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PROGRESS IN AERONOMY 

AERONOMY is a new word describing a much 
older branch of science. It was proposed as 

recently as 1954 by Prof. Sydney Chapman and 
refers to the study of the properties of the upper 
atmosphere and the physical processes occurring in 
it, particularly those due to solar electromagnetic 
and corpuscular mdiation. That tho term is already 
in general use indicates the rapid growth of interest 
in this field which has arisen out of the development 
of new experimental techniques (particularly rockets 
and satellites) and from the success of the recent 
International Geophysical Year. 

The symposium on aeronomy at Copenhagen during 
July 19-22 was aimed at surveying recent advances 
in the subject, both experimental and theoretical, and 
was organized under the auspices of the International 
Association of Geomagnetism and Aeronomy. If a 
digression at this point may be permitted, it may be 
of interest to direct attention to the close and long
standing link between geomagnetism and aeronomy, 
arising through the interpretation of magnetic 
disturbance in terms of electric currents flowing in 
the outer regions of tho Earth's atmosphere. As 
long ago as 1839, Gauss, in discussing the origin of 
the terrestrial magnetic field, commented as follows : 
"If we should look for the direct causes completely 
or partly in the exterior, we could . . . only think 
of galvanic currents. The atmospheric air is no 
conductor of such currents, neither is tho vacuum. 
. . . However, the mysterious phenomena of the 
aurora in which, to all appearances, electricity in 
motion acts the main part, forbid us to deny outright 
the possibility of such currents only because of the 
uncertainty mentioned and it is, in any case, inter
esting to study how the magnetic effects of such 
currents would appear near the Earth's surface". 
The transition from a possibility not to be denied 
outright to certainty took a century. Nevertheless, 
as the proceedings of this symposium amply demon
strate, the mysteries of the aurora and associated 
phenomena in the upper atmosphere increase in 
fascination in step with the advances in our knowledge 
and understanding of them. 

The reduction of orbital data of the satellites 1.-o 
yield atmospheric densities at heights up to 700 km. 
was dealt with by three contributors, D. G. King-Hele 
(Royal Aircraft Establishment), L. G. Jaccia and C. A. 
Whitney (Smithsonian Astrophysical Observatory). 
The method is based on the fact that the satellite loses 
energy, and decreases in orbital period, through 
collisions with air molecules ; the derived densities 
represent a mean over about 60° of the orbit near 
perigee. One of the most interesting features revealed 
is a diurnal density variation above about 400 
km., the day- to night-time ratio being of order 10 
at 600 km. height. At these h eights there is also a 
correlation between density and solar activity. 
S. ]'. Singer (University of Maryland) discussed, from 
a theoretical point of view, tho distribution of density 
in the exosphere, that is, in the region where the 
rate of collision is so low that particles follow ballistic 
trajectories and some escape entirely from the Earth's 
gravitational influence . From an analysis of the data 
on satellite drag, Singer places the base of the exo
sphere at 530 km. for tho n eutral constituents. R. A. 
Helliwell (Stanford University) described how the 

properties of the outer ionosphere may be deduced 
from studies of 'whistlers'. These are low-frequency 
atmospherics which result when radiation from 
terrestrial lightning discharges suffers dil'persion 
along propagation paths following the Earth's lines 
of force. Since tho dispersion is greatest at the 
uppermost point on the path, electron densities out 
to several Earth's radii can be derived. How the 
composition of the atmosphere (both neutral and 
ionized constituents) has been studied by rocket-borne 
mass spectrometers was the subject of a paper by 
C. Y. Johnson (U.S. Naval R esearch Laboratory). 

