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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 Sio 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)

— Comissdao 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
sumInarizers.

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 illustrated abstracts are presented herein. This
decision was made during the Symposium and the participants 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

reanect



X Introductory Remarks

Considering that (a) most of the material 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 community, in a short time (10 weeks) after the symposium,
with the state of knowledge in the various topics encompassed by equa-
torial 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 Cominittee,
“... come at a particularly appropriate time since they 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 made 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 his 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 cquatorial acronomy 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

The Symposium notes that the knowledge of the value of collisional fre-
quencies and electron densities in the D region near the equator is extremely
sparsc. The Symposium recommends that experiments designed to remedy
this deficiency should be given high priority.

The Symposium notes that the study of VLF transmissions at short range
can give considerable information about the structure of the D-region, and
that suitable transmitters are available at Panama and in Hawaii. The
Symposium recommends that simple observations of the phase and ampli-
tude of the skywave be made at distances of order 100 km using these
transmissions in order to determine the differences between the ionized
structures in the region and those found at tempcerate latitudes.

The Symposium notcs that LF navigational aid systems have been set up
in tropical regions, and that the propagation of sky waves from these
regions is different from that found at temperate latitudes, in particular
showing great diffcrences with azimuth relative to the earth’s magnetic
field. The Symposium recommends observations on the skywave at short
and medium distances so as to give quantitative measures of these
phenomena for practical usc and in addition information on the structure
of the D-region.

The Symposium draws atlention to the desirability of measuring me-
teorological parameters, in parlicular 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 tle E layer.

Ionospheric Absorption

The Symiposium notes 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 that every effort be made to investigate them by increasing
the number of ebserving stations. In particular a station is needed in the
South American Sector.

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



Xit Recommendations

the magnetic equator, in order to examine further the latitude variation
of the equatorial absorption anomaly reported by Fliigel.

7 -~ The Symposium recommends that multifrequency Al and A2 measurements
should be made simultaneously at a number of sites in order to determine
the relative contribution to the total absorption of the varlous ionosphere
regions. It will be necessary te use the full waves theory to compute the
deviative absorption.

Airglow

8 — The Symposium notes the need for more precise definition of the intensity
variations and spatial movements of airglow emissions. The Symposium
recommends that siudies be carried oub using chains of ground stations,
alrcraft measurements and obscrvations from satellites.

9 — The Symposium notes that the airglow measurcments provide 4 higher
spatial resolution of phencmena associated with recombinations than the
ionospheric methods. Tiwe Symposium recommends that further and more
detailed studies be undertaken into the correlation of airglow emission
intensities with ionospheric parameters.

10 — The Symposium recommends that studies be made of airglow emissions
at magnetically conjugate stations. The stations Maui and Raratonga should
be pasticularly valuable in this respect.

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

12 — The Symposium notes 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), 5893 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 atitention be paid to experiments to resolve this discrepancy.

14 — 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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15 —

16 —

17 —

19 —

20 —

il —

The Symposium recommends that in theoretical studies of the formation
of the irregularities in Equatorial Es particular attention should be paid
to & norelinear treatment of the problem.

The Symposium recommends that further studies of the Equatorial E,
irregularities, at other egquetorial locations, should be made using the
Doppler techniques develuped at Jicamarca. Observations at multiple fre-
quencies would be cxtremely desirable.

The Symposium notes that it would be possible to examine the equatorial
Es beit by top-side sounding techniques, and recommends that the Possi-
bility be examined further,

The Symposium express its rvegret at the meagre naturc of egquatorial
results trom rocket ohservations prescnted here.  The Symposium recom-
mends that more equatorial dalay should be obtained from rocket firings,
especially of the electron density N., and electron temperatuie T, profiles.

Current system, electrojet and magnetic effects

The Symposium notes thal the magnetic effects of the electrojet phenomena
arc 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 permanent and temporary
stalions ncar the dip eyuator.

The Symposium notes that theré is considerable variations of the equatorial
S, current system ranges with longitude, and thal there is cvidence of
temporal changés in intensity and width of the electrajel. The Symposium
recommends that efforts should be made to study a samnle length of the
electrojet by organized simultanesus observations for a period of one or
more months of the variations ol H, D, 7Z at the threc permancnt stations
in Africa, tegether with two or more temporary stations, all as near the
dip equator as possible.

The Syinposium notes the large ranges of S, (H) observed at Nairobi and
elsewhere in East Africa, and the observed asymmeiry of the ranges along
& N-5 line crossing the dip equator in several reglons.  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 also in India and Ceylon. The lines should extend over
a latilude range of at lcast 30v.

The Symposium recommends that the Internalional Association of Geo-
wagnctism and Aeronomy be asked (o make recommendations clarifying
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Recommendations

23 —

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
dally variations,

Regular F region

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 recommends that observa-

. tions by ground-based, sounding rocket and satellite, should be intensified

0

25 —

26 —

27 —

28 —

29 —

30—

to provide these data.

The Symposium recommends that cxperiments should be carried out o
measure plasma velocities in the F region.

The Symposivm recommends that experiments should be carried out to
measure the particle fluxes, particularly electrons in the 10 ev to 20 Kev
energy range.

The ‘Symposium notes the need for further morphological studies of the F
region based on ground-based, sounding rocket and satellitc observations,
and including lonospheric and airglow measurements. The Sympeosium
recommends that the large gaps in hottom-side siudies in the large
occan area, especially the Pacific, should be studied and filled if at all
possible.

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

F region Disturbances and Irregularities

The Symposium recommends further study of the topside irregularities and
their relation to the bottem-side irregularitics.

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.

The Symposium recommends that efforts should be made at suitable sites
to cbserve the irregularities responsible for “conjugate ducting” as
observed from the topside.
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The Symposium recommends that more measurements should be made on
the very small scale irregularities coften observed in the F repion using
VHF methods and studying the frequency spectrum.

The Symposium notes the nced for more contact between lonospheric
workers and those in the field of plasma theory. It recommends that such
contact should be encouraged in gemeral, and i particular a theoretical
search should be carried: out for appropriate plasma instabilities which
might explain the formation of F region irrcgularities.

Ionospheric Drifts

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

The Sympesium notes the importance of a knowledge of vertical drifts In
the cquatorial F region, pafticularly for arriving at a theoretical under-
standing of the Iatitudinal electron-density distribution, and recommends
thal every cffort be made to obtain measuremenis of the vertical drifts.

The Symposium recommends that wherever possible horizontal drifts be
studied not only by the spaced antenna techniques but also by simultaneous
radar observations of the frequency spsctruin of the scattered echoes.

Magnetic and Tonospheric Storms

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

The Symposium notes the difficulties inherent in examining magnetic
results from rtestricted daia. It recommends that magnetic data need to
be examincd comprehensively, using all components and many stations
before unique interpretations can be oblained.

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

Magnetic Pulsations

The Symposium notes the importance of establishing the characteristics of
low latitude pulsations, particularly those rcgular oscillations of shorter
peciod.  The Symposium recommends that further measurcrents of micro-
pulsalions in equatorial latitudes be cncouraged. Where possible two or
more stalions should be operated simultancously $o that phasc lags on
cither side, and under, the equatorial clectrojet may be determined.
Attempts should also be made to relate equatorial pulsations to ionospheric
time-varying parameters.

Forthcoming Eclipse

The total eclipe of November 12, 1966 is of cxtraordinary scientific impor-
tance as it is th least this centwry which will aftect the electrojet region
in South America and the peculiar characteristics of the a*mosphere above
the continent. Starfing in the Pacific Occan off the coast of Ecuador, the
path o totalily crosses Peru, Chile, Bolivia, Argentina, Paraguay and Brazil.
Accordingly, the II Internationa! Symposium on Equatorial Aeronomy re-
commends to the Inlernational Scientific Unions and to the goverments of
South Amevica that they give their valued cooperation to the world scientific
community interested in making detailed observations ot this rare phe-
nomenon. The governments can assist materially by facilitating the antici-
pated mobilization of international scientists and their equipament within
their respective territories and airspace, and by providing suppoct to the
scientists and scientific institutions of their own countries.

The Sympusium also notes with pleasure the formation of a Working Group
of the CLAFE (Consejo Latinoe Americano de Fisica del Espacio) to maximi-
ze the effcctiveness of obscrvalions by scicntists of Latin America and to
enhance cooperation among the world scientific communily.,
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{Discussion leader: Rayvmond W. Wright)

Review Paper

Formation of the Equatorial Ionospheric D region

by
A. C. Aikin

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

Introduction

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

1} The high latitude zone where because of the large magoetic dip angle
auroral particles and solar protons impinge on the atmosphere and strongly affect
the distribution of ionization, Seasoval changes in the pressure znd temperature
of the neutral atmosphere are observed. These changes are reflected in such
pressure cependent observables as the electron-neutral collision frequency.

2 A middle latitude zone where particle effects occur only during the
most extrzmely disturbed solar conditions. There are still seasonal dependencies
a5 evidenced by Bosolasco and Elene's (1) correlation between stratospheric
tcmperatwe and radic wave absorption. Beynon and Jones (2) have confirmed
this correlation and suggest that it may be the causc of the winter anomaly in
the mid-latitude D Region. Aikin et al. (3) havc obscrved directly by means of .
1ocket experiments a change of 50% in collision frequency during a period of one¢” i
month in the spring of 1963.

3) The equatorial zone should be characterized by the absence of particle
ionization and by a stable atmosphere. Under such condilions the discussion of
formation of the equatorial D Region may be 1estricted to the ionizing effect ,
of solar Lyman alpha ang X-rays and ionization by cosmic rays. i

..~ Sourcis of Jonization and Their Variations

Thus at middle and eguatorial latitudes there are three sources of
ionization which need be considered, 2-8A X-rays, Lviman . 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
itn 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 observations
show no zppreciable increasc in Lyman alphy flux during such events. In fact,
measurements of Lyman alpha covering most of the last solar cycle using the
ion chamber technigue do not show variations of more than 100% in the Lyman
elpha flux. A value of 4.5 ergs/cm?/sec was obtained by the 0SO 1 satellite in
1963,

In Table I we show the X-ray wavelength bands and the flux values as
assumed by Nicolet and Aikin (4). In Figure 1 the modification of the D-region
due to 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 1

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

Condition of the sun 2A 45 6A
10-2 10~ 10-5
Solar Minimum
10— 105 10-4
10-¢ 10-5 10-+
Solar Maximum
108 104 103
10-¢ 10 10-=
Flares
10~ 10-2 10~

Energies in crg/cm?/sec.
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The cosmic ray production function varies by a factor of ten with
latitude reaching a minimum value of 23 ion pairs/cm?/atmospheres at the
geomagmetic equator. There is also a factor of 2 in variations with sunspot cycle;
the minimum flux ocouring at the solar sunspot maximum. Figure 2 illustrates
the latitude variation of the Dregion cosmic ray layer based on the loss process
and values given in Table Il. This layer, which has its maximum effect below
70 km, strongly affects the reflection and absorption of VLF waves. Thus one
would expect VLF propagation across the equater to differ from that at higher
latitudes due to the smaller cosmic ray layer at the equator. 3

- m—ccm—y

TABLE II

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

Reaction Symbol Valuc
XY + hy — X Yplus+ e q
e + 20, — O, + 0, a 1.5 x 10+ n {0,} cm®/sec
0, + hy = D0, + & d 0.44 sec:
G, + - 0, + e f 10-% em? s scc
X Yplus + - X 4+ Y ap N, q, NO
6x10-* 4x 107 3 x 10-3 cm?®/sec
Xplus + ¥ —= X + Y a, 10-¢ cm? / sec
N-, + 0, = 0, plus + N, 2 x 100 cm? / sec



4 4. €. Aikin

HTIN
KM

0

COMPLETELY QUIET SUN
85 ~GEOMAGNETIC LATITUDES
oy 3
80~ {2y ag°
{31 &0°
75-SOLAR ZENITH ANGLE |5°

7o -

as -

60 3

55

D‘. Lt 114} W R [ AT
10 10! 10! 10t

ION AND ELECTRON DENSITY c¢m-3

Fig. 2 — The positive ion and electron density distribution for tnree geomagnetic
latitudes

" Loss Processes

Based mostly on laboratory measurements the Joss processes in the D
region arc summarized in Table I1. The most important processes are

1) threebody attachment of electrons to molecular oxygen,

2) photodetachment from 0,

3} lon-ion recombination

4} dissociative recombination for positive ions and eclectrons.

Using all these processes except the charge exchange reaction and the
ionization sources discussed earlier, Nicolet and Aikin {4} predicted the ion and
electron density distiibution for various solar cenditions. Figure 3 illustrates
the altitude distribution of the various iomic species for a completely quiet sun
and with zn NO density distribution of 10~ n (M) and an opno Of 3xI0Y cms
sec |

Current Problems

Several recent measuremenits have shown ihat the theory presented above
is in need of modification. The first of these measurements is the positive ion
composition as function of aMitude 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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plus {presumably water vapor) and 37 plus together with 30 plus and 32 plus,
48 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 of mass > 44 plus.

90¢
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Flg. 3 — The distribution of positive and negative ions and electrons as
predicted by Nicclet 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 can be explained by simply introducing the reactions for charge exchange
and lon-atom interchange shown in Table 1T into a low solar activity model of
the D region, The rate cocfficients are either consistent with or identical to the
laboratory measurements of Ferguson. Even for NO densitics as great as 10# em-3,
fhe last two reactions are npegligible in comparison with those invelving N,
and 0,. There is as yet no theory which explains the existence of 13 plus
and 37 plus in the D region.

TABLE II1

JIon-molecule reactions occuring in the D region

Reaction Rate {cm? sec-1)

N, plus + 0, ~ 0. phis + N, 1 x 10w
N, plus + 0, — NO plus 4+ NO 1 x 10
N, plus + NO — NO plus + N, 4 x (0w
0, plus + N, — NO plus + NO 1 x 10
0, plus + NO

NO plus + 0, § x 1010

The second pertinent experiment invelves the observation by Barth (7) of
the ultraviolet davglow spectra of the gamma bands of niiric 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 (02) at 2479A. From an analysis of the intensity
variation of these bands with height a velume density distribution was deduced.
This is illusiraled in Fig. 5.

Also illustrated in this figure are ihe theoretical distributions which
would be the resuit of chemical and iwonospheric reactions. In order tp derive
the theorctical distribution of nitric oxide, it is necessary to consider the
various processes 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 ot atomic nitrogen the most jmportant processes are

N+0, - NG +0
and
N+NO - N, +0

These result in an NO density which is proportional to the molecular oXygen
concentration.
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TABLE 1V

Processes of importance in the distribution of nitric oxide

NG + he - N + 0 §NO
NO + hy - NOplus + ¢ Lo
NO plus + e —- N + 0 2 T
N + NO - N, + @ b,
N + 0, — NO + C b,
N. + hy ~» N,plus + e I
N, plus + e — N + N Bpny

Returning to Table [II showing the ionic reactions we note that these
can affect the nitric oxide distribution by increasing the density. Calculations
Lave 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.

T ¥ T ¥ T
130 -
125 |- . Ny
o - « BARTH ’ _
ns =
no - ~
}" 105 | s
E ool IONOSPHERE i
E 95 |- CHEMOSPHERE M ~
2 %r T
851 . < n{NO)=3x10""n(M) B
80 - \\\ \‘ \A‘ 7
7 \\ \\ \\\ .
5 . {NO)= 3510 ni . M b
70~ Y s > b
&5 i ™~ R
n{NO)ﬂx?O""n(M} . N Y
: ) TS N SO 1 PR . i
8057 0 10 10’ B [ 0’
CONCENTRATION {em-}

Fig. 5 — The nitric oxide distribution in the 60 to 130 km altitude range
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In Figure & we illustrate the production Ffunctions which would be
consistent for each of the distributions given in the previous figure. The cosmic
ray and X-ray production functions were chosen to represent p guiet solar periocd
in March 1963 over Wallops Island, Va., geomagnetic latitude 50¢. Curve 3 is
btased on Barth's observations, 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 cross-over points between the cosmic ray and Lyman alpha production
functions. By observing the position of the minimum in the ion and electron
density distribution it may be possible to determine the required NO density
for a particular solar condition.

Fig. 8 — 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 eclectron density distribution for which the
production functions shown in Fig. 6 were calculated. This profile was abtazined
by means of a radio propagation experiment involving transmission to a rocket-
borne receiver. There appears a minimum at 70 km which presumably is the
cross-over between Lyman alpha and cosmic ray ionization, if the recombination
rrocesses are reasonably constant in this altitude range. Another minimum
pecurs 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 collecting charged particles.

By comparing the electron density at 80 km 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 shewn in Fig. 5.
These are given in Table V.
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TABLE V
Curve n (NO} cm— o {crmi/sec)
1 4 x 104 2 x 103
2 6 x 105 3 x 107
3 6 x 107 3 x 10
_ 8 T m— —_

[3 ——— ——

= g0} — — 14:107 FARADAY ROTATION
= - AT 3.0 me/s

EX ' —~ 14:108 COMPOSITE RESULTS
=

-l
=

00 400 600 800 1000 1200 1400 1600 1800 20
ELECTRON DENSITY [cm-J)

Fig. 7 — Electren density versus altitude for March 8, 1963. 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 in the scatter of the data used to determine the average
value.

If pegative ion processes can be neglected, then » is a measure of the
disseciative recombination coefficient for NO plus. There are no satisfactory
icboratory measurements available. From data at higher altitudes a negative
temperature coefficient is indicated. This implies that at 80 km values greater
than 67 «m* sec-! might be expected. The Nicolet caleulation and Barth's data
would require values higher than 105 cm® 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 processes is also indicated
Dy studying the formation of the D region around sunrise, Investigations of
this type were first carried out by the Cambridge group using VLF wave
propagation. By observing the phase and amplitude variations of the received
waves they were able to deduce that just after layer sunrise (x = 98°) a layer
centercd at about 70 km was formed. The origin of this region is photodetachment
of negative ions In the cosmic ray layer. At pround sunrise Lyman alpha is able
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to begin penetrating into the D region.
Deeks (9) has continued the analysis of VLF data.

are presented.

In

Figure 8 calculations of this effect

of phase wnd amplitude changes have led 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 not occur until after ground sunrise.
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Fig. 8 — Predicted electron density distribution in the D region durlng sunrise

Fig. 9 — Electron density
distribution in the sunrise D-region
from VLF phase
amplitude records by Deeks.
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Using a nose-tip probe on a rocket Bowhill and Smith have made a
etudy of the suntise effect over Wallops Island. The results of their study is
given in Fig. 10. If the probe current is an indication of changes in eclectron
density only, then it appears that a negative ion which is photodetached by
wavelenghts shorter than 3000 A is required. This evidence is consistent with
riometer chservations of the diurnal variations of absorption during polar cap
events. The results are not in agreement with carlier VLF measurements which
indicate that the C layer is formed when light is incident at 70 km.

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

TABLE VI

Negative ion reactions of possible importance in the D region

REACTION RATE
+ 2, - 0, + 0, .4x1(rs0
+ G - O + hy 1 3x1{-1#
€ + 0, - 0 + hy & 1018
0, + h = 0 + e aX gzee = F-1X10-1
<gP> =04
0- + hy = 0 + ¢ Fron0 A < goop = 0-32 1078
<o P> =14
NO, + hy — NO, + e A < S000A
0, + 0, — 20, + € 4 x 120
0, + 0 - 0, + e < 16
NO plus  + 0, —» Neutrals 10-7 - 108
NO plus + NO-, — Neutrals 2 x 107
g 4+ NO, — 0 + NO-, 1020
0. + 0 - 0, + ¢
0 + 0 - 0, + 0, L
0, + 0 - 0 + 0, e
0 + 20, = 05 + 0, 9 x 10-:
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SUMMER SUNRISE
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Fig. 10 — Current to a rocketborne DC probe for different solar zenith
angles. Also shown is the depth of penetration of 2000A and Lyman
alpha radiation for each of the solar zenith angles.

Conclustion and Recommendations

The Dregion is the least understood of all the iomospheric layers. This
& due largely to a deficiency in measurements of quantities such as the electron
and positive and negative fon- 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 determined at equatorial latitudes, In
order to have a better understanding of this important portion of the ionosphere
emphasis must be placed on experiments to measure these parameters.
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LOW FREQUENCY BACKGROUND FLUCTUATIONS AT

HUANCAYOQ, PERU

by

W. Barron and J. Aarons

Air Force Cambridge Research Laboratories
Bedford, Massachussetts — U.SA.

A, Katz

Boston University
Boston, Massachussetts — U.S A,

A. A. Giesecke and P. Bandyopadhyay

Instituto Geofisico del Peri
Huancayo — Perti

The observations of ELF signals in the range 5-10,000 H:
is currently the subject of a cooperative program between the Instituto
Geofisico del Pert 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, 1960).

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 (51000 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 order to subject the spectral region under observation to
cleser scrutiny an arbitrary division of the spectrum has been made
and Figure 2 illustrates this. In the rapnges 200400 Hz and 400600 Hz
during the hours 0100-0600 there is a minimum. For low frequencies
5-10 Hz, 10-20 Hz and 20-50 Hz the minimum occurs_between 0700 and
1000 local time. The maximum for all signals ogecurs in the late
afternoon when local thunderstorms are observed most frequently in
the Americas. c
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FIG. 2 DIURNAL VARIATION N SIGNAL AMPLITUDES IN FREQUENGY RANGES:

O-10¢ps, 10-20cps; 20~ B0cps, 50~ 100¢ps, 100-200¢ps, 200~

400 cps, AND 400-600cps FOR 0cT.7-18, 1964 AT HUANCAYO, PERU

Figure 3 using the calibration of the instrument shows the
correct amplitude values for a serics of days; the spectmm‘ of the
received signals is the average over each day listed. The results show

consistency but small day-to-day differences. Records talfen during the
February period show signal enhancements in the hlgh_ fre_quency
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 inmstrumental problems awaits further records to be taken
during the later half of 1965 and the first half of 1966,

dele) T Y

2aop

200} i
150k \ct 2 L
100 -

oLt 15

250 ok
0€T. ¥ oCT. 16
zo0} -

SS0F peq
ool 3

5o -

) 1 A i i i Il N I £ ! I L PR

0 10 20 5D 104 200 400 S 10 ¥y S0 100 200 400

1 1 ! [ v ' ' 1 ¥ | 1 1 [

W 20 50 160 200 490 BO0O 10 20 50 100 200 400 600
cpe 03

FIG 3 FREQUENGY SFECTRUM FOR L~-8Q0cos IN SELECTED RANGES:
O=10¢cps, =20cps. 20 -50cps, 50-100¢ps, 105~ 200 ops,
200 - 300 cps, AND 4C0-060Dcps FOR TEH CONSECUTIVE
DAYS OCT 7 - 16, 1264 IN HUANCAYQ, PERLL



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 1951 measured
the light scattered from a searchlight beam to obtain density and
aerosol profiles up to 70 km. Fiocco and Smullin in 1963 used a laser
to do what is essentially 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 pgating. 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
equipment by a factor on approximately 100.

The apparatus for this experiment is a pulsed radar operating
et 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 ¢m 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 observed. Mie scattering is produced by the
aerosol layer which extends frem about 15 km to 25 km. Fiocco in 1963
reported observations of scatter from dust particles between 90 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 I — 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 1300 cm?®

Receiving efficiency 1.5%

The results from a series of 100 single pulse measurements are
shown in Fig. 1. In this figure the number of echo pulses C, from
a given hcight 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 scaftering 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 cannot 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 sumlight
gives an unacceptably high noise level. More recent nighttime
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 km, 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 these measurements were made at a period of high
meteoric -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-diurnai
solar tide. In this case a correlation might be tound between aerosol
concentration and atmospheric tides.



DIURNAL VARIATIONS OF .ATOMIC OXYGEN AND OZONE IN .

THE MESOSPHERE OVER TIE EQUATOR *

st e s, - Julius London

University 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
atmgspheric motion. These latter processes are important in proportion
to, the photechemical relaxation time for ozone. This relaxation time
Ls“oi,'lhe V_g_{i;:c_ig‘;‘.;‘,b_f .years in the troposphere and decreases in the
stratosphere to a minimum of about cne 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 107 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

PR
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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 0 + @,
recombination was assumed to be 5.1 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 dissaciation of O, quickly restores the atomic oxygen
concentration to near equilibrium values.

The computed diurnal pattern of O is shown in Fig. 1 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 atomic 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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The daily march of ozone has a phase just opposite to that of
atomic oxygen. Immediately after sunrise, Os 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 tg a
maximum at about 75-80 km. At these levels the ozone concentration is a
maximum shortly before sunrise and a minimum shortly thereafter (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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. ey
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 0; concentrations is found in the
stratosphere (=35 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 observed at the ground is shown in Fig. 3. The scale at the left
represents ihe diurnal variation of total ozone which woéuld result
from photochemical processes alone. The indicated variation is about
12 x 10°* cm (STP) — or about 5% of the average observed total
amount at Huancayo. It is likely that somewhat smaller but sirilar
type of variations could be observed during the time of a total solar
céclipse. “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 rockets made at first contact
and soon after third contact should, of course, show much larger
changes in ozone concentrations.

?lltl?laf'il,ltililiifﬁ
330+
ﬂJ L a'Sumag
£ o2gi N
[} - —
E 26l -
& L -
g 24+ -
< L -
g 22 -
5 — —
an: -1
LT-Y -
B .
3'5"J|:|ulunlnrlllllnlll
2 14 16 18 202224 2 4 6 B 10 12

Time (hours)

Fig. 3 — Photochemically produced diurnal variation of total .0, -as
might be observed from the ground.



EXPERIMENTAL RESULTS ON D-REGION CHEMISTRY

by

G. W. Adams and A. J. Masley
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 ray energy spectra during the July 1961 solar
cosmic ray events were used to calculate Q (z), the rate of production
of electron-ion pairs as a 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 (z) = ¥(z) N* (2) (Figure 1). Previously reported were the results
that (1) the form of the equation was apparently valid, and (2) ¥
depended on n, the number density of neutral air molecules, such that
¥ (z) = an® + bn in the altitude range 40 < z < 80 km, with
a=25x 16", b = 2.35 x 10, and a in em™® (Figure 2).

Two extensions of this work have been done and are reported
bere. More detailed satellitc 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) = ¥ () N? (2)
was more strongly confirmed. Since these results were for daytime
conditions, an attempt was made to calculate nighttime values for ¥
by using the observed twilight variations in riometer absorption.
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 possible to account for the
twilight variations by introducing scattering, 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
corresponding production rate profiles and in the electron
density profiles, indicating that equation Q(z) = ¥ (z)
N? (z) is valid. The differences in the six cases show no
observable dependence on @, N, or the zenith angle of the
sun.
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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.



FLANETARY AND UPPER ATMOSPHERIC GASEGUS ELECTRONIC

PROCESSES INVOLVING RADIATICN IN THE INFRARED

by

Withem Jorgensen

U. 8. Army Research Office Durham
Durham, North Carclina, 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 facilitics. 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
been shown in principle to permit the application of optical heterodyn-
ing techniques to infrared detectors.




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 out 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. us 25% is readily
obtained from the classical Luxembeurg effect. Crossmodulation of 50
MHz cosmic noise has also been observed. In this experiment the lower
ionosphere is first heated with a 3 millisecond, 4 mepawatt 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 cress-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. 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
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.
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 absorption.
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Fig. 4 — A tracing of data taken under conditions of F-laver 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 Fig. 3
(evidence for ionization at about 70 km).
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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.



DIFFERENCES BETWEEN TRANSEQUATORIAL AND MIDDLE

LATITUDE VLF PRGPAGATION

by

C. J. Chilton

NBS, Boulder, Coloradg

and

S. M. Radicella

Universidad de Tucuman, Argentina

A comparison is made between the phase and amplitude of the
18kHz signal NBA (Balboa, Panama) recorded at Boulder, Colorado in
the northern hemisphere and Tucumén, Argentina, in the southern
hemisphere. The normal diumal 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 geomagnelic orientations of the two
VLF propagation paths are shown in Figure 1.
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Fig. 1 — The VLF trans
mission paths: NBA-Boulder and
NBA-Tucuman. The basic map
showing approximate geomagnetic
meridians and the position of the
geomagnetic equator at ground level
{(thin line) and 100-km altitude
{thick line)} was taken from Dud-
ziak et al®,
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AEORMAL DIURNAL AND SEASONAL VARIATION: 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 a daytime
diffe;ence this should not necessarily be taken to imply that the
nighttime effective heights of reflection are the same for both. The
day to night change in phase at Tucuman can be seen to be considerably
less, approximately 30% than that observed at Boulder and has
remained consistently less from month to month.

