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1. (a) For the polar curve, r = 1 — cos#, find

(i) singular point(s) (5 points)

(ii) arc length. (4 points)



(b) Calculate area of the region that lies inside r = 2 — 2 cos @ and outside r = 1.
(9 points)



2. (a) Find an equation of the set S of all points equidistant from the points A(—1, 5, 3)
and B(6,2, —2). Hence describe the set S geometrically. (9 points)



(b) Find equation of a plane that contains the point P(5,0,2) and the line
r=1+3ty=4—2t,z=-3+1. (9 points)



3. (a) Describe the surface 4z% + 4y* + 2% + 8y — 42 = —4. Draw its rough sketch.
(9 points)



(b) Show that u = sin(z — at) 4+ In(x + at) is a solution of the wave equation
Ut = A Ugy. (9 points)
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4. (a) Find equation of the normal line at (-2, 1, —3) to ellipsoid % + 9%+ % =3.

(5 points)

(b) Locate extrema and saddle points of f(z,y) = zsiny. (4 points)



(c) Use the Lagrange multiplier method to find extrema of (z,y,z) = 2 — 2% — 32
subject to the constraints z +y + z = 1 and 22 + y* = 4. (9 points)
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5. (a) Evaluate:/
0
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(9 points)



11

(b) Use polar coordinates to find volume of the solid bounded by the paraboloid
z =4 — 2% —y? and the zy-plane. (9 points)
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6. (a) Use an iterated integral to find volume of the solid that is bounded by the
parabolic cylinders

z=a%y=2"andy =8 — z°.

(10 points)
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(b) Change the triple integral to cylindrical coordinates (do not evaluate it):

1 /1-y? 2
/ / / (2% +y*)dz dx dy.
-1Jo 0

(5 points)

(¢) Set up a triple integral in spherical coordinates to find volume of the solid
within the sphere 2? + y* + 22 = 9, outside the cone z = /22 + y2 and above
the zy-plane. (5 points)



