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FOREWORD

Between Thursday 15th and Saturday 17th July 1999 the Paul Roberts’ Seventieth
Anniversary Meeting was held at the School of Mathematical Sciences at the University of
Exeter. During that meeting a number of Paul’s close colleagues gave substantial talks on
topics which focused on their past research interactions, examples of which will be found
amongst the selected works that appear here. As part of those celebrations, we encouraged
Paul to collect together those papers, that he saw fit, into this single volume. His research
contributions are remarkable both in their multitude, diversity, depth of content and interna-
tional importance. A particular merit of this volume is Paul’s interesting choice of papers,
which includes some very fine articles that appeared in diverse and possibly remote jour-
nals. It is therefore extremely valuable to have them all readily accessible in this one volume,
even though it can only catch the flavour of his remarkable achievements.

Paul has, however, kindly provided a Commentary of the papers included to help guide us
through; he has put his work into historical context focusing for us on the issues of the time.
The result is a wonderful compendium giving a clear overview of many of Paul’s seminal
contributions, which have served as the foundation for much subsequent research.

It was extremely timely that in 1999 the American Geophysical Union honoured Paul with
the award of the John Fleming Medal. The complete Citation, made by Masaru Kono, is
included here as well as Paul’s Response. Any further Editorial words seem superfluous; the
Citation, the Response and Paul’s Commentary say it all.

Andrew Soward, 2000



xii

COMMENTARY ON PUBLICATIONS

Anyone who troubles to look at my publication list, is sure to wonder how someone 
can possibly have moved so randomly amongst such a diverse set of topics, and this is 
meant to explain how it happened. It also talks about some interesting scientists I 
have met.

My career in research started in 1951 when Herman Bondi, whose lectures to us as 
undergraduates had been so inspirational, agreed to advise me for the next three years. To
my disappointment, he said he had run out of astrophysical projects suitable for Ph.D. 
students, but suggested that I should see whether fluid dynamos could exist, or whether
Cowling’s theorem was the foretaste of a stronger result. Having made essentially no
progress in a year, apart from learning something about the young subject of magnetohydro-
dynamics (MHD), it was time to switch topic and advisor. Keith Runcorn took me on, to
work on geomagnetic subjects, such as the screening of the magnetic signals from the core
by the mantle. I made one interesting discovery that overturned a popular belief of the time,
namely that the sources of the geomagnetic secular variation all lay near the surface of the
core (e.g., Lowes and Runcorn, 1951). This error was the result of a mis-application of the
skin-depth argument familiar from the electrodynamics of solid conductors. My new found
knowledge of MHD had paid off: I could point out that in a fluid, sources deep in the core
could transmit magnetic signals to its surface with essentially no diminution. Runcorn prac-
tically fell out of his chair, and then told me I must have made a mistake. That kind of reac-
tion to one’s research tells one that one has either made a monumental error or has really
succeeded in doing something worthwhile. In fact people I mixed with in 1952 had little
knowledge of MHD. I didn’t get round to publishing my idea until 1955 [3,8,12]* and by
that time Runcorn had (characteristically) already published the result himself with a very
vague acknowledgment to myself (Runcorn, 1954).

In 1954, I moved to the Yerkes Observatory of the University of Chicago to become 
a research associate of Chandrasekhar, who was able to convince me that many new and
exciting things happened outside Cambridge. Chandra guided largely by example, working
longer hours than anyone else; he even had some of us working on Christmas Day. He was
held in great awe, there being widespread speculation that his first name was not
Subrahmanyan but Superman. I learned how a successful research scientist is supposed to
operate. Chandra also introduced me to turbulence theory [4], stability theory (on which he
was working at the time), and noise and stochastic processes (on which he had been working
previously). I made use of the latter in my interaction [11] with a remarkable Jesuit priest,

* Numbers in square brackets refer to papers in the reference list at the end of the book.
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Flor Bertiau, who was also at Yerkes at that time. (Later Bertiau paid me a unique compli-
ment by dedicating a small book on computing algorithms to me; see Bertiau, 1977. He also
commissioned three short reviews [6,7,9].)

