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I wrote this book for researchers who intend to make new advances in space physics and solar physics. I provide several suggestions on how to make advances based on my experiences.

I developed a new field of auroral research in 1964 — auroral substorms and magnetospheric substorms. This field has become one of the most studied subjects in space physics and has been considerably advanced. I describe how this study began and has developed, as well as the progress of space physics along the way from the earliest days of the 1960s.

The basis of my study in both magnetospheric physics and solar physics is the electric current approach, which was initiated by Hannes Alfven. In this approach, each phenomenon in space physics and solar physics is explained by following electric current, from dynamo (power supply), transmission (current/circuit) to dissipation (manifested by observed phenomena). This approach is quite different from the traditional approach, which considers magnetic field lines as the base, namely the magnetic field line approach. The differences are pointed out.

Readers will find that this electric current approach might provide a new insight into several major unsolved problems for decades, such as auroral substorms, solar flares, the solar corona and the solar wind. Thus, I hope that this book will serve as an introduction to the auroral physics and space physics in a unique way, the electric current approach.

All the chapters are mainly based on my own experience with concrete examples. This differentiates this book from any natural science textbooks and monographs (mostly explaining known facts and prevailing theories). I summarize my methodology in Chapter 8. Hopefully, young readers will be stimulated in this unique way. Thus, this book is not intended to be a review.

In Chapter 1, I describe the history of auroral and space science from the beginning (1845/1893) to the end of the 1950s, when the space age began. It will provide the needed background for young researchers, particularly for later chapters.

In Chapter 2, I describe first how I worked on an unsolved problem on geomagnetic storms, which Chapman and many others had worked for 30 years, but did not seem to succeed. In this work, I explain how I, as a beginning graduate student, found the “unknown” factor (unthinkable at that time) in the solar wind, which opened a new way of studying auroral physics and magnetospheric physics.

Chapters 3 describes my study of the aurora based on visual, all-sky cameras and satellite images. My simple (visual) observation of the aurora disagreed with the well-established auroral distribution, the auroral zone. I supported the new concept of the auroral distribution, the auroral oval established by Yasha Feldstein, by various methods. 

Chapter 4 includes a story about how I developed a new branch of auroral physics; auroral dynamics, which has developed into auroral and magnetospheric substorms. This study began in satisfying my curiosity on auroral activities over the whole polar sky, but the results took many efforts to confirm and convince others. This effort might also serve as an example of how to convey a controversial result to many others.

In Chapter 5, I attempt to understand physical processes of auroral substorms as a large-scale electrical discharge in terms of a sequence of power supply (dynamo), its circuits and energy dissipation (observed phenomena). My electric current approach was suggested by Hannes Alfven, who initiated the field of magnetohydrodynamics (MHD) in 1950, but later (1967) emphasized the electric current approach. However, this approach requires how the intensity of electric current varies as a function of time during auroral substorms. In fact, the results show the importance the electric current study in Chapter 6.

In Chapter 6, I have established a morphological theory of auroral substorms, with my colleagues, by synthesizing various observed facts. It is exclusively based on the electric current approach. Thus, this book is unique in this respect, although the prevailing theories are based on the magnetic field line approach. In this chapter, I emphasize that many auroral and solar problems are very difficult to understand without considering the electric current approach; in particular, the development of the double layer in field-aligned current is crucial in understanding the whole processes of auroral substorms.

In Chapter 7, I extend my study of auroral substorms to unsolved solar physics problems, including the coronal ionization, the cause of the solar wind, solar flare and sunspots in terms of the electric current approach. The photospheric dynamo plays a crucial role in proving the necessary power. I try to show that the electric current approach might provide a new sight into these difficult problems.

In Chapter 8, I summarized the development of my own methodology. The first part explains it by concrete examples. Most of us are working under well-accepted theories, which are taught generation after generations for few decades. If one wants to make a stepwise advance in his/her field in this situation, what one might do ? I hope that this chapter will be useful for young researchers in establishing their career.

I would like to thank the late Sydney Chapman, the late Hannes Alfven and the late Walter Roberts for their guidance in my research life. Without them, my scientific career would not have existed. Taking this opportunity, I would like to thank also all of my colleagues, regardless of their agreements and disagreements with me. Without them, it would be impossible to write this book. They are listed in my second book titled “Physics of Magnetospheric Physics” (D. Reidel, Pub.) and “Solar-Terrestrial Physics”, co-authored with Sydney Chapman (Oxford Univ. Press).

I would like to thank specially B. H. Ahn, Yasha I. Feldstein, Lou A. Frank, Y. Kamide, Carl E. McIlwain, Ching- I. Meng, Lou-Chang Lee, A. Tony Y. Lui, A. Lee Snyder, Paul Perrault, Sun Wei and Bruce Tsurutani for their very close collaboration in my research for a long time. I would like to thank Ned Rozell, Robin Nicholson and Keiko Herrick for their help in preparing the manuscript.

Since this book is an introductory book on the electric current approach, both figures and photographs are intended to be visual aids for reading the text, not for detailed examinations. However, they are cited and referenced at the end of each chapter. The same figures appear a few times for easy of reading, because many important points appear in several chapters. Further, since most of the readers would not be familiar with the Electric current approach, the subject index is designed to find specific subjects they are looking for.

Since I did not write my diary, some dates are not given in order to avoid inaccuracy. The photographs and figures are assembled from what I happened to have during the last 60 years (not the purpose of collection or writing this book) and thus some of them are unfortunately not credited because my memory is uncertain; I am very sorry for this omission. Many figures provided by the Geophysical Institute, University of Alaska are noted by (GI).

The proposed cover photographs (Credit)

Top row: Solar corona (Y. Kozuka), Single sunspot (The Kitt Peak Solar Observatory), Solar flare (K. Shibata).

Middle row: Auroral photograph (L. Snyder), All-sky image of the aurora (GI), Auroral oval (L. Frank), 

Bottom row: Coronal mass ejection (NASA), Auroral substorm (L. Frank), Aurora on Saturn (Boston Univ).
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