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Abstract. This summary lecture makes no attempt to summarize what
was actually said at the meeting, since this is well covered by the other
contributors. Instead I have structured my presentation in three parts: First
I try to demonstrate why the Sun is unique by comparing it with
laboratory plasmas. This is followed by some personal reminiscences that
go back a significant fraction of the century. I conclude in the form of a
poem about this memorable conference in honor of the centennial
anniversary of the Kodaikanal Observatory.
Key words.

Sun—plasma physics—history of science.
1. The Sun – a unique physics laboratory

The solar plasma, from the solar core to the corona and solar flares, occupies similar
locations in a temperature-density diagram as laser plasmas, Tokamak plasmas, and
gas discharge plasmas (Petrasso 1990). This may convey the erroneous impression
that these various plasmas are in fact similar, and that the local conditions on the Sun
may be simulated in the laboratory. Solar and laboratory plasmas are however
fundamentally different because of the vastly different scales involved. To make the
comparison more meaningful we need to rescale the solar dimensions to laboratory
dimensions. The length scales however cannot be rescaled alone without affecting the
other physical parameters of the system. If we impose the condition that all the
energies within the system should be left unchanged by the scaling, we obtain the socalled “similarity transformations” (Alfvén & Fälthammar 1963).
Let us assume that the linear scale is changed by a factor γ. Then Maxwell’s
equations demand that the time scale is also changed by the same factor. The
condition that the energies are left unchanged requires that Eℓ should not change,
where Ε is the electric field, and ℓ is a length. Since ℓ scales with γ, it follows that
Ε must scale with γ–1. Then Maxwell’s equations demand that the magnetic field
Β ~ γ–1 and the electric current density j ~ γ–2, while the electrical conductivity
σ ~ γ–1 according to Ohm’s equation. To conserve the number of energy-exchanging
collisions per particle, the density times the mean free path should be left invariant,
but since the latter scales with γ, the density ρ should scale as γ–1 . These various
scalings have the consequence that the magnetic Reynolds number remains invariant.
Let us now apply these scaling laws to magnetic flux tubes in the network of the
quiet Sun. There the typical parameter values are ℓ = 100 km, Β= 1 kG, time t= 1000 s,
and particle density Ν= 1017 cm–3. Assuming a laboratory scale ℓ lab = 1 m, we have
γ = 10–5. Then Blab = 108 G, tlab = 10ms, and Nlab = 1022 cm–3.
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As the next example we scale the solar cycle, for which the typical parameters are
ℓ ≈ 106 km, Β ≈ 10 G, t= 22 yr. Again assuming a laboratory scale ℓ lab = 1 m, we
have γ = 10–9. Then Blab = 1010 G and tlab ≈ 1 s.
As an amusing curiosity, for whatever it may mean, let us use this scaling to
compare us with the Sun. The scale of humans is on the order of 1 m (here we are not
concerned with factors of two), and our pulse has a period of about 1 s. Scaring the
spatial dimension to that of the Sun, our pulse period scales to something quite close
to 22 yr. In this sense we can consider the Sun’s magnetic cycle as the “pulse of the
Sun”. The ratio between the cycle period and 1 s is also of the same order of
magnitude as the ratio between the orbital period of the Sun around the center of our
galaxy and the orbital period of the Earth around the Sun. The life span of the Sun in
units of galactic orbital periods is about the same as the life span of human beings in
units of orbital periods of the Earth.
Turning our attention back to plasma physics, the above examples of similarity
transformations lead us to conclude that the laboratory analogs of solar and other
cosmic plasmas are transient, high-density plasmas with superstrong electric and
magnetic fields, which are far out of reach of current technology. The Sun is really a
unique physical system, where a domain of physics can be explored that is not
accessible by other means.
2. Personal reminiscences of solar “gurus”
The concept of attaining spiritual enlightenment or profound learning from a great
teacher, a “guru”, is generally associated with Indian life and philosophy. However,
also in the West, in particular in the scientific enterprise, great personalities often
serve as a kind of gurus forming various “schools” of thought. Our achievements are
possible because we “stand on the shoulders of giants” of previous generations.
The Kodaikanal Observatory celebrates its centennial anniversary, and I have
myself reached an age that allows me to look back and reminisce over a significant
fraction of the century. One of my “gurus”, who attracted me to work on solar
magnetic fields and to focus my attention on the small-scale, intermittent nature of
the field, was Hannes Alfven. In Fig. 1 we see him sitting cross-legged, in “guru
position”, together with his wife outside their home in La Jolla, California. The
picture was taken when I visited him there in the summer of 1968, shortly after I had
received my PhD (in Lund, Sweden) on the thesis “The Sun’s Magnetic Field”, and
2½ years before he received the Nobel Prize in physics for his discovery of
magnetohydrodynamic waves. This discovery was presented in a short note to the
journal Nature in 1942, the year I was born (Alfven 1942). The whole paper is
reproduced in Fig. 2.
It is interesting to note in his Nature paper that what Alfvén really was after
was an explanation for the origin of sunspots. His discovery of magnetohydrodynamic waves was a byproduct of his efforts to find a solution to a problem in
solar physics. While his explanation of sunspots did not get very far, his discovery
of MHD waves has had a profound influence on much of the later development
of solar physics in general. This demonstrates that the byproducts of your efforts
may often be of much greater importance than the main work that you are trying
to do!
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Figure 1. Hannes Alfven with his wife outside their home in La Jolla, in the summer of
1968.

