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5. (10) Similar to the definition given in Cartesian (x, y) coordinates, the average value of the function
f(r,8) over aregion R in polar coordinates is given by

A 1
f= Arca(R) fff(r,g) rdrd®.
R

Using the above definition, find the average value of the square of the distance from the point P(x,y)
in the disk x> + y* < 1 to the boundary A(1, 0).
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9. (20) Find the flux and circulation by evaluating the line integrals (in Part 9a). Then compute these
quantities using Green’s theorem (in Part 9b).

(a) Find the flux across and the circulation around the triangle with vertices (1,0), (0, 1), and (-1, 0)

of the vector field F = (x + y)i — (x* + y*)j. Recall that you want the ourward flux and the
counterclockwise circulation.

(b) For F = Mi + Nj and a piecewise smooth closed curve C which bounds the region R, two forms

of Green’s theorem (in 2D) can be specified as follows. Here, T is the unit tangent and n is the
unit normal vector at each point on C.

froni= [[(eR)an - frvin- [[(50-2)an

Find the circulation and flux for the field F and closed curve C given in Part 9a by evaluating the
corresponding double integrals specified by Green’s theorem.
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10. (12) Decide whether each of the following statements is True or False. Justify your answer.

(a) The value of a line integral of a function along a curve depends only on the values of the function
at the end points.

(b) Integration using polar coordinates could be applied only to regions that are circular in shape
and bounded by smooth curves.

(c) The flux across the region bounded by a simple closed curve changes sign when the direction of
traversal of the curve is reversed from counterclockwise to clockwise.

(d) Values of the circulation and the flux of a vector field F around and across the region R bounded
by a smooth closed curve C can never be equal.
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