Final - Fall 17 - Solutions

1. A line L contains the point (1, 4, —3) and is parallel to to the line
r=05+3t, y=1—-t, z=1+3t.

What point on L intersects the plane y = 07

Equatin fu He Line

The dvedir © G= <> -1, 3>
we atlo hae %114, -3)

Thwy e Le O given by

{2,9,2>= <I1+5E, 4-¢,-34 3£>

Tnlteveckin  with He  ple
e howve

Y= 0 &= €= 4
The c(mespding panl ¢
<I1+3x4, O,-3+3x4>
<13 0,9 > ®)
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2. The plane passing through the point (0,1, —1) and parallel to the plane z +y + 2z = 3
intersects the x-axis at the point:

The plane i) uch that
() Moumal =7 = <1 1,2>
(i) Fues thoughe B (01,-17
EQLLCULD/L
. BP -0
= <I1,2> <x , Y-, 2+1> = O

Inleweckin . e x-axo,
'5 = 0/ 2 =0. /—/19/166
-
The. tatevechin u

(-, ©, ©) B
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3. The position of a particle is given by r(t) = (2¢t, 1 — 2t, 5+ t), starting when ¢t = 0.
After the particle has gone a distance of 3, the z-coordinate is
—>
J

wacle
-) /_\
N (E)- (0) |)5>+ 6(2,-2,1 >

NMext

1T = (4+Ge 1 )t = 3
Hence

) ha gore. a_ dilne of 3

ny
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Z(x,%t )= A% Grytz e+l
—

4. The tangent plane to the level surface 2 +4xy+ 2* = —11 at the point (2, —2,1) is given
by the equation

vamal o lenged plane  Goer by
- V) - <2xrdy, ba, 423>

At (2,-2,1) we geb
n=<-4,8, 4>

Simplified @°  ome cn ke
n= <=, 2,1

Equative {a He plue

—l(—Zg tZE = - 24 2x(-2)+1

& -X +ly ¢+ = -5
= I,-Zﬂ‘i:5 @
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5. Consider the function

i if (x, :
fay) = @+ (z,y) # (0,0)
0 if (Iay) = (0,0)

21y

Which of the following statements are true? A Lr 4(12’

(i) The function is continuous at (0, 0).

.. Of
(ii) %(0,0) = 0.

(iii) The function is differentiable outside of (0, 0).

() flux)- 2-’_ and 4 (2,20 ) - 5£
Hence
Lom /_f(z,q) 7 Lim { (xy)

%:L ) A0 3-"21/1"0

{0 not anknuows at (0,0)

() fxor-{lo) =0
fn all x=0 . Henee
QL (00) = O

(cC) j U oa ko e/ w@ﬂom{aé
o 4 difeentiobl whenein ategt #0
o { dilleentipble outide of (00)

(cc) ane (ccc) hue @



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


6. Suppose f(z,y) = g(x)h(y), where g and h are continuously differentiable functions of
one variable with ¢g(1) = 2, ¢/(1) = 3, h(2) = 5, and h'(2) = —1. Approximate f(1.1,2.2).

Fmula  Fn (0,6)= (,2) we hae

4[([/15) (1)
~ {@6)+ £, (06)(x-a)+{@b) (y-6)

Teegatie) Swe /,flz,u) )= 9[1)%/9),
A = o) Aly) . 402)- 10

> L0,2) = () £12) = 15
. f‘o: gir) /&’(9)

= [, (12) = glDAL)=-2
@W?Ox(mah’m 77/6(@92}79 He volue) i (1),
f('-l, 2l) > 10+ISx01) -2x0.2

pL,2.2) 2 0 ®
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Zt:3s

2
7. The number and value of the absolute maxima of the function f(z,y) = 2*> — 2y + * on

e domai is Z,é‘: iﬂ
the d R 3

we ue o o skep  poedwe
(0) el ponts
Ay = <x-v, 2y-z>

Hene Vﬁ(,l,tg) = L0,0> puwnl in 7R
2x-y =0
- Z +Z‘d = 0O

—
<>, (=D ()/9)3 (O/O)

