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Preface

All of Walter Kohn's personalfriends readily agreethat it is almost unthink-
able that he is turning 80 in March 2003. Considering all his activities {
from human rights to theoretical physics{ it is indeed wonderful to seethat
\age" has not changed his radiant lifestyle. He still seemsto be one of the
most frequert °yers, whether to Cuba or, as his next destination, to India
and/or China, not courting his various annual transatlantic °ights between
Sarta Barbara and Europe. He has never stopped talking to peoplein the
samepersonalway, whether they are headsof state or graduate studerts. It is
probably his open, corvincing smile that brushesaway all possible obstacles
in communicating with fellow human beings. ..

Born in Vienna into a rather well-to-do Jewish family { his father and
his uncle ran a famous art-p ostcards shop{ he grew up in the learned atmo-
sphere of an assimilated Jewish stratum that once carried to a large extent
the cultural outburst of 'n-de-sipcle Vienna. There was no question that he
would attend the \Ak ademisties Gymnasium”, not becauseit was closeby {
in the samedirection as the \Eislaufv erein" (an ice-skating rink next to the
main concert hall), where he often went on briskly cold winter afternoons{
but becauseit was simply consideredto be \the" best.

Although Austria wasruled at that time by a clerico-fascistregime whose
political antisemitism created a cultural atmospherein its image, dramatic
changesin Walters's life only took place after the Nazi occupation in 1938.
He wasforced out of his beloved gymnasium and eventually wastransferred to
the (Jewish) Chajes-Gymnasium,wherethe number of students diminished on
a daily basis. There, he also met two outstanding teachers who intellectually
stimulated him for the rest of his life.

Fortunately he escaped to England on one of the last \Kindertransp orte"
(\c hildren transports") { a 16-year-old boy transplanted into a foreign country
who had left behind his parents. In England he was put up as an apprertice
in horticulture and was later deported as\enemy alien" to Canada, where he
worked as a lumberjack. But the learned atmosphere could not be banished
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Walter Kohn, Thanksgiving in Santa Barbara, 2002 (photo: M. Schezer)

even within the fenced-incamps:an ad hoc school took care of the semi-adult
kids that Hitler Germany had uprooted.

Eventually he managedto be acceptedat Toronto University. His rst pub-
lication was written in the samespirit as his former teachers' at the Chajes
Gymnasium in Vienna and dealt with contour integrations, a mathematical
technique he still loves. If there was anything he rescuedfrom the old corti-
nent, from his parents' home, something he always carried along in his mind,
then surely enoughit wasthis learned atmosphere,intellectual enlightenment
and the feeling that curiosity-driven scienceleadsto new perceptions.

This is not the placeto cite or evencommert on his by-now-famouspapers
{ on the \Kohn anomalies", just one example of his various cortributions to
modern solid state theory, or on what is now well-known as\Density Func-
tional Theory", for which he wasawardedthe Nobel prize in chemistry in 1998.
Here the focusis on Walter's personal contacts { with colleagues,collabora-
tors, friends { which were always intense,and not only with those who ended
up co-authoring works with him. Someof his scierti ¢ friendships, with Lut-
tinger or Friedel, for example,were a permanert sourceof new ideas.Looking
bad it hasto be noted that { very typically for Walter { none of his friends
in physics were narrow-minded sciertists; all of them also had broad \other"
interests.

Walter's other interests are a most rewarding aspect of meeting him, be-
sides, of course,the notoriously sizzling discussionsabout certain aspects of
theoretical solid state physics. It is a real pleasureto go with him to an
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Mara Vishniac Kohn, summer 2002in Berlin (photo: M. Sche2er)

exhibition, a gallery, to talk about ctional literature; his enthusiasmfor the
exceptionally new, for the yet-unknown old, seemgo be unlimited. His enthu-
siasmextendsfrom certain styles of Greek vasesdiscoveredduring a scierti ¢
trip to Crete, to drawings by Egon Schiele to be seenat a special exhibition
in the capital of an Austrian province.

One cannot write about Walter without alsowriting about Mara, his wife,
perhapsthe only "xed point in the spaceof his vibrant activities. Mara and the
housein Sarta Barbara { which contains an incredible collection of precious
old books and the archives of her father, Roman Vishniac, many of whose
famous photographs hang on the walls { constitute the Kohn's home. The
house, with its staggering view of the coastline { sometimesthe Channel
Islands seemto pop up only few miles away { seemsan appropriate resting
place for Walter before he goes o® again, touring the world in matters of
scienceor human relations. Mara and her soft, quiet voice { a friendly but
decisive \W alterchen" has the ability to momertarily cut the thread of his
fascinating stories about people he met or one ought to meet { occasionally
give the urgently neededreminder that even a Walter Kohn needsmomerts
of creative quietness.

Quite a few storiescollectedin this book give accourt of the circumstances
of working with Walter, of being a collaborator of his, of being acceptedas a
friend of the Kohns. There is no doubt that these stories also cover a certain
chapter in the history of sciencein a very personal manner: a kind of \oral
history" of modern theoretical physics. Besidesphysics, besidesstories about
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physics, however, they all speakto Walter Kohn's enduring humanity { if only
by recalling his infectious, giggling laugh, which he must have saved from his
early childhood.

Berlin, Vienna, Matthias Schezer
January 2003 Peter Weinberger

Ab out the Editors .

Matthias Sche2er is director of the Theory Department of the Fritz-Hab er-Institut
der Max-Planck-Gesellshaft and professor at the Tecdnical University and at the
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als, and the chemical physics of surfaces. His current interests include develop-
ing “rst-principles methods (using density-functional theory) for molecular simu-
lations that bridge the time and length scales from those of the atomistic pro-
cessesto those that determine the properties of realistic systems. Contact: Fritz-
Haber-Institut, Faradayweg 4-6, D-14195 Berlin-Dahlem, Germany; sche2er@fhi-
berlin.mpg.de; www.fhi-b erlin.mpg.de/th/th.n tml

Peter Weinberger is acting director of the Center for Computational Materials Sci-
ence(CMS) and professorat the Technical University of Vienna. His main scierti ¢

interests are directed to condensed matter theory, in particular to the theory of
transport (electric, magneto-optical) in systemswith \reduced" translational sym-
metry (layered systems, nanostructures, etc.) and to time-dependert spectroscopies.
He is also author of sewral \non-scientic" books (ction: novels, short stories).
Contact: CMS, Getreidemarkt 9/134, A-1060 Wien, Austria; pw@cms.tuvien.ac.at;
www.cms.tuwien.ac.at



Contents

W alter Kohn as Ph.D. Advisor
Vinay Ambegaokar ::::::::iiiiiiiiiiiiiiiiiiii i

Memories of Walter Kohn at Bell Labs and After
Philip W. Anderson::::::::orroorrirornnrirnrnonioiioine

Walter Kohn: My Ideal of a\Man of Science"
Wanda Andreoni::::iicoiiiioiiiiiiiiiiiiiiiiiii i

A Twinkle in the Eyes
Neil W. Ashcroft::::corrorrrrrrrnrnnrnii

The Max von Laue Kollo gium at the Physikalische
Gesellschaft zu Berlin

Klaus Baberschke: ::::::r s
More than a Founding Father

Giovanni Bachelet @ ;oo
W alter Kohn, the Chemist

Evert Jan Baerends : :: i ittt

Looking 50 Years Back:
Walter, on the Occasion of His Eigh tieth Birthda y
Sidney Borowitz ::::iiiiiiiiiiiiiiiiiiiiii i

Meeting Walter Kohn

Ewa and Krzysztof Broclwik :::::i:ciicriiriiiiiiiiiiiiii
Of Sandb oxes and Silences

Kieron Burke: @

A Glimpse of Walter Kohn
SudipChakravarty :::::ircirirririiiiiii il

XI



Contents

Quantum Re°ections
Dennis P. Clougherty: ::::::oorrosronsnrinsonsioasiioniii: 35

Not a Relativ e, But ...
Marvin L. Cohen ;s 39

Riding Walter's Wake
Morrel H. Cohen:::::cooroororononooononoiiioiioiinnii: 42

Paris Acquain tances
Claude Cohen-Tannoudji: :::::ocorrororornnnroininoiinnn 47

Walter Kohn and the UCSB Campus

Principle and Practice
Bernard Delley ::::::orrroorrnnnrnnnrnnnnnnrnnnnnnninni 6O

Thanksgiving at the Kohns
JacguesdesCloizeaux ::::::iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin B2

Walter Kohn and UC Policy
HughDeWitt ::::corooroironnniininsiiisiiiiiin 54

Walter Kohn and the Australian Psyche
JohnDobson::::::::iirrrioiiiiiiiriiiiii it 67

Reunion in History
Gertrude Ehrlich ::::ororrorrorrrrnrr oo 60

For Rappa on His 80" Birthda y from Terry
JosefEisinger ::::::irrrrciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil 63

Meeting Walter Kohn in Internmen t Camp
Ernest L. Eliel:::::roorrrrrrrrnnrrnnyrninniiiniiiniiiiil 66

Meeting Walter Kohn
Gerhard Ertl :::::iooorrroiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 68

Impressions of Walter Kohn
Helmut Eschrig ::::rcoirrronrnnrnnrninnnnonnnoniiiinis 69

Reminiscences of Walter
Peter J. Feibelman ;oo 12

To Know How To Count ...
Michael E. Flatt® :::::::roorrooronronnininiiiiiiiiiiini 74

My Friend and Colleague Walter Kohn
JacquesFriedel :::::irooiiriooiioiiiiiiiiiiiiiiiiiiiinn 76

Xl



Contents

Working with W alter
Michael Geller: ::::::: oo 78

A Chinese Portrait of Walter Kohn

Antoine Georges::::::iiiiiiiiiiiiiiiiiiiiiiiiiiininnns 81
Memories of Walter Kohn in Santa Barbara

Hardy GroYa::::::icooooororrooinoriniinnoiinnniin 82
Thinking Back

Werner Hanke: ::::::iorioorioiioiioiiiiiiiiiiiiiiiiiiiiiiin 85
Thank You Walter for All You Have Taught Us

Michael J. Harrison ::::::oororoooioiioroioiioiioiiniiniii 89
Vision Realized in Details: To Walter on his 80" Birthda y
JamesB. Hartle :::::iororrorrrir i 91
Walter Kohn in Japan

Hiroshi Hasegawa: :::::::iioirooroniinnnnnninnnnioiins 93
My Favorite \W alter Story"

Alan J. Heeger: @ ::: oo 96
Walter Kohn as a Scientist and a Citizen

ConyersHerring ::::iciror o 97

A Personal Tribute to Walter Kohn
on His Eightieth Birthda y
Pierre C. Hohenkerg: @ ::cororrrosrsrsnrsroynnnnnnnnnn 99

Recollections of a Long Friendship
Daniel Hone: @ ::::orooorrronyrninrnnnnnnnnnnnninnnnn i 103

My Recollections of Professor Walter Kohn
Naoki lwamoto :::::::oocoiirrrrriiooiirniioniiiiiiiiii 106

With Walter: 40 Years of Friendship
DenisJ@rome: :::::::iiirriiriiiiiii i 109

The Noble Day
Alex Kamenev:::::::i:iiioiioiioiior it 112

The Pleasure of Getting to Know Walter Kohn
Boris Kayser :::::::iroioionririiiiiiiiiiniinniinn11b

Happ y Birthda y W alter!
Roland Ketzmerick ::::::roorroronooronioniononininiininiini 116

X



Contents

Memories of a Great Scientist and a Great Person
Barry M. Klein :::irooorrorrronoioooiiiniiiniiiiiiiiiii

Many Happ y Returns, W alter!

Norman Kroll @
A Postdo c with Walter

Norton D. Lang:::::irororirorriioirinnoionnnnnnnninnt:

Reminiscences on the Occasion of Walter Kohn's Eigh tieth
Birthda y
JamesS. Langer:::::iiiiiiiiiiiiiiiiiiiiiiiiiiiii i

Some Recollections about Walter and his Work
David Langreth & :ocorrorrrrsrnronnnn

Romancing The Theorem
Mel Levy @iy

Crete, June 1998
Michele Levy i

Recollections of Walter Kohn
StevenG. Louie i

Walter Kohn { Points of Impact
Bengt Lundqvist ::::rcoiioirrriiiii i i

KKR - Reminiscences Ab out Walter Kohn
Gerald Mahan ;oo oot

Cecam's Visitor !
Michel Mareschal: ;i oo o i

Nob el Mania
ANn E. MattsSson i

W alter's Contagious Conscience
Eric McFarland::::::oorrrorroooooioniionioniiino

Memorable Momen ts with Walter Kohn
N. David Mermin ::::ic oo

Impressions of Walter Kohn
Horia Metiu ::::corrrooioosrnonnoninnnonoonnnoy:

...Small Matters
DouglasL. Mills ::::orrorrroooorooiooooioiooooooioois

XV



Contents

Walter Kohn in Cracow
Roman F. Nalewajski:::::::orrrronrrronrrnnrrnnrnininnn il 167

W alter Kohn

VenkateshNarayanamurti :::::ccrciinirnininnnnnn1nl
A Class with Class

Herbert Neuhaus::::::::roorioooooonnononrnininininn 173
Great In°uences in a Small Coun try

Risto Nieminen :::::::i:iooiooorooroororonrnrnonooonnnnn 177
Walter's Group Parties

Qian Niu ooy 181
He Did E®ectiv e-Mass Theory Too!

Sokmtes T. Pantelides: :::::: o183

Though ts and Recollections
on a Remark able Man
Dimitrios A. Papaoonstantopulos: ::::::iirrriirrriirriiiiiiiiiii185

The Bonding of Quantum Physics with Quantum Chemistry
[270] ¢ 18 G CT =F- 1 ¢ QRN R < ¥ 4

My Meetings with Walter Kohn
Michele Parrinello ::::::oooroooooooononononnoninioninni192

The Greatest Gift Is Something Worth Thinking Ab out
JohnP. Perdew: :::::::oriorooron o194

Vignettes: Switzerland, Australia, Santa Barbara
Warren E. Pickett ::::iroorrorsrirrnniriinininiiiiininnni 196

Theory Versus Realit y
JohnJ. Rehr::::oorrrrrononrrrrononosrnonononinnn 198

Recollections of Walter in La Jolla and Zuric h
Maurice Rice : i ;i 00200

| am Happy That the R Stands for Rostok er
Norman Rostoker:::::::::::iiiiiiiiroiiiiioiioiiiiiiiiiiiiiiii: 206

It Started With Image Charges
JosephRudnick :::::rcrroorrrrrronrrrnrnrnrrininninn i 208

A Math Teacher's Little Poem
GeorgeSanger: ;. iiiiiiiiiiiiiiiiiiiiiiiiiiiininnnnn 211

XV



Contents

Stories Ab out W alter
Andreas Savin @i 212

A Special Reunion

DouglasSalapino: ::::icorrrriiniinniiiniiniiiiina 214
Walking and Talking in Berlin

Matthias Sche2er @ :::::::ioriiroinrorinrniiniiiiiiiiiiiiiinii 216
My Personal Walter Kohn Story

SheldonSchultz: :::::oororror o224
Walter Kohn and Vienna

Karlheinz Schwarz : ::::::oriooroornininiiiiniiniiinniin 227
We Met at the Institute in Cop enhagen

Benjamin Segall i 231
Happ y Birthda y, Walter

LuJd. Sham ;o234
A Mean Martini

David Sherrington ::::iroirriroiriiiiiiiiiiiiiiiiiin 238
Lunc h with Walter

Mark E. Sherwin: :::::ioroororoiiioniiniiiiniiiiiniiiiiniin 241
Act of Compassion

Bonnie Smtt Sivers ;i 244
Some Recollections of Life with Walter Kohn

John R. Smith:::::ororror oot 246

Bonjour Mon Trps Cher Ami
et Bonne Anniv ersaire
CharlesSommers::::: ;i oot 249

Walter Kohn and Boris Regal: The Early Days of ITP
Robert Sugar::::::rcoorrrorrninrnnnrnninnnnnininnn i 262

Flash back of My Post-do ¢ Days with W alter
Yasutami Takada :::::::::ioriorioiorinionniininiiiiiniiiin 257

A Challenge to My Own Scientic Though ts
Walter Thirring :ccoicorrrororriririiniiiiiiiiiii 260

Walter Kohn's In°uence on One Engineer
Matthew Tirrell ::::occoroorrrrrnrn o262

XVI



Contents

A Tribute to Walter Kohn
Ulf von Barth 1264

Encoun ters with Walter:
From the Mysterious Second \K" to the Local Secretary
Peter Weinberger : ;i oo 267

An Encoun ter with Walter Kohn in Orsay
Jerry L. Whitten ;oo 273

Walter Kohn, World Citizen and Professor Extraordinaire
Henry T. Yang : oo 275

Meeting With Walter Kohn
Weitao Yang @@ oo 280

My Exp erience of Working with Walter
See-ChenYing:::::oiirrirrronrrnnrnnrnninnniiiiiinnn 282

W alter Kohn: Mentor and Role Mo del
EugeneZaremha :::::::iiiooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 285

The Scientist and Human Values
JosephZycinski::::::orrorrrrrririrr i1 288

App endix | { Autobiograph vy
Walter Kohn oo o293

App endix Il - A Musical CV

XVI |






Walter Kohn as Ph.D. Advisor

Vinay Ambegaolar

Cornell University, Ithaca, U.S.A.

