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The majority of the participants of the symposium in front of the new
auditorium building which was specially designed to previde a functional
environment for intense participation of the audience.
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The new auditorium shown during one of the sessions
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INTRODUCTORY REMARKS

The Second International Symposium on Equatorial Aeronomy
took place at the Space Physics Laboratory of the Brazilian Space Com-
mission in S3o José dos Campos, Sdo Paulo, Brazil, in the period 6-17
of September 1965, and it was sponsored by the following organizations:

— International Association of Geomagnetism and Aeronomy (IAGA)
— International Scientific Radio Union (URSI)

— Comissdo Nacional de Atividades Espaciais (CNAE)

— Air Force Cambridge Research Laboratories (AFCRL)

— National Bureau of Standards (NBS-CRPL)

— Consejo Latino Americang de Fisica Espacial (CLAFE), and

— Voice of America

Close to a hundred invited scientists from twenty countries
participated in the discussions and presented over a hundred papers
distributed in the eleven topics listed on the table on contents. Each
session was led by a “discussion leader” who helped to motivate
discussions by playing an active role and conveying to the meeting an
atmosphere of factfinding debates. Sessions were started with reviews
which were followed by papers interspersed with comments. At the
final session, résumés of discussed topics were presented by

summarizers.

The Scientific Program Committee decided to present the re-
sults of the meetings in two types of publications. The full papers are
to appear in the Annale de Geophysique regular issues of March and
June 1966 and the illusirated abstracts are presented herein. This
decision was made during the Symposium and the participanis were
requested to draft their abstracts (reviews, short papers and summaries)
and provide their slides on loan for reproduction as figures. We must
thank the participants for their full cooperation with respect to this

request.
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X In!raductOry Remarks

Considering that (a) most of the maierial was provided in
handwritten form, (b) many of the slides had to be subjected to
redrafting and (c) the authors did not have an opportunity to recheck
their work, it is imperative that referencing should be done only with
the authors’ permission.

The main objectives of this report are first 7o provide the
scientific commmunity, in a short time (10 weeks) after the symposium,
with the state of knowledge in the various tcpics encompassed by equa-
toriai aeronomy and second to present investigators in the field, prin-
cipally the ones working in isolated places, with some elements for
planning future research. To attain this end we shall transcribe in the
following pages the Recommendations adopted at the Symposium, which
according to Dr. C.M. Minnis, Secretary of the IQSY Committee,
“... come at a particularly appropriate time since thevy appear near
the close of the IQSY programme and provide a guide to some of the
directions in which research workers ought to turn their attention from
now onwards”.

A decision was macec based in the general consensus of the
participants at the final meeting about holding the Third International
Symposium on Equatorial Aeronomy in 1968, possibly in Africa. The
desirability of such symposia is possibly best described by Prof. S.
Chapman, in hLis trip report, to NASA and the U. S. Academy of
Sciences:

..."In these various fields workers at small universities
physics department and observatories in tropical countries can make
valuable additions to science, enriching the results given by the much
more costly forms of explorations. These equatorial aeronomy symposia
give many scattered individuals and small groups a very useful and
stimulating opportunity of meeting with American and European and
Japanese scientists working. in this field”. ..

Finally, in the preparation of this report one would have to
compromise between the issuance date and the amount of small errors
that could be tolerated; in view of the objetives perfection was
sacrificed.

F. de Mendonga
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RECOMMENDATIONS

D-region

I — The Symposium rotes that the knowledge of the value of collisional fre-
quencies and electron densities in the D region necar the equator is extremely

sparse. The Symposium recommends that experiments designed to remedy
this deficiency should be given high priority.

2 — The Symposium notes that the study of VLF transmissions at short range
can give considerable information about the structure of the Dregion, and
that suitable transmitters are available at Panama and in Hawaii. The
Symposium recommcnds that simple observaticns of the phase and ampli-
tude of the skywave be m.de at distances of order 100 km using these
transmissions in order to determinc the differences between the ionized
structures in the region and those found at temperate latitudes.

3 — Tke Symposium notes that LF navigational aid systcms have been set ap
in tropical regions, and that the propagation of sky waves from these
regions is different from that found at temperate iatitudes, in particular
showing great differences with azimuth relative to the carth’s magnetic
fieid. The Symposium recommends observaticns on the skywave at short
and medium distances so as to give quantitative measures of these

phenomena for practical use and in addition information on the structure
of the D-region.

4 — The Symposium draws atlention to the desirability of measuring me-
teorological parameters, in particular temperature and density or pressure,
in the D and E regions at low latitudes and associating these with ground

based measurements of radio-wave absorption and of the heigth and shape
of the E layer.

Ionospheric Absorption

5 — The Symposium noties that there are discrepancies between the Al pulse
absorption values of different longitudes near the magnetic equator, which
appear large compared with the experimental errors. The Symposium
recommends thai every effort be made to investigate them by increasing

the number of observing stations. In particular a station is needed in the
South American Sector.

6 — The Symposium recommends that Al absorption measurements be made
at a number of sites, in a convenient sector on a line perpendicular to
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Xit Recommendatizns

the magpetic eguator, in order 10 examipe further the latitude variation
of the eqguatorizl zbsorption anomaly reported by Fliigel.

7 — The Symposiuzn reccmmends that muiltifrequency Al znd A2 measurements
should be made simultaneously at a number of sites in order 10 determine
the relative contsibuiion tc the total absorpiion of the various ionosphere
regions. It will be pecessany to use the full waves theory to compute the
deviaiive zbsorption.

Airglow

3 — The Symposium eotes the need for more precise definition of the intensity
variaiops and spetial movements of airglow emissions. The Symposium
recomimends ihat studies be carmried out using chains of ground statiens,
aircraft easurements and observations from satellites.

9 — Tke Symposium noles thai the airglow measurements provide g higher
spatal resoluiion cf phenomena a2ssocicted with recombinaztions than the
jonospheric methods. The Symposium recommends that turther and more
detailed studies be undertaken into the corrslation of airglow emission

intensities with ionospkeric parameters.

10 — The Symposivm recommends that studies be made of airglov: emissions
at magnetically conjugate stations. The stations Maui and Raratonga should
be paiticularly valuable in this respect.

11 — The Symposium iecoinmerds that observations on dayglow by ground
based and rocket equipment ‘should be extended to equatorial regions.

12 — The Symposium noles the extremely interesting results obtained from
observations on the 5577 A and 6300 A lines in the airglow emissions. It
recommends that investigations should be extended to other lines, such as
5200 A (NI), 3893 A (N.,I}, 2972 A (OI) and the O H bands.

E region and Es

13 — The Symposium notes that there is a wide discrepancy between values of
the recombination coefficient in the E layer. The Symposium recommends
that atiention be paid to experiments to resolve this discrepancy.

i4 — The Symposium notes that the behavior of the electron density between
the peak of the E layer and the bottom of the F layer is poorly understood.
The Symposium recommends that theoretical studies should be undertaken
with this point in view.
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Recommendations Xiit

15 — The Symposium recommends that in theoretical studies of the formatic.on
of the irregularities in Equatorial Es particular attention should be paid
t0 2 nomlinear treatment of the problem.

16 — The Symposium recommends that further studies of the Equatorial E,
irregularities, at other equatorial locations, shoui be made using the
Doppler techniques developed at Jicamarca. Observations at multiple fre-
quencies would be extremely desirable.

17 — The Symposium notes that it would be possible to examine the equatorial
Es belt by topside sounding techniques, and recommends that the possi-
bility be examined further.

18 — The Symposium express its regret at the meagre nature of equatorial
results from rocket observations presented here. The Symposium recom-
mends that more equatorial data should be obtained from rocket firings,
especialiy of the electron density N,, and electron temperature T, profiles.

Current system, electrojet and magnetic effects

19 — The Symposium notes that the magnetic effects of the electrojet phenomena
are quite complex. The Symposium recommendts that every effort should
be made to increase the number of simultaneous observations-  of the

variations of all three magnetic elements at pbermanent and temporary
stations near the dip equator.

20 — The Symposium notes that there is considerable variations of the equatorial
S, current system ranges with longitude, and that there is evidence of
temporal changes in intensity and width of the clectrojet. The Symposium
recommends that efforts should be made to study a sample length of the
electrojet by organized simultaneous observations for a period of one or
more months of the variations of H, D, Z at the three permanent stations

in Africa, together with two or more temporary stations, all as near the
dip equator as possible.

21 — The Symposium notes the large ranges of S, (H) observed at Nairobi and
elsewhere in East Africa, and the observed asymmetry of the ranges along
a N-S line crossing the dip equator in several regions. The Symposium
recommends that a special effort be made to get simultaneous observations
at a number of stations along a roughly N-S line crossing the dip equator
in East Africa and alsc in India and Ceylon. The lines should extend over
a latitude range of at least 3Qo.

22 — The Symposium recommends that the Intei‘national Association of Geo-
magnetism and Aeronomy be asked to make recommendations clarifying




Xiv Becommendations

I

many of the terms used in geomagnetism including, for example, the names
of the various equators and the different measures used for ranges of the
daily variations.

Regular F region

23 — The Symposium notes the need for more information concerning the values
of the electron and ion temperatures (T,, T;) and electron and ion con-
centration (N,, N;) throughout the F region. It recomraends that observa-
tions by ground-based, sounding rocket and satellite, should be intensified
to provide these data.

24 — The Symposium recommends that experiments should be carried out to
mcasure plasma velocities in the F region.

25 — The Symposium recommends that cxperiments should be carried out to
measure the particle fluxes, particularly elections in the 10 ev to 20 Kev
energy range.

26 — The Symposium notes the need for further morphological studies of the F
region based on ground-based, sounding rocket and sateilite observations,
and including ionospheric and airglow measurements. The Symposium
recommends that the large gaps in bottom-side studies in the large
ocean area, especially the Pacific, should be studied and filled if at all
possible.

27 — The Symposium notes the development of the theoretical studies of the
regular cquatorial F region which predict equatorial behavior similar to
that observed. The Symposium recommends the continuance of this work
particularly with a view to achieve better agreement with observations,
including both average variations and day-to-day variations.

F region Disturbances and Irregularities

28 — The Symposium recommends further study of the topside irregularities and
their relation to the bottom-side irregularities.

29 — The Symposium notes the lack of any in situ measurements of the
irregularities and their parameters. It recommends that efforts should be
made to design and carry out experiments capable of doing this.

30 — The Symposium recommends that efforts should be made at suitable sites

to observe the irregularities responsible for “conjugate ducting” as
observed from the topside.




Recommendations Xv

31 — The Symposium recommends that more measurements should be made on
the very small scale irregularities often observed in the F repion using
VHF methods and studying the frequency spectrum.

|

32 — The Symposium notes the need for more coniact between ionospheric
workers and those in the ficld of plasma theory. It recommends that such
contact should be encouraged in general, and in particular 2 theoretical
search should be carricd out for appropriate plasma instabilities which
might explain the formation of F region irregularities.

Ionospheric Drifts

33 — The Symposium notes that the origin of irregularities in the E and F regicn
is poorly understood. It recommends that in order to better understand
the significance of the drift observations more effort be put into a the-
orctical study of the formation of these irregularities.

34 — The Symposium notes the importance of a knowledge of vertical drifts in
the equatorial F region, particularly for arriving at a theoretical under-
standing of the Ilatitudinal electron-density distribution, and recommends
that every effort be made to obtain measurements c¢f the vertical drifts.

35 — The Symposium recommends that wherever possible horizon’:? drifts be
studied not oniy by the spaced antenna techniques but als: *y simultaneous
radar observations of the frequency spectrum of the -.attered echoes.

Magnetic and Ionospheric Stc ms

36 — The Symposium notcs that there was no satisfactory theoretical model of
a storm. It recommends that further theoretical studies should be carried
out on this problem, and, in order to facilifate the testing of such models
there is a need for more measurements of ionospheric currents and drifts,
and more knowledge of the topside ionosphere, :xosphere, and magneto-
sphere such as may be obtained from rockets and satellites.

37 — The Symposium notes the difficulties inherent in examining magnetic
results from restricted data. It recommends that magnetic data need to
be examined comprehensively, using all components and many stations
before unique interpretations can bc obtained.

38 — The Symposium recommends that efforts be made to obtain average storm
duration during different parts of the sunspot cycle, and the influence of
ionospheric conductivity effects and induction effects on storm-time
variations.
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Recommendations

Magnetic Pulsations

39 — The Symposium notes the impertance of establishing the characteristics of

low latitude pulsations, particularly those regulc - oscillations of shorter
period. The Symposium recommends that further measurements of micrc-
pulsations in equatorial latitudes be encouraged. Where possible two or
more stations should be operated simultaneously so that phase lags on
either side, and under, the equatorial electrojet may be determined.
Attempts shculd also be made to relate equatorial pulsations to ionospheric
time-varying parameters.

Forthcoming Eclipse

The total eclipe of November 12, 1966 is of extraordinary scientific impor-
tance as it is the last this century which will affect the electrojet region
in South America and the peculiar characteristics of the atmosphere above
the continent. Starting in the Pacific Ocean off the coast of Ecuador, the
path of totality crosses Peru, Chile, Bolivia, Argentina, Paraguay and Brazil.
Accordingly, the II International Symposiumwr on Equatorial Aeronomy re-
commends (o the International Scientific Unions and to the goverments of
South America that they give their valued cooperation to the world scientific
community interested in making detailed observations of this rare phe-
nomenon. The governments can assist materially by facilitating the antici-
pateq mobilization of international scientists and their equipment within
eir respective territories and airspace, and by providing support to the
scientists and scientific institutions of their own countries.
The Symposium also notes with pleasure the formaticn of a Working Group
of the CLAFE (Consejo Latino Americano de Fisica del Espacio) to maximi-
ze the effectiveness of observations by scientists of Latin America and to
enhance cooperation among the world scientific community.
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I — THE D-REGION AND LOWER ATMOSPHERE
(Discussion leader: Raymond W. Wright)

Review Paper

Formation of the Equatorial Yonospheric D region

by
A. C. Aikin

Goddard Space Flight Center — NASA
Greenbelt, Md., U.S.A.

Introduction p

The geographic distribution of D Region ionization can be described by
considering three zones. These are:

1) The high latitude zone where because of the large magnetic dip angle
auroral particles and solar protons impinge on the atmosphere and strongly affect b
the distribation of ionization. Seasonal changes in the pressure and temperature 3

;

1
ol
Jal

of the neutral atmosphere are observed. These changes are reflected in such
pressute cependent obscrvables as the electron-neutral collision frequency.

2) A middlz latitude zone where particle effects occur only during the

nmiost extremcly disturbed solar conditions. There are still seasonal dependencies 3_
as cvidenced by Bosolasco and Elene’s (1) correlation between stratospheric
temperature and radio wave absorption. Beynon and Jones (2) have confirmed

this corrzlaticn and suggest that it may be the cause of the winter anomaly in
the mid-Ilatitude D Region. Aikin et al. (3) have observed directly by means of
1ocket experiments a change of 50% in collision frequency during a period of one
month in the spring of 1963.

3) The equatorial zone should be characterized by the absence of particle
jonization and by a stable atmosphere. Under such conditions the discussion of
formation of the equatorial D Region may be iestricted to the ionizing effect
of solar Lvman alpha and X-rays and ionization by cosmic rays.

Sources of Yonization and Their Varlations

Thus at middle and equatorial latitudes there are three sources of
ionization which need be considered, 2-8A X-rays, Lyman , at 1215.6 A, which
jonizes nitric oxide, and cosmic rays. Nicolet and Aikin (4) presented a
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comprehensive picture of the formation of the D region taking into account the
ion chamber data on solar X-ray variations of the Naval Research Laboratory.
These data (5) showed that variations in the solar X-ray flux were responsible
for the increase ionization observed during solar flares. Satellite cbservations
show no zppreciable increase in Lyman alphy flux during such events. In fact,
measurements of Lyman alpha covering most of the last solar cycle using the
iori chamber technique do not show variations of more than 100% in the Lyman
2lpha flux. A value of 4.5 ergs/cm?/sec was obtained by the OSO I satellite in
1963.

In Table I we show the X-ray wavelength bands and the flux values as
assumed bv Nicolet and Aikin (4). In Figure 1 the modification of the D-region
due io such increases in the X.ray flux is shown. Strong flares are also a source
of wavelengths shorter than 2 A which may affect the D region below 70 km.

