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Abstract

This paper uses information retrieval from available data

bases such as INSPEC tapes in an attempt to quantify and demon-

strate trends in the recent development of Soliton physics

research. The date shows that Soliton physics research may be

classified into three stages according to the annual numbers of

published scientific papers (N):

Stage 1: N - 10° Gestation (up to 1965)

Stage 2: N - 101 Introduction (1966 - 1971)

Stage 3: N - 102 Growth (1971 - present)



1. INTRODUCTION

During the course of his scientific research, how does a

researcher select his topic and on what basis does he decide to

pour considerable time and money into his research needed to

advance it further ? One clear reason that researchers and

research groups attempt to continue their studies of particular

topics is that these topics, being in one sense or another related

to themes under discussion by the academic world, have called

attention to themselves and stimulated further academic inquiry.

Around the time of World War II, as a result of the vigorous

expansion of progress in scientific research, came such things

as long-range scientific planning. Instead of research being

controlled by the interests of individual researchers, attempts

were made at objective decision-making. Working through various

committees and leaders in science, government policy-making in

regard to science and technology tried to reflect the specialized

opinions of researchers. Seeking to improve planning decisions

on research in science and technology, the United States attempted

to quantify research activity to obtain empirical laws for the

growth and activity of "big science".

In particular, Dr. Price of Yale University and his group

looked at the numbers of scientists, the numbers of scientific

publications, the amounts appropriated to science research, and

so forth, and found that the growth of scientific research

activities in Europe and the United States over two or three

centuries could be seen as an exponential function. But it can

be assumed that this kind of exponential growth will sometime
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or other reach a saturation level. What will happen to

activities in .'science and technology then?

To study the stagnation of scientific development it is

necessary to analyze the detailed structure of scientific research

2)activity. Drs. Hayashi and Yamada have been carrying out such a study

since the 1960s and have recently published their results.

Their group, which limited its study to chemistry and chemical

engineering, looked from the most basic research level through to

the level of application in such areas as penicillin and chromato-

graphy. By using reports mentioned in CHEMICAL ABSTRACTS from

1907-65 they were able to study the ratio of papers on a particular

subject to all papers published in a given year. They concluded

that after publication of new findings, new publications on that

same subject began to appear as research began to develop rapidly.

The ratio reached its highest level 7-10 years after publication

of the new findings and then began to decline. Thus, each research

topic seemed to have its own life-cycle. Drs. Hayashi and Yamada

also studied the relationship between basic research and applica-

tion life-cycles, as well as the life-cycles of research organizations

themselves.

Individual research workers are always evaluating new

scientific information as a part of their own research activities.

It would be very useful if a researcher were able to know the

life-cycle of a particular field of research, for it would help

him evaluate the position of his own work. Knowledge of such a

life-cycle may cause the scientist to change his research method,

and being able to judge where his research stands is certainly

very important.
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We have tried in this report to analyze the recent development

and future trends of the Soliton concept, which in the last ten

years has been developed in the fields of fluid dynamics, lattice dynamics, and

plasma physics, and which has lately found application in solid-

state physics and elementary particle physics. Soliton was chosen

for this study because one of the authors has been involved in

Soliton study in plasma physics for several years, and we were

interested in finding, using quantitative analysis, what difference

lay between subjective feeling and objective finding.

We were also interested in checking systematically the

development of non-linear physics as it has been affected by the

introduction of the Soliton concept.

In chapter 2 of this paper we describe the method of informa-

tion retrieval. In chapter 3 we discuss our quantitative findings.

In chapter 4 we discuss trends in Soliton physics research. In

chapter 5 we present a summary of and comments on this study.

II. METHOD

Following Dr. Hayashi and Dr. Yamada's group's method, we

made a year by year list of those papers in the subject index of

PHYSICS ABSTRACTS that had reference to Soliton studies. We then

classified those papers into several different areas in physics.

This was done manually, though to obtain a list of Soliton reports

after January 1974 we used the INSPEC tapes which are leased to the

Research Information Center, Institute of Plasma Physics, Nagoya

University.

We will describe various technical aspects of information
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retrieval using the INSPEC tapes in a separate paper . Through

this study on Soliton physics, however, we were able to realize

the pressing need for discussion on the method of information

retrieval from INSPEC tapes as well as the limit of the INSPEC

tape itself as a tool for establishing an effective data base for

a particular research topic.

During our study, particularly for references prior to 1973,
4)

we used the 260 references mentioned in Dr. A. C. Scott's report :

"The Solitons: A New Concept in Applied Science" as data. Since

Soliton was not introduced into the subject index of PHYSICS

ABSTRACTS until after 1972, we believe that our use of the references

mentioned in Dr. Scott's paper is justifiable. This points up

the problem of developing a method for finding information on

a particular topic when there is no reference in the subject index.