Much of life is luck. A member of the classof 1955in Mechanical Engineering
at MIT, | discoveredthat, becausel had talked my way out of English and
Chemistry, and worked hard, they would give me a Master's degreefor staying
an extra semester.During those months, in addition to doing someforgettable
researd on the creep of metals, | took half a courseon quantum mechanics
{ taught, asit turned out, by Sidney Drell { thinking that a slightly better
understanding of Nature could not hurt a practicing engineer.It did more.
Before leaving Cambridge, to return to India and nd work, | applied to some
graduate schools for admissionin Physicsand asked Drell for advice. He told
me about a Harvard instructor named Walter Kohn who had recertly goneto
Carnegie Ted, and was doing interesting work in solid state physics. During
the summer of 1956,as| contemplated jobs in which the salary wasinversely
proportional to the challenge, telegrams arrived o®ering me fellowships to
Harvard and Carnegie. | acceptedthe latter, causing consternation among
my American friends' mothers.

Soit cameabout that at 22, | met an oh so mature, pipe-smoking, wise,
researd sciertist { aged, | now calculate, 33! (Only later did | discover an-
other sideto him, a sidethat could be reducedto uncortrollable tear-making
merriment over something like a poem by Christian Morgenstern.) Gravely,
he advisedme about courses,including the wonderful suggestionthat | might
prot from asecondcoursein quantum medanicstaught by Gian Carlo Wick,
even though | had not "nished a rst one. The secondyear was a disappoint-
mernt; he wason leave and the courseson statistical medanicsand solid state
physics, which | should have taken from him, weretaught badly and bizarrely
by someoneelse.By cortrast, the last year and a half were quite wonderful.
His suggestionfor a researd project wasvery much to my taste, and his super-
vision of it waspreciseand constructive. He thought hard during our meetings
about how to keepthe project moving along. A steady stream of seminar visi-
tors, including the likesof John Bardeentalking impenetrably about the new
theory of superconductivity, made it clear that, largely becauseof Walter, |
was at a major researt certer for my new line of work. He arranged for me
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to spend the summer of 1959at the Bell Labs, then the ultimate ivory tower
and a summer paradise for solid state physics. |\. ..les vrais paradis sort les
paradis qu'on a perdus.” { Proust.] There wasa semestervisit by John Ward,
whosecoursegave me a lib eral education in how to calculate deftly . ... And,
all too soon, it was over, though not before Walter helped me 'nd a post
doctoral berth in Copenhagen,and then a position at Cornell.

My wife Sagaand | remenber Lois and Walter Kohn very fondly from
those years. There were many social occasions,thanksgiving dinners, tennis
parties, and opportunities to becomeeasywith ead other.

Owing somuch to him, | o®ertheseold memoriesin friendship on his 80"
birthday.

Ab out the Author : Vinay Ambegaolar is Goldwin Smith Professorof Physics at
Cornell University. His Ph.D. thesis wason a many body formulation of the e®ective
mass theory of semi-conductors with few carriers, building on Walter Kohn's pio-
neering work. Sincethen he hasworked on various problems in condensedmatter and
low temperature physics, and written a book \Reasoning about Luck: Probabilit y
and its usesin physics" (Cambridge Univ ersity Press,1996) for seriousgeneral read-
ers. Contact: Department of Physics, Cornell University, Ithaca, NY 14853,U.S.A.;
val4@cornell.edu



Memories of Walter Kohn at Bell Labs and
After

Philip W. Anderson

Princeton Univ ersity, Princeton, U.S.A.

Walter was one of an exciting generation of students who showved up at Har-
vard right after the war, having all kinds of interesting badkgrounds { Los
Alamos and other wartime labs, the military , refugeeslike Walter, mixed in
with very young recert undergraduatesFor good reason, he took his studies
very seriously and he may have thought of me asrather light-weight { in any
case,we were not much more than acquainted, and went our separateways,
he to a postdoc in Europe and | to Bell Labs, having now becomeserious,
sincel had acquired a family to support. Somy very real and deepfriendship
with Walter began after '53, when he and Quin Luttinger beganthe annual
summer visits to Bell Labs which were soenormouslyfruitful for both parties.
They represerned for us an important contact with the wider world of theo-
retical physicsasit wasthen ewolving, with new mathematical methods suc
as quantum “eld theory, as well as a new lifestyle which Jeremy Bernstein
wasto later dub \the Leisure of the Theory Classes"involving personally ad-
ministered researt corntracts which allowed lecturing at summer schools or
workshops held in glamorous resorts, attendance at international meetings,
and the like. But at the sametime Quin and Walter were producing a series
of papers of great practical aswell as intellectual value, doing sud things as
sorting out e®ective masstheory in the complex caseof real semiconductors,
putting transport theory on a sound basis, and comparing detailed theory
of shallow impurit y states with experiment. Walter, in particular, wrote sev-
eral of the papers | consider his best during that period, papers obviously
stimulated by the Bell group and Bell's experimentalists’ needs.

It is Wallter's great strength to 'nd important new physicsin areaswhich
ordinary people considerto have beenlong since mined out. Such a paper
was his discussionof the localizability properties of Wannier functions, which
he worked out in one dimension but in such a way that Blount could base
a comprehensie review on his methods. His remarkable paper revisiting the
question of why insulators are soto all orders,and intro ducing the U(1) gauge
symmetry, is a prime example. And his paper on the \n+1 body problem"
was an important precursor of Landau theory.
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Our appreciation of Walter was not diminished by the fact that we were
ableto usehim asa stick with which to beatthe Bell Labs managemen, which,
if possible,appreciated him even more than we did. In 1955{56 we (Conyers
Herring, Peter Wol®, aswell asmyself, and at the beginning Harold Lewis and
Gregory Wannier) were encouragedto organize a new theory departmert,
probably becauseof the rather rapid attrition of theorists from the Labs.
We had of course lost Charlie Kittel and John Bardeen, and both Harold
and Gregory were negotiating transfers to academiaat the time. One of the
commonestphraseswe usedin the negotiations with our managerswas\let's
organizea department into which Walter Kohn would be happy to come". We
managedto get, with this asour strongestargumen, a demcocratic structure
with rotating chairmanship, postdocs, of course a measure of cortrol over
our own fates (until then we had beenseparately supervised by experimental
department heads), a liberal travel and sabbatical policy, and (quietly and
informally) considerablyimproved salaries{ a lot to owe Walter for!

I am reminded also of another almost forgotten causefor our appreciation.
Bell Labs had its own incident of McCarthyism, a \questionnaire" about one's
links, past and present, with \subversive" organisations, which was required
of all employees.Why Walter as a temporary was asked to respond, | don't
know, but | do know that he refused, providing a measureof cover for the
shockingly few permanernt employeeswho refusedto 1l it out asa matter of
principle (Gregory, Alan Holden, perhaps Hal Lewis, and myself, among my
immediate acquaintance). There were no consequence$ this was late in the
McCarthy era, true to the AT&T's characteristic ponderousnessand by the
time the responseswere all in, my reaction would have looked silly. But we
did not know that at the time. Walter and Alan Holden, with their mutual
interestsin music, the arts, and literature, becamegood friends, an additional
link from Walter to Joyce and myself.

Of course,we should be solucky { we did not attract Walter, instead he
decided to take on the responsibility for growing the physics department at
the new branch of the University of California at San Diego { an assignmen
he carried on with remarkable success,as I'm sure is detailed elsewherein
this book. But perhaps others will not realize one of the major sourcesof
that successnamely his intimate knowledge of Bell Labs personnel, gained
over many years of summer visits. Three of the mainstays of the °edgling
department were Bernd Matthias, Harry Suhl and George Feher, three of
Bell's most exciting and original "nds. So, over the years, | feel that Walter
and Bell came out about even { although that's not courting his postdocs
and studerts, like Maurice Rice and Pierre Hoherberg, who came our way.

Of course,Joyce and | remained friends with Walter and his then wife;
we visited San Diego a number of times, notably in 1967 when Bernd and he
brought me there for a month as Regens' lecturer, and | gave the talk that
became\More is Di®eren". But we seemedo drift into di®erert branchesof
physicsuntil he becamehead of the ITP, where| labored for three yearsasa
member of his advisory board during his tenure; and sincethen | have taken
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great pleasure,on visits to the ITP, in seeinghim and Mara in the wonderful
setting of their hillside house Tled with memorabilia from her family { |
always try to sneakinto that wonderful library and snoop about during any
visit.

Ab out the Author : Philip Anderson is Joseph Henry professor, emeritus, in the
physics department of Princeton University. His interests at presert are (1) the
theory of strongly correlated electron systems, particularly high-T. superconduc-
tors; (2) aspects of complexity theory, as a long-time steering committee member
of the Santa Fe Institute, and one of the founders of its economics program; (3)
reviewing popular books on science,mostly for the Times (London) Higher Ed Sup-
plement, and occasionally writing on such subjects. He won 1/3 of the Nobel Prize
in physicsin 1977; his most recert honorary degreeis from the University of Tokyo,
Dec 2002. Contact: Dept. of Physics, Princeton Univ ersity, Princeton, NJ 08544,
U.S.A.; pwa@pupgg.princeton.edu; pupgg.princeton.edu/www/jh/p wa/






A Twinkle in the Eyes

Neil W. Ashcroft

Cornell University, Ithaca, U.S.A.

My memory is becomingincreasingly porous, but | believe | "rst met Walter
in February of 1965, in San Diego, during a short reprieve from the winter
besetting the University of Chicago (and | deducefrom this that Walter must
have beenon the right side of 40 then). At Cambridge, where | had studied
for my Ph.D., | had made very closeacquainance with the metallic state of
matter. But the insulating state, in a fully many-body context, was a puzzle
to me then. Walter had written some beautiful papers on this topic, and
in early 1965 beganto set me on the right path. | thought then (and do
so now) that he was one of the most congenial of men, and that he was
endowed, as we all know, with the most extraordinary physical insight and
perspicacity. The nearly four decadesthat have since passedhave only served
to solidify my view; in fact during this period | simply cannot count the
number of times that, tracking badk through the literature on a particular
researd topic in condensednatter theory, | have endedup at a seminal paper
of Walter's. It is abundartly clearthat he hashad a profound impact not only
on our chosen eld, but on allied "elds aswell. His remarkable creation of the
density functional approad to correlated quantum systemshas actually far
transcendedtheoretical condensedmatter physics per se.

| was made aware of this, in a rather amusing way, in October of 1998,0n
one of those especially luminous days when the Nobel Prizes are announced.
By a strange conjunction of world lines, | happenedto be attending, at the
University of California, Sarta Barbara, a meeting of Directors of NSF's Mate-
rials Researt Centers. There wasmuch rejoicing, asl recall, at the morning's
newson that very day that Walter was co-winner of the Nobel Prize in Chem-
istry. At a mid-afternoon break, | thought it at leastworth atry to seeWalter
and to o®ermy congratulations personally, though given the boisterous ac-
tivit y at Broida Hall | assessedny chancesas slim. But by a remarkable
°uctuation there he was, in his otce, momertarily unencunbered.

Walter wasin high spirits asmight well be expectedand we had an ertirely
vivifying chat, mainly about the long story of the dewvelopmert of electronic
structure. But at last | had to get badk to renderunto Caesar,and just asl was
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leaving Walter said, with a slight frown framing newverthelessa clear twinkle
in the eyes,\But Neil, what will the physicists really think of all this?" with a
distinct emphasison “physicists.' Well, | did not think it my placeto speakfor
the grand-ensenble of all physicists, but having a somewhatecumenical,and
perhapseven a “colonial' viewpoint on these matters | answered Walter that
| thought there was actually a pretty good preceden. One Ernest Rutherford
had also received the Nobel Prize in Chemistry.

As we all know, to our common delight and long-term pleasure, Walter
hasa truly encyclopedic memory and there is also not much in the history of
physics that has escaped his attention. He quickly responded with the most
potently well-justi ed andyet “politically correct' of all possibleanswers:\Y es,
and Marie Curie too".

Walter's work has meart a great deal to me, actually more so on aver-
agein the classicaldomain than in the quantal. For classicalsystemswhere
strong correlation is a sine-qua-non(for example in the burgeoning "eld of
inhomogeneousclassical °uids) the density functional viewpoint has led to
quite remarkable advances,many of them stemming from appropriate classi-
cal limits of the quantum problem and stemming from Walter's insights. He is
surely one of the great physicists of our age,and at this 80 year mark | thank
him for his many, many contributions that have so enlivenedour subject.

Ab out the Author : Neil W. Ashcroft received his Ph.D. from Cambridge Univer-
sity in 1964, spent a year as a post-doctoral assaiate at the Univ ersity of Chicago,
and has been at Cornell University (where he is now Horace White Professor of
Physics) ever since. Contact: Physics Department, Clark Hall, Cornell Univ ersity,
Ithaca, NY 14853-2501,U.S.A.; nwa@ccmr.cornell.edu
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Not a Relativ e, But

Marvin L. Cohen

Univ ersity of California at Berkeley, U.S.A.

On Septenber 11, 2001, 1 was in San Lorenzo de Escorial, Spain along with
Walter Kohn, Matthias Sdhe2er, and perhaps others who are contributing
to this book. We were attending the Ninth Annual International Conference
on Density Functional Theory. As | left the auditorium after one of the talks
that afternoon, | was approached by Steven Richardson who was a former
postdoctoral from our group. As | stood speedless,he recourted the terrible
events that had occurred in New York and Washington. | rushedto my hotel
and could only get the newsin Spanish. Although the pictures told most of
the story, it wasn't untii my wife and | joined others at the conferenceto
watch the BBC in English that we learned the horrible details.

The next morning Walter was scheduled to talk. He faced an audienceof
agitated, concerned,and depresseceople.We obviously werenot in the mood
to hear about Density Functional Theory, but that's what we were there for,
and we felt a needto be together. Walter took the stage,and in a calm and
thoughtful manner begandiscussingwhat had happenedin the United States.
Those of us who knew Walter were accustomedto his gift of going directly to
the important, central issueof a problem in science,but | was still amazed
at how he did exactly that in the midst of the emotional turmoil we were all
experiencing.

Walter focusedon the certral issue-man'sinhumanity to man. He'd seen
it before.He recognizedthat this wasa major crime againstthe innocert, and
he knew what to say. Those of us who knew of Walter's past experienceswere
possibly even more touched by his calmnessand his ability to 'nd the words
that calmed everyone else.His talk was appropriate and inspiring.