In 1965 when I was 22, Alfven sent me over to Crimea to explore the fine structure
of the Sun’s magnetic field with Severny’s magnetograph. Alfven and Sevemy came
up with the idea for this project during a NATO meeting in 1964 in Newcastle on
“Magnetism and the Cosmos” (Hindmarsh et al. 1967). They were the only
participants at that meeting who were not from any NATO country. Their idea had the
consequence that I did all the observational work for my PhD thesis during extended
visits to the USSR.
A few years later Alfvén brought me in contact with another “guru” of sorts, Max
Steenbeck in Jena, DDR, who is the father of α – ω dynamo theory and mean-field
magnetohydrodynamics, and who formed a successful school of prominent dynamo
theorists. My first visit to Jena was in 1969, shortly before they published their main,
ground-breaking paper οn α– ω dynamo theory (Steenbeck & Krause 1969). The day
I arrived, Steenbeck was eager to describe to me on the blackboard in his office the
principles of the new dynamo theory, while his young collaborators Fritz Krause and
Karl-Heinz Radler were quietly listening in. (A slide I showed at the conference of
Steenbeck in his office is of too poor quality to be reproduced here.) It was a strange
world with the iron curtain dividing Germany and Europe, but having neutral Sweden
as my base I could rather easily collaborate with scientists on both sides. Regardless of
the political systems, it was and continues to be natural for scientists to strive for an
open world free from secrecy, barriers, and national or political boundaries.
In the area of magnetohydrodynamics, Great Britain had a “guru” in the form of T.
G. Cowling from Leeds, who is much known for his anti-dynamo theorem, but who
can also be considered as the father of the new generations of eminent MHD theorists
in the UK. Figure 3 shows a picture of Cowling (right) from 1971, in conversation
with Robert Howard (middle) and Vaclav Bumba. When I began my work on solar
magnetic fields I was greatly impressed and influenced by the seminal work of Bumba
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Figure 3. From right to left: T. G. Cowling, R. F. Howard, and V. Bumba, during a coffee
break at the Solar Wind conference in Asilomar, California, in 1971.

and Howard in 1965 on the large-scale structure and evolution of the magnetic field
(Bumba & Howard 1965), and in 1968 I spent 7 months with Bob Howard in
Pasadena and at Mt Wilson. Most of the time in Pasadena I shared office with Arvind
Bhatnagar, who later founded and directed the Udaipur Solar Observatory, which has
evolved into a major center for solar physics in India.
In the US, the towering figure and “guru” for theoretical solar physics and
magnetohydrodynamics has of course been Eugene Parker, a scientific giant who has
dominated the field for many decades and has his former students in eminent positions all over the world. In the photo of Fig. 4, from the COSPAR meeting in Tokyo in
May 1968, we see him to the left in the second row. Beside him is John Wilcox, who
founded and directed the Wilcox Solar Observatory (named after him after his
untimely death in the early 1980s), which has been a major center for solar-cycle
studies. In the same row follow Howard, Bumba, and myself. I am 25 years old in this
picture, taken only a few weeks after I completed, my PhD. In the first row, in front of
Bumba, is David Rust, who at that time was working on solar magnetic fields at the
Sacramento Peak Observatory. We notice how well and formally dressed all the
conference participants were at that meeting! Times have changed, but I. appreciate
the more informal atmosphere that we now have.
At the Kodaikanal meeting I had the opportunity of showing many more old slides
from about three decades ago, showing other key personalities in solar physics, but
due to space limitations I have here only sampled a few glimpses from that era.
3. Poetic conclusion
At this centennial Kodaikanal anniversary at the end of the millennium we are
enjoying a very special occasion at an unusual place and time. The meeting therefore
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Figure 4. From theCOSPAR meeting in Tokyo, May 1968. In the second row, from left to
right: E. N. Parker, J. Μ. Wilcox, R. F. Howard, V. Bumba, J. Ο. Stenflo. In the first row in
front of Bumba: D. M. Rust.

deserves a somewhat unusual conclusion, which has prompted me to round off my
presentation with a poem written for the occasion. You need to keep in mind that I
have not been trained for something like this, but at least I have tried my best, and
here it is:
It is good to meet so many friends, both old and new,
as we have gathered here under the umbrella of the IAU.
Thanks to the organizers all has been fine.
It has been a memorable Colloquium 179,
I will now make some remarks on the meeting,
but excuse me if my comments are too sweeping.
The fits between theory and observations can be fantastic
with a model that has free parameters and is kinematic.
Instead of using superficial dermatology,
we now need to diagnose the Sun with helioseismology.
To be doing work on solar tomography
can at least be good for your own bibliography.
Bright new ideas on the evolution of helicity
may not be successful in terms of publicity.
Prominences have remained quiet until this time,
when they erupted into a new paradigm.
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Some people have a strange attraction
to numerical simulations of magnetoconvection.
When the Sun increases its luminosity,
it is not an expression of animosity.
It is rather the preponderance of faculae over sunspots,
as has been demonstrated to us with novel and fun plots.
For all of us this centennial celebration has been a most fitting way
to end the century before facing Y2K.
To our Indian hosts we say thanks and cheers,
and best wishes to all of you for the next 100 years !
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