Solar ionizing radiations (ultra-violet and X-rays) 
were dealt with in papers by R. W. Kreplin (Washing
ton), H. Friedman and R. Tousey (U.S. Naval 
Research Laboratory). Because of the opacity of 
the atmosphere in these spectral regions, rocket 
and satellite-borne instruments are n eeded to 
determine the incident flux of the various components. 
By combining the variation of observed intensity with 
height in a particular spectral line with laboratory 
determinations of ultra-violet absorption in atmo
spheric gases, we can deduce the variation of density 
with height of the constituent responsible for the 
absorption. Measurements of soft X-ray intensities 
indicate their importance as an ionizing agent in the 
lower levels of the ionosphere. H. Friedman pointed 
out that since the Lyman ex-wave-length coincides 
with a 'window' in the O I absorpt;ion spectrum, this 
radiation penetrates to about 70 km. altitude and 
may contribute to the D-region ionization. Rocket 
m easurements of Lex made during solar flares have, 
however, shown no increases within a factor of two. 

P. Mange (U.S. Naval Research Laboratory) and 
V. C. A. Ferraro (University of London) discussed 
the importance of diffusion in connexion with the 
distribution of both neutral and ionized constituents 
of the high atmosphere. Rocket mass-spectrometer 
measurements of the argon/nitrogen ratio show that 
these constituents reach diffusive equilibrium some
what above 100 km., but below this level vertical 
mixing prevents their separation. The distribution 
of ionization depends on the rates of ion production 
and loss, and on diffusion, which is likely to be of 
greatest importance in the upper F-region. Ferraro 
presented some theoretical results which take account 
of the diffusion term and are consistent, with the 
hypothesis that both Fl and F2 regions arc produced 
by the same source of ionization. 

A comprehensive review by A. Dalgarno (Queen'R 
University, Belfast) of collision processes relevant. 
to the interpretation of upper-atmospheric phenomena 
was followed by a number of papers on atmospheric 
emissions. J. W. Chamberlain (University of Chicago) 
has derived the total rato of emission from the 
different components of the airglow and from a bright 
aurora, using observed spectral intensities. He 
estimates the total input of energy contributing to a 
bright aurora to be in tho vicinity of 400 ergs cm.- 2 

sec.- 1 • Tho altitudes of tho nocturnal airglow 
emissions have been the subject of controversy for a 
number of years, and, in view of their importance in 
relation to tho emission mechanisms, it was particu · 
larly gratifying to hear about direct rocket measure
ments, reported by D. M. Packer (U.S. Naval Research 
Laboratory). These referred to various radiations 
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from 0 2 , 0, OH and Na(D}; in all these cases the 
peak-emitting levels occurred between 80 and 100 km. 
The variations in the 5577 and 6300 A. airglow 
emissions were discussed by F. E. Roach (U.S. 
National Bureau of Standards) and D. Barbier 
(Institut d'Astrophysique, Paris). According to the 
latter author, the 6300 A. line from O I iR the only 
radiation which is emitted from altitudes greatly in 
excess of 100 km. Of particular interest was Barbier's 
recent discovery of stable red arcs emitting the 
6300 A. lino at the low latitude of Tamanrasset (in 
the Sahara). The sodium twilight-glow was the 
subject of a paper by T. M. Donahue (Observatoire 
de Meudon, France). At Tamanrasset (21 ° N.} there 
is little seasonal variation in abundance of sodium, 
with about 4·5 X 109 atoms per cm.2 (vertical 
column}, whereas at Haute Provence (41 ° N.) tho 
abundance varies between 2 x 109 and 25 x 109 

atoms per cm.2. 
Spectra of atmospheric emissions contain informa

tion about the temperature of the upper atmosphere, 
but difficulties in both measurement and interpreta
tion are considerable. However, D. M. Hunten 
(University of Saskatchewan} demonstrated that a 
temperat,ure profile between 70 and 250 km. can be 
satisfactorily constructed, using rotational tempera
tures from N 2+ negative bands in aurorre and Doppler 
widths of forbidden lines in the night and twilight 
airglow. 

