Name
MATH 251 Exam 2 Fall 2012
Sections 515 Solutions P. Yasskin

Multiple Choice: (6 points each. No part credit.)

3,3
1. Compute IOI 4x2 dx dy.
y

a. 81 Correct Choice
b. 72
c. 60
d. 48
e. 32

1-9 /54
10 /120
11 /120
12 /6
Total /100

3

3

SOLUTION: jzjj4x2dxdy= IS[M—;T dy — jz36—4y—33dy= [36y— y_“} _ 108-27 - 81
Xy

0

2. Which of the following is the polar plot of r = cos(36)?

d. , , , «~Correct Choice e.

SOLUTION: (c) is the rectangular plot of r = cos(309).

positive loops and 3 negative loops which retrace the positive loops with r = 1 when 6 = 0.

(d) is its polar plot because there are 3




3. Find the mass of a triangular plate whose vertices are (0,0), (1,0) and (1,3), if the density is
p = 2X

a. 1
b. 2  Correct Choice
c. 3
d. 4
e. 5

SOLUTION: M = ”,adA: I:sz2xdydx= j;[2xy]§§0dx: I;6x2dx= 26 = 2

4. Find the x-component of the center of mass of a triangular plate whose vertices are (0,0), (1,0)
and (1,3), ifthe densityis p = 2x

1

a. 7
1

b. 5

C. % Correct Choice
3

d. 5

e. 3

SOLUTION: My = JIXpdAz J'(l)J'SXZXZddeZ I;[szy]izodx = I; 6x3dx = [%x“*]; = %

v Vy 31_3
x= 22

M 4

5. The surface of an apple is given in spherical coordinates by
p = 3—-3cosp
Its volume is given by the integral:

a4 Vo J.Zﬂ J-;r/Z J~Z—3005q; 1dpd(pd0
b. V= jZ”j:j:mldpd(pde

c. V= J'zﬂ IZ/Z jj%os{p p?sinpdpde df

2n em 3-3C0SQ . .
d. V= J _[ J p’sinpdpdpdd  Correct Choice
0 0“0
2r pm 1 .
e. V= J' I J' (3—3cosp)p?sinpdpde df
0 0“0

soLuTion: V= [[[dv= jj"j;jj3°°s“’ngn<pdpd¢de



6.

Find the area inside the circle r = 4cos0

and outside the limacon r = 1+ 2cos6. y
a. 4r—- /3
5, 43 :
b F+
C. 2+ ﬁ
2

d. =& _ J3 Correct Choice

3 2
e. 2r-— 73

SOLUTION: Find the angles of intersection: 4cosf = 1+ 2cos6f cosf = % 0= J_r%

/3 4cosf nl3 nl3
A=[[1da=2[" [ 1rdrdo = [ r2yie do = [ 1600s%0 - (1+2c0s0)%do
0 0 —r/3

14+2cosf 1+2cos6

/3 3
= I 16¢0s%0 — (1 + 4cosf + 4c0s?0) dh = _[ 6(1+ cos(20)) — 1 — 4cosfd
0 0

73
= I 5+ 6c0s(20) — 4cosfdd = [560 + 3sin(20) — 4sing]3? = ST | 3g§n2E _4§n L
0

_57‘[ EUE \ _57.[ \
3 2

2 3 2

Hyperbolic coordinates in quadrant | are given by u = g and v = /yX.
So the area elementis dA = dxdy=

—2% dudv

27 dudv  Correct Choice
—24 dudv

2+ dudv

23—; dudv

e o T o

o

SOLUTION:  uwv=y f=x x=3% y=uv

o(x,y) Vv Vv
GXY) | _oN dA=2¥ dudy

o(u,v)

=V
oxy) _ | u? -V _V _ 5V -
a(u,v) 1 u-u u
u



—

8. If F=(xe&'%ye?%zev), then V.VxF =
229 — 2xeV? — 2xyze¥ + 2xyze*

2zeY + 2xeV* — 2xyze¥y — 2xyze*

2z2eY — 2xeV* + 2xyzey — 2xyze*

2zeY + 2xeV* + 2xyze¥ + 2xyze*

0 Correct Choice

® 20 T

N

SOLUTION: V.VxF =0 for any twice differentiable vector field.

9. If f=sin(x—y), then V.Vf-=

2sin(x-y)

-2sin(x-y)  Correct Choice
2cos(X—Y)

—2C0S(X—Y)

0

® 20 T

-

SOLUTION: Vi = (Cos(X—Y),—Cos(Xx—Y))  V -Vf=—sin(x-y)—sinx—y) = —2sn(x—y)



Work Out: (Points indicated. Part credit possible. Show all work.)

10. (20 points) Compute “-_V) x F -dS for the vector field F = (yz-xz2?) over the cone
z=9- /x2+y? for z>5 oriented down and in.
Note: The cone may be parametrized as ﬁ(r,@) = (rcos6,rsing,9—r).

A

T 5 k
SOLUTION:  VxF=|0a, 8 &, |=10--x) -)0-y)+k(-z-2) = (x,y,~22)
yz —xz 2
(_V' x ﬁ) (ﬁ(r,e)) = (rcosf,rsingd,—2(9—r)) = (rcosh,rsing,2r — 18)

A

1 J k
€& =|( cosfd sno -1)
€ =| (-rsinf rcosé O0)
N = (0 — —rcos@) — j(0 - rsing) + k(r cos20 — —rsin?9) = (rcos6,rsind,r)  up and out
Beverse N = (-rcosf,-rsinf,-r)  now down and in

-

VxF N =-r2c0s%0 — r2sin?0 — r(2r — 18) = —3r2 + 18r 9-r=5 r=4
— - — 2r 04
”v xF.dS= j j ~3r2 + 18rdrd6 = 2x[-r3 + 9r2]* = 27(-64+ 144) = 1607
0 0

11. (20 points) Compute '”I_V) .FdV for the vector field F = (x3,y3,x%z+y?z) over the solid region
below the paraboloid z=9-x%-y? and above the plane z="5.
SOLUTION: V-F=32+3y2+x2+y2 =402 +y?) =42 5=9-12 =2
21 2 9-r2 2 2
V.BdvV — 2 _ 3,917 qr _ 304 _ y2
”jv de_jo jojs 4r rdzdrce_znjomr 2% dr_znjo4r (4—r2)dr

~ 8 r- ﬁ]z ~8r(16-32) —1287(1-2) - 1%

6
12. (6 points) At the right is the contour 83 LR R et
| | . NN
plot of a function f(x,y). If you start ] \\\ :"-—- ------ o
] - R—
at the dot at (5,6) and move so that 6] \ \\ “"‘"--—----"j:_.ﬂ 3
your velocity is always in the direction 5 e, __: -“"_'5' o
N . ] Ny e "’-ﬂ' e 1
of Vf, the gradient of f, roughly 4 \\_________'___,_.»*' ~ r:
sketch your path on the plot. 3 S 4
] ey
NOTE : The numbers on the right are 2 //" yd / /g5
the values of f on each level curve. 1 /./' // / 6
:qf’/ : I / / '

1234567

SOLUTION: The curve starts at (5,6) goes down and curves to the right towards higher values
of the function f, always perpendicular to each level curve. It should not go up.