Chandra taught me the importance of publishing what one has done (“It’s the record that
counts,” he would say). Inspired by this, I acquired a distinction that few can match: my first
two publications [1,2] were seriously flawed, a fact I soon realized though I was too discour-
aged and embarrassed to do anything about it (but see Skiles, 1972: Wentzel, 1960).
Chandra was interested in the nascent CTR field and suggested that I analyze the stability of
twisted magnetic fields. Computers were primitive in those days, and I was pleased to get [5]
a new, exactly soluble model, later used by Trehan. Chandra convinced me that it is vital to
present one’s work well. He himself claimed that everything he wrote had been through at
least four drafts. Busy man though he was, he found time to give me lessons on how to orga-
nize mathematics in print. He himself would count the number of symbols in a long 
displayed equation, so that he could instruct the compositors where it should be broken.

I found Chandra a fair-minded man, as the following anecdote illustrates. He wrote 
a paper about waves on an electrically conducting ocean permeated by a vertical magnetic
field. I had the temerity to tell him that his solution was fundamentally wrong. He took this
well, but he was such a resourceful debater that within an hour he had convinced me that it
was I who was in error, not him. After a few weeks I was no longer convinced, and returned
to the fray, but with the same outcome. After I returned to England, I decided, with some
trepidation, to put my point of view to the test by submitting it for publication. I was very
relieved when the editor accepted it without comment (see Appendix to [22]). The editor 
was Chandra himself. Who was right? Of course, I still think I was, and was encouraged in
this when later I came across something Evry Schatzman had written but which I can no
longer trace.

I was brought down to Earth after my all too short a time in Chicago by having to return
to England to do my military service. Having discharged this in a year, I moved as an ICI
Fellow to the Physics Department at King’s College of Durham University (but situated in
Newcastle); in 1963 this became the independent University of Newcastle upon Tyne. Here
I made friends with Tomomasa Tatsumi from Kyoto, then a British Council Scholar. I took
him to my parents’ home in Aberystwyth for Christmas in 1955 and at Easter in 1956, and
we wrote a paper [16] on MHD turbulence. Unlike Chandra’s papers on this subject, we did
not assume that the field-flow correlation VB— was zero, and in this sense we anticipated the
later developments of Yoshizawa (1990), but we also missed an opportunity, since we could
easily have built on Parker’s (1955) epoch-breaking paper, and have formalized the 
�-effect as Steenbeck, Krause and Rädler (1966) did later; we might even have discovered
helicity (Steenbeck and Krause, 1966) well ahead of the field. With results [10] certainly
(better) forgotten, I applied the methods of [16] to turbulent diffusion, and Bob Kraichnan,
then at the Courant Institute, invited me there for six months to work on the same topic
[17,18,90]. There he taught me the direct interaction approximation that he had recently
developed.

At that time, the head of my department, Keith Runcorn, did not believe in continental
drift, and favored polar wandering to explain mysterious paleomagnetic results. He had not
located a solution to the random walk problem on a sphere, and suggested I should tackle it,
something I was loth to do, because I was sure the solution must be “out there somewhere.”
Having been unsuccessful in finding it, I delighted in another opportunity of applying what
Chandra had taught me about stochastic processes. To my chagrin, the Professor of
Theoretical Physics, Stanley Rushbrooke, told me soon after that Harold Ursell had obtained
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my solution a decade earlier, but had not published it because he thought someone else must
have done so already! This brought me into contact with that remarkably talented and schol-
arly mathematician at Leeds University, Harold Ursell, a man who seemed equally at home
in many branches of pure and applied mathematics. As an undergraduate, he developed
(Ursell, 1927) a method of dealing with imperfect gases in statistical mechanics, later to
become the “Ursel–Meyer expansion.” He was, I believe, one of the first people to recognize
the power of diagram expansions in theoretical physics.

