MATH 20550: Calculus III Name: So’f?{/wﬂ‘b

Final December 11. 2012 Instructor and Section:

As a member of the Notre Dame community, I will not participate in or tolerate academic dishonesty.

Please sign

Record your answers to the multiple choice problems by placing an x through one letter for each probiem
on this page. There are 20 multiple choice questions worth 7 points cach. You start with 10 peints for a
total of 150 points.

You may use a calculator i you wish.
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1. A spaceship travels through space with acceleration, a(t) = 2j — k, its initial velocity is v(0} = (1, -2,0),
and its initial position is r(0) = {2, —1,3). What is its position at time ¢t = 27

(a') (4*41 "2) (b) (2! 0’ '_2) (C) (4!3ﬂ 1) (d) (2!41 -2) (C) (41 —1: 1

M) =LC, 1 0D =436,
FlH)= SUC, LG 72 + 6 =442, 1221, -5 3)

#(D)=41, 1,17

2. Joe the baker is back; this time he's making solid ice cream cones. He is shaping a cone of height 4 cm and
radius 3 em. Presently, the height is increasing at a rate of 4 cm/s. Assuming that the volume of the cone \/

S . o . 1
is constant, how fast is the radius changing? Note: The volume of a cone is V = Eﬂ"rzh. / \

P
(b) “g Tyl (©) —%cm/s (d) -1 cm/s (e) =2 em/s v %

O dc\{;: ,—wrkdr 4-/Lmr 0}5‘0 =g (H);—Egrc?%ﬁ (3}4(4)

= g‘f%@ + 25
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) |2 -3

e e
-
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ot gx *



3. Find the flux of the field F = (2%, z, —y) through the snrface z = /1 — y2 with 0 < r < 2 and upward
normal (see graph below).

A
—
n

(a) 8 (b} 10 {c) =5 (d)0 () G

F(%,Y)‘<X,~/, W> , 0£x£)| |2y
=4\ 0,

Y\, <D L m)
Flebn) = -y 1y -y Y

F((‘ Xyn (r‘x)({‘ ) O+\/ ——\/ = O

— —_— ‘_l
¢ oy =07 1D
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4. Use the Divergence Theoramn to compute f / F . dS, where F = (2 — 22)i + (ysin(z) — 2zy)j + (cos(z))k

5
and § is the surface of the solid enclosed by the following planes 2 =4 - 22,2 = 0.2 =2,z = 0,y = 0, and
y = 3 with the outward normal (see graph below).

o @ €0 (@) 12 (0) 18
B = Or 2 (5773 sz) =2
) ’*555 BAV= J[fL 2dv- 2dlE)= 2

= - 24



5. Find the absolute maximum value of f(r,y) = 2° — 3z — y* + 8y* on the square region
D={(xy)|0<2<21<y<3}).

Hints: £(0,1) = 7. f(0,3) = -9, f(2,1) =9lf(2.3) = -7, and f(0,2} = 16. %rﬂ] Vaf
(a) 20 (b) 22 () 16 ’ .
V - = - 3-" > UI J\) ,‘“Su‘/‘ﬁr D 1e
=433, -y by ST
X>i| Y:O,\/:'il 15 ) -
X#-1 y30,-Lint i D 5 [0,2) [

O y=t: Fle )=x23x+7 254 5.'1x)= 353, x=1 (1,0 (1,3) [SR =

!

5 5 3 ) [pnen
@ 0= H0y)- -y <414l g )= -4ylby, y=2., 102 o7
O y=3:Hlx3)= 2 -G =g:ld, 1) 33, <= (13) =3 03) [
e e R T A o N =
(4, 1) 'g6-1+2 =9
6. For the fl”lzction f(,y,2) = 2+ 2y what is the maximun value subject to the constraints z +y +z = 1
and ¥y~ + 2° = 87 J’
(@) -3 (1) 0 (c) 6 95 G
; ﬂ +2 2
5-1 2 | ALY D Iy Gz -2
h-3 0= A2z (== 2uz
-3/“*0 or Y=2
x-l-\!-!—Z l @ J«
—L - CU‘\‘{TM&&S =

EA®: 1=Eay=12 4 (122 | (122)

[Ypli'/ﬁz;ﬁ\ @’7)(”[ Va\\ S_/ { 2,
¥-2) 222 ®>» x=

re——
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7. Let r(t) = (2t,£%.1*). Compute the osculating planc at ¢ = 1.

