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Answer all questions in the booklets provided.
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1. (10 points) Find the absolute maximum and absolute minimum values taken by the function
flz,y,2) = 922 + 12y* + 22° on the set {(z,y,2);2% + y* + 2% < 25,2 > 0}. Justify that these
absolute extrema exist. -

2. (10 points) The transformation f(z,y,z) = (u,v,w) given by v = z + 3%, v = y + 322,

=z 4+ 19: is one-to-one on the cube § = {(x,4,2);0 <z <1,0<y < 1,0 <z < 1}. Find the
volume and centre of mass of the region f(S) in uvw-space. In calculating the centre of mass be
sure to assume a uniform distribution of mass relative to the {u, v, w) coordinates.

3. (10 points) Consider the transformation f(z,y,2) = (u,v,w) givenby u = z+3y*, v = y+%zg,
w = z+3z? Note that £(1,0,0) = (1,0, ). Find the tangent vector to the curve £ — f~1(1-4,1, 3
at t = 0. What theorem guarantees that f* is differentiable at (1,0, 2)? Explain why the theorem
is applicable in this situation. _

4. (10 points) Find the volume of the region of R® defined by the inequalities /22 + 9% < 2 <
1 — max(|z|, |y|) (the intersection of a cone and a pyramid).

5. (10 points) Find the surface area of the portion of the surface in R3 parametrized by (s,t) —
(9s%, 12st, 8t%) corresponding to the range 0 < s < 1,0 < ¢ < 1 of the parameters. Find also the
area, of the region in the xy-plane obtained by projecting this portion of surface parallel to the
z-axis onto the zy-plane.

6. (10 points) Use the Divergence Theorem to compute the integral f / F - dS representing the

flux of the vector field ﬁ(:c,y, 2} = 322+ (—2zy +y)7+ 52k out of the.region R defined by the
inequalities jz] + |y| < 1, ly| + |2] €1 and |z{ 4+ |z| < 1. Note: Be sure to exploit the symmetry
of R to eliminate odd terms in the. integrand.

7. (10 points) Use Stokes’ Theorem to compute the integral / F'. ds where F (z,y,2) = 32°T+
88

(—2zy + y)7T+ 5zk where S is the portion of the cone z = /22 + 42 satisfying the inequalities
z >0,y > 0,z <1 oriented in the direction of increasing z.
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