TABLE I

The variation of solar X-ray flux with activity of the sun

Condition of the sun 2A 4A 6A
{ 10 10~ 10-s
Solar Minimum
10—+ 10— 10-3
10-s 10-5 10—
Solar Maximum
10-5 10— 10-3
10~ 10-3 10-2
Flares
{ 10 10-2 10

Energies in erg/cm?/sec.
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density in the D region for

ALTITUDE (KM)

8

different solar conditions.

10
ELECTRON CONCENTRATION (CM->)

The cosmic ray production function varies by a factor of ten with
latitude reaching a minimum value of 23 ion pairs/cm2/atmospheres at the
geomagnetic equator. There is also a factor of 2 in variaiions with sunspot cycle;
the minimum flux occuring at the solar sunspot maximum. Figure 2 iliustrates
the latitude variation of the D-region cosmic ray layer based on the loss process
and values given in Table II. This layer, which has its maximum effect below
70 km, strongly affects the reflection and absorpticn of VLF waves. Thus one
would expect VLF propagation across the cquator to differ from that at higher
latitudes duc to the smaller cosmic ray layer at the equator.

TABLE 1I

Reactions considered in the calculation of the D region models
showing the variation of electron density with geomagnetic latitude

Reaction Symbol Value
XY + hy — X Yplus+ e q
e + 20, —» 0, + 0, a 1.5 x 10~ a (0,) cm®/scc
¢, + hy —» 0, + e d 0.44 sec-t
0-, + 0 - 0 + e f 10-13 cms3 ¢ sec
XYplus + ¢ - X + Y ap N, 0. NO
6x10-7 4x 10-° 3 x10-* cm3/sec

X + Y a, 10-8 cm? !/ sec
2 x 10— ¢m*/ sec

zZ,
ol

+

&
"
o

A

G

+
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Fig. 2 — The positive jon and electron density distribution for three geomagnetic
Jatitudes

Loss Processes

Based mostly on laboratory measurements the loss processes in the D
region are summarizes in Table II. The most important processes are

1) three-body attachment of elcctrons to molecular oxygen.

2) photodetachment from 0,

3) Ior-ion recombinaticn

4) dissociative recombination for positive ions and electrons.

Using all these processes except the charge exchange reaction and the
ionization scurces discussed earlier, Nicolet and Aikin (4) p.edicted the ion and
clectron density dist.ibution for various solar conditions. Figure 3 illustrates
the altitudc distribution of the various ionic species for a completely quiet sun
and with zn NO density distribution of 10~ n (M) and an gp, of 3x10-* cm?
sec!.

Current Problems

Scveral recent measurements have shown that the theory presented above
is in need of modification. The first of these measurements is the positive ion
composition as function of altitude which has been reported by Narcisi and
Bailey (6) and is illustrated in Figure 4. Prominent in the mass spectry are 18
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phis (presumably water vapor) and 37 plus together with 30 plus and 32 plus,
28 plus which corresponds to N, plus is not observed and 0, plus only becomes
comparable to NO plus at 83 km. There are also ions ot mass > 44 plus.
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Fig. 3 — The distribution of positive and negative ions and electrons as
predicted by Nicolet and Aikin (4)
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Fig. 4 — lon composition in the D region as measured by Narcisi and Bailey {6)
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The absence of N, plus ang the [0, plus]/[ NO plus] ratio of order unity at
85 km caa be explained by simply introducing the reactions for charge exchange
and ion-atom interchange shown in Table 1II into a low sclar-.activity model of
the D region. The rate coefficients are either consistent with or identical to the
luboratory measurements of Ferguson. Even for NO densities as great as 108 cm-3,
the Iast two reactions are negligible in comparison with those involving N,

and 0,. There is as yet no theory which explains the - existence of 18 plus
and 37 plus in the D region. -

TABLE III

Jon-molecule reactions occuring in the D region

Reaction Rate (cm3 sec?)

N, plus + 0, — 0, plus + N, 1 x 10t
N, plus + 0. — NO plus + NO 1 ox 10
N, plus + NO — NO plus + N, 4 x 10-v
0. plus + N, — NO plus + NO 1 x 108
0, plus + NO — NO plus + 6, 8 x 10-0

The second pertinent experiment involves the observation by Barth (7) of
the ultraviolet daygiow specira of the gamma bands of nitric oxide. The most
intense bands were the (2,0) at 2053A, the(1,1)at 2246A, the (0,0) at 2269A, the
(0,1) at 2270A and the (0,2) at 2479A. From an analysis of- the intensity

variation of these bands with height a volume density distribution was deduced.
This is illustrated in Fig. 5.

Also illustrated in this figure are the theoretical distributions which
would be the result of chemical and ionospheric reactions. In order to derive
the theorctical distribution of nitric oxide, it is necessary to consider the
various proccsses as has been done by Nicolet. In Table IV we have listed those
processes which are usually considered in any calculation. For sufficiently large
amounts of atomic nitrogen the most important processes are

N +0,>NO 40
and
N+NO —- N, +0

These result in an NO density which is proportional to the molecular oxygen
concentrafion.
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TABLE IV

Processes of importance in the distribution of nitric oxide

F
i
1
H
1
&
5
3
!
:
3

E ! NO + hy 5 N + 0 SNO
1 : NO + hy > NOplus + e Leo
3 " NOplus + e - N + 0 Ao
N £ NO o N, + 0 b,
3 N + 0, - NO + © ;
N. + hy ~» N,plus 4+ e L.
E N, pius + e - N + N Aps

B Returning to Table III showing the ionic reactions we note that these
can affect the nitric oxide distribution by increasing the density. Calculations
kave been carried out by Nicolet (8) and his resulting distributions are shown
in Figure 5. These distributions compare favorably with those of Barth, and
explain Narcisi's and Bailey's spectrometer results. Also shown are possible
distribution base on mixing which prevails below the mesopause.
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» Fig. 5 — The nitric oxide distribution in the 60 to 130 km altitude range i
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In Figure § we illustrate the production functions which would be
consistent for each of the distributions given in the previous figure. The cosmic
ray and X-ray preduction functions were chosen to represent ; quiet solar period
‘n March 1963 over Wallops Island, Va., gecmagnetic latitude 50°. Curve 3 is
kased on Barth’s obscrvations, 2 is consistent with photochemical equilibrium
using recent values of rate coefficients, and curve 1 is based on the value used
by Nicolet and Aikin which was also illustrated in Fig. 5. It is important to
note the crossover points between the cosmic ray and Lyman alpha production
tunciions. By observing the position of the minimum in the ion and electron
density distribution it may be possible to determine the requircd NO density
for a particular solar condition.

RO D s0~S e

Fig. 6 — Calculated ionization production function versus altitude. Curves
labeled 1, 2 and 3 show the effect of Lyman alpha flux on three
different nitric oxide distributions

In Figure 7 is shown the electron density distribution for which the
preduction functions shown in Fig. 6 were calculated. This profi.e was obtained
by means of a radio prupagation experiment involving transmission to a rocket-
borne recerver. There appears a minimum at 70 km which presumably is the
cross-over between Lyman alpha and cosmic ray ionization, if the recombination
.rocesses are reasonably constant in this altitude range. Another minimum
occurs at the level of the mesopause. Chapman and Kendall have recently
shown how dust may be trapped at the mesopause level to form a layer. A
sufficiently large concentration of dust can affect the electron and ion density
distribution by coilecting charged particles.

By comparing the electron density at 80 Ikm with the different production
functions in Fig. 6 we can arrive at estimates of the effective recombination
coefficient required for each of the nitric oxide distributions shown in Fig. S.
These are given in Table V.
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TABLE V
Curve n (NQO) cm-— a {cm3/sec)
i 4 x 10t 2 x 108
2 6 x 105 3 x 107
3 6 x 10 2 x 102

85 —" —
E
=80 -~ 14:107 FARADAY ROTATION
8 AT 3.0 me/s
EB — 14:108 COMPOSITE RESULTS
= m . J

200 400 500 800 1000 1200 1490 1600 1800 2000
ELECTRON DENSITY jcm-3)

Fig. 7 — Electron density versus altitude for March 8, 1953. Each points is the
average electron density in an altitude interval of approximately 1 km.
The horizontal bar indicates the uncertainty due to the standard

deviation i the scatter of the data used to determine the average
value.

If negative ion processes can be necglected, then « is a measure of the
discociative recombinaticn coefficient for NQ plus. There are no satisfactory
iaboratory measurements available. From data at higher altitudes a negative
ten.perature coefficient is indicated. This implics that at 80 km values greater
than 10-7 ¢m?® sec! might be expected. The Nicolet calculation and Barth’s data
wouid require values higher than 10-¢ cmn3 sec-'. Thus new loss mechanismus
must be introduced if the large densities of NO are accepted.

The need for introducing a new set of loss processcs is also indicared
by studying the formation of the D region arcund surrisc. Investigations of
this type were first carried out by the Cambridge group using VLF wave
gropagation. By observing the phase and amplitude variations of the received
waves they were able to deduce that just after layer sunsise (y = 98°) a layer
centered at about 70 km was formed. The origin of this region is photodetachment
of negative ions in the cosmic ray layer. At ground sunrise Lyman alpha is able
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to begin penetrating into the D rcgicn.
are presented. Deeks (9) has continued the analysis of VLF data.
cf phasc und amplitude changes hav¢ icd to the profiles shown in Figure 9.
However recent data by Sechrist indicate that on certain occasions the formation

of the cosmic ray layer does nut occur uatil after ground sunrise.

Fig. 8 — Predicted electron density distribution in the D region during sunrise

distribution in the sunrise D-region
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Fig. 9 — Electron density
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PATAMNL LT |

Using a nose-tip probe on a rocket Bowhill arnd Smith have made a
study of the sunrise effect over Wallops Island. The resuits of their study is
given in Fig. 10. If the probe current is an indicaiion of changes in electron
density only, then it appcars that a negative ion which is photodetached by
wavelenghts shorter than 3000 A is required. This evideace is comsistent with
riometer cbservations of the diurnal variations of absorption during polar cap
events. The results are not in agreement with earlier VLF measurements which
indicate that the C layer is formed when light is incident at 70 km.

P

oriale g

It has been suggested that negative jons such as 0-, and NO-, may be
the dominznt species of negative ion. Different processes which may play a
role in the formation of such ions are listed in Table VI.

]
;

TABLE VI

Negative ion reactions of possibie importance in the D region

REACTION RATE
e+ 20, - 0, + 0, 1.4x10~0
e + 6 S5 0 + hy 1 2x10-1s
e + 0, — 0, + hy & 101
0, + h o 0 + e A gz0o = 1.1x10-2
<eP> =04
- + h - 0 + e Ca000 A so00 = 6.3x108 T :
<e¢P> =14
NO, + hy — NO, + e A < SO00A :
&, + 0, — 2, + e 4x10-20
¢, + 0 - 0 + e < 102 g
NO plus + 0-, — Neutrals 10-* - 10-® ,
NO plus + NO-, — Neutrals 2 x 10-7 :
0 - + NO, - 0 + NO-, 10-10
G-, + 0, = 0+ 0
0-, + S 0, + 0, i
0, + - 0 o+ 0,
0 + 2, - 0, + 0, 9 x 10-u ?
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Fig. 10 — Current to a recketborme DC probe for different solar zemith
zngles. Also shown is the depth of penetration of 2000A and Lyman
alpha radiation for each of the solar zenith angles.

Conclusion snd Recommendations

The= Dregion is the least understood of all the iorospheric layers. This
5 due largely to 2 deficiency in measurzinents of quantities such as the electron
and positive and negative ion densities. To date there have been only two
measurements of the positive ion composition and none of the negative ion.
There are no electrom density profiles dctermired at equatorial latitudes. In
order to have a better understanding of this important portion of the ionosphere
emphasis must be placed on experiments to mezsure these parameters.
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LOW FREQUENCY BACKGROUND FLUCTUATIONS AT

HUANCAYO, PERU
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Boston, Massachussetts — U.S.A.

A. A. Giesecke and P. Bandyopadhyay

Instituto Geofisico del Pert
Huancayo — Pert

The observations of ELF signals in the range 5-10,000 Hz
is currently the subject of a cooperative program between the Instituto
Geofisico del Perti and AFCRL. The aim of the program is to study the
diurnal and seasonal variations of the background signal in this range
and to investigate the possibilities of detecting long lasting emissions
of natural origin in the equatorial zone. Similar equipment was used
in a study by Gustafsson, Egeland and Aarons [J.G.R. 65, 2749, 19601.

The experimental equipament used for this study is a slowly
sweeping spectrum analyzer with a bandwidth of 2 Hz in the range
5-1000 Hz, and in the range 500-10,000 Hz (its two ranges). A vertical
whip antenna of 10 meters is used and the amplifier with a sweep dura-
tion of one hour for the two bands records pulses with a time constant
of one second.

A typical series of records taken in October, 1964 in the low
range (5-1000 Hz) is shown in Fig. 1. During the post midnight
hours, the 300-1000 Hz portion of the spectrum showed low amplitude
levels; during the post-sunrise period spotty or stormy records are
observed. A relatively uniform signal is seen in the late afternoon.
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In crder to subject the spectral region under observation to
closer scrutiny an arbitrary division of the spectrum has been made
and Figure 2 illustrates this. In the ranges 200400 Hz and 400-600 Hz
during the hours 0100-0600 there is a minimum. For low frequencies
5-10 Hz, 1020 Hz and 20-50 Hz the minimum occurs between 0700 and
1000 local time. The maximum for all signals occurs in the late
afternoon when local thunderstorms are observed most frequently in
the Americas.

RELATIVE AMPLITUDES

40} 19 - 20 ¢ps y
30 4 )

20k r20-500r3

6306~ "0205 G400 0600 OB00 1000 1200 TAGD WGD 1800 2000 £200
TIKE (EST)

FIG. 2 DIURNAL YARIATION IN SIGNAL AMPLITUDES IN FREQUENCY RANGES:

0-10¢cps, 10-20cps; 20-50¢ps, 50 - 100¢6ps, 100-200¢ps, 200~

400 cps, AND 40C-600¢ps FOR OCT.7-16, 1964 AT HUANCAYO, PERU

Figure 3 using the calibration of the instrument shows the
correct amplitude values for a series of days; the spectrum of the
received signals is the average over each day.listed. The results show
consistency but small day-to-day differences. Records taken during the
February period show signal enhancements in the high frequency
sweep (500-10,000 Hz). These enhancements will be studied in the
coming year.
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This preliminary report is merely to indicate work in progress.
Observations in February 1965 while showing somewhat similar results
do not show the identical diurnal pattern; corroboration of a season
effect or instrur- ntal problems awaits further records to be taken
during the later aalf of 1965 and the first half of 1966.
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A LASER STUDY OF THE UPPER ATMOSPHERE

by
B. R. Clemesha, G. S. Kent and R. Wright

University of the West Indies, Kingston, Jamaica

Rayleigh scattering of visible light has been used by a number
of workers to measure atmospheric density. Elterman in 195! measured
the light scattered from a searchlight beam to obtain density and
aerosol profiles ur to 70 km. Fiocco and Smullin in 1963 used 2 laser
to do what is - _sentially the same task, with the added convenience of
a pulsed light source. The use of a pulsed light source makes it possible
to have the transmitting and receiving beams overlapping at all heights
above a few kilometres, the required height range being selected by
range gating. The apparatus used by the authors of this note is
essentially similar to that used by Fioceo and Smullin, but improvements
in laser output and receiving area increase the sensitivity of the
equipmer:t by a factor on approximately 100.

The apparatus for this experiment is a pulsed radar operating
2t a wavelength of 6943 A. The output from a Q-spoiled ruby laser
is passed through a diverging lens on to a 20 cm parabolic mirror, in
such a may as to produce a parallel beam; this process improves the
collimation by a factor of about 20. The emergent beam is directed
vertically upwards, and the back-scattered light from the atmosphere
collected by a 50 cm mirror. At the focus of the 50 cm mirror is a
photo-multiplier, the output from which, consisting of pulses cor-
responding to photons reaching the photocathode, is amplified and
displayed on a CRT. This display is photographed, the photographs
subsequently being analysed by counting the number of pulses observed
in height intervals of 1.5 km. The essential parameters of the apparatus
are given in Table 1.

In addition to Rayleigh scattering from molecules Mie
scattering may also be obscrved. Mie scattering is produced by the
acrosol layer which extends frem about 15 km to 25 km. Fiocco in 1963
reported observations of scatter from dust particles between 99 and
140 km, and suggested that these may be meteoric in origin. The
measurements which we report here show no such scattering, although

a signal only 3% of that observed by Fiocco and Smullin would have
been detected.
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Table 1 — Equipment Parameters

Wavelength 6943 A

Pulse energy 5 joules

Half beam-width 0.1 milliradians

Repetition rate 10 pulses per minute (max)
Receiving bandwidth 20 A

Receiving area 1500 cm?

