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NEIL WILLIAM ASHCROFT

Neil William Ashcroft was a renowned physicist who
coauthored the definitive text in solid state physics. He
made significant contributions to the research on many-
particle systems and superconductivity and predicted
future discoveries ranging from the metallic properties of
hydrogen to the structure of highly compressed lithium.
Ashcroft played an important role in the development
of the Cornell High Energy Synchrotron Source. He was
Director of Cornell's Laboratory of Atomic and Solid State
Physics, and of the Cornell Center for Materials Research.

By N. David Mermin

Early Life

hcroft was born in London on November 27, 1938. He had memories from
childhood of blackouts and bombings during World War II. Two years after the war,
the Ashcroft family settled in New Zealand. There Neil received bachelor’s and master’s
degrees in mathematics and physics from what is now the Victoria University of
Wellington. He returned to England to do his Ph.D. at Cambridge University with John
Ziman and Volker Heine. His 1964 thesis contained one of the earliest calculations of
the Fermi surface of aluminum. Lecturing in the United States, he enjoyed explaining
that “aluminium” was a transatlantic isotope of aluminum.

The 1960s were halcyon years for academic faculty growth. In 1964, Cornell University’s
condensed matter theory group had added three new faculty: Geoffrey Chester arrived as
a tenured professor, and John Wilkins and I arrived as assistant professors.

Geoffrey and John had both known Neil as a graduate student at Cambridge, and they
enthusiastically recommended him for a postdoctoral position after he completed his
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graduate work. Neil arrived in 1965 and after a single postdoctoral year was himself
appointed an assistant professor. He would remain a member of the Cornell Department
of Physics for the rest of his life.

Research

Neil’s wide-ranging research in theoretical condensed matter physics included density
functional theory, matter under extreme pressures, high-temperature superconductivity,
metallic hydrogen and its alloys, and metal-insulator transitions. In 1968, he proposed
that hydrogen would become metallic, and a high-temperature superconductor, at
ultrahigh pressures. Three decades later, experimentalists showed that hydrogen mole-
cules did indeed metallize.

When Neil’s research group predicted in the 1990s that highly compressed lithium
would change from a highly symmetric, close-packed structure to a less symmetrical
form with more conduction electrons per atom, that surprising transition was quickly
observed. Two decades ago, he predicted that hydrogen-enriched metallic elements
would become

ultrahigh-temperature superconductors under extreme pressures. In the past decade that,
t0o, has been confirmed: Several research groups achieved record high temperatures—
room temperature and above—with superconducting LaH10 and SH3.

Neil was also a talented administrator. He was director of Cornell’s Laboratory of Atomic
and Solid State Physics from 1978-84. I followed him in that office, serving from
1984-90, and I had a much easier time in the job than he did because of the superb
administrative staff he had assembled during his own term.

He took it for granted that his successor would carefully read all the laboratory files upon
taking the job, as he had done himself. It never occurred to me to undertake such a task.
Therefore I did not see the many sticky notes he had left for me in those files until I was
almost a year into the job, when the top nonacademic administrator of the laboratory
asked me why he had not received the extra raise in salary that Neil had promised to
recommend to his successor. To this day I continue to wonder what else I failed to do.
The laboratory, however, has survived.

Neil played a vital role in launching the Cornell High Energy Synchrotron Source and
served as its co-principal investigator and associate director from 1978-89, and its
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deputy director from 1990-97. He directed the Cornell Materials Science Center from
1997-2000, which he renamed the Cornell Center for Materials Research.

In March 1987, Neil chaired the famous “Woodstock of Physics,” the extraordinary New
York meeting of the American Physical Society at which were announced many new
materials that superconducted at temperatures spectacularly higher than had ever been
achieved. That session of five-minute reports began at 7:30 in the evening and ended

at 3:15 the following morning. It was punctuated throughout by cheers and applause.
Neil presided over it like the conductor of a symphony. He and the audience all had a
wonderful time. One can get a sense of his wit and charm from online recordings of the
event.

Neil took ritual and hierarchy seriously. At an online memorial meeting that his many
graduate students organized on the anniversary of his death, I learned that he attended
the graduation ceremonies of each and every one of them, dressed in his full Cambridge
regalia. Throughout their graduate work, they had addressed him as “Professor Ashcroft.”
But immediately after they received their Ph.D. diplomas, he told each that they should
now call him Neil.

