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General. In the triennium, a wealth of in-
formation was gathered on the temporal, spatial,
and energy distribution of low-energy particles
in all subdivisions of the ionosphere including
the previously relatively unexplored regions
above the F, peak.

The D region under quiet solar conditions.
Nicolet and Aikin [1960] proposed that the D
region (50 to 85 km) is ionized by cosmic radia-
tion below 70 km and in the 70- to 85-km region
by Lyman-a radiation acting on a minor con-
stituent, nitric oxide. On the other hand, Pop-
poff and Whitten [1962] suggest that the upper
D region is characterized by a lower charged
particle concentration resulting entirely from 2
to 8A X rays. Smith [1961] and Aono et al.
[1961] using rocket-borne de probes with differ-
ent methods of analyses reported positive ion
density values systematically higher than even
the Nicolet-Aikin model. Whipple [1960], work-
ing with rocket measurements of ion conduectiv-
ity [Bourdeau et al., 1959], computed a negative
ion density profile showing an abundanee higher
than all theoretical estimates including those of
Moler [1960].

Important contributions to D-region physics
have come from long-term satellite observations
which show the Lyman-a flux to be relatively
constant with solar activity whereas the flux of
2 to 8A X rays is extremely variable [Kreplin
et al., 1962]. Solar radiation data important to
D-region ionization also are being obtained from
the Orbiting Solar Observatory [Lindsay, 1962]
and the Ariel satellite [Pounds and Willmore,
1962].

The disturbed D region. An empirical cor-
relation has been found between sudden iono-
spheric disturbances and the times when the
energy flux of 2 to 8A X rays measured on the
Greb satellite exceeded a ecritical value of
2 X 107 erg em™ sec™ [Friedman, 1962]. Rocket
measurements of electron collision frequency
and density were obtained during the early
phases of a polar cap absorption [Kane, 1960].
A time history of D-region electron density pro-
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files during an entire polar cap absorption event
has been proposed by Maehlum and (O’Brien
[1962], by inserting proton fluxes measured on
the Injun satellite into a conventional equation
of ionization and correlating the results in time
with riometer absorption observations.

Ion content of the lower ionosphere. Alti-
tude-dependent models of the production rates
of individual ionic species, principally N.*, O.,
and O, have been proposed by Watanabe and
Hinteregger [1962] from rocket data obtained
by the latter on solar ultraviolet intensities.
These are considered qualitative because of the
uncertainty in atmospherie composition. Some
insight into the important ionospheric reactions
can be made by comparing these results with
rocket observations of the relative ion abund-
ance. The rocket ion spectrometer results of
Johnson et al. [1958] which were obtained at
auroral latitudes now have been extended to
midlatitudes by Taylor and Brinton [1961]. The
latter results confirm the predominance of the
diatomic ions (NO*, O,*) below 200 km and of
O* above this altitude but place a greater em-
phasis on NO*.

Electron densities in the lower ionosphere.
Hinteregger and Watanabe [1962], again using
Hinteregger’s rocket observations of solar radia-
tion intensity, suggested the relative importance
of individual wavelength bands to the formation
of the classical ionospheric regions, their most
controversial conclusion being a contradiction
that E-region ionization is due to soft X rays.
New rocket methods of electron density de-
termination were developed, principally an RF
probe operating above the plasma frequency
[Jackson and Kane, 1960] and an asymmetric
Langmuir probe [Smith 19617. With the latter
device, Smith [1962] has studied the nighttime
E region, finding a two-order magnitude de-
crease from average daytime electron densities.
Values of 3 and 1 X 10° electrons em™ were
measured in the 100- to 115-km region at 22 h
and near sunrise, respectively. These nighttime
profiles show a pronounced valley above 115 km.
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Smith [1962] experimentally defined one type
of sporadic E in terms of an ionization enhance-
ment of about a factor of 4 confined to a
depth of less than 0.5 km with a horizontal di-
mension greater than 72 km. He suggests that
these characteristics are similar to those which
led Whitehead [1960] to propose that some
types of E, are caused by redistribution of elec-
trons by wind shear rather than local changes
in electron production or loss.

The availability of electron density profiles
obtained from rockets flown above the F. peak
resulted in new attempts at empirical models
which interrelate the shape, the maximum elec-
tron density, and the ‘scale height’ of the F,
peak. These empirical models vary in complex-
ity from the use of a constant scale height
[Wright, 19601, a scale height gradient [Yonez-
awa and Takahashi, 1959], and a variable scale
height gradient [Chandra, 1963]. The contro-
versy over the relative influences of diffusion
and radiative recombination near the F. peak
continues [cf. Sagalyn et al., 1963].