Receiving efficiency 1.5%

The results from a series of 1060 single pulse measurements are
shown in Fig. 1. In this figure the number of echo pulses C, from
a given height h, is range normalized by multiplying by h* and
plotted against h, (note that the Ch? axis is logarithmic). Also plotted
is the expected theoretical Rayleigh scattering using the standard U.S.
atmosphere, modified for 15° north latitude. This theoretical curve is
fitted to the experimental results at a height of 30 km. It may be seen
that the experimental results fit the theoretical curve well for heights
between 25 and 60 km. Below 25 km Mie scattering from aerosols
increases the signal by a maximum factor of two. Above 60 km the
errors of measurement are such as to render the results of little value.
Only one point is more than one standard deviation above the theo-
retical curve, and this cannof be considered significant.

The measurements described above were made at night;
daytime measurements have becn made for heights up to 30 km, but
above this height the increased noise level due to scattered sunlight
gives an unacceptably high noise level. More recent nighftime
measurements, not yet fully analyzed, have been made, for which the
noise level has been improved. These measurements give appreciably
smaller errors at 70 and 80 k ., and show that any scattering observed
at our latitude (18 degrees north geographic) from above 90 km is
not more than 1% of that reported by Fiocco and Smullin. It is of
interest to note that thesc measurements were made at a period of high
me'eoric activity, and hence should have shown meteoric dust, if
present.

-
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The importance of measurements of the sort described in this
note lies mainly in the ease and rapidity with which a complete height
profile can be obtained. Increases in sensitivity achievable by enlarging
the receiving mirror and increasing the laser energy would make it
entirely feasible to work at heights up to 110 km. The 15 to 25 km
acrosol layer may also be of interest from the point of view of tidal
theory. It has been suggested that aerosols might be produced by the
oxidation of H-S by atmospheric ozone. Current theories of atmospheric
tides give heating in the ozonosphere as the origin of the semi-diurnal
solar tide. In this case a correlation might be tound between aerosol
concentration and atmospheric tides.
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DIURNAL VAR{IATIONS OF ATOMIC OXYGEN AND OZONE IN

-THE MESOSPHERE OVER THE EQUATOR *

Julius London

Univérsity of Colorado
and

-+~ National Center for Atmospheric Research

Boulder, Colorado

Theory and observations indicate that the production and
distribution of ozone in the Stratosphere and Mesosphere result from
a combination of photochemical effects and various modes of
atmospheric motion. These latter processes are important in proportion
to. the photochemical relaxation time for ozone. This relaxation time
is of the .order of -years in the troposphere and decreases in the
stratosphere to a minimum of about one hour at a height of about

50 km.

In the mesosphere, the relaxation time for ozone increases
slowly. It is important to note that in the region of maximum ozone
concentration (about 25-30 km near the equator) the relaxation time
for ozone is of the order of a few months.

The vertically integrated amount of ozone at the equator,
resulting from photochemical processes, is approximately 320 x 10~ cm
(STP), whereas the observed total amount at, for example, Huancayo,
Peru is about 250 x 102 cm (STP). This excess of theoretical over
observed value near the equator is related to the poleward transport
of ozone in both hemispheres as a result of atmospheric motions in
the lower stratosphere.

The photochemical production of ozone results directely from
recombination processes involving atomic oxygen. In the upper
mesosphere, atomic oxygen concentrations are larger than those for
ozone and consequently time variations of ozone in this region depend
sensitively on time changes of the atomic oxygen concentration. The

* This work has -been supported by the National Science Foundation USA
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relevant time dependent photochemical equations for an oxygen
atmosphere were solved numerically to determine the diurnal variation
of O and O: in the upper stratosphere and mesosphere for various
latitudes and seasons. Standards values were assumed for the different
physical parameters. The reaction time coefficient for O + O
recombination was assumed to be -.1 x 10 exp [-3000/T]. The
results for 0° latitude are discussed here.

»

During the night, particularly in the lower mesosphere, O is
destroyed by collisional recombination with O: and O;. At sunrise,
however, photo dissociation of O. quickly restores the atomic oxygen
concentration to near equilibrium values.

The computed diurnal pattern of O is shown in Fig. | where
the variation of O is seen to increase with altitude through the
mesosphere. Below 60 km atomic oxygen almost disappears during the
night, but reaches maximum values at 60 km of about 10''/cm® during
the daytime. At the level of mesopause the indicated diurnal variation
of atcmic oxygen is quite small.
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Fig. 1 — Photochemically produced diurnal variation of 0 at the
Equator for an oxygen atmosphere. The ordinate represents
height in km and the curves of constant densities are in cm™.
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Variations of Atomic Oxygen and C:zone p4)

The daily march of ozone lLias a phase just opposite to that of
tomic oxygen. Immediately after sunrise, O, is photo dissociated. very
rapidly in the mesosphere. It is reformed, however, when sufficient
oxygen atoms are present so that the destruction is balanced by
recombination processes. After sunset, photodissociation stops and the
O, concentration increases rapidly at first and then more slowly as the
supply of O is used up in recombination. The amplitude of the diurnal
variation of 0; is very small at 50 km but increases with height to a
maximum at about 75-80 km. At these levels the ozone ccencentration is a
maximum shortly before sunrise and a minimum shortly thercafter (see
Fig. 2). The most rapid increase of ozone occurs at sunset. The total
daily range may reach as high as 100 molec/cm® (i. e., increasing from
10°/cm® during the day to 10"/cm® during the night).
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Fig. 2 — Photochemically produced diurnal variation of 0, at the

Equator for an oxygen atmosphere. Ordinate in km and
densities in cm.

Although the largest diurnal 0, changes take place above 60
km, the primary maximum O0s; concentrations is found in the
stratosphere (=5 x 10'*/cm?®), which at the equator is at a height of
about 27-28 km. As a result, total 0, measurements made at the ground
would show on a small percentage variation of the vertically integrated
total amount. The computed diurnal variation of total ozone as might
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be cbserved at the ground is shown in Fig. 3. The scale at the left
represents the diurmal variation of total ozone which would result
from photochemical processes alone. The indicated variation is about
12 x 10® cz (STP) — or about 3% of the average observed total
amount at Huancayo. It is likely that somewhat smalier but similar
type of variations cculd be observed during the time of a total solar
cciipse. Total observations (for instance during the solar eclipse in
Nov, 1966 across S. America} could reveal an increase of total ozone
of the order of a few percent during the time of the eclipse. Observa-
tions from high level balloons or from rockeis made at first contact
and socn after third comtact should, of course, show much larger
changes in ozone concemtrations.
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EXPERWMENTAL RESULTS ON D-REGION CHEMISTRY

by

G. W. Adams and A. J. Maslcy
Douglas Missile and Space Systems

Santa Monica, California

Data obtained by other workers have been used to study the
gross chemistry of the polar D region. Satellite and balloon measure-
ments of solar cosmic rav energy spectra during the July 1961 sclar
cosmic ray events were used to calculate Q (z), the rate of production
of electrondon pairs as 2z function of altitude, while N(z), the
electron density profile, was available from multifrequency riometer
work in College, Alaska. Having Q (z) and N (z) for six different
times, it was possible to determine ¥ (z) in the familiar equation
Q (zj) = ¥(z) N* (z) (Figure 1). Previously reported were the results
that (1) the torm of the equation was apparently valid, and (2) ¥
depended on n, the number dersity of neutral air molecules, such that
v (z) = an? + bn iz the altitude range 40 < z < 80 km, with
2:==25x10%,b = 2.35 x 10, and n in cm™ (Figure 2).

Two extensions of this work have been done and are reported
here. More detailed sateilite data have been obtained and used to
recalculate the production rate profiles. Using these profiles to
recalculate ¥ (z), the validity of the equation Q (z) = * {z) N* (2)
was more strongly confirmed. Since these results were for daytime
cond:tions, an attempt was made to calculate nighttime values for ¥
by using the observed twilight variations in riometer absorptica.
Preliminary results of this work indicate that no physically meaningful
profile for nighttime ¥ is possible, regardless of the assumed height of
the cffective blocking layer. It may be pcssible to account
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twitight variations by introducing scaitering, but this work has not
yet been done.
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Figure 1 — The results of the six cases of data used to determine ¥,

the steady-state coefficient. The spread in the six
cases is very small compared to the differences in the
corresnonding production rate prefiles and in the electron
density profiles, indicating that equation G(z) = ¥ (z)
N? (z) is valid. The differences in the six cases show no
observable dependence on Q, N, or the zenith angle of the

Suis.

bt dacenat wliahid Llidlae

AR )

siodascmmad ol

Ll faadl

athed

fox Dt s a il sunt ReabhisS 2




Loy

ki i P e S i

b el £

P Al il 1

LA

kil ok 4

TR, Ty wss

D-Region Chemistry 27

-
[ - )
4
)
)
]
\
——

&
: -
-~ S
s >
L]
s1d
e !
g L
-
~ A
® sne
E 13 / »
”» L] :
P 3
E ! _//‘ h
au.dﬁ /Yh T
e re a 2 k e Y - e - e 2 2
“N "X. 101® “U 3\7“

Nevtral sember density, eofS

Figure 2 — The average of the six cases for ¥ (shown in Fig. 1) plot-
ted against the number density of neutral air molecules.
The data have been fitted with two curves, marked A and
B. Curve A is the equation ¥ = an® + b n, discussed in
the abstract. Curve B is composed of three straight line
segments, but the fit is not significantly better than with
curve A.
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PLANETARY AND UPPER ATMOSPHERIC GASEOUS ELECTRONIC

PROCESSES INVOLVING RADIATION IN THE INFRARED

by

Wilhem Jorgensen
U. S. Army Research Office Durham
Durham, North Carolina, U. S. A.

Abstract: The intent of this paper is to survey the research
problems and processes on upper atmospheric gaseous electronic pro-
cesses which can be studied in equatorial regions by infrared techniques,
particularly from terrestrial stations, in the laboratory, or from
unsophisticated rocket or balloon facilities. Recent rapid advances in
the quantity, quality, and spectral response of infrared detector and
components, makes the technique particularly attractive for upper
atmospheric research since much of the energy emitted in recombination
and relaxation processes is radiated in the infrared. Of particular
interest is the development of highly stable tunable lasers which have
teen shown in principle to permit the application of optical heterodyn-
ing techniques to infrared detectors.
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IONOSPHERIC CROSS-MODULATION

AT THE GEOMAGNETIC EQUATOR

by

W. K. Klemperer
CRPL, ESSA, Boulder, Colorado

Various experiments to detect radio wave interactions in the
lower ionosphere have been carried cut using the 22 acre antenna and
4 megawatt transmitter of the Jicamarca Radar Observatory. Although
equatorial sporadic-E severely limits observation time, reduction in the
amplitude of 3 MHz F layer echoes by as much as 25% is readily
obtained frem the classical Luxembourg effect. Cross-modulation of 50
MHz cosmic noise has also been observed. In this experiment the lower
ionospherc is first heated with a 2 millisecond, 4 megawatt rf pulse. A
decrease in sky brightness temperature {about 6,000° K in directions
well away from the galactic center) of 30° =+ 10° K is observed in
daytime with a recovery time on the order of 2 milliseconds. Both the
Luxembourg and cosmic noise observations indicate that the interaction
height is above 75 km, and essentially no cross-modulation was observed
below 65 km. The lower boundary of the D region thus appears to be
substantially higher over the geomagnetic equator than in other parts
of the world. This is in agreement with theories of D region formation
attributing most of the lower level ionization to cosmic ray and solar
particle influx, which is significantly less at the geomagnetic equator.
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Fig. 2 — An illustration of how the cross modulation changes as the 3
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Fig. 3 — The calculate amount of cross-modulation expected under
various conditions of “wanted wave” frequency and
disturbing pulse length. To the left is the model ionospheric
profile used in the calculations. It is thought to be typical
of conditions above Jicamarca, Peru at midday. Immediately
to the right of this curve is a dashed curve, drawn on the E
same height scale, which shows the behavior of cross- ‘
modulation with height for a 50 MHz wanted wave. To the
right of that are curves for a 3 MHz wanted frequency. 3
Between 60 and 80 km, the cross-modulation is positive, i.e.
the echo amplitude is enhanced (curve with plus signs) by
as much as 0.1 db. Above that height, the cross-modulation
is always an increase in absorpticn.
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Fig. 4 — A tracing of data taken under condiiions of F-layer reflec-
tion. Time goes from left to right, and the upper trace in
each case is a phase detector signal, corresponding to the
lower trace instantaneous echo amplitude. An upward
deflection on the phase detector records corresponds to an
enhancement of the echo amplitude, while a downward
deflection shows absorption. Cases (a) and (c) show absorp-
tion, while (b), (d), and (e) show enhancements. These
latter cases fall on the plus branch of the curves in TFig. 3
(evidence for ionization at about 70 km).

29 NOVLROER, $963

3.4 Uelx
750 . 30 Mets. "
S0pwe. 3 Triple palsing, sae exery 000 psec

Db turdiag
i Palee
1 ods e Isyer Sche) Ussisturbed
g Here \ (Ecko) # tEch)

Ditterded

| e S
0 90 100 Resge, Ko

Fig. 5 — An illustration of a technique for measuring the time
constant for heating. Echoes are obtained by passing three
probing pulses through the heated region in rapid succession.
Note that the echo from the lower height shows a faster
recovery time.
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Fig. 6 — A measurement of the change in the cosmic noise level caused
by heating with a 3 millisecond pulse. The transmitted pulse
was at 50 MHz. The cosmic noise was received over a band
2 MHz wide centered on 50 MHz. A 10 kHz band at the
transmitted frequency was removed with a notch filter. Two
apparent time constants can be seen: one of 2 milliseconds,
corresponding to a collision frequency of perhaps 5.10° sec™,
and a somewhat longer one which may be of E region origin.
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DIFFERENCES BETWEEN TRANSEQUATORIAL AND MIDDLE

LATITUDE VLF PROPAGATION

by

C. J. Chilton
NBS, Boulder, Colorado

and

S. M. Radicella

Universidad de Tucuman, Argentina

A ccmparison is made between the phase and amplitude of the
18kHz signal NBA (Balboa, Panama) recorded at Boulder, Colorado in
the northern hemisphere and Tucumdn, Argentina, in the southern
hemispheie. The normal diurnal and seasonal variations are given and
some representative examples of equatorial nighttime phase anomalies
(NPA’s) not concurrently observed on the mid-latitude path are shown.
The approximate geographical and geomagnetic orientations of the two

3 VLF propagation paths are shown in Figure 1.
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34 C. J. Chilton and S. M. Xadicella

NORMAL DIURNAL AND SEASONAL VARJATION: Monthly averages
of the normal diurnal phase and amplitude variations are plotted
relative to midpath noon in Fig. 2 and 3. The phase scale is given
in degrees of phase retardation relative to the Boulder phase at
midpath noon. This was done for convenience of comparison and
although the day to night difference in phase appears as z daytime
diffe;ence this should not necessarily be taken to imply that the
nighttime effective heights of reflection are ike same for both. The
day to night change in phase at Tucumasn can ' : seen to be considerably
less, approximately 30% than that observ:« at Boulder and has
remained consistently less from month to .unth.

The shapes of the daytime amplitude variations for both
Boulder and Tucuman are similar and, like the observed difference in
time of onset of sunrise and sunset of the phase, can be related tg the
solar zenith angle variation'”. The relative amplitude scale is
estimated microvolts per meter for the Boulder field strength and 0.5
times the scale values for the Tucuman field strength. Thus the
estimated field strengths, both day and night, observed at Boulder
appear to be greater than those observed at Tucuman. During the
nighttime the field strength at Tucuman is seen to be consistently lower
than during the day. This is in direct contrast to the observations
made at Boulder where the nighttime field strength is consistently
higher than during the day.

The day to night phase change in degrees and calculated
effective diurnal change in phase height versus season for Boulder (2
years) and Tucuman (1 year) are given in Fig. 4. The seasonal
variation of diurnal phase change for the NBA-Boulder path shows a
pronounced semiannual variation with peaks at the equinoxes. This
variation observed at Boulder is seen to be consistent from year to
yvear. On the other hand the seasonal variation observed at Tucuman
is not as pronounced as that observed at Boulder, but appears to show
the same semiannual character. Although this variation is not
explainable in terms of the solar illumination of the earth, the apparent
difference in the amplitude of the seasonal variation between tioulder
and Tucuman could possibly be related to the differences solar
zenith angle variation which existe between the two paths.
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NBA-Boulder. The vertical bars give the probable error of
an individual measurement.