{a) 62 + 12y + 4z =4 b) 6~ 12y + 42 =4 {c)2y+2=2

(d)z+2y+3z2=7 (¢) 6z — 12y +42 =0

Use  &'[1)xe"t1) / Bl For perpmﬂ\‘wlar vechir
TUH,,); <2‘;2:t}3_t2>, —f,\f“): 012:37 > Y - ,'
f\"(‘f): <0,2,6'L/) p-f)"(“) 1(0,1,6) r(')xf‘ “) <~6( 21LI>
t)=L.11 L6A2HY- L2y, 249 = bx 422y +12+42-4 =0

éX”Q" +Ll?. = q

8. Compute the line integral
f V1—? ds,
(e]

where C' is the helix given by z = cost, y = sint, z = V3t. 0 <t < %

(2) 23 (b) 2 (© @ = (@) 0

)= Lsint, cost, 3 12 = sfreagiton =T =2
05t 20 on OtteVa

(5 e T 10 - [ e ot
= lsfm't KVL :2'



9. Compite F - dr where F = (2% + 42, 4% and C is the cirenlar are given by the parametrization
g p

r{{) = (cosgsin ), where 0 <t <.
(b) 3 (¢) (d) - c) -2

I 21 = <\, sint (sm*t wst) = —sto-*sm %cort-:

10. Use the Fundamental Theorein of Line Integrals to compute the line integral

/(3x2yz,x3z+ze!fz,;g3y+yeyz +cosz) - dr, :J w J?
¢ r . Q R c

where C is any smooth curve in R? from (2, 2,0) to (5,0,%/2).

(a) -1 (b) 0

©>

(e} the answer depends on the choice of C

JE: S?c‘ix: xgyz,—!*g( F’«) - ><3y2 +6YZ+MZ)
-3 Y& 3 z
ﬁy:. X32'+5‘/ [Yfz‘) ;Q ;)(32426\12 _Fz_' X\[""‘le/ "’/}’1 {Z);R'Xy-! Ye:’ 45z

R gY (Y’z) ) ze:/Z . ) (Yfz.): 6724%(2) =) )\ (z):- o5 z =7 )’\(Z)-'— 5]n(z E‘Eo)

(i)szeﬁfm( - 7B; X3\/2+eyz+ S Z
[ 9F-2:4(5.075) 020045+ ) {0+%0)-
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11. Consider a hemispherical solid bounded below by the zy-plane and above by the hemisphere given by
. Sy . . .2
2= /1 — 22 — 32 Suppose that the density of the solid is constant. The volume of this hemisphere is g
Find the z coordinate of center of mass, z.

)0 ) 3 (@ OF

Cgeﬂ&‘é\[ 8
— . ME g(zoo\/ H z‘gv
gy

|

30, 1 psm‘fwﬂ“% 3, pertls dp 3 pdp =

217 j”"p “slect ol ldp

12. Find the rate of change of z = y*e**¥ in the direction {—1,1)} at the point (0, 1}:

V2
(2) -1 (b) 0 (d) 2 (&) (L)

V2 =y, ey
VZ Ol <e 36>

<e.%e) ‘é(—\, 1) = "J;'_[—e&) = Jie



- Assume that all people can safely handle a normal component of acceleration, ay, of 50 (meters per second
squared) for a few seconds in a curve. To fit the roller coaster into the given space the engineers need to
build a curve with curvature 1/8 (inverse meters). How fast can the roller coaster go through that curve

safely? —_—
{a) 150 (incters per second) (b) 90 (ineters per second) (¢) 10 (meters per second)
{d) 30 (ineters per second) e) 20 (ineters per second) __/

K a{, =5 S0 = "w = 7= 4o S>V=20
ngéurb

14, Determine which iterated integral gives the values of the surface integral f ] V1 +4x? + 432 dS, where §
g
is the surface defined by z = f(z,y) =2 +¢* for 0 < 2 < 4.