How, for example, would we be able to find the 260 references

mentioned in Dr. Scott's paper ? Fuller discussion on this

matter is needed.

Ill. FINDINGS.

Dr. Hayashi and Yamada's group concluded that activity in a

particular field or research work is reflected in the number of

yearly publications in that field. We have obtained the yearly

number of papers since 1974 by using the INSPEC tape and prior

to that time by using the papers in Dr. Scott's study. A

macroscopic view of Soliton research is obtained by plotting the

number of papers on a logarithmic scale against the years of

study. Fig. 1
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Secondly, we have classified Soliton research into various

specific fields of physics in order to see its diffusion into

different research areas. Figure 2(a) shows the yearly number of

publication on the Soliton concept in mathematical analysis of

non-linear differential equations; 2(b) in plasma physics; 2{c)

in solid-state physics; 2(d) in field theory and elementary

particle physics; 2(e) in fluid dynamics; 2(f) in non-linear

transmission circuit theory; 2(g) in non-linear optics; 2(h)

in accelerator physics; 2(i) in astrophysics; 2(j) in biophysics.

In these graphs the dotted lines represent papers written by Fig. 2

Japanease researchers.

Looking at these graphs we may conclude that in each field

of physics the number of Soliton publications is increasing in

foreign countries but that in Japan the number of papers has

not grown since 1975. In order to study this difference in

more detail we have counted the number of authors whose names

are mentioned in the published papers of various countries since

1973 (Figure 3 a, b). In 1973 the number of research workers in

Soliton physics was at the same level in Japan, the United States,

and the Soviet Union. But after five years there is now an appreciable

difference between the number of researchers in Japan and those in the

United States and the Soviet Union. Furthermore, in West Germany

and Great Britain we can see that the number of researchers on FL<3 •—1

Soliton is increasing rapidly.

IV. TRENDS IN SOLITON PHYSICS RESEARCH

Based on the data obtained as described in

chapter 3, we would like to discuss the research
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trends in the field of Soliton physics. Looking at Figure 1 we are

able to point out two periods of Soliton physics research activity:

a slow exponential growth period from 1960-70 and a fast exponential

growth period from 1970 to the present. This indicates that the

exponential growth trend which can be seen in scientific work in

general holds as well for specific fields such as Soliton research.

An interesting question to be answered involves, of course,

the change in growth rate seen in 1970. Why did this occur?

Some answer can be made by studying qualitatively the development

of Soliton physics.

The Korteweg and de Vries equation (K-dV equation) was

developed in 1895 to describe the phenomenon of shallow solitary

wave propagation as observed by Scott-Rus'sel in 1834. Gardner

and Morikawa showed in 1960 that this K-dV equation could also be

used to describe non-linear hydromagnetic waves in plasma physics.

In 1965, Dr. Taniuti and his group began to study systematically

reductive perturbation theory on ion acoustic waves in plasma and

non-linear wave propagation in dispersive media.

In 1955, Fermi, Pasta and Ulam's numerical experiment on the ergodic

problem of non-linear oscillator systems revealed the recurrence

phenomenon. Zabusky surmised that the characteristics

suggested by the solitary wave solution of the K-dV equatioi. were

responsible, if one-dimentional non-linear oscillator systems were approximated

as a continuous media, for the recurrence phenomenon

discovered by Fermi, Pasta, and Ulam. Zabusky showed that the

solitary wave, despite its non-linearity, conserves its own identity

during the collision process with other solitary waves, and he
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expressed the characteristic of the solitary wave solution of the

K-dV equation as "Soliton".

In 1967 Dr. Toda discovered an actual example of an integrable

non-linear lattice, while seeking a normal mode in a non-linear oscillator

system which had been-brought out by Dr. Ford's 1961-63 study on the

recurrence phenomenon of Fermi, Pasta, and Ulam. Since then,

Dr. Toda' s group has been continuing to study non-linear lattices

having exponential interactions.

From 1960-65 was a period of rediscovery and generalization

of the K-dV equation, and this enhanced the systematic study of

non-linear wave phenomena. The introduction of the Soliton concept

accelerated the study, and this period can be aptly described

as the gestation period of Soliton physics.

This period also coincides with the period when researchers

were trying to develop powerful mathematical methods for solving

non-linear wave problems. Using as a key idea basis the Hopf-Cole

transformation (1946-50) between non-linear Burgers equation and

the heat transfer equation with a linearized term, Dr. Miura found

a new transformation between a modified K-dV equation with a 3rd

order non-linear term and a K-dV equation with a 2nd order non-

linear term. In 1967 Gardner, Green, Kruskal, and Miura formulated

the inverse scattering method, which gives an exact solution for

an initial value problem of the K-dV equation.

During the period 1965-70 the mathematical base for Soliton

obtained from the K-dV equation was established. The inverse

scattering method was, however, regarded to be useful only for

special cases of non-linear equations such as the K-dV equation.