ANOMALOUS VARIATICONS: As was shown by Chiiton, et. al.®®, the
nighttime phase and ampliutde at Tucuman are much more disturbed
than on the Boulder path. This effect was very often observed during
the year on the Tucuman records. 1t can ke shown from a comparison
of the data that ti-e Boulder records do not exhibit a similar behavior
during the disturbed period. Shown in Fig. 5 is the unusually large
nighttime phase anomaly (NPA) which occurred on 8 Sept. 1963.
These are photographs of the actual records obtained at Tucuman on
the 7, 8 and 9 September 1963. This NPA was not cencurrently
observed at Boulder. At maximum this change in phase is twice the
porma! diurna! change in phase observed at Tucuman. Three more
examples of NPA’s observed at Tucuman on 9 June, 26 August, and 14
Septemnber 1963 are presented in Fig. 6.
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made at Tucuman on the 7, 8, and 9 September 19563. On
the left the phase scale is one complete cvcle at 18 kHz in
degrees of phase advance. On the right the relative feld
strengih trace is identified and the direction of an amplitude

increase is indicated.
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VLF Propagation 39

CGNCLUSIONS: Tke pormal diurnai and seasonal variations show
that shere are basic differences betweer tramsequatoria!l and middle
latitude VLF propagation characteristics. These differences ctrong®
suggest that the structure of the lower D- region changes with latitede.
It is thought that these differences are due to a latitudinal variation
in the day-time electron density gradient. The abnormal variations seen
i or the NBA-Tucuman path and not on the NBA-Boulder path
£ demonstrate that the nighttime equatorial onosphere is less stable
than the nighttime ionosphere at higher latitudes. The explanation and
mechanism for this effect is not vet known.
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SUMMARY OF THE SESSION

: by
S. Gnanalingam
Applied Physics Section, C.1.S.I1.R., Colombo, Ceyion

Thz sessions began with 2 review of the Dregion by Aikin. This was
{ollowed by papers on Dregion chemistry, the propegation of VLF radip waves,
studies 6f Dregion electroa density by ionosphere cross-medulation, low frequency
backgrommd fluctuations, the cdeicrminaticn of atmospheric densities by laser
probe and infrared studies of the D-iegion.

The resuits of an irvestisation of the diummal variation of a2tomic oxyzen
22d ozone in the mesosphe.c wece preseated by Lendon. The vertical distribu-
flon of cezone in equatcriz? rezions showed that szone was in photocheraical
equilibrium only at levels of about 35-3) km. Above 30 km the time variations
of czone iadicateq the proovability of large diurnal variations. Theoretical smudies
suggest ihat the amplitude of these diurnal variations would increase with
aldtude and reach a maximum of about two oirders of magnitude at about 75
km. At these levels the ozone cencent.ation was a maximum shorily before
sunrise and 2 minimum shkortly afte:.. The mos: rapid increase of ozone, however,
occurred &t sunset. The theory 2iso indicated a secondary maximurn of ozone
at 60-65 km. With regard to atomic oxigen, the concentration of this constituent
decreased with altitude through the mesosphe.e. Below 63 km, atomic oxygen
almost cisappeared during the night, but reached maximum vaiues of about
10! per cm? in the daytime.

The work of Adams and Masley on the chemistry of the D-region showed
that the equation

Q (z) = ¥ (2) N (2)

was apparently valid in the daytime in the polar region. It was suggested that
this may also be true of the equatorial region. Thes: autho.s made use of
satellite and balloon measurcments of solar cosmic ray energy spectra, taken
during the July 1961 cosmic ray events, to caiculate Q (z); and the multi-frequency
1iometer work at College, Alaska to determine N (z). They found that ¥ vared
with the number density n of neutcal air molecules according to the relation
¥ = an® + bn. Two extensicns of this work, based on more detailed satellite
data, have reaffirmed the above relationships. Preliminary results were presented
of an analysis of the observed twilight variaticns in riometer absorption carried
cut to determine the nighttime values of ¥. These results indicated that no
physically meaningful profile for ¥ was possible, regardless of the assumed
height of the effective blocking layer.
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Summary of the Sessicn 41

In a paper on atmospheric composition Hanson showed thal recent
w-cesuremcnts of the rztic of a2tomic tc molecular oxygen could be combined
w'th a Imowledge of dissociation, recombination, and inolecular diffusion rates
to determine an average rate for eddy ciffusion, a2nd zIso to produce an
ztmospheric model for the lower thcrmosphere that had a degree of self
.onsistency not present in cxlier models. The mecthod consisted of integrating
ihe diffr..on equation downwards bcginning 2t 120 km, under thc assumption
that the =ddy diffusion coefficient was indepeadent oi altitude. Making used
cf few available measusements of the ratio of atomic to molecular oxygen, which
indicated 3 value near ugity at 120 km, and making allowance for the possibility
of recombination in the measuring instruments, it was found that the average
«Gdy diffusisn coefficient in the 80 to 120 km altitude range had 2 value beiwcen
& x 10° and 8 x 10° cm</sec. Assuming a rcasonable value for the cocfficien:,
the analysis showed a broad peak in the aiomic oxygen concentration near 90 km.
The maximum cencentration at this level was within 2 factor of two of 5.i0n
atoms/cm3. Tke total columnn density of 2iomic oxygen was found to be of the
erder of 1.2 x 10'S atoms/cm=.

Investigations of the propagation of very low frequency radio waves (13
kHz) over the NBA-Boulder and NBA-Tucuman paths were described by
Chilton and Radicellz. A marked difference has been noted in the day to night
phase change for the two paths, the phase change being greater for the NBA-
Foulder path. The seasopal variation of te day-to-night phase for the NBA-
Boulder path showed a2 pronounced semi-annuzl cumponent, which was consistent
{from year to vear. The seasonal variation observed at Tucuman, however, was
not so pronounced, but there appearcd to be a small semi-annual component.
Ccnsiderable fluctuations in the nighttime phase, which were un.correlated
with solar or magnetic events have been observed at Tucuman, but these phase
~numalies were absent at Boulder. The amplitude variations were also found to
be different for the two paths. There was an appreciable diurnal variation in
¢ mplitude at Tucuman which showed a tendency for higher fleld strengths during
the day than at night. This diurnal variaticn was not observed at Boulder.
These measurements seam !0 suggest that there are marked latitudinal varia-
tions in tne D-region of the ionosphere. It is thought that the variations are due
to differences in the electron density gradients over the two paths.

The results of ionosphe.ic cross-modulation experiments carried out by
Klemperer at the magnetic equator were prescnted by Farley. The measurements
were made at the Jicamarca Radar Observatory in Peru. The disturbing
tcansmitter operated on 50 MHz, and the cross-modulation was investigated
using 2 3 MHz “wanted transmitter”. Measurcments were also made of the cross-
modulation on Y MHz cosmic noise. The limiting value of the measurements
was about 1000 electrons/cm?® at 70 km. The main result which emerged was
that the D-region was higher at the equator than at temperature latitudes. No
appreciable ionization was detected below 60 km.

Aarons described some preliminary observations of ELF signals in the
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42 | S. Gnonokingam

rahge 510000 Hz made at Huancayo, Peru. A zypical series of records taken in
QOctober 1964 in the low range 5-1000Hz showed low amplitude levels in the 300-
1000Hz portion of the spectrum during :he post-midnight hours. Stormy records
were occasionally observed during the post-sunrise period, probably due to local
thundersto;ms. The maximum for all signals at the low frequencies, however,
occurzed ie the late afternoon, when thunderstorm activity was greaiest in the
Americas. Records taken in February 1965 showed signal enhancements at certain
frequencies in the high range. These are io be investigated in the ensuing months.

A pulsed laser provides a valuable tool for the measurement of
atmospheric densitics, dust particles and aerosols. The technique is feasible
up to 1i0 km. Experiments using this technique were described by Clemesha.
Preliminary measurements of atmospheric density at Kingsten Jamaica, gave
a ool fit 1o the US. standard atmesphere. It was noted that zcattering from
meteors was absent at this latitude. If any scattering had been present its
magnitede would Rave been less than ; hundredth part of the value obtained
at higher latitudes by Fiocco and Smullins.

A survey of the research problems and processes which can be studied
in equatorial regions by infrared techniques was given by Jorgensen. KRecent
advances in the quality of infiared detectors made the techniques particularly
attractive for upper atmespheric research, since much of the energy emitted in
recombination processes was radiaied in the infrared.

In conclusion, Piggott drew attention to the fact that pressure changes
at low latitudes appeared to be linked with pressure changes at high latitudes,
but in opposite phase. He emphasized the importance ¢f meteorological studies
being made simultaneously with investigations of the Dregion.
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¥ — ABSORPTION IN THE EQUATORIAL IONOSPHERE

{Discussicn leader: W. R. Piggott)

Review Paper

by

N. J. Skinner
Ahmadu Bellc University, Zaria, Nigeria

Introduction

When an eletrornagneiic wave passes thrcugh an ionized medium, energy
is dissipated by collisions with neutral particles and electrons set into motion
by the wave. At low heights, this collisional frequency can te high, due to the
Jarge neutral particle density, and relativeiy few electrons can cause high
absorption.

Measurements of ionospheric absorption are of interest in two ways.
Firstly, the radio engineer needs such data in order to calculatz the loss for a
particular radio circuit at any specified time. He is thereby guided in his
choice of frequency and transmitter power necessary to give adequate signal
stre~gth a1 the receiving station. Charts have been given by Piggott (1959) based
on experimental data which enable sky wave field strengths to be calculated
in tropical regions. Secondly, we arc interested in absorption measurements
because of the information they give on the structure and behavior of the
lowest part of the ionosphere, in particular the D-region. Unfortunately the
process is an indirect one and consists in proposing models of the electron
dens..7 and collisional frequency as functions of height, calculating the absorp-
tion and its theoretical variation with wave frequency and sun’s zenith distance,
and comparing these with the measured variations.

The Relevant Absorption Theory

From the magneto-ionic theory it can be shown that for quasitransverse
propagation of radio waves in an ionized medium the absorption index K is

given by

21762 Nv 1

K = {1)

mc © vita?

where ¢ andg m are the electronic charge and mass respectively,
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44 N. J. S&zzer

N is the electron conccatr2tion,

y is ibe electron oollision frequency,

g iIs the refractive index of the jonized mmedium, and  is the ans=lzy
fregeonty of the explring wWave.

This expreesion is 2lso trae for the cese of no wrgnetic field.
Two fypes of 2bsorpion are ususily distinguished:

(2) That cocursing wien Ny is high ond , is cpproximately umity — termed
noo-deviative absorpiion.
{b) Tha:ooanﬁngmtbepoin:ofrcﬂezﬁoawbaegapmm&sm—

For the nondeviative zbsorpifon it is usually assumed that 7 & o 50
that the total mondeviative z2bsorplicn L, is propational to [Nr ¢h. For a
Chapmen Iayer it can be shown Hat

A {cosy Pff
L;m = {1

4
as

where y is the sun’s zenith angle, and A is a constan:.

The deviative absorption in a Chapman laver, L, assuming no magnetic
ficld, has been calculated by Jaeger (1947)

In = (B/secy) F (UE) (3)

where B is a constant including the scale height znd electron collision frequency,
and the tabulated function F (f/f,) become lzrge when the wave frequency f
approaches the ciitical frequency of the layer f..

The total absorption for a wave reflected in the E regivx expressed as a func
tion of wave frequency for a constant value of x Is therefore.

L (f) = (Av/f2) + Bt F (f/£.) (4
(Non-deviative) + (Deviative)
Several workers have made multifrequency measurements of toial absorption
and have vsed this equation 1o caiculate the deviative and non-deviative
contrivutions.

When the fullwave theory is used to compute deviative absorption
assuming a model ivrosphere, it is found that the deviative absorption calculated
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Gy the simple methed (equatdon (3)) is too small. For exampie, Fejer and Vies
(1539) showed that comrections must be z2dded to the deviatwve absorption
<=izplated using ray theory, which amounted 1o 8 éb in teial deviative absorption
ot 39 gh a1 183 AiHz, and to 3 db in 37 éb at 2.63 AlHz.

Experimental A{easurements

Absorpticn has bheen studied 3 the ecuatorial zone by two main metbods.
The first cmploss a vertical incidenze pulse reflection technique by which the
apparent seflecticn coefficient of the ionosphere is measured. The integrated
absospticn over the whols path is proportionzl o the logarithm of the refiection
coefficient This type of mcasurement is vsuzlly termed the Al methed and
bas been desciibed in deteil by Pigeott (1533). The other techniques, desigaat-
od iypc A2, coasists in recording the level of cosmic radio voise at a frequency
of zbout 20 A{fiz. The noise level is a rather complicated function of sidereal
time and the vasiable absorptivity of the ionosphere and subtraction of the
sidereal effect lcads to a imcasurement of the ionospheric abscrption. The method
was first described by Mitra and Shain (1934).

An additional method cof studying absoiption is by means of the
rerameter fomin oblained from rormal routine vertical lonospheric sourdings.
It is the lcwest freguency at which echoes are received and is a reliable absorp-
tion paracneter only when the seasitivity of the sounder is carefully monitored.
Values of f-min can be converted to abvomption using the Al or A2 methods.

Type Al Absorption Measurements At Low Latitudes

Such studies have been madc in Africa (“badan, Dakar) India (Waltair,
Ahmebadad, Delhi and Banaras), Ceyion (Colembo) and the Far East (Singapore).
Tables I an II summarize these measurcments. The scope of the measurements
have varied widely and the variation of absorption with wave {requency, sun's
zenith angle, lunar time and solar activity have been studied, (sce Table I).
In some cases attempts have been made, particularly from the frequency varia
tion, to divide the total measured absorntion into “non-deviative” and “deviative”
components, that is, absorption beneath the reflecting layer where the refractive
index is aproximately unity and absorption ncar the reflecting point where
p — O respectively, (see Table 1I). For 2xample, Skinner and Wright (1956)
found that the non-deviative absorption ai: Ibadan varied as (cos y)e-¢/f12
whereas the Appleton-Hartree theory would predict a variation of the icrm
{cos x)3/2/f>. This was interpreted in terms of absorption occurring at levels
low in the Dregion where 2 - f is comparable with the collision frequency v,
and it can be shown that an electron density of about 103 cm-3 at the level
where ; is about 107 sec-? is required. From their analysis, the deviative absorp-
tion in E-ayer for a wave frequency of 2.4 MHz was only about 12% of the

total absorption.
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48 N. J. Skinner

On tke other hand, Ramana Aurty and Ramachandra Rao (1964.b) in a
similar anolysis with absorption -<ata for Waltair (India) find that aithough the
totai absorption obeys a frequency law of the form f-:-%, the non-deviative absorp-
tion (obiained by subtracting the caiculated deviatjve absorption from the tctal
measured absorption) follows much more closely an inverse square frequency
law. Iz their view the departure from the inverse square law shown by the
total absorption is due to the presencce of deviative contribution, which
contributes about 20% to the total absorption.

The variations ¢f abscrption with lunar time and solar activity provide
indirect evidence of the behavior or the D-layer ionization under these influences.

Wiih regard to lurnar variation, the only measurements in equatorial
regions appear to be these of Skinner and Wright (1964), who find a significant
semidiurnal lunar tide in years of low solar activity. Thus, maximum absorp-
tion ocours at 3 hrs. lunar time, which implics that the ionization is at jts
greatest height at 0.9 hrs_, if the lunar variation is due to the vertical movement
of the D.layer between levels of different collision frequency. It is interesting
that lunar tides in h'Es and b,F. show changes almost in synchronism with
this movement.

Rather more work has been done on the dependence of absorption on
solar activity. Most workers report a variation of the form:

L = Lo (1 + bR)

where R is the sunspot number and b is a constant.

Values of b of 2.6 x 10-s for 2.4 MHz and 3.5 x 102 for 5.7 MHz are reported
at Ibadan, based on the years 1953-59, whereas =t Cojombo, Gnanalingam (private
communication) finds values of 5.1 x 103 for the I. G. ¥. and I. Q. S. Y.,
groups of data.

