


His uncertaintyprinciple led to significant
advancesin the then new field of quantum
mechanics.Thechairmanof theNobelcom-
mittee for physics,H. Pleijel, of the Royal
Swedish Academy of Sciences,described
Heisenberg’suncertaintyprinciple

“According to quantum mechanicsit is
unconceivsbleto determine,at a given in-
stantof time, both theposition takenup by
a particle and its velocity. Closer study of
quantum mechanicsshowsin fact that the
moreoneattemptsto fm exactlytheposition
of aparticle,themoreuncertainthedetermi-
nation of its velocity becomes,and vice
verss.”q

Incidentally, 17 of Heisenberg’sdcles
listedin theScienceCitatwn Index a (SCI @)
havebeencited more than 100times each.
Thesearticleswerecited in morethan2,500
publications,basedon data for 1945-1990
alone, ranking him in the top 1 percentof
cited authors. His most-cited paper was
published in 1948on a statisticaltheory of
turbulence.qIt was cited more than 265
times.

A more completecitation analysisof his
work awaits the compilation of a prewar
SC1,althoughwedid a 1920sPhysicsCikz-
tion Index asaNationalScienceFoundation
project. In this index, Heisenberg’swork is
cited more than 750 times during the
lo-year period<

Implications Beyond Science

As indicated above, Heisenberg’swork
hadimplications far beyondthecontlnesof
science.The uncertainty principle perme-
ated art and literature after World War 11,
fostering a senseof cultural insecurity.To
many, especially artists and intellectuals,
thenotion that it wasimpossibleto measure
unlimitedly both the position and velocity
of a subatomicparticle translatedto an ad-
mission that nothing could be considered
certain in this world, except, “death and
taxes.”

As Harriet Zuckermanhasnote~z many
Nobelists tend to becomephilosopherslate
in life. Heisenberg was no exception. In
1971, he published Physics and Beyond:
Encounters and Conversations.5

Welearn in Cassidy’swork that while the
NazisvaluedHeisenbergasabrilliant scien-
tist, they neverthelessdistrusted him. He
was subjectedto a year-long investigation
by the Gestapo for suspecteddisloyal~.
And therewere accusationsthat the physi-
cist, the eventual father of sevenchildren,
was a homosexual,presumablybecauseof
his numerous friendships with younger
men.All chargeswere eventuallydropped,
but his position remainedprecariousduring
theThird Reich.

The “Bugs” at Farm Hall

An interesting accountof what top Ger-
man scientists were thinking during their
intermentimmediatelyafter the war is con-
tained in a book called The Gri&n by Ar-
nold Kramish.bHeisenberg,alongwith nine
other membersof the so-called “Uranium
Club: were held at Farm Hall, a lovely
counhy estatein England used for intelli-
gencepurposes.

The book implies that the Germanscien-
tistsduring this periodfabricatedanaccount
of their wartimeatomic researchthat is still
being recounted today. According to the
book, theGermsnswereunawarethatFarm
Hall wasextensivelybugged,including the
surroundinggrounds.

The British Foreign Office, the book
notes, is expected to make a decision in
1992 on whether to releasethe full tran-
scripts of the Farm Hall conversations.
Somepartsof the tapeshave rdreadyfound
their way into print over theyears.If the full
transcriptsare released,it could shedccm-
sidersblelight on Heisenberg’srole in these
matters.

Another book of historicrd interest that
documents Heisenberg’sactivities during
this period is Mark Walker’s 1989Gernmn
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National Socialism and the Quest for Nu-
clear Powec 1939-49.7And a recentreview
by physicist Jeremy Bemsteins of V]ctor
Weisskopf’sbook The Joy of Insight. Par-
sions of a PhysicisP discussesin somede-
tail theFarmHall days.

Copenhagenand Neils Bohr

Heisenbergstudied physics betweenthe
two world wars at Munich, GtMingen,and
Copenhagen. His mentors were Arnold
Sommerfield, Max Born (Nobel Prize in
physics—1954),andNiels Bohr (1922),all
consideredgiants in modemphysics.In sd-
dition, his friendships, intellectual collabo-
ration, and correspondence include the
namesof Einstein (1921), Planck (1918),
Schmdinger (1933), Pauli (1945), Dirac
(1933), Kramers,Ehrenfest,Franck( 1925),
Oppenheimer,andothers.All of thesescien-
tists are woven into the fabric of Uncer-
tainty. In making our selections,we have
chosen to highlight the relationship with
Einstein becauseof Cassidy’sexpertiseas
aneditor in this area.

