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Q1].. [10 points] Verify that (0,0) and (1,1) are critical points of the function
flz,y) = 6ay—22° — 3y”

Use the second derivative test to classify these two critical points.
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Q2].. (15 points] Let (zo,yo, 20) be a point on the ellipsoid
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Show that the tangent plane to this ellipsoid at the point (g, o, 20) is given by the equation
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Q3]. (15 points] Suppose w = f(z,y,2) and = = z(t), y = y(t), z = 2(t) are all twice differentiable
functions.

Write €2 in terms of partial derivatives of w and derivatives of z,Y, 2.
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Write ‘ZT;” in terms of partial derivatives of w and derivatives of z, v, 2.
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Q4]. .. [15 points] The function f(z,y, 2) has gradient vector field given by

Vf = (ezz,sin(y2),z2)

If £(0,0,0) = 4, find f(0,0,3). [Do not try to find an explicit expression for f(z,y,2). You will not be
able to do the antidifferentiation.]
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Q5]. [15 points] Consider the parametric surface S defined by

r(u,v) = (ucosv,usinv,v) 0<u<1l, o<wv<m.

Verify that |r, X r,| = V1 + 2.
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Compute the flux of the vector field F = (z, v, z) over the surface S above, oriented so that the unit normal

points “upward”.
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Q6). . . [20 points] Use geometric arguments (and theorems from the course) to evaluate the following

surface integrals. [You can try to compute them directly, but the geometric arguments will be much
shorter].

The flux of the vector field F = (0,0, 1) over the upper hemisphere z2 + 42 + 22 = 1, z > 0 oriented with
upward pointing unit normal. '
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Q7]...[10 points] Prove that the flux of the vector field F = {z,y,2) over the closed surface S with
outward pointing unit normal, is equal to three times the volume of the solid region enclosed by S.
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Q8. .. [20 points] Use Stokes’ theorem to evaluate the line integral

/F-dr
c

where F = (—1°, 1%, —2°), and C is the curve of intersection of the cylinder z2 + y2 = 1 and the plane
2z + 2y + z = 3, oriented to agree with the orientation on the plane given by the normal vector (2,2,1).
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Bonus Question. Let C be a closed, non-self-intersecting, piecewise smooth curve which lies in a plane

with unit normal n = (a, b,c) in R3. Suppose that C is oriented consistently with the orientation on the
plane given by n.

Show that the area of the region in the plane enclosed by C is given by

% /C(bz — cy)dz + (cx — @z)dy + (ay — bz)dz.
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