Type A2 Measurements At Low Latitudes

Riometer measurements have been reperted from India (Ahmedabad,
Delhi) the Pacific (Johnston Is., Bikini and Hawaii), Huancayo (Peru) and SZo
José dos Campos (Brasil). The work falls into two categories:

a) The study of the regular variations of absorption using data taken
over a long period, and

b) the study of short lived absorption events acconipanying solar flares,
nuclear explosions, etc.

Some attemps have been made to divide the total absorption into D
and F2 Jayer contributions (e.g. Sarada and Mitra, 1960, Ramanathan and Bhonsle,
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1959); Sterger and Warwick, 1961). The D region contributions quoted by these
workers, of the order of 2— 3 db.at noon, appear to be tov large.

Several workers (Fredriksen and Dyce, 1962; Sterger and Warwick, 1961;
and Ramxpathan and Bhonsle, 1939) report abnormal variatiox of tctal absorp-
tion in the evening hours. In some but not ail cases, these correlaied witb the
occarrenc® of spread F conditions.

Absorption events accompanying large solar flares have been studied by
Sarada (1958) at Delhi, and following nuclear explosjons by Saha and Mahajan
(1964).

Further Rescarch

Th2 major preblem to be resolved is the question of the relative contribu-
tons of the various ionospheric regions to the total absorption. More
multifrequency observations by both Al and A2 techniques are required and
simultdneous measurements by both methods at the same station would be
nseful.” The full wave theory should be used to compute the deviative absorption
over a range of trequencies using recent data on tne distribution with aititude
of N and , in the deviative absorbing region. Hence the non-ceviative absorp-
tion' can be obtained as a function of frequency and deductions may then be
made about the structure of the D region.
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MULTIFREQUENCY ABSORPTION MEASUREMENTS

FOR IONOSPHERIC STUDIES

by

G. W. Adams, A. D. Goedecke, and A. J. Masley
Douglas Missile and Space Systems

Santa Monica, California, U.S.A.

The multifrequency riometer is being develeped as a tool for
D-region studies in the polar caps and the auroral zones. Theoretical
investigations indicate that it may alsc prove ussful at latitudes below
the aurcural zones. The multifrequency riometer is used to measure
cosmic noise absorption as a function of frequency in the HF and VHF.
If all the absorption takes place above 75 km, then the absorption va-
ries inversely as the frequency squared, and the only benefits are an
expanded range and greater accuracy. If a significant fraction of the
absorption takes place helow 75 km, then the absorption-frequency
curve is a function of the electron density profile in this region, and
the absorption-frequency curve can be used to determine the electron
density profile at the same region (the contribution from above 75 km
exists as a single term in the solution). The determination of the elec-
tron density profile below 75 km is possible because the electron
collision frequency here is not negligibly small compared to the radio
wave frequency, as it is above 75 km. As a result, the absorption
coefficients in this region are not simply related, as is shown in Fig.

1, and the absorption equations can then be solved for the electron
density profile.

In the polar caps, the electron density profiles derived during
solar cosmic ray events are used to determine the energy spectra of
the solar particles. One such spectrum, derived from multifrequency
riometer results of other workers, is shown in Fig. 2 as an indication
of the accuracy of the technique. Note that the technique gives absolute
values; no normalization is required.

The equipment under development is basically a fixed-frequen-
cy riometer with switched tuning. A program unit drives the frequency
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through 19 steps (845 MHz) with the cosmic radio noise power level
at each frequency being sampled four times by a digital voltmeter

and the data punched into paper tape for direct computer analysis.

One full cycle requires 8.7 minutes, and also includes time and other
auxiliary information.
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Fig. 1 — The ratios of the absorption coefficients in the lower iono-
spherc to the absorption coefficient for 30 MHz, for several
different frequencies and modes. (20° denotes the ordinary
mode on 20 MHz; 20° is the extraordinary mode). At
altitudes greater than about 70 km, the ratio is given by the
ratio of the squares of the [requencies. At altitudes below
about 30 km, there is no frequency dependance. In the region
30 < Z < 70 km, the absorption coefficients are not simply

related, and clectron profile determinations may be done
here.
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Fig. 2 — A solar cosmic ray energy spectrum determined from multi-
frequency riometer data taken during the July 1961 solar
cosmic ray events. The dots connected by a line are points
calculated from the multifrequency ricmeter; the two
retangles are derived from the Injun 1 satéllite data. The
good agreement is indicative of the accuracy which can be
obtained with the multifrequercy riometer technique,

To examine the possible uses of such a technique at latitudes
below the auroral zones, we have performed calculations for several
electron profiles, two of which are shown in Fig. 3. These profiles
are not particular measurements or models, but are typical of mid-
latitude daytime profiles. The resultant absorption-frequency curves
are shown in Fig. 4. Since the absorption as a function of frequency
may be conveniently represented as A(f) = g(£)/f* (where g (f)

[ T T NI T T & T

A TS R L R Dt A e £t rR DA% Ay !

oy g Tt 2 L

pr
El
B
&
—




54 G. W. Adoms, A. D. Goedecke and A. J. Masley

contains the information about the electron density profile), the quantity
A(f) . £ (= g (f)) is plotted instead of A (f). The shallower of the
two electron density profiles gives the upper absorption-frequency
curve, which is almost a straight line at unity (the profiles have been
normalized at 50 MHz). A straight line at unity represents a 1/f
dependence, indicating no significant absorption below 75 km. The
other electron density profile (the one vith more ionization at lower
altitudes) give the lower absorption-frequencv curve, which shows a
significant (and measurable) departure from 1/f*. The two electron
density profiles therefore represent the boundary of the usefulness of
the multifrequency riometer. We conclude from this that, at mid-
latitudes, the multifrequency riometer will be useful around noon and
during periods of enhanced ionization, such as SID’s.

. e
L

ALTITUOE. KM

! ) w? w03 wh %
£1ECTRON DENSITY, ELECTRONS CM

Fig. 3 — Two of the electron density profiles used for this study.
These profiles do not represent any particular measurements
or theorstical models, but are representative of .most day-
time mid-latitude measurements. Nicolet and Aikin's model
is roughly bracketed by these two profiles.
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Fig. 4 — The absorptionfrequency curves which would result from
the electrop density profiles in Fig. 3. The quantity on the
vertical scale is the absorption (A) times the square of the
frequency (f), normalized to unity at 50 MHz. On the
horizontal scale is the effective frequency — the frequency
=+ the gyrofrequency, depending on the mode. Absorption
occurring above 70 km gives a straight line at unity; absorp-
tion below 70 km gives a curve lying below unity. Here the
upper curve (close to unity) corresponds to the shallower
slectron density profile; the lower curve is for the more
intense profile.




COSMIC NOISE ABSORPTION AT HUANCAYO, PERU

by

P. Bardyopadavay

Huancayo Observatory, Instituto Gesfisice del Peri

A 30 MHz riometer has been in operation at Huancayo since
July 1961. Thus, by the time of the Starfish explosion {July 9, 1962)
we already had about a year of data which made it possible to derive
the “quier-day curve”. This same riometer was used (a2} to obtain
values of absorption and {b) to follow ccurse of decay of the syn-

Fig. 1 shows the average diwrpal variation of total absorption
during the different months of a two-vear period. The usual midday
peak and an occasional peak (in September and November) are notice-
able. The attenuation given by Fig. 1 is the total of contributions
from ail different regions of the ionosphere. From physical considera-
tions one can expect that the major contributions will be from the
D- and the F2region. We tried to separate these contributiors by
the Mitra and Shain method which did work with our data. Besides,
doubt bas been cast on the validity of the method by some recent
Russjar work.

We have examined at some length the nighttime values of
absorption which are almost entirely F-region contribution. These values
when plotted against foF2 generally give the kind of curve shown by
Fig. 2. The curve shows two things: (a) the magnitude of the F2-
layer absorption corresponding to a given fofF2 and (b) the rapid
increase of absorption with foF2. We checked the magnitude of the
absorption using tke electron density prefiles from Jicamarca (Lima).
Four such profiles obtained near midnight are shown in Fig. 3. Using
the average profile of the figure (critical frequency 6.6 MHz) and
assuming all collisions tc be between the electrons and the positive
ions we find that the calculated absorption agrees with the cbserved
value for electron temperatures of the order of 550° K.
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Fig. 1 — Average diurnal variation of total attenuation (monthly
averages of hourly values) of cosmic radio noise on 30.5
MHz at Huancayo during some months of 1961-63.
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Fig. 2 — A typical plot of nighttime absorption against foF2 at Huau-

cayo. Values for the night hours (19 hr. — 05 hr.) for Ja-
nuary, 1963 have been plotted.
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Fig. 3 -— Electron density profiles at the magnetic equator, obtained
around midnight using the incoherent scatter technique.
Curves A, B, C and D, after Bowles et al.; full line cu.ve,
smoothed average. Average value of abs~rption correspon:
ing to these profiles is 0.1 db. This w.lue of absorption can
be obtained by calculation using the average profile and
Nicolet’s expression for collision frequency (between elec-

trons and positive ions) when :he electron temperature is
taken as 550°K.

Some workers have found that the variation of F2 absorption
viith foF2 can be fitted by and equation of the type A=K (foF2)". The
values of the exponent n for different places are: 2.0 (Gorki, USSR),
6.0 (Abmedabad, India), 7.6 (Hornsby, Austratia) and 2.04.0 (Huan-

cayo, Perti). The Huancayo values suggest a seasonal dependence
(Fig. 4).

We find that theoretically it is more reasonable to expect the
dependence of absorption on foF2 to be of the type A = [R — S logy,
folr21.(foF2)*. The values of S obtained for Huancayo during August
1961 through July 1962 are shown in Fig. 5.
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Fig. 4 — Botton figure: the values of the exponent n in the equation
A = K (foF2)" for the different months at Huancayo. Top

figure: Seasonal variation of midday values of solar zenith
angle x at Huancayo.
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Fig. 5 — Values of S in the equation A = [R — S logi.foF2] (foF2)¢ for
the different months at Huancayo. Broken curve shows the
seasonal variation suggested by the experimental values.
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Figs. 6, 7 and 8 show the course of decay of the synchrotron
noise generated by the Starfish explosion. The solid line curve in the

figures shows a decay of the form (1 + '/r) * which was predicted by
Welch and Whitaker. The value of = used in the figures is 60 days.

igs. 6, 7 and 8 —
Decay of the excess 30 MHz
noise generated by the high
altitude nuclear explosion of
July 9, 1962.
values of the excess noise In

Circles show

terms of the equivalent noise
Dashed line
shows a predicted form of
decay of the excess noise.

dicde current.
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IONOSPHERIC ABSORPTION MEASUREMENTS

AT COLOMBO, CEYLON

by

S. Gnanalingam and P. A. J. Ratnasiri

Ceylon Institute of Scientific and Industrial Research

The paper describes the results of an investigation of iono-
spheric absorption at vertical incidence, in the frequency range 2.0
to 2.9 MHz, at Colombo, Ceylon (06° 34'N, 79° 52'E, Dip 5°S). The
period of observation was from July 1957 through March 1960,
corresponding, to sunspot maximum, and from January 1964 through
May 1965, corresponding to sunspot minimum as shewn in Fig. 1.
The main conclusions are as follows:
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1 — The ncon absorption on 2.6 MHz increases with solar
activity according to the law

for values of R. up to about 190, above which a saturation effect seems
to set in (Fig. 2). The value of the coefficient b is slightly greater at
Southern solstice (5.5 x 102*) than at Northern solstice (4.8 x 103),
in agreement with the observations on 2.4 MHz at Ibadan. The mean
annual value of b is 5.1 x 10%, and is nearly double the value found
at Ibadan. Values of the coefficient b obtained at various stations
are sumimarized in Table I.
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S. Gnandlingam and P. A. J. Ratnasiri

TABLE 1

Values of the constant b for varlious stations

Authority Station | Frequency ! Constant b x 10°
Appleton and Piggott | Slough 4 MHz 7-13
(1954)
Gnanalingam and
Ratnasiri Colombo | 2.6 MHz 5.1
National Bureau of Not Not ”
Standards (1948) specified specified 5.0
Piggott {1959) Slough A - figare 4.0£0.5
(Summer)
Falkland
Islands
(Summer)
Singapore
Rawer (1951) Slough A - figure 3.5
Skinner and Wright
(1964) Ibadan 5.7 MHz 3.5
Skinner {quoted in
Skinner and Wright
1964) Singapore 3.0
Skinner and Wright
(1964) Ibadan 2.4 MHz 2.6
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Ionospheric Absorption 65

2 — The seasonal variation of nocn absorption at zero sunspot
number obeys a law of the form

L « (COS x)”

with the exception that the absorption is abnormally low during the
period from May to September. This abnormal decrease of absorption,
which is observed both at sunspot maximum and at sunspot minimum,
may be the result either of a decrease in the D-region electron density,
or a decrease in the collisional frequency, possibly due to the ioniza-
tion moving upwards. It is of interest to note that Appleton reported
a similar decrease in the electron density of the E-layer under condi-
tions of constant x and constant R., in the same months. The decrease
is attributable partly to the reduction in the incident solar flux result-
ing from the earth’s orbital eccentricity, and the same cause may be
at work in the D-region.

3 — The magnitude of the noon absorption on 2.6 MHz is
given by the expression

L = 31.6 (cos x}* (1 + b Ry)

decibels for R, less than 190, where b has the values shown in Fig. 3.
In the period from May to September, however, the absorption is less
than the figure given by this expression, by amounts varying from 5
to 10% (Fig. 4).

4 — The diurnal variation of absorption with (cos x) is approxi-
mately according to the law L « (cos x) ® where n = 0.9, but there
is considerable scatter in the values of n obtained on different days.
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COLLISION FREQUENCIES IN THE D AND E REGIONS

by

W. R. Piggott

Radio and Space Research Stztion
Slough, Bucks, England

The absorption of radio waves depends on:

(a) the collisiop frequency of the electrons,
(b) the electron density in the absorbing region, and
(c) the gradient of ioanizatica in the reflecting region.

Interpretation of absorption data is possible only if at least
cne of these can be evaluated with some ascuracy.

it is shown that the experimental observations of collision fre-
quency agree very well with computed values based on Iaboratory mea-
surements of ccllision crosssection and the provisional summer and
winter atmospheres of Cobe and Kantor aear 60° up to about 80 km.
The latitude variations of these atinospheres show that the pressure at
constant height near the equator should vary oniy slightly with season,
the sense in general being opposite to that at higher latitudes. Thus the

height variation of collision frequency is likely to be close to that for
sumicer conditions at higher latitudes.

The extrapolation using the Standard Atmospheres at greater
heights gives collision frequencies which are much smaller than the
experimental values for the E laver. The ratios increase from unity
near 99 km to 3 at 110 km and 10 at 130 km. The resolution of this
difference is the major problem to be solved before reliable interpreta-
tions of absorption data can be made. Possible explanations are:

(a) that the cxperimental values are misleading, or if
not;

(b) that a minor constituent with very large cross-section
for clectron collisions is present;
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Collision Fraquencies 3

(c¢) that the electron temperature is much higher (e.g. by
a factor 2) than the gas temperature in the E Region.

The available data do not provide any convincing evidence in
favor of one of these explanations, some supperting one and some
the others. Thus, while satellite and rockets experiments suggest that
T./T: may exceed unity, correlations of absorption with stratospheric
phenomena suggest the presence of variable amocunts of a minor
constituent.

The following Figs. 1 to 6 with long captions are self
explanaiory.

FIG. 1

SROMTAK  HKILUNT  {Xwi

" i — N
A e °. 0 .o' ‘l
=7 W lpec™ 1

Fig. 1 — Height variation of monoenergetic collision frequency, vy,
deduced from U. S. Standard Atmosphere 1962 and Pack and
Phelp cross-sections for collision.
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Fig. 2 — Height variations of experimental values of vx (symbols and
thin lines) for summer and autumn months tegether with
theoretical height variation from U. S. Standard Atmosphere
1962 fitted to experimental data. The broken curve shows

the corresponding variaticn {itted to winter data by R M S
methods.
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Fig. 3 — Height variations of experimental values of vx (symbols and
thin lines) for winter and spring months together with theo-
retical height variation from U. S. Standard Atmosphere 1962
fitted to experimental data by R M S methods.
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FIG4

GLOMETRIC HEGHY {(Km)

Fig. 4 — Height variations in summer and winter compared with the
corresponding height variations of Cole and Kantor provision-
al subarctic atmospheres in summer and winter. The absolute
value of cross-section has been adjusted so that the summer
curve is fitted to the summer experimental data. The the
oretical curve of Fig. 1 lies between these curves.
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Fig. 5 — Variation of vx with latitude. summer and winter, deduced

from Cole and Kanton's provisional atmospheres. The ratios
at each height are reiative to the summer subarctic values
of collision frequency shown in Fig. 4.
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3 Fig. 6 — Comparison of experimental values of collision frequency
(symbols and thin lines) and theoretical values. Curves S
and W1 are extrapolations using the U. S. Standard Atmos-
phere as fitted in Figs. 2 and 3, curve W2 is an estimate
based on Cole and Kantor winter values plus satellite data
above 150 km. A discrepancy appears above about 95 km
which rapidly increases with height.
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SOME COMMENTS ON OUTSTANDING PROBLEMS

IN ABSORPTION

by

W. R. Piggott

Radio and Space Research Station

Slough, Bucks, England

There are still important difficulties in the interpretation of
absorption data which are not understood even at the equator where
the theory of analysis is relatively simple.

