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Stern and Gerlach:

How a Bad Cigar

Helped

Reorient Atomic Physics

time, which brought them w collabe-

The history of the Stern-Gerlach experiment reveals how ruter irs Frankfurt. We nlso doscribe the

and luck can

just the right ways.
Bratislav Friedrich and Dudley Herschbach

e demaonstration of space quantization. carried out in
1922 by Otte Stern -mi
experiments that ushered i age of quantum
physics. Perhaps no other experiment s so often cited for
elegant conceptual simplicity. From it emerged both new
intellectizal vistas aml o bust of wselul applications of
quinnln schete. Yob cvin. among elomi: physeieba, vory

!’.-v- md‘n)' are aware of the historical p:rlucu.lurvl that en-

in des and reception of the SCE,
before and after the discovery of elec-
Lron spin, nnd Feport o chgar moke
led us ta & “hack-ta-the-future” depo-
sition detector! Mindful of the memo-
rial plaque ot Frankfurt, depicting
Stern anad Gerlach on epposite sides of
their aplst muolecular beam, we alao invide readers (o meflect
e the Inter trajoctaries of these two fine seieRtists—im
pelled in opposite directions by the tragic rise to power of
Adolf Hitler.
From asmatic soda to atomic beams
Okt Stern rrecived his doctarnts in physical chemistry at
the University of Breslau in 1812 In his dissertation, he
presented theory and experiments on camotic preasure of
d soluticns of carben dioxide in yarious sol-

e sbory and th i lemmon it of-
fors. Amsig U pacrticales e # warnt bod, o bad v,
& timely pnuedu'\r.nn railroad sirike, and un uncanny con
spirncy of Nature that rewnrded Stern and Georlach. Their
naccesn in aplitting o beam of silver atoms by means of o
magnetic finld startled, elated, and o e
et Uronrinta, kebudbig sovernl wha ek
regarded an ttempt to observe space quan
naive and foolish
Descendants of the Stern-Oerlach caperiment (SQE)
and ita key cencept of sorting quantum states via space
uantization are legion. Among them are the prototypes
foe nuclear suagnetic ressnance, optical pumping. the
nuch aa the Lamhb shift and the anomalous inerement in
the magnetic moment of the eloctron, which lounched
tum electrod; The means to probe nuclei, pro-
teina, and galaxies; imoge bodies and brains, perform eye
surygery; roael sissse o satn from compact desk; ard s
b codes on grocery packages or DNA base pairs in the
human genome all stem from exphoiting transitionn be
twnnn space-guantisnd quarntism staloe
A new center far experimental physien at the Univer.
sity of Frankfurt was recently named in honor of Stern and
Gerluch (see figure 11 The apportunity to take part in the
dedicative prompled us 1o reenact the cigar story, as wld
o one of us (Herschbach) by Stern himaclf more than 40
years agn. Here we briefly trace the nntcerdent trajeeto-
Ties of Stern and Uerlach and the perplexing physics of the

Brotinkav Friedrich &veastay fnedhich Offebevinumpy de) fas
recantly maved from Harvard Universty in Cambndoe, Massa-
chusatts, 1o bacome & servor scentist af the Friz Haber insritute.
of the Max Planck Sooety in Berin ¥

vente—jusl goncralised sedn wibor, His procd parcats of
fered {0 support him for postdoctoral study mnywhere he
liked. “Motivated by a spirit of adventure,” Stern became
the firnt pupil of Albert Einstein, then in Progue; their dis-
held “in a eafe which was attached &

" Soun Banslein was rocallod (e Zanch, Stem ac
companicd him there and was appointed privatdazent for
phiyabcal chetniatry.

Under Banstein's influence, Stern beenme mtereated
in light quanta, the nature of atoms, magnetism, and sia
tistical physics. However, Stern was shocked by the icon-
eclantic atomic model o ls Bohr. S&mlﬁ-l after it ap-
punred i Stern i o Do M viom Liastoie
mado an earnest vow: “If this nonsense af Bohr should in
the end prove ts be right, we will quit physics™ When Ein
stein moved to Berlin in 4, Stern becume privatdazent
for theoretical physics at Frankfurt. Warld War | soon in-
fervened, but cven while serving in the Cerman army,
Stern mansged to do significant work, including an une
succeaaful but proscient experiment, & attempt o sepa-
ol by il w npncliond hydro i o Pt L.

After the war, Stern returned o Frankiurt and he
cume assistant to Max Born in the Institute for Theoreti-
enl Physics, There bogan Stern's molecular beam odyssey
inex fyure 2). He hod learmed of the rudimentary exper-
menls of Louis Danoyer in 1911, whach demonatrated that
“malecular rays" of sedinm, formed by cifasion inta o vae
wum, travelod in straight lines. Siern wan captivaied by
the “skimplicity and dircctness” of the muthod, which “co
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Figure 3. Walther Gerlach (1889-1979), cigar in
hand, in his laboratory at the Institute for Physics in
Mun:ch, about 1950. (Photo courtesy of W. Schiitz,

Phys. Bl. 25, 343, 1969.)

Figure 2. Otto Stern (1888-1969),
cigar in hand, working in his molec-
ular beam laboratory at the Institute
for Physical Chemistry in Hamburg,
about 1930. (Photo courtesy of Peter
Toschek.)
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