a) / /'(1 + dr2)drdd
<40 0
2 4
(d) T 4r?)rdrdf (e) T 4r%)drdf
0 0

Z:Xﬂ\/"’-/Oény 5‘#3 ool X ayt4 i XY*Plawa
T <[ d5 =l | A = ST dA
Vranbridire: Chilly iy ot ;&4_9
= 41,0,
gy SRS

e, =2,

( + 4r2)rdrdt;)

2 2
c)/ / V(1 + 4r)rdrdf
¢ Jo
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15. A particle travels under the effect of the force field F = (" ""2, z, 3y} on a path C which consists of
straight line seminents, starting from the point (2,0.0) and moving to (0,2,0), then to (0,0,1) and then back
to {2,0,0). (Hint: C is the intersection of the plane z + y + 22 = 2 with the 2y, zz, and yz coordinate

planes.) Use Stokes’ Theoremn to compute the work done along C, f F.dr.

o\ o

(a} 3 () 1

. )
cud =1 9 & ={3-1,0,0) ={2,0,0Y

Qs}nx - %y‘ \{
/\

Q_.«
(Pamnﬂ-rlm Suff‘ace, S -()\(X,\/);QQ /%7>, _ﬁ_?Dt-'
f

Lo
7 - 40(( /”"17 Oy, =42,2.1
vy ONYAS 2

& e =Jf lwd B3 =)5, {20003, 5,1 DA
= )], dA = wrealD)= £ )2 =2
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16. The vector projection of the vector b = (3, —1,1) onto the vector a = (2,1, -2) is

(a) (2.1.-2) (b) 5(2‘1,—2) (c) %(2,1,—2) (d) l(1,1,1) (e) %(3,-1,1)

ek \0'{'%‘0\ - __<2 2> <2,| -2)

17. Suppuse a particle's position is given by r{f) = (2¢,¢2,¢%). What is the tangential component of the
acceleration ar when £ = 17

(a) VIT (b) —= (c) 22 (@

2
76 /7 () 0
- “3\/!(‘{,) -.{J\r{‘.{’)
0= —
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18. Find the tangent planc to the surface r(u,2) = (4 260+ 2, vv + v+ 1,v° + 2u — 1} when w = v = 0.
g

" —H""-.__\
(a) 22 +y—2:=-9 L)Y 224y~5=0 G}—2w+4y+z=—l L
—-"4’/

(dyz+2:2=1 fe) —2x+dy+2=2 .

P2 R000210.2)
-f)\q =—<2, U14-\,3Vl> f)\v [0,0) ;< l' I,O)

A= R0 EA0,0= 2,4, 1
t(00) ={21,-1)
= 2,40 2yl 24 D=Ly Haz+ ]

- Lxly+z =~



19. Compute the flux integral

IR

for the vector field F = {e%, zy, 222} across the open ended cylinder 43° + 2> = 4 from z = 0 to = = 1 with
outward normal (sce graph below).

—
n

(Pfﬁ_’i‘f*lw 20 =%, cosB, mBy , O£xel 0 PLbx
;Bi 2?10*5'2§2(%9> Tlex\()\x: < O, 2 o 9’ - 9>
: C (9&‘7— arzﬂtr\/
T Ba =] 7L s, B - £0,01058, 508) el
- f o‘ )\OZWLZX cos D +Desn’D) J0:lx

- S(; Yf" Ix cﬂ@ﬂx = fx yol xd = QWXQ"O‘ = v



" Fixy2) 5lxy2)

20. Let C be the curve of intersection of the level surfaces 22 + 4 = 169 and 2 — z = 0. Compnte the
parametric form of the tangent line to C at (5, —12,25).

(a) {24 — 5,101 + 12, —2401 — 25) (b) 24(z — 5) — 10(y + 12) + 240(z — 25) = 0
(¢) {—24t + 5, —10t — 12,240t + 25) (d) (24t + 5, —10¢ — 12, 240t + 25)
.”“"-'_.,‘-'-—-
34t + 5,10¢ — 12,240t + 25
MM

V2424 2,0) Vg 101
VH(SR25)=L(0,240)  V5l542,25) =< 10,0,

Ty ok
VES, 2,5 N5 (52,25 = [ 10 29 0 224,10, 240"
| o 0 -

CH) = <512, 28) 444 2410, 240) = {24t lob-12, 240t +25)