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
year. 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 Boulder
and Tucuman could possibly be related to the differences in solar
zenith angle variation which existe between the two paths.
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Fig. 4 — The observed diurnal phase change in degrees and the
calculated apparent diurnal change in phase height in kile-
meters versus season for the two paths NBA-Tucuman and
NBA-Boulder. The vertical bars give the probable error of
an individual measurement.

'ANOMALOUS VARIATIONS: As was shown by Chilton, 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. It can be shown from a comparison
of the data that the 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 concurrently
observed at Boulder. At maximum this change in phase is twice the
normal diurnal change in phase observed at Tucuman. Three more
examples of NPA’s observed at Tucuman on 9 June, 26 August, and 14
September 1963 are presented in Fig, 6.
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NIGHTTIME PHASE ANOMALIES
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Fig. 5 — Photographs of the actual phase and amplitude recordings
made at Tucuman on the 7, 8§, and 9 September 1963. On
the left the phase scale is one complete cvcle at 18 kHz in
degrees of phase advance. On the right the relative field
strength trace is identified and the direction of an amplitude
increase is indicated.
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MIGHTTIME PHASE ANOMALIES
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Fig. 6 — Photographs of the phase and amplitude recorded at
Tucuman on 9 June, 26 August, and 14 September 1963. On
the left the phase scale is one complete cycle at 18 kHz in
degrees of phase advance. On the right the relative field
strength trace is identifiad and the direction of an amplitude
increase is indicated.
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CONCLUSIONS: The normal diurnal and seasconal variations show
that there are basic differences between transequatorial and middle
latitude VLF propagation characteristics. These differences strongly
suggest that the structure of the lower D- region changes with latitude.
It is thought that these differences are due to a latitudinal variation
in the day-time electron density gradient. The abnormal variations seen
on the NBA-Tucuman path and not on the NBA-Boulder path
demonstrate that the nighttime equatorial ionosphere is less stable
than the nighttime ionosphere at higher latitudes. The explanation and
mechanism for this effect is not yet known.
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SUMMARY OF THE SESSION

by

S. Gnanalingam

Applied Physics Section, C.I.8.I.R., Colombo, Ceylon

Tha sessions began with a review of the Dregion by Aikin. This was
followed by papers on D-region chemistry, the propagation of VLF radip waves,
studies of D-region elcctron density by ionosphere cross-modulation, low frequency
backgrouna fluctuations, the deiermination of atmespheric densities by laser
probe and infrared studies of the D-region.

The results of an investigation of the diumal variation of atomic oxygen
and ozons in the mesosphe.e were presented by London. The iertical distribu-
tion of ozone in equatorial regions showed that ozone was in photochemical
equilibrium only at levels of about 3550 km. Above 50 km the time variations
of ozone indicated the probability of large diurnal variations. Theoretical studies
suggest that the amplitude of these diurmal variations would increase with
altitude and reach a maximmum of about two orders of magnitude at about 75
km. At these levels the ozone concentiation was a maximum shorily before
sunrise and a minimum shortly afte-. The most rapid increase of ozone, however,
occurred at sunset. The theory also indicated a secondary maximmum of ozene
at 60-65 km. With regard to aramic oxvgen, the concentration of this constituent
decreased with altitude through the mesosphe.e. Below 60 ki, atomic oxygen
almost disappeared during the night, but reached maximum values of about
101 per cm? in the daytime.

The work of Adams and Masiey on the chemistry of the D-reglon showed
that the equation

Q(z) = ¥ {z) N2 (2)

was apparently valid in the daytime in the polar reglon. It was suggesteq that
this may also be true of the equatorial region. These sutho.s made use of
satellite and balloon measuremcnts of solar cosmic ray energy spectra, taken
during the July 1961 cosmic ray events, to calculate Q (z); and the multi-frequency
tiometer work at College, Alaska to determine N (z). They found that ¥ varied
with the number density n of neutral air molecules according to the relation
¥ = an? + bn. Twp extensions 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 variations 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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In a paper on atmospheric composition Hanson showed that recent
measurements of the ratio of atomic to molecular oxygen could be combined
with a knowledge of dissociation, recombination, and molecular diffusion rates
in determine an average rate for eddy diffusion, and salso to produce an
atmospheric miodel for the lower thermosphere that had a degree of self
consistency not present in earlier models. The method consisted of integrating
the diffusion equation downwards beginning at 120 km, under the assumption
that the eddy diffusion coefficient was independent of altitude. Making used
of few available measurements of the ratio of atomic to molecular oxygen, which
indicated 4 value near unity at 120 km, and making allowance for the possibility
ol recombination in the measuring instruments, it was found (hat the average
eddy diffusion coefficient in the 80 to 120 km altitude range had a value between
& x 10 and 8 x 10° cm?/sec. Assuming a reasonabie value for the coefficient,
the analysis showed a broad peak in the atomic oxygen concentration near 90 km.
The maximum concentration at this level wus within a factor of two of Sx10m
atoms/cm?*. The total column density of atomic oxvgen was fourid to be of the
order of 1.5 x 1'% atoms/cm?.

Investigations of the propagation of very low frequency radio waves (18
kHz) over the NBA-Boulder and NBA-Tucuman paths werc described by
Chilton and Radicella. A marked difference has becn noted in the day to night
phase change for the two paths, the phase change being greator for the NBA-
Boulder path. The seasonal voriation of te day-to-night phase for the NBA-
Boulder path showed a pronounced semi-annual component, which was consistent
from year to year. The seasonal variation observed at Tucuman, however, was
not so pronounced, but there appearcd to be a small semi-annual component.
Considerable fluctuations in the nighttime phase, which were un-correlated
with solar or magnetic events have been observed at Tucuman, but these phase
wnomalies were absent at Boulder, The amplitude variations were also foungd to
be different for the two paths. There was an appreciable diurnal variation in
emplitude at Tucuman which showed a tendency for higher field strengths during
the day than at night. This diwrpal variation was not observed at Boulder.
‘These measurements scemn to suggest that there are marked latitudinal varia-
tions in tire 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 ionospheric cross-modulation experiments carried out by
Klemperer at the magnetic equator were prescnted by Farley. The measurements
were mads at the Jicamarca Radar Observatory in Peru. The disturbing
ransmitter operated on 50 MHz, and the cross-modulation was investigated
using & 3 MHz “wanted transmitier”. Measurements were also made of the cross
modulation on 50 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 Dregion was higher at the equator than at temperature latitudes. No
appreciable jonization was detected below 60 km.

Azrons described some preliminary observations of ELF signals in the
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range 510,000 Hz made at Huancayo, Peru. A typical series of records taken in
October 1964 in the low range 5-1000Hz showed low amplitude levels in the 300-
1000Hz portion of the spectrum during the post-midnight hours. Stormy records
were occasionally observed during the postsunrise period, probably due to local
thunderstorms. The maximum for all signais at the low frequencies, however,
vecuried 10 the late aftermoon, when thunderstorm activity was greatest in the
Americas. Records taken in February 1965 showed signal enhancements at certain
frequencics in the high range. These are to be investigated in the ensuing months.

A pulsed laser provides a valuable tool for the measurement of
atmospheric densities, dust particles and ae;osals. The technique is feasible
up to 110 km. Experiments using this technique were described by Clemesha.
Preliminary measurements of atmospheric density at Kingston Jamaica, gave
a good fit to the U.S. standard atmosphere. It was noted that scattering from
meteors was absent at this latitude. If any scattering had been present its
magnitude would have been less than z 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 equatoiial regions by infrared techniques was given by Jorgensen. Recent
sdvances in the quality of infrared detectors made the techniques particularly
attractive for upper atmospheric research, since much of the energy emitted in
recombinaiion processes was radiated 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 of meteorological studies
being made simultapecusly with investigations of the P-region.
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II — ABSORPTION IN THE EQUATORIAL IONOSPHERE

(Discussion leader: W. R. Piggoti)

Review Paper
by
N. J. Skinner

Ahmadu Bello University, Zaria, Nigeria

Introduction

When an eletromagnetic 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 freguency can be high, due to the
large neutral particle density, and relatively 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 calculat: the loss for a
particular radio circuit at any specified time. He is thersby guided in his
choice of frequency and transmitter power necessary to give adequate signal
strength at 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 are interested in absorptlon 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
density 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-onic theory it can be shown that for quasitransverse
propagation of radio waves in an ionized medium the absorption index K is
given by

2y et Ny . i
K = . . (9
mc M v+l

where e and m are the electronic charge and mass respectively,
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N is the electron concentration,
y is the electron collision frequency,
u Is the refractive index of thc ionized medium, and . is the angular

frequency of the exploring wave.

This expression is also true for the case of no magnetic field.

Two types of absorption are usually distinguished:

t{a) That oceurring when N, is high and p is approximately unity — termed
non-deviative absorption.

{b) That occurring near the point -of reflection where , approaches zero —
termed the deviative absorption.

For the non-deviative absorption it is usually assumed that 42 & o 50
that the total non-deviative absorption L. is propational to (N, dh. For a
Chapman layer it can be shown that

A (cosy )3/
Lyp = {2y

w®

where  is the sun’s zenith angle, and A is a constant.

The deviative absorption in a Chapman layer, L,, assuming no magnetic
field, has been calculated by Jacger (1947)

Lp = (B/secy) F (£/f) (3

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

The total absorption for a wave reflected in the E region expressed as a func-
tion of wave frequency for a constant value of 5 is therefore.

L (f) = (Av/f2) + Bt F (§/f,) (4)
{Non-deviative) -+ (Deviative)

Several workers have made multifrequency measurements of total absorption

and have vsed this equation (o calculate the deviative and non-deviative
contributions.

When thce fullwave theory is used to compute deviative absorption
assuming a model ionosphere, it is found that the deviative absorption calculated
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by the simple method (equation (3)) is tco small. For example, Fejer and Vice
(1959) showed that corrections must be added to the deviative absorption
calculated using ray theory, which amounted to 8 db in total deviative absorption
of 59 db at 183 MHz, and to 3 db in 37 db at 2.63 MHz.

Experimental Measurements

Absorption has been studied in the equatorial zone by two main methods.
The first employs a vertical incidence pulse reflection technique by which the
apparent reflection coefficient of the ionosphere is measured. The integrated
absorption over the whole path is proportional to the logarithm of the reflection
coefficient This type of measurement is usually termed the Al method and
has been desciibed in detail by Piggott (1953). The other techniques, designat-
ed type A2, consists in recording the level of cosmic radio noise at a frequency
of about 20 MHz. The noisc level is a rather complicated function of sidereal
time and the variable absorptivity of the ionosphere and subtraction of the
sidereal eflect leads t0 a measurement of the ionospheric absorption. The method
was first described by Mitra and Shain (1954).

An additional method of studying absorption is by means of the
parameter f-min obtained from normal routine vertical ionospheric soundings.
It is the lcwest frequency at which echoes are received and is a reliable absorp-
tion parameter only when the sensitivity of the sounder is carefully monitored.
Values of f-min can be converted to absoption using the Al or A2 methods.

Type Al Absorption Measurements At Low Latitudes

Such studies have been made in Africa (Ibadan, Dakar) India (Waltair,
Ahmebadad, Delhi and Banaras), Ceylon (Colombo) and the Far East (Singapore).
Tables I an II summarize these measurements. The scope of the measurements
have varied widely and the variation of absorption with wave frequency, sun’s
zenith angle, lunar time and solar activity have been studied, (see Table I).
In some coses attempts have been made, particularly from the frequency varia
tion, to divide the total measured absorption into “non-deviative” and “deviative”
components, that is, absorption beneath the reflecting layer where the refractive
index is aproximately unity and absorption near the reflecting point where
p —> O respectively, (see Table II). For example, Skinner and Wright (1956)
found that the non-deviative absorption at Ibadan varied as (cos y)o6/f12
whereas the Appleton-Hartree theory would predict a variation of the form
{cos x)“?,-‘f:. Thjs was interpreted in terms of absorption occurring at levels
low in the D-region where 2 - f is comparable with the collision frequency v,
and it can be shown that an electron density of about 103 cm-% at the level
where , is about 107 sect is required. From their analysis, the deviative absorp-
tion in E-layer for a wave frequency of 2.4 MHz was only about 12% of the
total absorption.
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On the other hand, Ramana Murty and Ramachandra Rao (1964.b) in a
similar anclysis with absorption data for Wallair {India) find that although the
total absorption obeys a frequency law of the form f-15, the non-deviative absorp-
tion (obtained by subtracting the calculated deviatjve absorption from the total
measured absorption) follows much more closely an inverse square frequency
law. In their view the departurc from the inverse square law shown by the
total absorpticn is due to the presence of deviative contribution, which
contributes about 20% to the total absorption.

The variations of absorption with lunar time and solar activity provide
indirect evidence of the behavior or the Dlayer ionization under these influences.

With regard to lunar variation, the only measurements in cquatorial
regions appear to be those of Skinner and Wright (1964), who find a significant
semi-diurnzl lunar tide in years of low solar activity. Thus, maximum absorp-
tion occurs at 3 hrs. lunar time, which implies that the jonization is at jts
greatest height at 0.9 hirs,, if the lunar variation is due to the vertical moverment
of the D-layer between levels of different collision frequency. It is interesting
that Junar tides in h'Fs and h_F, show changes almost in synchroniem 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 102 for 2.4 MHz and 3.5 x 10~ for 5.7 MHz are reported
at Ibadan, based on the years 193359, whereas at Colombo, Gnanalingam (private
communication) finds values of 5.1 x 10-2 for the I. G. ¥. and I. Q. S. Y.,
groups of data.

Type A2 Measurements At Low Latitudes

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

a} The study of the regular varlations of absorption using data taken
over a long period, and
b} the study of short jived absorption events accompanying solar flares,

nuclear explosions, ctc.

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

Several workers (Frodriksen and Dyce, 1962; Sterger and Warwick, 1961;
and Ramarathan and Bhonsle, 1939) report abnormal variation of total absorp-
tion in the evening hours. In some but not all cases, these correlated with the
occurrence of spread F conditions.

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

Further Rescarch

Thz major problem io be resolved is the question of the relative contribu-
tions of the various ijonospheric regions to the total absorption. More
multifrequency observations by both Al and A2 techniques are required and
s:multaneous measurements by both methods at the same station would be
useful. The full wave theory should be used to compute the deviative absorption
over a range of frequencies using recent data on the distribution with altitude
of N and , in the deviative absorbing region. Hence the non-deviative absorp-
tion can be cbtained as a function of frequency and deductions may then be
made about the structure of the D region.
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MULTIFREQUENCY ABSORYPTION MEASUREMENTS

FOR IONOSPHERIC STUDIES

by

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

Sania Monica, California, U.S.A.

The multifrequency riometer is being developed as a tool for
D-region studies in the polar caps and the auroral zones. Theoretical
investigations indicate that it may also prove useful at latitudes below
the auroral zomnes. The multlifrequency riometer is used (o rneasure
cosmic noise absorption as a function of frequency in the HF and VHF.
If all the absorption lakes 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 below 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 clectron
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 comnpared 1o 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 gther workers, is shown in Fig. 2 as an indication
of the accuracy of the technigue. Note that the technigue gives absolute
values; no normalization is required.

The equipment under develepinent is basically a [ixed-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.

-}
T o0

T / 29X
. P 200
"

RATIO OF Kifl TO Ki50 MC/S. ORDINARY!

/ 3
%ﬁ *r*rﬂrﬁﬁ——m—m

ALTITUDE (km)

Fig. 1 — The ratios of the absorption coeflicients in the lower iono-
sphere to the absorption coefficient for 50 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 frequencies. At altitudes below
about 39 km, there is no frequency dependance. In the region
30 < Z < 70 km, the absorption coefficients are not simply
related, and electron 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 riometer: the two
retangles are derived from the Injun 1 satellite data. The
good agreement is indicative of the accuracy which can be
obtained with the multifrequency riometer technigue.

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)/f (where g (f}
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contains the information about the electron density profile), the quantity
A (f) . 2 (= g (f)) is plotted instead of A (f). The shallower of the
two electron densily 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 with more ionization at lower
altitudes) give the lower absorptionfrequency curve, which shows a
significant (and measurable) departure from 1/f2. 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.

ALTITUDE. KM
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N
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1 0 1wl 03 s sl
ELECTROM DENSITY GLECTRONS CM ®

Fig. 3 — Two of the electron density profiles used for this study.

: . These profiles do not represent any particular- measurements
or theorctical 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 electron 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
electron density profile; the lower curve is for the more
intense profile. : SRR



COSMIC NOISE ABSORPTION AT HUANCAYO, PERU

by

P. Bandyopadhyay

Huancayo Observatory, Instituto Geofisico 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 “quiet-day curve”. This same riometer was used (a) to obtain
values of absorption and (b) to follow course of decay of the syn-
chrotron noise.

Fig. 1 shows the average diurnal variation of total absorption
during the different months of a two-year 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 contributions by
the Mitra and Shain method which did work with our data. Besides,
doubt has been cast on the validity of the method by some recent
Russian 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 foF2 and (b) the rapid
increase of absorption with foF2. We checked the magnitude of the
absorption using the electron density profiles from Jicamarca (Lima).
Four such profiles obtained near midnight are shown in Fig. 3. Using
the average profile of the figure (critical frequency 6.0 MHz) and
assuming all collisions to be betwecen the electrons and the positive
ions we find that the calculated absorption agrees with the observed
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 radic noise on 30.5
MHz at Huancayo during some months of 1961-63.
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ABSORPTION (db)

Fig. 2 — A typical plot of nighttime absorption against foF2 at Huan-
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 curve,
smoothed average. Average value of absorption correspond-
ing to these profiles is 0.1 db. This value 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 the electron temperature is
taken as 550°K.

Some workers have found that the variation of F2 absorption
with 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 (Ahmedabad, India), 7.6 (Hornsby, Australia) and 2.04.0 (Huan-

cayo, Peri). 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-— 8 logw: -
foF21 (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
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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 + '/7)} ' which was predicted by
Welch and Whitaker. The value of r used in the figures is 60 days.
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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° 54'N, 79° 52'E, Dip 5°S). The
period of observation was from July 1957 through March 1960,
correspording, to sunspot maximum, and from January 1964 through
May 1965, corresponding to sunspot minimum as shown in Fig. 1.
The main conclusions are as follows:
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1 — The noon absorption on 2.6 MH:z increases with solar
activity according to the law

L « (1 + bR.)

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 10®) than at Northern sclstice (4.8 x 10®),
in agreement with the observations on 2.4 MHz at Ibadan. The mean
annual value of b is 5.1 x 107, and is nearly double the value found
at Ibadan. Values of the cocefficient b obtained at various stations
are summimarized in Table 1.
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S. Gnanalingem and P. A. J. Ratnasiri

TABLE 1

Values of the constant b for various stations

Authority Station Frequency [ Constant b x 10*
Appleton and Piggott | Slough 4 MH:z 7-13
(1954)
Granalingam and
Ratnasiri Colombo | 2.6 MHz 5.1
National Burcau of Not Not "
Standards (1948) specified specified 5.0
Piggott {1959) Slough A - figure 4.0+0.5
{ Summer)
Falkland
Islands
( Summer)
Singapore
Rawer {1951) Slough A - figure 35
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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9 — The seasonal variation of noon 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 irom 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 Edayer 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 variaticn of absorption with (cos x) is approxi-
mately according to the law L o (cos x) * where n = 0.9, but there
is considerablc scatter in the values of n cbtained on different days.
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COLLISION FREQUENCIES IN THE D AND E REGIONS

bv

W. R. Piggott

Radio and Space Research Station
Slough, Bucks, England

The absorption of radio waves depends on:

(a) the collision frequency of the electrons,
(b) the electron density in the absorbing region, and

(c) the gradient of ionization in the reflecting region.

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

It is shown that the experimental observations of collision fre-
quency agree very well with computed values based on laboratory mea-
surements of collision cross-section and the provisional summer and
winter atmospheres of Cobe and Kantor near 60° up to about 80 km.
The latitude variations of these atmospheres show that the pressure at
constant height near the equator should vary only 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
summer 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 layer. The ratios increase from unity
hear 90 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 experimental values are misleading, or if
not;

(b) that a minor constituent with very large cross-section
for electron collisions is present;
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(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
iavor of one of these explanations, some supporting one and some
the others. Thus, while satellite and rockets experiments sugzest that
T./Ti may exceed unity, correlations of absorption with stratospheric
phenomena suggest the presence of variable amounts of a minor
constituent.

The following Figs. t to 6 with long captions are self
explanatory.
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Fig. 1 — Height variation of monoenergetic collision frequency, va,
deduced from U. S. Standard Atmosphere 1962 and Pack and
Phelp cross-sections for collision,
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2 — Height variations of experimental values of vy (symbols and

thin lines) for summer and autumn months together with
theoretical height variation from U. S. Standard Atmosphere
1962 fitted to experimental data. The broken curve shows
the corresponding variation fitted to winter data by RM S
methods.
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Fig. 3 — Height variations of experimental values of vy (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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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 sumrner experitnental data. The the.
oretical curve of Fig. 1 lies between these curves.
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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.



SOME COMMENTS ON QUTSTANDING PROBLEMS

IN ABSORPTION

by

W. R. Piggotlt

Radio and Space Research Station

Slough, Bucks, England

There are still important difficulties in the interpretation of
abscorption 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 absorption 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 ave
possible with either large values of collision frequency in the E layer
or very small values. Both extremes raise serious difficulties.

If the collision frequency is comsistent with the experimental
values (large 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

density with decreasing latitude in rough agreement with the latitude
changes in cosmic ray intensity. It is impertant to discover whether
the high absorption normally found near the equator is due to excess
ionization or increased collision frequency. This might be studied using

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

When the seasonal and diurnal variations of absorption obev
different laws, as is usual in equatorial regions, this implies correspond-
ing changes in the atmosphere which may alter either the collision
frequency or electron density. The morphology of these variations is
very important but is little known. Fliigel claims that there 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.

Comparisons of the deviative absorption deduced by aproxima-
te methods and by a full phase integral analysis show stricking differen-
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
should therefore be avoided.

Great care is hecessary 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 > (ozen) the complex refractive index varies so
that n? — 1 « N/v». Thus equal percentage changes in N and », 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 case
when irregularities are possible in both N and v, shows that the fluctua-
tions in v have little effect until v==(e=w;,). For such and larger values
of v, fluctuations in v can alter the mterpretation of the collision
frequency and electron density at low height, as shown by partial reflec-
tion techniques, by factors of orders 2 to 3.




SUMMARY OF THE SESSION AND OTHER DISCUSSIONS

by

A. N. Hunter

University College Nairobi, Kenya

Professor N. Skinner pave the review of current knowledge on absorption
of radio waves in the equatorial jonosphere. He drew attention to the scarcity
of absorption measurements at low latitudes although these are relatively
casier to interpret than at higher latitudes because of the apprecach to quasi-
transverse conditions. Such data are 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
estimating the relative contributions of the D and E layers to the total absorp-
tion, and the published results show considerable discrepancies which remain
to be resolved. Only une measurement of the effect of lunar tides on absorp.
lion has been published.  Experimentally thece is a need for comparison of pulse
reflection (Al) measurcments with riometer (A2) studics in order to make
possible the replacement of the limec consuming Al method by riometer
technigues 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 wvertical incidence in
the frequency range 2.0 to 2.9 MHz at Colombo, Ceylon. They find a linear
relation welween 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 seasconal variation in absorption at Colombo at zero sunspot
number veries as (cos y)!''7, excepting an abnormally low absorption observed
tor the period May to September; after allowing for 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
1o be noted that the diurnal variation of absorption varies as {cos X)” : since
the sun cannot distinguish between the seasons, this result in strong evidence
for actual changes in the constitution of the lower atmosphere.

P. Bandyopadhyay presented details of 30 MHz riometer measurements
in Muancayo since 1961. The observed daily maximum absorption is 0.5 to
t dB. There is at times an evening peak in addition to the midday peak which
has also been observed by other stations. The cbserved 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 been computed.
G. W. Adams gave an account of the use of multifrequency riometers for which
a sensitivity of 0.1 dB was claimed. He pointed out that if absorption occurs at
levels beiow 75 km the frequency dependence of absorption gives information
about eleciron densities in this height range, the usefulness of the mcthod 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, Ww.
Piggott, both at the session and at » meeting held in the evening.

Tke principal points which arose during the discussion were: —

1. The importance of further equatorial absorption measurements in order
{o delermine electron densities in the D region.

2 The need to resolve the discrepancy in frequency dependence and solar
activity which appears in the records 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; consequently caution should be exercised
in the use and interpretation of data from riometers.

W Piggott emphasized thal 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, electron density in the
absorbig region and the ionization gradient in the reflection region. He pointed
cut that cxtrapolation 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
mterpreted.

About one half the experimental evidence points to absorption occurring
almost wholly in the E reglon 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
cglar ac lvity, which is not in agreement with observation. We must distinguish
between the absence of ionization 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 guestions.
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In computing results from absorption experiments it is important to
carry out full wave analyses using phase integral methods on a computer as
these can reveal serious errors in the simple approach; there are no methods
which are worthwhile, which compromise between such 2 full wave analysis
und the simplest app.oaches. Local patches in jonization of the order of a few
Fresnel zones in extent may completely aiter the pattern of absorption
measurement.

Evidence from rocket experiments agrees in giving electron densities of
less than 1000 per cm® below 80 km suggesting that HF absorption must be
above this height. At temperate latitudes the values obtained for the variation
of electron density with height agree roughly with the latitude variation of
cosmic ray intensity. Measurements of cross modulation made by D. Farley in
another session gave evidence for ionization at the 70 km level but no evidence
for appreciable ionization below 60 km a( the equator.

Other roints of interest included the question as to whether there is a
real change of collision frequency with sunspot number: the difference between
the results obtained for the upward and downward legs of the solar cycles and
the fact that cosmic ionization is much less at equatorial latitudes than at higher
latitudes. It was considered that high frequency Doppler data are too indirect
for absorption information but that it jg important to obtain VLF results
uver short distances of the order of 150 to 200 km, this latter experiment being
technically easy.

It is important to discover whether the high absorption near the equator
is due to collision frequency or ionization.

Rzcent Russian work ( Fliigel) of considerable interest has suggested that
there is magnetic control of absorption near the equator with substantially higher
sbsorption on either side at latitudes of about-+15¢ and so producing an equatorial
anomaly which parallels that in foF2. There is some reason to suspect that this
cffect may be even greater than is suggested by the Russian work and a chain
of stations making absorption measurements across the dip equavor is suggested
in order to establish the true position .
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III — THE REGULAR E-REGION AND EQUATORIAL Es
(Discussion leader: Ken-Ichi Maeda)

Summary of the Review by

D. T. Farley

Jicamarca Radar Observatory, Lima, Peru

The E region is a rather well behaved portion of the ionosphere and
appears now to be quite well understood in most respects. A list of references
is given in a recent review paper by Bourdeau (*). Typical electron densities
are of the order of 105 ¢m~* during the day and perhaps 10¢ cm- at night, with
reported nighttime values ranging from 10° to 10t. Temperatures are of the
order of 700° to 500°K. All the detaiis of the photochemistry of the E region
are not as yet completely clear. We do know, however, that O, plus, O plus,
and N, plus are the principal ions produced by photoionization, whereas O,
plus and NO plus are the most abundant ions actually present. The loss of

ions takes place mainly through atom-ion interchange reactions and dissociative
recombination.