and  Y(0,0)=O
() Boundmyy The &LUVL@IMQO‘,Z 0

i He cice C:oabgts ks

It @ pmoemehized as

C: { (Bt Brint),; 0 cteenh,

ancl Max 4n

{[ Z.}ZCO)L', Z.J")cht‘:) C= %ﬁ 5#;
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8. Compute the double integral / / cos(z + y) dA, where R is the rectangle [0, 7] x [0, 7].
R
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9. Find / / / yz dV where F is the solid tetrahedron bounded by the planes z = 0, y = z,
E

y=ux,and z = 1.

The comawn can be oesuled a
E= {O<x<l, Osy <€x, Osesyl
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10. The density of a solid sphere at any point is proportional to the point’s distance from the
center of the sphere. What is the ratio of the mass of a sphere of radius 1 to a sphere of

radius 27 Prop bl  constant
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11. Find thef the portion of the plane z + 2y + 2z = 2 that lies in the first octant.
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12. The oriented curve C' consists of the line segment from (0,0,2) to (0,0,0), followed by
the line segment from (0,0,0) to (1,1,0), followed by the line segment from (1,1,0) to
(3,0,0), followed by the circular arc from (3,0,0) to (0,3,0), as shown in the figure below.

Find the value of /F -dr with vector field F(z,y, z) = ye"i + €*j + 2zk.
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P
13. Suppose F(z,y) = P(z,y)i+ Q(z,y)j and Z—Q — g— =2 for every (z,y) in the plane.
x Oy

Find %F - dr, where C' is parameterized by r(t) = (3cost)i+ (3sint)j, 0 <t < 2.
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15. If surface S is parametrized by r(u, v) = (u, v, uv?), then the equation of the plane
tangent to S at (1, 2, 4) is
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16. Let S be the portion of the surface z = xy that lies within the cylinder 22 +y? = 3. Find

//(z+1)dS. =T
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wme bued o e cylindo  xiyé=3,
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17. Consider the curve C' : r(t) = (cos(t), sin(t), 1 — cos(t) — sin(¢)), 0 <t < 27, which is
the intersection of the cylinder 2 + y? = 1 with the plane z +y + 2z =

If F = (y +sin(z), z + sin(y), = + cos(z)), then /F dr =
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18. Find the flux of F = (22, zy, y*) out of the box with six faces:
r=0,z=1,y=0,y=2, 2=0, and z = 3.
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19. Let S be the upper hemisphere of 2% + y? + 22 = 4 with normal vector pointing toward

X
the origin, and F = z’— where x denotes the vector =i+ yj + zk = (x,y, 2).
X

Compute //F - dS. ;’I
S

Stiteqy  Sthe F: 2 x radal Junchin,
dov(®) should nof 2 houd o
ompufe. we. Hus we He diewene
Hieoem . Tlpeover  the nomal vechn
e awmed o poak vwand. Wwe
thu get

T-J,Fds = - Jll, dwP dv,
whee V= Volume encloed Dy S.

Dvengene lek G- % = <9,,9, 9,?
we oer

dU/ [f:)) = (91,(& 9‘) d'c)g {&gb)fc)i[tfj,)
-2 dv(&) + gy Tecall
Al %P )- 2p

[Z(P

&xi + 2
1 Z) 1Z)


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


we have Huw obrained
AdivE) = 32

|1 Z |

Inlequl T pems natuel b we
yhonial  condcrales. we gef

Iz-/cfv‘/)mgz 3’{?“”@ Fromle) dpde P
=67 )" s;lp) wle) do [ pidp



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


20. Consider the vector field F = |X3 where x denotes the vector zi + yj + zk = (z,y, 2).
b

Which of the following are true?

(i) div(F) = 0 on its maximal domain of definition.

(ii) curl(F) = 0 on its maximal domain of definition.

(iii) / / F - dS = 0 for any closed surface on which F is defined.
S

(iv) / F - dr = 0 on any simple, closed, smooth curve on which F is defined.
c
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