As we sat learning, understanding, and acknowledging that Walter had
just said the things that should be said, Walter pausedbrie®y and then began
his technical talk. It was a signal that life goeson.

| was very impressedby Walter's speed at Escorial. All of us who spoke
after him expressedur sadnessand, although there weremany eloquernt words
spoken, none had the impact that Walter's did. Although I've seenWalter
sincethen, our Escorial encourter is the one |l remenber most vividly .
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| do remenmber my rst encourter with Walter Kohn. | was a graduate
student in the early 1960's and | read his review chapter in Volume 5 of
Solid State Physics \Shallow Impurity States in Silicon and Germanium,"
written in 1957.1 shouldn't say read { | practically memaorizedit. | looked up
everything | didn't know or couldn't understandin the chapter. Sincel didn't
know much, | looked up a great deal of material. The chapter was so well
written and clear, it directed my study of the material. | learnedan enormous
amount from this man | wasyet to meet.

| can't remember my rst face-to-facemeeting with Walter. It was proba-
bly around 1963or 1964.1 waswell aware of his work through many corversa-
tions with Quin Luttinger at Bell Labs in 1963-64.1 studied the Hoherberg{
Kohn{Sham approadc asit cameout and examinedevery argumen. Although
| trusted the results, | couldn't wait to test the method against experimental
data. However, by the time | wasin a position to usethe DFT approades,
we had already solved the electronic structure problem for dozensof semicon-
ductors using an empirical pseudomtential method (EPM). We were able to
explain optical and photoemissionin terms of interband transitions and had
won every debatewith experimentalists on the interpretation of their spectra.

| never had Walter's patience.His approac wasto get all the fundamertals
nailed down and make sure everything grew from there. | wanted answers
to the experimental puzzles,and | wanted to make predictions. So | was
happy with the EPM. In addition to their usein getting the physics right,
they pointed the way for the ab initio theory. Of course,| was still strongly
motivated to produce a method which required no experimental input. Along
the way to “rst principles, we used semi-empirical approaches ranging from
Fermi-Thomas, Wigner, and Slater potentials, but | wasdeterminedto employ
DFT with the pseudomtentials. This becamepossible once a student John
Walter and | produced electron charge densities. The Walter-Cohen paper
produced somename confusion and considerablecortroversy:.

Although chemistsand physicists had visualized what the covalent bond in
semiconductorslik e silicon and germanium would look like, many didn't like
our pictures. The attacks by prominent chemists and physicists were harsh.
In addition, it wasat this point that | witnessedhow much the chemistswere
suspiciousand outright hostile toward DFT. It is ironic that Walter's Nobel
Prize is in chemistry. It is also a lessonon how it sometimestakes a new
generationto cleanout the unfounded corvictions of their older colleagues.

We implemented the DFT and corverted our pseudoptentials to ab initio
forms. At “rst | felt Walter was skeptical. | think it wasbecausethe methods
grew out of empirical approaches.| remember after a seminar| gave showing
that the electron densitieswere consistert with experiment and that we could
predict and explain \everything" about silicon, he asked what experimental
input | had used. | said, \nothing." He said, \really?" | said, \a little." |
neededto know the candidate crystal structures to test, and when predicting
superconductivity in compressedsilicon, | neededto input the appropriate
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Coulomb repulsion parameter. Walter's eyestwinkled, and he nodded making
me very happy.

Finally the chemistsjoined the DFT bandwagon.In many of their calcula-
tions, they neededmaore precisionthan we did { socalled\c hemical accuracy"
But on the whole they beganto explore and usethe DFT. Linus Pauling's
reactionsto our work were surprising. He was a great fan of our paper which
calculatedthe total energyand structural properties of semiconductors.When
| explainedthat the method wasbasedon plane waveshaving no bonding prej-
udices, pseudoptentials, and DFT, he asked questionswhich showved that he
understood what was going on. However, he referred to it as\y our quantum
medanical approadh” and said it wouldn't work for metals if | counted va-
lence electronsin the sameway as| did for semiconductors.| disagreed.He
challengedmeto do calculations for tin, but when| showved him the successful
results, he was upset and then made a joke about physicists.

| told Walter that Linus believed DFT for semiconductorsbut he needed
cornvincing about metals. We decided that Linus had a point concerning
strongly correlated systemsbut he'd haveto yield on itinerate electron metals.
Of courseby that time, the chemists were on board.

For many years| have given talks where | begin with Dirac's 1929 quote
about quantum medanics: \The underlying physical laws necessaryfor a
large part of physics and the whole of chemistry are thus completely known,
and the dixcult y is only that the exact applications of these laws lead to
equations much too complicated to be soluble.” | refer to this as \Dirac's
Challenge." Walter Kohn's cortributions have helped us answer this challenge.
| was therefore delighted when many of the public announcemens heralding
Kohn and Pople's Nobel Prize usedthis quote. Dirac would have also been
pleasedsincehe did researt on DFT in the 1930's.

Let me close by relating an incident that occurred in my home when |
was showing someguestsa photograph of Einstein my wife had given me. |
pointed out that it was a Roman Vishniac photograph and that Vishniac's
daughter was married to Walter Kohn. One of the guestsasked, \And how
areyou related to Kohn?" | answered,\Unfortunately , only through physics."

Ab out the Author : Marvin Cohen is University Professorin the Physics De-
partment of the University of California at Berkeley. He is presertly engagedin
theoretical researd on electronic properties of solids, semiconductors, supercon-
ductors, and nanoscience.In 2002, he was awarded the National Medal of Science
by President Bush and was elected Vice-President of the American Physical So-
ciety for 2003, President-Elect for 2004, and President for 2005. Contact: Depart-
ment of Physics, University of California, Berkeley, CA 947200-7300,U.S.A.; mico-
hen@uclink.berkeley.edu
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My Friend and Colleague Walter Kohn

JacqueskFriedel

Acad®mie des Sciences,Paris, France

| “rst met Walter in the summer 1953 at a Gordon conferencewhere, after
my “rst trip acrossthe Atlantic, | met the cream of the peoplethen activein

the electronic structure of solids. | had used,three yearsearlier, his technique
with Rostoker to analyzethe conduction band of polyvalent metals such asMg
or Al, to understand how and how much they deviate from the free electrons
model in their cohesive properties. By 1953, my interest had switched to
impurities in metals; and it is only with Andr§ Blandin that, after Walter
himself and John Ziman, | would comeback to this question, usinga simpli ed

perturbation technique.

Walter was then for me a young but establishedtheoretician, with broad
interests from nuclei to solids. We met a number of times in Paris, Brussels
and especially at the 1956Varenna Conference where a number of us brought
our young families and formed lasting friendships. This washelped by the fact
that, staying through all this summersdool, we had plenty of time to seeeath
other's and were not encunbered with too many studerts!

It was then natural for my rst PhD student, Emile Daniel, to follow
Walter asa postgraduate to La Jolla, where he was arrested by the police for
walking at night along the road to SanDiego! Andr§ Blandin, my secondPhD
student, followed Pierre Gilles de Gennestracesto Charlie Kittel in Berkeley;
but as he had lost his two initial raceswith Walter's own PhD students (on
the Landau diamagnetism of impurities and on NMR in Cu basealloys), this
Californian stay was the time when Walter and Andr& became rm friends.
This started a regular fashion for young theoreticians of Orsay to come as
postgraduatesto Walter or Charlie.

Walter started visiting Orsay on a regular basissoon after we moved there
{ one of the rst times with Hoherberg, just after his work that would lead
him to his Nobel Prize. We found renewed common interests in the "eld of
surfaces,where Walter Kohn and Andr& Blandin attended a CNRS meeting
in Lille, and later when Denis J§rome, after staying with Walter, started his
seard for low temperature excitonic insulator phases.Walter's early visits
were found most stimulating by the lab in Orsay. This led Andr§ Blandin,
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then a young professor,to propose Walter for one of the "rst Doctorates
Honoris Causain the newly created University Paris Sud (Orsay), a move
that pleasedthe many friends and visitors Walter had at the Atomic Energy
in Sacla. In morerecen years,it is Chuck Sommerswho, with the help of his
computer, haskept most regularly the contact with Walter; and | am thankful
for the opportunity he thus o®ersme to state how much | have derived from
knowing Walter.

Walter had an uncle who livedin Lyon sincebeforethe war. And we often
had his visits, on his way to or from Lyon, in our Yonne country place at
Palteau. Our children were often there at the time, and sometimeshe came
with Andr§ Blandin. It wasduring one of thesevisits, on return from a drive
through the autumn colored vineyards of the Auxerrois, that Walter invited
me to a stay in Sarta Barbara, where he wasin charge of the newly created
Institute of Theoretical Physics. Walter and Mara were in fact wonderfully
generousof their time to make this stay a complete success,ncluding the
lending of their car to allow me to explore the coastal road up to Berkeley
and back. The working of the Institute was very striking by its informality as
well as by the high calibre of its participants, in a range of subjects that only
somelody like Walter could have initiated. This stay in Sarta Barbara helped
to strengthenties which, in away, could be thought of being preparedwhen, in
1940,Mary washelping German speaking and mostly Jewishrefugeespushed
out of the South Coast of England, to settle uneasilyin a workhouse,north of
Bristol, in the uncertain hope that the younger members of their community
would, like Walter, be allowed to leave the Isle of Man.

But Walter is not somelody to reminiscetoo much on the ditculties of
his past, when in Paris, his preoccupations in recert years have been much
more on how to save UNESCO, on the best way { Spanishor English? { To
teach young Mexican immigrants in California, or on how to keepa purposeful
contact with young American students.

With his Nobel prize, Walter has no doubt now more opportunities to air
his views, but perhapslesstime to think quietly at home!

Ab out the Author :JacquesFriedel is ProfessorEmeritus at I'Univ ersit§ Paris-Sud

Orsay. Born 11th February 1921.Elected member of the French Academy of Sciences
the 17 of January 1977.In the last few years also interested in high temperature

superconductors and in one-dimensional low temperature organic superconductors.

Contact: Acad®mie des Sciences,23, quai de Conti, 75006 Paris, France.
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Working with Walter

Michael Geller

Univ ersity of Georgia, Athens, U.S.A.

| am delighted to be able to wish Walter a happy 80" birthday. Here | will
brie°y explain what it was like to be his graduate studert.

The Morning Paper

| cameto Sarta Barbara in 1989speci cally to work with Walter. | had visited
him a few times before then, and we always had wonderful discussionsin our
meetings.| would ask him what problems he was currently interestedin, and
he would explain them to mein great detail and with his characteristic clarity.

During my “rst yearin Sarta Barbara | lived downtown with my girlfriend
Robin (who is now my wife) and took the busto campus.In thosedays | held
the mistaken view that every physicist should read Physical Review Letters
cover-to-cover, so | would try to read PRL on the bus. One day Walter sat
down next to me and said \Il seeyou're reading the morning paper.” That
morning | wasreading an article about disorderedsystems,sowe talk ed about
that. He con ded that somelooseendsin the theory of Anderson localization
have always bothered him. It turned out that we often took the samebus, so
we had many similar discussions.

Walter doesn't read much physics literature himself anymore. Countless
times | showved him journal articles that | thought might be relevant to our
researd. Hesitartly, he would look at it, but | could tell that it was more
out of setting a good example for me than thinking he would learn some-
thing. After a paragraph or two his demeanorwould change.\lt's not clear,
it makesunnecessaryassumptions,and there is nothing new in it,” was often
his response.

\T ake Fiv e Min utes"

During my rst year of graduate school | took the condensedmatter physics
coursetaught by Alan Heegerthe rst quarter and Walter the second.Walter
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had us 1l out questionairesdetailing our prior condensedmatter/solid state
coursework. He wanted to be able to assumethat the elemenary aspects of
the subject were understood so that he could cover more advanced material.
A few of us, including me, had not taken an undergraduate condensedmat-
ter courseand so were required, as part of Walter's course,to take an oral
exam during the quarter on the 20 \essertial* chapters of Ashcroft and Mer-
min's text. | studied very hard for this exam and worked through all of the
homework problems from those chapters. He asked me a few questionsabout
Brillouin zonesand magnetism, and | passed.A classmatefailed becausehe
did not know the band structure of aluminum. According to Walter: You do
not understand metals if you do not understand aluminum.

In addition, we wrote extensive term papers on someaspect of condensed
matter theory. My paper was on spin glasstheory, and | included Parisi's
solution of the Sherrington-Kirkpatric k model, and discussionsof replica-
symmetry-breaking, ultrametricit y, and so on. Walter returned the term pa-
persto us during the next quarter, long after the coursewas over and grades
“nalized. However, he still required many students to make speci ¢ improve-
mernts to their papers and return revised versionsto him!

| beganworking with Walter the summerfollowing my rst year. The next
year he taught graduate condensedmatter again, but covered somedi®erert
material, sol sat in for those lectures. One day while discussingspin glasses
he tells the classthat \w e are fortunate to have an expert on spin glasseswith
us today." We all turned around looking for that expert. Walter turned to
me and asked whether he coveredall of the essetial ideas,and, regrettably, |
pointed out that he did not fully discussthe conceptof frustration. He handed
me the chalk and asked me to \tak e 've minutes." | did my best, but | was
so nervousthat afterwards | could not remember anything | had said.

\Y ou'v e told me nothing"

Walter was an extremely demanding advisor. People are often surprised to
hear this, becausehe has sudch a kind and gertle personality. But when the
ozxce door closedfor a meeting, he becamea tiger. There was no opportunit y
to say \well, | got stuck" and he was rarely interested in the details of a
calculation. He wanted the answer right up front, sothat we could spend our
time together planning the next step.

I can recall with fondnessthe many times | was really excited at having
solved someaspect of the problem we were working on, and I marched into
Walter's o+ce, full of energy and gave what | thought wasa clear and concise
chalkboard preseration about it. He sits there listening quietly, and | am
thinking that hewill askmeto write it up for publication. But beforethe chalk
dust had time to settle, he said \Y ou've told me nothing”! | kid you not. His
standards are extremely high, and it is rare that he thinks a new theoretical
result { coming from his students or anyone else{ is highly signi cant.
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Publishing, or Not, with Walter

Finally, 1 cometo perhaps the favorite subject of Walter's former students
and postdocs { nishing a project with him and publishing. This does not
happen very often, becauseas| mertioned, his standards are extremely high.
My thesis on compositionally graded semiconductorsevertually led to three
publications,! soin that respect | guessl did pretty well. He spert courtless
hours with me patiently teaching me how to write.

Oncel asked Walter why it was soimportant to clearly explain the logic
behind a calculation, as the nal result is usually insensitive to this. He re-
sponded that \Clarit y in writing is everything: As theoretical physicists our
job is to explain why or how somephenomenahappens, and the better we do
this the better the work is." Readersof Walter's scierti ¢ work know that he
follows his own advice.

Walter, | have so many wonderful memoriesfrom those days. | will always
cherish the time we spent together. Thank you and Happy Birthda y!

Ab out the Author : Michael Geller is an Associate Professorin the Department of
Physicsand Astronomy at the Univ ersity of Georgia. He is a condensedmatter theo-
rist interested in strongly correlated electron systems, mesoscopicand nanoscaleme-
chanical systems,and vortex dynamics in super°uids and superconductors. Contact:
Department of Physics and Astronomy, University of Georgia, Athens, GA 30602-
2451, U.S.A.; mgeller@ptysast.uga.edu; www.physast.uga.eduk mgeller/group.h tm

1 M.R. Geller and W. Kohn, Phys. Rev. Lett. 70, 3103 (1993). M.R. Geller and
W. Kohn, Phys. Rev. B 48, 14085(1993). M.R. Geller, Phys. Rev. Lett. 78, 110
(1997).
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My Favorite \W alter Story"

Alan J. Heeger

Univ ersity of California, Santa Barbara, U.S.A.

Shortly after the announcemen in October, 1998,that Walter Kohn had been
awarded the Nobel Prize in Chemistry, our newly appointed Executive Vice
Chancellor arrived on the UCSB campus.The PhysicsDepartment invited the
EVC to visit the Department and to meet our distinguished faculty members.
After introducing the EVC to the Physicsfaculty, the Department Chair asked
that we intro duce ourselvesindividually and oneat atime in turn around the
room, and that we eat say few words about our researd interests. As Pro-
fessorswill often do, the commerts by many of the faculty werea little drawn
out. When it cameto Walter's turn, the great physicist said simply the fol-
lowing (with a characteristic smile on his face): \My name is Walter Kohn
and | do Chemistry".

As a physicist, asa sciertist, asa humanitarian, asa colleague,as a friend
{ and even as a chemist, Walter Kohn is an inspiration.

Walter, we love you. Happy 80" Birthday!

