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Q1]...[15 points] Use the method of Lagrange multipliers to find the maximum and minimum values of
the function f(x,y) = zy on the ellipse z2 + 4y* = 4.
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Q2]. .. [15 points] This question asks about how the function f(z,y,z) = x? — zy -+ yz is changing at the
point (1,2, 1).

e Find the direction in which f is increasing the fastest at the point (1,2, 1).
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e What is this maximum rate of increase of f at (1,2,1)?
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e Find all the directions in which f is not changing at (1,2, 1). ¢
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e Find all the directions in which the rate of change of f at (1,2,1) is 50% of the maximum rate in
part 2 above.
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Q3]. .. [15 points] Write down triple integral expressions for the volume integral of a function f(z,y,z)
over the region which is inside the unit sphere z2 + y* + z? =1 and also in the octant where z > 0, y > 0
and z < 0 (note that the region is one eighth of a solid unit ball, and it lies below the zy-plane). Give
three versions of your answer, one for each of the following coordinate systems.

Cylindrical Coordinates. ~E

’?(Y‘COSS)VSW\G :sz,‘(‘ (}\% A\F C\@' X
\’H@—‘;

2 o
7\*‘“ 2 = ,m (z2£9) balls
<

S

Spherical Coordinates.
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Cartesian Coordinates.
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Q4]. .. [15 points] Consider the ellipse

Here a > 0 and b > 0 are constants.

e Find a suitable change of coordinates z = z(u,v), y = y(u,v) which converts the ellipse into a unit
circle. Write down your change of coordinate functions z = z(u,v), y = y(u, v) explicitly, and verify
that the ellipse becomes a unit circle.
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e Use the change of coordinates formula for multiple integrals to compute the area inside the ellipse .

above.
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Q5]. .. [15 points] Test to see if either of the vector fields F and G below is conservative. If a vector field
is not conservative, say why not. If a vector field is conservative, express it as the gradient of some scalar
field.
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Q6]. .. [15 points] Compute the flux integral

//SF-dS

of the vector field

F = (y, —z, 2)
where S is the surface described by
r(u,v) = (ucos(v),usin(v),v) 0<u<2 0<v<27
oriented so as to have upward pointing normal. ~
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Q7]...[15 points] Let F be the vector field F = (z, zyz, —z).
e Compute Curl(F).
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e Use Stokes’ Theorem to evaluate the line integral §, F - dr, where C is the circle % + 2% =9, y = 2

which is the oriented boundary of the disk z? + 22 < 9, y = 2 which is oriented with normal vector
(0,1,0).
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Q8. ..[15 points] Use the Divergence Theorem to compute the flux integral
J|F-as
s

F = (2% +sin(y?2), y* — cos(z + 2), 2° + €")

of the vector field
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