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beyond the equilibrium state in his 
theory of thermoelectricity, and Helm
holtz had derived a "Principle of least 
dissipation" which Onsager recognised 
as being equivalent to the reciprocal 
relations. Onsager had a1Jso been think
ing about the condition of detailed 
balancing used widely in the theory of 
chemical reactions and usually taken 
to be a consequence of the second law. 
He became convinced that there was 
nothing in the second law to prevent 
equilibrium being maintained by cyclic 
processes when there were more than 
two independent reactions. A new 
hypothesis of microscopic reversibility 
was needed to exclude this possibility. 

In his Nobel prize papers' published 
in 1931 Onsager tied aH these ideas 
together, and showed that the reci
procal rela·tions and principle of least 
dissipation could be derived from this 
hypothesis. He thereby established a 
new branch of thermodynamics. For 
some years little attention was paid 
to his papers ; but in the post-war era 
the subject of irreversible thermo
dynamics gained momentum steadily 
and numerous applications arose in 
physics, chemistry and biology as wen 
as in technology. 

In 1928 Onsager had tmigrated to 
the USA. He spent one term at Johns 
Hopkins University and five years at 
Brown University. In 1933 he went to 
Yale where he stayed until his retire
ment in 1972; from 1945-72 he served 
as Josiah Willard Gibbs Professor of 
Theoretical Chemistry. 

His classic paper giving the solu
tion of the two-dimensional Ising 
model' was published in 1944. The 
paper was a mathematical tour de force 
and amongst other ski]i)s showed re
markable dexterity in handling elliptic 
and elliptic modular functions. (Onsager 
once confided to Elliott Montroll that 
whilst a student he had worked through 
every example in Whittaker and Wat
son's Modern Analysis') For the first 
time the exact statistical mechanics 
of a realistic model of interacting 
systems became available. Ideas about 
the nature of critical points and the 
hehaviour of thermodynamic functions 
in their neighbourhood had to he com
pletely revised; the publication laid the 
foundati·on of the modern era of phase 
transitions. 

The 1944 paper dealt with thermo
dynamic functions in equilibrium. Of 
no less importance are the correlations 
between spins at different distances, and 
in collaboration with Bruria Kaufman' 
Onsager published a paper in 1949 
devoted to their behaviour. In the same 
year he announced cryptically at a con
ference in Florence' that he and B. 
Kaufman had also solved the problem 
of long-range order for a rectangular 
net and that it was simply (l-k')' 1" 

(where k is a simple function of the 

interactions). This was a result of the 
greatest importance, which was re
derived independently by Yang• in 
1952. Onsager never published any de
taills of his derivation , and gave no clue 
to the mathematics he had used. It 
was only twenty years later at a con
ference in Gstaad to ce·lebrate the 25th 
anniversary of the publication of his 
1944 paper that some information was 
forthcoming 7

. In computing the long
range order he had been led to a 
general consideration of Toeplitz 
matrices, but he did not know how "to 
fill out the holes in the mathematics, 
the epsilons and deltas", and by the 
time he had achieved this satisfactorily 
he found that "the mathematicians got 
there first". 

There are many jewels to be found 
among Onsager's publications and those 
of others which incorporate his ideas; 
like the duality relation in two-dimen
sional Ising nets', the proof of the 
existence of a Bose-Einstein condensa
tion in interacting systems• (with Pen
rose), and a novel method of looking 
at the de Haas van Alphen effect••. He 
returned several times to the theory of 
electrolytes where his researches started 
(particularly in collaboration with 
Fuoss). 

After retiring from Yale in 1972 
Onsager went to !'he University of 
Miami. He remained healthy and 
vigorous until his death ; the photograph 
was taken only a few months before 
he died. 

Onsager held honorary doctorates of 
several universities, including Cam
bridge and Oxford. Among his many 
awards were the Rumford Medal of 
the American Academy of Arts 
and Sciences, the Lorentz Meda.J 
of the Royal Netherlands Academy 
of Sciences, and the National Science 
Medal. He was elected a Foreign Mem
ber of the Royal Society in 1975. His 
colourful personality will be missed 
particularly at international gatherings. 
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Dr William Nordberg, internationally 
known space scientist and Director of 
Applications at NASA's Goddard Space 
Flight Centre, near Washington, D.C., 
died on Octoher 3, after a two year ill
ness, from cancer. Born in 1930, Dr 
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Nordberg was educated at the Uni
versity of Graz in Austria, his native 
country. He emigrated to the U.S.A. 
in 1953 and after working for the U .S. 
Army Signal Corps as an atmospheric 
physicist, particularly on the Inter
national Geophysical Year rocket pro
gramme, he joined the newly formed 
NASA at the Goddard Space Flight 
Centre in 1959. His first post there was 
head of the physical measurement 
section, Meteorology Branch in the 
Satellite Applications Division. From 
there he .progressively rose to higher 
managemen-t positions until his appoint
ment as Director of Applications in 
1974. 

From the beginning of the U.S. 
satellite programme Dr Nordberg 
applied his enormous enthusiasm and 
powers of leadership to pioneering the 
development of remote sensors for 
observing the atmosphere from space 
vehicles. He was involved in the instru
mentation of the early Tiros weather 
satellites '<lnd many of the infra-red 
radiometric instruments on the first 
Nimbus meteorological research satel
lite were developed and built under his 
direction . He was quick to realise the 
potential of remote sounding measure
ments, not only for research on the 
atmosphere, but also for the investiga
tion of the properNes of the earth's 
surface, and under his leadership 
microwave instrumentation for map
ping the distribution of sea ice and 
other important surface features was 
flown . The success of the Landsat 
satellites, which have carried remote 
sensors for mapping a wide range of 
earth resources, owed not a little to 
Dr Nordberg's foresight and ability to 
organise and to interest people from a 
wide range of scientific disciplines. He 
successfully co-ordinated the activities 
of 300 principal investigators from 38 
countries in the use of Landsat data . 

Dr Nordberg received a number of 
awards including NASA's highest 
award, the Distinguished Service 
Medal. In September of this year, 
shortly before his death, he was elected 
to he a Fellow of the American 
Meteorological Society, a fitting tribute 
to his pioneering work in space 
meteorology. 

Bill Nordberg, through his extensive 
travels, made friends in almost every 
country of the world. He will always 
be remembered for his enormous 
energy, his infectious enthusiasm for 
science and his tremendous zest for life 
which continued even right through his 
long and trying illness. By his tragically 
early death the international space 
research community has lost an out
standing scientist and many of us have 
lost a true and valued friend. 

He leaves his wife, and his parents 
and brother in Austria. 

J. T. Houghton 