Ab out the Author : Alan J. Heeger serves as Professor of Physics and Professor
of Materials at the University of California, Santa Barbara and also heads a re-
seard group at the university's Center for Polymers and Organic Solids. He was
awarded the Nobel Prize in Chemistry (2000) for his pioneering researd in and the
co-founding of the "eld of semiconducting and metallic polymers; his researd e®orts
contin ue to focus on the scienceand technology of semiconducting and metallic poly-
mers. Current interests include studies of conjugated polyelectrolytes, and the use of
such luminescent water-soluble semiconducting polymers (and oligomers) as compo-
nents in bio-speci ¢ sensors.Contact: Center for Polymers and Organic Solids, Uni-
versity of California, Santa Barbara, CA 93106-5090,U.S.A.; ajh@physics.ucsb.edu;
www.cpos.ucsb.edu
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A Personal Tribute to Walter Kohn
on His Eightieth Birthda y

Pierre C. Hoherberg

Yale Univ ersity, New Haven, U.S.A.

| “rst met Walter Kohn in 1963 when | was a fresh PhD spending a post-
doc year in Paris at the Ecole Normale Superieure in the group of Philipp e
Nozieres.As it happened, Walter was also spending time at the Ecole Nor-
male and conditions being what they were | was privileged to sharean oxce
with Walter during an extendedperiod. If | remember correctly, this relatively
large spacewas Philipp e's own oxce and even if it wasn't | remenber it to
have beena generalmeeting place and thoroughfare, a little bit like trying to
think deepthoughts in the middle of Times Square.

In any evert, soon after | met Walter he did me the honor of inviting me
to join him in a new researd project he was undertaking, the examination of
theoretical methods for treating the inhomogeneouselectron gas. To say that
this project turned out to be successfuis a singular understatemert, sincethe
paper we producedin the Spring of 1964 [P. Hoherberg and W. Kohn, Phys.
Rev. 136, B864 (1964)] was one of two works cited by the Nobel Committee
in awarding the 1998 Chemistry Prize to Walter. At the time | remenber
that it felt like being led through an endhanted, and at times haunted, forest
by a trusted guide. The journey was both instructiv e and ertertaining, but
| have sometrouble identifying what | could possibly have contributed that
would merit Walter's generosiy in placing my name rst on the 1964 paper.
One incident stands out in my memory. After we had proved the primary
theorem on density functionals we started exploring possibleapplications to
real systems.When Walter suggestedusing the theory to make improvemerts
in the prevailing methods for determining the band structure of solids, | said
to him that | fearedthis would require expertisein practical areasof materials
sciencel knew nothing about. He then drew himself up to his full "v e feet ten
inchesand said to me, \Y oung man, | am the Kohn of Kohn and Rostoker!"
[Phys. Rev. 94, 1111 (1954)].

The year 1963 was a dixcult one for me personally since in November,
while | wasat the Ecole Normale, my father died suddenlyin Paris, where my
parerts lived. Like Walter, my father was born and grew up in Vienna, but
he had emigrated to France in the nineteen twenties and so was spared the
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The Kohn and Hohenberg families getting ready to attend the Nobel Prize ceremory
in Stockholm in Decenber 1999. From left to right, Pierre Hohenberg, Mara Kohn,
Barbara Hohenberg, Walter Kohn (photo: P. Hohenberg)

trauma of leaving his hometown when Hitler marchedin after the \Ansc hluss"
(1938). The Vienneseconnection is another link | feel with Walter since he
represerts a kind of intermediate step for me betweenmy father, who was an
adolescen during World War I, and my own experience growing up during
and after World War I1.

During my year in Paris | discussedwith Walter my seard for a position
the following year and sough his advice. Having gonethrough the standard
list of university departments Walter asked me \Have you thought about
Bell Labs?". | answered \What's that?". He then told me about the Bell
Labs theory group where he and Quin Luttinger had spent so many fruitful
summers,and concluded\l think you should de nitely apply there. Spending
a year or two at Bell Labs will do you a lot of good, it will professionalize
you".

As it turned out | followed Walter's advice and went there for one more
postdoc, which turned into a job lasting 30.5 yearsto the day. To my own
surprise | found Bell Labs to be the right mix of \professionalism" and scien-
tic freedomand | am grateful to Walter for having steeredme to that great
institution.

My scierti ¢ interestsdid not remain with electronicstructure sol watched
the developmert of Density Functional Theory as an admiring outsider, ob-
serving how Walter steeredit forward with persistenceand vision. An inci-
dent | remenber clearly occurred when | sav Walter sometime in the mid-
eighties and he was reporting to me on the progressof \our baby". He said to
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me \Things are heating up. The chemists have nally caugh on". Prophetic
words.

After Paris | next cameinto closecontact with Walter in 1980 when he
invited Jim Langerand meto organizeareseard program at the newly opened
Institute for Theoretical Physics in Sarta Barbara, whose director he had
just become.Jim and | accepted his invitation and \P attern Formation in
Nonequilibrium Systems"becamethe rst full-°edged researt program of the
new institute, attracting sciertists from many certers throughout the world
and from many “elds inside and outside of physics. For Jim Langer, who had
beena colleagueof Walter's at \Carnegie Ted" early in his career, this visit
presageda move to Sarta Barbara, where he eventually becamethe director
of the Institute. For me the year spert in Sarta Barbara marked a shift in
scierti ¢ interestto the "eld of nonequilibrium physicsand pattern formation,
an interest that has persistedfor many years.My connectionto the Institute
alsoremainsto this day. | have visited many times, participated in conferences
and researt programs and was a member and chair of its Scierti ¢ Advisory
Board.

The wonderful newsof Walter's Nobel Prize held special signi cance for Lu
Shamand me sincewe werehis junior collaborators and co-authorson the two
seminal papers cited by the Nobel Committee. Walter did us both the honor
of inviting usto join him and his family in Stockholm for the prize ceremory,
along with Bob Parr (University of North Carolina) a long-time friend and
colleague.Unfortunately, health problems preverted Lu from attending and
he was sorely missed.The pagearry of this greatestof all scierti ¢ rituals and
the opportunity to participate publicly in honoring a mentor and friend were
truly unforgettable experiencesfor which | will always be grateful to Walter.

Someyearsago | decidedon a drastic change of professionalorientation,
abandoningthe quiet life of a researd sciertist for that of a university admin-
istrator. In preparing for this changel assenbled a list of personalreferences
and | asked Walter if he would be willing to write on my behalf, sincehe had
knowledge of my organizational abilities from my work at the ITP. Walter's
immediate reaction was\Don't doit! I've seenbetter men than you trampled
underfoot and completely destroyed by university administration”. In this one
casel did not heedWalter's advice; | did not ignoreiit, | just decided other-
wise. After nearly eight yearsasDeputy Provost for Scienceand Technology at
Yale University | will not say that | regret my decision,but | will atrm that |
understand more fully what Walter was talking about! As | now contemplate
re-ertering the world of scienceand facing the prospect of formal retirement |
look to Walter as a shining example of intellectual vigor and generalwisdom.
| eagerly await his next piece of good advice.

Ab out the Author : Pierre Hohenbergis currently the Deputy Provost for Science
and Tednology at Yale Univ ersity, where he overseesthe physical, engineering and
biological sciences.He also acts as the chief researd oxcer for the university. His
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researd hasranged over electronic structure, theory of superconductivit y and super-
°uidit y, the study of critical phenomenaand phasetransitions (especially dynamics),
and pattern formation and chaosin spatially extended nonequilibrium systems.Ho-
henberg spent the bulk of his researd career at Bell Laboratories, from which he
departed in 1995 to take up his current position. Contact: Departmet of Applied
Physics, Yale Univ ersity, New Haven, CT 06520,U.S.A.; pierre.hohenberg@yale.edu
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N. David Mermin

Cornell University, Ithaca, U.S.A.

Just 40 years ago | was applying for academic positions from Birmingham
England where | was nishing two postdoctoral yearsin Rudi Peierls' won-
derful department. In those early post-sputnik halcyon days you then applied
for assistant professorshipsand collected the o®ersthat camein by return
mail. (I exaggerateonly slightly.) Peierlshad suggestedthat | sendsudc a let-
ter to Walter Kohn, who disappointingly o®eredonly a two-year postdoc. But
I had never beento California and Peierls clearly had a high regard for the
man, so this otherwise noncompetitiv e proposition was still very tempting. |
asked the people at Cornell, who did comethrough with a faculty position,
whether | could deferit for two yearsto do a postdoc in La Jolla. Two, they
said, wastoo many but onewould be OK. Walter said onewas ne with him,
soin August 19631 showved up in La Jolla.

Walter was not there. He was nishing a sabbatical in Paris. But there
were se\eral other terri ¢ postdocs (Vittorio Celli, Bob Gritths, Lu Sham),
the Physics Department was still located right on the bead, Dorothy and |
found a fantastic housein Del Mar on a cli® overlooking the Paci ¢ for $128
a month, and life was good. (I had written a letter from Birmingham to an
acquaintance from collegewho wasthen a postdoc in La Jolla, askingwhat it
was like there. All | remenber from his reply was\V olley ball is standard on
the bead at noon.")

Eventually the momert of truth arrived. The bossreturned. The holiday
threatened to end. Walter invited me to his oxce to say hello. It wasimme-
diately clear that this was a very kind, charming, witty man. After we had
exdchanged pleasariries, he told me about a little theorem he and Pierre Ho-
henberg had provedbadk in Paris. The proof wasone of those clever three-line
argumerts that wouldn't have occurred to me if | had thought about it for
a hundred years, but was utterly simple and transparent when Walter laid it
out in front of me.

He asked meto think about how to generalizethe theorem from the ground
state to thermal equilibrium. | returned to my o+ce to considerit and quickly
realizedthat a strange variational principle for the free energythat | had for-
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mulated in Birmingham for an utterly unrelated purpose,seemedto be tailor
made for generalizingthe Hoherberg-Kohn theorem to non-zerotemperature.
It took me lessthan an hour to ched that their proof did indeed go through
in exactly the sameway if the ground state variational principle they used
was replacedwith my thermal equilibrium variational principle.

Sol went badk to Walter's otce and knocked on the door. Here's how you
doit, | said. He seemedsomewhattaken abad by this and beforel| got very
far into my explanation he kindly o®eredto explain again what the problem
actually was that he wanted me to work on. He treated me to his beautiful
and transparent argumert again. | said yes,that waswhat | had understood
the argumert to be (he really had explained it very well the rst time) and
my point wasthat it worked just aswell when the temperature was not zero
if you usedthis variational principle | was trying to tell him about. He was
deeply skeptical. Slowly it beganto dawn on me that this wasthe problem he
had hired me to spend the year working on.

It took me a day to corvince him that | had indeed answered his question.
Then he was very pleasedand |, needlessto say, was ecstatic. Throughout
childhood | wasthe last to be picked when baseballteamswere being formed.
| could never get my bat to make contact with the ball. But one day, by sheer
chance, | got the bat in the right place at the right time and the ball went
sailing over the headsof the out elders. | must have beenten yearsold. It
was a magical momert. Now | was 28, at the beginning of my career,and it
had happenedto me again. Never in the forty years of professionallife that
followed did | ever again have as glorious an experience.

Sincel had nished the year'swork, Walter encouragedme to think about
whatever | felt like thinking about { pelicans, whales, body surng, physics.
We becamegood friends. As we said goodbye at the end of the year he said,
\By the way, when you get to Cornell, write up that theorem. Someday it
may be important.”

Frankly, | wasn't so sure. But | did feel he ought to get something out
of having maintained me in that semi-tropical paradisefor a whole year, sol
dutifully wrote a very short paper in Ithaca. On the occasionof writing this
memoir | subjected my Hoherberg-Kohn Corollary to a citation seard. The
“rst decadeafter it appeared(1965-74)bearsout my doubts. The number of
citations per year ranged from 0 to 2, most of them traceable badk to Walter
and his collaborators. Then, ever so slowly, Walter's \some day" started to
dawn. During the next six years(1975-1980)annual citations varied between
3 and 7. Between 1981 and 1993 there were between 17 and 23 citations per
year (except for a 12 in 1982). And from 1994 to 2002 (with the Nobel year
1998 smad in the middle) there were never lessthan 28 and as many as 40.
It may now be my secondmost cited paper. Not bad for an hour's work! In
19981 realized that it had also becamemy secondpublication in the "eld of
chemistry.

Honesty compels me to acknowledge that Walter has a di®eren view of
this history. He maintains that it took me 24 hours, not just one, to do his
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postdoctoral project. Although his ability to recall anciert everts is normally
phenomenal,in this casel am rather surethat doing the job took an hour; it
took me the other 23 to corvince him that | really had doneit.

Walter was not only directly responsible for my "nest hour, but he was
alsopresert at my nest half-hour, a quarter of a certury later. In 19891 gave
a lecture in St. Louis on quantum nonlocality at a March APS meeting with
the nonstandard title \Can You Help the Mets by Watching on TV?" To my
amazemenm and the astonishmen of seeral of my friends, 2000peopleshowved
up. (It wasin a hotel ballroom but there was standing room only.) Among
them, to my surprise and delight, was Walter, who had watched, bemused,
as my interest in foundations of quantum medanics slowly developed during
the 1980's.Every time | met him during those yearshe'd want to know just
what it was that bothered me about good old quantum mechanics. He was
always very nice about it, saying he just didn't getit { what exactly wasthe
problem?I knew that deepin his heart, though he wasmuch too kind to come
out with it directly, he didn't really think this wasa 't preoccupation for one
who had once been capable of doing a year's work in a day. (No, Walter, in
an hour!)

After a wild half-hour talk and an even wilder question period, Walter
made his way through clusters of “ercely arguing peopleup to the podium to
say hello. He shook my hand warmly, beamedhis wonderful smile at me, and
said \I still don't getit."

| cannot claim to have beenpresert at any of Walter's "nest momerts, but
| wasthere for two quite ne ones.The rst was his 60th birthday celebration
in Sarta Barbara, twenty years ago. Vinay Ambegaolar and | sanga long
song,setting his CV to musicin the form of a well-known Gilb ert and Sullivan
number. The banquet audience,provided with copiesof the words, served as
chorus. Well do | remenber the voice of Pierre Hoherberg, who sered as
master of ceremonies ustily belting it out.

Unfortunately Vinay and | have both lost the text, and when | wrote
Walter a few yearsago asking for a copy of the copy | gave him, he had to
confesgthat he couldn't "nd it either. [If any readersof this memoir have kept
their libretti, pleasedo sendme a copy!] | have wracked my brain to recreate
the words for this occasion,but my brain has fought badk and all | can o®er
for this 80th birthday Festsdirift are fragmerts. The recurrent refrain was
\Now | am director of the ITP" sothe whole businesswould not work, now
that it has becomethe KITP .

I canrecollectthe opening verse,which celebratedWalter's very “rst pub-
lication:

When | wasa lad | thought a lot

About the heavy and symmetric top.

I thought so much they published me

In the 'Merican Mathematical Scciety::: .
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But asidefrom that | remember only the verseon Kohn anomalies,the second
line of which was inspired by a wonderful phrasefrom Walter's paper:

Amongst the phonons| could see

The image of the surfaceof the Fermi sea!
[Chorus:] Amongst the phononswho but he
Could dare to seethe image of the Fermi sea?

After the performanceWalter remarked that he had always beenquite proud
of that line, as indeed he should be. | have always admired him as a prose
stylist as much as| admire him as a physicist { whoops, chemist!

| wasalsopresen, alongwith about v ethousand others, at Walter's meet-
ing with Pope John Paul that he spoke about so movingly in a subsequen
talk at Sarta Barbaral. To appreciate the momert from my perspective you
have to know the old joke about Louie:

Louie knew everybody. \There ain't nobody | don't know," he
boasted. \C'mon," said Al, \y ou don't know the Pope." \W ant to
bet?" said Louie. So o® they °ew to Rome, where we nd them
standing amidst a huge throng in Piazza San Pietro, waiting for the
papal blessing.Peoplein the crowd who walk past them are saying
\Hi Louie," \Wie geh's? Louie," \Ciao, Louie," etc. \Stay here,"
says Louie to Al, and disappears into the crowd. Sometime later
the SwissGuard appear on the steps, there's a fanfare of trump ets,
and out comesthe Pope onto the balcony of St. Peters, arm in arm
with Louie! An enormouscheergoesup from the crowd and a monk,
standing near Al, turns to him and shoutsover the roar, \Who's that
guy up there with Louie?"

At the end of a weekof sixty simultaneousconferencesn all areasof human
knowledge, in celebration of the Jubilee Year 2000, there was a nal super-
plenary sessionat the Vatican. A group of us walked there from our hotel
and just as we came upon an enormous array of outdoor tables alongside
St. Peter's, loaded with "v e thousand little plastic cups of espresso(\With
the compliments of His Holiness") we noticed that Walter had disappeared.
There were rumors that he had been siphoned o® for something special, but
nobody knew for sure. The rest of us were conductedto seats fteen or twenty
rows badk from the stagein an auditorium that mademy ballroomin St. Louis
look like an intimate seminar room. After a couple of hours of inspirational
warm-ups, His Holiness appeared on the stage, listened to four people eath
give a one minute summary of 15 conferencesand then gave someremarks of
his own to put it all into perspective.

