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FURTHER READINGS

There are several textbooks and research monographs on polymer solutions. Some
of the contents partly overlap with the scope of this textbook. The following books
are recommended to readers interested in further studies:

1. P.-G. de Gennes, Scaling Concepts in Polymer Physics, Cornell Univ. Press:
Ithaca (1979).

This is a good introduction to the scaling theory by the pioneer of the
theory. The scaling concept is used for polymer solutions, polymer blends,
melts, and gels.

326 REFERENCES



READING 327

2. M. Doi, S. F. Edwards, The Theory of Polymer Dynamics, Oxford Univ.
Press: Clarendon (1986).

Detailed explanations on theoretical tools are given. Emphasis is on visco-
elastic properties. The book contains a few chapters on dilute, semidilute, and
concentrated solutions of rodlike molecules. The following is a simplified ver-
sion: M. Doi, Introduction to Polymer Physics, Oxfor Univ. Press: Clarendon,
1996.

3. G. Strobl, The Physics of Polymers (2nd ed), Springer: Berlin (1997).

This book deals with polymer physics in general, including solid states of
polymers. It offers a succinct account of solution properties.

4. H. Yamakawa, Helical Wormlike Chains in Polymer Solutions, Springer:
Berlin (1997).

This book offers a detailed explanation on conformation and dynamics of
wormlike chains and helical wormlike chains by an expert of the model.

5. H. Morawetz, Macromolecules in Solution (2nd ed), Wiley: New York (1975).

This book is a historical standard of polymer solution textbook. It is now
available from Krieger.

6. P. J. Flory, Principles of Polymer Chemistry, Cornell University Press: Ithaca,
1953.

This book is another historical standard of polymer in general.

7. A. Y. Grosberg, A. R. Khokhlov, Statistical Physics of Macromolecules, AIP
Press: Woodbury, 1994.

This book offers a detailed account of the scaling theory. It contains many
applications.

8. J. des Cloizeaux, G. Jannink, Polymers in Solution: Their Modelling and
Structure, Oxford Univ. Press: Clarendon (1990).

This book offers a detailed account of the renormalization group theory.
The book contains an excellent review of many experimental data on the
thermodynamic properties of polymer solutions.

9. H. Fujita, Polymer Solutions, Elsevier: Amsterdam (1990).

This book offers a formal introduction to polymer solution theory. It con-
tains many experimental data.

There are several books on light scattering:

1. K. S. Schmitz, An Introduction to Dynamic Light Scattering by Macromole-
cules, Academic Press: San Diego, 1990.

2. B. Chu, Laser Light Scattering: Basic Principles and Practice (2nd ed.), Aca-
demic Press: San Diego, 1991.

3. W. Brown ed. Dynamic Light Scattering: The Method and Some Applications,
Oxford Univ. Press: Clarendon, 1993.



APPENDIX

Some of the mathematics used in this textbook are detailed here.

A1 DELTA FUNCTION

A delta function [�(x)] has an infinite value at x � 0 and is zero everywhere else. It
is impossible to draw a plot of �(x), but it may be convenient to regard it as a positive
spike at x � 0. The integral of �(x) over a finite interval that contains x � 0 is 1:

(A1.1)

where 0� is infinitesimally smaler than 0, and 0� is infinitesimally greater than 0.
On integration of the product of �(x) and an arbitrary function f(x), we obtain

(A1.2)

The following formula is useful:

(A1.3)

In three dimensions, we write

(A1.4)

It is easy to find

(A1.5)

where dr � dx dy dz and the range of integration can be any volume that contains 
r � 0. We can evaluate an arbitrary function f(r) at r � a:

(A1.6)��

��

 �(r�a) f (r) dx � f (a)

��

��

 �(r) dr � 1

�(r) # �(x)�(y)�(z)

��

��

 �(x�a) f (x) dx � f (a)

��

��

 �(x) f (x) dx � f (0)

��

��

 �(x) dx � 1�0�

0�

 �(x) dx �
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There are several ways to define �(x) by an equation. One of them is

(A1.7)

In three dimensions,

(A1.8)

A2 FOURIER TRANSFORM

For an arbitrary function f(x) of a space variable x, its Fourier transform f̂ (k) is de-
fined by

(A2.1)

The variable k is called a wave vector also for one dimension. To see what informa-
tion of f(x) is carried into f̂ (k), let us consider a sinusoidal wave with wave vector
k1 and amplitude A1:

(A2.2)

Then, from the definition,

(A2.3)

which means that f̂(k) is nonzero only at k � �k1. The integral of f̂ (k) in a range
including k � k1 or k � � k1 but not both of them gives �A1 that is proportional to
the amplitude of the wave. f̂(k) indicates which wave-vector components are con-
tained in f(x).

