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the immature nervous system to dis-
ease. He offered a classification of de-
velopmental disorders based on two
main variables, developmental stage of
onset and disease agent. A classifica-
tion, supported by experimental data,
must precede comprehension of mental
retardation, epilepsy, and other groups
of diseases.

The conference was sponsored by the
Jackson Laboratory. In lieu of pub-
lished proceedings of the conference,
a detailed checklist and bibliography of
neurological mutants in the mouse will
be published by the Harvard Uni-
versity Press, Cambridge, Massachu-
setts.

R. L. SipMaN
Harvard Medical School,
Boston, Massachusetts

S. H. AprPEL
University of Pennsylvania Hospital,
Philadelphia

J. F. FULLER
Jackson Laboratory
Bar Harbor, Maine

Electronic and Atomic Collisions

When activity in the field of atomic
collision physics (along with extra-
nuclear atomic physics generally) went
into its decline three decades ago. it was
widely felt that the field was completely
understood in principle and that a
limited number of then impossible ex-
periments and calculations would tie up
the entire matter. The 4th international
conference on the physics of electronic
and atomic collisions. held at Laval
University in Quebec. Canada. 2-6
August 1965, disclosed that assessment
to be far from adequate.

The “impossible” experiments have
disclosed an incredible richness of phe-
nomena in atomic and electronic colli-
sion physics, of importance to space.
atmospheric, and plasma physics and
to gas-phase chemistry: the computer-
aided theoretical work has brought to
light at least as many new problems
as it has solved.

Typical of the new areas is the mat-
ter of “resonances” in scattering. As
presently used, the term “resonance’ re-
fers to observation of energy-dependent
structure in electron collision cross
sections. This structure appears to be
well fitted by the Breit-Wigner reso-
nance formula much used in nuclear
physics; moreover, theoretical calcula-
tions, especially in e-H scattering, have
predicted the observed structure and
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low-cost,
high- performance
pulse height analyzer

Advanced design and circuitry of the
NS-601 Pulse Height Analyzer com-
bines the seemingly incompatible
feature of low cost with accuracy
and reliability. Its low cost brings it
within range of the most limited
budget, yet it performs all studies
with utmost laboratory precision —
and its operational versatility and
simplicity make it highly efficient for
classroom demonstrations.

The NS-601, like all Northern Scien-
tificinstruments, utilizes silicon semi-
conductors exclusively. Their great-
er reliability (factor of two) helps
avoid ‘‘down’’ time during critical
studies, adding to the value of this
complete system for analysis of
signal amplitude distribution. Write
or phone (608-238-4741) for addi-
tional information on the NS-601.

NORTHERN
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P. O. Box 4247 < Madison, Wisconsin 53711
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have shown that it is associated with
the rapid energy variation of individual
phase shifts.

Papers on resonances, given by P. G.
Burke (England), A. Herzenberg (Eng-
land), and E. Holgien (Norway), made
it clear that the techniques of predicting
resonances have steadily improved since
1963. In particular, a means of project-
ing out the coupling to the continuum,
and thereby of associating the complex
energy eigenvalue responsible for a res-
onance with a real eigenvalue comput-
able by the Rayleigh-Ritz minimum
principle, has been developed. More-
over, a variational (nonminimal) prin-
ciple for the complex eigenvalues has
been shown to have great promise. Thus
accurate predictions of resonances in
not-too-complicated electron-molecule
reactions (for example, ¢ + H? colli-
sions) soon should be forthcoming.

The theoretical advances in reso-
nances have been well matched by ad-
vances in experiments. Particularly
striking were the new measurements on
the H atom resonance reported by H.
Kleinpoppen (Germany); these mea-
surements verify and are an improve-
ment on the earlier measurements of
G. J. Schulz (U.S.A.). Also noteworthy
were the studies by H. Ehrhardt and
G. Meister (Germany) on the angular
distribution of electrons scattered by
helium in the vicinity of the resonance
first predicted by Gerjuoy and Baranger
(U.S.A.) and previously observed by
G. J. Schulz, J. Arol Simpson, and
C. E. Kuyatt (US.A)).