Ursell and I agreed to collaborate on the random walk problem. He had obtained new
results on convergence and asymptotic properties; making use of the tensor calculus I had
learned from Bondi in Part 3 of the Math Tripos in Cambridge, I had generalized to random
walks on Riemannian manifolds, a new direction for Ursell but one in which he quickly took
the lead. This paper also brought me into closer contact with another remarkable man, who
“out of the blue” wrote to say that our solution must be related to elliptic functions (and so it
was, though somewhat obliquely). This was Ronald Fisher who, perhaps because of his very
poor eyesight, had developed an extraordinary geometrical way of thinking. His wide inter-
ests embraced both geophysics and, of course, probability theory. My pleasure in random
walk problems was renewed many years later when Pat Moran wrote suggesting that a gen-
eralization of [13] to random rotations would be of interest. This resulted in another enjoy-
able bout with randomness [147]. Papers [13] and [147] have found applications in
earthquake research; e.g., see Kagan and Knopoff (1985). The final irony was that the ran-
dom walk problem on a sphere had indeed been solved (in the diffusion limit) by Perrin early
in the 20th century.

Chandra was at this time involved with solving eigenvalue problems of hydrodynamic 
stability by variational methods. Although these were strictly non-self-adjoint systems, 
he found ways of formulating them so that he could bound the eigenvalues from one side. 
I became interested in seeing how accurate the direct non-self-adjoint variational formula-
tion would be. The results were surprisingly good [14] and impressed Chandra, despite the
fact that the bounding property was lost. He took up the topic himself; see Chandrasekhar
(1961a, Appendix IV; 1961b). Although I had by now largely forgotten my first Ph.D. topic,
I remembered it now and set up the adjoint dynamo problem, which has since found a place
in fast dynamo theory: e.g., Childress and Gilbert (1995). See also [47,188], and Proctor
(1977). At about this time, I collaborated with Frank Lowes on Earth currents [20] and with
Raymond (“Spike”) Hide on an article [15] and two reviews [19,25]. The latter contains in
Section XI a foretaste of topographic core–mantle coupling, one of the novel ideas for which
Hide is so well known.

After a brief spell as a Lecturer in Physics at Newcastle, I returned to Yerkes Observatory
in 1961 as an Associate Professor of Astronomy. I found Chandra rapidly developing the 
virial method for studying the stability of rotating, self-gravitating fluid “stars” of uniform
density; see also [24]. As rotation increases, the sequence of Maclaurin spheroids bifurcates,
and triaxial Jacobi ellipsoids become possible. Beyond this bifurcation point, both equilibria
are possible and, in the absence of dissipation, both are stable. Since however the Jacobi
ellipsoid has the lower energy, it had always been supposed that the Maclaurin spheroid is
unstable when viscosity is allowed for. This had never been demonstrated by direct solution
of the fluid equations, and I realized that this was a good problem to solve by asymptotic
methods. At that time, Keith Stewartson, then the Head of Applied Mathematics at Durham
University, was visiting the Mathematics Research Center in Madison a few miles up the
road from Yerkes, and he guided me through a knotty difficulty raised by a boundary layer
singularity [27]. During this period, I interested Keith in the question of what flows will be
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set up in the fluid contained in a spheroidal cavity (such as the Earth’s core), rotating and
precessing about an axis fixed in space. I pointed out that, to a modern fluid dynamicist,
Poincaré’s argument was unsatisfactory, even though it might well have led to the right
answer. Keith was perhaps then at the height of his powers, and it was impressive to see the
speed at which he progressed [29]. One day we were arguing about (and correcting) the
Bondi and Lyttleton (1953) formulation; the next day, it seemed, everything was done. We
later wrote on spherical precession [36], where the flow is driven by viscous stresses rather
than pressure differences. This work put me in contact with another remarkable man, Harold
Jeffreys, who however felt we had advanced not one iota beyond Poincaré. As a result of one
of Harold’s suggestions, I wrote, for the one and only time, a paper [42] in a single day! To
distance myself from the unreality of uniform density in the Maclaurin and Jacobi
sequences, I commenced a series of studies on rotating polytropes [28,30,34,38,40], but
these were soon eclipsed by James (1964). I collaborated with Chandra for the one and only
time [31] in a paper that put bounds on the ellipticity of a slowly rotating configuration of
varying density.

