2sre3 026227 o= 3

(Rxy2)* ":[< persosing ) (fSuesing)™ 1*
-~ e%"ly‘

T\5'>-1

JI) cesy=dy = |
E
= |

T ga:lr J: e; 50> § dpde d4

QD o

Si pswing - sin ¢ dp 16 d¢

°

=((" smer 1) (174 16) (S, 7o)

(“emrsds = [ L (mcslfd df = [1F - fsmean L=

©

s
2~ s

52:1‘ { 9 = =

Ji e‘l?:: [z‘?e‘f]i: —‘F(g\ f-l{:):e—;:‘

Z. SSS (ﬁz+7"')t éV: —(?r_.l"((. 6 = é’,q_s:-['(z
E
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Blank page for scratch work