A general scheme of solar and terrestrial disturb
ance was presented by T. Obayashi (Hiraiso Radio 
Observatory, Japan). High-energy protons (10-100 
Me V.} reach the Earth several hours after solar 
flares associated with type-IV radio outbursts. These 
particles cause prolonged polar cap radio-blackouts 
in the region within geomagnetic latitudes 60-65°. 
They are followed after a day or so by the corpuscular 
cloud of low-energy particles travelling at a speed of 
the order of 1,000 km. sec.-1 • The interaction of this 
conducting cloud with the geomagnetic field produces 
the main part of geomagnetic storms. Various 
detailed mechanisms proposed to explain the morpho
logy of geomagnetic disturbance and the nature of 
the different types of fluctuations were surveyed by 

E. H. Vestine (The Rand Corp., Santa Monica, 
California} in a paper entitled "Problems of Geo
magnetism in Relation to Aeronomy". Of great 
interest in this connexion are the results of rocket 
and satellite experim3nts in which many of the 
features theoretically inferred have actually been 
measured ; for example, tho detection of the equator
ial current in the E-region by Singer, Maple and 
Bowen, of tho interplanetary fields by Sputnik III 
and the Soviet Moon rocket, and perhaps most 
exciting of all tho discovery of trapped high-energy 
particles in the Van Allen belts. A particularly 
interesting finding has been the largo magnetic 
disturbance in interplanetary space at the time of a 
terrestrial magnetic storm, made by the U.S. Pioneer 
V. Field values of the order of 50y which were 
found may be compared with a general background 
field of 2y or so. 

The influx of interplanetary dust, as determined 
by various methods, was discussed by me. There 
remains a gap between the smallest particles pro
ducing observable telescopic or radio meteors, and 
the range of particle sizes detected by rocket and 
satellite investigations. Satisfactory comparison 
between the distribution of meteor magnitudes and 
the distribution in particle momentum or energy as 
derived from rockets and satellites requires rather 
more detailed knowledge of the structure of the 
particles, their orbital distribution, and of the nature 
of their interaction with the atmosphere than we 
possess at present. 

I wish to conclude by thanking, on behalf of the 
participants, our Danish hosts, the chairmen of the 
various sessions, Prof. J. Kaplan (president of the 
International Association of Geomagnetism and 
Aoronomy} and Prof. M. Nicolet (chairman of tho 
Association's Committee on the High Atmosphere} 
for arranging and conducting such a stimulating and 
rewarding meeting. The papers contributed will 
shortly appear in the Annales de Geophysique and 
afterwards as a bound volume which, it is hoped, 
will bo available at a price to suit the purse of 
individual research workers in this rapidly expanding 
field. T. R. KAISER 

LATTICE DEFECTS AND THE MECHANICAL PROPERTIES 
OF SOLIDS 

T HE second symposium of the Fifth Congress of 
the International Union of Crystallography was 

held in tho Guildhall at Cambridge. It opened with 
an introductory lecture on August 20 by Prof. N. F. 
Mott, who surveyed the development of our know
ledge about lattice defects and their relation to 
mechanicstl properties, and outlined outstanding 
problems in the field. The symposium, organized 
by Dr. P. B. Hirsch, occupied August 22-24, and 
about one hundred papers were presented by contri
butors from eleven countries. On two days the 
sessions continued (with a substantial audience} 
until 10 p.m. ; the supposedly free afternoons were, 
of course, usually fully occupied by private discus
sions. One may criticize meetings of this kind for 
the mental indigestion and exhaustion they produce, 
and argue that fuller discussion on a more restricted 
subject is to be preferred. Nevertheless, these larger 
gatherings do have a value of their own in presenting 

a broad picture of current progress in many associatou 
fields, and in providing an opportunity for tho 
assembled specialists to assess tho impact of related 
developments on their own particular interests. 

The papers of tho symposium wore grouped under 
twelve main headings, and it is clearly not possible 
in the present short review to refer to the significant 
content of all contributions. Summaries of the 
papers arc printed in the Congress Abstracts of 
Communications, and the papers will appear in full 
in tho usual scientific journals. 

Four sessions were devoted to "Yield Strength" 
and "Work-hardening", which are perhaps tho central 
problems of the field. Ideas on work-hardening are 
still in a state of flux, and discussions took place on 
a number of mechanisms which may be important in 
determining tho flow stress : tho stresses due to dis
location groups (Seeger} ; the debris loft behind by 
moving dislocations (Gilman, who discusscu tho 
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