My work with Stewartson introduced me to the boundary layer singularity, and I was
lucky enough to be able to determine [50] how Hartmann layers connect on either side of the
singularity that arises where the imposed magnetic field is tangential to the wall of an MHD
duct; see also Waechter (1969) and Grasman (1971).

While in Yerkes, I also continued collaborating with some of the faculty at the Rutherford
College of Technology, now the University of Northumbria. With one of these, I wrote two
papers. One [32] is best forgotten; the other [41], published after an enormously long gesta-
tion period (for Stan Scott is a very thorough man), became so well known that the source is
now rarely referenced. The motivation underlying both papers was to extrapolate the geo-
magnetic field down to the core surface, to learn what it is like “down there,” and to find out
something about the core motions that maintain the geodynamo. Paper [41] was popular,
probably because it gave hope, though to what extent that hope is justified is somewhat
uncertain: see Love (1999).

I returned to Britain in 1963 as Professor of Applied Mathematics at the University of
Newcastle upon Tyne, and quickly acquired a talented Ph.D. student, Dennis Gibson now
Vice-Chancellor of the University of Technology of Brisbane. Our first paper [47] included
a simplified approach to the Herzenberg (1958) two-rotor dynamo, one that was used by
Moffatt in his MHD book (1978) and also by Brandenburg et al. (1998). But Dennis’ best
use of this technique was to find a three-rotor dynamo paradoxically even simpler than
Herzenberg’s. Our second paper [56] made it seem unlikely that the Bullard-Gilman (1954)
dynamo could maintain a magnetic field; others have since come to the same conclusion,
including Pekeris et al. (1973). Later Subodh Kumar and I [98] created a successful dynamo
that has since been very thoroughly studied by Gubbins et al. (2000). Recently, Dennis and 
I collaborated again in a paper on integral equations and MHD duct flow [218] that has since
been included in a book [252].

Back in Britain, I maintained contact with Russell Donnelly, then a Professor in the
Physics Department at Chicago University. He had already interested me in superfluid
mechanics, or super fluid mechanics as I had begun to regard it. I was lucky enough to make
a useful contribution early [58], when I isolated perhaps the main mechanism through which
ions can be trapped by vortices, an idea that Donnelly (1965) found very exciting and devel-
oped. Russ also asked a very good question: Since the speed U of a quasi-particle is obtained
from its Hamiltonian H by differentiation with respect to its momentum (impulse) p, i.e., 
U � �H/�p, why is this not true of a circular vortex ring moving in a classical inviscid fluid?
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For example, for the “standard” sequence of uniform core models with circulation � in a
fluid of density �, one has H ~ 1–

2
��R[ln(R/a) � 7–

4
], p ~ ��R2 and U � (�/4�R)[ln(R/a) � 1–

4
],

asymptotically for large R/a. Because of its second term, the expansion apparently fails to
obey U � �H/�p. I was very perplexed, since the inviscid fluid is a conservative system with
its own Hamiltonian density, and it was even shown in Art. 167 of Lamb’s Hydrodynamics
(1945) that Hamilton’s equations should be obeyed. But that failure to satisfy U � �H/�p is
only superficial, the result of holding a constant in the differentiation, rather than the net
vorticity. Once this is recognized, all is well [62]. Russ also referred me to the winning
Adam’s prize essay of Thomson (1883), and I found that his theory of the binary collision of
circular vortex rings did not obey Hamiltonian dynamics either! Closer scrutiny revealed an
arithmetic error in his analysis (26 � 8 � 32) which, when corrected, satisfactorily brought
his analysis up to Hamiltonian expectations. In this paper [85], I also gave a more general
proof of the relation U � �H/�p for an isolated ring, for any R/a all the way, in the case of the
standard vortex sequence, to Hill’s spherical vortex. An interesting aftermath of this work
was the development of the idea of velicity by Butke (1993); see also Kuzmin (1983). This
is called “impulse” by Russo and Smereka (1999).