Book on Solid State Physics

He and I became close friends soon after he arrived at Cornell. A year or two after Neil
became a faculty member, he, John Wilkins, and I decided to write a book. We called
the book Wilkins, Ashcroft, and Mermin: WAM (pronounced “wham!”). Soon after we
started to produce first drafts of chapters in 1967, it became clear to Neil and me that
John was too strongly engaged in his research to devote serious effort to writing an intro-
ductory book. We therefore suggested he leave the collaboration. WAM became AM. I
believe John was as relieved as we were. The happiest years of my professional life were
196876, when Neil and I wrote the book and saw it into print. We called it Solid State
Physics, but today it is better known as “Ashcroft and Mermin.”

What gives our book its special character is that Neil was fascinated with materials. Each
was like a personal friend. Although I had little interest in or knowledge of particular
materials, I was fascinated by the conceptual structure that encompassed them all. For
me, our book is an 800-page record of Neil’s efforts to teach me solid state physics.

You can get a hint of this in the last paragraph of our Preface. I thank Rudolf Peierls

for having “converted [me] to the view that solid state physics is a discipline of beauty,
clarity, and coherence.” Then Neil adds that “having learnt the subject from John Ziman
and Brian Pippard, [he] has never been in need of conversion.”
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This is a good example of the style of our book: on the one hand, but then on the other
hand. It also indicates how we got into the project. I learned physics in graduate school
at Harvard University. Solid state physics was not taught in its Physics Department.

It was taught only in the College of Engineering. I did not learn about the physics of
solids until I was a postdoc and attended Peierls’s wonderful lectures, at his remarkable
Department of Mathematical Physics in Birmingham, England, from 1961-63. My
meager knowledge of the field made me a little nervous in 1964, when I started my
faculty job at Cornell’s Laboratory of Atomic and Solid State Physics. Fortunately for me,
Neil arrived the following year. At that time, I was teaching the solid-state course as an
exercise in self-education. I immediately started to learn from him.

The book occupied close to half of our time for the next eight years. Neil wrote most of
the first drafts. I would rarely understand what general issue he was trying to get at and
would revise it into something broader that made better sense to me. Neil would then
correct all the mistakes I had introduced. Back and forth we went, slowly converging on
something that looked good to us both. This was before the age of personal computers
and text editors. I typed every page on a state-of-the-art IBM “bouncing-ball” typewriter,
making revisions with a white “erasing ribbon” and redoing entire pages when revisions
were major. It was a slow process. Today it would have taken half the time.

Neil had a wonderful sense of humor. He was a fine mimic and did a superb Hans Bethe.
We had great fun dealing with each other’s idiosyncrasies throughout the process, and
our fun permeates the book. That might explain why it’s still thriving, still in its original
first edition, nearly half a century after it came out. In 1990, I remarked to Hans that
“Ashcroft and Mermin” was still in its first edition. He said this showed “the stability

of the subject.” True enough. But I believe it’s also because unlike almost all technical
books, ours entertains the reader, just as Neil and I entertained each other during our

six years of writing. We had very different prose styles. But thanks to our bouncing each
chapter back and forth many times, our book has a distinctive uniform tone. But it’s
neither of ours.

The original publisher of our book, long ago swallowed up by successively bigger and
bigger publishers, was so eager for us to sign their contract that they offered us terms
that were unusually lucrative half a century ago, and entirely unimaginable today. So our
financial incentive for producing a new edition with a new contract was always rather
low, as long as people were continuing to use our first edition.
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But neither of us could have imagined fifty years ago that our first edition would outlive
Neil, into his eighties, and still be selling several thousand copies a year. I'm three and a
half years older than Neil, so our book is more than likely to outlive me, too. Something
of a headache for our children to deal with, but since it paid their college bills for them
all, as hoped for on our dedication page, I guess our kids will owe it something in return.

We even had a good time reading page proofs and assembling our enormous index, not
an easy job in the 1970s. Every entry was written by hand on a “3-by-5 [inch] card.” If
we stacked them, the pile would have been a couple of meters high. Neil’s favorite index
entry is “Cart, before horse, 92,” followed nine pages later by “Horse, after cart, 92.” My
own favorite, on page 808, is “Exclamation marks, 61,185, 219, 224 (twice!), 291, 305,
403, 808.”

After being acquired by larger and larger publishers with less and less interest in it,
“Ashcroft and Mermin” ended up in the twenty-first century being produced by a
mammoth international educational consortium. In 2016, without asking our
permission or even informing us, their Asian branch issued a “revised edition” put
together by a third “coauthor,” who let us know, after we had stumbled upon her finished
product, that she was never told that we knew nothing whatever about her project. If we
had been asked by the publisher, as our contract required, we would not have permitted

it. When we learned of its existence and protested, they said it would be available only in
Asia.