The problems are:

a) — Is the large part of the absorntion in the D region or in
the main E layer?

b) — Are the anomalies in absorption due to changes of ioniza-
tion density, collision frequency or both?

Internally consistent but widely different interpretations avc
possible with either large values of collision frequency in the E laver
or very small values. Both extremes raise serious difficulties.

If the collision frequency is consistent with the experimenta!
values (larg: value model) accepted analyses (e.g. Jaeger method or
Rawer method) are wrong because the scale height of the collision fre-
quency is much larger than the scale height of the ionized constituents.
This completely alters: (a) — the computed frequency variation of the
E layer deviative absorption both on frequencies less than and greater
than foE; (b) — the predicted diurnal and seasonal variations of
absorption at all frequencies; and (c) — the solar cycle variation of
the absorption for frequencies reflected in the E layer.

The differences are important, for example, the absorption
due to (c) should decrease with increase in solar activity. In additicn
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this error would cause the deduced amount of absorption low in the
D region to be much too high.

For the other extreme it is difficult to obtain sufficient absorp-

tion because is small at the levels in the D and lower E layer where the
electron density is high.

If the partial reflection, very long and long wave and rockat
values of electron density in the D region are correct the HF absorption
must be almost entirely above the mesopause (above about 80 km).
These show at temperate latitudes, a decrease in D region ionization
density with decreasing latitude in rough agreement with the latitude
changes in cosmic ray intensity. It is important to discover whether
the high absorption normally found near the equator is due to excess
innization or increased collision frequency. This might be studied using

rocket or LF short range propagation as well as the frequency varia-
tions of virtual height and absorption.

When the seasonal and diurnal variations of absorption obey
different laws, as is usual in equatorial regions, this implies correspond-
ing changes in the atmosphere which may alter either the coliision
frequency or electron density. The morphology of these variations is
very important but is little known. Fliigel claims that ti:ere is a magnetic
dip tactor with peak absorption near 15° magnetic latitude. Thus, if
true, is also very important and needs careful confirmation.

At higher latitudes there is some evidence for solar cycle varia-
tions in collision frequency in the E region. If these are confirmed,
some of the abnormalities in absorption may be due to collision
frequency changes.

Comiparisons of the deviative absorption deduced by aproxima-
te methods and by a full phase integral analysis show stricking ditferen-
ces, for example a parabolic layer can give an absorption independent

of frequency from 0.3 to 3.0 MHz. The use of aproximate methods
shouid therefore be avoided.

Great care is necessary to distinguish between the absense of
ionization and the condition that it does not effect radio waves. Thus
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in the region where v > (wzwe,) the complex refractive index varies so
that n* — 1 « N/». Thus equal percentage changes in N and v, such as
can be due to pressure perturbation of N and v, do not alter N/v and
are invisible. A comparison of partial reflections computed for the casc
when irregularities are possible in both N and v, shows that the fluctua-
tions in v have little effect until v=(v=w.). For such and larger values
of v, fluctuations in » can alter the :nterpretation of the collision
frequency and electron density at low height, as shown by partial reflec-
tion techniques, by factors of orders 2 to 3.
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SUMMARY OF THE SESSION AND OTHER DISCUSSIGNS

by

A. N. Hunter

University College Nairobi, Kenya

Professor N. Skinner gave the review of current knowledge on absorption
of radio waves in the ecwatorial ionosphere. He drew attention to the scarcity
of absorption measurements at low latitudes although these are relatively
easier to interpret than at higher latitudes beczause of the approach to quasi-
transverse conditions. Such data arc of importance to radio engineers but in
addition are necessary for the determination of the structure of the lower iono-
sphere. Measurement of the frequency dependence of absorption is important in
¢stimating the relative contributions of the D and E layers to the total absorp-
tion, and the published results show considerable discrepancies which remain
10 be resolved. Only one measurement of the effect of lunar tides on absorp-
tion has becen published. Experimentally there is a need for comparison of pulse
reflection (Al) measurements with riometer (A2) studies in order to make
possible the replacement of the time consuming Al method by riometer
techniques. The development of multifrequency riometers offers a powerful tool

for absorption studies if the present considerable difficulties in experiment and
interpretation can be overcome,

Three papers were presented. A. Gnanalingam and P. Ratnasiri described
the results of measurements of ionospheric absorption at vertical incidence in
th~ frequency range 2.0 to 2.9 MHz at Colombo, Cecylon. They find a linear
relation vetween absorption and sunspot number with a slope twice that founa
in similar studies at Ibadan. Additional stations are required in order to resolve
the discrepancy. The seasonal variation in absorption at Colombo at zero sunspot
pumber vories as (cos y)!7, excepting an abnormally low absorption observed
tor the period May to September; after allowing fer the effect of the variation
with season of the distance of the earth from the sun, this may be attributed
to a decrease either of D reglon electron density or of collision frequency. It is
to be noted that the diurnal variation of absorption varies as (cos x)*°; since
the sun cannot distinguish between the seasons, this result in strong cvidence
tor actual changes in the constitution of the lower atmosphere.

P. Bandyopadhyay presented details of 30 MHz riometer measurements
in Huancayo since 1961. The observed daily maximum absorption is 0.5 to
} dB. There is at times an cvening peak in addition to the midday peak which
has also teen observed by othcr stations. The obscrved decay of synchrotron
radiation noise from the nuclear explosion of July 1962 agrees with the theoretical
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time constant of 16 days. The D region absorption has not yet becn computed.
G. W. Adams gave an account of the use of multi-frequency riometers for which
a sensitinnity of 0.1 dB was claimed. He pointed out that if abtsorption occurs at
levels beiow 75 km the frequency dependence of absorption gives information
about electron densities in this height range, the usefulness of the method being

mainly in daytime hours around noon and during disturbed times which give
enhanced D layer ionization.

There was considerable discussion stimulated by the chairman, W.
Piggott, both at the session and at 3 meeting held in the evening.

The principal points which arose during the discussion were: —

1. The importance of further equatorial absorption measurcments in order
to determine eclectron densities in the D region.

2. Thc need to resolve the discrepaacy in frequency dependence and solar

activity which appears in the Técords from Colombo, Ibadan and
Singapore.

3. Whilst recognizing the potentialities of riometer studies, particularly
with multi-frequency instruments, it was thought that these are much
more difficult to carry out with the required accuracy of 0.1 dB than is
the case with pulse methods; conscquently caution should be exercised
in the use and interpretation of data from riometers.

W Piggott emphasized that the interpretation of absorption records
depends on an accurate determination of at least one of the following quantities:
— electron collision frequency in the absorbing region, eclectron density in the
absorbig region and the ionization gradient in the reflection region. He pointed
cut that extrapolation using standard atmospheres gives collision frequencies
which are smaller by a factor of 3 at 90 km and by a factor of 10 at 130 km than
those experimentally observed, although the values are reliable below 80 km.

This discrepancy must be resolved before absorption data can reliably be
interpreted.

About one half the experimental evidence points te absorption occurring
almost wholly in the E region and the other half to there being a considerable
contribution from the D region. It is clear that there must be some absorption
in the D region since there would otherwise be a decrease of absorption with
solar ac ivity, which is not in agreement with observation. We must distinguish
between the absence of icnization and the absence of an effect on radio waves.
In addition, sunspot cycle variations in reflection from the E and F layers are
similar and this again points to a dominant D layer absorption. No critical
cxperiments have been devised to resolve these questions.
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In ccmputing resulls from atsorption experiments it is important o
carsy ont full wave anzlyvses usinz phase Integrai metheds on a compuler as
these can 1eveal serious cgors in the simpie approzach:; there are po methods
wanlch are worzhwhile, which compromise between such a full wave aaalysis
r=d the stimplest app.oaches. Local patches in jonization of the order of a few
Frespel zones in exteni may oompletely ziter the pattern of absorption
measurement.

Evidence from rocket experiments agrees in giving elect;on densitics of
iess than 1020 por cm? below 80 km suggesiing thai HF absorption must be
a2bove this heighi. At tempedate iatitudes the values obtained for the variation
of clectron depsity with beight agree roughiv with the latitude variation of
cosmic ray inteasity. Measurcnients of cioss modulation made by D. Farley in
another sessicn gave evidence ior ionization at the 70 km level but no evideace
for apprecizbk- lonization below 68 km 2t the eguaior

Oiier peints of intercst included the question as to whether there is a
real ckapze of coliision frequency with sunspei pumber; the difference between
the results obiained for the upward and downward legs of the solar cycles and
ke fact that cosmic ioniz:tion is much less at equaiorial latitudes than ai higher
latitudes. It was comsicercd that high frequency Doppler data are too indirect
for absorption inforipaiion but that it is imporiant to obtain VLF results
uver short distances of the order of 130 to 200 km, this latter experiment being
technically easy.

it is impertant tc discover whether the high absorption near the equator
is due to coilisions frequency or ionization.

Recent Russian work (Fligel) of censiderable interest has suggested that
ihere is magnetic control of absorption pear the cquator with substantially higher
cbsorption on either side at Jatitudes of about--15° and so producing an equatorial
anomaly which paraliels that in foF2. There is some reason to suspect that this
cffect may be cven greater than is suggested by the Russian work and a chain
of stations making absorption measurements across the dip equaor is suggested
in order 16 establish the true position.
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Tke E region is a rather well behaved portion of the ionosphere and
appears aow to be quite well understood in most respects. A list of references
is given In a recent rcview paper by Bourdeau . Typical electron densities
are of the order of 10° cm> during the day and perhaps 10° cm-* at night, with
reported nighttime values ranging from 10° to 10°. Temperatures are of the
E order of 200° to 560°K. All the dectails of thc photochemistry of the E region

YT

arc not as yet completely clear. We do know, however, that O, plus, O plus,
and N, p:us are the principal ions produced by photoionization, whereas o,
; plus and NO plus are the most abundant ions aciually presént. The loss of

ions takes place mainly through atom-ion interchange reactions and dissociative
recombination.
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Fig. 1 — A typical equatorial ionogram showing Esq and slant Es.
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Neglecting motion terms, the continuity ecquation for the electron density, N,
can be written as

dN/dt = q-qN?

where q is the production function and o is the effective

recombination
coefficient. In equiliorium, then

N = (q/a)’* = (Q./a)'/? cOs® y

The value of q, is of the order of 3x10° cm-® sec’, n is between 0.5 and 0.6,
and ¢ is perhaps ) of order 10~ cm-2 sec'. The laiter value is still somewhat

controversial. Assuming it to bc correct, however, we iind a typical time constant
for the daytime E region, ¢N/2, of the order of a minute.
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Fig. 2 — An iilustration of the very close correlation between the radar echo

intcnsity at 30 MHz and the electrojet strength, as measured by the
horizental component of the magnetic ficld.
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An important feature of the lower E region is that the electron gvro-
3 frequency is greater than the electron collision frequency, wheieas the reverse
is true for the ions. As a result, the Hall conductivity is large, which at
equatorial latitudes gives rise to the equatorial electrojet. Equctorial sporadic-
E has iong been known to be closely associated with the electrojet. In the last
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plasma jnstability known as the two-stream instability.
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few years some progress has been made in understanding how this association
comes about. VHF observations, mainly at Jicamarca, Peru, have demonstrated
that these irregularities are plane waves traveling normal to the magnetic lines
of force 3*. Waves having a large component of their velocity parallel to the
motion of the electrons in the electrojet travel at approximately the speed of
sound in the medium. Some waves are also observed which travel noriaal to
octh the magnetic field and the clectron streaming velocity. These waves, which
are responsible for the echoes seen by a vertically directed radar, are considerably

weaxker than the oblique ones and travel at all velocities less than or equal to
the speed of sound.

) 4 4 1 4 L 4 ¥ L

: LIMA, PERU Egq of 50 Mcss
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Fig. 3 — An example of the “threshold effect”. Strong radar returns are not

obtained until the electrojet strength reaches a certain critical value.

It has been shown 9 that the current in the electrojet can cause a

The growing waves

vesulting from this instability can account for nearly all of the observed features
of the oblique echoes

The cxplanation of the overhead echoes is not so clear,

however. Perhaps it arises from non-inear processes once the instability is
deyeloped.

' Several workers have proposed macroscopic instability theories which
comewhat oversimplify the plasma physics, but take account of the variation of
electron density with height(®. These theories have difficulty in explaining the

small scale Irregularities observed on VHF, but may be of importance for the
jarger scale sizes.
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HUANCAYO, PERU (1960)
{Spectra integroted photogrephicelly)
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Fig. 4 — Spectra of radar echoes at 50 MHz related to the direction of propaga-
ticn. Note that on the westward pointing examples, the spectra have
peaks at the same Doppler shift. This shift corresponds to the sound

velocity.
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Fig. 5 — The variation of scattering cross-section, for the electrojet irregularities,

with elevation angle. When all the geometrical factors have been
3 remcved, we find that the oblique echoes are much stronger than the
c cverhead echoes. This is in qualitative agreement with theoretical

predictions.
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ROCKET OBSERVATIONS OF THE EQUATORIAL IONOSPHERE

by

L. J. Blumle, A. C. Aikin and J. E. Jackscn

Goddard Space Flight Center, NASA.
Greenbelt, Md., U.S.A.

During March 1965, a series of six rockets were launched in
the vicinity of the magnetic equator, aproximately 100 km from the
coast of Peru for the purpose of measuring the electron density distribu-
tion of the equatorial ionosphere to an altitude of 200 km. The rocket
payload consisted of a nosctip Langmuir probe and the two-frequency
radip propagation experiment (24 and 72 MHz).

Results of the four daytime flights which were launched at a
solar zenith angle of approximately 12°, were essentially identical and
one (14.181) is illustrated in Fig. 1. This figure illustrates the electron
density and Langmuir probe current as a function of altitude. Ionograms
obtained at the firing showed equatorial sporadic E at 110 km but
there was no evidence of a large increase in density in the altitude region
of the electrojet.
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The results of two night {lights separated by nine days are
thown in Figures 2 and 3. At 2200 LMT the electron density profile has
essentially censtant density of 10° cm™ from 100 to 220 km. At 0140
LAIT, the profile has a definite region 30 km thick with a peak density
of 10* cm™ at 105 km.

230 :
220
210}
m.
m.
_180 ’
£ 170} 14182 ] Fig. 2 — Electron density and
ol o 12°1F' S 75%45' W B
ém. MARCH 27,1965 , Langmuir probe current as a func-
i‘::L (1500 LOCAL) § tion of altitude cbserved on 14.182
120 comment | at 2200 LMT.
m.
100}
90
20 . ,
DENSITY 10 0’ w0t 0
B/cm?

220

478 ' <
2107 12248 5 77°56' W 1
200} MARCH 18, 1965 ]
190} 0641 Z(0141 LOCAL)

Q

180
o}
160
150
140 , Langmuir probe current as a func-

130 1 tion of altitude observed on 14.178

0 | at 0141 LMT.
00 CURRENT

Fig. 3 — Electron density and

ALYITUDE (Km)

ENSITY

DENSITY 102 07 0% 10%
CURRENT 103 107 104 03
AMP

bR A a0

LA AT e et LY

A

SR GETRIL TR BT A R

4 A

Ly

ST

Lo 2SR Y

P2 T e VAT

b pos egtieed gt L e

Algtaly

RILYLS

eahnle

ey B S AN

PYEIES TR TN

RIZAS

R T Y R P O By S = TROE I e X

v 5 ALEY K

d et R e Y




SOLAR CYCLE AND ANNUAL VARIATIONS OF THE E LAYER

ELECTRON DENSITY AT IBADAN

by
Arthur J. Lyon

University of Ibadan, Nigeria

The Solar Cycle Variations

Figure 1 shows the variation of annual mean foE at noon with
mean sunspot number R at Ibadan (a) and at Slough (b). In both

cases the data are for the years 1952-64. The least squares regression
lines are:

(fOE) Sliough = 2.86 (1 + 0.00ISR)
(fOE) Ibadan = 3.47 (1 + 0.0014R)

The coefficients of relative increase with sunspot number are thus very
nearly identical at the two stations.