Fig. 1 — A typical equatorial ionogram showing Esq and slant Es.
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Neglecting motion terms, the continuity equation for the electron density, N,
can be written as

dN/dt = g-«N°®

where q is the production function and . is the effective recombination
coefficient. In equilibrium, then

N = (4/a)t’? = (q,/a)'/? cos* y

The value of g, is of the order of 3x10® cm- sec?, n is between 0.5 and 0.6,
and 4 is perhaps (@ of order 107 cm-? sec*. The latter value is still somewhat
controversial. Assuming it to be correct, however, we find a typical time constant
for the daytime E region, 4N/2, of the order of a minute.
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Fig. 2 — An iliustration of the very close corrclation between the radar ccho
intensity at 50 MHz and the electrojet strength, as measured by the
herizontal component of the magnetic field.

An important feature of the lower E reglon is that the electron gyio-
frequency is greater than the electron collision frequency, whereas the reverse
is true for the ions. As a result, the Hall conductivity is large, which at
equatorial latitudes gives rise to the equatorial clectrojet. Equatorial sporadic-
E has long been known to be closely associated with the electrojet. In the last
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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 . Waves having a large component of their velocity parallel to the
motion of the electrons in the electrojet travel at approximately the speed of
.ound in the medium. Some waves are also observed which travel normal to
both the magnetic field and the electron streaming velocity. These waves, which
are responsible for the echoes seen by a vertically directed radar, are considerably
weaker than the obligue ones and travel at all velocities less than or equal to
the speed of sound.
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Fig. 3 — An example of the “threshold effect”. Strong radar returns are not
obtained unti! the electrojet strength reaches a certain critical value.

It has been shown (9 that the current in the electrojet can cause a
plasma instability known as the two-stream instability. The growing waves
tesulting from this instability can account for nearly all of the observed features
of the oblique echoes. The explanation of the overhead echoes is not so clear,
however. Perhaps it arises from non-linear processes once the instability is
developed.

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 lrregularities observed on VHF, but may be of importance for the
Jarger scale sizes.
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Fig. 4 — Spectra of radar cchoes at 50 MHz related to the direction of propaga-
rion. 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 crosssection, for the electrojet irregularities,
with elevation angle. When all the geometrical faclors have been
removed, we find that the oblique echoes are much stronger than the
cverhead. echoes. This is in qualitative agreement with theoretical
predictions,
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- ROCKET OBSERVATIONS OF THE EQUATORIAL 1ONOSPHERE

by

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

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 tha
coast of Peru {or 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 nosetip Langmuir probe and the two-frequency
radio 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. Tonograms
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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Fig. 1 -— Electron density and
Langmuir probe current as a func
tion of altitude observed in the day-
time egquatorial E region. Ionogram
N-h data are shown by crosses.

70 . '
DENSITY 107 104 1% 1ot
EL/em?
CURRENT 10-7 108 (R 104
AMP



Observations of the Ionosphere 87

The results of two night flights separated by nine days are
shown in Figures 2 and 3. At 2200 LMT the electron density profile has
essentially constant density of 10° cm™ from 100 to 220 km. At 0140
LMT, the profile has a definite region 30 km thick with a peak density
of 10* ¢m® at 105 km.

Fig. 2 — Electron density and

' MARCH 27,1985 , Langmuir probe current as a func-
J tien of altitude observed on 14.182
! at 2200 LMT.
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Fig. 3 — Electron density and
Langmuir probe current as a func
tion of altitude observed on 14.178
at 0141 LMT.
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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) sium = 2.86 (1 + 0.0015R)
(fOE) Thadan = 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
Slough the falling phase of the cycle,

and arrows indicate the
- 195253 direction of change in succes-

195457 sive years.
X 1958-64

f-Ev R

(Arnuel Means )

an —————

. 7
iy
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A curious feature of these gravhs 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 ths 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.
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u\ .1 x * - -
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Fig. 2 — Variations through the ycar 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 wvaries diurnally more nearly as
(cos x)™* than as (cos x)"*® as simple theory requires. In that case g
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.

240] (faE)* 7 (oo X ;2 ?
o
o
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230} \ \j/"
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]
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Fig. 3 — Annual variation of the quantity (foE)* / (cos x)**, propor
tional approximatcly to the rate of electron production q.

Two conclusions appear to be justified:

1) that noon foE 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 1s 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.



SECCND-ORDER IRREGULARITIES IN THE

EQUATORIAL E-REGION

by

Robert Coben 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 clectrojet, 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 close
adherence to the two-stream theory for 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 from 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.



92 Robert Cohen and Kenneth L. Bowles

JICAMARCA , PERU
SPECTRA OF ELECTROJET ECHOES
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Fig. 1 — Composite of power spectra obtained near noon 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 vertical incidence for a weak electrojet.
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Fig. 3 — Same for a well-developed electrojet.
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JICAMARCA, PERY
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Fig. 4 — Spectrum observed at an oflf-vertical angle of 50"East for a
weak electrojet. Note that the 120 Hz frequency shift of the
strong component (corresponding to an acoustic velocity of
300 m/s) is the same as that at S0°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. '



SOME HIGH FREQUENCY OBSERVATIONS OF EQUATORIAL

SPORADIC-E IRREGULARITIES

by

G. 8. Kent

University of the West Indies, Jamaica

Results are presented which have been obtained from meas-
urements made on Sporadic-E irregularities over Ibadan, Nigeria
(Magnetic Latitude 214° §). 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 correlation analysis to find the size and shape
of the pattern and its drift velocity. Several frequencies have been
used between 3 and 7 MHz.

In 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-
tion 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 east-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 cbhtaired on three such days
are shown 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 of the irrcgularities (half that
of the diffraction pattern) 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
Ve, which is a measure of the random changes in the ditfraction pattern
as it moves, In contrast to 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 V¢ 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
equator.
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Fig. 2 — East-west component of Ve in m/s for the same observations
of Fig. 1. Note the frequency dependence of Ve.




FADING CHARACTERISTICS OF Es REFLECTIONS OVER THE

MAGNETIC EQUATOR IN THUMBA (INDIA)

by

R. G. Rastogi, M. R. Deshpande and N. D, Kaushika
Physical Rescarch Laboratory, Ahmedabad, India

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

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

where B is the amplitude of the steady signal and 1, 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/43) exp (—~ R*/24) (2)

while in the absence of randem signal equation ( 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 results are
inconsistent with those derived according to Ratcliffe’s theory of isotro-
pic scattering centers having randon phase distribution.
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EQUATORIAL Es AND THE ELECTROJET

by

A.J. Lyon and J. O. Oyinloye

University of Ibadan, Nigeria
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 simular 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.

Naon
Annyal Means l

AH
50

G-M.T.

Fig. | — 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
sunspol minimum.
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The Es Elfective 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.

1t is easy to see that
A(Es)/A(E) = K. R (Es) = a,

where K is 2n 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 o« continuously it is of course
necessary to make measurements altermately 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 minutes, 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 been attempted at Ibadan on
5.0 MHz using the quantity « which is measured as explained above
ond which is proportional to the Es reflection coefficient, R (Es).

2

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 magnetogram.
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Fig. 2 — Comparison of the diurnal variations of Es reflection

coefficient A(Es)/A(E), and H (arbitrary zere) for Ibadan
on a particular day. The arrows indicate some of the
corresponding features.

There seems to be little doubt in this case that there is a

very good correlation. The general trends are similar, the sharp initial
rise and final fall occur simultaneously, and both reach a maximum
approximately at noon. Moreover many of the finer details correspond.

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

Reference:

On two other days, common features occurred but the correla-

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



NON-LINEAR EFFECTS IN THE ELECTROJET INSTABILITIES

by

J. P. Dougherty

Department of Applied Mathematics and Theoretical Physics,
‘ University of Cambridge

Abstract

The main features of the frequency spectra of equatorial Es,
as observed by VHF backscatter, have been explained by Farley in
terms of the two-stream instability. The occurrence of scattering at
Doppler shifts other than the frequency of the instability can be discuss-
ed in some detail by a consideration of the non-linear interaction of
the unstable plasma waves. The existence of scattering at wvertical
incidence can be also be explained in this way.



SUMMARY OF THE SESSION

by

R. B. Norton

CRPL - National Bureau of Standards
Boulder, Colorade — U.S.A.

The most important results presented in this session were observations
for both the regular E region and sporadic E. Blumle reported the electron
density results obtained by rockets [ired from a ship just off the coast of Peru.
Several daytime profiles were obtained and showed no surp:izing features. These
daytime measurements support the scatiering theory of equatorial sporadic E
since no sitructure was seen on the profiles obtained from the rocket while at
the same iime stiong sporadic E echos were obtained by an ionosonde. Blumle
also presented two nighttime results. Onc electron density profile, taken at
about 2200 LT, showed , peak density in the E region of about 2 x 10° ¢m-® at
105 km. This peak could possibly be cxplained by involving scattered Ly g
us a nighitime ionization source. Another profile taken at 0141 LT showed a
peak density of 10+ cm-* at 105 km. No explanation for such j density has
been given.

Lyon pointed out that a stalistical analysis of ionogram data taken at
Tbadan showed that the foE variation could be explained solely in terms of a
cos y variation and the changing sun-carth distances. This latter effect is small
and is noimaly mashed by other effect at higher latitudes.

Although no paper were given on the theory of the normal E region,
two important 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
problem is compounded by the possible importance of fast ion-neutral involving
minor constituents. 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 10-7 cm?® sect, there is still some doubt that the coefficient
is this lavge specially for NO plus.

Several interesting results were presented for the Jicamarca Radar
Observaioty. 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 reported that greater sensitivity of observing the power
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spectrum of radio echoes and improved techniques, have resulted in the detec-
tion of wezk irregularities not predicted by the two stream instability theory
as it is presently developed.

These irregularities are seen when the radar is directed upward and, if
the electrojet is weak, when the radar is observing obliquely. The Doppler shift
for ihese irregularities is considerably less than for the strong irregularities.

Bougherty suggested that weak irregularities may arise from non-linear
coupling of strong irregularities.

Kent reported that some drift measurents made between 3 and 7 MHz
at Ibadan by the Mitra method gave much smaller velocities than the ones given
by the Jicamarca Observalory for sirong irregularities. The suggestion was made
that his HF frequency data may reler to the Jicamarca weak irregularities.
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BOTTOM AND TOP SIDE STUDIES



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 F2 MAXIMUM IONIZATION
ALONG THE NIAMEY MERIDIAN, IN MARCH-APRIL

AND JUNE-JULY 1965

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 on 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, Bangui and

Niamey were also included. Figure 5 displays the magnetic meridian
of the study.

Fig. 1 — Map of the meridian
at the heights and stations involy.
ed in the work.
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The maximum innization crests appeared before 0800 LT,
separated 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 tg 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 additionat source
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of a conjugate stock of primary photo electrons, of energies 0,3 to 13
eV, which could pile up at levels above 100G km to 2000 km, travel along
field lines imbedded in neutral oxygen atoms at mean temperature 700°
K to 1200° K, according to Hanson's cross-section (Space Research 1I}).
These temperatures, and the very high electron temperature observed
at Jicamarca at 0600, just above thc hmF2 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 (180 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 115 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 under the
overhead sun grows at a later time and it is least ionized and much
wider in latitude coverage. The more jonized cold crest extending only
about 4° in latitude reaches its furthest distance before noon and its
peak 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 20
For the Solstice: 2,0 1.0 25

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 jonization being mainly
controlled by temperature {(Ne = T72/). A complete true height
analysis of our sections will be neccssary in order to €ompare them

with the other hypotheses which require upward drifts in the equatorial
nnnnn Tas



TOP OF THE EQUATORIAL ANOMALY AND CONSTITUTION OF

THE TOPSIDE IONOSPHERE

by

Y. V. Somayajulu

National Physical Laboratory, New Delhi, India

Using the published Alouette Satellite data on the equatorial
anomaly and incoherent-scatter data on inferred ion composition in the
topside ionosphere, it is shown that the height of the top of the
equatorial anomaly is closely related to the transition level of 0 plus to
lighter ions. This is interpreted to indicate that the equatorial anomaly
forms primarily in the height in which 0 plus is the dominant constituent
and is under diffusive control. It is also suggested that the lighter ions
may be under chemical control and may not have attained diffusive
equilibrium even up tg heights of 1,000 km during midday and about
600-700 km during late evening. See Figures 1 through 3.
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Fig. 1 — Diurnal Variation of the real height above ground of the
top of the anomaly.



Eguatoriel Anomaly and the Topside lonosphere 113

-

2

=

a
]

T T TTT] T

Illlliii 13 ¥

JICAMARCA, PERU
23 JULY 1964

14M2™15"14" (715°W)
"HeT < 10%

Fig. 2 — Daytime ion
800+ composition results inferred
E by Bowles et al. using ince-
= 600 herent scatter at Jicamarca,
g which is at the geomagnetic
400 equator.
200t————= T; [°K] Te, ,
1000 1200 1400 19,520, /Ti
0 Loaaaaal it il ot
10* 10°
——ION DENSITY (Cm ¥ —
— T T L S A
R NCAMARGA, PERU
1003 23 0L 1966 |
19"57™-20"42" (75° W) |
LI g ]
_ Ti
3E=. GO0
—
]
o 400}
3 _‘ﬂnﬁ—o—ﬁ—h—irllﬂﬁl
800 10001200
200}
ﬂ il i P 1. 1

sl " " PERY
in? ! 10°
{ON DENSITY [Cmd) -

Fig. 3 -— Nighttime ion composition results inferred by Bowles et al.

weine innnherent scatter at Jicamarca.



PRELIMINARY STUDIES OF THE EQUATORIAL ANOMALY

by

J. P. McClure

Jicamarca Radar Observatory

Lima, Peru

The diurnal variation of electron density in the topside iono-
sphere above the dip equator is observed at Jicamarca. These data are
compared with data obtained from topside and conventional jong-
sondes. Figures { shows the Jicamarcy data compared with Nmax at
Bogota, near the crest of the equatorial anomaly, on a day when the
anomaly is well developed.

Temperature and composition measurements made at Jicamarca
indicate 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 200-300 km higher than at night. This
would indicate that the ratiq of Nmax at Bogota to the electron density
800-900 km above Jicamarca, on the same field line, should increase in
the daytime and decrease to near ifs original value again at night.
Fig. 1 shows that the expected behavior is occuring with approximately
the expected magnitude of increase of the ratio, a factor of 3, heing
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 alfect 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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Fig. 1 — Jicamarca clectron density variation at fixed heights compar-

ed with Nmax at Bogota. Temperaturc 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 ratip are consistent
with the obscrved 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 clectric 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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hours 0000-0200 on 16 October.
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Fig. 3 — Jicamarca and Bogota electron density variations. The cause

of the 0200 increase in Nmax at Bogota cannot be definitely
ascertained from this data. It begins at a time when the
vertical motion of ionization above Jicamarca is suddenly
changed. It must be either a redistribution of already exist-

ing ionization or an influx of fresh ionization from high
above the equator.



A NOTE ON THE MORPHOLOGY OF THE TOPSIDE

EQUATORIAL IONOSFHERE

by

J. O. Thomas*, K. L. Chan, 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
eiectron 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)
is also computed and plotted for the same height.

Figures 1 and 2 show the N and H curves for pass number

396 and Fig. 3 and 4 the corresponding quantities for pass number
5427.

The most important new feature of these results can be ob-
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 to the
dip equator in between. Lower down the form of the H, curves is
different with minima near =+ 10° dip and a small maximum on the
dip equator.

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

* Now at Imperial College, University of London
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1/H:. = (1/H,) — A/H, (1)
where
H. =k (T. + Tm*g and T. = T,
H, = (— 1/N) 8N/sr , H, = (— 1/Nr)sN/8d
r = R.+h
= (Cot8)/2

in which R. is the radius of the earth, h the altitude concerned, 8 the
magnetic (dip) latitude and m*; is the mean ionic mass, k is the Boltz-
man’s constant, and g the acceleration of gravity. Tt is assumed that at
the 900 km level considered below, the electron and ion temperatures in
equation (1) are the same. Lower down this assumption cannct be
made for converting the observed vertical scale height into a “field
aligned scale height”, H,;. The guantity H, can then be 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 Iarge
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.
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LATITUDINAL VARIATIONS OF SCALE HEIGHT
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LATITUDINAL VARIATIONS OF SCALE HEIGHT
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Fig. 4 — The latitudinal variation of scale height, H,, for pass 3427.
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Figs. 1 and 2} has been converted into a field aligned scale
heigt, H,. The large minimum in H. near the dip equator is

rerioved and
temperatuare

H, may be used to deduce the ratio of effective
to mean ionic mass in the usual way.



122 J. 0. Thomas, K. L. Chan, L. Colin and M. Rycroft

It is therefore concluded that at the greater altitude referred
to, the electron distribution along field lines is the important parameter
and that before useful information about temperature and mean jonic
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. 1.4 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.




ON THE SEASONAL, NON-SEASONAL AND SEMI-ANNUAL
VARIATIONS IN THE PEAK ELECTRON DENSITY OF THE

F2 LAYER AT NOON IN THE EQUATORIAL ZONE

by

T. Yonezawa

Radic Research Laboratories, Kokubunji, Japan

Using ionospheric data at Huancayo and Kodaikanal which
make approximately a pair of antipodal points, the seasonal, non-
scasonal and semi-annual variations in the peak electron density 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 show in Fig. 1, and the ordinates of the quadratic
curve for the above sunspot numbers have been taken as the basis of
the following analysis.

HUANCAYD 9 12:00
A2

s
«i 50

35 1y
SUNSPOT  HUMELR

Fig. 1 — Relation between noon foF2 and sunspot number at Huan-
cayo in June,
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Figs. 2 (a) and 2 (b) illustrate the seasonal and non-seasonal
variations for sunspot numbers 0 and 100. One will notice a component
of 1/3 year period as a component of one year period. This means that
these variations can be expressed in the following form:

N = {a + bcos [= (t — £)/31} cos [{t — a) =/6]

where t is the time in units of month, and the seasonal and non-
seasonal variations are seen to be subjected to amplitude modulation,
the quantity (b/a) will be called degree of amplitude modulation in
this report.
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Fig. 2 — Non-seasonal and seasonal variations in the peak electron
density of the foF2 layer at noon for
(a) Sunspot number 0
(b) Sunspot 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 100. 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) Sunspot number 100

The non-seasonal variation becomes a maximum at the begin-
ning of January which is approximately coincident with the time of
Jhortest distance beiween the earth and the sun (Fig. 5). The seasonal
variation is a maximum nhear June solstice or somewhat later (Fig. 3).
The semi-annual variation reaches its maxima in mid-April and mid-
October or a litile later (Fig. 6. As regards the degree of amplitude
moduwation ol the non-seasonal and seasonal variations, it is very high
tor the non-seasonal variation and amounts to more than 60% for sumr
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
somewhat later, for both the non-seasonal and scasonal variation (Fig.
5). Of the amplitudes of the three components the greatest is the non-
seasonal one, amounting to about 30% of the annual average in the
case of sumspot number zero and the smallest is the scasonal one being
about 10% (Fig. 8).
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These results may not readily be explicable, but the existency
of large non-seasonal  variation scemsg lo suggest some form of
corpuscular effect, though the detailed mechanism of thig effect is not
clear at the present stage.
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THE F2 REGION AT IBADAN OVER A SUNSPOT CYCLE

Part 1 — 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.

Variations 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 05h, 12h, and 15h), and (c)
foF2 at midnight (monthly medians for 00h). The general trend at
midday clearly follows that of R*, bul there is a marked flattening over
the period of sunspot maximum — from mid-1956 tp mid-1959. This
phenomenon is further illustrated in Fig. 2, which shows a plot of
annual means of NmF2 at midday against annual means of R, the un-
smoothed sunspot number, (a) for Ibadan, and (b) for Slough. For
Slough 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 lbadan the regression line for R*>100, by visual estimation is
NmF2 = 0.60 (1 + 0.017R*)

MIODAY fora

{Mean of Q9, 12,15, )

A AT BADAN, NIGERiA

o—

2
F L

&

A MIDNIGHT  foF2
ll|I||;Il|;||l|!|||||||I||«I|11lg;|lo|ll||s||||l|||l
ﬁlsJlUHJIIlelnIIJIDIlJ!DH;IlDIIIOIIJEDMJlDl‘JloM:lll‘J‘ll‘Jl.
borem ] 54 1955 34 k=7 19538 1959 9O mal L 1048 e

Fig. | — 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 mean-
of monthly medians, averaged over 0%, 12h and 15h.
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Annual Variations of NmF2

The mean values of NmF2 for successive months, averaged
corresponding to R = 0 and R = 200 are shown below, in Figs. 3 (b)

and 3 (c).

Annual  Varigtion of MaF2, Ibadan

k106 6 DEC MAR U SEP DEC
i.

(@ Mecns (952 - 64}

b R=

24 (-
u tcy R =200
22 -
20 —
o -
[EH
£ 18 |~
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Fig. 3 —- Variations throughout the year of midday NmF2 (a) averag-
ed over a sunspot cycle, (b) for zero sunspot number, and

(¢} for R = 200.



132 Arthur J. Lyon

In all the curves of Fig. 3 there are maxima in April and
October, and minima in January and July. For the mean curve, Fig. 3
(a), the amplitude of the variation is about == 15 % of the mean level;
and for R = 0, Fig. 3 (b) it is about = 25%. A remarkable feature ot
the annual variation at sunspot maximum (R = 200) is the much higher
maximum in April than in October, the values for April and May being
particulary high. The amplitude of the semi-annual variation js -+ 209
in the first half of the year and only about == 10% in the second half.
An examination of individual vears shows that this asymmetry be-
tween the equinoxes occurs in each of the vears 1957, 1958 and 1959,
though not in 1956.

Variations of hmF2 with R

Figure 4 shows the variation of annual means of midday hmF2
with R*, midday implying as previously the mean of values for 09, 12
and 15h. The figure shows a linear increase of hmF2 with R* given
approximately by

hmF2 = 325 + 0.67R* km.
Annual Means v B

430 Midday hm 2
[ s
Maan of O9i2,I5K),
400 |- T e 195864
i * 1952-57

350

km
300 — ‘%&
r\;—/ ’
[P Midnight h'F

250 s

200 L i | |
o] 50 1O 130 200

3

Fig. 4 — Variations of midday hmF2 and midnight h'F with sunspot
number. Crosses indicate values obtained by the Appleton-
Beynon method but with corrections applied.
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Annual Variations of hmF2 and q.

Figure 5 shows the annual variations of hmF2 averaged over
the period 1952-64. The main feature appears to be a variation of
annual period with a flat minimum from May to August and a rather
flat maximum from October to January The amplitude of the variation
is = 8 km or -+ 2%: the total range of variation is thus about one
quarter of a scale height. The same figure shows that the corresponding
variations of M (3000) F2, plotted with values increasing downwards,
follows very closed that of hmF2.

The variation of the “quarter-thickness” q., also shown in Fig.
5, is rather similar to that of hmF2, with a flat minimum in summer and

a flat maximum in winter. The variation is a substancial one with an
amplitude of == 12 km or about = 15%.

Meons of Q982,15 by,

: % haF2 /_,_.
I-'OOO -\\
Y 1952-64

23 |
M (3OO0 F2
l 24 \ /.P\‘
! VAN 1935 =64
25~
'Y
80
q
e ¢ 1952 =56
I oL 1962, 64
40 L " i PR I F S 1 I 1 i
NEC MAR JUN SEP DEC

Vig. 5 — Variations throughout the year of midday hmF2, M(3000)
F2, and the “quarter-thickness”, Q..
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Variations at Midnight

The annual variations at midnight of NmF2 are shown in
Fig. 6. A variation of semi-annual period is again present but a marked
variation of annual period is also clearly present in this case. The two
variations are of about equal magnitude, =+ 0.2 x 10¢ electrons per cm?
or about = 25% of the mean value, and have minima together at the
June solstice.

350

h'F (1952-¢4)
fem ,
Midnight
300
X6

10 ]

08

NaF2  (1057-64)

Q6
L Midnight
o4
0-2 TR T S S B AN P |
DEC MAR JUN SEP DEC

Fig. 6 -— Variations throughout the year of midnight h'F and mid-
night NmF2.

The variation of annual period may be contrasted with that
of h'F at midnight which is in antiphase and has a large maximum in
June, and a very flat minimum from October to March. Between the
September equinox and the March one the mean h'F over the period
195264 remains very close to 250 km but it rises to an average value
of about 325 km for the summer months, May to August.



THE F2 REGION AT IBADA-N OVER A SUNSPOT CYCLE
Part II — Diurnal Variations

by

E. 0. Olatunji

Department of Physics

University of Ibadan, Nigeria

The diurnal variations of foF2 and hmF?2 for different seasons
and phases of the solar cycle are examined in the following five figures.

Mean Dlurnol varlgtion ot foFp

toFa (August = Sept.— October )

Mcfs

b brr b b dea b bt
o [+ 12 1] 24

o]

Fig. 1 — Mean diurna) variation of foF2 at Ibadan for the months of
Aug., Sept. and Oct. in the years 1957, 1961 and 1964. At
sunspot maximum, the diurnal peak of foF2 variation occurs
before noon while at sunspot minimum it exhibits a post-

noon peak.
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Mean Diurnal varigtion of foF2

{ November = Decembar —January )

-———— 957

Mce/is

e S 196)
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Fig. 2 — Same as Fig. 1 for the months of Nov., Dec. and Jan.

Mecn Diurnal  varkotion of haf2
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Fig. 3 — Mean diurnal variation of hmF2 at ITbadan for May, June
and July in the years 1957, 1961 and 1964. These variations
show a consistent trend over the solar cycle. Outstanding
features are a greater diurnal range and a more pronounced
post-sunset increase in hmF2 at sunspot maximum than at
sunspot minimum.
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Rates of increase of foF2 from
05 to O8Bhrs LMT.
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Fig. 4 — Morning rates of increase of foF2. It shows an annual vari-
ation at sunspot maximum, while that at sunspot minimum
in marked by a semi-annual variation.



138 E. 0. Olatunji

Rates of iIncrease of hgyF2 from
OS5 to IOhrs LMT.
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Fig. 5 — Morning rates of increase of hmF2. Note the consistent
trend of the semi-annual variation over the solar cycle.



RECENT IDEAS ON THE MORPHOLOGY OF THE
F-REGION OF THE IONOSPHERE
by

J. W. King

Radio and Space Research Station

Ditton Park, Slough, Bucks, England

(paper not available)



LONGITUDINAL VARIATION IN THE EQUATORIAL

F2 REGION OF THE IONOSPHERE

by

R. G. Rastogi and S. Sanatani

Physical Research Laboratory, Ahmedabad, India

The paper describes the difference in annual average daily
variation of foF2 at different epochs of solar activity at equatorial sta-
tions in American, African and Indian zones. During low sunspot
years, two peaks of foF2 were observed at each station at about 09
and 12 hours. With increasing solar activity the morning peak gets
more prominent than the evening one. During maximum sunspot year
one gets almost single morning peak at Huancayo, but at Kodaikanal
both the peaks are significant and another midnight peak is also
developed (Fig. 1). At Natal, a station close to the magnetic equator
in Eastern Brazil, the variation of foF2 shows a strong single midday
maximum which is different from the equatorial type of variation.
These variations of foF2 may be due to the very important position of
the station on the magnetic equator where the shift of the magnetic
equator with universal time is the largest (Fig. 3).

HUANCAYD IBADAN KODAIKANAYL
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t oeo as ) ] FL- ] o0& [ [ 24 o0 os 2 n E

LOCAL ETANDARD TIME (MOURS)

Fig. 1 — Annual mean daily variations of foF2 at Huancayo, Ibadan
and Kodaikanal during different years (1934-1962).
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Fig. 2 — Mean daily variation foF2 at the
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Fig. 3 — Position of the magnetic equator at different longitude and
the deviation in the position of the magnetic equator for one
hour change in the universal time. .



LUNAR TIDES IN foF2 AND H NEAR THE MAGNETIC EQUATOR

by

R. G. Rastogi
Physical Rescarch Laboratory, Ahmedabad, India

It is well known that the lunar tide in foF2 shows a maximum
at about 04 lunar hour for equatorial station and at about 10 lunar
hour for tropical latitudes. The amplitude sharp maximum on the
magnetic equator similar to that of the range of diurnal variation of
H which is indicative of the equatorial electrojet current strength.
(Figs. 1 t0 7).

