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Prize for Pittsburgh

NOBEL LAUREATES arf épehysrcrsSs James C. Franck ]]925) Pr. Stem and D

To trl e to Pittsburgh’s first Nobel —prize-winner, D
Stern, ps% eo eworIds outgtandlng h sical scientists, Fo al drgnltar
jes, and scre stu ents tere at abdu% sponsored rneﬂ}e
In t|tute ia (f SIc ocrety of Pittsbukgh in the University Club
ba room ast rr

Dr. Stern, who c me o Plttsbur h from the University of Hamburﬁ
onlg/el ven ear o IS Re earch Professor of Physics at ‘Carnegie Tec
\s con uc mr\;Jgra uate classes and c%nt uing the exp. Frments
ysrca science begun in his native countf ore the war. sicls
St rn’ was recognize 1943 b¥ the Nobel "Foundation tor his*fun
ental researcfi In the fg eld olecular physics, dealing with the
ve ocrtreé and electron of molecular_rays,
A mo esg little m%n, Dr. Stem gives much of tt}e credit for
his spccessp %ﬂjerrments to \s associafes, amon%t em his Lmer uRr
shares wit

5 ane winner, wh
30,000 prize whrch was awarde in”New York last Sunday.

GUEST PH SIC#STS inc uded Wol ggn\g Pauli, visiting professor at Princeton,
and Stfnfor Professor Fe w ee) Amon? otfiers were Harvar s%
Van Vleck, Princeton Pro essors ugene” Wigner and  Rudolph  Ladgnburg.
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Favenson cko g G. Bl é’ E Evans,J L Perry/

Mrs FrederrckSrz rhusband r ided), Dr. An re vrno r.E. R We

ert Er stein, friend and or er teacher of

ut at last minute was una Ie to attend.
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AR’Semphasis is on strength,
Wm men and in steel. That

truism is pictured for you aboveNor will Tojo, and t

a scene showing the last admixture
of alloys going into an electric
furnace in one of the Allegheny
Ludlum mills. o

« Inthe shortest possible time after
the arc is struck, that batch of alloy
steel will be war material in use.
It may be stainless bomb racks or
ammunition chutes; tool steels fash-
ioning a tank; valves or nitrided
shafts in engines; electrical steels
in gun, engine or plane controls—
or In radio range-finding and com-

O.W.L Photo by Palmer, in an Allegheny Ludlum plant
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munications equipment. Whatever
it is, Hitler deﬂmteIK won't like it.

, , e reasons why
are inherent in the steels them-
selves.

Special alloy steels are the "Su-
permen” of metals. Whatever job
there is for steel to do, they do
hetter. .Many jobs they do today,
in fact, weren’t even possible unfil
a special steel was developed for
the purpose—the records of our
Research Laboratories are full of
such instances.

It has been said, and truly so far
as combat equipment is concerned,

Taxtt&

that this is an "Alloy War.” Much
has been learned that you will carry
forward as the commercial tech-
nicians of the future.

A//etdtenyLuef/unt
STEEL CORPORATION

BRACKENRIDGE, PENNSYLVANIA
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Otto Stern, Molecular Beams,
and the Nobel Prize

by GEORGE E PAKE

Physics, or.

_ , awarding the 1943 Nobel
Prize for physics to Dr. Otto Stern, Research Pro-
fessor of Physics at the Carne%le Institute of Tech-
nology, The Nobel Foundation has recognized his im-
portant contributions to the development of present
day physical science. Much of his work has been
fundamental research using molecular ra¥s or heams
as a means for probing info the secrets of atomic and
molecular properties. ~ For an appreciation of Dr.
Stern’s experiments, an understanding of the methods
and principles involved in molecular ray production is
e%sentlal and begins properly with the” kinetic theory
of gases.