! (seehttp://mww.srhe.ucsb.edu/lectures/text/k  ohnText.html)
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That being done, a couple of dozen cardinals formed a line in the certral
aisle and one by one walked up onto the stageand, kneeling before the Pope,
kissedthe ring and were blessed.They were followed by an even larger collec-
tion of Archbishops,who were followed by an endlessstring of Bishops. Then
the laity joined the processionand suddenly we noticed the bad of a famil-
iar head slowly approading the stage.Could it be our missing Walter? What
would he do? Nervously we awaited the meeting. Yes,it wasWalter! When the
time arriv ed, standing beforethe Pope, he shook the hand and launched into
what, in comparisonto the precedingbrief encourters, could only be called a
little chat. At this precisemomert Giovanni Bachelet, a native Roman, who
had encouragedse\eral of us, including Walter, to participate in this extraor-
dinary weekand who had made it clear to us that he was a devout menmber
of the Church, called out to me acrossse\eral aisles:\David, who's that guy
up there with Walter?"

My mind has just favored me with the nal set of versesfrom our 60"
birthday song. They were delivered in the form of an encore after everyone
thought it wasall over, and they make an appropriately festive note on which
to end this 80" birthday o®ering:

Happy Birthday, Walter Kohn;

| bet you thought our little songwas done,
But like your own career,you see,

It turns about most unexpectedly:

From a lad with a top you have grown to be
The Founding Director of the ITP.

[Chorus:] That boy with a top hasgoneon to be
The one and only leader of the ITP.

Were the party today, | would changethe nal line to

A certi ed Practitioner of Chemistry.

Ab out the Author : N. David Mermin is a professor of physics at Cornell Uni-
versity, a member and former director of Cornell's Laboratory of Atomic and
Solid State Physics, and a founding member of Cornell's Faculty of Computa-
tion and Information. He has done researd in statistical physics, low temper-
ature physics, mathematical crystallography, and foundations of quantum me-
chanics. He is currently interested in the theory of quantum computation and
its implications for quantum foundational issues. Contact: Physics Department,
Clark Hall, Cornell University, Ithaca, NY 14853-2501,U.S.A.; ndm4@cornell.edu;
www.lassp.cornell.edu/lassp_data/NMermin.h tml
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The Bonding of Quantum Physics with
Quantum Chemistry

Robert G. Parr

University of North Carolina, Chapel Hill, U.S.A.

The bond that developed betweenquantum physics and quantum chemistry,
that led to the award of a big chemistry prize to the physicist Walter Kohn
in 1998, developed not without trial. Herel give an accourt of it. An elemen
in this bond has beena friendship betweenWalter Kohn and me. My having
reached 80 rst, he hasalready kindly spoken of this®. Now it is my turn.

In the 20sand early 30sthere was a °ush of successein establishing the
ability of quantum medanics to describe the simplest moleculesaccurately:
the Born-Oppenheimer approximation, the nature of chemical bonding, and
the fundamentals of molecular spectroscoyy. But then the quartitativ e theory
of molecular structure, which we call quantum chemistry, was stymied, by the
di+cult y of solving the SchrAdinger equation for molecules.The senior chemi-
cal physicists of the 30spronouncedthe problem unsolvable. But the younger
theoreticians in the period coming out of WWI | thought otherwise. Clearly
one could make substartial progresstoward the goal of complete solution, be-
causethe equation to solve was known and had a simple universal structure.
The boundary conditions too were known. It would not be aseasyashandling
anin nite periodic solid, but a number of us setto work. The special demand
of chemistry was to quartify very small molecular changes.Successesame
slowly, but with the developmert of computersand alot of careful, clever work,
by the 90sthe quantitativ e problem was essetially solved. The emergen hero
of the chemical community was John Pople, whose systematic strategy and
timely method developmerts were decisive. The methods of what is termed
\ab initio" quantum chemistry becameavailable and usedeverywhere.

Over the yearsthe quantum chemists did a lot more than gradually im-
prove their ability to calculate wavefunctions and energiesfrom SchrAdinger's
equation. All the while they have served molecular spectroscopy, physical in-
organic chemistry, and physical organic chemistry. Relevant for the presen
story wasthe developmert by Per-Olov LAwdin in 19550f the density matrix

1 W. Kohn. In: Reviews of Modern Quantum Chemistry. (Ed.) K.D. Sen.Vol. |, 11,
World Scierti ¢, Singapore 2002, pp. V-vii
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reduction of the Schradinger equation, especially the identi cation and math-
ematical physics of natural spin orbitals and their occupation numbers. The
hope was, although hope °oundered, that the ScrAdinger problem could be
resolved in terms of the “rst- and second-orderdensity matrices. Foundering
camebecauseof the ditcult y of incorporating the Pauli principle.

Beginning way bad in the 20s, Thomas and Fermi had put forward a
theory using just the diagonal elemert of the rst-order density matrix, the
electron density itself. This so-calledstatistical theory totally failed for chem-
istry becauset could not accoun for the existenceof molecules.Nevertheless,
in 1968, after years of doing wonders with various free-electron-like descrip-
tions of molecular electron distributions, the physicist John Platt wrote? \W e
must nd an equation for, or a way of computing directly, total electron den-
sity." [This wasvery soon after Hoherberg and Kohn, but Platt certainly was
not aware of HK; by that time he had left physics.]

From the end of the 40s,| wasa happy participant in most of thesethings,
ab initio and the rest, although from about 19721 becamepretty much an
obsener. We plunged into density-functional theory.

DFT soon intoxicated me. There were the magni cient Hoherberg-Kohn
and Kohn-Sham 1964-65papers. The Xalpha method of John Slater was pop-
ular in those days, but it was not suzcient for the high accuracy needed.
And | was much taken by the work of Walter Kohn, whom | had known
since 1951. There were many things to do: Improve upon the LDA to reach
the accuracy neededfor chemical applications. Shift the emphasison xed,
very large electron number toward variable, small nhumber, since that most
concernschemistry. Enlarge the languageto include chemical as well as solid-
state concepts. Introduce into DFT, as appropriate, some of the theoretical
advancesalready made within quantum chemistry. All of these things sub-
sequetly cameabout. The methods and conceptsof DFT becameavailable
and usedthroughout the chemical community.

I had beenon the faculty of CarnegielInstitute of Tednology for a couple
of yearswhen Walter Kohn arrived in 1951.1 was aware from the beginning
of the strength of physics at Carnegie, especially solid state physics. Fred
Seitz was the Head when | arrived, and several other solid state experts also
werethere. | bought Seitz's great book for $6.38and browsedin it, noting in
particular the ne description of the Hartree-Fock method (but not "nding
any treatment of the invariance to unitary tranformation of orbitals that is
soimportant for understanding the equivalenceof localized and non-localized
descriptions of molecules).| enjoyed pleasart interactions with a number of
the physicists. Soon after Kohn arrived| had two physicist postdocs, Tadashi
Arai from Japan and Fausto Fumi from Italy, who becameacquainted with
him. On the thesis examination committee of Walter's graduate student Sy
Vosko, | learnedthat it wasokay to usetrial wavefunctionswith discortin uous

2 John R. Platt, letter to RGP, dated October 23, 1968
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Pierre Hohenberg, Walter Kohn, and Robert Parr in Stockholm, Decenmber 1999
(photo: P. Hohenberg)

derivatives.| was pleasedto attend an evening party at the Kohns, and | was
disappointed when Walter left Carnegiefor elsewhere.

| do not recall when | rst heard of the Hoherberg{Kohn{Sham papers,
but | do know that the quantum chemistry community at rst paid little at-
tention to them. In June of 1966 Lu Sham spoke about DFT at a Gordon
Conference.But in those days there was more discussionabout another pre-
scripion that had beenon the scenesince1951,the Slater Xa method. The Xa
method was a well-de ned, substartial improvemert over the Thomas-Fermi
method, a sensibleapproximation to exact Kohn-Sham. Debate over Xa went
on for a number of years. Slater may never have recognizedDFT asthe major
contribution to physicsthat it was.[When | asked John Connolly "v e or six
yearsago how he thought Slater had viewed DFT, he replied that he felt that
Slater regardedit as\obvious".]

Walter Kohn's appearanceat the Boulder Theoretical Chemistry Confer-
enceof 1975was memorable.On June 24 he preserted a formal talk, in which
he outlined DFT to the assenblage of skeptical chemists. There were many
sharp questions and a shortage of time, so the chair of the conferencede-
cided to schedule a special sessionfor the afternoon of June 26. With quite a
crowd for an informal extra sessionlike this, Walter held forth on his proof.
In his hand he held a reprint of the HK paper, from which he quietly read as
he slowly proceeded:\ ...and now we say ...". The audiencesobered down
quickly. It was a triumph. The interest of quantum chemistsin DFT began
to grow at about this time.

Our group began cortributing to DFT in the 1970s.In someof our rst
work, my graduate student Robert Donnelly generalizedthe original idea to
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functionals of the “rst-order density matrix. In 19771 described the certral
result at Walter Kohn's luncheon seminarin San Diego: All natural orbitals
with non-zero occupation numbers have the same chemical potential. Dis-
cussingthis with Walter at the blackboard afterwards, | remenber his saying
\This must be correct". [Walter himself recertly recalledthis incident.] First-
order density matrix functional theory is receiving fresh attention nowadays.

As we ourselves kept plugging along, the quantum chemical community
largely was negative about DFT, ewven antagonistic. Their \house journal"
International Journal of Quantum Chemistry, in 1980 published a pointed
criticism of it3: \There seemsto be a misguided belief that a one-particle
density can determine the exact N-body ground state". In 1982Mel Levy and
John Perdewreplied with a letter that was both incisive and eloquert: \The
belief is de nitely not misquided". Yet, in the sameissueof IJQC, the editors
called for further discussionof the \controversial* subject®. It was going to
be awhile before quantum chemists were corvinced.

Over the period 1979{1982,Mel Levy supplied a major advance with in-
troduction and careful discussionof the constrained seard formulation of
density functional theory . This greatly heightened con dence in the theory
(and it still does!). Then in 1983 cameeElliott Lieb's masterly detailed analy-
sis, which validated DFT as rigorous mathematical physics.[Oncein the 70s
| asked Barry Simon, the mathematician who with Lieb had done a famous
rigorous analysis of the Thomas-Fermi theory, what his opinion was of DFT.
\It may be good physics", he said, \but it is not good mathematics". Lieb's
paper signaledthe end of the period of doubt about DFT. The spacefor fur-
ther developmert was now wide open and the interest of chemists beganto
accelerate.

What computational chemists wanted above all else was calculational
methods for molecules,and the LDA just was not enough. The needfor more
accurate exchange-correlation functionals was met in the 80s, with an accu-
racy that has proved quite good enoughfor the times. The Nobel award in
1998, one may point out, was speci cally designatedto be a prize for com-
putational chemistry. Well, good, and immensely desened in my opinion. |
note, however, that there is another whole side of DFT which has concerned
and still concernsmany of us, the \conceptual" side. This sideis rich in po-
tential, and it is not without accomplishmen. The conceptsof DFT neatly
tie into older chemical reasoning,and they are useful for discussingmolecules
in course of reaction as well as for moleculesin isolation. Where solid-state
physicshas Fermi energy chemical potential, band gap, density of states, and
local density of states, quantum chemistry has ionization potential, electron

% International Journal of Quantum Chemistry 18, 1029-1035(1980)

4 M. Levy and J.P. Perdew, International Journal of Quantum Chemistry 21, 511
(1982)

® International Journal of Quantum Chemistry 21, 357 (1982)
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a+nit y, hardness,softness,and local softness.Much moretoo. DFT is a single
languagethat coversatoms, molecules,clusters, surfaces,and solids.

Robert Parr and Walter Kohn with a Geishain Kyoto, mid 1990s

Walter Kohn hasbeena great help to many sciertists over many years,an
expert consultant and helpmate and a ne, unobtrusive, even-handedhost of
good meetingsin lovely places.We thank him. In recert yearsl have discussed
with him (among other things), circulant orbitals, the monotonic density the-
orem, and the information theory point of view on what constitutes an atom
in a molecule), the latter during a stolen few minutes in a Stockholm hotel in
Decenber of 199%. Walter may or may not \lik e" chemistry”, and he claims
not to have studied chemistry in the university. But what doesonecall a great
teacher of chemical principles? | would say, CHEMIST, full caps.

Ab out the Author : Robert Parr is Distinguished Professorin the Department of
Chemistry, University of North Carolina. Author (with Weitao Yang) of Density-
Functional Theory of Atoms and Molecules (Oxford), he has been doing researh
in quantum chemistry contin uously since the late 1940s. Contact: Department of
Chemistry, University of North Carolina, Chapel Hill, N.C. 27599-3290,U.S.A.;
rgparr@email.unc.edu

® RGP was delighted to be Walter Kohn's guest. Seephotograph on page 221) and
P. Hohenberg, this volume, p. 120
" E. Eliel, This volume, p. 79
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Happ y Birthda y, Walter

Lu J. Sham

Univ ersity of California, San Diego, U.S.A.

\Birthda ys are good for you, Mr. Wilson. The more you have, the longer you
live."
| Dennisthe Menace,by Hank Ketcham, Jan. 20, 2003.

To the calls for contributions to this book to celebrate Walter Kohn's
eightieth birthday, there will be an outpouring of fond good wishes,as there
were for his sixtieth birthday and his sewerty Tth. Walter treats his work
colleaguesasfriends and family. Walter considersQuin Luttinger, alongtime
collaborator, one of his best friends. When | was his postdoc in La Jolla
(1963{66), he introduced the students of Quin Luttinger to me as cousins.
T.V. Ramankrishnan was one who comesto mind. Indeed, from Walter's
legion of collaborators, postdocs and studerts, | have made many friends,
with Pierre Hoherberg, Norton Lang, Vinay Ambegaolar, Bill Butler (some
of whom would no doubt have their own say in this book), even though we
do not meet often.

Besideshis renowned work on density functional theory, Walter Kohn has
made many fundamental cortributions to solid state physics. With Quin Lut-
tinger, he provided a method for computing the properties of chargecarriersin
semiconductorswhich is usedto this day. His theory of the shallow donor was
recerly celebratedsinceimpurities are of coursethe lifeblood of semiconduc-
tor devices.He treated the extra electronin a semiconductorasthe (N+1)th
electron with interaction in the many-body systemand showed that it could
be treated as a single particle with some\renormalized" properties, so that
the other N electronscould be put out of mind. This argumert becomesrel-
evant again recertly when it was challengedwhether the semiconductorwith
its gazillions of electronscould be usedfor quantum computing or information
purposes.From the sameline of researd camealsothe \Kohn Theorem" that
the electroninteraction doesnot enter into cyclotron motion (in the senseof a
rotation of the system). This alsocomesto prominent considerationfor recern
experiments in micro- and nano-structures.
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Walter and Quin also attacked the basic problem of the day, to prove
the existenceof the Fermi surface.He told me that they failed. Actually, on
closer examination of their work, they showed that at very, very low tem-
peratures, pure electron-electron interaction could induce superconductivity
which meart that the Fermi surfacecould not be a ground state property.

Then there is what in polite compary is known as the Kohn e®ectin
lattice vibrations of metals. Kohn gave a characteristically simple but elegart
argumert that the electron responseto the lattice vibration would changeas
the excited electron momertum increaseexceedsthe Fermi surface diameter.
At rst the experiment could be made to show the Kohn e®ectonly if one
examinedthe atom-atom interaction asa function of the distanceto interpret
the Kohn e®ectas a Fourier transform of the Friedel oscillations. As gquasi-
one and two dimensional metals becamereality, the Kohn e®ectappeared
directly in neutron measuremets. In Walter's group in La Jolla in the sixties
and seenties, the Kohn e®ectwas always referred to as the Kohn anomaly
accompaniedby a big smile, for the thought of another Kohn anomaly was so
impossible. (Really? Read on!)

