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Dear Professor Stern,

As you may have heard from Professor Pauli, with whom the problem
was talked over before he left, the question raised by my father during
the discussion about your planned experiments to test the anomalies in the
scattering of identical particles have been looked into somewhat further.
It appears that the effects which the theory predicts for molecular beams
of such comparatively large velocities will actually be exceedingly small
and probably very difficult to observe. The calculations of Massey and
Mohr (Proc.Roy.Soc. 141, 434, 1933), the results of which are quoted in
the book of Mott and Massey (Pig.45) and which might seem to give,for iden-
tical atoms, a scattering cross-section for small angles only about half
that obtained for dissimilar atoms, do not directly allow of such a compa-
rison.

That the effect must be very small is clear from simple arguments.
In fact, the quantum mechanical symmetry requirements for identical partic-
les (we here consider such as obey Bose-Einstein statistics) amount to the
collision in relative coordinates being represented not by a single wave,
but by the superposition of two waves travelling iIn opposite directions.

The wave scattered into the angle 6 (see Figure) will, therefore, result
partly from a "forward” scattering of the waves coming from the left and

a "backward"™ scattering of the opposite wave train,and the anomaly in the
scattering law arising from the identity of the particles is simply that

due to the interference of these two scattered waves.



8-1-47. -2

Now, for the problems in question, where A is very small compared
with the atomic diameter rO, the forward scattering into very small angles
(;e-4%)) will by far exceed the backward scattering, and i1t is therefore
immediately evident that the interference effect must be very small. Act-
ually, i1t may be shown, using the model of the rigid spheres, that the
ratio between the amplitudes of the forward and backward scattered waves

asymptotically approaches the value * for 0=0 and . The devia-
tions in the scattering cross-section can, therefore, at most amount to
31 . ThCis quantity is about 1$ for Illg atoms at T - 300°. Moreover,

however, even this small effect would not be observable iIn an arrangement
like that suggested, since there will be a phase difference between the for-
ward and backward scattered waves which depends strongly on the ratio
Already very small variations in the relative velocity (-~ ), in fact,
revert the effect which will, therefore, be completely obscured for not
strictly monochromatic beams.

With the usual notation of ~(© for the factor to ~ &<'1BA in the
asymptotic expression for the scattered wave, the curves of Massey and Mohr
give the values of I1-pef (for dissimilar particles) and of i1l Ne;—+r-e)|
(for identical particles). Actually, however, in order to find the devia-

tions inthe scattering law in the two cases, one should compare O] B:
with k*O+ ™ tr | . Using the computed data ofMassey and
Mohr, one finds for 0=o0 , in the particular case of +HOT™ X > a differ-

ence of only about 5-10%, which fits well in with the general expectations.

It would presumably, as is also mentioned by Massey and Mohr, be
more favourable to investigate the scattering at 0= 90°, iIn which case, as
is immediately seen, the symmetrization leads always, Iirrespective of velo-
city, to a doubling of the cross-section. In this connection, it must, how-
ever,_ be remembered that not only will it _be necessary to measure over very
small angular intervals (of the order of ** ), but also, the akee results
refer to the scattering iIn relative coordinates and, for instance, for a
collision between two non-monochromatic molecular beams, the direction cor-
responding to 0O = 90° for one type of collision may correspond to whdely
different values of O for collisions between atoms of other initial veloci-
ties.

My father asks me to send you also his best regards to you and to

the Paulis. i
Yours sincerely,
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