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identical with the disposition of atoms suggcStCRHNaS
William Bragg for the molecule of benzene *’ (Challenor
and Ingold, Trans. Chem. Soc., 1923, 2068), it will
scarcely be maintained that Dr. Turner’s suggestion
of a possible stable para-linkage in diphenyl deriva-
tives introduces any essentially novel consideration
to the question of the structure of these compounds.
T also referred in my letter to the remarkable behaviour
of diphenyl towards ozone, mentioned by Dr. Turner,
as well as to certain other noteworthy properties of
the compound. )

It should perhaps be pointed out that although, as
Dr. Turner states, the formula considered by him
contains four asymmetric carbon atoms, it would be
incorrect to suppose that it therefore demands the
existence of a correspondingly large number of
stereoisomeric forms of 2 : 2’-derivatives of diphenyl.
For the respective distributions of the groups attached
to the pair of asymmetric carbon atoms in either
benzene nuclens are not mutually independent, so
that only one asymmetric atom in each nucleus is
effective as a source of stereoisomerism.

In conclusion, I need scarcely say that experiments
on the isomerism in question are being actively
prosecuted in this laboratory, and are by no means
limited to 2 : 2’-derivatives of diphenyl.

J. KENNER.

The Chemical Department, The University,

Sheffield, September 25.

Waves and Quanta.

THE quantum relation, energy =/% x frequency, leads
one to associate a periodical phenomenon with any
isolated portion of matter or energy. An observer
bound to the portion of matter will associate with
it a frequency determined by its internal energy,
namely, by its ‘“ mass at rest.”” An observer for
whom a portion of matter is in steady motion with
velocity Be, will see this frequency lower in con-
sequence of the Lorentz-Einstein time transformation.
I have been able to show (Comptes vendus, September
10 and 24, of the Paris Academy of Sciences) that
the fixed observer will constantly see the internal
periodical phenomenon in thase with a wave the
M€

2

frequency of which v=> is determined by the

quantum relation using the whole energy of the
moving body—provided it is assumed that the wave
spreads with the velocity ¢/8. This wave, the velocity
of which is greater than ¢, cannot carry energy.

A radiation of frequency » has to be considered
as divided into atoms of light of very small internal
mass (< 107*° gm.) which move wzith a velocity very
M _hy. The atom
Jr-p?

nearly equal to ¢ given by

of light slides slowly upon the non-material wave
the frequency of which is » and velocity ¢/B, very
little higher than ¢.

The “ phase wave ”’ has a very great importance
in determining the motion of any moving body, and
I have been able to show that the stability conditions
of the trajectories in Bohr’s atom express that the
wave is tuned with the length of the closed path.

The path of a luminous atom is no longer straight
when this atom crosses a narrow opening; that is,
diffraction. It is then necessary to give up the inertia
principle, and we must suppose that any moving body
tollows always the ray of its * phase wave” ; its
path will then bend by passing through a.sufficiently
small aperture. Dynamics must undergo the same
evolution that optics has undergone when undula-
tions took the place of purely geometrical optics.
Hypotheses based upon those of the wave theory
allowed us to explain interferences and diffraction
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be possible to reconcile also diffusion and dispersion
with the discontinuity of light, and to solve almost
all the problems brought up by quanta.

Louls pE BROGLIE.
Paris, September 12.

The ¢ Concilium Bibliographicum.”’

IN the commentary added to my letter concerning
the “ Concilium Bibliographicum ”’ which appeared
in NaTuRrRE of June 30, p. 880, some doubts were
expressed regarding the continuous appearance of
its cards. May I be permitted to emphasise again
that our cards are issued and delivered as heretofore
to our subscribers.

Another publication of the Concilium is the
“ Bibliographia Zoologica,” of which volumes 30 and
31 have been published and vol. 32 will be sent out
shortly, indicating definitely that this zoological biblio-
graphy is not a new undertaking of the Concilium.