Russ Donnelly also introduced me to the nonlinear Schrödinger equation (NLSE) as 
a model of superfluid helium at 0�K. This interesting approach sparked a sequence of 
contributions [68,92,141,153,251,255,261,262,265,266,267,268,269], one describing how
boundary layer separation and drag arise in a superfluid, through the shedding of quantized
vortex lines; see also [115,157]. But one wants to get away from 0�K. Landau published his
celebrated two-fluid theory in 1941, but that was before quantized vorticity was known to
exist, and therefore, naturally enough, it fails when superfluid vorticity is present. One of the
ideas that set off a lifetime collaboration and friendship with Ron Hills was the thought that
we should modify the Landau theory in a way that incorporated superfluid vorticity
[110,117,125,130]; see also [81,111,123]. I believe our generalization is potentially useful
in being applicable where Landau’s theory is not. Later Seth Putterman and I developed a
quasi-classical, one-fluid model of superfluidity [142,143] which achieved much the same
objectives.

Russ also gave me the opportunity [60,67] of applying what I’d learned about stochastic
processes to the problem of nucleation of vorticity in helium, and introduced me to 
other interesting topics [59,61,69,83,91,103,119,120,122,126]. He was also keen to develop
a useful thermodynamics when energy levels are temperature dependent. In this context, 
he arranged that we should informally present our work [106,109] to another outstanding
scientist, Richard Feynman, who was incisive but friendly in discussions, and totally 
unpretentious.

I maintained an interest in stability questions. In the early 1960s, it was often said that 
a flow would be more stable in an electrically conducting fluid if a magnetic field were pre-
sent than it would be without it. I doubted this but (alas, another missed opportunity!), the
system I chose to demonstrate this was unconvincing [33; see also 37]; meanwhile Kakutani
(1964) was already doing better. Ibrahim Eltayeb and I analyzed a more successful example
[65] from rotating magnetoconvection, showing how a Coriolis force could, by opposing the
Lorentz force, reduces the critical Rayleigh number required for convection. Stewartson and
I generalized to weakly nonlinear convection [95,99]. An amusing later twist showed that 
a magnetic field could permit convection to occur at negative Rayleigh numbers, i.e., in 
a bottom-heavy layer [121,127]. This created some surprise in a meeting at the Battelle
Institute in Seattle, and one distinguished member of the audience told me I had been very
naughty misleading the audience! Subsequently Soward (1979) created his own neat model
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and Acheson (1980) provided the physical explanation. I continued to study thermal insta-
bility [23,39,42,45,52,53]. Ilya Prigogine was a frequent visitor to Chicago University. I met
him during the time he and Glansdorff were developing their local potential method (see
e.g., Glansdorff and Prigogine, 1971); he advocated applying this to the nonlinear Bénard
problem, and I attempted [45] to so, even though I became a little unsure of the approach
[44]. The happiest result of the entire episode was perhaps the attractive asymptotics prob-
lem solved by Keith Stewartson in the appendix to [45]. Keith transmitted to me his liking
(but, alas, not his competence) in asymptotics; I in turn transmitted my liking to others, par-
ticularly to my students Paul Baldwin [63,80] and Weijia Kuang [183,192,200]. This was
one area in which Chandra taught me nothing; he seemed to distrust asymptotics, and this
led to some minor obscurities (see [237]).

I argued that the onset of convection in a rapidly rotating sphere containing heat sources
would be in a cartridge belt of cells round the rotation axis. The credit for this observation
usually goes to Busse (1970), largely on the basis, I feel, of the sketch he drew of the car-
tridge belt, which is often copied or redrawn. Never underestimate the power of graphics!
(He also re-derived my equations for the cartridge belt by a better method, and selected the
correct eigenfunction, i.e., the one with the smallest marginal Rayleigh number; I had acci-
dently chosen the second smallest.) This problem was attacked several times subsequently
before Jones et al. (2000) administered the coup de grâce.

