
Complex Analysis 01141

Department of Mathematics

Week 12, 2008

1 Coverage next week

In the 13th week we review the course. This is done by discussing Exercises 1 �4 from the
exam May 2006 and any questions that may be raised.

2 Exam

The exam takes place on December 12. The text will be in English. Your answers may be
in Danish or in English. You must show your work, i.e. reasons must be given for all
answers.

Solutions to the set of exam problems will be posted on the course homepage after the exam
has ended.

The exam requirements can be found on the course homepage.

Material on the homepage: Problem sheets, weekly sheets, sets of former exam problems,
solutions to homework problems and short answers to former exam problems.

O¢ ce hours prior to the exam My o¢ ce is in room 046 in the East wing of Building 303
South.

3 Problem session

Exercise A Cauchy�s Residue Theorem.
Given the functions

f(z) = ez � 1 and g(z) = 1� cos z

1. Determine all zeros of the functions f and g, and state in each case the order.
Determine all isolated singularities of the function

F (z) =
f(z)

g(z)

and state in each case the type.

2. Apply the Cauchy Residue Theorem in order to determine the integralZ
jzj=2

F (z) dz

Exercise B Improper integral of a real rational function.
Compare with Example 1 pp. 319 - 321.

1. Determine the roots of the polynomials

z2 � 3z + 2 and z4 + 10z2 + 9
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2. Determine the principal value of the improper integral

p.v.
Z +1

�1

x2 � 3x+ 2
x4 + 10x2 + 9

dx

Comment: The improper integral
R +1
�1 f(x) dx where f(x) = x2�3x+2

x4+10x2+9 does exist,
since the integrand f is continuous and there exists a positive constant K such that
jf(x)j � K=jxj2 for jxj � R with R su¢ ciently large. Hence, the principal value
(p.v.) in front of the integral could be eliminated.

Exercise C Improper integral of a real function where cosine enter into the ex-
pression.
Given the function

f(z) =
eiz

z2 + 1

1. Let �� = � + C
+
� denote the simple closed curve shown in �gure 6.4 p. 321. Show

for all � > 1 that Z
��

f(z) dz =
�

e

2. Show that Z
C+
�

f(z) dz ! 0 as �! +1 :

3. Use the result Z
�

f(z) dz +

Z
C+
�

f(z) dz =
�

e
for all � > 1

to conclude that the improper integral below exists and is equal to the stated valueZ +1

0

cosx

x2 + 1
dx =

�

2e
:

Exercise D Improper integral of a real function, where the value has contributions
from integrals along two of the curves.
Consider the function

f(z) =
1

1 + z8

and for R > 1 the simple closed curve �R = IR + IIR + IIIR which bounds the domain

D = f z = reit j r 2 ] 0; R [ and t 2 ] 0; �4 [ g ;

where IR = [0; R] is a line segment on the real axis, IIR a circular arc and IIIR the line
segment which connects Rei�=4 to 0.

1. Show that Z
IR+IIIR

f(z) dz = (1� ei�=4)
Z R

0

f(x) dx

2. Show that Z
IIR

f(z) dz ! 0 as R! +1

3. Determine Z
�R

f(z) dz

and then conclude that Z +1

0

f(x) dx =
�

8

1

sin(�=8)
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4 Homework problems

On Thursday, December 4 solutions to the homework problems will be posted under �Solutions
to homework problems�on the course homepage.
The problems can be found on the course homepage: �Old exam problems�.

1. Exam January 1997, Exercise 5.

2. Exam January 2001, Exercise 2.

3. Exam December 2002, Exercise 4.

3