No doubt it is a rather complicated question to
decide whether or not this zoological bibliography in
book form is a duplication of the “ Zoological Record.”
It must be recalled that apart from completeness,
promptness, and accessibility, carefulness and the
procedure in the arrangement of the bibliographical
work play a very important role. Indeed, as for
every application of scientific procedure, it is not
only the tools but also the degree of ability to use
them which governs the appreciation of those who
have to work with them. One works better with
one method, another is more adapted to the use of
another. To all these points have to be added as
important factors the influence of different education
and local tradition.

In making a plea for a co-operation between the
“ Zoological Record "’ and the bibliographical service
of the Concilium, a condition which unquestionably
could be of real value to the zoological world, the
writer wishes to suggest that these various important
points of internal character be seriously considered.

‘When it was decided in 1921 to continue the book-
form of the “ Bibliographia Zoologica,”” the material
to be published was so extensive that it was impossible
to treat the whole animal kingdom in every volume.
But this is certainly not a misfortune, for it is evident
that a bibliography of titles has not only an immediate
value, but also represents to a great extent a source

for continuous reference. J. STROHL,
Director of the ““ Concilium
Zurich. Bibliographicum.”

Long-range Particles from Radium-active Deposit.

In the letter which appeared in NATURE of Sep-
tember 15, p. 394, under this heading, by Dr. Kirsch
and muyself, there are two errors which obscure the
sense of our communication. The maximum range
of the H-particles expelled from silicon should read
12 cm., the corresponding number for beryllium being
18 cm., instead of vice versa. The last sentence
should read : ‘“ Our results seem to indicate that an
expellable -nucleus is a more common constituent of
the lighter atoms than one has hitherto been inclined
to believe,” the word in italics being omitted in the
printing. Hans PETTERSSON.

Goteborgs Hogskola, Sweden.

[The transposition of the values 12 cm. and 18 cm.
was the fault of our printers; and we much regret it.
The omission of the word ‘‘ expellable ”” was due to
the authors, who did not include the word in their
letter. Two separate proofs of the letter were sent to
Dr. Kirsch at Vienna, but neither was returned.—
EDITOR, NATURE.]

© 1923 Nature Publishing Group
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Waves and Quanta.

THE quantum relation, energy =4 x frequency, leads
one to associate a periodical phenomenon with any

isolated portion of matter or energy. ‘ _
portion of matter will associate with

bound to the

it a frequency determined by
namely, by its ‘“ mass at rest.”

An observer

its internal energy,
An observer for

whom a portion of matter is in steady motion with
velocity B¢, will see this frequency lower in con-
seaquence of the Lorentz-Einstein time transformation.

Paris, September 12.

all the problems brought up by quanta.

lL.ouis DE BROGLIE.
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Letters to the Editor.

[The Editor does not hold himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to return, mor to correspond with
the writers of, rejected manuscripts intended for this
or any other part of NATURE. No notice s taken
of anonymous commumnications.]

The Scattering of Electrons by a Single Crystal
of Nickel.

Ix a series of experiments now in progress, we are
directing a narrow beam of electrons normally against
a target cut from a single crystal of nickel, and are
measuring the intensity of scattering (number of
electrons per unit solid angle with speeds near that of
the bombarding electrons) in various directions in
front of the target. The experimental arrangement
is such that the intensity of scattering can be measured

=
<
LJ
o
>—
x
=
14
o

TARGET

F16. 1.—Intensity of electron scattering vs. co-latitude angle for
various bombarding voltages—azimuth-{111}-330°.

in any latitude from the equator (plane of the target)
to within 20° of the pole (incident beam) and in any
azimuth.

The face of the target is cut parallel to a set of
{111}-planes of the crystal lattice, and etching by
vaporisation has been employed to develop its surface
into {111}-facets. The bombardment covers an area
of about 2 mm.? and is normal to these facets.