Fig. 1 — Variations of
annual mean foE at noon
with annual mean sunspot
number at Ibadan and at
Slough. Circles are for the
rising phase and crosses for
the falling phase of the cycle,
and arrows indicate the
direction of change in succes-
sive years.

1952,53
e 1954-57
1958-64

30
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A curious feature of these grapiis is that at both stations foE
is consistently higher, by about 0.1 MHz, during the falling phase of the
solar cycles, 1958-64, than in the preceding rising phase, 1954-57.

The Annual Variations

Figure 2 shows how noon foE (averaged over the whole period
1952-64) varies with month of the year. The variation is clearly similar
to that cos x shown below. If however the character figure (foE)*.
(cos x)™ is plotted against month of the year, the third diagram of Fig. 2
is obtained. It is clear that there is a residual annual variation having
a maximum near the December solstice and a minimum near the June

solstice. The total range of the variation is about 5% of the mean
value.

Because of the uncertainty of the earth’s orbit the sun-earth
distance varies in such a way that the ionizing flux is about 6.3%

greater on January Ist than on July Ist. The residual annual component
is thus of the right order of magnitude.

DEC MAR JUN SEP
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L L L L L L S
39 |-
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38}
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98 |- cos7(
96 -
x 4
i \{ (foE) cos ). ® . -
220~ N x "/ “ x
o X\ { x * - -
230+ x x
RN AN BN DA
DEC MAR JUN SEP DEC

¥ig. 2 — Variations through the year of noon foE, noon cos x and the
E region “character figure” (foF)*/cos x at Ibadan.
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It is known that foE varies diurnally more nearly as
(cos x)** than as (cos x)*** as simple theory requires. In that case q
should be proportional to (foE)* / (cos x)**. This quantity is plotted
in Fig. 3, which shows that the residual annual change is than about
6.8%, closer to the theoretical value than before. The fit of the points
is also improved.

DEC MAR JUN SEP DEG
T ] T T ] ¥ T ] T 1
2acl (foE)*7 (cos % )1-2

[
o
230~
0 0

2 IBADAN

220}- ® ©
N e

DEC MAR JUN SEP OEC

Fig. 3 — Annual variation of the quantity (foE)* / (cos x)'*, propor-
tional approximately to the rate of electron production q.

Two conclusions appear to be justified:

1) that noon fcE has no seasonal variation, and its variation
throughout the year is entirely explained by the variations
of cos x and the sun-earth distance, and

2) that the diurnal cos x exponent of about 0.3 is alsg valid
for noon foE as it varies through the year.

It is believed that this is the first time the effect of the earth’s
orbital eccentricity have been isolated from other seasonal or annual

variations in an ionospheric parameter. It is intended to check this find-
ing with data from other stations.
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SECOND-ORDER JIRREGULARITIES IN THE

EQUATORIAL E-REGION

by

Robert Cohen and Kenneth L. Bowles

Jicamarca Radar Observatory, Lima, Peru

Although the two-stream instability theory of Farley has been
quite successful in accounting for many features of the irregularities
produced in the equatorial electrojet, greater sensitivity and improved
techniques of observing the power spectrum of radio echoes have resulted
in the resolution of weaker irregularities not predicted by the theory.
In particular, such irregularities are observed (Fig. 1) when the radar
is directed vertically (Fig. 2 and 3), and when observing obliquely
(Figs. 4 and 5) irregularities are observed that have lower Doppler
shifts than are contemplated by the theory.

Experimental spectra are presented that demonstrate the ciose
adherence to the two-stream theory fcr a well-developed electrojet, and
it is shown how the relative contribution of the weaker irregularities
can be resolved when the electrojet is not so strong. The shape of the
spectrum obtained at vertical incidence is shown to be narrow for a
weak electrojet, and to be broadened as the electrojet becomes stronger.

The weaker irregularities probably result frem non-linear
coupling of the stronger irregularities, as will be demonstrated by
Dougherty and Farley (private communication). In particular, that
explanation implies that irregularities of small wave numbers result
from those of large wave numbers, and would permit the formation of
the horizontal irregularities that give rise to the echoes at vertical
incidence.
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JICAMARGCA, PERU
SPECTRA OF ELECTROJET ECHOES
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Fig. 1 — Composite of power spectra obfained near ncon from elec-
trojet irregularities above Jicamarca, Peru, at various angles,
using a frequency of 49.92 MHz.
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Fig. 2 — Spectrum obtained at v-rtical incidence for a weak electrojet.
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Fig. 3 — Same for a well-developed electrojet.
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Fig. 4 — Spectrum observed at an off-vertical angle of 50°East for a
weak electroiet. Note thar the 120 Hz frequency shift of the
strong component {corresponding to an acoustic velocity of
300 m/s) is the same as ithat at 5(°E, similar to the

comparisons of Fig. 1.
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Fig. 5 — Spectrum observed at an off-vertical angle of 30° East for a
well developed electrojet.

SRUCR AN U iar st Tu o ol o & YTy




TTYRY

Y

SOME HIGH FREQUENCY OBSERVATIONS OF EQUATORIAL

SPORADIC-E IRREGULARITIES

by

G. S. Kent

University of the West Indies, Jamaica

Results are presented which have been obtained from meas-
urements made on 3poradic-E irregularities over Ibadar, Nigeria
(Magnetic Latitude 2!5° S). The main measurements which have been
made are on the diffraction pattern formed by reflection on the ground.
These have been made by the conventional three spaced receivers method
and reduced by a full cerrelation analysis to find the size and shape
of the pattern and its drift velocity. Several frequencies have been
used between 3 and 7 MHz.

Iz addition to this, some preliminary measurements were made
on the angle of arrival of the echoes at 7 MHz using directional
antennas. These showed the irregularities scattered the incident radia-
tica to very wide angle in the east-west plane and that, under most
experimental conditions, the received angular spectrum at the ground
would depend mainly on the antennas used.

The measurements on the diffraction pattern showed the
irregularities to be elongated along a magnetic north-south axis with
dimensions of the order of 300 m in this direction. No estimate was
obtained of their sast-west size since, as explained above, the angular
spectrum and hence the diffraction pattern size in this direction was
determined by the experimental parameters. Measurements on the drift
velocity of the pattern were made on several days using the range of
frequencies from 3 to 7 MHz in fast sucession. Because of the elonga-
tion of the pattern these measurements were limited to the east-west
component of the true drift, The results cbtained on three such days
arc sinown in Fig. 1. The following arc the main points which have
emerged from this analysis:
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1) — The drift velocity is almost always to the west.

2) — The measured velocity is independent of the
frequency used in the range 3-7 MHz.

3) — The drift velocity cf the irregularities (half that
of the diffraction paitern) may vary on different
occasions between 0 and 125 m/sec with a mean
value of about 80 m/sec.
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Fig. 1 — East-west component of the true drift (m/s) for three days
in January 1964.

A second parameter usually determined from drift analysis is
Vc, which is a measure of the random changes ir the ditfraction pattern
as it moves. In contrast io V this is found to be highly frequency
dependent, as is shown in Fig. 2. In a companion paper in another
section of this report, it is shown how Vc may be interpreted in terms
of a randon velocity of motion of the irregularities. When this theory
is applied to the experimental results, the variation of V¢ with frequency
is found to be due to the changes in the refractive index of the medium
with frequency. Taking this into account, a mean random velocity of
about 150 m/sec may be deduced.

The results given here can be compared to those obtained on the

magnetic equator at VHF, from which a plane wave picture of sporadic-
E is deduced. These waves have velocities greater than 300 m/sec
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with their wave-normals being close to the direction of the electrojet.
This picture appears incompatible with the results described here, and
it may be concluded either, that the same irregularities are not
responsible for scattering at both HF and VHF, or that there is a very
rapid change of their characteristics with latitude about the magnetic

cquator.
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‘ Fig. 2 — East-west component of Vc in m/s for the same observations

of Fig. 1. Note the frequency dependence of Vc.
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- FADING CHARACTERISTICS OF Es REFLECTIONS OVER THE

MAGNETIC EQUATOR IM TEUMBA (INDIA)

by

R. G. Rastogi, M. R. Deshpande and N. D. Kaushika
Physical Research Laboratorv, Ahmedabad, India

The probability distribution of the amaplitude of radio waves
reflected from the ionospheric irregularities is given by

P (Q) = (Q/4) exp [—(G + B*)/24] L (QB/4) (1)

where B is the amplitude of the steady signal anc I, is the Bessel func-
tion of zero order and imaginary arguments. In the absence of steady
signal, equation (1) reduces to approximately the Rayleigh distribution,

P (R) = (R/4) exp (— R?*/24) (2)

while in the absence of random signal equaticn (1) reduces to Gaussian
distribution.

The fading patterns of Es reflections on 2.2 MHz at Thumba
show very large diurnal variation. The fadings are very slow around
midday and very fast during morning and evening hours. The
amplitude distribution does not correspond to either Rayleigh o
Guassian distribution (Fig. 1).

According to Alpert, the relative proportion of steady and
random signal can be estimated by the ratio of the mean squares of
the amplitude (R*)*. The value of the ratio (R*)*/(R*)* is 1.0 for
Guassian distribution and 4/= for Rayleigh distribution. The experimen-
tal values of the ratio for Es reflections at Thumba ranges between
about 1.3 to 2.2, the mean value being 1.7 {Fig. 2). These resuits are
inconsistent with those derived according to Ratcliffe’s theory of isotro-

pic scattering centers having randon phase distribution.
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Fig. 2 — Histogram of the values of the ratio of mean squared
amplitude and square of mean amplitude of Es reflection
over Thumba.




EQUATORIAL Es AND THE ELECTROJET

by

A. J. Lyon and J. O. Oyinloye

University of Ibadan, Nigeria

:g Correlation Between foEs and H

: A study of correlations between the intensity of equatorial Es
! and the strength of the electrojet is in progress at Ibadan. The month-
; ly medians of foEs for each hour of the day have been averaged over
‘ all months of the year for 1958 and for 1964; and the annual mean

diurnal variations of H have been calculated in a similar way. Figure 1
shows that in both years foEs reaches its maximum between 10h. and

11h. at nearly the same time as H and so, approximately at least, as
the intensity of the electrojet.

- 100
b o
= AH
1° ()
-0
150
AH
i 4P
18 h.

Fig. 1 — Comparision of diurnal variations of foEs (crosses) and of

AH, the increase of horizontal field intensity above the

nighttime value, for Ibadan at sunspot maximum and at
sunspot minimum.
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The Es Effective Reflection Coefficient R (Es).

The effective reflection coefficient of Es, R (Es), can be
measured with the aid of the pulse reflection (or Al) method used for
absorption measurements. The amplitude of Es echoes, A (Es), is of
course affected not only by the reflecting or scattering properties of
the Es layer but also by the absorption in lower layers. In the present
method the latter is eliminated by measuring the amplitude of echoes
from the normal E-region, A(E), at a lower frequency (about 2.4 MHz),
and at approximately the same height.

It is easy to see that
A(Es)/A(E) = K. R (Es) = q,

where K is an instrumental constant. Hence the variations of « during

the day, or from day to day, will provide a measure of the correspond-
ing changes in R (Es).

In attempting to measure « continuously it is of course
necessary to make measurements alternately on E and Es. In view of
the relatively slow and smooth variations of A (E) it is usually sufficient
to measure it at relatively long intervals, of say 20 or 30 mint tes, and
to divide measured values of A {(Es) by interpolated values of A (E).

Correlation Between R (Es) and H

Cohen and Bowles have reported a remarkable close correla-
tion between variations of H and the intensity of echoes from equatorial
Es on 50 MHz. A similar experiment has besn attempted at Ibadan on
5.0 MHz using the quantity « which is measured as explained above,
and which is proportional to the Es reflection coefficient, R (Es).

Measurements of A (Es) were made as frequently as possible
and averaged over periods of 2-5 minutes, and these averages were
divided by interpolated values of A (E) to give a series of values of «
as shown in Fig. 2. The corresponding variations of H are obtained
from a magretogram.
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Fig. 2 — Comparison of the diurnal variations of Es reflection
-~ coefficient A(Es)/A{E), and H (arbitrary zero) for Ibadan
on a particulear day. The arrcws indicate some of the
corresponding features.
There seems to be liitle doubt in this case that there is a
4 very good correlation. The general trends are similar, the sharp initial
B rise and final fall occur simultaneously, and both reach a maximum
approximately at noon. Moreover many of the finer details correspond.
b On two other days, common features occurred but the correla-

tion was not so good, and further work is needed.

Reference :

Cohen, R. and K.L. Bowles, J. Geophys. Res. 68, 2503, (1963)




NOXN-LINEAR EFFECTS IN TEE ELECTROJET INSTABILITIES

by

J. P. Dougherty

Depastment of Applied Mathematics and Theoretical Physics,
University of Cambridge
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Abstract

The main features of the frequency spectia of equatorial Es,
as cobserved by VHF backscatier, have been explained by Farley in
tesms of the two-siream instabiiiiv. The cocurrence of scatfering at
Dopplesr shifts cther than the frequency of the instability can be discuss-
ed in some detail by a consideration of dhe nonlinear interaction of
the uvostable plasma waves. The existenoe of scatiering al vertical
incidence caa be also be explained in this way.
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SUMMARY OF THE SESSION

by

R. B. Ncrton

CRPL — National Burean of Standards
Boulder, Colorado — U.S.A.

The most imporient rosuits preseated in this sesslon were observations
for both the rezmiar E region and sporedic E. Blumle reporied the electrom
deasity resulis cbiained by rockeis fired frem a ship just off e coest of Peru.
Severai davtize profiles wene cbiained 2rd showed no swoprizing features. These
dayiimme mezsureimenis support ihe scattesing theory of eguatorial speradic E
spoe pe struclinre was seen 03 the profiles cbizineg from the rocket while at
the same iipe st.ong sporadic E eches were obizined by an ionoscnde. Blumle
also presepted two nighttime resulis. Gnz cloctron density prefile, takea 2t
2bout 220) LT, showed ; peak density in the E region of 2bout 2 x 108 o at
165 Xm. This peak could possibly be cxplained by imvolvisg scettered Ly g8
&s 2 pighitime ionization source. Aroither profilc takea at 0151 LT showed a
peak deasity of 10* a=® at 105 kim. No explepaticn for such g deasity has
Deea given.

Lyon pointed cui thai a siatistical analysis of ionogram data ta2ken at
JTbzdan showed that the foE variation could bz explzined solely in ierms of a
cos x variation and the changing sun-earth distances. This Iatter effect is ssnall
and is poimmaly mashed by other effect at higher latitudes.

ilti'ough no paper were given on the theory of the mormal E region,
two impeoriznt points came out in the discussion. First there is still some
controversy as to the specific reactions that are important in the E region. This
problers is compounded by the possibie importznce of fast ion-neutral imvelving
minor constitvents. Second, although there is ionosphere and laboratory data
suggestion that the dissociative recombination coefficient for O, plus and NO
plus is of the order of 10~ cms sec, there is still some doubt that the coefficient
is this large specizily for NO plus.

Several interesting results were presented for the Jicamarca Radar
Observatoly. Recent power spectra of echoes from the nighttime E region
irregularities above Jicamarca indicate frequency shifts that are opposite to
those obtained in the daytime and which may be interpreted in terms of a
westward flowing current at night. Such a current had been previously proposed
by magneticians. Cohen reporied that greater sensitivity of observing the power
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specaum of radio echoes and improved techoicues, hare rraulted in the delec.
tion of weak Irregularitiss 5Ot predicied by the two sirsam instatlity thesry
2s it is p-esently developed.

These irregularities are seen when the redar is directed upwazd and, If
the electrojet Is weak, when the radar Is obsesving obliquely. The Doppler shift
for these Irregularities is comsiderably less than for the strong irregularifies.

DPougherty suggested thal weak imreguiarities may arise frocm nonlinear
coupling of streng imegularities.