Neil and I had only two other collaborations. One was a short memorial article, “Hans
Bethe’s Contributions to Solid-State Physics,” in 2006, the centenary of his birth for the
International Journal of Modern Physics. The other (with Malvin Kalos) was an obituary
of our dear friend Geoffrey Chester in 2014 for Physics Today. Our revisions were unbe-
lievably easier in the modern era, but they were just as extensive. It was clear to us that in
spite of the advances in literary technology, we no longer had the intellectual energy for a
second edition of our book, even if one had been needed.

Later Years

After he retired in 2006, Neil joined Roald Hoffmann’s research group in Cornell’s
Department of Chemistry and Chemical Biology. Over the next decade, they collabo-
rated on almost thirty joint papers. According to Roald, “Neil was wise and perceptive,
fascinated by the border between chemistry and physics. We valued his physical insight
and remember his gentle wit.”
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Neil Ashcroft maintained his link to New Zealand throughout his long life at Cornell.
He was one of the most eminent New Zealand physicists since Ernest Rutherford. After a
few years of debilitating illness, he died of pneumonia in Ithaca, New York, on March 15,
2021. Life in Ithaca without him has been less intellectually stimulating, and significantly
less fun. I miss him enormously.




1963
1965

1966

1967

1968

1969

1970

1976

1977

1979

NEIL ASHCROFT

SELECTED BIBLIOGRAPHY
The Fermi surface of aluminum. Philos. Mag. 8:2055-2083.

Fermi surfaces of potassium and rubidium. Phys. Rev. 140:A935-940.

With J. W. Wilkins. Low temperature electronic specific heat of simple metals. Phys. Lezt.
14:285-287.

With L. J. Guild. The resistivity of liquid aluminum. Phys. Lett. 14:23-24.

Electron-ion pseudopotentials in metals. Phys. Letr. 23:48-50.

The role of volume dependence in the resistivity of a liquid metal. Phys. Lezt. 23:529-530.
The hard core dimensions of the noble gas atoms. Physica 35:148-156.

With R. Koyama, W. E. Spicer, and W. E. Lawrence. Photoemission and the density of
states of indium. Phys. Rev. Lert. 19:1284.

Electron-ion pseudopotentials in the alkali metals. /. Phys. C. 1:232.
Metallic hydrogen: A high temperature superconductor? Phys. Rev. Letz. 21:1748.

The reversal of Hall fields in aluminum and indium. Physik der kondensierten Materie

9:45-53.
Liquid metals. Sci. Am. 221:72-85.
Conductivity of liquid semiconductors. /. Non. Cryst. Solids 4:178.

With W. Schaich. Resistivity of liquid semiconductors viewed as pseudo-binary alloys.
Phys. Lett. A 31:174-175.

With N. D. Mermin. Solid State Physics. New York: Holt, Rinehart, and Winston.

With D. M. Strauss. Self-consistent structure of metallic hydrogen. Phys. Rev. Lezt.
38:415-418.

Singular structure in the density of levels of simple metals. Phys. Rev. B 19:4906-4917.

With Y. Rosenfeld. A new theory of simple classical fluids. Phys. Lett. A73:31-34.




1983

1985

1986

1987

1988

1989

1990

NEIL ASHCROFT

Microphysics for the future. Cornell Eng. Q. 18:41-43.

With A. E. Carlsson. Approaches for reducing the insulator-metal transition pressure in
hydrogen. Phys. Rev. Letz. 50:1305-1308.

With W. A. Curtin, R. C. Spitzer, and A. J. Sievers. Effects of melting of the metallic
component of the anomalous far-red absorption of superconducting Sn particle
composites. Phys. Rev. Letr. 54:1071-1074.

With R. Goldstein. Origin of the singular diameter in the coexistence curve of a metal.
Phys. Rev. Letr. 55:2164-2167.

With W. A. Curtin. Density-functional theory and freezing of simple liquids. Phys. Rev.
Lert. 65:2775-2778.

With R. E. Goldstein et al. Beyond the pair-potential model of fluids at the liquid-vapor
critical point. Phys. Rev. Lett. 58:41-44.

With A. C. Maggs. Electronic fluctuation and cohesion in metals. Phys. Rev. Lett.
59:113-116.

With A. P. Smith. Pseudopotentials and quasicrystals. Phys. Rev. Letzt. 59:1365-1368.

With W. J. Nellis et al. Metals physics at ultrahigh pressures: Aluminum, copper, and lead
as prototypes. Phys. Rev. Lett. 60:1414-1417.

Metallic hydrogen and beyond. Nazure 340:345-346.