It is concluded that the lunar tides in geomagnetism and the
ionospheric F-region near the magnetic equator are closely related to
each others and are associated with the equatorial electrojet currents.

1o ANNUAL DECEMBER SOLSTICES
2 PG i

WU = HuANCAYD
€M = CmBoTE &
€L - cHiCLAYD &
TL= Tacara iz

EQUINCXES
]

| w

Bwiaray Cad
: T LJQOcl o o —
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Fig. 1 — Shows the harmonic dials of the lunar tides in noon foF2
and daily range in H at Peruvian stations during different
seasons of IGY-IGC. The amplitude of tides in both foF2
or range H increase progressively with decreasing latitude.
The phase of lunar tide changes slightly with season, but
the difference in phase of tides in foF2, and range H remains
almost constant.
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Fig. 2 — Shows the harmonic dials of the lunar tides in noon foF2
and range H at Huancayo during different seasons and
different solar ativity. With increasing solar activity the
amplitude of tide increases for both foF2 as well as range
H keeping almost same phase.
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Fig. 3 — Shows the seasons variation of the amplitude and phase of
_tides in foF2 and range H at Huancayo. The amplitude of
tides for both the parameters foF2 and range H is least
during June-July and maximum during January. There is
a progressive change in the phase of the tidal oscillaticn
such that the phase difference between the oscillation at
two parameters for any month remains constant.
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b HUANCAYO
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Fig. 4 — Shows the contour diagrams of the deviations in foF2 and H
on the coordinates of local lunar time and lunar age. It is
seen that the most of the deviations occur at daytime
indicating that the magnitude of the lunar tide in foF2 as
well as in H is maximum during the daylight hours. An anti-
phase relation between the tides in foF2 and H is clearly
shown in the diagram.
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Fig. 5 — Shows the first, second, third and fourth harmonic
components of lunar daily variations in H at Huancayo dur-
ing different lunar age in different seasons of the year. The
curves indicate that the Chapman’s phase law is very closely
followed by these variations. The phase of second harmonic
is independent of lunar age.
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Fig. 6 — Shows similar diagrams for foF2 during IGY-IGC. The
phase of second harmonic is again independent of the lunar

age indicating that the lunar pertubations are predominant-
ly tidal in nature.
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Fig. 7 — Shows the average lunar daily variation of foF2, and H dur-
ing different lunar age. It is seen that the two variations
are almost opposite in phase to each other.



THE ANOMALOUS ENHANCEMENT OF THE F2-REGION ELECTRON

DENSITY AT NIGHT IN LOW AND EQUATORIAL LATITUDES
by

Teruo Sato

Meteorology Section
First Research and Development Center
Japan Defence Agency
13 Mita, Meguro, Tokyo

The anomalous enhancement of the F2-region electron density
at post-sunset time in law and equatorial latitudes is analyzed, and the
cause is studied. Data used here are mainly those in American Zone.

The major peak of the electron density enhancement occurs
usually at 2000-2400 LT, with different times at various latitudes and
generally one or two minor peaks appear between 0000 and 0400 LT.
The enhancement phenomenon takes place most remarkably at 15°-17°
geomagnetic latitudes (dip angle 32°-357) throughtout the year, show-
ing the biggest effect in equinoctial season. The boundary latitudes
that the enhancement can be recorded is lower in winter (about 20°)
than 1n other seasons {see Fig. 1).

Successive time variations of the foF2 latitudinal distribution
or the vertical profiles of the F2 region electron density distribution
between Huancayo and Washington show that the anomalous high
electron density region (so called equatorial anomaly situated at 15%
20° in daytime) moves towards the equator after sunset and the arrival
time at any particular latitude is consistent with the time of the night-
time increase of the electron density at that latitude. The direction of
the drift of the ionization, deduced from the geomagnetic variation is
downwards and towards the equator horizontally in low and equatorial
latitudes during the time concerned (sce Figs. 2 to 6). Therefore
abnorma! increase of the F2-region electron density in these latitudes
seems tu be explained by the ionization drift theory.
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Fig. 1 — Daily variation of monthly median foF? in July, October and
December 1957,
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TOTAL ELECTRON CONTENT FROM TRANSMISSIONS
OF SATELLITE S66 OBSERVED AT
UNIVERSITY COLLEGE NAIROBJI

by

A. N. Hunter and A. Webster
University College Nairobi, Kenya

Observations of Faraday rotation of the 20, 40 and 41 MHz
transmissions form S-66 (B-EB) have been made since 10 Qctober
1964. The station coordinates are 1.32° 8, 36.32° E, with a dip of 26.9¢
S. The two closest passes, one north-bound and one south-bound, are
recorded each day and an ionogram is automatically recorded for each
pass. Only the 41 MU, transmissions have been analysed so far.
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Fig 1 -— Gives the hourly medians of total electron content I for the
period October 1964 to Tanuary 1965 inclusive: the points
show north- and south- going passes separately but all are
included in the medians. The values were obtained from the
fading rate at the zenith together with gz constant valpe of
3000 gammas per degree for the latitude derivative dM/da,
horizontal gradients are neglected but the records do not, in
general, indicate large horizontal gradients in daytime.
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Fig. 2 -— Shows the corresponding plot for the density Nm {dotted
fine) from foF2 taken from the jonogram associated with
the recorded satellite passes; is also shows the equivalent
layer thickness d (dash-dot line).
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r the period October
1965 to May 1965. In this case all values have been caleulated

by a method suggested by E. Golton'”; in which 4 Mmean in
taken of the fading rate over a period of 0.3 minute on either
side of the transverse propagation point and used ay the
ctfective fading rate on the transverse point in order to
climinate effects of horizontal gradients. Value of dM/dx
were interpelated from the tables of L. Blumle in which the
value of H, wa: obtained from a tenprint real height
analysis of the corresponding ionograms. South- and north-
going  passcs  are separately plotied so that

the time
advances frem vight to left.
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EFig. 3 — Gives the corresponding plot of Nm. Both Fig. 4 and Fig. 5

show quiet and disturbed days only plotted.

Points of interest from the above diurnal variations are:

The ratio of maximum to minimum content is greater than 20:
this figure wilt certainly increase when the 20 MHz records have
been analysed for times of low content.

The maximum in T occurs late in the afternoon at a time which
Is consistent with the expected arrival of the maximum of the
equalorial anomaly.

There is a large day-time scatter probably due to perturbations
in position of the peak of the equatorial anomaly.

A smail peak occurs in 1 together with a much larger one in at
Nm about 2300 hours.

There is no evidence of correlation of cither I or Nm with
magnetic activity at sunspot minimum,
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The transverse propagation region in always clearly on the
Nairobi records so that single frequency analysis is usually applicable.
lass 1313 at 1900 hours has been analyzed for latitude distribution of
i and the results are shown in Fig. 6 in which the upper and lower
curves show the effect of a second timing error and the values of I
are plotted against satellite time in minutes. An initial manual analysis
with and without second order correciions has been compared with
an analysis using a field model prepared by E. Golton on a computer.
All the results agree in placing the maximum just north of Nairobi at
that time in rough agrcement with the anticipated position of the
anomaly. The Ross®' method for second-order correction is difficuls
to apply at Nairobi because of a discontinuity in the field parameter G
and future analysis will bc computed by ray-tracing a model
ionusphere.
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Fig. 6 — Latitude distribution of electron content for pass 1313
aournd 1900 hours.
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PRELIMINARY RESULTS OF MEASUREMENTS
OF TOTAL ELECTRON CONTENT AT

ZARIA USING THE S66 SATELLITE

by

N. J. Skinner

Ahmadu Belly University, Zaria, Nigeria

Measurenients of Faraduy rotation of the 40 and 41 MHz
transmissions (rom the $66 satellite have been made at Zaria in
Northein Nigeria {geographic coordenates 111" N, 1.60" E- magnelic
dip 2.5 N) since 14 November 1964. The total colummar electron
content. Ny, has been calculated from the dilferential rates of Ladizg
on the two frequencies .,

Figure | shows the “diurnul” variation of Nt lur gbservations
made during the local winter period 14 November 1964 (o 14 February
1965. There is no cvidence of 1 midday biteout such as is observed with
peak electron measurenients, and maxinium oceurs at about 1300 GMT.

Figures 2 and 3 show the variations with latitude of Ny for
eight ralcllite passes close 1o the meridian of Zaria. The geomagnetic
anomaly i the Jatitude variation of Ny is most pronounced in the cven-
ing and least evident in the morning  period of 0760 t~ 0800 hours.
There is some cvidence of asymmetry lor the midday neasurements with
greater jonization on the northern side. Since no corrections have been
made for horizontal gradients of clectron density, the values of Nt at
the extreme latitude must be treated with some caution.

For six daytime transits, ivnosonde data has been analyzed to
obtain, by integration of the N-h prolile, the subpeak, electron content
below hmF. This has been subtracted from the corresponding value of
Nz to give the topside electron conlent N.. Values of NmF, hmF, N,
and N. arc given in Table I. The topside content is found to exceed
the sub-peak content by a factor of almost two. For a topside iono-
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sphere containing a single ionized constituent (atomic oxigen) the
electron density N, would be expected to vary with height h, as

N = Nm exp | —(hk.)/2H]

where H is the scale height of the neutral atmosphere. Values of H
for each of the six transits have been calculated assuming the distribu-
tion from the measured values of NmF and N,, and are given together
with values of N, the electron density at 1000 km, in Table I. Values
of H vary between 64 and 142 km in reasonable agreement with results
of other workers using different methods. The model is over-simplified
in that at least two ionized constituents are actually present in the top-
side ionosphere with the atomic hydrogen ion becoming important at
altitudes above 800 km. Nevertheless the profiles obtained using simples
model are very similar to those obtained for example by workers at
Jicamarca using the incoherent scatter technique.
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Fig. 1 — Diurnal variation of total electron content n,
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SECOND ORDER CORRECTION ON ELECTRON CONTENT
MEASUREMENTS WITH FARADAY ROTATION

TECHNIQUE*
by
F. d¢ Mendonga, J.L.R. Muzzio and F. Waiter
CNAE. — Sio Jos¢ dos Campos — SP. — Brazil

Determination of the total clectron content (I = /Ndh) of the
ionosphere by means of the application of Faraday rotation technique
on signals recewved from satellite beacons has been performed since
the launching of Sputnik 1, by many investigators, see for instance the
ast of relerences in the paper by Garriott and Mendonca'™. Most
computations utilizing Faraday techniques has been done using single
trequencies and fately two closely spaced frequencies such as the ones
transmiticd by the beacon satellites EE-B and BE-C in 40 and 41 MHz
{sce Iig. 1).

FARADAY ROTATION REGORDING
Satellite 5-55 Closest approach 19 31 3o ur
Station * §J dos Campos Proximal point 19 3] 460
Dats - 3Nov 1964 T 19 32 500
a Ng =175 rd
t
1
P ¢
I a1 MHz I
I |
! !
| !
Qr AR 10 0eTirg
| !
|
1 \l
| 40 Mi; |
1
aps1BTrg
ek Lk 4 '4“1_I_L|—L—L-I-_-LJ_L-LI-J—1_4 I-IJ_I_LL-‘-—l—J-.L_L_I_L.,LLLJaL..I_I_I_LJ..,L]
193250 33300 193310 133420 93430 93440
TME (UT) — ]
- —_— —

Fig. 1 — Recording of the Faraday rotation of polarization in the 40
and 41 MHz beacons of 8-66, showing the quasi fransverse
(QT) propagation region (2 = Q) and a case with o, =
18 An,

—_—

* Research done under a Memorandum  of Understanding between NASA and
CNAE
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The first order relation
o = (K/f*) (H cos 0§ scc x) T, (1
which is applicable only in restricted cases, including the absence of

horizontal gradients, has been widely used for the determination of
L. Ross® introduccd a sccond order correction obtaining the rclation

o = (K/f*) (H cos # sec ) (1 +ea) e (2)
where
e = (X*/2) 1 + (8—1) Gl (3)

The factor G = tan ¢ (tan 9 — Y /Y.) is related to the geometry of the
geomagnetic field (Fig. 2).

R T RSP
BRI et
! ) " .‘ TRete G- 86 Foys0ge
L — 1

154 : LA 15"

. - E
T B
"
\
, -

GEOG LAT {SOUTH]OF SUBIONCSPHERIS PGINT

LONGITUDE  WEST FAGTOR &,

Fig. 2 — Ploi of the fzctor G for ionospheric points at h = 350 km
for the Sao José dos Campos station, including the track of
a southbound passage of S-66 on 16 Oct. 1964 with QT at
215435 UT. Also shown are the values of G, I {First order)
and I. (Sccond order) for this particular passage of the
satellite.
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For the case of twy closely spaced frequencies one has:

do = - 20 (df/f) (1 + 2 @) (4)

or

L0 = 20 (p) (1 + 2a)

Thus one may obtain the correction term (1 + «) from the measured
values of Q and Aq-

a = [1-2(n1)a/A0] [ l4(n-1)a/ Aol (3)
Combining equations (1), (2) and (5) we have
L = (Fo/KM) 4 o (n-1)/[AQ 4 20(n-1)1 (6)

Hence, with precalculated values of M one can easily obtain values of
electron content with the second order correction. The values of «
obtained with this procedure (Fig. 3) are naturally much closer to
reality than the ones calculated with models and equation (3). We
have written g program for our smalj computer in which we feed the
values of the satellite position, @, A0 and height of the ionospheric
point, and obtain the output values of I, and I, for the sub-ionospheric
point, including dip angle, the factor M and G. A few passages are
plotted in Fig. 4.

Note that if n = f./f, = 1.025 in equation (5) we zet
(I + &) = 0.500 + 10.0 Aaja

and that a == 0 when o = 20 2. In this situation one hasg L =L

At our low latitude station we have observed extreme cases in which a
variation of » rd in A0 corresponded to a variation of only 6 = rd in q.
The first order results are such that the over estimation in I for some
areas tend to cancel the variation of electron content through the
equatorial anomaly. Thus one should be cautious in drawing con-
clusions from the first order results. The fuli paper to be published
will include comparisons between results obtained with Faraday and
Doppler methods.



Sezond Order Electron Content 165

Nggrtiom ray™ * |

(an= flag- Ng) 4

e=-(I/2V + 10 an/n |

)
L ’ d
'
. - ' 4
[}
107 ) =10 j
| SR KON |

5 & T [} 9

GENG.LAT. (SOUTHIOF SUBONISPHERIC POINT

Fig. 3 — Plot of the valucs of e, A2 and @ for the satellite passage
of Fig. 2. Note that when AQ varies by = rd from 5 to 6
= rd, @ varies only by 7 = rd from 79 to 86  rd.
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N — (Y
I
DATE PGA TIME 1
A— 14 OGT. 1964 205223 UT ]
B~ 20 OCT 1964 215850UT
|Q'7— C— 16 0GT. 1964 215435 UT
.5'; "“\\
E “
") I-First order
o Iz-Second order

1 L 1
T L I'ﬁ'_‘ il 26' 2 I 75 1_1_3_.([“__.1...._‘

MAGNETIC DIP
Fig. 4 — Plots of I, and I. for a few passages of the satellite S-66
(BE-B). Note the parts where I, = I., ie.,, « = 0 and also
the tendency of over estimation in I, masking the equatorial
anomaly in I.

Reference ;

1) Garriott, OK and F. de Mendonga, J. Geophys. Res., 68, 4917,
Sept. 1963.

2) Ross, W., J. Geophys. Res., 70, 597, Feb. 1965.



INCOHERENT SCATTER MEASUREMENTS OF EQUATORIAL
F-REGION PARAMETERS DURING THE SUNRISE PERIOD

by

Robert Cohen
Jicamarca Radar Observatory, Lima, Peru

and

Willian B. Hanson
Southwest Center for Advanced Studies, Dallas, Texas

Using the incoherent scatter technique the parameters N, T.
and T, have been measured as functions of height and time between
180 and 500 km during the sunrise period. By applying a theoretical
treatment due to Hanson, the electron production function, ¢, and the
heat and radiation losses, Q. and Q., as well as the heating efficiency, e,
have been calculated from these parameters. A value for these quan-
titics has been obtained for three heights, with an average « of about
2.4 eV per fast electron over that height interval. (The variations in
that parameter over the height range may not be significant in Figure
4). The heat loss by airglow radiation and that lost in heating are noted
from Fig. 4 to become comparable at the highest height (375 km).

ELEGTRON DENSITY (FARADAY)

JIGAMARGA , PERU
hikm) 1965 VT 17
500 W
~ey ~
400 s ) 2
300
800
200
0““"II 010\ 120
100
O\ R o W
— N{em?)—=
Fig. 1 — Electron density profiles obtained by the Faraday technique

at the times (75'W) indicated alongside each curve.
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Fig. 2 — A typical measurement of the autocorrelation function,
resulting in the T. and T, determination as indicated.

T=o6"23™ 1085 AUG 170780 W) .
I L i

400

300

— it |k j————

Fig. 3 — The T., T.T: variations with height determined from
experimental measurements such as Fig. 2.
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Fig 4 -- Height variations of the derived parameters.




ELECTRON DENSITY STUDIES AT JICAMARCA

by

J. P. McClure

Jicamarca Radar Observatory, Lima, Peru

The incoherent scatter radar located near the magnetic dip
tquator at Lima, Peru, has been used to study electron density, electron
and ion lemperatures, and ion composition. Electron density observa-
tiens will be presented here. The other parameters will be discuted in

the following companion paper by D. T. Farley.

At Jicamarca, electron density profiles can be obtained up to
heights of several thousand kilometers . The densities up to 600 km is
usually measured by observing the Faraday rotation of the scattered
signal. Above this height the density is measured by observing the total
power ot the scattered signal. Several hundred kilometers of overlap
are generally used when fitting Faraday and power profiles tagether.

All necessary comments about the data are made in the figure
captions. Figure 1 shows the data for 1-2 and 3 February 1965. Figures
2 to 6 show the electron density data and the total electron content
for 17-18 and 19 June 1965. Finally, figure 7 shows the electron density
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JICAMARCA, PERU
1-3 FEBRUARY 1363
om0 By
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1 PER 1H3 2 510 198Y

TIME 175" W) —

Fig. 1 — Electron density contours for 1-2 and 3 February 1965.
Vertical motion of the entire F layer is seen to be very similar
between 1800 and 2400 on both 1 and 2 February.



172 I P. McClur,

v,oanr__ T
sacof %
000 |

4,000

2000

(K}

HEIGHT

200 L

100 .

T —r
VICAMARCA, PERD

1324, 1 FEQ 1568 E
—— 1544, 2FCB 138
- - 1338, 3FED 1988

19 1]



Electron Density Studies 173

I'T[)I|1lI'IT:IT‘I'—IiI'\ril“!J||'FI-|lr1I‘l'

' JICAMARCA, PERU
2-3 FEBRUARY H&8

=l R,

HEIGHT  (Km)

l:lL:'fl|!tllLI|IIIIIIII![iII:lLil
B " “ £l o0 o3 (1] o L] "

arm W:
TIME (75" W) —

"
u IR wa

Fig. 3 — Electron density contours for 2-3 February 1965. On an
expanded time scale we may see more clearly the vertical
motions of the F layer. Between 0000 and 0200 on 3 February
the F layer is seen to drop 200 km with no change in electron

density.



174 1. P. McClure

o e ey # e ey ;
1,600 |- “u.“l B
Wi
3 N JICAMARCA, PERU |
i A 2248 2FEB 1965
15400 | l B 2328 2FEB 1965 |
il C 0016 3FED 1965
I !\ D 0057 3FEB 1965 |
E 0130 3FEB 1965
LEPD | \r'\-\ F 0323 3FEB 1965
1,000

(Km)

oo

HEIGHT

600

400

200

o

ELECTRON DENSITY (em™)

Fig. 4 — Six individual profiles which illustrate the vertical moticn
of the F layer.
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Fig. 5 — Electron density coniours for 17-18 and 19 June 1965. The
spread F observed at 0400 on 19 June was nob preceded by
vertical ionospheric motion, in contrast with all the other
examples shown here.
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Fig. 6 — Total electron content.  This information is contained in
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for easy comparison with satellite electron content results,
More of these plots will be shown in a later paper.
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Fig. 7 — Electron density contours for 17-18 and 19 August, 1965.
The spread F on 19 August began without vertical motion of
the lower part of the F region, but there is evidence of Tift-
ing above the F region maximum just before it began. The
temperature and composition measurements summarized iun
the following paper by D. T. Farley were made on these days.



TEMPERATURE AND COMPOSITION MEASUREMENTS

AT JICAMARCA
by
D. T. Farley

Jicamarca Radar Observatory, Lima, Pery

A series of measurements of the temperature and €omposij
tion of the ionosphere were made, using the incoherent scatter

technique,

during the period [7-19 August, 1965 at Jicamarca,

The quality of the data obtained is believed to be good. The altitude
range covered was 200-1000 km,

The limited results so fay available can be Summarized gas
follows :

1) The concentration of H plus above 500 km was ot the

2)

3)

4)

5)

order of 1-2 x 1p¢ cm™ and wag nearly independent of
altitude and time of day.

The concentration of H. plus was less than 1094 of the
total density at aj] times and at a] heights,

The altitude a¢ which N [g plus] = N [0 plus}

was about 900-1000 km during the day, but dropped to
600-700 km at night,

During most of the day the jop temperature was of the
order of 900-110p K in the altitude range 200-500 km. 1¢
then rose sharply to ar least 20000 x at 1000 km.
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6) At mnight the jonosphere sbove 200 km was very nearly

isothermal, with both T. and T: dropping to values of 600-
800° K.

7) During the day the observed temperatures and scale heights
did not correspond, whereas at night they very nearly did.

JCRRARCA, FETY
|7 WBGEST, 1985
1510-5725 (Tl
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Fig. 1 — A dayiime measurement of composition and ion temperature.
The concentration of He plus was less than 109 at all
heights shown.
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Fig. 2 — A nighttime measurement of composition and electron and
ion temperatures., The concentration of He plus was less
than 10% at all heights shown.
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Fig. 3 — (same as Fig. 2).
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Fig. 4 — A sample set of data used in determining one of the points
plotted in Fig. 1. The functions plotted is the autocorrel-
ation function p (At) of the received signal. This functions
is just the Fourier transform of the signal spectrum. The
good agreement between the theoretical curves and the
experimental data shows that the uncertainty in the composi-
tion is about = 5%, and in the temperature perhaps + 10%.
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Fig. 5 — A daytime profile of electron and ion temperatures.
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SUNRISE STRATIFICATION IN THE EQUATORIAL F-REGION

by

R. B. Norton

CRPL, Boulder, Colorado

Ionograms taken at stations near the magnetic equator
occasionally show a transient stratification during sunrise. It is the
purpose of this paper first to describe these observations and then to
present a simple interpretation of them.

These stratifications can be put in one of twg groups depend-
ing on the presunrise layer and the subsequent behavior of the stratific-
ation. The first group corresponds to a presunrise layer existing at
rather greater than usual altitudes with a critical frequency above about
5 MHz. This stratification begins at low frequency but increases rapidly
until it merges with the foF2 (sce Fig. 1). It usually lasts about one
hour, but may last as long as an hour and a half. The second group
corresponds to a presunrise layer existing at a lower than usual
altitude with a critical frequency of less than about 3 MHz. In this case
the stratification begins near the critical frequency and remains fairly
constant in frequency while foF2 increases rapidly (see Fig. 2). The
stratification weakens and then disappears after a total lifetime of
about 15-30 minutes.

The ionograms taken at Huancayo foi each day between April
1957 — March 1958 and April 1954 — March 1955 have been investigated
for the occurrence of the sunrise stratification. About three dozen
examples were found for sunspot maximum and about half a dozen at
sunspot minimum. Hewever, of these examples, only about one dozen
at sunspot maximum and only one or lwo at sunspot minimum were
well developed. Although they occur throughout the y<ar, the stratifica-
tions occurred most frequently in June and July. During the same
period no stratifications of this sort were found on the Washington
ionograms, thus suggesting that this phenomenon is peculiar to the
equatorial region. N» obvious correlation of the occurrence of the
stratification with magnetic activity was found.
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Fig. 1 — An example of group 1. The critical frequency of foE,
foF1 1% and foF? plotted versus local time for Huancayo, 3
June 1957 and compared with calculations based on photo-
chemistry;
B = 3 x 10* sec? and q = 400 cm™ sect.

Our interpretation of the stratification js very simple and
involves only photochemistry. We suggest that to a good approxima-
tion the stratification results from the addition of the residual layer
with the new ionization which is formed at sunrise. In the case of the
first group the new ionization is formed below the residual layer and
for the second group the new ionization is formed primarily above the
residual layer. As is clear from the comparisons of critical frequencies
in Fig. 1 and 2 and of electron density profiles at fixed times in Fig.

ed profiles. The agreement could be greatly improved by using a more
realistic discription to the solar flux than used in this calculation and
by adjusting the parameters slightly,
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Fig. 2 — An exemple of group 2. The critical frequencies foE, foll%
and foF2 plotted versus local time for Huancaye (4 July
1957) and compared with calculations based on photo-
chemistry;
g = 2x 107 sec? and g = 400 cm® sec™.
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Fig. 3 — An example of group 1. The electron density for fixed times
plotted versus height for Huancayo 3 June 1957 and compar-
ed with calculations based on photochemistry; £ = 3x 107
sect and g = 400 cm™ sec™.
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Fig. 4 — An example of group 2. The electron density for fixed times
plotted versus height for Huancayo, 4 J uly 1957 and compar-
ed with calculations based on photochemistry; £ = 2 x 10
sec” and g = 400 cm3 sec™,

The photochemical rates used in these calculations can be
specified by their values at 300 km; the loss rate was about 3 x 10+
sec™ and the production rate was about 600 cm* sec for the example




PHOTOCHEMICAL RATES IN THE EQUATORIAL F2-REGION

FROM THE FEBRUARY 1262 ECLIPSE

by

R. B. Norton and T. E. VanZandt

CRPL, Boulder, Colorado

A temporary sounding station was located on Canton Island
(2.5°S and 171.4°W; dip 9°) February 1962 in order to obtain ionograms
during a solar eclipse at a time of low sunspot activity. The eclipse
occurred on 4 February 1962 when the 10 cm flux index was 100.
Although the ionograms were difficult to interpret because of sporadic
E and a multitude of stratifications, they have been reduced to give
electron density profiles which have been subsequently analysed to
obtain photochemical rates.

The various critical frequencies are illustrated in Fig. 1. Be
sides the usual E, F1 and F2 critical frequencies an extra E region cusp
occurred primarily in the first part of the eclipse and an F1}% in the
Jatter part. During much of the eclipse, especially around totality,
sporadic E blanketed the E and sometimes the F1 layers. The dashed
lines in Fig. 1 represent a model of foE for times when the E layer
was blanketed. Figurc 2 shows the clectron density as a function of
time for a few fixed heights.

The data at 260 km was analysed to give 8 = 3 x 10+ sec* and
q = 200 cm® sec™. The Danger Island eclipse data® gave 8 = 9.6 x 107
sec and q = 1080 cm™® sec™, but occurred during a perior of consider-
able sunspot activity (10 cm index of 220). The ratio of the B’s for these
two eclipses is 2.5; the ratio of the N. density taken from Harris and
Priester® for the appropriate time and 10 cm flux index is 2.6. The
ratio of q's is 5.4, but includes both changes in neutral atmosphere and
solar flux. If we assume that the Harris and Priester model is
substantially correct then the ratip of atomic oxygen should be 1.4
which implies that the ratio of solar ionizing fluxes for the two
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DIFFUSIVE EQUILIBRIUM AND THE EQUATORIAL
ANOMALY IN ELECTRON DENSITY

by

T. E. VanZandt and R. B. Nortan
CRPL, Boulder, Colorado

and

H. Rishbeth
Radio and Space Research Station
Slough, Bucks, England

Theoretical three-ion diffusive equilibrium profiles were fitted
to the shell-aligned electron density profiles for a pass of

the topside
sounder Alouctte on 17 February 1963 at about 1600 LT,

HEIGHT (km)

GEOGRAPHIC LATITGRE

Fig. 1 — Contours of constant electron density (labeled in electrons

cm™ x 107), Since the densities differ by a factors of two,
the distance between them is the scale height, vertical or

shell-alined. The intersections of apex shells with the plane
of orbit are shown.
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The fit was very good for T = 840 = 70° K; the height where
[He plus] = [0 plus] was 610 =+ 20 km, and at that height,
[H plusl/[0 plus] = 0.3. The field line through the inflection point
of the equatorial ledge had an apex of about 700 km. It is argued that
the ledge normally can be pronounced only when it lies in a light ion
region. It is shown that the equatorial ledge is an jnward facing lip
in the level contours inside the equatorial dome. ’

The discrepancy between this ion composition and those
observed by Ariel in 1962 and Jicamarca Radar Observatory in 1964-65
inferred a solar cycle effect.