 � �A1[�(k � k1) � �(k � k1)]

 �
A1

2
��

��

[exp(i(k � k1)x) � exp(i(k � k1)x)]dx

f̂ (k) #
A1

2
��

��

[exp(ik1x) � exp(�ik1x)]exp(ikx)dx 

f (k) � A1 cosk1x � (A1�2)[exp(ik1x) � exp(�ik1x)]

f̂ (k) #��

��

 f (x) exp(ikx)dx

�(r) #
1

(2�)3 ��

��

 exp(ik	r) dk

�(x) #
1

2�
��

��

 exp(ikx) dk



Let us integrate f̂(k) exp(�ikx) with respect to k:

(A2.4)

Thus, we can recover f(x) from f̂(k) by

(A2.5)

This operation is called the inverse Fourier transform.
In three dimensions, the Fourier transform of a spatial function f(r) is defined by

(A2.6)

The inverse transform is given by

(A2.7)

We often need to calculate a three-dimensional Fourier transform of f(r) that de-
pends only on the radial distance r. For this purpose, we use a spherical polar coor-
dinate for r with the polar axis running along k. Then, the transform proceeds as
follows.

(A2.8)

�
4�

k
��

0
rf(r)sin kr dr �

4�

k
 Im��

0
rf (r) exp (ikr) dr

�f(r) exp(ik	r) dr � 2���

0
 r 2f (r) dr��

0
 sin
 exp(ikrcos
) d


f (r) #
1

(2�)3
��

��

 f̂ (k) exp(�ik	r) dk

f̂ (k) #��

��

 f (r) exp(ik 	r) dr

f (x) �
1

2�
��

��

 f̂ (k) exp(�ikx) dk

 ���

��

f(x�)dx�2��(x� � x) � 2�f(x)

 ���

��

f(x�)dx���

��

exp[ik(x� � x)]dk

��

��

 f̂ (k) exp(�ikx)dk � ��

��

exp(�ikx)dk��

��

f(x�)exp(ikx�)dx�
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A3 INTEGRALS

Gaussian integral:

(A3.1)

Fourier cosine integral:

(A3.2)

When � � 1�2, (1�2) � �1�2. Thus,

(A3.3)

Fourier sine integral:

(A3.4)

For � � 1�2,

(A3.5)

Gamma function:

(A3.6)

For integral values of �, (�) � (� � 1)!.

��

0
x��1exp(�x) dx �  (�)     (� � 0)

��

0
x�1�2sin bx dx � � �

2b �
1�2

��

0
x�� lsinbx dx �

(�)

b�
sin

��

2
      (0 � � � 1,   b � 0)

��

0
x�1�2cosbx dx � � �

2b �
1�2

��

0
x��1cosbx dx �

(�)

b�
cos

��

2
     (0 � � � 1,   b � 0)

��

0
x2n exp(��x2) dx �

(2n � 1)!!

2n�1 � �

�2n�1 �
1�2



Miscellaneous integral:

(A3.7)

A4 SERIES

(A4.1)

(A4.2)

�2a��

0

dy

y4 � a2 �
1

a
�1�2

0

dx

x1�2
�

�

(2a)1�2
�

21�2

a
�

�

(2a)1�2

(a » 1)

�
�

n�1

a

n1�2(n2 � a2 )
 � ��

0

a

x1�2(x2 � a2)
 dx ��1/2

0

a

x1�2(x2 � a2)
dx

�
�

n�1
 

a

n2 � a2 � �
1

2a
�

�

2
cotha�

��

0
 

dx

x 4 � b4 �
21�2�

4b3
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