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Part  A
1. (14 points) Consider the two planes 4 z + y ‐ z = 4 and $ + 4 y ‐ z = 1.

(a) Find the (acute) angle between the planes.

771 = 4 9 - 1 1 , " 1 7

‐‐>
H 1= ( 1 1 % : ‘ 1 )
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. .  ;  u s  9 '

9 " : 6C)“

(1)) Find a parametrization for the line of intersection of these two planes.
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2. (12 points) Find the distance between the two skew lines whose parametr iza t ions are

ll : (55,31, 2) = (1,0,0) +t(‐2,1.0)

[2: (Lg/,3) = (0,1.1) +s(2.‐1.1).

skew,+hc3 a r e , m + a i n c d M: +wc

1. . L y - o ) -\- QLH-‘D + O ( % ‐ 1 ) : _ O

X-fQS‐Q-‘J O

L e + + 1 0 i n Q ] 1 0 . 1 % 385‘" L 4 , 0 ; O ) 0 “ £1- '

J 5 1 “ : l1+2.D-1\ 4
. 11+n1 J;
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3. (10 points) A particle travels a total distance of 2611' along the parametric curve

r(t) = (5sint) i + (5cos t) j + 12tk

from the starting point (0, ‐ 5 , 127r). Find its new location.

N0+ch when. 'bsafi. , w e , act + h ¢ Pn+' (0 , ‐ g1117r)c

l:
2 W : ‐ E ’fi l c t h .

V a ) : ¢ 59054: ; ‐ s t c , 417
w . . . ‑Ifi‘ml = fiswsze +1€ sinaé +144 2 13

b + = b

aér‘f1som: 43t/ : 1 3 z e - 7 T )

7 7 f : 7

377:5
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-7 A 7 7 ) 1.141(370’0
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fi c z w ) : 0?"5~7+%m¢

New low/WM : [01'5’367TJ
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4. (10 points) Evaluate the limit

A.2 3
lim J,y

(z.y)‐>[0,0) x4 + y6

or Show that it does not exist.

Page 5 of 19

~‐% % 0L9 (M3)”H‘h")

’0 -‐-?O as(XI3)*9(0W)



Final Exam, Math 164 December 157 2015 Page 6 of 19H

5. (12 points) Find the linearization of the function

f ( I . y ) = v12 ‐ x 2‐ 7y2

at (1mg) = (2,1), and then use it to find the approximate value of f (2.05,0.98).

id‘hflh ““13 : _;z5 ‑
2 m  J W ‐ ‘ fi i i g f ‘

is: ( 1 , 1 1 7 : ' 9 ’ : 3 - 4 : _

“ W W

«2 ‐L+-=%

r ‘ , 5 + 3 - :£3(241‘) ~‐ M W ” M W “ ,

{Ti‐L,‐  4

AVLK¢D= 4 .+ ( d i n - 1 7 + K‘?) ( 5 ' 0

. _ 0 . 0 9 .
JVC1.0§,0.Q%) :_- 1 ‐ 1 . ( o . o ; ) ‐ 7 ( )

- . 0 9 0.98
JVCD..05',0.98}’1’01" 2: 4’62 1 )
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6. (16 points) Find the critical points of the function

five, 21) = $234 ‐ 82/2 ‐ 12

and classify each of them as a local minimum, local maximum, or saddle point.

fix =17‘5‘1X =1XL5 ‘1 j 2 2 1 ‘ ) & : 0 0r 3 : 1 , ‑

QM \ \i
‘  ” w "

"WK‐o ’_, “bi":iESQb'
: 3 : 0 3

( 0 . 0 5 3

: z  1 "
"FXX = 1 5 ’ 2 $¥3

7.

_ _ 4 L ‘1) = - 4 é (13'13 ' ” a n
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7. (16 points) Calculate the integral // ydA where R is the (finite) region lying between
R

the curves 1‘ 2 y.2 and y = :c ‐ 2.