©° (CIR LAT)
125* S LGEOG LAT)

o~ {DIP LAT}
1255 [GEOG LAT)

HEIGHT {km}

ELECTRON DENSITY tem®)

Fig. 2 — Vertical profiles of electron concentration at various dips.
N and S. The disappearance of the ledge as it enters the
0 plus region can be clearly seen.
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Fig. 3 — The inferred ion composition. The dashed curve js the
field aligned distribution and the solid curve is the vertica]
distribution at the equator,



THE EFFECT OF I1ONIZATION TRANSPORT ON

THE EQUATORIAL F-REGION

by

W. B. Hanson and R. J. Moffett
gouthwest Center for Advanced Studies

Dallas, Texas, U S.A.

A full time-dependent solution is preseniend for the plasma
continuity equation

sN/3t = P — L Div ¢

in the vicinity of the equatorial F region. The production and loss terms
(P and L) are assumed to be due respectively to solar-ultraviolet radi-
ation and to a linear loss mechanism which is characterized by the
scale height of molecular nitrogen. It is further assumed that the
concentration of oxygen jons is equal to the clectron concentration N;
such a restriction limits the validity of the derived values of N at high
altitudes where light ions may predominate, but will not appreciably
affect the applicability of the solution near the F2 peak. The plasma
flux ¢, represents the net motion of either ions or electyons due to both
electrodynamic drifts and diffusive processes. The particle velocitiex
associated with ¢mall currents which flow perpendicular to the magnetic
field are neglected in ¢, but the Biot-Savart forces associated with these
currents are included in the equations.

Figure 1 represenis the solution obtained for a set of atmo-
spheric parameters chosen to represent conditions near sunspot
maximum. In effect, the electron concentration contours show the
values of N which would be achieved in 2 magnetic tube of force which
diverges with a constant equatorial velocity of 10 m/sec. The equatorial
crossing distance of the tube changes from 200 km to 2200 km during
the course of this movement, with a total time lapse of 2 x 10° seconds.
The solar conditions and the atmospheric parameters are held constant
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at their noon values during this period. Even with rather severe
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Effect of lonization Transport
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large changes in the electron temperature produce drastic
differences in N above the peak, they have little effect
on N below thjs altitude, This situation alsg obtains valyes
of N at higher latitudes which are pet shown in the figure .
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5 — Shows an asymmetric jonosphere produced by the combined

effects of a vertical equatorial drift of 15 m/<ec and a north-
south neutral air velocity of 60 m/sec.  This north-south
wind has two main effects on N which tend to cancel each
other. The fact that plasma produced 1n the Northern
hemisphere is blown 1o the south to be recombined will
cause N to be larger in the south. The wind tends to raise
the F- peak in the Northern hemisphere and lower it in the
Southern hemisphere, however, So that re-combination
proceeds mere rapidly in the south. The net result of this
competition produces the fixed height contours shown in
Fig. 5 where it can be seen that NmF2 is of the order of
10 percent larger in the Southern hemisphere.
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everywhere when the sun (P) was “turned op” to an equilibrium
condition. The solution applies to the distribution along the field line
which crosses the €quator at 700 km,
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DIFFUSION AND ELECTROMAGNETIC DRIFT IN THE

EQUATORIAL F2 REGION

by

E. N. Bramley and M. Peart
Radio and $pace Rescarch Station

Slough, Bucks, England

Calculations of the equilibrium electron density distribution
in the F2 region of the equatorial ionosphere are described. The effect
of photoionization, loss, diffusion along peomagnetic field lines, and
an electromagnetic drift of arbitrary magnitude are included. The work
is an extension of previous calculations in which the drift was included
as a perturbation effect otly. It is found that under representative
daytime ionospheric conditions an upward drift of a few meters per
second is sufficient tc produce an equatorial anomaly which is
quantitatively similar to that observed experimentally.

Note ¢n Symbols and Parameter Values

Symbols

H Scale height of ionizable pas (used as unit of lenght)

a geocentric distance of level of peak production (z = 0)
at the eguator (@ = 0) for overhead sun.

Un peak photo ionization rate at z = 0and @ = 0

d, diffusion rate (D/H?) for z = 0

B linear loss coctficient: g = 8. exp(—kz)

o upward drift speed at z = 0, = 0.
p - g d,L = gd, W = ofd,

Values fxdopted

a = 80, H = 82 km (corresponding to sunspot maximum conditions)
k = 2 (i.e. scale height of 8 is taken to be H/2)
dy =5 x 107" sec™

P = 2x 100cm®, L =2500 W=1 and 5
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The values W = | and 5 correspond for the above value of d,

lo upward drift speeds of 4.1 and 20.5 m sec™ respectively at the
reference level at the equator.

Fig. 1 — Contours of electron density (in units of
function of latitude and height .
units of 1 scale height of the ion
reference level of 180 km. The
reference level is 4.1 m sec™
sec™ for the bottom one.

10° cm™®) as g
The height is measured in
izable gas (82 km) above a
vertical drift speed at the
for the top figure and 20.5 m
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GEOMAGNETIC CONTROL OF THE EQUATORIAL TOPSIDE IONO.-

SPHERE AND ITS ASSOCIATED CURRENT SYSTEM

by

Richard A, Goldberg
Goddard Space Flight Center — NASA
Gueenbelt, Maryland, U.S. A

A detailed study of the momentum transport equation for
charged gaseous fluids moving through a neutral 2as suggests that the
equatorial - geomagpnctic anomaly is simply the natural steady state
electron deusity distribution one would expect under the influence of
gravitational, electric, ang magnetic ficlds and production and loss,
when interaction with the neutral medium Is negligible™ Figure 1
demonstrates the type of comparison one obtains between the calculat-
ed and observed topside constant height electron density profiles for
an isothermal dtmosphere™, Furthermorve, the agrecement between
measurement and theory can be cxtended down {0 the F2 layer density
peak when a more realistic model g included for the vertical
lemperature distribution of clectrons and jops'

The distribution iflustrated in Fig. 1 is supported by the
longitudinal component of the F region «urrent system, as given by the
following equation™

(—=1/Nt) (8N/80) — (1/er) (s, 87) = (r ML 4k ) (cond ns)jn (1)
where N s electron number concentration, - js the average of the
electron and ion temperaturcs, (r, ¢, ¢} are the spherical polar

coordinates, j& is the longitudinal component of current density per
unit particle, j.e.

T = e (vi — v,) (2)

where ¢ is clectron charge and v, v, are jon and electron velocities
respectively. Finally, M., y, and k are physical constants.
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Fig. 1 — Comparison of theoretical curves, using the momentum
(ransport cquations for electrons and ions, with Alouette
observations.

1f we consider equation (1), and assume that 87/80 <& 3N/8§4
we see that j® is directly proportional to {1 /N)EN/8, and thus, the
current density is dircctly proportional 1o the north-south slope of
density 8N/3¢. We see that there can be no gradient in the north-south
direction, and hence no anomaly, when j® is absent.

The ion-electron velocity difference latitudinal profiles at
constant height for the model illustrated in Fig. 1 can be calculated
using eguation (1) and are shown in Fig. 2. We note that the anomaly
requires an easterly flow within its crests, and a westerly pattern beyond
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its crests, the crest marking the focus of the current system, This is 5
similar conclusion tg that from theories making use of the continuity
cquation and assuming a vertical upward drift (and hence eastward
electric field) at the equator. These theories also find that a westward
clectric ficld (or current) is incapable of producing the anomaly,

The current system represented in Fig, 2 is extremely small,
many orders of magnitude below that calculated for the E region.
Nevertheless, it bears a striking resemblence to the E region system
qualitatively. Furthermore, preliminary  studies indicate a strong
cerrclation between variations in the B region current system magnitude
and the measured slopes of the geomagnetic anomaly (ratio of crest te
trough), the measure of the F region current system. This suggests tha.
the tidal forces and other effects responsible for E region behavior
may also control the destiny of the F region density distribution

GEOMAGNETIC DIp
430 360 282 194 99 0 99 194 282 360
1 T T T T T |

T T T
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PROFILES OF

5L LONGITUDINAL
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) VELOCITY )
g i) DIFFERENCE

Al i

1+

G —

1 :l : l 1 i J . L :

B 20 15 10 5 0 5 5
GEOMAGNETIC LATITUDE
N _ °5

Fig. 2 — Constant height profiles of longitudinal jon-electron velocity
difference  calculated theoretically from the mormentum
transport equations for clectrons and ions.
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THEORY OF RESONANCES IN TONCOGRAMS TAKEN BY

SOUNDERS ABOVE THE IONOSPHERE"

by

T. P. Dougherty
and
J. J. Monaghan**
Department of Applied Mathematics and Theoretical Physics,

University of Cambridge

This paper describes a theory of the resonant eltects observed
by sounding cquipment on the ionospheric satellite “Alouette”. The
model consists of ap oscillating dipole immersed in a uniform hot plasma
with uniform magnetic field. A formal expression for the electric field
throughout Space is readily constructed. In simple cases (zero
temperature and cjther no magnetic field or infinite light velocity) this
reduces to an integral which can be evaluated analytically and the
resenance shown explicitly. Tn general we try to locate the [ requencics
at which resonance wil occur without cvaluating the field. This can
be done by the “pinching-poles” technique used jn quantum [ficld
theory .

The results show that fesonances would oceur at the following
frequencics : the plasina frequency, u,: the gyrofrequency of the electrons,
oond its harmonics nee, the “hybrid” frequency (o + 02302 and
the “aero range” {requencies, which satisfy w?* - 0, ©'y = 0. Some
idea of the relative importance of these resonances can also be gained
for the theory. The fundamenta] of the gyrofrequency series, and the
Zero range {requencies, would give only weak resonances. The series
@ nf has a complicated structure, and ig really the superposition
ol Tour series, some of which arc slightly  shifted from the exact
harmonics .

To be published in Proc. Roy. Sac. (London)
Now nt CSIRQ, Sydney, Auvstralia.



S$UMMARY OF THE SESSION

by

T. E. VanZandt
CRPL — Boulder, Colorado

and

W. B. Hanson
Southwest Center for Advanced Studies

Dallas, Texas, U.S.A.

Kitg showed that maps displaving cunlours of foF2 vs. latitude and
local Gme (that is, at a given U, T.) can be described in terms of ridges of
[0l 2, and that the cquatorial anomaly ridge is most intense when il is joined
by a midlatitude ridge during the day. e also suggested thal the anomaly
lo.,ms beiow hmaxF2 at synrise and moves upwards until it becomes evident
as the cquatorial anomaly after il moves through hmaxF2.

Vila studied the morphology at the cquatorial anomaly in Alrica using
rround-based and airborne jonosondes. From the dimes angd places of occurrence
of the regular Fil: layer he suggests that it is causecd by diffusion of photo-
clectrons olong the fickd lines.

Lyon and Olatunji pecsenied a thorough study of the morphology of
(e jonusnhere at 1badan over a sunspol cycle.

Rastogi showed that the behavior of the F2 layer at Natal is different
lrom that at other cquatorial stations. He suggested that this is correlated with
the farge angle between the dip equator and pavallels of Jatitude ot Natal.

MeClure, Cohen and Farley picsented very importante preliminary restlls
from the Jicamarca Radio Observatory. Large vertical motions were observed
at night. lun and electron femperatures and ion compusition were measured.
It was shown that the variations of T, at sunrisc arc consistent with the theory.

Skinner, Hunter and Mendonca  discussed  the measurcments of lotal
clectron content using satellite becacons.

Rastogl discussed the morphology of lunav tides and Yonezawa analized
the scasonal non-seasonal, and serni-annuat variations of fol2.

Three papers were presented based on analysis of the Alouette data in
the equatorial region. VanZandt, Norton and Rishbeth found that a change in
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ion composition from 0 plus to He plus occurred at an altitude of approximately
600 km over a rather wide region near the equator. It was also found that the
plasma temperatyre was constant throughour this region. They further pointed
out that the “ledges”  found on cqualorial  lopside profiles were much more
likely 1o be observed in the Light jon region than in the heavy ion region
because a given smalj change in N corresponds to a much greater range change
when the scale height is large.

Thomas, Clian, Cclin ang Rvcrolt plotied verlical scale height profiles
at fixed height through the equalosial region ang showed that at low latitudes
WO symunetric inaxima in real height appeared, while ¢ high altitudes two
similarly placed minima eecurred. They presenicg an cquation from which it
is possible to recover the scale heigh along  field lines Irom the measured
vertical and lorizontal scale lengths.

Somayajulu noted that tic top of the cquatorial “dome” iy closcly related
o the transition altitude from 0 plus 10 He plus ions and suggested that there
may be some causai relaticuship :

The photochcmjslry of the Flayer during an cclipse was discussed Dby
Norton and VanZandr. They showed that gooud cgreement between the electiron
concentrations observed during the February eclipse in 1962 and the calculated
behavior could be ubrained Usthg reusvlabie values for the almospheric para-
meters and ionizing radiation intensity. Googl adreement was also obtained with
eclipse date taken during sunspot maximuwm. The fact (hay commonly accepled
model atraospheres we.e used in these caleulations lends considerable Suppori
1o the validity of (hese models, and to thejp dependence on SUNspot number.
It appears possible to provide a natural explanation of the morning maximum
in NmF2 v terms of Photochemistiy  aigpe willrout invoking any ionization
lransport vifecis.

Norton also gave evidence thal the transient sunrise Flv: layer is the
consequence of photojomzation below an excepliouatly high nighttime F?2 layer,

Two papers wore Picsented, one by Bramiey ang Peart, and ope by
Hanson and Motlett, which demonstrated that the main features of the daytime
equatorial F region can be produced by ihe action of solarultraviolet produc-
tion, diffusion, a linear 1058 process, and electrodynamic drift. The vertical
drift process is shown to be an essential feature, with ang upward component
af 5 m/sec to 20 ni/sec being requtired to ghiain Applelon’s peaks in the observed
range of amplitude and tatitude. Hanson and Moffett also demonsirated that a
10 percent asymmetry in NmF2 between the Northern and South
can be produceq by a north-south wind of 60 m/sec blowing ac
The enhancernent occurs in the hemisphors toward which the
They also showod the time dependent nature of
profile dwiing the transient phase after a production

¢ru hemispheres
ross the cquator,
wind is blowing.
the electron concentration
term is suddenly turned on,
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A further step in describing {he distribution of plasma above 2 peak
which results from diffusive equilibrium along magnetic ficld lines and which
is associated with a given equatorial N (h) profile was presented by Goldberg.
He presented calculations of the cur.ent system which produces the Biot- Savart
loiLes necessary 10 maintain the derived plasma distribution under the action
of gravily, Pressurc gradients, and the presence of the carth's magnetic field.
This current system 1$ uniquely speciiicd for n given cquaiorial proiile, provided
that T, 'k, and m; are left unchanged.

Dougherty and Monaghan discussed the origin of the plasma resoOnances
which arc observed with the Alouette salellite i terms ol the dispersion
relationship for the eleciric ficld of an oscillating dipole immersed in a uniform
hot plasma. The flequencics of interest  are {hose which propagate with
essentindly zero group velocity, 1. e., the excitations must remain in the viciniky
of (he salchite in order 10 be detecled. For dircctions perpendicular to the
magnetic licld a scries of solutions lor yeal o and & are found. Each solution
las three points at which the group velocity is zero, the choice of a set of these
soros defines serics of plasma resonance frequencies. IL appears that the set of
frequencies with K of the order of the reciprocal electron Larmor radius does
nel agree satisfactorily with the ohserved frequencies, The choice then must
be made between very large k values corresponding to very small dimensions,
or more probably to very small k values which would be dictaied by the anienna
dimensions. Unfortunately, the solutions beccome rather complicated for small
k, and it is difficult to obtain the results with high accuracy. In addition
to these perpendicular TCSONANCes, it 1s also possible to excite 1the plasma
[requency, which propagates parallel to the magnetic ficld.

o i——————
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V — F-REGION DISTURBANCES AND IRREGULARITIES

(Discussion Leader: J. P. Dougherty)

Review Paper

by

Robert Cohen

Jicamarca Radar Observatory, Lima, Peru

The ionouspheric Freglon is characterized not only by electron density
variations that are relatively smooth module scale height, but also small
Fluctuations in the electron density which vary with space and time. These can
be described by the function.

SN = SN (xyz: 1)

The fluctuations of this sort that are always present give rise (o the wecak
scattering of radio waves known as incoherent scaiter, but occasionally the fluctu-
ations tend to become organized with respect to the magnetic field lines in such
a way that they produce what are known as field-aligned irregularities of elec-
tron density. These irregularities produce a strong scattering of radio waves
which are incident to the lield lines in a perpendicular orientation, and for that
reason they arc referred to as being “aspect sensitive”.

The spatial properties of the irrepularities at any instant can best be
described by means of an autocorrelation function,

p(l') o« €Xp (-r/1)

where 1 is known as the scale size, and tends to be large in the field direction
compared to the directions transverse to the field.

The irregularities present at a given moment can be described by a
spectrum of scale sizes, and the interaction of radio waves that scatter from
the irregularities to given coherent echoes at normal incidence to the field Yines
is determined by the Fourier component of this distribution comparable to the
wave length of the exploring wave. The larger irregularities, on the other hand,
are the determining factor for the forward scattering of radio waves that is
experience on receiving scintillating radio signals from sources in space. The
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mediun is indicative of the possibility that both large and small scale irregula-
rities can coexist in the spectral distribution, and # is possible that the large
irrcgularities resupt in the ultimare formation of the smaller ones.

In the equatorial region, as contrasted with temperate latitudes, Dot
the large wng small irregularities occur less frequently during times of magneiic
activity, and as ag other latitudes, they occur most commonly at night, There
is appreciable experimental evidence that both the small ang farge irreguaritios
are atigned with the earth’s magnetic field.

The large or “thjck” irregularities aye lrequently referved to as “wave.
guide” Irrcgularities because of thejr ducting property, first inferred from the
appearance of equatoria] ionograms. Now that it has been bossible to orbit an
waesuile in their midst, this waveguide Propagation has cnahled their localiza-
tion it space. Although the bresence of large irregularitics was recognized
lrom scintillation studies, it has been difficult by that technique to establish
specitic spatial Pioperties regarding them, such as their height of occurrence,
The in sim measurements by the §.27 and 548 topside sounders, on the other

Nand, are a powerfy] tool in obtaining detailed spatjal characteristics of the
waveguides.

O2 equatorial bottomside ivnograms, the thin irregularities and the thick
uregnlarities rmanifest themsclves ay “cquatorial spread-F”  ung “lemperate
latitude spread-F*” configurations, respectively. Some lonograms are complicated

of both kinds.

A significant observation with $-27 is the discovery (hat paltches of the
thin, scattering irregularities arc at tirmes distributeg along magnetic tield aligned
shects. However, they are propably not patches of overdense lunization, as
stated in references.

The spatial distribution of ihe thin irregularities ag obtained from top-
side ubservations during a six montk periog beginning in September, 1962 js
shown in Fig. 1. There is no indication of equatorial  irregularities present
during the afternoon hours, but there are sometimes Irregularities present in
the morning houyrs. This feature of (he sunspot minimum period had earlier
been noted from ground-based ionosondc observations

The distribution of waveguide irregularitics js sometimes obscureg by
the presence of the thin irregularities, so if may not be significant thag few
of these are noted from the topside near the equator, (Fig. 2). However, for
the period around SuBspol  maximum, bottomside sounders indicate g more
plentiful “Quatorial distribution of presumably wavegnide irregularities giving
ris¢ to frequency spreading (Fig. 3).
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Fig. 3 — Spatial distribution of waveguide irregularities deduced from frequency
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raximum,

It is perhaps ap understatement to conclude that the equatorial F region
irregularities are litile understood theoretically, and this is also the situation
with respzct to those encountered at other latitudes. It is probable that the
irregularities result from various plasma instabilities, since turbulence is
unlikely at the heights where they occur. However, it has so far been difficult
1o establish just what state of the fonospheric plasma js conducive to the
instabilities involved. [t is possible that gravity waves produce the very large
Irregularities that are neted as largescale perturbations of the electron density
profiles, otherwise known as “travelling disturbances”,

One theoretical analysis for the equatorial case has shown that pre-exist-
ent scattering irregularities beiow hmax will be amplifield in intensity by a rise

report.

The irregularities in the equatorial F region tend to be mare highly
elongated than those encountered at other latitudes. Axial ratios of scale sizes
range from 10 to ! or more. The spectrum of irregularity scale sizes transverse
to the magnetic field lines reporied by various workers ranges from several
meters to several thousand meters, while their length along the ficld lines is
estimated to extend from at least several kilometers to the many thousands
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of kilometers associated with the conjugate ducting observed from the topside.
The ducts observed in this way may be identical with those that propagate
whistlers.

Insofar as tlme variations and lifetimes of irregularities, it has been
suggested that they may he formed at sunset and persist through the night.
However, there are observations at 18 MHz indicating that individual patches
have lifetimes varying fiom 10 to 150 minwutes, with an avcrage value of about
20 minutes. For paiches of irregularities observed by the study of radio-star
scintillations, the internal structure of the patch did not change appreciably
during its motion across the gobserving point.

During the high sunspot activity of the IGY, irregularities over Peru
were common except during May, June and July of 1958 However, over Africa
the scasonel variation at low sunspot activity seems 1o be just the opposite, and
there is less variation at sunspot maximum.

The thickness of irregularity patches has been variously estimated as
ranging between limits of 10 to 400 km, with comparable east-west and north-
south extents.



SATELLITE SCINTILLATIONS FROM LOW TO HIGH LATITUDES

by

J. Aarons, B. Ramsey and H. Silverman
Air Force Cambridge Research Laboratories
Bedford, Massachusetts, U.5.A.

during the period April 20-30, 1965. The sites were Arecibo, Puerto Rico
at 19° N, Sagamore Hill, Mass. at 42° N and Thule Greenland at 78 N;
all were close to the 70" W meridian.

Using the high inclination satellite, § 66, records were made
of 40 MHz and 41 MHz transmissions. Two time periods were analysed,
1400-1700 E.S.T. and 0200-0430 E.S.T.

Figure 1 (Rev. 2717) is a tracing of records from the three
stations. Portions A and B show little or no scintillation at Arecibo or
Sagamore Hill; they are for identical time periods. The “closest
approach” records of 1 C show no scintillation ; however the scintillation
at 1613-1614 recorded at Sagamore Hill and those simultaneously obsery-
ed at Thule show high indices as the satellite sub-ionospheric latitude
approaches the auroral zone.

latitude is readily seen.

A similar pattern is observed in Fig. 2 with the difference being
that scintillations are observed farther to the north than in Fig. 1. An
entirely new set of record is shown in Fig. 3 which display a record
(Rev. 2669) taken on April 22, 1965 where medium level scintillations

(253-50% ) are observed from ¢ to 60° of latitude. The scintillation index
is defined as follows:

SCinti]latiOD Index. = (Sma.x - Smln)/(Smax + Smtn)
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Fig. 3 — Scinti'lations observed from 0° to 60° latitude.

1f the signal reaches base level as {shown in Fig. iE) then 100%
scintillation index is noted.

The latitude structure that is revealed for these time periods
during geomagnetically quiet days is as follows :

The daytime scintillation structure is for scintillations of the
“eyrtain” variety (invelving a boundary near the auroral zcne) to be
absent during the day at low and middle latitudes but to be present at
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SATELLITE SCINTILLATICN OBSERVATIONS DURING LOCAL

SUMMER AT LOW SOUTH GEGMAGNETIC LATITUDES

by

S. M. Radicella and A. H. C. de Ragone

Universidad Nacional de Tucumén, Argentina

Records, in a total of 200, taken at Tucuman (26.9° S, 64.5° W)
during local summer, of the 40 MHz signals of the satellite Explorer
XX1I (S-66) have been analyzed in order to provide elements for
studies of occurrence and importance of scintillation at low latitudes.
A well defined diurnal variation, with the largest scintillation activity
arcund local midnight was observed, as found by other investigators.
Very few cases of scintillation were observed (Fig. 1) at noon hours.

DIURNAL VARIATION CF SCINTILLATION
GCCURRENGE AT 40MHz  (S-66 SATELLYTE)
TUCUMAN LOCAL SUMMER, 1964 ~1965.
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In order to study the latitudinal variation, 29 transits of the
satellite were analyzed in detail for the interval of time from 2200 to
0200 L.MT, avoiding in this way the diurnal variation of the latitudinal
behavior. A strong increase of the occurrence of scintillation appears
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north of the observing site while to the south the cccurrence remains
constant (Fig. 2). At the limits of the latitude interval under corsider-
ation it is observed that the occurrence of scintillation activity is great-
ly decreased. The same data has been analyzed excluding sateilite
passages with elevation angles smaller than 20°, however no important
differences have been obtained in the results with this procedure (Fig. 3).
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In the analysis of scintillation reported herein, two indices have
been defined considering separately the relative amplitude and the rate
of fading of the scintillation (Fig. 4). The occurrence of scintillation
for the different values of the two indices for all elevation angles has



Fig.

Satellite Scintillation 225
been studied. The most important obscrvation that can be made is the
fact that during the interval of time under consideration, both amplitude
and fading rate of scintillation are pre

dominantely high (Fig. 5 and 6).
No evidence of any longitudinal variation has been found.

TUGUMAN 22.00-02.00 LHT

4 — A display of scintillations on the signals of $-65 showing the
indices for amplitude (A) and fading rate {(R).
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The observed latitudinal variation can be explained by an
increase of scintillation activity towards the equator and 2 decrease of
activity (both to the north and to the south of the station) due do the
decrease of the value of the angle between the direction of the wave
propagation and the direction of the magnetic field line, as suggested

by Mawdsley.



IONOSPHERIC STUDIES USING THE TRACKING BEAGON ON THE

“EARLY BIRD” SYNCHRONOUS SATELLITE

by

J. R. Koster

University of Ghana, Legon, Accra, Ghanga

Continuous recordings were mads of the 136 MHz signal from
“Early Bird” for a period of 81 days between 24 May and 12 August
1965 at Accra, Ghana., Yagi antennas were vsed and the signal amplitude
was  recorded. Thesc recordings  were used to siudy  scintillation
occurrence (Figs. 1 and 2).

-
3
..
-3

SCNTILATICNS
—

2
T
—

CUARENCES oF

HUMIER OF gt
[:]
[}

i

ﬁﬂ 1l '.}” ” :WHJEJLWL _

FD 2%
HOURS GM T}

Fig. 1 — Number of occurrence of scintillation in each twenty-minuie
interval of the day during the 81 days of the observations.
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Fig. 2 — Time and duration of all occurrences of scintillation during
the 81 day observing period.

The results confirm previous finding of the diurnal variation
of scintillation, with a pronounced peak at midnight. The average time
of scintillation was less than 30 minutes during dayilme versus 95
minutes at nighttime. Amplitudes of scintillation were also smaller dur-
ing the day. With respect to polarization it was noted that the, correl-
ation between signals received on crossed antenass was not significantly
less than that received on parallel ones. The amplitude of scintillations
was found to have nearly a Raleigh distribution. The size of the
irregularities was such that the mean E-W size of the pattern on the
ground was 232 meters, the axial ratic of the correlation ellipse was
found to be 60 to 1. The value of the eccentricity of the ellipse was
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determined utilizing a 21 km baseline and was found to be 0.99986 =+
0.00030. Mean velocity over the ground was 78 m/sec towards the
¢ast. (See Figs. 3 and 4).