Thereare,of course,manybookson Ein-
stein.Onethatcomesto mind wasedhedby
Harvard physicist/sciencehistorian Gerry
Holton, in conjunction with Yehuda El-
karta.lo Another is a biography by Ronald
Clark.11

Another important book on the
Heisenberg era appearedrecently-Niels
Bohr3 7imes, Philosophy and Polity12 by

Abraham Pais of Rockefeller University.
Heisenberg’s relationship to Bohr is ex-
plored in detail. This book was also re-
viewed by Bernstein.13Another review of
the book by JohnZiman appearedrecently
in Nature.14

Crw+idy’sBackground

David Cassidyspent6 yearsin Germany
during the 15 years he worked on the
Heisenbergbiography.He is theonly histo-
rian who hasbeengranted,by Heisenberg’s
widow, full accessto all of her husband’s
papers.Caasidyreceivedhis undergraduate
and master’s degrees in physics from
RutgersUniversity (1967 and 1970)and a
PhD in the history of physicsfrom Purdue
University (1976).

Since 1983,healsohasbeenon theedito-
rird staff of The Collected Papers of Albert
Einstein, publishedby PrincetonUniversity
Ptess.

The excerptsof Heisenberg’sbiography
that follow havebeenselectedwith an eye
toward giving you a brief glimpse into the
controversialscientist’slife.

*****

My thark to Paul R. Ryanfor his help in
preparing this introduction andfor selecting
thefollowing passages.

Ol?ms

1.
2.
3.
4.

5.
6.
7.

8,
9,

10.
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Uncertainty: The Life and !kience of
Werner Heisenberg

by
David C. Cassidy

ABSTRACT

Heisenberg’s family bxkgrormd; his gynrrmimn dsys am
school textbook and pnssegesfmm Plato’s lhnaew, his par

WernerHeisenberg,born at the dawn of
the twentieth century, became one of its
greatest physicists. He is rdso among its
most controversial.While still in his early
twenties, he was among the handful of
bright youngmenwhocreatedquantumme-
chanics,the basicphysicsof the atom, and
he becamea leaderof nuclearphysics and
elementary particle research. He is best
known for theuncertaintyprinciple, acom-
ponent of the so-calledCopmhagen inter-
p~tation of the meaningand usesof quan-
tum mechanics.

Heisenbergwas alsoa man who choseto
residein Germanythroughouthis life. Born
into art academicGerman family, Heisen-
berg experiencedall the upheavalsof the
cultural elite in Germany: two lost world
wars, a Soviet revolution, military occupa-
tion, two republics, and Hitler’s Third
Reich. As the leading non-Jewishtheoreti-
cal nuclearphysicist to remain in Germany
after Hitler came to power in 1933,
Heisenberg,although not a Nazi, played a
prominent role in Germannuclearresearch
during World War II, traveledfrequently to
Germanoccupiedterritories,and helpedto
establish West German science after the
war.He died in 1976....

V

In approachingthe life of this mars,sev-
eral questions immediately present them-
selves.How did this child, born in 1901,

tit encmmtmswith stems---disegieemerrtswith his high
:ipstion in the @msn youth movement.

DeNidC. Cassidy

climb soquickly to thetopof his profession,
attaining a full professorshipin theoretical
physicsat theageof 25 andtheNobel prize
at the ageof 32?What impact did the most
turbulent period of hk life, the eventssur-
rounding the end of World War I-the logt
war, soviet revolution, and the German
youth movement—haveupon his mature
political andscientific views?What impact
did his private and professionallives have
upon his scientific achievements?Why did
this brilliant youngman,this productof the
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bestthatGermanycouldoffer, hold aprom-
inent professorship under Hitler’s Third
Reich andperform nuclearfission research
for Germany throughout World War II,
working feverishly right up to end of the
war?... [From the preface to Uncertainly:
The Life and Science of Werner
Heisenbeq.]

