
All Arfken problems are reproduced at the end of this assignment

Problem 1. Arfken 11.2.11.

Problem 2. Integrals

(a) Do Arfken 11.3.3

(b) The integral ∫ 4−3i

3+4i

(x2 − iy2) dz (1)

is not defined without specifying the path. Explain on general grounds why this inte-
geral depends on the path, while the previous excercise does not.

Problem 3. Integrals around loops

• Arfken, 11.3.7

• Evaluate ∮
dz

(2z − 1)(2z + 1)2(z + 3)
(2)

for the contour the unit circle with clockwise orientation

Problem 4. Trignometric integrals

(a) Learn about trignometric integrals by reading Example 11.8.1 in Arfken and evaluate
the integral

I(a) =

∫ 2π

0

dθ

1 + a cos θ
(3)

for real a < 1.

(b) Do Arfken 11.8.3.

(c) Consider I(a) in Eq. (3) to be an analytic function a. Where is the nearest singularity
of I(a) to the origin, and why is this the expected result.

Problem 5. Some Fourier Integrals

(a) Recall that the fourier transfrom, f(ω) =
∫
dte+iωtf(t), of exponential

e−γ|t| (4)

is a Lorentzian:
2γ

ω2 + γ2
(5)
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Using complex analysis, show that inverse fourier transform of Eq. (5) is Eq. (4), i.e.
show by contour integration∫ −∞

∞

dω

2π
e−iωt

2γ

ω2 + γ2
= e−γ|t| (6)

(b) For ε small but finite, show that∫ ∞
−∞

dω

2π
e−iωt

i

ω + iε
= θ(t)e−εt . (7)

Eq. (7) shows that the θ(t) function has the following Fourier representation:

θ(t) = lim
ε→0

∫ ∞
−∞

dω

2π
e−iωt

i

ω + iε
(8)

(c) Differentiate both sides of Eq. (8) with resepect to t and comment on what you find.

Problem 6. Radii of convergence

(a) What is the radius of convergence of the following functions at z = 2i.

(i) 1√
z2−4

(ii) sin(z). Hint show that sin(z) is an entire function as discussed below.

(iii) log(z + 4)

(b) Recall that the radius of convergence of a power series is given by the formula1

1

R
= lim

n→∞
|an|1/n (11)

Given the power series expansion of the Bessel function from the previous homework,
show that the radius of convergence of J0(x) is infinity using this formula

A function which has an infinite radius of convergence is known as an entire function.
Examples of entire functions are sin(z), cos(z), ez, Jn(z) .

1In general this assumes that the limit exists. A pure mathematician might write

1

R
= lim

n→∞
sup|an|1/n (9)

which means that one should take the maximum of the limit points of the sequence. For instance for the
series

f(z) = 20 + 31z + 22z2 + 33z3 + 24z4 + 35z5 + . . . , (10)

the sequence, |an|1/n, has two limit points: 2 and 3. The maximum of these limit points is 3 and the radius
of convergence is 1/3.

2



10/11/17, 2(27 PMMathematical Methods for Physicists: A Comprehensive Guide

Page 1 of 2https://jigsaw.vitalsource.com/api/v0/books/9780123846549/print?from=477&to=477

PRINTED BY: derek.teaney@stonybrook.edu. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.



10/11/17, 2(12 PMMathematical Methods for Physicists: A Comprehensive Guide

Page 1 of 2https://jigsaw.vitalsource.com/api/v0/books/9780123846549/print?from=485&to=485

PRINTED BY: derek.teaney@stonybrook.edu. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.



10/11/17, 2(25 PMMathematical Methods for Physicists: A Comprehensive Guide

Page 1 of 2https://jigsaw.vitalsource.com/api/v0/books/9780123846549/print?from=522&to=522

PRINTED BY: derek.teaney@stonybrook.edu. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.



10/11/17, 2(14 PMMathematical Methods for Physicists: A Comprehensive Guide

Page 1 of 4https://jigsaw.vitalsource.com/api/v0/books/9780123846549/print?from=523&to=524

PRINTED BY: derek.teaney@stonybrook.edu. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.



10/11/17, 2(14 PMMathematical Methods for Physicists: A Comprehensive Guide

Page 3 of 4https://jigsaw.vitalsource.com/api/v0/books/9780123846549/print?from=523&to=524

PRINTED BY: derek.teaney@stonybrook.edu. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.



10/11/17, 2(15 PMMathematical Methods for Physicists: A Comprehensive Guide

Page 1 of 2https://jigsaw.vitalsource.com/api/v0/books/9780123846549/print?from=539&to=539

PRINTED BY: derek.teaney@stonybrook.edu. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without
publisher's prior permission. Violators will be prosecuted.