ccording to the kinetic theory, the molecules of a
([]as or vaFor_ are in unceasing chaotic motion, con-
inually colliding with each other and the walls of their
containing enclosure. - At any given instant, the velo-
cities of the individual molecules are very different, but
a statistical average of these velocities “is entirely in-
dependent of time, being as a matter of fact a function
of the temEerature and the mass of the individual
molecule. For the production of a molecular beam,
the enclosure need only be heated to a temperature
corresponding to the desired average velocity of the
beam. A small hole in one of the container walls will
permit a stream of molecules to emerge from the en-
closure, and two or three aligned collimating plates
may be used to select a narrow ,sharplﬁ_ defined por-
tion of the stream. The region into which the mole-
cules pass from the enclosure must be evacuated by
continuous dpumplngi ~since the beam would otherwise
Phe scattered by collisions with residual molecules in

e region. _ _ _

Dr. Stern’s early experiments, which used just such
an oven to produce a heam of silver atoms, consisted
simply of direct velocity measurements that checked
the theoretical value for"the average velocity and pro-
vided exPerlmentaI verification of the Maxwell distri-
bution of molecular velocities. This marked the be-
ginning of the brilliant series of molecular ray experi-
ments which brought Dr. Stern international recog-
nition and the Nobel Prize.
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7 Qat the 1944 as well as 1943 Nobe] Prize afadv
ed_for rese n}o}écu@{ eargs t(hlﬂrr
or o, suesP

a former s P%rﬁl

-
ern’s) t the 1m-

ortance of such work. Dr. Stern’s original investiga-
PIOHS, described here, paved tﬁe way ?Otgmrther stugy.

The potentialities of the molecular ray method were
fully realized by Dr. Stern and his ca-workers, and
since many of thie experiments suggested by the method
required Mmeasurement of ray infensity, various detec-
tion devices were designed. ~For éxample, the in-
enius Pirani gauge or hot-wire manomefer measures

e intensity of the_ beam by collecting the molecules in
an enclosure containing a wire filanient heated by an
electric current.  The “molecules build up a pressure
in the enclosure determined by the rate at which they
enter, and this collected gas “serves to cool the fila-
ment. The resistance of the filament is a function of
its temperature and thus measures the beam intensity,
since intensity determines the amount of gas present
which in turri fixes the rate of cooling, A Second kind
of gauge uses a hot filament placed in a positively
charged cylinder.  Proper selection of the filament
temperature and the anode potential i)roduces a Space-
charge limited emission current of electrons from the
filament to the cylinder. If a molecular ray passes
into the region bétween filament and anode, the fast-
moving electrons ionize the gas molecules which re-
main as positive charges. and produce a_ large change
in plate current. In"this way, the emission current
measures the intensity of the beam. ,

Dr. Immanuel Estermann, also of the physics de-
%artment at Camegie, has been a close associate of
r. Stern.  One of the experiments on which the two
men collaborated concerned verification of the wave
nature of moving atoms and molecules. De Broglie
had su%gested in" 1924 that perhaps an undulatory " ef-
fect with wave length dependent upon momentum is
associated with moving particles. Stern pointed out
that molecular rays could be used to test this hypo-
thesis, and his subsequent experiments showed definite
diffraction maxima af the theoretically predicted angles
for beams of hydrogen or helium molecules which were
reflected from a Crystal lattice used as a grating.
[This experiment is discussed in more detail as part
of an_article entitled “Matter Waves,” which will_ap-
pear in the November issue of the Technical —Ed.]