With the founding chairman Keith Bruckner, Walter Kohn built the
Physics Department at University of California at San Diego into a well-
known onein a short time. | got a senseof this achievemert from the victims
of his raids of talent. In the eighties, our department recruited in succession
three physicistsfrom Bell Laboratories, Duncan Haldane, Cli® Surko, and Bob
Dynes. Then | usedto spend summersat Bell. One summer when | shoved
up, there was a clamor in the tearoom to give me a red escort badge, which
meart that | had to be accompaniedeverywhere, including the bathroom.
Peoplewere upset becauseCharles Tu had just left for San Diego also. | was
then a deanbut | had nothing to do with someof theserecruitments. A friend
who was at Bell sincethe fties explainedthat peoplethought it wasdeja vu
from the “fties, when after every summer visit by Walter Kohn, someone
would move to La Jolla: Berndt Matthias, GeorgeFeher, Harry Suhl.

Walter has a larger e®ecton the San Diego campus. He was the driving
force behind the start of the Judaic studies with an endowed chair. He was
instrumental in setting up rules and regulations on the young campus. Right
after heleft in the late sewerties for Sarta Barbara asthe founding director of
the Institute for Theoretical Physics, | was chair of the Committee of Educa-
tional Policy at the San Diego campus.Every time (surprisingly frequert) the
committee got embroiled in somehot campuseducational a®air, the supremely
capableLynn Harris would dig up a memofrom the fties which seta sensible
preceden on what to do. The signature at the bottom of the memowould be
the familiar °ourish of Walter Kohn, chair, CEP.

Walter had a great interest in Jewish history. When we werein Krak ow for
a conferencein June 1994, we wernt to visit a famous historic Jewish quarter
north of the city. Walter gave my wife Georgina and me a detailed and de-
lightful tour of the synagogue We endedup having tea in a book store in the
quarter (seephoto on page 33). Upon Walter's recommendation, we bought
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a beautiful picture book, \Journeys to the Promised Land". The book was
put together in Israel, published in London, and printed and bound in Hong
Kong.

Walter is interested in politics. He is one of the few people | know who
actually act on his belief. He is, for example, active in preserting argumerts
to persuadethe regerts of the University of California to discortinue manage-
mernt of the nation's weapons laboratories. About ten years ago, during my
sabbatical leave in Sarta Barbara, Georginaand | wereinvited by Walter to
lunch at homewith a few friends (which meart seweral tables in the garden).
Mara was out of town and so Walter proudly announcedthat he would take
care of lunch. Everything was going swimmingly until the main course.The
subject of the regerts approval of the next cortract on the national labora-
tory managemem cameup at our table. Incautiously | said that | thought the
contact of lab personnelwith the academicfaculty wasa good point of having
the University managing the labs. Whereupon Walter audibly organized his
thoughts and marshaled his facts and proceededto treat us with a fact- Tled
and carefully analyzedaccourt of why the University should have nothing to
do with the weaponslabs. By that time, all the other tables were waiting for
the next courseand Georgina was throwing looks at me which were not, as
one comedianput it, the looks for which | married her. Walter calmly stood
up and announcedthat he would serve a delicious (with a deprecating char-
acteristic sound somewherebetweena giggle and a laugh) dessertright after
he "nished this important lecture (dead earnestbut the exact words are lost
in the fog of history) to Lu.

Everyonewho knows Walter must know the carewith which he speaks.He
is an interesting raconteur. But few peoplewithout personalexperiencewould
believe that he is a daredevil in sports. The “rst inkling camewith a phone
call from the hospital around March, 1965. Walter asked me if | could take
his place for an invited talk (the “rst one on the density functional theory)
at the March Meeting of the American Physical Scciety. He had broken his
shoulderin seweral placesin a bad fall while skiing. Sincehe wasknown asan
excellert skier, | pressedfor details. Well, on the wide slope in June mountain,
he sav a man going straight down without traversing, °ying over the moguls
gracefully. That reminded him of his youth in Austria where he usedto build
ramps by hand for ski jumps. So Walter decidedto follow suit. Oh yeah, he
broke his leg the time in Austria too.

One summerin La Jolla after a storm, the wind was sti® and the surf was
high. The surfersrushedto the bead. And Walter invited me to try out his
new sail sh. (To this day, | do not know if the weather and the invitation were
connectedor not.) Both families cameto Kellogg's beat. Marilyn (his eldest
daughter) joined us sailing. We swam the sail sh over the surf with a little
dixcult y. The sti® wind did propel the sail of the supersizedsurf board rather
nicely until a squall wiped us out (capsizedthe boat). After vain attempt at
righting the sail, we started pushing the sail sh towards shore. The sail sh
wasripp ed o®our handsby the heavy surf and we had to swim past the rough
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stu®to reach land. We all sprawled on the sand while a lifequard stood over
us listing all the dangerousacts we committed. As | dozed o®, he was saying
that, for starters, the sail sh was built for two .. ..

There wasthe triumph of the soccermatch at the rst picnic of the physics
department. The graduate students challengedthe faculty to games.Soa soc-
cer and a baseball match were negotiated. The faculty was small and press-
gangedthe postdocsinto service. The faculty members were very good soc-
cer players. | wasin the bad eld with nothing much to do except admiring
theseold men (old is relative as| now nd out), especially Walter Kohn and
George Feher, running circles around the students. They seemedto have a
simple strategy. They simply kick the soccer ball above the ground but with
an arm's reac of the students. The graduate students grew up mostly playing
American football in which no players excepta designatedone are allowed to
kick the ball. Sothey instinctiv ely reached out to bat the ball down. The fac-
ulty side won with the advantage of a rash of penalty goals. Then they were
too tired to play baseball, which was just as well, from the point of view of
preserving the soccer victory.

With thesereminiscences] wish Walter a happy birthday and many happy
returns.

Ab out the Author :Lu J. Shamis a condensedmatter theorist, currently a profes-
sor of physics at the University of California, San Diego. He was fortunate to have
beentaught by Harry Jones(Imp erial College, London), John Ziman, Volker Heine,
Phil Anderson, Jim Phillips, David Thouless, and Neville Mott (at Cambridge), and
Walter Kohn (La Jolla). He is having great fun working with a bunch of collabo-
rators on quantum computing and on spintronics. Contact: Department of Physics,
Univ ersity of California at San Diego, 9500 Gilman Driv e, La Jolla, CA 92093-0319,
U.S.A.; Isham@ucsd.edu;physics.ucsd.edu/ ljssst/ljs.h tml
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Walter Kohn's In°uence on One Engineer

Matthew Tirrell

Univ ersity of California, Santa Barbara, U.S.A.

My “rst personal encourter with Walter was a rather distant one, in fact
one that Walter was not even directly aware of, but one that was the rst
step on a path that had a profound and direct e®ecton the course of my
own career.Iln 1982,the Institute for Theoretical Physicsat UCSB organized
a major workshop on Polymer Dynamics (I still have the t-shirt). | was ve
yearsbeyond my Ph.D. that year,arecenly tenured assaiate professorat the
University of Minnesota, and deeplyinvolved in researd on polymer di®usion
in entangled polymer °uids. The ITP workshop included participation and
remarks by Walter both on the "eld of the workshop and on the general
nature of ITP.

I remenber Walter as not only being engagedin the in the workshop
but also being, then as now, regardedwith exceptional respect and collegial-
ity, among a very distinguished group of soft condensedmatter physicists,
peppered with the occasionalengineer.l am sure that the openness,indeed
proactive inclusivenesswhich has characterized ITP's approad to disciplines
other than physics from the beginning, is due in no small part to Walter
Kohn's ecumenicalview of science.

Not only wasthat workshopan exciting and stimulating boostto my career
and the researd directions | was pursuing at the time but it wasthe de nite
beginning of a seriesof interactions | had with the University of California,
Sarta Barbara, culminating sewenteen years later and four years ago in my
permanertly joining the faculty of UCSB. This initial encourter with UCSB,
via the ITP led by Walter, wasfollowed three yearslater by an o®erto join the
UCSB faculty of chemical engineering.The Collegeof Engineeringin 1985was
led by Robert Mehrabian, an incredibly dynamic and persuasiwe leader,who is
arguably the individual most responsible for leading UCSB to preeminencein
materials researd. Nevertheless,| declined the o®er.Howewer, the "ne early
impressions gained through the experience of considering this opportunity,
coupled with my early ITP exposure, created a very strong base of atnit y
and admiration for UCSB in me.
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Twice more,in 1989,and againin 1994,1 returned to ITP for amonth or so
ead time to participate in programson polymer and biomolecular physics. In
the intervening years, my own researt interests turned more toward surface
properties of macromolecules.One of seweral lines we pursued in this area,
in collaboration with Arup Chakraborty (now chair of chemical engineering
at U.C. Berkeley) and Ted Davis (now dean at Minnesota), was attempting
to understand the chemistry, both macromolecularand electronic structural,
of polymer adhesionto solid surfaces.Density functional theory proved to
be a powerful tool to give insight into the nature of chemical bonding at
polymer-solid interfaces. A seriesof publications in the late 1980'sand early
1990'swith this set of collaborators shaved, for example, how common polar
functionalities, sucd ascarbonyl groups, play the key role in creating chemical
bonds at many interfacesof practical importance. This 'nding is one of many
examplesof why and how engineershave been enabled to tackle important
practical problem via tools that Walter and his work have provided.

This chain of interactions with UCSB, all routed in organizations and
scieni ¢ innovations led by Walter Kohn, led me steadily and, in retrospect,
rather relentlessly to acceptancein 1999 of o®er of the position of dean in
the College of Engineering at UCSB. The collegiality and interdisciplinarit y
instilled early in the ITP under Walter's leadershipremain a hallmark, in fact,
de ning characteristic of UCSB's approach to researt. All of usat UCSB owe
Walter a great debt for his scierti ¢ leadershipand also for his example as a
creative, inspirational colleague.

Ab out the Author : Matthew Tirrell received his undergraduate education in
Chemical Engineering at North western Univ ersity and his Ph.D. in 1977in Polymer
Sciencefrom the Univ ersity of Massadwusetts. He is currently Dean of the College of
Engineering at the University of California, Sarta Barbara. From 1977 to 1999 he
was on the faculty of Chemical Engineering and Materials Scienceat the Univ ersity
of Minnesota, where he served as head of the department from 1995to 1999. His
researd hasbeenin polymer surface properties including adsorption, adhesion, sur-
face treatment, friction, lubrication and biocompatibilt y. He has co-authored about
250 papers and one book and has supervised about 60 Ph.D. students. Professor Tir-
rell hasbeena Sloan and a Guggenheim Fellow, a recipient of the Camille and Henry
Dreyfus Teader-Scholar Award and hasreceived the Allan P. Colburn, Charles Stine
and the Professional Progress Awards from AIChE. He was elected to the National
Academy of Engineering in 1997,becamea Fellow of the American Institute of Medi-
cal and Biological Engineersin 1998, was elected Fellow of the American Association
for the Advancemert of Sciencein 2000 and was named Institute Lecturer for the
American Institute of Chemical Engineersin 2001. Contact: Ozce of the Dean, Col-
lege of Engineering, Univ ersity of California, Santa Barbara, CA 93106-5130U.S.A;
tirrell@engineering.ucsb.edu; www.chemengr.ucsb.edu/people/facult y/tirrell.h tml
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Walter Kohn, World Citizen and Professor
Extraordinaire

Henry T. Yang

Univ ersity of California, Santa Barbara, U.S.A.

How can | "nd the words to expressall that Walter Kohn meansto me, and
to our University of California, Sarta Barbara campus?

Kohn Hall, home of the Kavli Institute for Theoretical Physics, UCSB
(°c Kevin Barron)

Walter has been a member of our faculty since 1979, when he became
the founding director of the National ScienceFoundation's Institute for The-
oretical Physicsat UCSB. The institute's goal wasto bring together leading
scientists from all over the globe to share their ideas and work together on
major topics in theoretical physicsand related "elds. Under ProfessorKohn's
dynamic and visionary leadership, it quickly deweloped into a premier re-
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seard certer that has beenlooked to as a pioneering model by institutions
and courtries all over the world. Today, more than 1,000prominent physicists
and sciertists from diversebackgrounds participate annually in the institute's
programs and conferences.

The institute's unique mode of operation stimulates collaborativ e inter-
actions that lead to new insights and discoveries at the frontiers of science.
Physics ProfessorBrian Green of Columbia University recertly stated, \The-
oretical physics would not be where it is today without this vital institute"
(now known asthe Kavli Institute for Theoretical Physics). World-renowned
physicist StephenHawking has said, \Some of my best work has beendone
there." The KITP is a re°ection of ProfessorKohn's sciertic acumen and
creative leadership, and our campusis proud that the building that houses
the institute is namedin his honor.

Nobel Laureate Walter Kohn (°c D. Folks)

In 1998, ProfessorKohn was awarded the Nobel Prize in Chemistry for his
leading role in the dewvelopmen of the density functional theory, now widely
usedin quantum chemistry. This theory simpli es the calculations to obtain
knowledge of the inner structure of molecules,the building blocks of matter.
ProfessorKohn's discovery meart that sciertists could take complexmolecules
such as proteins and usecomputer-generatedmodelsto predict their chemical
behavior. This theory hasenabledthe developmert of new drugs, led to a new
understanding of the make-up of interstellar matter, and provided insight into
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how chemical reactions a®ectour ozonelayer, to name just a few examples.
I've beentold that about half of all publications in quantum chemistry now
make referenceto his theory.

| remenber the headlinesof our campusnewspayer after Walter Kohn re-
ceived his Nobel Prize: \W alter Kohn: A Nobelist with Heart." Walter is such
a special person, and so beloved on our campus, it made us all tremendously
happy to seehim recognizedwith this prize. | said at the time that Walter's
inspiration and impact on our proud UCSB campuswas beyond what | could
describe. That is still true today.

ProfessorKohn hasreceived a number of other prestigious awards for his
scieni ¢ researd, including the Oliver Buckley Prize in Solid State Physics,
the Davisson-GermerPrize in SurfacePhysics,the National Medal of Science,
the Feerberg Medal in Many-Body Physics, and the Niels Bohr/lUNESCO
Gold Medal. Clearly, he is one of the world's top sciertists. At the sametime,
he is deeply engagedin matters spiritual and scocietal.

In 2001, Professor Kohn was the inaugural speaker for the Templeton
Researt Lectureson Science Religion, and the Human Experience,sponsored
by the Templeton Foundation and hosted by UC Sarta Barbara. He spoke
about the interaction between scienceand religion, and about how science
and technology pose both great promises and great threats to mankind in
this global age.

Rollerblading at West Beach, Sarta Barbara (°c Vic Cox)
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| was particularly struck by his statemert that \science by itself is not an
adequate basis for conducting one's life." This has certainly been a guiding
principle in his own life. Throughout his career, ProfessorKohn has beena
mentor and role model for colleaguesand students alike. Many have been
inspired by his incredible life story and his work to promote tolerance and
world peace.

Dr. Kohn is a seniorstatesman,sciertist, and advocate for peacewhoselife
and work have had a profound impact on our world. At the sametime, heis
a down-to-earth personwho is great fun to be around. He is most well known
to all of us asa patient, kind, and wise man who giveshis time generouslyto
help others. His wide-ranging interest in the arts and humanities matches his
enthusiasmfor the social causeshe holds dear. He is an a cionado of classical
music and a great scholar whose passionfor literature spans certuries and
cultures. | also hear he makes a delicious ratatouille. And watch out when
Walter gets on his rollerblades!

Walter is deeply dewvoted to the university and our community. For exam-
ple, he recertly gave the keynote addressat the County of Sarta Barbara's
installation of elected otcials and convening of the 2003 Board of Supervi-
sors. To prepare for it, he researhed deeply and broadly on the topic, and
then he educatedus all on the importance of the interdependert and mutually
bene cial partnership betweenUCSB and the community. As another exam-
ple, Walter has beenactive in Sarta Barbara's Building Bridges Community
Coalition, a group dedicatedto promoting tolerance and celebrating diversity
through collaborative community projects.

Walter Kohn and Henry Yang (°c Djamel E. Ramoul)
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My wife, Dilling, and | have gotten to know Walter and Mara very well
sincewe cameto UCSB in 1994. Their friendship is a gift. The hours we've
spent talking and laughing together are onesl treasure dearly. Walter always
has sud incredible storiesto share, full of wisdom, humor, and heart. | value
tremendously the guidance and sageadvice he has given me over the years.