A  - M . ‐M ” ; a . . ‑
. t ‘

}  m  3 ‘
3 .H i : :Llfnmfml
2 5+2

fjfldA: jjdxolgy;

1 3 H a s ?

3 T
~I 3: "
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8. (10 points) C11do the correct response for the following questions (no work15required

and thereISno partial credit):
H“

(a) The result obtained by reversing the order of integration in the iterated double integral

1 2

f / :cdydz
0 z

s
1 2 1 2 2 y

) / / :Edl:dy (iv) / / 1 d rdy +/ / xdz dy
0 1' 0 y 1 Cl

2 y 1 y 2 1

(ii) / / ivdwdy ef/wdwd1y+//xd$dy
o u o o 1 o

2 1 1 2 2 2

(iii) / / ;r(1.7 (11/ (vi) / / atd2: dy+ / / :5d2: dy
1 0 0 0 1 y

(b) In polar coordinates7 the integral r (.099
0 4 ‐ : /

/ / .T dy (1m
‐ 2  v m  r o w d y

1r/2r2cosfidrdfi (iv) / Agrcosfldrdfi
7r/2
31r/2sir:2/:2r2cos€ drd9 (v))f/2 /2rcosfidrd0

0

Zn
(iii))f27r /22r cosBdrdQ (vi)/ /2rc030drd0

0 oR‑

‘3
1
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Part B
9. (14 points) E\aluate the triple integral ///E3:dV where E 1sthe solid tetrahedron

hounded by the four planes : r ‐‐ 0. y: 0, z: 0 and I + y + z = 1, whose vertices are (0.0,0)T

(1 0,0), (0 1,0), and((0,0,1).
4 4‐‐X 4 " " 3 1 1 ’ X

lll”N : H E Xd e a n “ .‐. “14 ‐ 39 63°” =
E 0 0 0 o O

4 4 4 ‘ i Jed-X

X 'x ig j ’XUz / Jx =fi' KCX“XZ‘XJ)A5(JX$ 3 ‐2‐.‑
0 3 : 0

0 0

i 1.

1 z 3 afghan_ _ _ _ + x - .j[ Ci-xJ-xa' ( 4 "“ ’ 0 ‐ X ~_‐‐‐L4X): ] (JV‐f9 x 4“ 1!
g_ o

0
:L

’ N ‘ 7. - {A'xl+£)°ixrPM f_\:_ts+,;]w‐ 2‐ ,.
W 2-," 2.

\ y r / 0

0

x = l 1
1 3 4
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10. (14 points) Evaluate the integral

L ‐ v ‐ J

1‘$
Y: [/0

7'5

. I.Alffli+22:f’

¢M++wLJ
fzsrn/fldedadf
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11. (12 points) Evaluate the line integral / (a; ‐ 'y+ z + 2)(15, Where C’ is the straight ‘
C !line segment from (0,1,1) to (1,0,1).

4 ’,V : ( L O N E - ( e n d ) : 4 1 , ‐ 1 , o >

A imam». 32¢” C. : H A S ; 0 +15

30"»): ‘ I - ‘ t ’

E L ' t ‘ ) :  1

w h e n “ ( 5 : 0 , war h a v e ; C014 ; ‘1 )

” u m ” +311 ” ( n e w ! )

: c t ) : 4 + , 4 - t , 1 7
_ ‐ )

P ' C - t 3 : 4 4 - 4 , 0 7

St):- 3 + e + 1 ) ¢ l s ‐ j[t‐(1‐t)+ 1 + 1 ] [ 4 u ‐ n1 + 0 1 .44: 2

C 1 { : 1

§[Jc-4+++9] 5' 01+ : Mfl24=+1fil~e J? [t +275) /
o 0 i = 0

E C 4 + 2 ) = 3 E ,



Final Exam, Math 164 December 15, 2015 Page 13 of 19N“

12. (12 points) Let f be a scalar function and F be a vector field. For each expression,

identify whether it is a scalar function, a vector field, or nonsense by circling the appropriate

response (110 work is required, and there is no partial credit).
Note that g1-ad(f) : V f denotes the gradient of f.