In 1921 Dr. Stern suggested the use of molecular
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beams as a crucial test to. decide between classical
theory and the: quantum theory of atomic and mole-
cular maqneuc properties; the “result was the famous
Stem-Gerlach experiment.  Both theories_ agreed that
an atom possesses angular momentum arising from the
motion of its electrons. Furthermore, the motion of
the electrons constitutes, in effect-, a small current loop,
and such a loop possesses a definite magnetic moment
which may be’ represented by a véctor in the same
direction as the angular momentum vector (actually
anUEJaraIIeI for a negatively charged electron). The
total angular momentum _is représented by & vector
quantum_number J. - Similar vector quantum numbers
L and S represent resPectlveI the so-called orbital
electron angular momentum and the electron spin mo-
mentum; thus the total electronic an%ullar momentum
isJ=L+S.  The magnetic moment.is proportional
to J and is, in fact- measured in units called Bohr
magnetons such that the magnetic moment is J Bohr
magnetons.  If, now, a beam of molecules, or atoms is
Bassed through a magnetic field at rlﬁht angles to the
eam, classical theory predicts that the J vectors will
enter the field inclined at an arbltrarK angle to the
field direction and will precess about the field at that
angle. Quantum theory, however, indicates that only
ceftain discrete values are permitted for the projection
of the precessing J vector along the field direction.
When the field “is inhomogeneous in a direction at
right angles to the beam, a et translational force will
bé exerfed upon the atomic magnets. The direction
and magnitude of 3his force depends upon the direc-
tion and magnitude of the magnetic moment; therefore,
classical theorr calls for a continuous ran%e of forces
and beam deflections between two symmetrical maxi-
mum values, whereas guantum theory forecasts a small
number of discrete values for the forces and resulting
deflections of the ray. . o

The ,apPara,tus for the experiment is illustrated
schematically- in_ figure 1 From an oven O issue
silver atoms which“are collimated by two plates into
a ribbon-like beam. The heam passes hetween mag-
netic-pole pieces N and S, specially designed to_pro-
duce an inhomogeneous magnetic” field, and finally
condenses on a cold plate P. "If the classical theory is
valid, a continuous spread of the beam at the plate is
expected. The quantum theory, on the other hand,

10

ermits the splitting of the original beam into just

0 component beams, one deflected upward and"the
other downward. In terms of the quantum numbers,
L =0 for silver atoms in the qround state and_the
magnityde .of?S has just one value, S| = Yz Thus
the"projection of J on the field direction can have but
two vafues, + ]z and — Kz\ only two deflecting forces,
equal in magnitude but opposité in direction, are pos-
sible. After conducting the experiment, Stern ‘and
Gerlach found on the, condensing plate two distinct
silver deposits, each with the same_shape as the cross
section of the ribbon-like beam. Dr. Stern’s brilliant
work had produced valuable experimental evidence of
the validity of the-quantum theary. o
. The Stém-Gerlach exFerlment suggested investiga-
tions of atomic and molecular electfic moments, and
the same method has recently been applied to the
measurement of nuclear magnetlc moments, ~ Other
recent research has been conducted bK Dr. Stern and
his colleagues in the Molecular. Physics Research
Laboratory at Carnegie Tech concerning the effect of
gravitational forces on molecular beams. A precision
method for measuring the Bohr ma?neton by balancing
gravitational forces against magnefic forceS has been
under study, as has velocity sorting by means of the
free fall of atoms in a beam.

Dr. Stem’s work, however, has by no means been
confined to molecular beams. One of his first scign-
tific papers, published jointly with Professor Einstein,
indicated from data on the heat capacity of hY,drogen
atTow temperatures that the molecules of solids ‘are
not at rest at the absolute zero of temperature, but
Possess a zero-point energy.  This, conclusion, at
variance with, the ideas then existing, is now generallg
accepted and is predicted by wave mechanics, ~In 192
Dr. Stern suggested in a paper on the_ equilibrium be-
tween matter and radiation in the universe that both
the annihilation of material particles with the forma-
tion of radiation and the reverse process may occur.
After _Anderson discovered the POSIUOU in 1932,
physicists learned. that positrons collide with negative
electrons, producing two photons of radiant energy,
and that photons may. form positron-glectron .pairs.
Dr. Stern has also written a Series, of papers. which
aPpIy quantum theory to the calculation of solid sub-
stance vaiJor ?ressures and the magnetic properties of
solids at low temperatures. _

Whether Dr. Stem has dealt with molecular beams
or other branches of physics, throu?hout all of his work,
far too extensive to be Qomﬁletey covered here, his
%enlus as an experimentalist has been skillfully guided
Py_hls,vlsmn and alertness as a theorist.  The':Nobel
Prize is indeed a fitting tribute to his accomplishments
in modern science.

The Technical wishes to thank Mr. Poke for his
promptness in preparing this article.
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