#

Family Matters

The Heisenbergfamily’s social mobility
is evident in a carefully constructedfamily
tree preservedin WernerHeisenberg’spri-
vate papers.The me, rather a typed pedi-
gree replete with certificates of birth and
baptism, owes its origin to the searchby
Nazi authoritiesfor a Jewishancestorin the
scientist’s past. It macesthe Heisenbergs
backfive generationsto oneHeissenbergin
Heidenoldendorf,a village in the northern
stateof Westphalia.The eighteenth-century
ancestoris succeededby a brandyburner,a
mastercooper,and a lwksmith. The lock-
smith, Wilhelm August Heisenberg(1831-
1913),droppd thesecondsin his nameand
movednosthto Osnabruck,then in thestate
of Hanover,wherehe raisedthreedaughters
and two sons,one of whom was Werner’s
father [August].

Atler Werner’s grandfather learned the
locksmith trade, he set out on a “wander
year,” a common rite of passagein those
days.He obviously did well: on his return
he purchasedhis master’s business,barn,
andhouse.Wkh business,propiwty,andtitle
(master locksmith), he easily rose to the
rank of officird Burgerof Osnabruck,a vot-
ing memberof the town’s middle class.In
1858he ensuredhis statusby marrying the
daughterof a prosperouslocal farmer.The
two complemented each other well.
Wllheh-n Heisenberg is rememberedas a
quiet, cerebral man, an impression con-
firmed in a surviving photograph.His wife,
Anne Marie, is rememberedfor her strong
will andkeenintelligence....

Two years out of gymnasium, August
[Werner’s father] abruptly headedfor Ba-
varia, attractedto the southernprovince by
the imperial Wagnerianmusicof theBavar-
ian capital, Munich, and by its enthusiasm
for thegloriesof ancientGreeze.Evenmore
attractivewerethe efforts of Bavarianstate
ofticials to raise the cultural level of the
suralprovince throughgenerousfunding of
education and the importation of famous
Prussian scholars, the so-called northern
lights. Augustwasdrawnto oneof thethese
beaconsat the University of Munich, Karl
Krumbacher,a lecturer who soon founded
Germany’sonly chair for Byzantinestudies
(middle and modem Greek philology).
Heisenberg immediately converted to the
promising yet nearly untouched field, as-
suredof bright careerprospectsin the rural
southernprovince.

In 1893, August Heiserdxrg completed
his doctorateunderKmmbacher,passedthe
difficult teacher-qualifying examination,
and soon becamea teacher trainee at the
prestigious Maximilians-Gymnasium in
Munich underits learnedandpowerful rec-
tor, Nikolaus Wecklein....

W

Little is known of Werner’smother,Annie
[Wecklein]. Neither she nor her sister re-
ceiveda university education:Germanuni-
versities were closed to women, as a ride,
until 1895,and Munich did not admit fe-
male studentsuntil 1903.Nor are there in-
formative statepersonnelfiles on which to
rely: Germancivil careerswereonly opento
men.Both Weckleingirls nodoubtattended
oneof thesegregatedgirls’ middle schools,
which typically offered training in the fim-
damentals-math, history, and literature—
andpreparedits pupils for their future roles
as genteelwives and cultivated mothersof
educatedsons....

W

After Heisenbergcompleted his annual
six weeksof military exercisesin the sum-
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mer of 1901,he and his family moved to
Witrzburg, about 400 kilometers (250
miles) northwestof Munich. August began
teaching in September,while his wife pre-
pared to give birth to her second child
~emer] ....

d

August Heisenbergis rememberedby his
family, superiors,andpupils asaratherstiff,
tightly controlled, authoritarian figure. A
former studentnxalled that the schoohnas-
ter demanded “unbending fulfillment of
duty, absoluteself-control, and meticulous
precision.” “He treatshis pupils with propri-
ety but toleratesno lazy boys in his class,”
his Lindau redor noted.August must have
applied the same standardsin raising his
own two boys, who grew up in a family
structure typical of Burger families at the
turn of thecentury:fathercentered,authori-
tarian,hierarchical....

V

By the sametoken, a Germanwomanof
that era,no matterwhat her interestsor tal-
ents, regardedas her obligation being an
obedientwife anda self-sacrificingmother.
As the wife of agymnasiumteacherandthe
daughter of a gymnasium reztor, Annie’s
duties wereself-evident.When Annie mar-
ried AugusL sheknew that self-realization
or recognition could be achieved only in
ensuringthesuccessof herhusbandandthe
well-being of their children. She excelled
brilliantly .... She even learned Russian in
order to translateresearchpapers for her
husband’suse-all this, of course,in addi-
tion to caring,nodoubtwithout help,for the
two growing boys....

