4.4 Laurent Series 271

The ideas of the previous example are the basis for the techniques of Chapter 5:
To compute integrals around circles, we find Laurent series expansions and integrate
term by term. Only the term involving % survives.

Exercises 4.4

In Exercises 1-18, find the Laurent series of the function in the indicated annulus.
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In Exercises 19-22, find all Laurent series expansions of the function at the indicated point z.
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Starting with this Laurent series, find the Laurent series of the following functions in the annulus
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24. Find the Laurent series of csc? z in the annulus 0 < |z| < 7.

In Exercises 25-30, evaluate the integral using an appropriate Laurent series. As usual, we denote
by Cr(z0) the positively oriented circle of radius R > 0 and center z.
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31. Suppose that f is analytic on a region Q. Let Bg(z0) be a closed disk contained in Q.
(@) Forn=0, 1,2, ..., derive the Laurent series expansion