Two years ago, we preserted Walter with the Sarta Barbara medal, our
campus'shighest honor. The inscription read:

\W alter Kohn
Maestro of the molecular,
activist intellectual,
Nobel Laureate, colleague{
UCSB proudly salutesyou."

Our campus once again proudly salutes our colleague,friend, teacher, and
mentor { ProfessorWalter Kohn. On behalf of the UCSB community, it is my
great honor and delight to congratulate Walter on the very special occasion
of his 80" birthday.

Ab out the Author :Henry T. Yangis the chancellor of the Univ ersity of California,
Sarnta Barbara. He is also a professor of mechanical engineering, specializing in
aerospace engineering, structural dynamics, composite materials, nite elemerts,
transonic aeroelasticity, wind and earthquake engineering, and manufacturing. He
is a member of the National Academy of Engineering and a fellow of the American
Institute of Aeronautics and Astronautics. In addition to his administrativ e duties,
Dr. Yang continuesto receive federal researd grants, guide graduate students, and
teach undergraduate coursesat UCSB. Contact: Chancellor, Univ ersity of California,
Sarta Barbara, CA 93106, U.S.A.; henry.yang@tancellor.ucsb.edu; www.ucsb.edu
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Walter Kohn

Univ ersity of California, Santa Barbara, U.S.A.

Walter as \Professor Know-Nothing" with his older sister, about 1930/31

| supposel am not the rst Nobelist who, on the occasionof receiving this
Prize, wondershow on earth, by what strange alchemy of family badkground,
teachers, friends, talents and especially acciderts of history and of personal
life he or she arrived at this point. | have browsed in previous volumes of
\Les Prix Nobel" and | know that there are others whoseevertual destinies
were foreshadaved early in their lives{ mathematical precccity, champion
bird watching, insatiable reading, medcanical genius.Not in my case,at least
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not before my late teens.On the cortrary: An early photo of my older sister
and myself, taken at a children's costume party in Vienna { | look about
7 yearsold { shons me dressedup in a dark suit and a black top hat, toy
glassespusheddown my nose,and carrying a large sign under my arm with
the inscription \Professor Know-Nothing".

Herethen is my attempt to conveyto the readerhow, at age75,1 seemy life
which brought me to the presen point: a long-retired professorof theoretical
physicsat the University of California, still loving and doing physics,including
chemical physics, mostly together with young people lessthan half my age;
moderately involved in the life of my community of Sarta Barbara and in
broader political and social issueswith unremarkable hobbiessud aslistening
to classicalmusic, reading (including French literature), walking with my wife
Mara or alone, a little cooking (unjusti ably proud of my ratatouille); and
a weekly half hour of relaxed roller blading along the shore, a throwback
to the ice-skating of my Viennesechildhood. My three daughters and three
grandchildren all live in California and sowe get to seeead other reasonably
often.

| was naturalized as an American citizen in 1957 and this has been my
primary self-idertity ever since.But, like many other sciertists, | also have
a strong senseof global citizenship, including especially Canada, Denmark,
England, France and Israel, where | have worked and lived with a family for
considerableperiods, and where | have someof my closestfriends.

My feelingstowards Austria, my native land, are { and will remain { very
painful. They are dominated by my vivid recollectionsof 1 1/2 yearsas a
Jewish boy under the Austrian Nazi regime, and by the subsequet murder of
my parerts, Salomonand Gittel Kohn, of other relativesand seweral teachers,
during the holocaust. At the sametime | have in recert yearsbeenglad to
work with Austrians, one or two generationsyoungerthan I: Physicists, some
teachers at my former High Sdool and young people (Gedenkdiener) who
facethe dark yearsof Austria's past honestly and constructively.

On another level, | want to mention that | have a strong Jewish identit y
and { over the years{ have beeninvolved in seweral Jewish projects, such as
the establishmer of a strong program of Judaic Studies at the University of
California in San Diego.

My father, who had lost a brother, "ghting on the Austrian side in World
War I, wasa committed paci st. However, while the Nazi barbarians and their
collaborators threatened the entire world, | could not accept his philosophy
and, after sewral earlier attempts, was nally acceptedinto the Canadian
Infantry Corps during the last year of World War II. Many decadeslater |
becameactive in attempts to bring an endto the US-Saorviet nucleararms race
and becamea leader of unsuccessfufaculty initiativ esto terminate the role of
the University of California as manager of the nuclear weapons laboratories
at Los Alamos and Livermore.| o®eredearly support to Je®reyLei®er, the
founder of the student Pugwash movemert which concernsitself with global
issueshaving a strong scierti ¢ componert and in which sciertists can play a
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usefulrole. Twenty yearsafter its founding this organization cortin uesstrong
and vibrant. My commitment to a humane and peacefulworld continuesto
this day. | have just joined the Board of the Population Institute becausel
am corvinced that early stabilization of the world's population is important
for the attainment of this objective.

Walter Kohn with his sister and parents, about 1932

After theseintroductory generalre®ections from my presert vantage point
I would now like to give an idea of my childhood and adolescencel wasborn
in 1923into a middle classJewish family in Vienna, a few yearsafter the end
of World War I, which was disastrous from the Austrian point of view. Both
my parents were born in parts of the former Austro-Hungarian Empire, my
father in Hodonin, Moravia, my mother in Brody, then in Galicia, Poland,
now in the Ukraine. Later they both moved to the capital of Vienna along
with their parents. | have no recollection of my father's parents, who died
relatively young. My maternal grandparens Rappaport were orthodox Jews
who lived a simple life of retirement and, in the caseof my grandfather, of
prayer and the study of religious texts in a small nearby synagogue a Schul as
it wascalled. My father carried on a business,Postkartenverlag Brueder Kohn
Wien |, whosemain product was high quality art postcards, mostly basedon
paintings by contemporary artists which were commissionedby his 'rm. The
businesshad °ourished in the "rst two decadesof the certury but then, in part
due to the death of his brother Adolf in World War I, to the dismantlement of

295



Walter Kohn

the Austrian monarchy and to a worldwide economicdepression,it gradually
fell on hard times in the 1920sand 1930s.My father struggled from crisis to
crisis to keep the businessgoing and to support the family. Left over from
the prosperous times was a wonderful summer property in Heringsdorf at
the Baltic Sea,not far from Berlin, where my mother, sister and | spent our
summer vacations until Hitler cameto power in Germany in 1933.My father
camefor occasionalvisits (The 'rm had a branch in Berlin). My mother wasa
highly educatedwoman with a good knowledge of German, Latin, Polish and
French and someacquaintance with Greek, Hebrewand English. | believe that
shehad completed an academically oriented High School in Galicia. Through
her parents we maintained contact with traditional Judaism. At the sametime
my parents, especially my father, alsowere a part of the secularartistic and
intellectual life of Vienna.

Walter Kohn and his mother in 1937

After | had completed a public elemenary sdool, my mother enrolled
me in the Akademishie Gymnasium, a ne public high school in Vienna's
inner city. There, for almost v e years, | received an excellert education,
strongly oriented toward Latin and Greek, until March 1938, when Hitler
Germarny annexedAustria. (This so-calledAnschluss was, after a few weeks,
supported by the great majority of the Austrian population). Until that time
my favorite subject had been Latin, whose architecture and succinctnessl
loved. By cortrast, | had no interest in, nor apparert talent for, mathematics
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which was routinely taught and gave me the only C in high sdool. During
this time it was my tacit understanding that | would evertually be asked to
take over the family business,a prospect which | facedwith resignation and
without the least enthusiasm.

The Anschluss changed everything: The family businesswas con scated
but my father wasrequired to cortinue its managemei without any compen-
sation; my sister managedto emigrate rather promptly to England; and | was
expelled from my sdool.

In the following fall | wasableto enter a Jewishsdcool, the ChajesGymna-
sium, wherel had two extraordinary teachers:In physics,Dr. Emil Nohel, and
in mathematics Dr. Victor Sabbath. While outside the school walls arbitrary
acts of persecutionand brutalit y took place, on the inside thesetwo inspired
teachers cornveyed to us their own deepunderstanding and love of their sub-
jects. | take this occasionto record my profound gratitude for their inspiration
to which | owe my initial interestin science.(Alas, they both becamevictims
of Nazi barbarism).

| note with deepgratitude that twice, during the SecondWorld War, after
having been separatedfrom my parents who were unable to leave Austria, |
was taken into the homesof two wonderful families who had never seenme
before: Charles and Eva Hau® in Sussex,England, who also welcomed my
older sister, Minna. Charles, like my father, was in art publishing and they
had a businessrelationship. A few years later, Dr. Bruno Mendel and his
wife Hertha of Toronto, Canada, took me and my friend JosephEisinger into
their family. (They also supported three other young Nazi refugees).Both
of these families strongly encouragedme in my studies, the Hau®s at the
East Grinstead County School in Sussexand the Mendelsat the University of
Toronto. | cannot imagine how | might have becomea sciertist without their
help.

My “rst wife, Lois Kohn, gave me invaluable support during the early
phasesof my scierti ¢ career; my presert wife of over 20 years, Mara, has
supported mein the latter phasesof my scierti ¢ life. Shealsocreateda won-
derful home for us, and gave me an entire new family, including her father
Vishniac, a biologist as well as a noted photographer of pre-war Jewish com-
munities in Eastern Europe, and her mother Luta. (They both died rather
recertly, well into their nineties).

After theserather personalreminiscenced now turn to a brief description
of my life as a sciertist.

When | arrivedin England in August 1939,three weeksbeforethe outbreak
of World War II, | had my mind set on becominga farmer ( | had seentoo
many unemployed intellectuals during the 1930s), and | started out on a
training arm in Kent. However, | becameseriously ill and physically weak
with meningitis, and so in January 1940 my \acting parents”, the Hau®s,
arrangedfor meto attend the above-mertioned county school, where{ after a
period of uncertainty { | concerirated on mathematics, physicsand chemistry.
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However, in May 1940,shortly after | had turned 17, and while the German
army swept through WesternEurope and Britain girded for a possibleGerman
air-assault, Churchill orderedmost male\enemy aliens" (i.e., holdersof eneny
passports, like myself) to be interned (\Collar the lot" was his crisp order). |
spent about two months in various British camps, including the Isle of Man,
where my scool sert me the books | neededto study. There | also audited,
with little comprehension,somelectures on mathematics and physics, o®ered
by mature interned sciertists.

In July 1940, wasshipped on, aspart of a British cornvoy moving through
U-boat-infested waters, to Quebec City in Canada; and from there, by train,
to acampin Trois Rivieres, which housedboth German civilian interneesand
refugeeslike myself. Again various internee-taught courseswere o®ered.The
onewhich interested me most was a courseon set-theory given by the mathe-
matician Dr. Fritz Rothbergerand attended by two students. Dr. Rothberger,
from Vienna, a most kind and unassumingman, had beenan advancedprivate
scholar in Cambridge, England, when the internment order was issued. His
lovefor the intrinsic depth and beauty of mathematics wasgradually absorbed
by his studerts.

Later | was moved around among various other camps in Quebec and
New Brunswick. Another fellow internee, Dr. A. Hedsdner, an art historian,
organizeda ne camp school for young people like myself, whose education
had beeninterrupted and who preparedto take oxcial Canadian High School
exams.In this way | passedthe McGill University junior Matriculation exam
and examsin mathematics, physicsand chemistry on the senior matriculation
level. At this point, at age 18, | waspretty rmly looking forward to a career
in physics, with a strong secondaryinterest in mathematics.

I mertion with gratitude that camp educational programsreceived support
from the Canadian Red Cross and Jewish Canadian philanthropic sources.|
also mertion that in most campswe had the opportunity to work aslumber-
jacks and earn 20 certs per day. With this princely sum, carefully saved up,
| was able to buy Hardy's Pure Mathematics and Slater's Chemical Physics,
books which are still on my sheles.In January 1942, having beencleared by
Scotland Yard of being a potential spy, | was releasedfrom internment and
welcomedby the family of ProfessorBruno Mendel in Toronto. At this point
| planned to take up engineeringrather than physics, in order to be able to
support my parents after the war. The Mendels intro duced me to Professor
Leopold Infeld who had cometo Toronto after seweral years with Einstein.
Infeld, after talking with me (in a kind of drawing room oral exam), con-
cluded that my real love was physicsand advisedme to major in an excellert,
very sti® program, then called mathematics and physics, at the University of
Toronto. He arguedthat this program would enablemeto earna decen living
at least as well as an engineeringprogram.

However, becauseof my now German nationality, | was not allowed into
the chemistry building, wherewar work wasin progress,and hencel could not
enroll in any chemistry courses.(In fact, the last time | attended a chemistry
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classwasin my English school at the ageof 17.) Sincechemistry wasrequired,
this seemedo sink any hope of enrolling. Here | expressmy deepappreciation
to Dean and head of mathematics, Sanuel Beatty, who helped me, and seweral
others, newverthelessto enter mathematics and physics as special studerts,
whosestatus was regularized one or two yearslater.

| was fortunate to nd an extraordinary mathematics and applied math-
ematics program in Toronto. Luminous members whom | recall with special
vividness were the algebraist Richard Brauer, the non-Euclidean geometer,
H.S.M. Coxeter, the aforemenioned Leopold Infeld, and the classicalapplied
mathematicians John Lighton Synge and Alexander Weinstein. This group
had beenlargely assenbled by Dean Beatty. In those yearsthe University of
Toronto team of mathematics students, competing with teamsfrom the lead-
ing North-American Institutions, consistertly won the annual Putman com-
petition. (For the record | remark that | never participated). Physicstoo had
many distinguished faculty members, largely recruited by John C. McLennan,
one of the earliest low temperature physicists, who had died beforel arrived.
They included the Raman specialist H.L. Welsh, M.F. Crawford in optics and
the low-temperature physicists H.G. Smith and A.D. Misener. Among my fel-
low students was Arth ur Schawlow, who later was to sharethe Nobel Prize
for the developmernt of the laser.

Walter Kohn as a Canadian soldier, 1944/45
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During one or two summers,as well as part-time during the school year,
I worked for a small Canadian compary which developed electrical instru-
merts for military planes. A little later | spent two summers,working for a
geoptlysicist, looking for (and "nding!) gold deposits in northern Ontario and
Quebec.

After my junior year| joined the Canadian Army. An excellert upper divi-
sion coursein medianicsby A. Weinstein had intro duced me to the dynamics
of tops and gyroscopes. While in the army | used my sparetime to develop
new strict bounds on the precessionof heavy, symmetrical tops. This paper,
\Contour Integration in the Theory of the Spherical Pendulum and the Heavy
Symmetrical Top" was published in the Transactionsof American Mathemat-
ical Scaciety. At the end of one year's army service, having completed only 2
1/2 out of the 4-year undergraduate program, | received a war-time bachelor's
degree\on-activ e-service"in applied mathematics.

In the year 1945{6, after my discharge from the army, | took an excellen
crash master's program, including some of the senior courseswhich | had
missed, graduate courses,a master's thesis consisting of my paper on tops
and a paper on scaling of atomic wave-functions.

My teachers wisely insisted that | do not stay on in Toronto for a Ph.D,
but "nancial support for further study was very hard to comeby. Eventually
| was thrilled to receive a ne Lehman fellowship at Harvard. Leopold Infeld
recommendedthat | should try to be acceptedby Julian Schwinger, whom he
knew and who, still in his 20s,wasalready one of the most exciting theoretical
physicists in the world.

Arriving from the relatively isolated University of Toronto and nding
myself at the illustrious Harvard, where many faculty and graduate students
had just come badk from doing brilliant war-related work at Los Alamos,
the MIT Radiation Laboratory, etc., | felt very insecureand set as my goal
survival for at least one year. The Department Chair, J.H. Van Vleck, was
very kind and referred to me as the Toronto-Kohn to distinguish me from
another personwho, | gathered, had causedsometrouble. Once Van Vleck
told me of an idea in the band-theory of solids, later known as the quantum
defect method, and asked me if | would like to work on it. | asked for time
to consider. When | returned a few days later, without in the least grasping
his idea, | thanked him for the opportunity but explained that, while | did
not yet know in what sub eld of physics| wanted to do my thesis, | was sure
it would not be in solid state physics. This problem then becamethe thesis
of Thomas Kuhn, (later a renowned philosopher of science),and was further
developed by myself and others. In spite of my original disconnectwith Van
Vleck, solid state physics soon becamethe certer of my professionallife and
Van Vleck and | becamelifelong friends.