T
syl
Mol

Fig. 3 — The EW velocity distribution for the §2 records analyzed,
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Fig. 4 — The distribution of size of irregularities found from the full
correlation analysis of 62 rccords.
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By monitoring the Faraday polarization rotation of the electric
field vector of the carrier beacon, one can measure continuously the

total electron content between the satellite and the observer. A total

daily roiation of about 70° ocurred. (See Fig. 5).
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SOME FEATURES OF EQUATORIAL SPREAD-F AT LA PAZ

by

G. R. Mejia
Laboratorip de Fisica Cdsmica
Universidad Mayor de San Andres

l.a Paz — Bolivia

The phenomenon of Spread-F near the geomagnetic equator
shows two basic configurations known as (a) Equatorial type or
frequency spreading component and (b) Temperate Latitude type or
range spreading component.

Data from five stations about the geomagnetic equator in the
Amecrican zone have been used. Monthly means of the percentage of
occurrence of Spread-F for both types were calculated. A solar control
effect in the occurrence appears to exist. Simultaneous percentages of
incidence of Spread-F and nighttime Sporadic E are studied and the
sudden disappearance of the Es at 18-19 hours period seems to have
some correlation with the vnset of Spread-F.

The Frequency of occurrence of Spread-F is shown to be more
prevalent at sunspot minimum that at sunspot maximum at La Paz.
The geomagnetic activity is clearly shown in both types of Spread-F
at La Paz and Huancayo.

The results ars described in the captions of the following five
hgures.
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Fig. 1| — The 1958 year monthly mean for the frequency spreading

(SP:) and range spreading (SPr) components are plotted
from data of five stations located pear the Geomagnetic
Equator. Their coordinates are shown in Table I. It is easy
to deduce from it that the monthly mean maximum in both
components shows some type of solar control in its latitude

variation.
TABLE 1
GEOGRAPHIC GECOMAGNETIC
Station Symbo! Lat, Long. Lat. FLong. Dip
1a Paz LP 16°32'S 68°03'W 05, 0 s 0ug, o —Q5
Huancayo HU 12°03°’S 75°20W 0. 6 § 358, §&° 02»
Chimbote CHB 09°04'S 78°35W (2. 2 N 350. 4 06

Chiclayo CHC 06°48'S 79°99°W 04, 4" N 349, 2v 100
Talara TA 04°34'S BI'I¥W (4. 6" N 347. 13
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Fig. 2 -— The curves with filled circles represent the maximum in the
sudden Sporadic E disappearance time distribution, the
curves with open circles represent the onset time in Spread-
F; and the dashed curves represent the maximum spread
time along the stations. There seems tg be a positive time
correlation between the Es disappearance and the onset of

the spread, quite similar to the one between the increase on
the height ¢l F layer and the onset of the spread-F, because

in both cases there are aboul (wg hours delay times.
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Fig. 3 — Monthly mean hijstograms showing spread-F, simultaneous
Es occurrence and Es to SP relation. Huancayo has lower
percentage in the Es/SP relation in both components of the
spread. The higher percentage reached during the month of
July and for the SP: type is due to the fact that there were
a few cases of spread (half an hour cases) and all of them
had simultaneous Es occurrence.
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Fig. 4 — Solstice and Equinox

percentages in incidence of Spread-F

during 1958, maximum solar activity, and 1964, minimum
solar activity. The SPr diurnal variation shows a greater
percentage of occurrence for the early hours of the morning
during 1964 and during the last hours of the night during
1958. For the SPu type this i not shown. Also a higher
decrease in percentage OCCuUrs during the high than in the
low solar activity years.



258

NOTE

a)

b)

G. R. Mejia

-%‘ P g - [T ™ - L LITTE)

wgctr Ll . o
- - - A
":M( A :%ﬁ
- rose : e : e
o A
e TN e _'A’"
TR
‘\_ -
:E"JMA .'%‘x;-o ey ﬁv.://\;\"
L LT - LR - (™
.- N
"y RN
RIEretoMbrs BN co N SOW Teantain

and circles to the frequency spreading component.

The Solstice and cquinox
ing way:

pertods are taken in the follow-

Summer Solstice - Nov,, Dec., Japn. and Feb.

Winter Solstice . May, Jun., Jul. and Aug,

Equinox : Mar.,, Apr,, Sept. and Oct,

The f plot fepresentation was used. Onp it the SP; and sp,
configurations are represented with a dashed ang full line
respectively parallels to the frequency axis.



EQUATORIAL SPREAD-F AT 1IBADAN

by

Arthur J. Lyon

University of Ibadan, Nigeria

Solar-cycle Variation

Figure 1 shows the variation with sunspot number of F, the
uccurrence frequency of equatorial spread-F at Ibadan. F represents the
percentage of occurrences of intense spread-F showing no signs of group
retardation between 1900 hours and 6000 inclusive. The data are annual
means from 1959 to 1964, and show a steady decrease from about 50%
at sunspot maximum to about 30% at sunspot minimum.
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Figure 2 shows the variation of F through the

from 1952-64, and als

Arthur J. Lyon

Annual Variation

o that of midnight h'F. Both

year, averaged
show a marked

increase in local summer.

50~ *

wl o ’ Fig. 2 .~ Annual vari.
\\/ ations (a) of spread-F occur-

20l rence frequency, F, throughout

- the night and (b) of midnight
\ mE 300 h'F,

MAR JUN SEP

Estimation of Electron Densgity

Bcecause of the high incidence of intense equatorial spread-F,
no critical frequency can he measured, the practice has been
adopted as Thadan, since 1958, of scaling a top frequency less half the
gyrofrequency (0.4 MHy at Ibadan) in o manner similar to that used
for f0Es. These measurcments have been qualified by the letters

QF, and have been included in the monthly medians tabulated in Ibadan
bullctins.

when

This procedure has been adopted in the belief that the top fre-
quency gives at least an approximate indication of the critical frequency
of the underlying fonization. Fisure 3 suggests a
of this belicf. Many cases occur
¢quatorial spread-F while the adjacent hour ol
is then possible to compare interpolated values of critical frequency
with the OF values. The figure shows a mass plot of “QF” values against
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corresponding “INT” (interpolated) values. The points lie about equally
on either side of the line drawn at 45° to the axes. This suggests that
QF walues correspond roughly, on the average, to the unobservable
critical frequency. In individual "cases hrowever the difference may be
quite large, and reliance cannot be placed on individual “QF” values.

Lk I8ADAN

Fig. 3 — A mass plot of top frequency of spread-F (ordinary wave,
denoted by symbol QF) against corresponding interpolated
values (denoted by “INT”).




CORRELATION OF SPREAD-F AND MAGNETIC ACTIVITY
AT NAIROBI

by

R. F. Kelleher
University College Nairabi, Kenya

The veeurrence of spread-F at Najrobi has been calculated for
the International Quict and Disturbed days during the period March
1964-February 1965. The simple expedient was adopted of counting the
number of times [oF2 reading in the ionogram reduction sheets is
qualified by [, JF, UF, or is entirely replaced by F. No distinction has
been attempted between types of spreading.

Fig. 1 shows the results for the whole year. The occurrence
ts slightly higher on disturbed days. The seasonal variations (Figs. 2-5)
show that the periods before and after midnight behave in opposite
sense with respeet to magnetic activity, The maximum occurrence of
spread-F is in June, and the minimum is in December,
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Fig. 1 — Percentage of occurrence of spread-F versus local time for
quiet and disturbed days for the whole year.
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THE SIZE OF LOW LATITUDLE IONOSPHERIC IRREGULARITIES
AS DETERMINED BY THE ANGULAR DIAMETER OF

DISCRETE SOURCES

by

Jules Aarons and Donald Guidice
Air Force Cambridge Rescarch Laboratories

Bedford, Mass., U.S.A.

Several methods have been used to measure the size of the
irregularities producing ionospheric scintillation. The most frequently
uscd technique is to measure the size of the shadow pattern on the
ground by spaced receivers using radio stars or satellites as the sources
of radio frequency cnergy.

Another technique is to utilize the angular diameter of the
discrete sources to determine irregularity size. A large angular diameter
source does not scintillate; a small source does. The phenomenon is

divectly analogous to the optical portion of the spectrum where stars
scintillate but planets do not.

Using the 1000 foot diameter spherical antenna at Arecibo,
Puerto Rico (19 N, Magnetic Latitude 32* N) we have taken drifts and
“cuts” (in declination and in right ascension) of sources varying in
angular diameter from less than 1’ to greater than 29'. All observations
were done in the time period 2200-0500. Eight sources were observed
with angular diameters less than 5’; one source, 3C157, had an angular
diameter 29’ while another source 3C392 had a diamcter of 16’.

Figure 1 shows the source 3C123, whose diameter was less than
I’, scintillating at the four observed frequencies 22.3 MHz, 26.7 MHz,
33.45 MHz and 38.75 MHz. Scintillations are correlated at all four
{frequencies leading to the conclusion that weak scattering was taking
place throughout the spectrum observed. Figure 2 (3C157) shows no
scintillations during the scan across the 29" extended source.
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DECLINATION CUT OF 3¢ 123
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DEC. RATE = -30%HR  TIME GF PEAK: 0210 ASY

ZENITH ANGLE AT PEAK = 11.7Q°

Fig. 1 — Declination scan of 3C123, a source of narrow angular dia-
meter (1'). Scintillations of long period (30 seconds- 1
minute) are well correlated indicating weak scattering.
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DECLINATION CUT OF 3GI57

HTR g T e O8N0
PATE's 30°/HR TIME OF PEAK 0331 AST
- ZENITH ANGLE AT PEAK = 4.83°

2 — No scintillations are observed in these recordings of the

Fig.
,.fxt?n_c!et.:l' source 3C157 (). .
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Since it is possible to have irregularities in the distribution of
irregularities from day to day, we have compared two records taken
consecutively, 3C353 a source of 4’ diameter (Figure 3) and 3C392, an
extended source of 16’ angular diameter (Figure 4); the former scintil-
lates and the latter does not.

DRIFT OF 3¢ 353
APRIL 24, 1965

; ; 10
ZENITH ANGLE » 2000°  TIMEOF PEAK: 0358 AST

Fig. 3 — Scintillations of 3C353 (4) are shown in this drift taken
immediately before the drift of Fig. 4.
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DRIFT OF 3C 392
APRIL 24, 1965

0420 0430 0440
ZENITH ANGLE » 20° TIME OF PEAK: 0429 AST
Fig. 4 — No scintillations have been noted in this extended source of

16" (3C392). This is the smallest source which failed to
produce scintillations in the study.

If one tabulates the angular diameter of sources in the Cam-
bridge University 3C catalogue, source sizes show a gap between 4'-5
and 6'; no detectable sources between these diameters were available
at Arecibo for our sensitivity in this frequency range.

IF 10-12' is used as the angular diameter of a radio star source
where scintillations index shows a decrease to 1/e of its value, and if
400 km is used as the height of the scintillation layer, then we get 1 km
for the size of the irregularity using the terminology of Hewish.

The irregularity size is found from the formula # = L/Z, where
¢ is the angular diameter measured in radians, L is the size of the
irregularity and Z is the distance to the irregularity.
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When the angular diameter exceeds this value and if only
weak scattering is involved (mean square phase deviations less than
one radian) the source will show. decreased scintillations.

In a simple manner one can consider portions of the extended
source acting independently, each producing a shadow pattern on the
ground. The addition of the shadow patterns wipes out the scintillations.
The scattering concept of Lawrence, Little and Chivers states that when
the phase path difference between the length of the generator of one of
the scattered cones (from one “end” of the extended source) and that
included by the other cone (measured along the same path) exceeds one
radian then the source scintillations will fall to 1/e of the value of a
point source.

It should be noted that the irregularity size given is for the
nighttime ionosphere at the latitude of Arecibo, Puerto Rico, and it is
the shorter dimension.

The irregularity size found fits in with other values found in
middle and subauroral latitudes: the sizes may very well be different
from the “cloud” tvpe of scintillations seen during the day in short
patches.



SOME CHARACTERISTICS OF IONOSPHERIC IRREGULARITIES
AT IBADARN
by
R. W. Morriss and A. J. Lyon
University of Ibadan, Ibadan, Nigeria
From the analysis of ionospheric drift data the mean axial
ratio of the irregularities, their orientailon and the parameter V. can

also be obtained. The following are preliminary results on these para-
meters from work still in progress.

Axial ratics appear to be somewhat greater at sunspot maximum
than at sunspot minimum, greater by day than by night, and greater

in the F layer. The following table gives values derived from the data
analysed so far.

Table I

Axial Ratios at Ibadan

sunspot minimum

sunspot maximum

Day Night
E-region 4.6 2.4 5.6
F-region 4.9 3.7 6.9

The orientation of the irregularities is predominantly towards
magnetic north with a standard deviation of erder of = 10°. The values
of the ratio V./V are very variable but the average value is about 0.7,
rather similar to that observed at sunspot maximum.

All these results are still being studied and they should be
treated with caution.



THE PROCESSES OF STIMULATED EMISSION AS POSSIBLE

ORIGIN OF IONOSPHERIC IRREGULARITIES

by

G. Tisnado

Instituto Geofisico del Peru

{abstract not available)



SUMMARY OF THE SESSION

by

J. R. Koster
University of Ghana, Legon, Accra, Ghana

The session on F region irregularities reflected the somewhat
unsatisfactory state of our knowledge of this aspect of ionospheric behavior.
It has been known for decades that radio waves reflected from the ionosphere
show irregular fading, giving evidence of the presence of small irregularities
in the electron density of the ionosphere at all times. A much more severe
type of irregularity gives rise to the so called “spread-F” echocs observed on
ionosonde=s, as well as violent radic star and satellite scintillations. These are
known to be particularly severe at the equator. For a number of years more
and more information has been accumulating on the spatial and temporal
distribution of these irregularities, as well as their scattering properties, and
the shape, size and velocity of the diffraction pattern which they preduce on
the ground. But we still do not have satisfactory explanation of why these
irregularities exist at all in the T region of the ionosphere. The present session
added stil more malerial to the accumulation of experimental data mentioned
abave — but a satisfactory theory, as usual, was conspicuously absent. Hence
it is my duty to summarize the new experimenial data, and to bewail the
continued absence of a theory.

Spatial Distribution of Irregularities

Most new information on spatial distribution came from the American
zone., The Bolivian group studied the distribution of Spread-F echoes across
the equator at five strategically located stations. Satellite scintillation restlts
from Tucuman confirmed the existence of a relatively narrow belt of intense
scattering near the eguator, and a much wider distribution of lesser
irregularities — the latter giving maximum scintillation when observed in a direc
tion to the magnetic field lines. Evidence from the Air Force Cambridge group
shows tha: these irregularities are distributed all the way to the polar regions.

B . Y T T AR L AR IR e

Temporal Distribution

The evidence on the temporal distribution of F region irregularities
largely confirmed what was already known, but added little hitherto unknown
information to the total picture. The analysis of Nairobi ionograms indicated



254, I R. Koster

that the latter is a typical middle-latitude station I this respect. From further
analysis of South American and Nigerian datg the already known difference
in seasonal behavior between the American and African zones was confirmed.

Character of the Diffraction Pattern on the Ground

Here again a few new details were added to an already fairly clear
picture. The intense irregularitics are field-aligned, and measurements in
Ghana using the “Early Bird” synchronous satellite show that the elongation of
“the diffraction pattern on the ground is 60 fo 1 or more, angd that the transverse
size is of the order of a few hundred meters. Using radio stars of differing
angular diamcters, ihe Air Force Cambridge group deduced sizes of the order
of one kilometer. Irregularitics observed by reflection of HF waves have
smaller elongations. Axial ratics of about 5 are reported at Ibadan, about 3
at Nairobi, and about § at Tamale, There is some evidence from Nigeria of
moderate variations in size with time of day and sunspot cycle, but the changes
are moderate, and there is some doubt about thelr significance. '

Satellite Observations of fonospheric Ducts

One of the new contributions to this field was the anoouncement of
observations of ducts capable of dirceting radio waves along field lines in the
ionosphers. Sizes are found to be of the order of 2 km by 10¢ km, and electron
density variations of the order of 3 to §% occur, but it is yvet unknown whether
these are enhancements or reductions in eleciron content relativé to the
ambient medium. The information presented came [rom the analysis of only
one month's data, and it seems certain that further new and interesting inform-
ation will be forthcoming.

Theoretical Considerations

Only ome theorctical paper was given in the session — an attempt to
explain the origin of these intense irrcgularities by a process of stimulated
emission. Discussion indicated, however, that the mechanism  Falls short by
several orders of magnitude. So we are left with our mounting volume of
experimental information and ihe compleie lack of o uriifying theory to explain
the observations and gulde further experimentation. We invite the plasma
physicists to devote thcmselves to this problent as a ratter of urgency during
the coming years, so that some order may emerge from the experimental chaos,
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(Discussion leader: Robert Cohen)

Review Paper

by

G. 8. Kent

University of the West Indies, Jamaica

Abstract

A brief account is given of the various techniques which are used in
wonospheric drift measurements, and their limitations, together with an outline
of the methods of analysis. A survey is then given of the cxperimental results
for the Fregion, discussing the world-wide distribution and bebavior of the
harmonic components of the drift. These results are interpreted in terms of
the commoniy accepted theories and some special problems of interest, which
cccur in the equatorial regions, are described. A similar survey is given for the
I and E-regions, emphasising the lack of data in the equatorial region and the
need for more varied experimental techniques,

Introduction

Any survey of ionospheric drifts has to contend with three problems.
These are:

The scarcity of observing stations,
The multiplicity of observing techmiques, ang
he complexity of the data obtained.

Let us consider these in the order shown
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Viewed on a world-wide scale, there are in fact a large number of
stations which have made measurements on ionospheric drifts. When one
considers, however, a small latitude belt this number is drastically reduced.
In the present case there a.e only two stations, within 200 of the magnetic
cquator, which have made sufficicnt routine measurements for anything like
a compicte drifts picture to be obtained. These arc Ibadan and Waltair, with
magnetic latitudes of 38 and 10N respectively, Inside this belt there are, in
addition, several other stations, such as Singapore (Magnetic latitude 10°8),
Accra {Magnetic latitude 38) and Huancaye {Magnetic latitude 1:8) which
have considerably added to our picture of the drift system. However the
additional information gained in this may has slmost as often revealed where
arc pups in our knowledge as it has helped fill in those gaps. Outside the belt
ttore are many mo.c staljons, and the results from these will be  discussed
juter when we consider the world-wide paticrn of diifis,

Table I

Frincipal methods of measuring ionospheric drifts

Method of Region Phenomenon
Observation Observed Observed
Meteor trail 85-100 km. Neutral air movements
L urningscent trail §0-150 km. Neutral air movements
from rocket
Mitra spaced 100-130 and Small ionospheric
receiver 160-350 km. irregularities
Radio star F-region Individual irregularities
scintillation
Rackscatter and Sporadic-E and Larger irregularities
Doppler shift F-region and patches of irregularities
spaced 1onosondes Sporadic-E and Patches of irregularities and
F-region travelling disturbances.

A list of observing techniques is shown in Table I., together with the
{onosphere regions and the probable media which they observe. The main
problem in combining results obtained by different methods is to know how
justified ¢ne is in assuming that they are cobserving the same phenomena.
Thera is the obvicus distinetion between mcasurements made on the neutral
atmosphere and those on ionization. In the F region the movements usually
observed are in, and probably mainly controlled by, the ionized constituent.
The influence of the neutral air on this motion is probably slight although still
under debate. In the E region the collision frequency is sufficiently high for
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the peutral air molecules to set in motion the ionized particles. The motions
of the neatral and jonized particles are therefore strongly correlated, though not
necesgarfly the same. There is the less obvious problem of what a measurement
of an irregularity in electron density actually mean in terms of the movement
of the plarma. We have to consider the possibility that the velocity of the
rregularitv may be different from that of the plasma and even that it may
simply be a wavc motion inside the medium. As we shall see, this is quite
often likely to be the case.

Most of the measurements so far made at the equator have been on
the ionized constituent, and there is a very definite need for cbservations to
be made w<ing meteors and rockets. In this survey, we shall consider some of the
resulls obtzined in other latitudes by these methods, as they show some of the
limitations of the radio methods and, in particular, indicate that the E region
hos a much mere complicated wind structure than was formarly thought.

The third difficulty in a drifts survey is to interpret the results. The
majority of drift measuremenis have been made using the Mitra (1949) three
antenna technique. The full analysis of the records obtained may be made
using the Briggs, Phillips and Shinn (1950) method and its refinements (Phillips
and Spencer, 1955). This analysis is tedious and slow and, when large quantities
~f data bave been reduced, various approximations have been wused, which
may not always give accurate results. Apart from the difficulties of reduction
there is ke problem of the interpretation of the results obtained. The most
common way is to divide them into North-Scuth and East-Wcest components
and then fc Fourier analyse these into steady drifts and harmonic components
with periods of 24, 12, § hours etc. Polar plots of the variation of these with
time of dey and season may then be drawn. Results obtained in this way scem
subject to a great deal of variability due both to sampling fluctuation and to
the different observational techniques and reduction methods. In addition, in
order to be able to present results analysed in this way, a very complete
experimental program has to be carried out. Very often this is lmited by the
physical phenomenon itself. For example, measurement of the drift velocity
of equatorial Spread-F may only be carried out at night, making it impossible
to calculaie harmonic components. A further problem in the interpretation of
the resulis arises when one tries to fix the height to which any set of drift
measurements refer. Usually this is taken as the actual height of reflection.
This is probably an over simplification of the problem; it is believed that
the fading is imposed on the wave just below the helght of reflection (Ratcliffe
1959) and this is the justification for the normal assumption. The best scattering
mechanism is still far from clear and the assumption should be treated with
some reserve.

In this survey, we shall consider, first, drifts in the F- region. The
experimenial results for this appear more consistent and the interpretation



258 G. 5. Kent

simpler than for the E-region. In addition, as far as cquatorial stations are
concerned, there are considerably more Fregion than E-region results. We shall
not consider, in detail, measurements made on the Sporadic-E layer as these
are discussed in Section IIT of this Report.

F-Region Experimental Results And Theory

The worldwide picture — space antenna observatioms: Figure 1 shows
a plot against latitude, of the relative importance of the first three harmonic
components for Fregion drifts (taken from Rao and Rao, 1962, 1963 and 1964 ;
Purslow, 1958; Skinner, Wright and Lyon, 1962; Mitra, Vij and Dasgrupta, 1960 ;
Shimazaki, 1960; Briggs, 1960). The results shown here are all based on obsery-
ations mace using the Mitra method, and the values for the steady, the 24 hour
and the 12 hour components have been estimated in terms of their relative
fmportance, expressed, rather simply, as a fraction of the total observed drift.
Perhaps the most obvious chavacteristic is the variability of the values, showing
that only the most general conclusions may be drawn. The following are the
most outstanding:

a) Near the equator the drift is dominated by the 24 hour component.

b) Near 30° magnetic latitude north or south, the 24 hour component
is very small and the steady compenent is dominant.

¢) The imporiance of the semi-diurnal component increases with
distance from the equator.

In Fig. 2 the steady and the diurnal drifts have been repplotted in
terms of their north-south and east-west components. The first of these has
been expressed as towards or away from the equator in order to include both
northern znd southern latitude stations. The semi-diurnmal drift has not been
replotted as there is little consistency to be found between results from different
stations. The 24 hour component has been shown (Fig. 2) in terms of its peak
amplitude and its direction at midnight., Again therc is considerable scatter
but some regularities emerge;

1) The steady component averages about 20 m/sec. Its direction is
east and away from the equator in low latitude and west and towards the
equator in high latitudes.

2) The 24 hour component has values approaching 100 m/sec at the
equator. s direction at midnight is towards the east and away from the
equator at low latitudes. Considerable doubt however exists on its north-south
behavior very close to the equator. Owing to the elongation of the drifting
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irregularities, it has not been measured successfully at any station closer than
about 100 of latitude. At the equator, onc would by symmetry expect little or no
north-south component; this makes the high values, observed at Waltair and
Singapore, as shown in the fourth graph, rather difficult to understand. The
latitude variation of the east-west component is very clear, it decreases to a
minimum at about 30° north and beyond this its direction is reversed.
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The semi-diurnal component has not been split into its north-south
and east-west components. On the average however it is found that —

— At low latitudes: East-West component > North-South

— At high latitudes: East-West component <« North-South

Values for the velocity vary between 5 and 50 meters per second. A further
relationship, not shown in these figures, is the direction of rotation of the
drift vector during the day. This varies with season but, in general, the rotation
is clockwise in the northern hermisphere and anti-clockwise in the southern.

The theories which seek fo explain the harmonically varying components
of the movements are generally based om the idea, initially developed by
Martyn (1955), that they are due to electrostatic fields in the dymamo region



260 G. S5. Kene

below. These electric fields are produced by the currents in the E-region
and are communicated to the F-region along the highly conducting lines of
force. Maeda (1955, 1959, 1662} has estimated the electrostatic field for the
known dynameo curreats and deduced the Foregion drift pattern. This pattern
for the horizontal component of the velocities is shown in Fig. 3. Various.
features ot this pattern agree well with the main experimental results:

— The variation at the equator is largely diurnal and is west by day
and east by night.

— The diurnal component decreascs with distance frem the equator,
tken it reverses and increases again towards the poles.

— In mid-latitudes there is a strong semi-diurnal component.
— In midlatitudes there is a strong north-south component of drift.
Beyond this the correspondence is not exact and cerlain differences appear. In

particular pear the cqualer, the north-south component is expected to be low,
contrary to the experimental! evidence,
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Fig 3. World-wide pattern of
F-region drifts based on
the S, current system
(after Maeda, 1962),

The magnitudes of the velocities are not shown in Fig. 3. According
to Maeda, these should be highest at the equator, where values of at least 100
m/sec would be expected. A minimum occurs at about 45¢ latitude and values
increase 2gain to about 50 m/sec at the poles. This general behavior is again
substantially in agreement with experiment.

Other experimental results on F-region drift velocitles: Two other
important methods of studying F region drift velocities are by the use of radio-
star scintillation and by the study of travelling ionospheric disturbances.

Radio star scintillation observations suffer from the disadvantage that
the diffraction patiern on the ground is usually found to be highly elongated
(Jones, 1960; Koster, 1963). This means that the mcasurement of the north-south
component of drift is very uncertain and results are usually not to be trusted.
Even in the East-West direction the results do not agree well with those obtain-
ed by the normal Mitra reflection technique. For cxample, at Jodrell Bank
{Chivers, 1961) there is a steady westerly wingd of about 75 meters per second,
and in the auroral regions (Harang, 1963) very high values of the order of 500
meters per second are found, At the equator (Koster, 1963) the agreement is
much better. The difference is perhaps not surprising as the irregularities
causing the scintillation occur at the same height or above those on which
the ordinary Mitra drift measurements are made. The natur: and cause of
the irregularities is still far from clear.
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Travelling disturbances in thc Fregion appear on an ionogram as a
split or a cusp on the h(f) record. By studying the motions of these cusps on
spaced ioncsondes, measurements have been made on the drift velocities of the
distarbances, which are found to have dimensions of several thousand kilometers
{Munro, 1958; Thomas, 1959; Heisler, 1962). The main characteristic of the
motion is a strong north-south component of about 150 meters per second.
The direction may vary with season, but in winter in either hemisphere is
towards the equator. There is, in addition, a weaker velocity component in
the east-west direction which changes diwrmally. The north-south velocity is
much higher than that obtained by the Mitry, method; Heisler has suggested
that the observed motion is the combination of the movement of a perturbation
originating near the winter pole and travelling towards the equator, and the
mainly east-west movementes of the medium through which it is travelling.
Observations of these periurbations in low latitudes are lacking and, in
particular, it is not certain whether they actually cross the equator.