Soon after I returned to Britain in 1963, I was lucky enough to meet Edward Bullard with
the news that “some plasma physicist or other in Moscow” had come up with a new theory
of the geomagnetic field, and that it “might be worth looking into.” I read Braginsky’s paper
(1964a) with scepticism, turning to awe as I gradually realized that this strikingly original
but massively technical tour de force was completely accurate and potentially useful. I set
out with another student, Graham Tough, to generalize Braginsky’s paper (Tough, 1967) and
to add some dynamics [54].

While on sabbatical leave at the National Center for Atmospheric Research (NCAR) in
Boulder, I met Michael Stix, who was avidly following the research of the
Steenbeck–Krause–Rädler group in Potsdam. We decided that it would serve the dynamo
community well if we presented translations of the bulk of their work [71]. We also devised
new solar dynamo models [77], making use of programs that I had written for a different
purpose, that of benchmarking Braginsky’s (1964b) models and developing them [78].
While at NCAR, Bernard Durney introduced me to the solar wind [72,75], and this led to my
first collaboration with Andrew Soward [76].

I determined to form links across the iron curtain with both Moscow and Potsdam. This
led to collaborations with Fritz Krause [108,136] and to a controversy [88,89] that lurched
on for some time, with interesting input from Andrew Soward [97,100]. Collaboration with
Stanislav Braginsky was at first difficult [104] because of Soviet restrictions, but later led to
integrations of his model—Z dynamo [166,179,216] and later still, after he had joined me in
UCLA, to our monumental work on core MHD [221,270]. His (1963) paper got me inter-
ested in the dynamics of mixed phase regions, initially in application to the Earth’s solid
inner core, but afterwards in more general metallurgical contexts. Both Dave Loper and Ron
Hills became deeply involved, and it was a wonderful experience. Papers [134,138] estab-
lished, to me rather convincingly, that there is a region of mixed solid and liquid phases, gen-
erally called a “mush” or a “mushy layer,” at the top of the inner core. We created theories for
the motion and evolution of mixed phase regions [112,133,146,158,189,164,167,
172,175,181, 196,201,207,242]. I was particularly pleased with [185], which laid the ghost
of superheated ice, and with [140], which provided a basis for the theoretical understanding
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of the chimneys that form in a dendrite layer. This has been imitated by others (the sincerest
form of flattery!) but is as nothing compared with the sequel [264]. During a short stay at
Nordita in 1980, Chris Pethick got me slightly interested in neutron stars [135] and in type II
superconductivity, about which I made a small but interesting discovery [137].

My extremely successful collaboration with Gary Glatzmaier started in 1993 with 2D
models [208], and led to the first numerical simulations of the geodynamo that could be said
to be geophysically faithful, being fully nonlinear and fully 3D [225,226,232,234,235,237,
238,241,246,253,256,258,263]. In particular, this was the first time that field reversals had
been realistically simulated, as distinct from the earlier crude but suggestive 1D models; see
e.g., [64,136]. Computer capabilities and availability had just reached the level where such
large-scale simulations were possible, and our work was contemporaneous with the wonder-
ful model of Kageyama et al. (1995) that was fully compressible (though too compressible
to be a model of the Earth). Gary and I were able to achieve greater realism by making use
of the anelastic theory developed by Stanislav and myself [221,270] for a realistic model of
the core. Since that time there have been many Boussinesq models of the geodynamo, too
many to refer to here.

After I moved to UCLA in 1986, Seth Putterman entered a new field, sonoluminescence
(SL), in a big way, and his enthusiasm was infectious. I started a fruitful collaboration with
Cheng-Chin Wu, who attempted to educate me in the theory and techniques of compressible
flow and shocks. We produced the first complete shock wave simulation of SL
[206,211,213] and proposed that the observed light was bremsstrahlung emission, an idea
that is now currently favored. We derived new results concerning the stability of the implod-
ing shock wave [231,233], and added something to the understanding of rectified diffusion,
the process that determines the size of the oscillating bubble [243]. We also examined the
linear stability of the bubble surface [248]; see also [244,249], What gave me most pleasure
was the discovery [247] that something new and useful could be said in a field on which sev-
eral eminent scientists had previously trodden: the initial-value problem for surface stability
cannot be solved using the infinite, though incomplete, set of discrete eigenvectors.

