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GIVE DETAILED EXPLANATIONS FOR YOUR ANSWERS. EACH PROBLEM IS QRTH 25 POINTS.

1. In this problem we consider the unit sphere.

(a) Use the spherical coordinates to evaluate the volume of the unit sphere.

(b) Consider a fixed diameter of the unit sphere. Find the average distance between a point in the unit
sphere and the fixed diameter.

2. Consider the vector field given by the equation:
= Y- 1+
F =_Zi+27.
(2,9) = =5+ 57
(a) Sketch a graph of this vector field.

(b) Consider the following three parametric curves:

1 1 1 1 1 1
A, #2t)= 5 €S t, yt) = §sint; B. z(t) = —§t2—4, y(t) = §t; ¢ =zt = —§t2—4, y(t) = _Et'

Determine which one of these three curves is a flow line of the vector field F. Give both geometric (ie.
illustrate on the graph of the vector field) and algebraic reason for your answer.

3. The parametric curve in Figure 1 is given by the equations
z(t) =201 —1%),  yt) =t

Calculate the arc length of this curve between the points (0,1) and (2,0). Give easy upper and lower
estimates for the calculated arc length. :

4. The vase pictured in Figure 2 is obtained by rotating the curve z =2 +sinz, y =0,z = 2,0 < z < 27 (the
black curve in Figure 2), around z-axis. I decorated the vase with a curve starting at the point (2,0,0) and
wrapping around the vase twice and ending at the point (2,0,27). This is the red curve in Figure 2.
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Figure 1: Calculate the arc length . | -
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Figure 2: Find parametrizations
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