A wave structure is suggested for these disturbances by the fact that
it is possible to measure both a phase and a group velocity for them (Heisler
and Whitzhead, 1961), the phase velocity being about half that of the group
velocity quoted above. One explanation for these disturbances is in terms of
gravity waves (Hines, 1960). These are atmospheric waves propagated in a
similar way to a tidal oscillation. They have however shorter periods of the
order of minutes or a few hours. They are probably generated close to the
ground and travelling upwards, are responsible for much of the observed wind
structure i the E-region. Those with pediods of the order of ten minutes are
supposed to leak through the E-region into the Fregion where they are observed
es travelling disturbances. Certain difficulties lie in a comparison of the
theoretical phase and group velocities with those observed experimentally.
Heisler and Whitehead (1961) suggest that the disturbances observed experimen-
tally may In fact be due to movements induced in the Fregion, by the electric
fields gcnerated in the Eweglon by the gravity waves rather than by actual
reutral air movements in the Fregion.

Special Equatorial Problems and ReSults: — HMere we shall dlscuss four
problems of special interest in the equatorial region.

1) The east-west drifts very close to the magnetic equator: Martin (1955)
suggested that near the magnetic equator the cast-west drift velocity should
have a value of the order of 200 meters per second. Measurements made at
Ibadan (Skinner, Lyon and Wright 1962) and Waltair (Rao and Rao, 1963) do not
give values as high as this, Osborne and Skinner using drift measurements made
at Tamale (Magnetic Latitude 0.3°S) quote daytime apparent velocities as high
as 250 meters per second. This implies a very rapid change in the drift velocity
close to the magnetic equator. This result is an isolated cne and even here a
complete analysis has not been published. It is clearly an experiment which
needs to be repeated to confirm or disprove these very high drift velocities.
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1) Tke norih-south component of drift in the equatorial belt.: The
hehavior of the north-south component of velocity near the equator has been
discussed before.  On Mariyn’s theory and fiom considerations of symmelry,
no north-south component would on the average be expected very close to
the magnetic equator. Results from Waltair (Rao and Rao, 1963) and Singapore
(Purslow, 1958) indicate a considerable component at a magnetic latitude of
only 10o. Measurements on this have not been made at Ibadan (Magnetic
Latitude 3<8) owing to the difficulties encoutered with the highly elongated
ground Adiffraction pattern. It would seem that, with a large north-south
antenna spacing, this problem could be overcome and some measurements
made in crder to explain this anomally. The clongation of the irregularities is
itself of interest At Ibadan, the axis ratio of the ground pattern is found to
be at least ten. At Wallair, this value has fallen to less then three, a surprisingly
large change for only a ten degree shift in latitude.

3} Equatorial Spread-F and Scintillation Measurements: Some
consistent measurements have been made on the tmovements of Spread-F (Calvert,
Davies, Stiltner znd Brown, 1962), and the irrcgularities responsible for radio
star scinfillation (Koster, 1963). These show eastward drift velocities decreasing
during the night from about 120 mcters per second at 2100 to 70 meters per
second at 0600. Calvert et. al. have shown in addition that there is a strong
dependence of the velocity on sunspot period. Perhaps the most curious feature
of the irregularities is the extreme stability of the irregularities. Both scintil-
Jation and ordinary drifts measurements yield a parameter V., which is a
measure of the random velocity of movement. Kaoster obtained values for the
ratio of V, to the drift velocity V of less than (.1, indicating very low random
velocities. Studies of the occurrence of Spread-F at widely separated stations
imply that either the causative agent or the Spread-F itself may drift several
thousang kilometers and still be recognisable.

The dicection obtained for V (in an E-W direction only) is the same
as that obtained by the Mitra technique and its magnitude is very similar
(Skinner, Lyon and Wright, 1962). The decrease in velocity during the night is
however different, as is the low random velocity. These discrepancies require
to be examined and also a more careful study made of what exactly is being
measured in the two case,

A further difference occurs in the size and shape of the irregularities
observed by scintallation methods. The east-west sizes are considerably larger
than those observed by the reflection techniques and the elongation appears
very much greater, so far no réliable estimate has probably been made of this
(Kent and Koster, 19564),

4)  Vertical velocities: Measurements on the vertical velocities of
trregularities are much less commenly made than those on the horizontal
velocities. Such measurements usually require an examination of Doppler shifts
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and arc more thoublesome but they are clearly required to give a complete picture
of the drift. Clemeshy (1964), in Accra {Magnetic latitude 3°5) has observed the
motion of Spread-F patches at a frequency of 18 MHz. As would be expected,
these drift are to the east with velocities of the order of 100 meters per second.
In additicn he has observed Doppler shifts which he atiributes to a vertically
downward motion of the irregularities with velocities as high as 70 meters per
second. It is not certain whether this is a movement of the irregularities inside
the paich or of the patch as a whole. In either case it is an interesting
phenomenon and more work on the measurement of these vertical velocities is
required.

In this section very little has been said about seasonal variation or
dependenc: on magnetic activity. These have been observed and are often very
complex. At Ibadan (3°S) there is a 509 variation in the east-west drift velocity
during the year with a maximum in the December solstice; at Waltair (10N),
there is a similar variation but the maximum occurs in the autumn (Skinner,
Lyon and Wright, 1962; Rao and Rao, 1963). High magnetic activity appears to
1educe the drift velocity at Ibadan, this is contrary to what is observed in high
Iatitude (Briggs, 1960).

D and E-Region Drifts

The world'wide picture: — E-region drifts have been mainly studied
until recenily by two methods. These are the Mitra spaced antenna and the
meteor echo techmiques, the former measuring movements of irregularities in
fopization and the latter peutral air movements. In the last few years, these
two methods have been supplemented, mostly in temperate latitudes, by
extensive observations using trails from rockets. The picture obtained is
however, still far from clear; the principal reasons for this are as follows:

— As the Eregion is largely a daytime phenomenon, the Mitry method
<an only be used at night when Sporadic-E clouds, are present. Such measure-
ments are not necessarily at the same height, or not the same phenomenon, and
results obtained from combining daytime and nighttime observations made
respectively on the normal E-layer and on a Sporadic-E layer must be consider-
ed with some reservc. No completely reliable estimate can therefore be made
of either the steady compeonent or the diurnal component of drift.

—- Meteor observations have shown that there exists a mavked variation
of the main drift components with height, making it difficult toc combine
measurements made on different occasions, unfess the heights are known
accurately,

— Recent rocket observations have shown the existance of large rotat
ing disk shaped irregularities with high wind shear velocities, These are attributs
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ed to the gravily waves mentioned earlier, and their presence putls p large
irregular component on top of any regular variation which is being sought for.

In view of these, and the additional complication of combining measure-
ments on neutral air and ionized irregularities, it is difficult to give a systemalic
world-wide picture of the D and E-region drilts. Instead, one tends to catologue
the regularities which have been noted and to discuss their limitations:

a) The harmonic components: — Steady, 24hour and 12-hour
components exist at all latitudes. Near the equator the 24-hour component
predominates, in higher latitudes the 1Zhour component is most important;
some values for these are shown in Table 2 (taken from Rao and Rao, 1961;
Shimazaki, 1960; Henderson, 1962; Greenhow and Neufeld, 1955, 1936). The
gradual change from the 24hour to the 1Zhour component can be scen clearly.
The steady component is appreciable ai all latitudes, its direction is usually
towards the equator and to the east. Polar plots of the harmonic components
eppear elliptical at the equator and much less sc at higher latitudes; the direc-
tion of rolation is clockwise in the northern hemisphere and anticlockwise in
the southern. The 24hour and the 12-hour components as found by the radio
and the meteor techniques are similar (Greenhow and Neufeld, 1956; Jones,
1958) aaid the movements are usually ascribed to atmospheric tides. The
mechanism by which the tides operate, the reason for the predominance of
a solar tide over a lunmar one and the similar amplitudes of the diurnal and the
semi-diurnal components is still the subject of discussion (Haurwitz, 1964). It
is probable that the primary cause is solar heating action in the mesosphcre
together with a fairly weak 12-hour rescnance period in the atmosphere.

Table II

Harmonlc components of E-region drifts in different latitudes

Station Method Steady 24-hour 12 hour
Waltair Spaced NS .25 30 35 meters sec!
(10°N) Antenna LW 3 80 0, "
Yamagawa Spaced NS -20 30 125 o "
(25¢N) Antenna W 35 20 20 " "
Lower Hutt Spaced NS 15 10 ¥ " "
(45°8) Antenna FW 5 30 20, .
Jodrell Bank  Meteor NS -15 10 23 " "

(51°N) EW 5 10 25, ”
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Explanations for the steady zonal wind which is observed are in terms
uf an equulibrium, set up between the combined effects of a temperature gradient,
the Coriolis force due to the earths rotalion and gravity. The deductions are in
fairly good agreement with the experimentally observed winds. (Hines, 1965).

b) The variation with height: — Variation of the amplitude and phase
of the tidal winds with height have been observed, using both the radio and
the meteor echo technique. (Rao and Rao, 1964; Jones, 1964: Greenhow and
Neufeld, 1956; Elford, 1959). An increase of velocity with height is found, with
gradients of thc order of one meter per second per kilometer. The phase of
the components also changes wiih height. The comparison of these variations
with tidal theory is still under discussion {Hines, 1963).

¢) Irregular winds and gravity waves; — Drift measurcments in the
E-region obtained by any method show a large scatter and in addition the radio
measurements show high values of V,. Recent rocket results (Manring, Bedinger
and Knowlich, 1962; Blamont aind De Jager, 1962; Edmunds, Justus and Kurts,
1963; Kampfe, Smiith and Brown, 1962; Rosenberg and Edwards, 1964; Jarret,
Megratten and Rees, 1903) have contributed considerably to a clarilication of this
picture. Such measurements are necessarily isolated, but the use of chemi-
luminescent trails enables movements to be followed throughout a night. These
measurements show, that in between 80 and 150 kilomelers there exist large
flat cells which rotate clockwise, when viewed form above, with periods of
several hours. The horizontal scale of these movements is still uncertain, but
is probably of the order of 100 kilometers. Along a vertical axis the wind direc-
tion reverses about every five kilometers at the Jower end of this height range,
and every twenty kilometers at the upper end. As mentioned earlier, these are
attributed to gravity waves (Hines, 1960, 1963) generated near the ground. These
waves can be shown theoretically to have a relationship between the direction
of cnergy flow and the phase velocity, such that, when the energy flow is
upwards, the apparent phase velocity is downwards. ‘The experimental
measurements have so far confirmed this picture. The wvelocities of the
associated winds are high in a horizontal plane with values of the order of
100 meters per second and they are found to increasc with height. In a
vertical direction the velocities appear to be much less.

Turbulence doegs not appear to be important in the E-region; rocket
results show that it ceases rather abruptly between 100 and 110 kilometers. In
the D-region however it is significant, as is shown by the high apparent rate
of diffusion of meteor trails (Greenhow, 1939},

Equatoriai D and Ewegion results: -— Drift measurements in the
Equatorial D and E- regions are very few indeed, being confined almost entirely
to Waltair. At Waltair it is found (Rao and Rao, 1961) that the diurnal component
predominates, with a much stronger east-west than northsouth velocity. The
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maximum drift speed is in the neighborhood of 800 meters pev second and is
westward by day and eastward by night, Values for (V. /V) are high, averag-
ing about 0.7. The variation of drift with time is primarily solar but a weak
lunar tidc (Ramana and Rao, 1962) is also present. The nighttime data used
for this analysis is presumably based on measurements made on the Sporadic-
E layer.

At Ibadan (Skinner and Wright, 1962) results are only available for the
daytime. A velocity of 60 meters per second to the west is found during the
day, a reversal in direction occurring at about 0900 local time. This agrees
well with the Waitair result, but as there is no nighttime data a detailed
analysis, cannot be made.

Towards the edge of the equatorial belt it is likely that the drift velocity
decreases somewhat. At Puerto Rico, magnetic latitude 32°N, the mean drift
velocity is about 40 meters per second (Keneshea, Gardner and Pfister, 1965)
and (V./V) is greater than unity, although at Ymagava (Magnetic latitude Z5°N)
the driit velocity is almost as high as at Waltair (Rauv an Rao, 1965). No measure-
ments arc published that have been taken on the magnetic cqualor, but a
rather surp.ising result (Ramanathan, private communication) appears to be
cbtained at Trivandium (Magnetic latitude 0°). Here, during the day, there
is a very large drift velocity to the west, of the order of 200 meters per second.
This is very similar to the results obtained by Osborne and Skinner (1963) at
Tamale for the Fregion and more work is evidently required on this.

Mention should be made here, of the work, carried cut in Lima on
Equatorial Speradic-E {Bowles, Cohen, Ochs and Balsley, 1960; Cohen and
Eowles, 1963). Using very high frequencies (50 MHz) they have observed echoes
which they attribute to plane wave irregularities in the electrojet. These move
with velocities of over 300 meters per second, principally in a westerly direc-
tion. High frequency (5 MHz) observations on Equatorial Sporadic-E (Skinner
and Wright, 1962) show much lower velocities, of ihe order of 60 m/sec.
Although these observations are probably mot made on identical phenomena,
and neither may be measuring a true drift of ionizatiom, the discrepancy still
has to be explained. Some results on this will be presented in a separate paper.

Conclusion

The principal conclusion to be drawn from this survey is that there
exists a lack of stations and results within the equatorial belt. 7There are
considerable gaps in our knowledge, one of the most important being the way
in which the drift velocities behave in the vicinity of the equator itself. Inform-
ation on northsouth drift components is extremely slight and more detalled
work on this is also required. All measurements published so far have becn
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made on the ionized constituent. Meteor and rocket observations would be
very valuable, both in filling in the parameters, such as the North-South
component, which are difficult to measure by radic techniques, and also to
study the relation between neutral air and ionization movements. Considerable
1esearch is still required into the naiure of what is being measured in any
particular drifts experiment, whether it is a true movement of ionization or
a wave motion. At the mornent, it can be said that we understand certain
aspects of these phenomena, but that a clear synthesis will need much additional
experimental observations.
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A NEW METHOD OF APPLYING THE

CORRELATION ANALYSIS

by

R. F. Kelleher
Physics Department

University College Nairobi, Kenya

The correlation analysis of Briggs et al.®, as extended by
Phillips and Spencer'®, is one of the principal methods of examing
fading records to obtain information about the properties of ground
diffraction patterns. From plots of the auto and cross correlation
functions, velocities V" and V are obtained in each of three directions,
and from these six parameiers the velocity, size, shape and rate of
change of the pattern can be determined.

It is common to derive the values of V.” from the cross corre-
lations corresponding to zerg time-shift. It would seem better however,
to confinc the analysis to the maximum value of cross correlation
alone since the errors involved are then smaller. This is particularly
important when dealing with patterns which have a small size in one
or more directions (as frequently happens with the highly elongated
patterns common in equatorial regions) because the instantaneous
cross correlation will be low and the individual autocorrelations will
probably give very different values for the corresponding time-shift.

In this note we derive the equation to be used in the maximum
correlation method. This equation was obtained in a different way
by Briggs et al. The discussions is limited to a one-dimensional pattern.

The nomenclature follows the standard practice. If the distan-
ce between two receiving points is £, the different velocities are found
from the relationships

V' =¢/7 , V' =8/ , Va= &im
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We derive first the normal equations connecting V' and V" with V
and V..

Original Equations
The principal assumption in correlation analysis is that the
overall correlation can be represented in quadratic form. That is,
e(¢7) =F (& + £ — 2c&r) = F (g) (1)

where F (g) is a monotonically decreasing function with a maximum
value of 1. Now the autecorrelation has the form

e (0,+) = F (a %)

and the instantaneous spatial correlation

a7 =bisr or b= aVe
We now consider the separation £ and ’find the value of r, ('), which
makes the correlation a maximum. This will occur when g is a
minimum. Differentiating

sg/st = 2ar — 2t = 0

and therefore

7 = (c/a) & or ¢ = é/V’
Thus,

e = F {a[* -+ (E/’ﬁ.f")2 - 25/V']}

Now suppose that ¢ and - are connected by the relationship & = Kr
{one receiving point is moving with a velocity K) so that :

e = F {ar[1 + K/V.' ~ 2K/V']} = F (a’h)
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The correlation will fall most slowly with time when K = V, the drift
velocity. Now,

8h/8K = (2K/V'®) — 2/v’
and so,
VV = V2
Thus when KX = V we have
e = F [b (V% — V)]

But the fading is now due entirely to the randon component and so

e = F [b V%]
Therefore

A

We now establish the connection between rw, the time shift on the
autocorrelation curve corresponding to the maximum value of cross
correlation, and the parameters " and +.’.

From equation (1) with £ = V’r we get:
e = F {a «"[{V'/Vc.)* — 1]}
We thus have
™' = " [(V/V) - 1]
and
(7' = 7 + 1

Then the value of .’ can be determined from r» and +* and the
analysis proceeds as before. Alsg this last expression can be rewritten
utilizing the inicial relationships of the velocities, then:

(1/Ve) = (1/Va) + (I/V')
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It is easy to see that V'.  V'. This approach therefore eliminates the
familliar difficult case which arises sometimes in the normal analysis,
when V. < V.
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THE APPLICATION OF THE BRIGGS-SPENCER METHOD FOR THE
CALCULATION OF IONOSPHERE DRIFT PARAMETERS TO THE

EQUATORIAL SITUATION

by

R. W. Morriss and A. J. Lyon

University of Ibadan, Tbadan, Nigeria

The method given by Briggs and Spencer™ for calculating drift
velocities from spaced antenna data uses the time delays of similar
fades and their standard deviation. Contrary to the statement by the
authors, it seems that the method also gives unique values for the axial
ratio and orientation of the characteristic ellipses and for the quantity
V..

In the equatorial situation, where the characteristic ellipses are
rather elongated and directed along the field lines, or nearly so, the
formulas required can be simplified considerably. The inclusion of
standard deviations make it possible to estimate the standard errors of
all the derived parameters.

The configuration of the antennas used at Ibadan and the no-
tation for the time delays, are shown in Fig. 1. Tx is the time delay be-
tween the west and south antennas position if a feature reaches S after
W, and similarly for T, and T,. Clearly,

and we define T as

T=T, + T,

The standard deviations are denoted by e, oy , 05 , 0, and the
mean time delays by T*, T*,, T*, and T*.. We then define
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W = (T*)* (¢/0.61)* ; Z = (T*)* (a.,/0.61)*

and similarly for X usnd Y. Only four independent quantities are
determined from the observed similar fades, for example: o, T*, o,

and T*,.

S

Fig. 1 ~— Configuration of the three antennas used for drifts measure-
ments at Jbadan, and notation for time delays.

If the irregulnrities are assumed to be exactly field aligned,
the eastward and northward componentes of drift velocity are given
respectively by

Vi = T*/W, and Vi, = aT*./Z
where a is the distance N-S; and the axial ratio is given by
r = (W/Z)~

The standard errors of V., and V. are given by

SE/VE:: =n -1z f (U/T*), SN/VNn = 1n -1/ f (az/T*z)
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rather uncertain, and the assumption § = 0 may be equally good. If
the estimated 8§ is adopted the drift velocities become

Vy = (a/Z ) {T*. — (1—-1/r*) tan 8 . T*}
Vs = (a/W) {T* — (r*—1) tand . T%;}

These equations are particulary useful in assessing the uncertainty in Ve
and Vx associated with the inevitable uncertainty in 8.

The Briggs-Spencer method has the following advantages over
the full correlation analysis more commonly adopted:

(a) — It is much simpler both in scaling from the records and
in the subsequent computations. The various calculations required are
readily programed for a computer.

(b) — The standard errors of all computed parameters are
readily assessed.

(¢) — By making use of clearly identifiable features in the

fading pattern the method may give a better representation of the be-
havior of distinct irregularities.
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A MODEL FOR THE INTERPRETATION OF SOME IONOSPHERIC

DRIFT MEASUREMENTS

by

G. 8. Kent

University of the West Indies, Jamaica

On this paper a model is described for the interpretation of
lonospheric drift measurements, made by the spaced receiver method,
when the wave scattered from the ionosphere has a frequency consider-
ably above that of the plasma frequency of the scattering region. In the
analysis associated with this method of measuring ionospheric drifts,
the correlation function p (£, 7) of the diffraction pattern f (x, t) formed
on the ground, as shown in Fig. 1, is usually determined in terms of
its shape, size and drift velocity V.. In addition to these, there is another
function which arises from the analysis, namely the characteristic
random velocity V., which is a mcasure of the way in which the
diffraction changes its form as it drifis. Usually V. is left uninterpreted
and the object of this paper is to show how this may, under certain
circunstances be related to the random velocities of the irregularities
causing the scattering,
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Fig I. The scattering qeometry,
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A two-dimensional model is considered, in which the scattering
irregularities are weak and lie in a medium whose refractive index is
close to unity. They are supposed to have a steady drift velocity Vi,
together with superimposed random velocities whose Toot mean square
value is Vu; this model is shown in Fig. 2. The scattered spectrum
F(s, h) in terms of angle and frequency is then calculated, using a simple
angular scattering function and the Doppler shifts produced by moticns
of the irregularities.

The diffraction pattern on the ground is expressed in terms cf
the drift velocity V., the characteristic random velocity V. and the size
¢, of the pattern along its minor axis, the major axis being taken ic
be infinitely large. Using the well-known Fourier Transform relation-
ship connecting the autocorrelation function » (£, r) of the diffraction
patter to the power spectrum |F(sh)[*, the former is transformed to
give the equivalent power spectrum. This spectrum is then equated to
that derived from the ionospheric model described above.
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Fig 2. The ionospheric model.
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The relationship may depend on the geometrical arrangement
of the transmitter and receiver, but under the conditions of the normal
spaced antenna experiment, in which the transmitter and receiver are
adjacent as shown in Fig. 3, the following equations are obtained.

V. = Vu/2

and Vi

il

(VC/fo)f”\/Z

The first equation is the onc normally used in drifts analysis. The
second one is new and it should be noted that V. is related not to V.
but to (V./%) where V. is the characteristic random velocity and & is
the pattern size.

HATTER Ve

e s e
(RRECULARITALL  ( arrenes b.A\t_“_;.
/6;
ey
//

TEANGNTTIEN  wravi

SRBUNT g

TRANSIITTAR
hNp RECLIYER

Fig 3. The scattering geometry
for ionospheric drifts
measurements,



PRELIMINARY RESULTS OF DIFFRACTION

PATTERN MEASUREMENTS AT NAIROBI

by

R. F. Kelleher and P. Miall

Physics Department, University College Nairobi, Kenya

In conformance with the 1QSY program, a three-receiver fading-
amplitude experiment on a frequency of 2.15 MHz has been set up in
Nairobi. The antenna spacing is 100 m.

The records are analysed by the correlation techniques of Briggs
et al.™ and Phillips and Spencer™, using a computer program develop-
ed by G. F. Fooks'® of the Radio and Space Research Station at Slough.
The values of ' are calculated from the relationship:

P 3 D
e = 8m t TE

where the three time shifts are those shown in Fig. 1. The results
therefore depend only on the position and value of the maximum cross-
correlation and should be subject to smaller errors than those derived
using a value of «’. obtained from the instantaneous cross-correlation.
This is important when dealing with small dimension diffraction
patterns for which the instantaneous correlations is low.

A preliminary look at the results for Nairobi give medium
values of the diffraction pattern parameters as

r Px (%) V./V d {m)
E 3.0 27 1.3 82
F 3.2 25 1.0 42

where Py is the percentage number of occasions when the major axis
ot the characteristic ellipse lies within == 20° of the magnetic meridian,
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and d is the lenght of the semi-minor axis. The F-Region results should
be treated with great caution as the number of records is low.

Fig. 1 —

Time shifts i correlation anglysis

The axial ratios appear to be higher than those found at
Singapore (where the median value is r = 1.7), though there is less
tendency for the irregularities 1o lic in the direction of the magnetic
tield. There is some indication that at Nairobi the axial ratios increasc
with the height of reflection.

The drift directions in the E-Region are predominantly towards

the north and west during daylight hours, and towards the south and
sast at pight.
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SOME DRIFTS MEASUREMENTS MADE NEAR THE

MAGNETIC EQUATOR IN GHANA

by

J. R. Koster

University of Ghana, Legon, Accra, Ghana

A series of drift measurements at Tamale, Ghana (dip latitude
0.5°S) were made by Skinner, over a threc week period in February
and March, 1962, Over 160 of these records were subjected to the full

correlation analysis by Mr. 8. K. Katsriku of the University of Ghana.
The main results are:

E-region
Axial ratio of pattern on ground: 5.5
Orientation — along field lines: == 0.5

Size of pattern (i.e. distance over which the correlation
function falls to 0.5): 50m

Velocity: Westward by day, with mean speed of 67 m/sec
Maximum true velocity 115 m/s (West of 0900 UT)
Apparent velocity as high as 210 MHz.
V/V. = 1.3 . Hence apparent velocities arc about 60% higher
than true velocities.
F-region

Orientation — along field lines: =+ 0.4°

Axial ratio of pattern on ground: 7
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Size of pattern (mean during daytime): 46m

Velocity : Nighttime mean: 70 m/sec
Daytime mean: 115 m/sec
Maximum : 200 m/sec (West of 0900 UT)

V/Ve = 1.9 . Hence apparent velocities are about 25 to 30%
higher than true velocities.

These values of velocity are considerably higher than those
reported by stations somewhat further from the dip equator, and
suggest that more measurements are worth making.




PRELIMINARY RESULTS OF IONOSPHERE WIND

MEASUREMENTS AT THUMBA

by

M. R. Deshpande and R. G. Rastogi

Physical Research Laboratory, Ahmedabad, India

Mecasurements ol horizontal drifts in the E and F regions of
the ionosphere over Thumba (Geog-Lat. 2.5°S, Geog-Long. 76.9°E,
magnetic dip 0.6°S) have been made since January 1964. The present
article describes the magnitude (V) and direction (#) of the drifts
derived according to the method of similar fades. The direction of the
drift is predominantly westward, there being a small indication of
castward drift during winter season (Fig. 1). The N-S component is
very small during any of the seasons.

E REGION 22 MCIS F REGION 47 MC/S
gs ARNUAL
2 .
9
3
ul
wl
o ,
z 2 ]
u ) 0
® & 2
- =
=
8 5
[e]
0
ul
Wl 78
a O 30
i ﬁ )
E " 2w
(S u
5 g
LS )
& H
kL
I
10
E]
B 1
250" 2r0 20t

W
DRIFT DIRECTION

QRIFT DIRECTION

Fig. 1 — Histograms of drift direction in the E and F regions of the
ionosphere over Thumba during different seasons of the
year.



288 M. R. Deshpende and B. G. Rasivgi

The annual mean drift speed is 132 m,sec for E region and
161 m/sec for the F region. There is no significant seasonal variation
in the drift speed (Fig. 2). The daily variation of the drift speed
indicates a morning peak at about 0900 hr in the E region and at about
1000-1100 hr for the F region. Theie is an indication of evening peak
for both E and F region (Fig. 3). The peak value of monthly average
drift speed is about 250 m/sec for the E region and about 300 m/sec
for the F region.

The observations indicates that the irregularities in the
ionosphere over Thumba are highly elongated in N-S direction, the drift
is predominantly along E-W direction towards West. The drift speed
values arc much higher than those observed at higher latitudes. A close
association between the horizontal drifts in the ionosphere over Thum-
ba and the electrojet currents is suggested.
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Fig. 2 — Histograms of drift speed in E and F regions of the iono-
sphere over Thumba during different seasons of the year.
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of the ionosphere over Thumba at different times of the day
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IONOSPHERIC DRIFT MEASUREMENTS AT SINGAPORE

by

V. A. W. Harrison
Radio and Space Research Station

Siough, England

Measurements of the magnitude and direction of the horizontal
drift of ionization in the E and F-Regions of the ionosphere have been
made at the Radio and Space Research Station, Singapore (Magnetic
Latitude 9°S). These have been made by three close-spaced receiver
method and the records analysed by the method of similar fades to
find the diurnal (Figs. 1 and 2) and seasonal (Figs. 3 and 4) variations
or drift. The correlation on the daytime east-west components with

sunspot number (Fig. 5) and magnetic activity (Fig. 6) has also been
examined

A few records have been submitted to full correlation analysis.
These show the elongation of the correlation ellipse to be about 1.7:

1 for both regions with major axis approximately north-south and the
ratio V./V to be about unity.
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SOME RESULTS OF IONOSPHERIC DRIFT

MEASUREMENTS AT IBADAN

by

R. W. Morriss and A. J. Lyon

Introduction

During the I.Q.8.Y. measurements have been made, as far as
possible, hourly on Wednesday and Thursday of each week and also
every day during the World Geophysical Intervals. From October 1964
the Briggs-Spencer method has been used in its simple form as explain-
ed in the accompanying paper to obtain the eastward drift component
Vu,. Two equinox seasons have now been analysed by this method.