After my encourter with Van Vleck | preserted myselfto Julian Schwinger
requestingto be acceptedas one of his thesis students. His evidert brilliance
asaresearterand asa lecturer in advancedgraduate courses(such aswaveg-
uides and nuclear physics) attracted large numbers of students, including
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many who had returned to their studies after spending \time out" on var-
ious war-related projects.

| told Schwinger brie°y of my very modest e®ortsusing variational prin-
ciples. He himself had deweloped brilliant new Green's function variational
principles during the war for wave-guides,optics and nuclear physics (Soon
afterwards Green's functions played an important role in his Nobel-Prize-
winning work on quantum electrodynamics). He acceptedme within minutes
as one of his approximately 10 thesis students. He suggestedthat | should
try to dewvelop a Green's function variational method for three-body scatter-
ing problems, like low-energy neutron-deuteron scattering, while warning me
ominously, that he himself had tried and failed. Somesix months later, when|
had obtained somepartial, very unsatisfactory results, | looked for alternativ e
approachesand soon found a rather elemenary formulation, later known as
Kohn's variational principle for scattering, and useful for nuclear, atomic and
molecular problems. Since | had circumvented Schwinger's beloved Green's
functions, | felt that he was very disappointed. Neverthelesshe acceptedthis
work asmy thesisin 1948.(Much later L. Fadeevo®eredhis celebratedsolu-
tion of the three-body scattering problem).

My Harvard friends, closeand not so close,included P.W. Anderson, N.
Bloembergen,H. Broida (a little later), K. Case,F. De Ho®man,J. Eisenstein,
R. Glauber, T. Kuhn, R. Landauer, B. Mottelson, G. Pake, F. Rohrlich, and C.
Slichter. Schwinger's brilliant lectures on nuclear physics also attracted many
students and Postdocsfrom MIT, including J. Blatt, M. Goldberger,and J.M.
Luttinger. Quite a number of this remarkable group would becomelifelong
friends, and one { J.M. \Quin" Luttinger { alsomy closestcollaborators for
13 years, 1954{66. Almost all went on to outstanding careersof one sort or
another.

| wastotally surprised and thrilled whenin the spring of 1948 Schwinger
o®eredto keepme at Harvard for up to three years.| had the choice of being
a regular post-doctoral fellow or dividing my time equally between researt
and teaching. Wisely { asit turned out { | chosethe latter. For the next
two years| shared an otce with Sidney Borowitz, later Chancellor of New
York University, who had a similar appointment. We wereto assistSchwinger
in his work on quantum electrodynamics and the emerging eld theory of
strong interactions betweennucleonsand mesons.In view of Schwinger's deep
physical insights and celebrated mathematical power, | soon felt almost com-
pletely uselessBorowitz and | did make somevery minor contributions, while
the greats, especially Sdhwinger and Feynman, seemedto be on their way to
unplumbed, perhapsultimate depths.

For the summer of 1949,1 got a job in the Polaroid laboratory in Cam-
bridge, Mass., just before the Polaroid camera made its public appearance.
My task wasto bring someunderstanding to the mecdanism by which charged
particles falling on a photographic plate lead to a photographic image. (This
technique had just beenintroducedto study cosmicrays). | therefore needed
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to learn something about solid state physicsand occasionally when | encoun-
tered things | didn't understand, | consulted Van Vleck.

It seemsthat these meetings gave him the erroneousimpression that |
knew something about the subject. For one day he explainedto me that he
was about to take a leave of absenceand, \since you are familiar with solid
state physics", he asked me if | could teach a courseon this subject, which
he had planned to o®er. This time, frustrated with my work on quantum
“eld theory, | agreed.| had a family, jobs were scarce,and | thought that
broadening my competenceinto a new, more practical, area might give me
more opportunities.

So, relying largely on the excellen, relatively recert monograph by F.
Seitz, \Mo dern Theory Of Solids", | taught one of the rst broad courseson
Solid State Physicsin the United States. My \students" included seweral of
my friends, N. Bloembergen, C. Slichter and G. Pake who conducted experi-
merts (later consideredas classics)in the brand-new areaof nuclear magnetic
resonancewhich had just beenopenedup by E. Purcell at Harvard and F.
Bloch at Stanford. Someof my students often understood much more than |,
they were charitable towards their teacher.

At about the sametime | did some calculations suggestedby Bloember-
gen, on the recertly discovered, so-called Knight shift of nuclear magnetic
resonance,and, in this connection, returning to my old love of variational
methods, developed a new variational approach to the study of wavefunctions
in periodic crystals.

Although my appointment was good for another year and a half, | began
actively looking for a more long-term position. | was a naturalized Canadian
citizen, with the warmest feelingstowards Canada, and explored every Cana-
dian university known to me. No opportunities preseried themseles. Neither
did the very meagerUS market for young theorists yield an academico®er.
At this point a promising possibility appearedfor a position in a new West-
inghousenuclear reactor laboratory outside of Pittsburgh. But during a visit
it turned out that US citizenship was required and so this possibility too
vanished. At that momert | was unbelievably lucky. While in Pittsburgh, |
stayed with my Canadian friend Alfred Sdild, who taught in the mathemat-
ics departmernt at the Carnegielnstitute of Technology (now CarnegieMellon
University). He remarked that F. Seitz and seeral of his colleagushad just
left the physicsdepartment and movedto lllinois, sothat { hethought { there
might be an opening for me there. It turned out that the Department Chair,
Ed Creutz was looking rather desperately for somelody who could teach a
coursein solid state physics and also keep an eye on the graduate students
who had lost their \do ctor-fathers". Within 48 hours| had a telegram o®ering
me a job!

A few weekslater a happy complication arose.l had earlier applied for a
National Researt Council fellowship for 1950{51and now it camethrough. A
requestfor a short postponemert was rmly denied. Fortunately, Ed Creutz
agreedto give me a one-year leave of absence provided | rst taught a com-
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pressedcoursein solid state physics. Soon Decenber 31, 1950(to satisfy the
terms of my fellowship) | arrivedin Copenhagen.

Originally | had planned to revert to nuclear physics there, in particular
the the structure of the deuteron. But in the meartime | had becomea solid
state physicist. Unfortunately no one in Copenhagen,including Niels Bohr,
had even heard the expression\Solid State Physics". For a while | worked
on old projects. Then, with an Indian visitor nhamed Vachaspati (no initial), |
published a criticism of Froehlich's pre-BCS theory of superconductivity, and
also did somework on scattering theory.

In the spring of 1951, 1 wastold that an expected visitor for the coming
year had dropped out and that the Bohr Institute could provide me with an
Oersted fellowship to remain there until the fall of 1952.Very exciting work
was going on in Copenhagen,which evertually led to the great \Collectiv e
Model of the Nucleus" of A. Bohr and B. Mottelson, both of whom had
becomeclose friends. Furthermore my family and | had fallen in love with
Denmark and the Danish people.A letter from Niels Bohr to my department
chair at Carnegiequickly resulted in the extensionof my leave of absencetill
the fall of 1952.

In the summerof 1951, becamea substitute teacher, replacing an ill lec-
turer at the rst summer school at Les Houches, near Chamonix in France,
conceived and organizedby a dynamic young French woman, C$cile Morette
De Witt. As an \expert" in solid state physics, | o®ereda few lectures on
that subject. Wolfgang Pauli, who visited, when he learned of my meager
knowledge of solids, mostly metallic sodium, asked me, true to form, if | was
a professorof physics or of sodium. He was equally acerbic about himself.
Some 50 years old at the time, he described himself as \a child-wonder in
menopause”(\ein Wunderkind in den Wedhseljahren™). But my most impor-
tant encourter waswith ResJost, an assistart of Pauli at the ETH in Zurich,
with whom | shared an interest in the so-calledinverse scattering problem:
given asymptotic information, (such as phase-shiftsas function of energy), of
a particle scattered by a potential V(r), what quartitativ e information can
be inferred about this potential? Later that year, we both found ourselvesin
Copenhagenand addressecthis problem in earnest.Jost, at the time a senior
fellow at the Institute for Advanced Study in Princeton, had to return there
before we had "nished our work. A few months later, in the spring of 1952, 1
received an invitation from Robert Oppenheimer,to cometo Princeton for a
few weeksto "nish our project. In an intensive and most enjoyable collabora-
tion, we succeededn obtaining a complete solution for S-wave scattering by a
sphericalpotential. At about the sametime I.M. Gel'fand in the Soviet Union
published his celebrated work on the inverse problem. Jost and | remained
closelifelong friends until his death in 1989.

After my return to Carnegie Tech in 1952, 1 began a major collabora-
tion with N. Rostoker, then an assistari of an experimertalist, later a distin-
guishedplasmatheorist. We developed a theory for the energyband structure
of electronsfor periodic potentials, harking back to my earlier experiencewith
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scattering, Green'sfunctions and variational methods. We showved how to de-
termine the bandstructure from a knowledge of purely geometric structure
constarts and a small number (» 3) of scattering phase-shiftsof the poten-
tial in a single sphericalizedcell. By a di®erert approac this theory was also
obtained by J. Korringa. It cortinuesto be used under the acronym KKR.
Other work during my Carnegie years, 1950{59, includes the image of the
metallic Fermi Surfacein the phonon spectrum (Kohn anomaly); exponertial
localization of Wannier functions; and the nature of the insulating state.

My most distinguished colleagueand good friend at Carnegie was G.C.
Wick, and my “rst PhD's wereD. Schedhter and V. Ambegaolar. | alsogreatly
benetted from my interaction with T. Holstein at Westinghouse.

In 1953,with support from Van Vleck, | obtained a summerjobat Bell Labs
asassistart of W. Shaockley, the co-inventor of the transistor. My project was
radiation damageof Si and Ge by energetic electrons, critical for the use of
the recertly deweloped semiconductordevicesfor applications in outer space.
In particular, | establisheda reasonablyaccurate energythreshold for perma-
nent displacemen of a nucleusfrom its regular lattice position, substartially
smaller than had beenpreviously presumed.Bell Labs at that time waswith-
out question the world's outstanding certer for researd in solid state physics
and for the rst time, gave me a perspective over this fascinating, rich “eld.
Bardeen, Brattain and Shockley , after their invertion of the transistor, were
the great heroes.Other world classtheorists were C. Herring, G. Wannier and
my brilliant friend from Harvard, P.W. Anderson. With a few interruptions
| wasto return to Bell Labs every year until 1966.1 owe this institution my
growing up from amateur to professional.

In the summer of 1954both Quin Luttinger and | were at Bell Labs and
began our 13-year long collaborations, along with other work outside our
professional\marriage"”. (Our close friendship lasted till his death in 1997).
The all-imp ortant impurit y statesin the transistor materials Si and Ge, which
govern their electrical and many of their optical properties, wereunder intense
experimental study, which we complemened by theoretical work using so-
called e®ective masstheory. In 1957,1 wrote a comprehensie review on this
subject. We (mostly Luttinger) alsodeveloped an e®ective Hamiltonian in the
presenceof magnetic “elds, for the complex holesin these elemeris. A little
later we obtained the rst non-heuristic derivation of the Boltzman transport
equation for quantum mechanical particles. There followed seweral years of
studies of many-body theories, including Luttinger's famous one-dimensional
\Luttinger liquid" and the \Luttinger's theorem" about the consenation of
the volume enclosedby a metallic Fermi surface,in the presenceof electron
electroninteraction. Finally, in 1966,we shovedthat superconductivity occurs
evenwith purely repulsive interactions { cortrary to conventional wisdom and
possibly relevant to the much later discovery of high-T. superconductors.

In 1960,when | movedto the University of California San Diego, Califor-
nia, my scieni ¢ interactions with Luttinger, then at Columbia University,
and with Bell Labs gradually diminished. | did someconsulting at the nearby
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General Atomic Laboratory, interacting primarily with J. Appel. My univer-
sity colleaguesincluded G. Feher, B. Maple, B. Matthias, S. Schultz, H. Suhl
and J. Wheatley, { a wonderful environment. During my 19-year stay there |
typically worked with two postdocs and four graduate students. A high water
mark period werethe late 1960s,early 1970s,including N. Lang, D. Mermin,
M. Rice, L.J. Sham, D. Sherrington, and J. Smith.

| now cometo the developmernt of density functional theory (DFT). In the
fall of 1963,1 spent a sabbatical semesterat the fcole Normale Supgrieurein
Paris, asguestand in the spaciouso+ce of my friend Philipp e Nozigres.Since
my Carnegiedays | had beeninterested in the electronic structure of alloys,
a subject of intenseexperimental interest in both the physicsand metallurgy
departments. In Paris | read some of the metallurgical literature, in which
the concept of the e®ectiwe charge e* of an atom in an alloy was prominent,
which characterized in a rough way the transfer of charge between atomic
cells. It was a local point of view in coordinate space,in cortrast to the
emphasison delaalized wavesin momentum space, sudh as Bloch-wavesin
an average periodic crystal, used for the rough description of substitutional
alloys. At this point the questionoccurredto mewhether, in general,an alloy is
completely or only partially characterizedby its electronic density distribution
n(r): In the badk of my mind | knew that this was the casein the Thomas-
Fermi approximation of interacting electron systems; also, from the \rigid
band model" of substitutional alloys of neighboring elemers, | knew that
there was a 1-to-1 correspondencebetweena weak perturbing potential +v(r)
and the corresponding small change#n(r) of the density distribution. Finally
it occurred to me that for a single particle there is an explicit elemenary
relation betweenthe potential v(r) and the density, n(r), of the groundstate.
Taken together, these provided strong support for the conjective that the
density n(r) completely determines the external potential v(r). This would
imply that n(r) which integrates to N, the total number of electrons, also
determinesthe total Hamilton H and henceall properties derivablefrom H and
N, e.g.the wavefunction of the 17th excited state, 2 *7(r;:::ry)! Could this be
true? And how could it be decided?Could two di®erert potentials, vi(r) and
vo(r), with assaiated di®erent groundstates® 1(ry;:::rn) and 2(rg;:::rn)
give rise to the same density distribution? It turned out that a simple 3-line
argumert, using my beloved Rayleigh Ritz variational principle, con rmed the
conjecture. It seemedsuch a remarkable result that | did not trust myself.

By this time | had becomefriends with another inhabitant of Nozigre's of-
“ce, Pierre Hoherberg, a lively young American, recertly arrivedin Paris after
a one-year fellowship in the Soviet Union. Having completed somework there
he seemedto be \b etween" problemsand | asked if he would be interestedin
joining me. He was. The “rst task wasa literature seard to seeif this simple
result was already known; apparertly not. In short order we had recast the
Rayleigh-Ritz variational theorem for the groundstate energyin terms of the
density n(r) instead of the many electron wave function 2 , leading to what
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is now called the Hoherberg Kohn (HK) variational principle. We °eshed out
this work with various approximations and published it.

Shortly afterwards | returned to San Diego where my new postdoctoral
fellow, Lu J. Sham had already arrived. Together we derived from the HK
variational principle what are now known asthe Kohn-Sham (KS) equations,
which have found extensive useby physicists and chemists, including members
of my group.

Sincethe 1970sl have alsobeenworking on the theory of surfaces,mostly
electronicstructure. The work with Lang in the early 1970s,using DFT, picked
up and carried forward where J. Bardeen'sthesis had left o®in the 1930s.

In 1979,1 movedto the University of California, Sarta Barbara to become
the initial director of the National ScienceFoundation's Institute for Theo-
retical Physics (1979{84). | have continued to work with postdoctoral fellows
and students on DFT and other problems that | had put asidein previous
years. Sincethe middle 1980s,l have also had increasing, fruitful interactions
with theoretical chemists. | mention especially Robert Parr, the rst major
theoretical chemist to believe in the potential promise of DFT for chemistry
who, together with his young co-workers, has made major cortributions, both
conceptual and computational.

Since beginning this autobiographical sketch | have turned 76. 1 enor-
mously enjoy the continuing progressby my younger DFT colleaguesand my
own collaboration with someof them. Looking badk | feel very fortunate to
have had a small part in the great drama of sciertic progress,and most
thankful to all those, including family, kindly \acting parents", teachers, col-
leagues,students, and collaborators of all ages,who madeit possible.

From LesPrix Nobel 1998(°c The Nobel Foundation 1998), plus photos added
by us.
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