As viewed along the incident beam the arrangement
of atoms in the crystal exhibits a threefold symmetry.
Three {100}-normals equally spaced in azimuth emerge
from the crystal in latitude 35°, and, midway in
azimuth between these, three {111}-normals emerge
in latitude 20°. It will be convenient to refer to the
azimuth of any one of the {100}-normals as a {100}-
azimuth, and to that of any one of the {111}-normals
as a {111}-azimuth. A third set of azimuths must
also be specified ; this bisects the dihedral angle
between adjacent {100}- and {111}-azimuths and
includes a {110}-normal lying in the plane of the

No. 2998, Vor. 119]

target. There are six such azimuths, and any one of
these will be referred to as a {110}-azimuth. It follows
from considerations of symmetry that if the intensity
of scattering exhibits a dependence upon azimuth as
we pass from a {100}-azimuth to the next adjacent
{111}-azimuth (60°), the same dependence must be
exhibited in the reverse order as we continue on
through 60° to the next following {100}-azimuth.
Dependence on azimuth must be an even function of
period 2/3.

In general, if bombarding potential and azimuth are
fixed and exploration is made in latitude, nothing very
striking is observed. The intensity of scattering
increases continuously and regularly from zero in the
plane of the target to a highest value in co-latitude
20°, the limit of observations. If bombarding poten-
tial and co-latitude are fixed and exploration is made
in azimuth, a variation in the intensity of scattering
of the type to be expected is always observed, but in
general this variation is slight, amounting in some
cases to not more than a few per cent. of the average
intensity. This is the nature of the scattering for
bombarding potentials in the range from 15 volts to
near 40 volts.

At 40 volts a slight hump appears near 60° in the
co-latitude curve for azimuth-{111}., This hump
develops rapidly with increasing voltage into a strong
spur, at the same time moving slowly upward toward
the incident beam. It attains & maximum intensity
in co-latitude 50° for a bombarding potential of
54 volts, then decreases in intensity, and disappears
in co-latitude 45° at about 66 volts. The growth and
decay of this spur are traced in Fig. 1.

A section in azimuth through this spur at its
maximum (Fig. 2—Azimuth-330°) shows that it is
sharp in azimuth as well as in latitude, and that it
forms one of a set of three such spurs, as was to be
expected. The width of these spurs both in latitude
and in azimuth is almost completely accounted for by
the low resolving power of the measuring device. The
spurs are due to beams of scattered electrons which. are
nearly if not quite as well defined as the primary beam.
The minor peaks occurring in the {100}-azimuth are
sections of a similar set of spurs that attains its
maximum development in co-latitude 44° for a bom-
barding potential of 65 volts.

Thirteen sets of beams similar to the one just
described have been discovered in an exploration in
the principal azimuths covering a voltage range from
15 volts to 200 volts. The data for these are set down
on the left in Table I. (columns 1-4). Small corrections
have been applied to the observed co-latitude angles
to allow for the variation with angle of the ‘back-
ground scattering,” and for a small angular displace-
ment of the normal to the facets from the incident
beam.

If the incident electron beam were replaced by a
beam of monochromatic X-rays of adjustable wave-
length, very similar phenomena would, of course, be
observed. At particular values of wave-length, sets of
three or of six diffraction beams would emerge from
the incident side of the target. On the right in
Table I. (columns 5, 6 and 7) are set down data for
the ten sets of X-ray beams of longest wave-length
which would occur within the angular range of our
observations. Each of these first ten occurs in one
of our three principal azimuths.

Several points of correlation will be noted between
the two sets of data. Two points of difference will
also be noted ; the co-latitude angles of the electron
beams are not those of the X-ray beams, and the
three electron beams listed at the end of the Table
appear to have no X-ray analogues.

