MEETINGS

Very-Low-Frequency Radio Waves

In the early days of radio, very low
frequencies (3 to 30 kilocycles per sec-
ond) were used for communication
over long distances, but these frequen-
cies were seldom utilized after the mid-
dle 1920’s, for Marconi had pointed
out the advantages of much higher fre-
quencies. About 1950, however, interest
was renewed because, among other
things, it was recognized that low fre-
quencies have remarkably high phase
stability and are relatively immune to
ionospheric disturbances. Because of
the great advances made in theoretical
problems in this field, a symposium on
the ionospheric propagation of very-
low-frequency radio waves was held at
the Central Radio Propagation Labora-
tory of the National Bureau of Stand-
ards, Boulder, Colorado, 12-14 Au-
gust. Approximately 300 scientists and
engineers from six countries attended
the symposium.

The present state of our knowledge
of the physical processes involved in the
ionization of the lower, or D region, of
the ionosphere, which is responsible for
guiding very-low-frequency waves a-
round the earth, was surveyed by G. C.
Reid (National Bureau of Standards).
In discussing current ideas on the dis-
tribution of the resulting electrons as a
function of height R. W. Knecht (NBs)
showed that there is surprising agree-
ment among observations made at va-
rious times and places. Papers dealing
with various new methods of determin-
ing electron density relative to height
profiles ranged from the use of continu-
ous wave vertical incidence very-low-
frequency signals (E. E. Gossard, Naval
Electronics Laboratory) and the recep-
tion of signals on a rocket passing
through the ionosphere (L. H. Rorden,
Stanford Research Institute) to the
measurement of changes in attenuation
of cosmic noise under disturbed con-
ditions (C. G. Little, NBS).

After discussions on the theory of
propagation in the earth-ionosphere
waveguide, J. R. Johler (NBs) and L. A.
Berry (nBs) concluded that (i) for a
fixed frequency and isciropic, sharply-
bounded ionosphere of fixed height, as
many as three different effective iono-
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spheric conductivities yield the same
attenuation rate; and (ii) that propaga-
tion around 10 kilocycles per second is
comparatively insensitive to either the
actual electron density or the presence
of the earth’s magnetic field. Other
speakers, however, indicated that in
general the electron density and mag-
netic field were important (J. R. Wait,
L. C. Walters, nBs; and J. Galejs, Syl-
vania). Furthermore, it was shown that
the actual height distribution of electron
density was also of considerable sig-
nificance.

The variations with distance of the
field strength and size of the diurnal
phase variation were discussed by A. D.
Watt (DECO Electronics, Inc.) and B.
Burgess (Royal Aircraft Establishment,
England). Both speakers stressed the
importance of the excitation factor in
explaining experimental observations,
for this factor determines the relative
amplitude and phase with which a given
mode is excited in the earth-ionosphere
wave-guide. Watt also showed that
many observations of field strength
relative to distance confirmed that very-
low-frequency propagation across a
magnetic meridian -was nonreciprocal.
By using these concepts, he demon-
strated considerable agreement between
the predictions of mode theory and the
experimental observations.

The question of nonreciprocity re-
ceived further emphasis. J. C. Hansel-
man (Naval Electronics Laboratory)
presented the results of an excellent set
of measurements using the Omega
transmissions of 10.2 kilocycles per
second. These showed very clearly that
for the Hawaii-Canal Zone path, which
is quite close and parallel to the geo-
magnetic equator, the attenuation rate
in the east-to-west direction was twice
that for propagation in the opposite
direction. Lack of reciprocity was also
demonstrated in a different way by B.
Burgess (RAE, England). He gave evi-
dence that on some paths the direc-
tion of arrival changed diurnally from
the short great circle to that of the long
great circle path. F. H. Reder (U.S.
Signal Corps) showed differences in
attenuation, in phase velocity, and in

the size of the diurnal phase variation,
when the direction of propagation was
reversed. These variations agree, in sign
at least with the theoretical predictions
of J. R. Wait (~NBs). These findings
have removed any remaining doubts as
to whether nonreciprocity can be ex-
pected, and confirm previous estimates
of. the magnitude of the effect.

W. E. Garner (Naval Research Lab-
oratory) and C. J. Chilton (NBs) sug-
gested that there may be a hitherto un-
recognized dependence of propagation
on latitude. This effect is manifested by
the fact that for at least two paths the
signals received south of the Canal
Zone very-low-frequency transmitter
are less at night than during the day.
On the other hand, the reverse is true
for paths that are north of the trans-
mitter and for most other propagation
paths in the northern hemisphere.
Chilton suggested that his results might
be explainable if the D-region near the
geomagnetic equator was caused only
by solar radiation without any signif-
icant contribution from cosmic rays. In
discussion, it became apparent that
further observations of this type are
desirable and that observations of the
electron density profile in the lower
ionosphere should be made near the
geomagnetic equator.