Among the other experiments which
employed high-resolution electron tech-
niques and which were particularly in-
teresting for development of theory
were those of Kuyatt, Simpson, and
Mielczarek. Their electron scattering
experiment displayed the vibrational
level structure in H,. In the experi-
ments of McGowan and Fineman
(U.S.A.) the ionization of H, curves
displayed structure due to rotational
excitation.

The question of resonances in elec-
tron scattering is closely related to the
existence of states of atoms and mole-
cules with excitation energies in excess
of the first ionization potential (so that
autoionization can occur) and to the
existence of unstable, compound nega-
tive ions. Techniques to map out the
energy levels of these super-excited
states have been developed.

Related to the question of these
super-excited states is the matter of
characteristic energy losses in ionizing
collisions between ions and atoms.
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Such energy losses have been studied
by coincidence methods in the labora-
tories of N. V. Fedorenko (U.S.S.R.)
and E. Everhart (US.A.). It now ap-
pears that at small impact parameters
any ionization process is correlated
with the excitation of one of the char-
acteristic energy losses and that these
energy losses are evidently associated
with ionization and excitation from the
inner shells of the colliding heavy par-
ticles. The finding by M. E. Rudd and
D. V. Lang (US.A.) that the energy
spectrum of the electrons produced in
ion-atom collisions show well-defined,
sharp structure further supports the
view that ionization in heavy particle
collisions proceeds in part through ex-
citation to super-excited states, followed
by autoionization.

Classical (that is, nonquantum) meth-
ods for computing cross sections were
discussed by a panel consisting of M.
Gryzinski (Poland), A. Burgess (Eng-
land), I. C. Percival (England) and L.
Vriens (Netherlands) in perhaps the
most spirited and controversial session
of the conference. The use of classi-
cal theory to compute atomic cross sec-
tions dates back to J. J. Thomson in
1912. Recently, however, as a result of
Gryzinski’s demonstration that Thom-
son’s formula for ionization of an atom
by electron impact could be improved
by taking into account the actual veloc-
ity distribution of the atomic electrons,
the possibility of estimating atomic col-
lision cross sections classically has at-
tracted widespread interest. In general,
the panelists thought that the remark-
able successes of these classical calcu-
lations stem from the “accidents” that
atomic interactions involve Coulomb
forces and that scattering of a pair of
otherwise isolated charged particles is
independent of Planck’s constant, that
is, the scattering is the same whether
calculated classically or quantum me-
chanically. Gryzinski appears to believe
that atomic collision cross sections ulti-
mately can be predicted accurately
without reference to quantum concepts.

Among the outstanding of the 72 the-
oretical contributions was the work of
F. T. Smith and R. P. Marchi (U.S.A.).
They showed that the oscillations in
the Het+ -+ He charge-transfer cross
sections could be accounted for in de-
tail; indeed it should be possible to in-
fer the Het - He interaction potential
from the oscillations observed. Also, G.
F. Drukarev and Yu. M. Demkov
(U.S.S.R.) contributed a very interest-
ing and novel paper on the distribution
of poles and zeros of the scattering
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matrix on the imaginary axis in the
complex wave number plane. The posi-
tions of these poles and zeros largely
determine the energy dependence of the
cross section. It was extremely regret-
table that neither Drukarev nor Dem-
kov was able to be present for the dis-
cussion of their interesting work.

Turning to but a few of the “non-
resonant” experimental highlights of
the conference, one can point first to
recent experimentation on the free hy-
drogen atom. S. J. Smith (U.S.A.) re-
ported a new measurement for elec-
tron-impact excitation of Lyman alpha
which confirms the earlier results of
Fite (U.S.A.) that the “best” quantum
theory as of present (the close coupling
approximation) is indeed in error at
lower energies. H. B. Gilbody (Eng-
land) has extended the energy range
for charge transfer between protons
and hydrogen atoms by a factor of
three over previous measurements.