But in 1971 Zakharov and Shabat found that the inverse scattering
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method also applied to the non-linear Shrodinger equation, and

in 1973 Ablowitz, Kaup, Newell, Segur, and others developed a

systematic approach for applying the inverse scattering method

to various non-linear evolution equations.

The inverse scattering method has become one of the most

effective mathematical methods for solving non-linear problems.

During its development, the concept of Soliton grew from a solitary

wave solution of the K-dV equation to a more general concept.

Research in Soliton physics has expanded greatly, and active

research work is still being carried on at present.

In summary, research on Soliton physics can be seen to have

gone through three qualitatively different development stages

since 1960. This can be seen by looking at Figure 1. Earlier

we mentioned that the number of articles and publications on

Soliton physics has gone through two different exponential growth

stages. But we believe it may actually be better to divide this

growth into three stages. First is the gestation period of Soliton

physics (before 1965). During this time non-linear problems were

studied in various physics fields but research was never coordinated

beyond these particular fields. Studies of non-linear problems based

on the K-dV equation did, however, bring out the new physics concept, Soliton.

This stage can furthermore be devided into two substagcs: before

1960, an uncoordinated stage, and to 1965, an exponential growth

stage centered on the rediscovery of the K-dV equation and

establishment of the Soliton concept. This gestation period

is characterized by the annual number of publication being on the

order of N % 10°.
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The second stage, from 1967-71, saw the establishment of the

mathematical foundation of the Soliton concept through the inverse

scattering method of the K-dV equation. This stage can be seen

as the introductory period of jenurai Soliton physics

in which K-dV Soliton physics reached maturing. The annual number

of papers during this time may be expressed as N = 10 .

In the third stage, after 1971 to the present, the inverse

scattering method was generalized to various non-linear evolution

equations , which enabled it to be regarded as a non-linear Fourier trans-

formation for non-linear physics corresponding to a Fourier

transformation for linear physics. The Soliton concept became a general

topic for research in various physics fields, and this is reflected
2

in the number of annual papers, which may be expressed as N = 10 .

This period may be called the growth period of Soliton physics.

Looking at Figure" we are able to predict that the number of

research papers on general Soliton physics will remain stationary

at the level of N = 102 for the period 1978-80. The inverse

scattering method will be used as a non-linear transformation

method by researchers to the same degree it is used for linear

Fourier transformations. We expect that non-linear physics

research will enter a new development stage during this time.

V. CONCLUSION

In the last chapter we have shwon that Soliton phsics has

experienced three development stages, stages macroscopically

reflected in the change in the number of papers on the subject

published each year. Drs. Hayashi and Yamada, in their work on

life-cycles in scientific research, used relative numbers (that

is, the ratio of number of papers in a particular field to the
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total number of papers in a given year). We, however, have used

absolute numbers to indicate yearly change, for we feel that the

research work which effects a change in the direction of study

in one particular field in fact dependent on only a small

number of papers; we do not think that relative numbers will

give a meaningful index of research activities in a particular

field.

In this connection, it should be worth mentioning the

pioneering work of H. Tamiya published in 1931. Basing his

analysis on the yearly increment of papers on the topic of "aspergillus"

published during the period of 1729 ^ 1928, he proposed that

the development of intellectual activities in human society

could be described by a second order self-catalyzing reaction

process. Our data presented in Fig. 1 could be seen to be consistent

with his proposal, but we will reserve a full discussion of this

aspect for a future study.

In chapter 2 we have shwon the yearly change in the number of

articles published on Soliton physics in various fields and also

in the number of articles published in and outside of Japan.

Activity in Soliton physics and plasma physics in Japan has been

stationary since 1975 while the number of articles in these fields

published outside of Japan has been increasing. This phenomenon

can be tied to the fact that the number of researchers outside

of Japan is increasing.

With the increasing amount of work being done in the field,

it is now more important than ever to c':ieck carefully the contents

of newly published work so as to know whether important research

topics are being neglected and to prevent needless repetition of
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work that has been already accomplished elsewhere. The utilization

of the reference list from the INSPEC tapes is essential to this

task, and along with this comes the need to develop systematic

usage and research techniques for data coming from the INSPEC

tapes. The benefits that will accrue to the researchers using

these tapes systematically cannot be overstated, and establishment

of a data base and an information retrieval system are as essential

to the advancement of research as are funds for conventional

research activities and research facilities.
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Captions of Figures

Fig. 1 Annual number of publications on solitons and related

nonlinear problems.

Fig. 2 a) ^ j) Annual number of publications on solitons and

related nonlinear problems in specific branches of physics.

The broken lines in the figures indicate the number of

papers published by Japanease researchers.

Fig. 3 a) ^ b) Annual number of populations of soliton

physicists in various countries.
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