#

Children, on the other hand, wae at the
bottom of the Heisenbergfamily hierarchy.
As Wernergrew into adolescence.,what he
saw and felt from that position must have

increasinglydistressedhim. Like any other
turn-of-the-centmy Burger family, the
Heisenbergscherished the appearanceof
genteelresp@ability, socialgrace,andrdle-
gianceto nationalisttrappings....

W

The bourgeoisambivalent of Werner’s
childhood may have played a role in his
own adult ambivalencetoward the sweep-
ing claims of every systemof thought and
belief, including science.At middle ageand
again near the end of his life, Wernerde-
clared scienceand religion to be “comple-
mentary” aspectsof reality, each with its
own languageandsymbolismandeachwith
its own limited realm of validity. Different
religiously or intuitively apprehendedtruths
should be viewed as different sidesof the
sametruth, while rational science-his own
professio~should be viewed asjust one
among a variety of ways of perceiving
reality....

#

In his seventh-gradeclass, 1917-1918,
Wernerreceivedadoseof trigonometryand
hisotlkial introductionto physics.The sole
textbook for the three years of physics
(1917-1920)WM SUr@ill@y good, thOU@

rather elementary.It covered,without calcu-
lus, suchsubjectsaselementarymechanics,
electricity, magnetism,hea~ kinetic theory
of gases,optics, and energy conservation.
Savefor mathematics,it wascomparableto
a sophomore physics text at a modem
Americancollege.Contemporaryphysics—
the relativity and quantum theories-did
notexist for the authorof Werner’sgymna-
sium text. But, heedingthe urgings of the
ministry, he did provide material on other
physicalsciences,suchasmeteorology,as-
tronomy,andgeography,andofferedexpla-
nations of such technical devices as the
steamengine, water pump, telescope,and
telegraph. The SoO-page book was
crammedwith nearly700carefully detailed
realisticdrawings.YetHeisenberg,although
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supposedlyentlmdled with technicalappa-
ratus, insisted that he had little interest in
physics until his last two yearsat thegym-
nasium,beginning in 1918.And eventhen,
he maintained,his curiosity waspiqued by
his philosophical ponderingson the prob-
lem of atoms, rather than by any specific
desireto studyphysics.

Werner’s pondering, so he frequently
claimed late in life, derived from two en-
counterswith atomsat aboutthat time. One
involved adrawingof mtdtiatomicgasmol-
ecules in his physics textbook. In it atoms
were joined into molecules with little
“hooks andeyes.”Accustomedto therealis-
tic drawingsof technicaldeviceselsewhere
in the book, thedemandingadolescentwas
disturbed to find molecules pottrayed in
what wasto him sucha superficial, utilitar-
ian manner.‘“To my mind, hooks and eyes
werequite arbitrary structureswhoseshape
could be altered at will to adapt them to
different technicaftasks,whereasatomsand
their combination into moleculesweresup-
posedto begovernedby strict naturallaws.
This, I felt, left no room for such human
inventionsashooksandeyes.”

Heisenberg’s second remembered en-
counterwith atomsoccurredwhen he read
Plato’s limaeus while freedfrom schoolby
military duty in May and June 1919.The
relevant passageinvolved a fictional at-
temptby Timaeusto explain to Socratesthat
the observableproperties of the four ele-
ments-earth, air, fue and water-can be
attributed to the transcendentpropertiesof
idealgeometric“atoms.”Toeachof thefour
elements, Plato assigned one of the so-
calledPlatonicsolids.Plato,or amemberof
his school, had proven that there exist in

nature onfy five solid bodiescomposedof
equal-sided, twodimensional geometsic
shapes.‘fImaeususedthepropertiesof four
of these solids-cube, tetrahedron (pyra-
mid), octahedron,and icosahedron-in as-
signingeachto oneof theelements:

Let usassignthecubetoearth;for it is the
mostimmobileof the four bodiesandthe

mostretentive of shap, and these are charw-
teristics that must belong to the figure with
the most stable faces.... And again we assign
the smallest figure to fm, the largest to water,
the intermediate to air.,,. Logic and likelihood
thus both require us to regard the pyramid as
a solid figure that is the basic unit or seed of
fue; and we may regard the second of the
figures we constructed [octahedron] as h

basic UNt of air, the third [icosahedron] of
water. We must, of course, think of the indi-
vidual units of all four bodies as king far too
small to be visible, and only becoming visible
when massed together in large numbers.

