MATH 253 Honors EXAM 2 Spring 1999
Sections 201-203 Solutions P. Yasskin
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1. Compute: _[O jy3 e dxdy.
y
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a. 5 e ; 1

b. e+ ?

c. e— E

d. % correctchoice
3

e. 5

j(l) j; e dxdy = I;[yex’y}izys dy = I;(ye—yeyz) dy = | $y%e- Se' Lo

- [(4e-49)-(Foe-4#]- 3

2. Compute _”sin(xz +y2)dA  over the region inside the circle X% +y? = .
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C. 2
d. =«
e. 2rx correctchoice

”sin(xz +y2)dA = Isﬂ jf sin(r?)rdrdo = 27{—% cos(rz)}fo
= 27[[—% cos(n)} —27[[—% cos(O)} = n[--1--1]=2r
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3. Compute: jojﬁ 1+3x3 dxdy

In2 correctchoice
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Reverse the order of integration.
JY £x<1 becomes 0<y<x?

0 1

1e1 3 _ 1 ex? 3 _ Y
Io-[ﬁ 1+x3 dxdy Iojo 1+x3 dy dx Io 1+x3 Iy
_ [t _3x? _ 3 —In2-Inl =
jo 22X dx = In(L+C) IN2-In1=In2

X2

1
x=0
4. Find the volume between the paraboloids z=18-x>-y?> and z=Xx?>+Yy>2.
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81x correctchoice
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e. 243t
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The paraboloids intersect when ~ 18-x2-y? = x2+y?  which is the circle
X2 +y? =0,

V= [ as-xz-y?) - o +y?)da= jzﬂjz(18—2r2)rdrd9

= 2 or2 - %r“]; - 2[81- 8L ] = 81r



5. (20 points) Find the point in the first octant on the sphere x> +y2+22=9 at

which the function  f = x*y3z2  is a maximum.

f = x*y3z? Vi = (4x3y3z2, 3x*y?z2, 2x*y%z)
g=x2+y?+22 §g= (2, 2y, 22)
Lagrange equations: Vi = ﬁg:

4x3y372 = 22X, 3x4y?z2 = 22y, 2x4y3z = 23z

Solve for A and eliminate it:
A= 2x%y322 = % X2 = xy3
Simplify and solve for x? and z:

2y2=%x2 %Zzzyz x2=%y2 Zzz%yz

Plug into the constraint and solve fory:  (Positive roots for first octant)
%y2+y2+%y2:9 4+§+2y2:9 y2 =3 y=43
Plug back to find x and z

x2=%y2=4 X=2 z2=%y2=2 z=42
Solution: xy.2) = (2,43,42)

. (21 points) The heart shape below is the graph of the polar equation r =|g| for
-7 <8 <n. Find the area and the centroid. (16 points for formulas)

A=Jfaoa= 7 [lrarso =7 [0 ] o= | Jorw-[Ro]] - 3+

y = 0 by symmetry.

X-mom = ”diz J.: Iilrzcosedrde = j;[ﬁ}pl cosAdo

3 r=0
T 3 T
=_[ %cosﬂdez Zjoe—;cosede

Integrate by parts 3 times to get
X-mom = [%03sin9 + 262 cosd — 40sind — 40039} =8-2n?
6=0
x-mom _ 8-2n2 _ 24—6x% _
e e
3

X:




7. (23 points) Find the volume and the centroid of the half of the cone  [/x? +y? <z< 4
for y> 0. (15 points for formulas)

V= _”_[1de IZ jzjjrdzdrw = nj [rz}4 dr == njz4r—r2dr
z=r

4
0
o] oo -

X = 0 by symmetry
y-mom = jjjde= IZ Izjjrzsinedzdrcﬂ = [-co];_, Iz[rzzT dr

z=r
4 3 4 74
_ 2 .3 _ 4 r* _ 256 _ 2561 _ 128
‘210(‘” r)dr 2[ 3 4 Lo 2| 250 -0 =2
V= y-mom _ 128 3 _ 4

A 3 37 T A
z-mom=_[_”de= IZI;I?erZdrd}:”Iz[rZ—;} dr ==n_|.28r—%r3dr
z=r

_ 214t _321 =
—n[4r 8L0 7[64—32] = 320

zmom _ 32t _3 _ 3
A 1 32z

2:



8. (22 points) The graph of the spherical equation p=sin@ for 0<6@6<gx is
shown from the positive z-axis, the positive x-axis, the positive y-axis and in
perspective. Find the volume and centroid. (17 points for formulas)

z-axis X-axis y-axis perspective
Ve[ [ srsnscpenas - |7 [ 5] snpoas
p=0
=[], 52 smpdocs - 3[-cosp | [-com+ g0
- j4]-§

X = z = 0 by symmetry

sing

y-mom = | [ [ydv= jo jo I:in0p3sin2¢sin9dpd9d¢ - jo jo[%4] sin? sin6 do dg

p=0

= L ["sipdp [ siodo = 1L1x] [ @ cos0)’sinodo U = cosd
0 0 0
1 1 1
_Z U 2dy = X o2 utdy = E[ g 20 W
= 8.[1(1 us)“du 5 Q-2 +u)du—8[u 3 +5L=_1