ocur1(f) Scalar function Vector field ' "Nonsense "

x
0 grad(f) Scalar function gw Nonsense

o div(F) ( 1 ‘ Vector field Nonsense

o eurl(grad(f )) Scalar function Nonsense

o grad(F) Scalar function Vector field

a grad(d1\r(F)) Scalar function -‘ Nonsense

o div(grad(f))

o grad(diV(f)) Scalar funct ion Vector fie ld @

o curl(curl(F)) Scalar function Nonsense

Vector field Nonsense

o div(div(F)) Scalar function Vector field (Q:

. / ‘ .o (grad(f)) ><(div(F)) Scalar function Vector field "‘

o div(curl(grad(f )))) n3» Vector field Nonsense
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13. (12 points) Find all possible values of the constants a and I)such that. the vector field

F($,y, z) = (2bwz3 + ayz + 2xy)i + (2113,: + urQ + axz)j + (axy + bi: + bx232)k

is conservative (i.e., that the work done by the field on a particle moving through space does
not depend on the particle‘s path).

. 1 - ‐ ) ‐->
D I'flCL F :5 COASUVQt;VC l f k c r e CX“$+S g . 6“ Lh %a+ V?-; F

fxtxljil): 2bx23+a32+1X3

gjcxrglth 1105 +dxl+dXE

faixtyfl: dx j +b2 +bxzaz

ij (X.fl,%: d} + 2 X

f3x(11312):2ax+a%

£xg-[XQJgE3 : ébxiz+ Q3,

§%XLXIJ:23:ajlext \bzo

( ' { ' 3 5 X ,$32 ”31' “ \/

iEULlhali‐dsafi
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+  k t )
4 + “14. (12 points) Compute the work integral % F -dr, where WWW“ \x’g {ML "

\J

C ' glam/ink b e , "' 6
2015 L/z’. 2 .F(:z:,y) = (at +10 y)1+ (my +26y)J 2: (p103

and the closed path 0, oriented counterclockwise, consists of the following three pieces:
W 3“‑‘  ‘  O E V E M - g é Q é '

D ' 3mg) 01 : the line segmgnt from (0,0) to (‐ ‐‐),
2 10 2 t h e c u r v e y z v l ‐m z w i t h ‐%S$S§,

2 2
C3 the line segment from ( ‐ «7‐,V7‐ to (0,0)
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15. (12 points) Find the surface area of the part of the paraboloid z = $2+ 312 that lies
under the plane 2 = .

A=T W ‘ Q A : n g m 4 =
D D

xii-52:9»
P 2 1 1

1r 9.
9.1V 7- 9' ,fi

4 7 - o h “ :SSWPd/‘Ja: 3249’. Ir. J” F
00 0 0

3 r : 2 ,
/ ./ ,_,_ ‘1 2 ( 4 + 4 :92) :I,[C44)2_4]

D J v E “ ; p : 0 4
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16. (12 points) Compute the flux of the vector field

F ( I , y,z) = (‐3391,) i + (z ‐ y ) j + (21)k

through the surface S given by the part of the plane 2 2 1+ 21‘ + y lying above the rectangle

OS :1: S 2, 0 S y S 3, with upward orientation.

.A /\

F i n i s ? ) : ‐ C‐me5)7 + (2-31? + ( 1 x ) L

¥ = u ? L u , v ) : 4 u , v , 4+1u+v7.‘ : V

a _:>1 :1 f1H4 'V r u : L 4 , 0 , 7 _ 7
-%

rv:: LO,4_I1_7

( ‐ 3 u 1 v

3 3 “ : 7 .’5= e m v ‐ 4 ‐ 2 +u)olucw_‐_'§ SEQ/”4] avg u / / b
0 0 ( 4 : 0

3 3 ]v=3
7 ‘ ‐ V =

- 13(1 13V_9_) 01V - f(4ev-;)ow.__ (53v 17v“)
0

o