I have aimed in this commentary to tell the reader something about the environment in
which I have worked, the interesting scientists with whom I have interacted, the mistakes I
have made and the opportunities I have missed, in short, a tale typical of the average scien-
tist’s life. My selection of papers favors those that (a) feature my collaborators, (b) are short,
and (c) are likely to be lost without trace unless I make this effort to save them
[115,124,185,190,201]. Concerning (b), it should be clear that I value highly some papers
that were too lengthy to include. 

Paul H. Roberts, Los Angeles
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Citation
The spectacularly realistic simulations of magnetic field generation in the Earth’s core since
1995 have received so much publicity that most geophysicists are well aware of the 
remarkable progress that has been made in the last few years. The dynamo theory, however,
is not new but, rather, a long-standing problem in geophysics. The idea that the magnetic
fields of the Earth and Sun arise from dynamos operating in their interiors was first put for-
ward by Joseph Larmor in 1919, but Thomas Cowling ruled out two-dimensional dynamos
by his famous theorem in 1933. The period when Paul Roberts was working for his Ph.D. in
Cambridge coincides with the time when Walter Elsasser and especially Edward Bullard
were making significant efforts on the homogeneous dynamo problem. Paul’s advisor at
Cambridge suggested that he might try to solve the dynamo problem.

Paul received his Ph.D. from Cambridge University in 1954; his dissertation was on theo-
retical geomagnetism, but there was nothing on the dynamo. He spent post-doctorate years
at the University of Chicago and then returned to England and started to work at Newcastle
upon Tyne on the problems of magnetohydrodynamics (MHD) of the Earth’s core. His early
results include a paper written with Stan Scot about the possibility of estimating core surface
motion using secular variation data and the frozen flux approximation. In 1968, Paul wrote
about the convection in a rapidly rotating fluid sphere. This and a later paper by Fritz Busse
in 1970 showed that the motions would be predominantly two-dimensional and confined to
a set of convection rolls aligned parallel to the rotational axis.

In 1975, with Subodh Kumar, Paul presented one of the first successful spherical kine-
matic dynamos. David Gubbins and Chaim Pekeris and his colleagues came up with other
successful models at about the same time. Two other papers from 1972 (one with Michael
Stix) became classics of the so called �-effect dynamo theory. Paul returned to MHD
dynamos in the 1980s and worked with Gary Glatzmaier and Stanislav Braginsky. The
papers with Stanislav on so-called model-Z dynamos demonstrated the subtle balance
between Coriolis, Lorentz, and buoyancy forces in the core.

The recent developments of the fully three-dimensional MHD models have been really
remarkable. Gary and Paul presented their first geodynamo models in 1995, at about the
same time as Akira Kageyama, Tetsuya Sato, and their colleagues reported on their successful
stellar model. Gary and Paul simplified the problem by using the Boussinesq approximation
and obtained a spectacular demonstration of a geomagnetic polarity reversal. They also
claimed that the inner core is rotating faster than the mantle by a few degrees per year. The
seismologists rose to the challenge, and it is now an exciting if controversial branch of their
subject. Their work was followed by several more Boussinesq models by other groups:
Jeremy Bloxham and Weijia Kuang; Peter Olson, Uli Christensen, and Gary Glatzmaier;
Shigeo Kida and Hideaki Kitauchi; and Ataru Sakuraba and myself.