The wupper ionosphere. Satellite measure-
ments of charged particle density were made by
the use of ion traps [Bourdeau; 1961] and RF
probes [Bourdeau and Bauer, 1962; Sayers et
al., 1962]. Sayers et al,, working with profiles
constructed from Ariel satellite data, claim to
have discovered ionization ledges at all latitudes
between 0° and 55° varying from 1200 km at
local midnight down to 600 km at midday. On
the other hand, charged particle density pro-
files with practically constant electron-ion scale
heights between 400 and 700 km were obtained
at midlatitudes from rockets by radio-propaga-
tion methods [Berning, 1960; Jackson and
Bauer, 1961; Bauer and Jackson, 1962; Knecht
and Russell, 1962], by the use of ion traps [Han-
son and McKibbin, 1961; Hale, 1961], and by
RF probes [Ulwick and Pfister, 1962]. Their
preferred conclusion is that the upper iono-
sphere is isothermal and in diffusive equilibrium
with changes in electron-ion scale height due to
corresponding changes in the ionic mixture.
Knecht et al. [1961] obtained important diag-
nostie information on field-aligned irregularities
from a rocket test of the topside sounding tech-
nique in a spread-F condition.

Hanson [1962a], working with Hale’s ion den-
sity profile, concluded that a 2000-km-thick
helium ion layer lies between the upper F re-
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gion (where O* is dominant) and the protono-
sphere. The first direct evidence for the im-
portance of helium ions was obtained by the use
of an ion trap flown on Explorer 8 [Bourdeau
et al., 1962]. Mange [1960] set forth the gov-
erning equations for the electron density distri-
bution in a multi-constituent ionosphere in dif-
fusive equilibrium. Bauer [1962, 1963] proposed
that the thickmess of the helium ion layer should
be strongly dependent on the atmospheric tem-
perature. This has been corroborated by Will-
more et al. [1962] who, by the use of an ion trap
on the Ariel satellite, report He* predominant
from 950 km to apogee (1200 km) for a day-
time condition, but with protons becoming im-
portant near apogee at night. The large vari-
ability of wupper ionosphere ion transition
altitudes is also confirmed by the preliminary
results from the Alouette topside sounder satel-
lite [Nelms, 1963; King, 1963; Knecht and Van
Zandt, 1963]. Bourdeau [1963] points out that
the end result is a higher electron density above
1000 km at night than during the day.
Electron temperatures. Theoretical calcula-
tions of electron temperatures based on the as-
sumption of solar radiation as the only ionizing
source were made by Hanson and Johnson
[1961] and more recently by Hanson [1962b]
and Dalgarno et al. [1962]. Observational data
have been reviewed by Bauer and Bourdeau
[1962]. Serbu et al. [1961], using a gridded
Langmuir probe on Explorer 8, obtained values
of 1000° = 200°K and 1800° == 200°K as the
extremes of the diurnal electron temperature
variation above 450 km during November 1960.
Aono et al. [1961], using a rocket-borne reso-
nance probe, obtained electron temperature val-
ues which caused them to conclude temperature
equilibrium at E-region altitudes. Spencer et al.
[1962] obtained electron temperature data from
a symmetric Langmuir probe at altitudes be-
tween 100 km and the F. peak. They concluded
for an auroral and/or a disturbed ionosphere
that significant departures from temperature
equilibrium could be expected at all altitudes
of their flights. The data from one of the flights
were obtained at midlatitudes in a quiet iono-
sphere and show lower electron temperatures in
the E and F, regions than the other three flights.
Willmore et al. [1962] have measured the di-
urnal electron temperature vaﬁation in the iso-
thermal region above 400 km for May 1962,
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and propose a latitude dependence with midday
values of 1200°K at the equator and 1600°K
at 55°, all having a pronounced high value dur-
ing the sunrise period.

Electron content. Radio transmissions from
satellites have been used extensively for determi-
nation of electron content between observing
sites and altitudes well above the F, peak. Yeh
and Swenson [1961] reveal strong diurnal and
anomalous seasonal variation as well as a de-
pression of electron content during magnetic
storms. Garriott [1960] reports gross effects of
large magnetic storms on the electron content
and the ratio of the electron content above the
F, peak to the content below. Ross [1960] em-
phasizes strong seasonal effects and magnetic
control of the summer ionosphere. Blumle
[1962] obtains a diurnal variation at the mag-
uetic equator which is empirically in phase with
the diurnal variation of atmospheric tempera-
ture.

Satellite reception of very low frequency.
Reception of VLF signals on spacecraft was ob-
tained for the first time. Cain et al. [1961] de-
tected lightning induced whistlers on the Van-
guard 3 satellite and emphasized low nighttime
absorption by the ionosphere and a high oc-
currence near the equator. Leiphart et al.
[1962] reported reception of VLF on the Lofti
satellite from transmitters on the Earth’s sur-
face and also noted less attenuation at night
with reception as far away as 10,000 miles. They
observed little attenuation with altitude and
18-ke time delays from 10 to 200 msec. Rorden
et al. [1962] reported Lofti reception of 18-ke
signals virtually everywhere by the whistler
mode in the ionosphere, with signal attenuation
dependent on the direction of the transmitter.
They observed one-hop echo delays of 20 to
50 msec, and strong two-hop whistler echoes
sometimes exceeding the direct signal at the
satellite.
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