1. (10 points) Verify that the straight lines r(¢) = (3 —¢,1+2t,t — 1) and r(s) = (—s — 2, —2s —
1,s + 4) intersect. Find the point of intersection and the equation of the plane that passes
through both the straight lines.

To fd +he Tatergecfion powt, we Solue
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2. (10 points) Evaluate the double integral

/ / ny dx dy,
D

where D is the triangular region with vertices at (0,0), (1,1), and (2,0).
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3. Suppose u(x,y) is a function of z,y and = = rcosf, y = rsinb.

(a) (3 points) Find % in terms of % and g—Z,
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(b) (3 points) Find 2% in terms of 2* and g—;.
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4. (10 points) Find the maximum and minimum values of f(z,y, z) = z on the surface g(x,y, z) =
22 4+ 2y% + 622 — 222 —4yz — 12 = 0.

Solve wf=Av9 awd 9=o
23 (0.0.1)= N(2x-22, 44-42, 22 -2X-4Y)

= p=N(2x-22), 0= Alay-4%), |=A(NZ-2X-4Y)
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S X=2.9=2.
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The Suc(-o\ce eabuqﬁow 3‘-0 Jdefimes 2 ag an ?W\‘)\Tc’(‘&- '(;uwcﬂovx

oQ % ond 9 -

The extreme Uolues of 2 occur of oftTcal pomts.
WM -2z 9 _ 9% ___49-4%
2% % @i-ax-49 > 03 9 22 -2%-4Y
2 ot

—_— — =0 3 5(:%‘ :%.

™ 09 d

420 A g2y +b - AT -442 V2 =0
3 25204 6T - 22 -4 ~ 11 =0 3P -N=0B2=12

3 Magimuw =2, mmimum = =2



5. In this problem, you will find the volume of E, the bounded region between the paraboloid
z = 22 + y? and the sphere 22 + 3% + 22 = 2.

(a) (2 points) Sketch the region E approximately.

(b) (8 points) Find the volume of E.
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6. Consider the spherical shell 22 + y? + 2% = 1 with density p(z,y,2z) = 2z + 1 (mass per unit
area).

(a) (5 points) Find the total mass of the spherical shell.
let S be the sphere % t{'c =\
m=jjs PCx ) dS =jjs 241 Aszjjs 246 + HS 1ds
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(b) (5 points) Find the z coordinate of the center of mass.
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7. (10 points) Evaluate the line integral [, y* dz 4 (3 — 2°) dy, where C' is the curve 2% +y* = 1
(counterclockwise sense), using Green’s theorem.
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8. (a) (6 points) Find the flux of the vector field F = —zi + zk through the paraboloid surface
z=a2+1y% 0 < 2%+ y? < 1. The surface is oriented upward.

: S: 4he parabolotd 2wy with g &),
ociented upward.
.__.-_—2% “‘\ T: +he dsk xlfcfs\ with 2=\,
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(b) (4 points) Let v = xzj. Find curlv and use Stokes’s theorem to evaluate the line integral
fC v.dr, where C' is the boundary of the paraboloid surface above (with counterclockwise
sense in the z = 1 plane).
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9. (10 points) Find the flux of the vector field F out of the sphere 22 + y% + 22 = a? in each case
below. You can either evaluate the flux directly or use the divergence theorem. The position

vector is r = xi + yj + zk.

(a) F = e
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(d) F = 4dai — yj — 2k
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