The first of these differences is systematic and may

© 1927 Nature Publishing Group
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bestimmbar ist. also hier die unstetige Anderung von p beim Compton-
efiekt, so stehen mach elementaren Formeln des Comptoneffekts p,
und ¢, in der Beziehung

Py ~ N (1)
Daf diese Beziehung (1) in direkter mathematischer Verbindung
h

mit der Vertauschunesrelation paa — ap — - — steht. wird sniter ce-
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Home > Zeitschrift fur Physik > Article

Published: April 1927
Zur Quantenmechanik einfacher Bewegungstypen

E. H. Kennard

Zeitschrift fiir Physik 44, 326-352 (1927) | Cite this article
1342 Accesses | 708 Citations | 15 Altmetric | Metrics

und, da das rechts stehende Integral nicht negativ sem kann, gilt ganz

allgemein:
li ~
Pitdi = 5= (27)

ol

Dieses ist das etwas verallgemeinerte Unbestimmtheitsgesetz von



o 4 % A4 X4 BT 1927

he Uncertainty Principle

H. P. Robertson
Phys. Rev. 34, 163 — Published 1 July 1929

Article

References Citing Articles (978)

m Export Citation

The uncertainty principle for two such variables
A, B, whose commutator AB—BA =hC/2nt, 1s
expressed by

AA -AB=h| Co| /An

1.e. the product of the uncertainties in A, B is
not less than half the absolute value of the mean
of thetr commutator.
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B &8 w4t #¥H (M.Born, 1926)

Home > Zeitschrift fur Physik > Article

Published: December 1926

Zur Quantenmechanik der StoBvorgange

Max Born

Zeitschrift fiir Physik 37, 863-867 (1926) | Cite this article
1693 Accesses | 528 Citations | 19 Altmetric | Metrics

Zusammenfassung

Durch eine Untersuchung der StoBvorgange wird die Auffassung entwickelt, da3 die
Quantenmechanik in der Schrodingerschen Form nicht nur die stationaren Zustande, sondern

auch die Quantenspriinge zu beschreiben gestattet.
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B &8 w4t #¥H (M.Born, 1926)

Home > Zeitschrift fur Physik > Article

Published: November 1926

Quantenmechanik der Stofvorgange

Max Born

Zeitschrift fiir Physik 38, 803-827 (1926) | Cite this article
1209 Accesses | 517 Citations | 3 Altmetric | Metrics

Zusammenfassung

Die Schrodingersche Form der Quantenmechanik erlaubt in natiirlicher Weise die Haufigkeit
eines Zustandes zu definieren mit Hilfe der Intensitat der zugeordneten Eigenschwingung.
Diese Auffassung fiihrt zu einer Theorie der StoB-vorgange, bei der die
Ubergangswahrscheinlichkeiten durch das asymptotische Verhalten aperiodischer Lésungen

bestimmt werden.
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B & # w7t #EH (M.Born, 1926)

In a letter to Born on 4 December 1926, Einstein made his famous
remark regarding quantum mechanics:

Quantum mechanics is certainly imposing. But an inner voice tells me
that it is not yet the real thing. The theory says a lot, but does not really
bring us any closer to the secret of the 'old one'. |, at any rate, am
convinced that He is not playing at dice.

This quotation is often paraphrased as 'God does not play dice'.

Niels Bohr reportedly replied to Einstein's later expression of this
sentiment by advising him to "stop telling God what to do."



B & #8812, %% (M.Born, 1926) b
R 20 W) 4%

MAXBORN

The statistical interpretation of quantum
mechanics

Nobel Lecture, December 11, 1954

The Nobel Prize in Physics 1954

Born: 11 December 1882, Breslau, Germany (now Wroclaw,
Poland)

Died: 5 January 1970, Gottingen, West Germany (now
Germany)

Affiliation at the time of the award: Edinburgh University,
Edinburgh, United Kingdom
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Ansatz

is an educated guess or an additional assumption
made to help solve a problem, and which may later
be verified to be part of the solution by its results.

Y(x) + 2y'(x) + 3y(x) = x°
. 1%

y(x) =ax> +bx*+cx+d

ANLRA LB % #a,b,c,d
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