In 1996, Gary and Paul decided to move toward more realistic models that include both
the compressibility of the Earth and the fact that the fluid core is cooled from the top but
freezes from the bottom. The necessary theoretical apparatus was at hand. In 1995, Stanislav
Braginsky and Paul published the most thorough investigation ever undertaken of core
MHD. Gary and Paul made this the basis of the more realistic model that is now central to
their work. They have recently, with Robert Coe and Lionel Hongre, shown how the statis-
tics and reversal characteristics of the geomagnetic field depend on the assumed pattern of
heat flow from core to mantle.

There are about 250 papers listed in Paul’s publication list, and they reveal his broad range
of interests, from sonoluminescence to superfluidity. These are remote from geomagnetism,
and it would be inappropriate for me to dwell on them here. Instead, I would like to draw
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your attention to two salient features of the list. The first is that Paul is asked to write 
a review of dynamo theory just about every year! In my opinion, this reflects how people
rely on his judgment in evaluating the progress made in the subject. Second, the list of Paul’s
coauthors is truly impressive, showing both that he has always been in the mainstream of 
scientific developments and that his work has had a strong influence on other people.

“In summary, Paul has made an extraordinary contribution to geophysics, especially to
the dynamo theory. He is thus a most fitting recipient of the John Adam Fleming Medal of
the American Geophysical Union. It gives me great pleasure to introduce Paul Roberts to
you.”—Masaru Kono, Institute for Study of the Earth’s Interior, Okayama University,
Tottori-Ken, Japan

Response
“I am grateful to Masaru Kono for his kind words and for initiating the proposal that led to
the honor that the American Geophysical Union has conferred upon me. I would also like to
thank others who supported his proposal. I can fairly claim to be one of the doyens of geo-
dynamo theory, one of the old fogies of the subject. It all started for me at the outset of my
research career when I asked my advisor in Cambridge to suggest suitable thesis topics and
he proposed that I should either prove that fluid dynamos could not exist or find a working
model. This was a daunting prospect, indeed, for a starting post-graduate student! After a
year, I switched topics and advisors; it would be another six years before two fluid dynamos
were independently devised, albeit ones that were geophysically unrealistic. During my year
of failure I learned a lot about magnetohydrodynamics—then a young subject—and was
able to demonstrate that the sources of the geomagnetic secular variation did not have to be
as was commonly supposed at the time within 100 km of the core surface a result of erro-
neously applying the electrodynamics of solid conductors to fluids. With hindsight it seems
so obvious, but at the time it did not. My new advisor, Keith Runcorn, was so astonished
when I told him that he practically fell off his chair. The insight helped me to my Ph.D. and
I was able to accept the invitation of Subrahmanyan Chandrasekhar to become his postdoc at
the Yerkes Observatory, where I learned a great deal before having to return to the U.K. to
fulfill my national service obligations.

My interest in the geodynamo was rekindled in 1965 when news reached the west of the
powerful advances being made by Stanislav Braginsky. It was an exciting time for the sub-
ject. Steenbeck, Krause, and Radler were revolutionizing ideas about solar, stellar, and
galactic magnetism, and I began to develop a passion for the subject and, as Hegel wrote,
‘Nothing great in this world has been accomplished without passion.’ Passion, then, is a nec-
essary state, as many of us know well, and it certainly made me an expert in what everyone
else was doing and, very occasionally, like Robert Burton’s ‘dwarf standing on the shoulders
of a giant,’ I could see something a giant could not.

My move to UCLA in 1986 gave me the privilege and pleasure (which I treasure beyond
measure) of working with Stanislav Braginsky and Gary Glatzmaier. I am grateful to them
and to many colleagues and students (too many to name here) for contributing to my success
as a geophysicist. The geodynamo has come remarkably far since I first encountered it
almost 50 years ago, although there is (as I hope the funding agencies have noticed) still
much to be done. To compare the subject today with where it stood nearly half a century ago
is like comparing the Kitty Hawk with a Boeing 747. And, like the Boeing, there is room for
many passengers, though what we need is not passengers but, rather, more hustlers and
zealots to propel the subject onward. To them, ‘welcome aboard!’”

—Paul H. Roberts, University of California, Los Angeles, USA
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