The phenomena of sunrise and sun-
set fading on long very-low-frequency
paths has been known for many years.
Observations on two long paths were
discussed by D. D. Crombie (NBS); he
concluded that the observed fading was
due to the interference of a first- and
second-order mode propagating in the
nighttime portion of the path. This ex-
planation requires that conversion of
one mode into another takes place at
the sunrise or sunset boundaries. Ob-
servations made with a microwave
model of the earth-ionosphere wave-
guide operating at 10,000 megacycles
per second were presented by E. Bahar
(University of Colorado) who showed
quite convincingly that mode conver-
sion of the correct type did occur in
the model of a day-night boundary.

In noting the effects of nuclear ex-
plosions on the lower ionosphere and
the resulting changes in propagation of
radio waves, J. F. Kenney (Boeing) at-
tempted to calculate contours of the
rate of ionization caused by the 8 par-
ticles resulting from neutron decay. The
contours illustrated the influence of the
geomagnetic field in determining the
spatial extent of the resulting ionospher-
ic effects. B. Burgess (RAE, England)
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Sample: Daylight fluorescent desk lamp

Reference Lamp: Quartzline

Measured: Double-beam spectroradiometry
“relative energy”’

Wavelength Range: 400-700 mu

A Sample: Fluorescent white paper
Light Source: Tungsten
Reference: Ba SO4
Measured: Normal reflectance operation by irradiating
sample with monochromatic light, double-beam
Wavelength Range: 400-700 mu
Bandpass: 5 mu

Sample: Fluorescent white paper

Light Source: Quartzline

Reference: Ba SO4

Measured: Direct-lighted sphere method, double-beam
Wavelength Range: 400-700 mu

Bandpass: 5 mu

SAVE UP TO $5000 IN INSTRUMENT COSTS...save hours of time
. . . while you easily measure reflecting-fluorescing samples with photo-
metric accuracy of +=0.5% 'T. Maximum limit for stray light is 0.1%.

Curves and data above illustrate procedures used, and provide con-
clusive proof of the outstanding performance offered by-the Bausch &
Lomb Model 5 Relative Spectroradiometer/Spectroreflectometer . . .
comparing with instruments costing up to $5000 more.

‘What is your problem? Double-beam comparison of spectral energy
distribution of cathode ray tubes? Lamps? Arc lamps? Thermo-emis-
sion? Or is it direct-sphere measurement of reflection of fluorescing-
reflectance samples, such as paper products, textiles, paints, or cos-
metics? Regardless, you’ll measure your samples accurately . . . faster,
easier, at lower cost with the Bausch & Lomb Model 5.

And, you’ll get prompt delivery, including complete installation,
check-out, and operating instructions by a factory-trained engineer.

Write for complete information. Please. describe your application in
detail. Address your inquiries to: Bausch & Lomb Incorporated, 77446
Bausch Street, Rochester 2, New York.

BAUSCH & LOMB

gave evidence of long-lived effects pre-
sumably due to radioactive debris. The
effects were to increase the attenuation
on the long great circle path so that
for 8 to 12 days the diurnal variation
of phase was that to be expected for
signals which were received only over
the short great circle path.

One surprising feature of the sym-
posium was that several authors utilized
observations which were originally
made in 1922 as a source of data on
the variations of very-low-frequency
field strength with respect to distance.
Although this should be taken as a
compliment to that work, it also points
out the necessity for new high quality
measurements in this area.

The symposium was sponsored by the
Central Radio Propagation Laboratory
of the National Bureau of Standards.
It is expected that a selection of the
presented papers will be published in the
Jan.-Feb. 1964 issue of Section D (Ra-
dio Propagation) of the NBS Journal
of Research.

D. D. CROMBIE
Central Radio Propagation Laboratory,
National Bureau of Standards,
Boulder, Colorado

Radioiodine: Its Nature
and Effects

Radioiodine-131 is considered one
of the most significant fission product
elements because of its abundance in
early fallout and in the gaseous effluent
of certain nuclear industries, its high
inventory in irradiated reactor fuels,
its chemical, physical, and physiological
characteristics, and its widespread use
in clinical and therapeutic medicine.
All these factors were considered at a
symposium held at the Hanford Lab-
oratories, Richland, Washington (17—
19 June). In addition to the 75 Hanford
scientists about 150 visiting researchers
from Belgium, Canada, France, India,
Japan, United Arab Republic, the
United Kingdom, and West Germany
attended.

Historically, the thyroid gland,
which concentrates a substantial por-
tion of any administered dose of iodine,
was considered a radioresistant struc-
ture. Following reports of increased
incidence of thyroid tumors in children
as a consequence of exposure to X-
irradiation early in life, the Federal
Radiation Council recommended that
a thyroid radiation dose to the general
population from I' in excess of 0.5
rem per year should call for some con-
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