Quantum solid behavior and the electronic structure of the light alkali metals.

Phys. Rev. B39:10552-10559.

Electronic fluctuation, the nature of interactions, and the structure of liquid metals. Il
Nuovo Cimento D 12:597-618.

With A. R. Denton, . Nielaba, and K. J. Runge. Freezing of a quantum hard-sphere
liquid at zero temperature: A density-functional approach. Phys. Rev. Lest. 64:1529-1532.

Pairing instabilities in dense hydrogen. Phys. Rev. B 41:10963-10971.




1991

1992

1993

1995
1996

1997

1998

2000

2001

2002

NEIL ASHCROFT

Electronic fluctuation and the van der Waals Metal. Philos. Trans. A Math. Phys. Eng. Sci.
344:407-423.

Fluid Fullerite. Europhys. Letr. 16:355-360.

With K. Moulopoulis. Generalized Coulomb pairing in the condensed state.
Phys. Rev. Letr. 66:2915-2918.

With C. N. Likos. Self-consistent theory of freezing of the classical one-component
plasma. Phys. Rev. Lett. 316-319.

With K. Moulopoulos. New low density phase of interacting electrons: The paired
electron crystal. Phys. Rev. Letr. 69:2555-2558.

Elusive diffusive liquids. Nature 365:387-388.

With M. Cyrot. Isotope effect in metallofullerenes. Europhys. Lett. 23:605-608.

Dense hydrogen, the reluctant alkali. Phys. World 8:43-48.

Density functional descriptions of classical inhomogeneous fluids. Aust. J. Phys. 49:3-24.

With C. E Richardson. High temperature superconductivity in metallic hydrogen: Elec-
tron-electron enhancements. Phys. Rev. Letr. 78:118-121.

With A. Khein. Generalized density functional theory. Phys. Rev. Letr. 78:3346-3349.

With A. A. Louis. Extending linear response: Inferences from electron-ion structure

factors. Phys. Rev. Lert. 81:4456—4459.
‘The hydrogen liquids. /. Phys. Condens. 12:A123-A128.

With J. B. Neaton and D. A. Muller. Electronic properties of the Si/SiO2 Interface from
first principle. Phys. Rev. Lett. 85:1298-1301.

With J. B. Neaton. On the constitution of sodium at higher densities. Phys. Rev. Lett.
86:2830-2833.

Complexity in hitherto simple metals. Acza Cryst. A 58:61.

With J. B. Neaton. Low-energy linear structures in dense oxygen: Implications for the
e-phase. Phys. Rev. Letr. 88:205503.

10



2003

2004

2005

2006

2007

2011

2013

NEIL ASHCROFT

Hydrogen at high density. /. Phys. A Math. Gen. 36:6137-6147.

With K. A. Mkhoyan, et al. Measuring electronic structure of wurzite InN using electron
energy loss spectroscopy. App. Phys. Lett. 82:1407-1409.

With K. Nagao, J. B. Neaton, and A. Bergara. Enhanced Friedel structure and proton
pairing in dense solid hydrogen. Phys. Rev. Letr. 90:035501.

Hydrogen dominant metallic alloys: High temperature superconductors. Phys. Rev. B
70:187002.

Bridgman’s high pressure atomic destructibility and its growing legacy of ordered states.

J. Phys. Condens. 16:5945-S952.
Metallic superfluids. /. Low Temp. Phys. 139:711-726.

With E. Babaev and A. Sudbeo. Observability of a projected new state of matter:
A metallic superfluid. Phys. Rev. Letr. 95:105301.

With J. Feng, W. Grochala, T. Jarod, R. Hoffmann, and A. Bergera. Structures and
potential superconductivity in SiH4 at high pressure: En route to metallic hydrogen.
Phys. Rev. Letr. 96:119901.

With J. Feng and R. Hoffmann. Theoretical indications of singular structural and elec-
tronic features of Laves-phase CaLi2 under pressure. Phys. Rev. Lest. 98:247002.

With P. Zaleski-Ejgierd and R. Hoffmann. High pressure stabilization and emergent
forms of PbH . Phys. Rev. Lert. 107:037002.

With A. Hermann and R. Hoffmann. Condensed astatine: monoatomic and metallic.
Phys. Rev. Letr. 111:116404.

Published since 1877, Biographical Memoirs are brief biographies of deceased National Academy
of Sciences members, written by those who knew them or their work. These biographies provide
personal and scholarly views of America’s most distinguished researchers and a biographical history
of U.S. science. Biographical Memoirs are freely available online at www.nasonline.org/memoirs.

11