H. Kleinpoppen (Germany) report-
ed some beautiful results concerning
the effect of nuclear spin on polariza-
tion of optical radiation. His work goes
far toward testing the predictions of
Percival and Seaton made in 1958. In
the experiment, atoms of LiS, Li?, and
Naz® were excited by electron impact;
the polarization of the first resonance
line was measured as a function of elec-
tron energy. These three isotopes repre-
sent cases where the hyperfine separa-
tion compared to the level width of the
excited state is small, comparable, and
large, respectively. It was found that al-
though the transitions are the same
electronically, the polarization fractions
near threshold were 40, 21, and 15 per-

cent in good agreement with theoret- :
. * LOCI — LOgarithmic Computing Instrument

ical prediction.

The first experiment on two-photon
absorption by negative ions, combining
laser and crossed beam techniques,
was reported by Hall, Robinson, and
Branscomb (U.S.A.). Extremely elegant
experiments on the interaction of elec-
trons and ions, particularly enlighten-
ing for theory development and for
plasma physics, were reported both by
Dance, Harrison, and Smith (England)
and by Dunn, van Zyl, and Zare
(US.A).

The question of the effect of inter-
nal excitation on measured cross sec-
tions in ion-neutral collisions has be-
gun to be evaluated. Perhaps the most
definitive experiments reported were
those of Turner, Stebbings, and Fine-
man (U.S.A.). Initial ions were " pro-
duced in various states of excitation,
and variations of cross sections were
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studied. From such studies it seems
clear that much of the disagreement be-
tween different laboratories in earlier
measurements originated from differ-
ences in state population of beams from
different ion sources.

In the thermal energy range, the
methods involving flowing pulsed, after-
glow, which were devised by E. E.
Ferguson and his associates (U.S.A.),
were particularly impressive. Also im-
pressive was their tabulation of a large
number of measured rates for processes
occurring in the upper atmosphere.

Numerous experiments delved into
less well-defined problem areas relating
to excitation, ionization, and heavy par-
ticle collisions. The supply of entirely
unexpected observations reported is
ample to keep the theoreticians hard at
work for a number of years.

The conference was invited by N. V.
Fedorenko to meet next in Leningrad
in 1967, a proposal which was accept-
ed with great enthusiasm.

W. L. FITE
: E. GeErJUOY
Department of Physics and
Space Research Coordination Center,
University of Pittsburgh,
Pittsburgh, Pennsylvania

Forthcoming Events

October

30-2. American Speech and Hearing
Assoc., Chicago, Ill. (K. O. Johnson, 1001
Connecticut Ave., NW, Washington, D.C.)

31-4. American Soc. of Agronomy, 57th
annual, Columbus, Ohio. (ASA, 677 South
Segoe Rd., Madison, Wis. 53711)

31-5. Society of Motion Picture and
Television Engineers, 98th technical conf.,
Montreal, P.Q., Canada. (SMPTE, 9 E.
41 St., New York 10017)

31-5. American Soc. for Testing and
Materials, 5th Pacific area natl., Seattle,
Wash. (H. H. Hamilton, ASTM, 1916
Race St., Philadelphia, Pa. 19103)

November

1-3. Development of the Lung, Ciba
Foundation symp., London, England.
(Ciba, 41 Portland Pl., London, W.1)

1-3. American Physical Soc., southeast-
ern section, Charlottesville, Va. (H. Carr,
Auburn Univ., Auburn, Ala.)

1-3. Industrial Static Power Conversion,
conf., Philadelphia, Pa. (L. W. Morton,
General Electric Co., Bldg. #2, Schenec-
tady 5, N.Y.)

I1-3. Information Processing in Sight
Sensory Systems, California Inst. of Tech-
nology, Pasadena. (E. D. Johnson, 208
Booth Computing Center, California Inst.
of Technology, Pasadena 91109)

1-3. Systems, intern. meeting, Chicago,
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Robert F. Kingsbury, Bates College

This text is intended for science and engineering students and de-
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particularly with regard to the necessary mathematical understanding,
is the hallmark of this work. Optics is studied first, en’abling the
student to gain facility with the calculus and introducing him to
the interplay of theory and experiment that is science. As the stu-
dent’s facility with the calculus increases, the author develops the
kinematics, mechanics, and thermodynamics.
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