Xent reperted that some drift measurents made between 3 and 7 Mz
u«! Ibadan by the Mitra method gave much smaller velocitics than the ones given
by the Jicamarca Observatory for strong irregularities. The suggsstion was made
that his HF frequency data may refer to the Jicamarca weak Drmegulasities.
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IV — THE REGULAR LOW LATITUDE F-REGION: BOTTOM AND

TOP SIDE STUDIES
(Discussion leader: Arthur J. Lyon)

Review Paper by

J. W. King

Radio and Space Research Station
Ditton Park, Slough, Buck, England

(paper not available)




' DIURNAL VARIATION OF THE QUIET F2z MAXIMUM IONIZATION

ALGNG THE NIAMEY MERIDIAN, IN MARCH-APRIL

AND JUNE-JULY 1963

By -

P. Vila

GRI, B15, CNET, Seine, France

Detailed bottom side sections of the F2 ionization were obtain-
ed utilizing airborne ionospheric soundings along the Niamey Meridian
(as shown or Fig. 1) for the March equinox (Fig. 2) and the June
solstice (Fig. 3) in periods nearly symmetrical for the magnetic season
(Fig. 4). Ionosonde data from Tamanrasset, Ibadan, Baxngui and

Niamey were also included. Figure 5 displays the magnetic meridian
of the study.
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Fig. 4 — Ccmparison of the
magnetic season for the two
periods.
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Fig. 5 — The Magnetic Meridian of the study

The maximum ionization crests appeared before 0800 LT,
scparated by a narrow trough moving northwards at 50 km/hour. The
southern crest remained stable while the northern crest moved to the
north at 100 km/hour in March and 150 km/hour in July.

The known current systems (Wilkins) do not seem sufficiently
developped on the cold side at early hours (0400 to 0800 LT) to support
any upward drift of ionization comparable to that of the warm side.
The morning cold crest seems only explainable by the additional source
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* of a conjugate stock of primary photo electrons, of energies 03 to 13

eV, which could pile up at levels above 1006 km to 2063 km, travel along
field lines imbedded in neuiral oxygen aioms at mean temperature 700°
K to 120C° K, according to Hanson’s cross-section (Space Research II).
These temperatures, and the very high electron temperature observed
at Jicamarca at 0600, just above the hmI2 line of force seem to account
well for the observed accumulation of electrons on both sides at the
lower F2 crests themselves.

A continuous F 1% ledge structure linked the edges at a height
of 320 km of the central trough to the F1 (18C km) levels on both inner
sides of the crests. This motionless structure lasted until about 1030
LT. In a three-dimensional model of the anomaly, the upper F2 shell
above this F 1 ledge would appear field-aligned from underneath, but
wider from the topside. It is suggested that photo-electrons populated
this upper F2 shell.

During the maximal phase, the tropical crest wunder the
overhead sun grcws at a later time and it is least ionized and much
wider in latitude coverage. The more ionized cold crest extending only
about 4° in latitude reaches its furthest distance before noon and its
pezi: density is reached about 1300 LT.

This North-South asymmetry can be expressed by the follow-
ing ratios of ionization (upper limits):

North Trough South
For the Equinox: 35 1,0 2,0
For the Solstice: 20 10 2,5

The very selective enhancement of the F2 jonization inside the
magnetic tube of the cold crest could be explained by diffusive
equilibrium along lines of force with the F2 ionization being mainly
controlled by temperature (Ne o T-/*). A complete true height
analysis of our sections will be neccssary in order to compare them
with the other hypotheses which require upward drifts in the equatorial
anomaly.




- TOP OF THE EQUATORIAL ANOMALY AND CONSTITUIION OF

THE TOPSIDE I0NOSPHERE
by

Y. V. Somayajulu

Natiopzl Physical Lzaboratory, iew Deini, India

Usinz the published Alouvette Satellite dzta on the equatorial
ancmals znd Incokersni-scatier data on inferred ion compesition iz the
topsice ionospkere, 3t is shown that the height of the top of the
equatorial ancmaly is closely relazted to the transition level of 0 plus to
lighier ions. This is interpreted to indicaie that the egualorial znomaly
Forms primarily in the height in which 0 plus is the dominznt copstituent
and is uncer diffusive conmrol. It is also suggested that the lighter ions
mav be uader chemical control and may not have attained diffusive
equilibrivm even up to beights of 1,009 km during midday and about
6C0-700 km curing late evening. See Figures 1 through 3.
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Fig. 1 — Div—al Variation of the real height above ground of the
top of the anomaly.
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Fig. 3 — Nighttime ion composition results inferred by Bowles et al.
using incoherent scatter at Jjicamarca.
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PRELIMINARY STUDIES OF THE EQUATORIAL ANOMALY

by

J. P. McClure

Jicamarca Radar Observatorv

Lima, Peru

The diurnal variation of electroa density in the topside iono-
sphiere above the dip equator is gbserved at Jicamarca. These data are
compared with data obtained from topside and conventional iono-
sondes. Figures 1 shows the Jicamarca data compared with Nmax at
Bogota, near the crest of the equatorial anomaly, on a day when the
anomaly is well deveioped.

Temperature and composition measurements made at Jicamarca
indiczte that in the daytime the electron and ion temperatures are about
300°K higher than at night, and that the height of the transition from
0 plus to H plus ions is about 200300 km higher than at night. This
would indicate that the ratio of Nmax at Bogota to the electron density
800-900 km above Jicamarca, on the same field line, should increase in
the dayvtime and decrease to near its original value again at night.
Fig. 1 shows that the expected behavior is occuring with approxirnately
the expected magnitude of increase of the ratio, a factor of - bheing
observed.

The topside sounder Alouette passed from north to south at
about 1500 hours, giving essentially an instantaneous picture of the
topside ionosphere along its path. The results were very surprising.
Though there was a 3:1 ratio of the densities at the F region maxima
at Bogota and Jicamarca, at heights of 500 km and above, there was
less than a 50% change in density at any point between the two stations.
It is believed that the overlap problem would not affect the accuracy
of the topside sounder profiles above 500 km. However, the lack of a
substantial “equatorial anomaly” 'in the topside ionosphere as reported
by King and others is definitely contradictory. More comparisons of
this type will be made in the near future.
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. 1 —— Jicamarca electron density variation at fixed heights compar-

ed with Nmax at Bogota. Temperaiure and composition
changes from night to day would predict changes in the
ratio of Nmax at Bogota and the equatorial density at about
800 km. The observed changes in this ratig are consistent

with the observed changes in temperature and composition
as measured at Jicamarca.

Figures 2 and 3 show data obtained from the satellite on 15
and 16 October 1964. There is a striking break in the electron density
contours at 0200 on 16 October, and at the same time Nmax at Bogota
was observed to increase. The break in the contours indicates a change
in the electric fields which control the drift and transport of ioniza-
tion in the F region. It is probable that these electric fields caused the

change in Nmax at Bogota, but exactly how they did so is difficult to
decide from these data.
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Fig 2 — Electron density contours for 15-16 October 1964. Notice
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and the next figure give an indication that ionization was
removed from the 800-1000 km region above cquator in the
hours 0000-0200 oa 16 October.
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A NOTE ON THE MORPHOLOGY OF THE TOPSIDE ‘

EQUATORIAL IONOSPHERE

by

3. O. Thomas*, K. L. ChHap, L. Colin and M. Rycroft
NASA Ames Research Center, Moffett Field, California

From ionograms recorded from the Alouette I satellite it is .
possible to determine the detailed electron density morphology of the
topside ionosphere almost from pole to pole. In this illustrated abstract
some typical results are presented in the form of curves giving the
electron density as a function of latitude at a series of heights between

300 and 1000 km. The scale height, H, of the vertical electron density . \
distribution as defined by '

H, = —N/(dN/dH)

PR st R AR T e A

ii
h ‘x
is also computed and plotted for the same height. :
Figures 1 and 2 show the N and H curves for pass number :
596 and Fig. 3 and 4 the corresponding quantities for pass number 5
54217.
The most important new feature of these results can be ob- 3'.

served in the form of the curves of Fig. 2 and 4. It is found that H-
at the greater altitude shows two distinct maxima between
approximately 15° and 30° dip latitudes with a minimum close tg the-
dip equator in between. Lower down the forin of the H, curves is

different with minima near * 10° dip and a small maximum on the
dip equator.

N N RPN A * 14
PO I pR e SR
b AT D e

It is shown that the form of the curves at the greater altitudes
can be interpreted by mieans of the formula

* Now at Imperial College, University of London
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Morphology of the Topside Ionosphere 119
1/H, = (1/H:) — A/H, (1)

where
H, = k (T. + Tim*g and T, = T,
H, = (— 1/N) 8N/é6r , H, = (— 1/Nr)SN/%6
r =R .+ h
A = (Cotd)/2

in which R. is the radius of the earth, h the altitude concerned, é the
magnetic (dip) latitude and m?*; is the mean ionic mass, k is the Boltz-
man'’s constant, and g the acceleration of gravity. It is assumed that at
the 900 km level coasidered below, the electron and ion temperatures in
equation (1) are the same. Lower down this assumption cannot be
made for converting the observed vertical scale height into a “field
aligned scale height”, Hs. The quantity H; can then hc interpreted in
terms of the ratio of effective temperature to mean ionic mass in the
usual way. In Fig. 5 it is shown that when H, is computed using the
above formula and the data of Figs. 1 and 2 for 900 km, the large
minimum near the dip equator is removed and H, changes very little

with latitude between =+ 30°. At latitudes above 30°, H, and H, are not
significantly different.

LATITUDINAL VARIATIO.¢S OF ELECTRON DENSITY

.. NOVEMBER Il, 1962 PASS No. 596
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Fig. 1 — The latitudinal variation of electron density for pass 596 of
the Alouette satellite.
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LATITUDINAL VARIATIONS OF SCALE HEIGHT
NOVEMBER 11, 1962 PASS NO. 596
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Fig. 2 — The latitudinal variation of scale height, H., for pass 596.

Fig. 3 — The latitudinal variation of electron density for pass 5427.
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LATITUDINAL VARIATIONS OF SCALE HEIGHT

OCTOSER 31, 1963  PASS Na 5427
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Fig. 4 — The latitudinal variation of scale height, H., for pass 5427.

COMPARISON OF SCALE HEIGHTS H, AND Hq
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Fig. 5 — The vertical scale height, H,, for 900 km on pass 596 (see
Figs. 1 and 2) has been converted into a field aligned scale
heigt, H.. The large minimum in H, near the dip equator is
removed and H, may be used to deduce the ratio of effective
temperature to mean ionic mass in the usual way.
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122 I. 0. Thomas, K. L. Chan, L. Colin and M. Rycroft

1t is iherefore concluded that at the greater altitude referred
to, the eleciron distribution along field lines is the important parameter
and that before useful information about temperature and mean ionic
mass can be obtained, the vertical scale heights must first be converted
into field aligned scale heights using the formula given above.

At the lower altitudes, shown in the curves of Figs. 14 it
cannot be assumed that T. = T:; and proper allowance would have to
be made for the latitudinal and altitudinal gradients of T. + T and
the formula for H, given above appropriately modified.
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ON TEHE SEASONAL, NON-SEASOMAL AND SEMI-ANNIJAL
VARIATIONS IN THE PEAK ELECTRON DENSITY OF THE

F2 LAYER AT NOON IN THE EQUATORIAL ZONE

by

T. Yonezawa

'Radio Research Laboratoﬁes. Kokubunji, Japan. -

Using ionospheric data at Huancayo and Kodaikanal which
make approximately a pair of antipodal points, the seasonal, non-
seasonal and semi-annual variations in the peak electron demsity of
the F2 layer have been derived. In order to obtain the most probable
values of foF2 for sunspot numbers of 0, 50, 100, 150, and 200, we have
fitted a quadratic form to the noon foF2 versus sunspot number rela-
tion at each month as skow in Fig. 1, and the ordinates of the quadratic

curve for the above sunspot numbers have been taken as the basis of
the following aralysis.
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Fig. 1 — Relation between noon foF2 and sunspot number ai Huan-
. cayo in June. .
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Figs. 2 (2) and 2 (b) illustrate the seasonal and non-seasonal
cariations for sunspot numbers 0 and 100. Oze will notice a component
of 173 vear pericd as a component of one vear period. This means that
these variations can be expressed in the following form:

N ={a + boos = (t — B)/3]} cos [{t — ) =/€]

wkere t is the tisme in units of moath, and the seasonzl and non-
seasonal variations are seen %o be subjected to amplitude modulation.
the quantity (b/2) will be called degree of amplitude modulation in
this report.
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Fig. 2 — Noa-seasonal and seasopa! variations in the peak electron
density of the foF2 layer at roon for
(a) Sunspot number 0
(b} Suaspot number 100

Figures 3 (a) and 3 (b) show the semi-annual variations plus
annual averages at Kodaikanal and Huancayo for sunspot numbers 0
and 10G. Figures 4 (a) and 4 (b) show the superposition of the three
components plus annual average. As may naturally be expected, the
agreements is good between observed and calculated values.
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Fig. 3 — Scmi-annual variations in the peak electron density of the
F2 layer at noon plus annual averages at Kodaikanal and
Huancayo for
(a) Sunspot number 0
(b) Subspot number 10C

The non-seasonal variation becomes a maximum at the begin-
ning of January which is approximately coincident with the time of
shortest distance between the earth and the sun (Fig. 5). The seasonal
variation is a maximum near June solsiice or somewhat later (Fig. 5).
The semi-annual variation recaches its maxima in mid-April and mid-
October or a little later (Fig. o). As regards the degree of amplitude
modulation of the non-seasonal and seasonal variations, it is very high
ior the non-seasonal variation and amounts to more tiian 60% for sun-
spot number zero and it is also high for the seasonal variation, exceed-
ing 40% in all cases for sunspot numbers from 0 to 200 (Fig. 7). The
phase of the amplitude modulation is such that the amplitude becomes
a maximum at roughly the same times as the semi-annual variation, or
scmewhat later, for both the non-seasonal and seasonal variation (Fig.
5). Of the amplitudes of the three components the greatest is the non-
scasonal one, amounting to about 309 of the aunual average in the
case of sunspot number zero and thc smallest is the szasonal one being

about 10% (Fig. 8).
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Fig. 8 — Amplitudes of the seasonal, non-seasonal and semi-annual
variations relative to the annual variations as functions of
sunspot number.

These results may not readily be explicable, bur the existenc.
of large non-seasonal variation seems to suggest some form of

corpuscular effect, though the detailed mechanism of this effect is not
clear at the present stage.
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THE F2 REGION AT IBADAN OVER A SUNSPCT CYCLE

Part I — Solar Cycle and Annual Variations

by

Arthur J. Lyon

University of Ibadan, Nigeria

Introduction

The ionospheric station at the University of Ibadan, (geographic
latitude 7.4°N, magnetic latitude 2.6°S) was set up in December 1951.
It has thus been operating for rather more than a sunspot cycle, and
sufficient data have now accumulated for an investigation of general

trends over the solar cycle, and also of mean variations throughout the
year.

Varlations of electron density with R

Figure 1 shows the variations of (a) the smoothed Zurich
relative sunspot number (R*, 13-month running means), (b) foF2 at
midday (averages of monthly medians for 0%h, 12h, and 15h), and (¢)
foF2 at midnight (monthly medians for 00h), The general trend at
midday clearly follows that of R*, but there is a marked flattening over
the period of sunspot maximum — from mid-1956 to mid-1959. This
phenomenon is further iilustrated in Fig. 2, which shows a plot of
annual means of NmF2 at midday against annual means of R, the un-
smoothed sunspol number, (a) for Ibadan, and (b) for Slough. For
Slcugh the variation is linear, and NmF2 continues to increase at the
same rate up to the high sunspot values of 1957-58, but for Ibadan the
rate of increase for R*>100 is less than half that for R*>100. This
corresponds to the “flattening” evident in Fig. 1.

The least squares regression line of Nm on R* for Slough is

NmF2 = 0.26 (1 + 0.027R*).~
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For Ibadan the regression line for R*>100, by visual estimation is

NmF2 = 0.60 (1 + 0.017R*)
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Fig. 1 — Variations of monthly median midday foF2 (crosses) and-
midnight foF2 (circles) at Ibadan and of smoothed sunspot
number, R*, (continuous line) from 1952 to 1964.
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Fig. 2 — Variations of midday NmF2 with mean sunspot number R*
for-Ibadan and for Slough. The F2 data are annual means
of monthly medians, averaged over -05h, 12h and 15h.
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Annual Variations of NmFZ '
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The mean va'ues of NmF2 for successive months, averaged

corresponding to R = 0 and R = 200 are shown below, in Figs. 3 (b)
and 3 (c).
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