PuristWernerseactedto this passagewith
astonishmentand dismay, ashe had to the
drawing in his textbook.How could the sa-
gaciousPlato befieve that atomsare cubes
andpyramids?More important, “The whole
thing seemedto be wild speculation,par-
donable perhaps on the ground that the
Greeks lacked the necessary empiricaf
knowledge.”Atomswerenot to besorudely
treatedasobjectseitherof purespeculation
or of superficial utility. Certainly, Plato’s
atomsboreno relevanceto modemscience.
Or did they?

In his 1969 memoir Der Teil und &
Ganze (English: Physics and Beyond),
Heisenbergrecalled turning to two close
friends horn the gymnasium Military Pre-
paredness Association and the postwar
youth movement,Kurt Pflugel and Robett
Honsell. As recountedin his memoir, the
threeyoungmenenteredinto aneo-Galilean
discorsi on Plato’s limaeus soon after
Werner’sencounterwith the puzzling pas-
sage.In Heisenberg’sscenario,Kt@ a bud-
ding engineer,is castasthecrudepragmatist
andWernertheperplexedseekerof enlight-
enment,while Robert, the deep thinker, is
given the role of Platonist—atomsare not
things but mentafconstructs,mathematical
ideafsor forms as transcendentyet reality-
bound as mathematicsitself. Werner’s two
friends arguetheir positions as though in a
chessmatch,until Robertfinally wins, con-
vincing Wernerof the validity of Platonism
and helping him to comprehend Plato’s
Timaeanatoms.
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In anotheraccountof this encounterwith
Plato’satoms,deliveredin defenseof classi-
cal stmlies to the old Max-Gymnasium in
1949, Heisenbe~ went so far as to claim
that his reading enlightened him to basic
notionsof atomicphysicsandthatfrom then
on “I was gaining the growing conviction
that one could hardly make progress in
modem atomic physics without a knowl-
edgeof Greeknaturalphilosophy....“

d

PatMnding

“It must havebeenin the springof 1920.
The end of the Fmt World Warhadthrown
Germany’s youth into great turmoil. The
reins of power hadfallen from thehandsof
adeeplydisillusioned older generation,and
the youngeronedrew togetherin largerand
smaller groups in an attempt to blaze new
paths,or at least to discover a new star to
steerby.”

With theseopeningwordsHeisenbergset
the stagefor his 1%9 reminiscences,Der
Teil und airs Ganze (English title Physics
and Beyond). He begannot with childhocd
or adolescencebut with thepericd thatmost
profoundly influencedhim asboth scientist
andcitizen--the chaotic yearsimmediately
following World WarI. And hefocusednei-
ther on family nor on formal educationbut
rather on his participation in the postwar

German youth movement, the experience
that most directly affectedthe formation of
his adult values....

d

For Heisenberg...theyouth movementbe-
camea vehicle for hk adolescentrebellion,
adventurousimpulses,and budding leader-
ship qualities. It spurredhis intellectual in-
dependence,taught him how his primary
interests-science and music-could tran-
scendthe chaosof daily life, andgavehim
closeand securefriendships with his com-
rades,with whom he formed valuable life-
long relationships...

#

Cetinly Werner’srelationshipswith his
followers and comradeswent far beyond
mere friendship, even involving a type of
love for oneanother,but it seemsmore the
love of comradesin arms.Though perhaps
not devoidof sexualovertones,it expressed
itself mostextensivelyasanonphysicalPla-
tonic love of kindred soulsthatexcludesthe
outsideworld while uplifting and strength-
ening thoseprivy to suchfeelings.Women,
of course, could not participate in such
bonding; in fact, Werner and his fellows
neverhadmuchto do with women....

(To be continued)

Theabovematerialhasbeenexcezptedwith thepermissionof W.H.FremnaonodCo.C31991.

With the first issueof 1991,1S1@implementeda schedulechangein the front matter
for Current Contents. ~ Citation Classics@ and the ISI @’Press Digest, including Hot
Topics, now appearevery other week.They alternatewith either an essayby Eugene
Garfield,areprintwith anappropriateintroduction or anessayby aninvited guest.
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