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Justify all your answers

1. Find the point of maximal curvature of the curve y = ln x, for x > 0.
2. Find the points on the sphere x2 + y2 + z2 = 1 that are the closest to and farthest from
(2, 1, 2). You must use the method of Lagrange multipliers.
3. Using a double integral and polar coordinates find the volume of the solid bounded below
by the plane z = 0 and above by the surface

x2 + y2 + z6 = 5.

4. Evaluate the line integral ∮
C

y2 dx

where C is the rectangle with vertices (0, 0), (a, 0), (a, b), (0, b) oriented in the positive direc-
tion.
5. Let ~h(x, y, z) = (2xz+sin y, x cos y, x2). Find a scalar function f(x, y, z) such that ~h = ~∇f
and use it to evaluate the line integral ∮

C

~h · d~r

where C is the curve given by the parametrization ~r(t) = (cos t, sin t, t), 0 ≤ t ≤ 2π.
6. A homogenous wire of mass M winds around the z-axis as

C : ~r(t) = (a cos t, a sin t, bt), 0 ≤ t ≤ 2π.

Find the length of the wire, the center of mass and the moment of inertia around the z-axis,
in terms of the quantities a, b, M .
7. Suppose that f and g have continuous first order partial derivatives in a simply connected
open domain Ω. Show that if C is any smooth simple closed curve in Ω, then∮

C

(
f(~r)~∇g(~r) + g(~r)~∇f(~r)

)
· d~r = 0.
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