The Eastward Component, Vg

Figure 1 shows a mass plot of values obtained on 21 days in
the autumnal equinox period of 1954 including most of the days of the
World Geophysical Interval in October. The circles indicate the median
values and a smooth curve has been fitted to these by visual estimation,
Despite the considerable scatter of individual points the median points
follow a quite regular pattern. As was also found in the sunspot
maximum observations of Skinner et al.®,  the velocities are
predominantly westwards by night. The change-over takes place be-
tween 0600 and 0700 LT in the morning, and between 2000 and 2100 in
the evening. The average magnitude of the velocity in the daytime is
43 m/sec, and during the night (0000-0500) is 55 m/sec. There appears
to be a clear maximum in the daytime velocity of about 50 m/sec west-
wards occurring between 0900 and 1000. Figure 2 (a) compares the
median curve of Fig. 1 with a corresponding curve for equinox at
sunspot maximum. This is based on results for September 1957 and
March 1958 due to Skinner et al. (unpublished). The agreement in gen-
eral form between the curve is remarkably good. They appear to be
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almost exactly in phase, and the sunspot maximum curve shows a small
maximum near 1000LT, similar to that on the sunspol minimum curve.
The magnitudes however are considerably higher at sunspot maximum,
reaching about 100 m/sec castwards at night and have a daytime average
of 76 m/sec westwards. It would appear therefore that drift velocities
at sunspot maximum are almost twice that at sunspot minimum.

Figure 2 (b) shows the median diurnal variation for a similar
series of days near the March equinox 1964, and the equinox curve for
1957/58 is repeated for comparison. The general shape of the March
curve is clearly very similar to the October one and the magnitudes are
also very similar.

Drity  Velocities at  Ibadan
{Eastward Component )
mjsec October 1964

150 -

'S TS S B WY N D Al RS
00 06 12 I} oo

Fig. 1 — Mass plot showing diurnal variation of eastward component
of drift velocity at Ibadan in October 1964. The circles
indicate hourly median values.
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Fig. 2 — Comparison of diurnal variations of eastward drift velocity
at sunspot maximum (broken curves) and sunspot minimum
(continucus curves). The data are for Tbadan during equinox
months, and the curves have been drawn to run smoothly
through the hourly median points, as in Fig. 1.

Reliability of the Results

The standard error of Vi, is readily calculated by the formula
given in the accompanying paper. Figure 3 shows the values of Vi,
obtained on a particular day together with their standard errors, which
are typically of the order of + 5 to =+ 10 m/sec '

The standard deviations of the values on different days at a
given hour are much greater than this, as is clear from the large scatter
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on the mass plot in Fig. 1. In this casc the standard deviations are
about = 20 m/sec by day and + 40 m/ sec by night, and somewhat
larger values have been obtained in other seasons. If the standard
crrors quoted above are realistic it is clear that these standard
deviations are almost entirely due to real variability of the drift
velocity from day and not to errcrs of measurement.

It should be noted that the diurnal variation of Vg, is frequent-
ly much more irregular than that shown in Fig. 3, and reversals of
sign during the day or night are by no means uncommornm.
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Fig. 3 — Diurnal variation of eastward component of drift velocity

at Ibadan cn a single day. Circles are for the F region and
crosses for the E region. The error bars have been computed
assuming the irregularities to be accurately field aligned.

Reference

N. J. Skinner, A. J. Lyon and R. W. H. Wright, “The Tonosphere”,
Institute of Physics and Physical Society, p. 301, 1963.



TRIANGULATION MEASUREMENTS OF DRIFTING PATCHES OF

EQUATORIAL F REGION IRREGULARITIES

by

Robert Cohen
Jicamarca Radar QObservatory,

Lima, Peru

Studies of “Equatorial Spread F” configurations have demon-
strated that these can be understood by the calculation of the propagation
delays experienced en route by rays scattering from the associated irre-
gularities as a function of frequency. The configurations obtained have
three characteristic forms depending on whether the irregularity patch
is Jocated at the base of the F layer, or is embedded in the F layer below
hmax or above hmax.

By the analysis of each ionogram it is possible to establish the
height of the patch and its distance east or west of the ionosonde, since
the propagation is limited to the equatorial plane by the aspect sensitivi-
ty of the scattering. From a series of such ionograms, one can
determine the velocity of the irregularity patch, but it is impossible to
establish whether the sucessive positions of the patch and the associa-
ted velocities are eastward or westward, since all of the determinations
are symmetric in this regard. However, using ionosondes located in
each case at 1° north of the dip equator at Jicamarca and Huancayo,
Peru, separated by 160 km, it is possible to triangulate the positions of
the patch and hence sense the motion. For the limited number of cases
studied to date, it is apparent that it is accompanied by a downward
movement of the patch.
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Fig. 1 — Two examples of the triangulation measurements of the
motion of a patch of F region irregularities. Points marked
o are those measured from Jicamarca, and x refers to those
measured from Huancayo. Velocities are 26 and 67 m/sec,
at 2000 and 0200 hours, respectively.
(Other illustrations used are in Calvert and Cohen, JGR 66,
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" EVIDENCE FOR A NIGHTTIME WESTWARD CURRENT IN THE

EQUATORIAL E-REGION

by

B. B. Balsley
Central Radio Propagation Laboratory, Colorado

and

Jicamarca Radar Observatory, Lima, Peru,

It has been well established that during the daytime at the
magnetic equator there is a strong, eastward current known as the
equatorial electrojet, corresponding to a westward flow of electrons
and the associated electron-density irregularities. A nighttime current
system flowing in the opposite direction at the equator has been
postulated, but is difficult to observe with magnetometers

_ Recently, power spectra of echoes from nighttime E. region
irregitlarities above Jicamarca have been obtained which indjcate
freqt.tency-shifts, i.e., motions of irregularities that are opposite to
those obtained during ‘the daytime. Insofar as these motions of
irregularities are indicative of the motion of the plasma in which they
are embedded, . this would imply an eastward motion of the electron,
or a westward current at night. This Interpretation seems reasonable,
since the theoretical explanation of the nighttime irregularities js
probably analogous to that for the daytime ones. See Figs. 1 and 2.

Thus a reversal of current must occur sometime after sunset,
and the 2000 hours minimum of VHF signal strength scattered by the
equatorial E Region in propagation from Arequipa to Trujillo, Peru dur
ing 1558 may be further evidence of this reversal.
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Fig. 1 — Power spectrum obtained during daytime from electrojet
irregularities viewed at 45° West of Jicamarca, Peru at a

frequency of 49.92 MHz. (Maximum value of signal spectrum
normalized to unity on relative scale)}.
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SUMMARY GF THE SESSION

by

R. G. Rastogi

Physical Research Laboratory, Amedabad, India

A review of the present knowledge of ionospheric drifis was given by
Dr. G. 8. Kent. it was gratifying to learn of new observations of ionospheria
rifts at equatorial stations, viz. Singapore, Thumba, Nairobi, Ibadan and
Tamale.

The daily variations of the drift speed and direction at all of these
slations was shown to be very similar for both the E and F region. It was
sccepted that the F region drifts would be affected by the underlying sporadic
E region but it was felt that the observed daily variation of F region drift is
characteristic of the layer.

At all the stations, the north-south component of the drift was found
to be smaller than the eastwest component. The measurements of N-S
components at stations very close to the magnetic equator were not consider-
ed significant due to extreme elongation of the irregularities in the north-south
direction.

The direction of drift in the E as well as the F regions is mainly west-
ward during the day and eastward during the night, the changeover taking
place at times close to the dawn and dusk. The drift speed is found to be
larger in the F than in the E region at all the stations.

There has been very little seasonal variation of the drift observed in
E or F regions at the equatorial stations.

The drift speeds in E or F regions at Tamale (dip 198} are shown
to be greater than the corresponding values at Ibadan (dip 695) indicating that
within the equatorial region the drift speed increases towards the equator, Very
high values of drift speed at Thumba (0.6°8) indicate that the excessive drift
region over the equator may be quite narrow.

The measurements of drift at Ibadan during two epochs of solar activity
Indicate that the speed increases with an increase of suspot number in
approximately the same ratio as the increase of the daily range of the horizontal
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magnetic field. A positive correlation has been found between the daytime E-W
drift at Singapore and sunspot numbers with a time delay of 3 to 5 days. The
drift speed at Singapore is found to be negatively correlated with the magnetic
activity.

Fuller analysis of the fading records show that the mean orientation of
the irregulerities at Tamale is along the N-S direction within an error of 410
degree. The elongation of the correlation ellipse is found to be 1.7 at Singapore,
about 5 at Ibadan and about 8 to 10 at Tamale.

Kelleher has suggested a madification of Phillips and Spencer's full
correlation analysis whereby the error introduced due to the shght differences
in the autocorrelograms at the three antennas are reduced. Morrlss and Lyon
have suggested that some index of reliability should be given to the results of
analysis and have applied Briggs and Spencer’s methed using time delays and
their standard deviations for the equatorial stations where the irregularities are
highly elongated.

Prof. Maeda suggested that the effect of magnetic activity on the iono-
spheric drift should be further examined. He also suggested that experiments
should be undertaken to study the relation between the neutral and electron
drifts in the ionosphere.

Prof. Wright suggested that the latitudinal variation of the elongation
of the irregularities should be examined and more equatorial stations should
be established to determine the width of the excessive drift region over the
magnetic equator.




VII — EXOSPHERE



VII — EXOSPHERE

(Discussion leader: William B. Hanson)

Review Paper

The Eleciron Distribution in the Earth’s Exosphere

by

Y. ©O. Thomas

Imperial College, University of London

It is gemerally agreed that the main constituent of the earth's atmo-
sphere at great heights above the earth is hydrogen. Hydrogen ions are formed
by the reaction:

Oplus + H 5 Hplus + O

as was first pointed out by Dungey. The relative equilibrium concentrations
in the exosphere are determined largely by the importance of this reaction near
the base ¢f the neutral particle exosphere where the cross-section for collision
between icns and neutrals is relatively high. The base of the exosphere near
1000 km above the ground is the most probable level of origin for protons
entering the exosphere from below after formation by the reaction referred
to above. Thus the relative abundances of 0 plus and H plus (and also of He
plus) ions at the base of the exosphere controls the electron and ion distribu-
tion throughout the exosphere. The proton number density is given by the
chemical equilibrium expression given by Hanson and QOrtenburger® in 1961:

[

[H plus] = (9/8) [H] [0 plus]/[0]

These workers also showed that conjugate F2 peaks arc only weakly
coupled with the protons in the protonsphere.

The structure of the lower exosphere has been disenssed by a large
number of workers. Detailed references are given by Angerami and Thomas(2).
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Some important eéquations (glven with the usual nomenclature as used in that
paper) arc presend below.

For the electron density N, on 4 line of force we have
N(s) Ten oz ] vato

(I/‘q) Ei i CXp
N.. T,(s) H,

it

The suffix zero refers to values at the critical or base level in the
exosphere (~~ 1000 km) on the line of force; z is the geopotencial altitude,
H, = kT, /mg,; C = T./T,,;i=1,23 for Oplus, He plus and H plus

respectively and

n [He plus]

P =t gt oo =1L g, = ete,

n [0 plus ]

80 that 5, is the number density of He plus normalized to that of 0 plus at
the base of the exosphere,

For T, = T, the power which the guantity in the square bracket
is raised becomes 4.

The densities of two ions will he equal at transition levels glven by
7y = Hy;/(H - H) n (ns/my)

Figure 1 shows data on the electron density to distances of ~ 5R, as
obtained from whistler studies. Figure 1 is taken from Thomas and Dufour®
in which detailed source of references to the various curves are given., At
approximately 3.5R, during “average” conditions, the clectron density decreases
suddenly by a factor of ten in a distance of about R./10. The “knee” has been
observed by Carpenter using whistler data and also by Gringauz During storms
the knee rnoves nearer the earth (R, = 2). A diffusive equilibrium theory is
believed to apply up to, but not beyond the knee. For distances cqual to or
greater than 4R, collisionless plasma theory must be used.

It has been shown (& that good agreement between theory and
experiment (see Fig. 2) can be obtained if a proper allowance is mdde for the
latitudinal dependence of the jonic abundances at the base of the exosphere .
The agrecment between experimental N, (h) profiles and theoretical profiles
computed using a diffusive equilibrium theory and observational data from
Alouette I and from Ariel I requires that the proton abundance at 1000 km
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decrease with latitude as shown in Fig. 3. The general shape of the proton
distribution given is Fig. 3 has been verified by recent experiments.

In Figures 4 and 5 the proton distribution resulting from the calculations
of Thomas and Dufour % are combined with the Ariel 1 data to give a complete
picture of the ion relative abundances at 1000 km which are consistent with the

Alouette 1 ang Ariel 1 observation and would give the observed whistler electron
density profiles.

EXPERIMENTAL EXOSPHERIC ELECTRCN DENSITY
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Fig. 1 ~ Examples of experimental observations of exospheric electron density
in the equatorial plane. The arrow, f, represents p range of values
oblained by the incoherent scatter iechnique. The other data are
derived from whistler observations made at different times under a
wide variety of solar and magnetic conditions. The arrow, i, ap-
proximates the region in which the Alouette I chservations of electron
density for 1,000 km lic. Detailed references to the original sources
are given in Thomas and Dufour®.
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EXPERIMENTAL AND THEQORETICAL EXOQSPHERIC
ELECTRON TISTRISUTIONS

ELECTRON DENSITY, C

PROFILES

~THEORETICAL PROFILE
7y IN THE PRESENT PAPER

APPROXIMATE ZONE
OF EXPERIMENTAL
QRSERVATIONS
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Fig. 2 — Comparison of experimental and theoretical electron density distribu-

tions in the whistler

medium. The

shaded arey; represents

approximately the zonc in which the experimental profiles of Fig. 1
lie. Curves a and b were taken from Bates and Patterson, curve c
from Dungey and curve d from Johnson. The electron density distribu-

tion given by Johnson applies along y line of force.

The equatorial

profile, d, was oblained using a constant density at ihe reference-level,
Detailed refercnces are given in the paper by Thomas and Dufourts,
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Fig. 3 — Theoretically predicted
ibundance of H plus ions at 1000 km
as o function of magnetic latitude near
1500 and 0300 LMT calculated for the
summer of 1962 — the period in which
the published Ariel I data were recorded,
Ihe experimental points A and B derived
fiom the Aricl tramsition altitude (He
plus — H pilus) data lie very close to
the lheoretical curve calculated in the
way described in Thomas and Dufour(®.
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IGNIC RELATIVE ABUNDANCES AT 1000 km
LATITUDINAL VARIATIONS

SUMMER
DAY 90° NIGHT

9¢g°
WINTER

Fig. 4 — Exospheric ionic relative abundances at 1,000 km for different latitudes
for typical daytime and nighttime conditions in summer and winter
in a sunspot minimum solar epoch. The relative abundance of 0 plus,
He plus and H plus ions al any latitude is given by the radial width
of the shaded area corresponding to cack ion. The picture presented
i¢ a composite one, consistent with the experimental results obtained
from Alouette 1, Ariel T and from whistlers.
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IONIC RELATIVE ABUNDANCES AT 1000 .
DIURNAL VARIATION, SUMMER

LOCAL, NOON A3 50°N

a4630 1800

LOCAL MIDNIGHT

Fig, 5 — Diurnal variation in the summer exospheric ionic composition at
1,000 ki, at 50¢ N geomagnetic latitude, during 5 sunspot minimum
solar epoch. The piclure presented is a composite one, consistent
with the experimental resulls obtained from Alouette I, Ariel T and
from whistlers.
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THE ELECTROM DENSITY IN THE MAGNETOSPHERE

by

J. J. Angerami® and D. L. Carpenter

Stanford University, Stanford, California, U.S.A.

Analysis of nose whistiers recorded at Eights Station Antartica,
shows that the electron density in the equatorial plane decrease smooth-
ly with geocentric distance, except for a very sharp decrease of more
than one order of magnitude at about 4 Rix. This change is called”
the “knee” of the distribution and marks the equatorial crossing of

the field-aligned boundary which separates the magnetosphere in two
distinct regions.

The inner region (Plamasphere) is characterized by densities
in excess of 10 electrons per cubic centimeter and by mean free paths
that are short compared to the length of the field line linking the
conjugate ionospheres. The relative abundance of collisions leads to an
isotropic distribution of velocities and a hydrostatic support of ioni-
zation along the geomagnetic field.

In the outer region, because the densities are lower and the
temperatures are higher (around 3000'K ), the mean free path is larger
than the length of the line of [orce joining the conjugate ionospheres.
Thus the distributions of clectrons along a line of force is governed

not by hydrostatic equilibrium, but rather by ballistic motions of the
ions coming from below'®.

The experimental data is shown by plots of electron density
in the equatorial plane versus geocentric distance, and plots of electron
content in tubes of force (with 1 cm® cross section at 1000 km, and

limited by this level and the equatorial plane) versus dipole latitude at
1000 km.

(*} On ieceve from Escola Politécnica dy Universidade de Sido Panle, Brasil.
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A full account of this work will be published in the J. Geophys.
Research, in early 1966. Details on the diurnal and magnetic activity
variations of the knee, as well as plasma motions on the magnetosphere
can be found in a companion paper by D. L. Carpenter, to be published
in the same Journal.
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Fig. 1 — The upper [igure is the equatorial profile corresponding to
a night of very low magnetic activity (K, = 0), causing the
“knee” 10 be removed beyond 5.8 Ru (geocentric). Note the
flattening of the profile below 3.8 Ry and the gradual
decrease from this point up to 5.8 R.. All points in the plot
come from the same whistler, with 24 independent compon-
ents. The bottom figure shows the same data in terms of
tube content versus dipole latitude at 1000 km. This content
should not be confused with the content measured by Doppler
shift from satellites. From 50° to 57° the content increases,
mainly due to increase in volume of the tubes of force
Above 57° the decrease in density compensates the increase
in volume and the content levels off.
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[ & —

Fig. 4 — Electron density in the equatorial plane, including the night-

time data of Fig. 2 and daytime points from 11 different
days with K, in the range 2 to 4, in the period July-August,
1963. Note that inside the “knee” at 4 Ry the day and night-
time densities area are about the same. Towards lower altitudes
the nighttime data follows the reference profile, although
the daytime points lic above it. This is evidence of a day-
night variation which tends to increase downwards. Just
beyond the “knee” the densities at night are lower than at
daytime. The profile outside the “knee” is well defined in
daytime up to 7 Re, where the density reaches 1 el/cm®. The
uncertainty of this value, due to various factors {such as
distortion of the magnetic field by the solar wind, thermal
effects on whistler propagation, etc.) is not greater than a
factor of - 2,
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Fig. 5 — Comparison of whistler and Alouette measurements indicates
the applicability of diffusive equilibrium along the lines of
force in the region inside the “knee”, at nighttime. The
filled circles were determined from the equatorial profile of
Fig. 1, assuming diffusive equilibrium along the magnetic
field lines*® with a uniform temperature of 1200°K and H
plus concentration of 40% at 1000 Km. The times of the

Alouette recordings were within 30 minutes of the whistler
measurements.
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Fig.
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6 — The relative variation of electron density along a line of force

crossing the equator at 4Ry, The diffusive equilibrium model
is applicable in the region inside the “knee”. The collision.
less model™® describes well the variation of electron density
along the lines of force in the tenuous region outside the
“knee”. As the plol shows, the empirical model Ne « R is
a good approximation for the collisionless model.
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EXOSPHERIC ELECTRON DENSITY PROFILES OBTAINED FROM

INCOHERENT SCATTERING MEASUREMENTS

by

D. T. Farley

Jicamarca Radar Observatory, Lima, Peru

During the period 1-3 February 1965, continuous measurcments
of electron density up to altitudes above 4000 km were obtained at Ji-
camarca. Between 3000 and 5000 km, the densities were always some-
what less that 10' cm™®, with a variation of about a factor of two
throughout the day. The measurements were very consistent on
successive days, and the accuracy of the profiles at 4000 km is estimated
to be = 20% or better. The results are consistent with various whistler
measurements made at different times, and are presented in the follow-
ing four figures.
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shown {for comparison.
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This

figure is adapted from Fig. 8 of Carpenter and Smith (Revs.
of Geophys., 2, 415, 1964).



MEASUREMENTS OF 1 TG 4 MEV TRAPPED PROTONS IN THE

EQUATORIAL MAGNETOSPHERE

by

G. C. Theodoridis and F. R. Paolini
American Science and Engineering, Inc., Cambridge

Massachusetts, U.S.A.
and

L. Katz and D. Smart
Air Force Cambridge Research Laboratories

Bedford, Massachusetts, U.S.A.

A Blue Scout Junior vertical probre launched on 30 March 1965
from Cape Kennedy reached a peak altitude of about 16,500 km. It
crossed magnetic shells with L from about 2 to 3.7, at magnetic latitudes
from 40" to the magnetic equator. The probe carried instruments to
measure the flux energy spectra, and pitch angle distributions of trapped
protons and electrons in various energy ranges,

The data presented in this paper concern protons between 1
and 4 Mev and were obtained from a solid state spectrometer. This
instrument consisted of twg ORTEC solid state detectors each with a
depletion depth of about 200 microns. Pulses recorded in the first
detector alone, in anticdincidence with pulses from the second detector,
correspond to protons of energy below 5 Mev which are stopped in the
first detector and therefore produce a pulse proportional tg their total
energy. Spectral information was derived by pulse height analysis.

The field of view of the detector was a cone with half angle of
3.3". The spcctrometer output was sampled 60 times per second and
the probe spin frequency was about 3 rolations per second. Thus pitch
angle distributions with good angular resolution could also be obtajned.
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Figure 1 givcs a summary of recorded perpendicular intensities
of protons above 1 Mev along the path of the rocket. Intensities are
plotted versus the magnetic shell parameter L. The figure includes also
the corresponding values of the magnetic field B and the geomagnetic
latitude A.

Complete integral spectra over the energy range from about 1
to 4 Mev have been obtained for magnetic shells above L = 2.5, Two
such spectra arc shown in Fig. 2. Within the accuracy of the measure-
ments, obtained spectra agreed with an exponential energy dependence
exp (— E/E°). In the sampled region the slope parameter E, assumed
values between approximately 0.4 and 0.6 Mev.
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Fig. 1 — Perpendicular proton intensities above 1 Mev measured along

the rocket trajectory.
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Fig. 2 — Integral energy spectra of protons between 1 and 4 Mev.

Figure 3 gives pitch angle distributions for protons of energy
above 1 Mev at two points along the rocket trajetory. Due to the nearly
perpendicular orientation of the probe spin axis with respect to the
local magnetic field vector a complete scanning of pitch angles was
possible during the largest part of the trajectory.

On the basis of pitch angle distributions measured near the
equator, information can be derived about perpendicular intensities at
points situated at higher magnetic latitudes on the same magnetic shell,
Using perpendicular intensities derived in this manner from measured
pitch angle distributions, and perpendicular intensities directly record-
ed along the rocket path, contours of intensity versus L at constant A
can be constructed. Some of these are given in Fig. 4. Isoifitensity
contours presented in Fig. 5 were derived from the intensity curves of
Fig. 4, in the polar geomagnetic coordinates R and A,
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E210£0 Mev

Fig. 5 -— Isointensity contours of protons above 1 mev.

Proton data obtained by Davis and Williamson, with Explorer
XTI agree well with the intensity levels of protons above 1 Mev around
L.=3 reported here. Spectral slopes in this region are in agreement as
well. In summary, low energy proton perpendicular intensities up to
about 5 x 10¢/cm? sec sr were observed at L=3 to 3.5 near the magnetic
equator. Measured pitch angle distributions were used to derive the
perpendicular intensities at higher magnetic latitudes. Integral spectra
between about 1 and 4 Mev exhibit an exponential energy dependence
with a slope E, 0.4 to 0.6 Mev.



EXPLORER XX OBSERVATIONS AT CONJUGATE DUCTS

by

T. E. VanZandt, B. T. Loftus and W. Calvert
NBS, CRPL, Boulder, Colorado, U.S.A.

Conjugate ducting is observed frequently on Explorer XX
( Fixed-Frequency Topside Sounder) records. Several ducts are shown
in Fig. 1; they range from 3 to 20 km in N-$ dimensions.
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Fig. 1 — A typical record with conjugate ducts, at times of 1006/52,
1007,/01, 1007/51, 1007/52 and 1008/00 {HRMI/SEc).
Muttiple echoes can be scen at 1007/52 on the 2.85 MHz
record, at 800, 500, and 200 km of virtual range. The last
multiple has a time delay of 317 msec on a path of 95,000 km.
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Figure 2 shows the geographical and diurnal variation of the
ducts observed in the American zone during September 1964. From the
September and October data we conclude that during the autumnal
equinex season of 1964, ducting was common from 0200 to 0900 hours
and rare from 1000 to 1800 LT. We do not yet have enough data for
the 1800 to 0200 LT hour period. It will be interesting to find the time
of onset of ducting.

EXPLORER XX
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&or : . r .

T T T
LOCAL TIMES L
| » 0200-0600 "N
Lo . + 1400~ 189 .
LA
. . [ 3 R

GEGGRAPHIC LATITUDE

GEDGRAPHIC LONGITUDE

Fig. 2 — The locations of conjugate ducts observed during September
1964. Curves of constant dip are also shown.

The rate of occurrence of conjugate ducts on Hawaii records
during the same period was an order of magnitude smaller.

The most striking feature at Fig. 2 is the abrupt decrease in
occurrence at a dip of about 55° (or apex radius = 1.75 earth radii).
Conjugate ducts are observed monthly on 1.50 MHz, less often on 2.00
MHz, rarcly on 2.85 MHz, and never on 3.72 MHz. However, most of
the occurrences of conjugate ducting on 2.85 MHz were near the 55
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cutoff. Since the AN at the apex of the line of force necessary for
ducting is a rapidly increasing function of frequency, and since N is a
rapidly decreasing function of the apex height, this implies that AN/N
at a fixed height increases with latitude up to the 35° cutoff and then
decrease poleward.

These observations provide the parameters for design of
experiments to observe conjugate ducting from the ground. The
transmitter should be locate at a dip of less than 55° and should be
operated at a frequency of 3 MHz or less. Of course, these limits may
vary with seasons or sunspot number, but it is very unlikely that ducting
could be observed at a dip of 70° on =~ 10 MHz.




OBSERVATION OF COHERENT RADIO SCATTER FROM
IRREGULARITIES 6000 KM ABOVE THE MAGNETIC
EQUATOR

by

Robert Cohen and Kenneth L. Bowles

Jicamarca Radio Observatory, Lima, Peru

During some nights in April and May, 1964 remarkably strong
echoes were observed above Jicamarca at a range of 6000 km. They
were obtained only at night, and their intensity varied in time. The
echo intensity increased and decreased in times comparable to the 15
minute infegration interval. During several intervals when especially
strong echoes were visible on an oscilloscope, they were noted ty fade
slowly, at about a 1 cycle per second frequency. The half-width of the
region from which the echoes were obtained was about 400 km, an the
central ranges observed did net vary more than about 500 km from
the nominal 6000 km, previously mentioned. See Figs. 1 and 2.

JICAMARCA , PERU
i964 APRIL. 8

2136 - 2149 (75°W)
49,92 MH;z

1 I ! LY
I 1 I i ] ! i
o} 1700 3100 4300 5900 8300kn h

Fig. 1 — The detected voltage received as a function of radar range
on the night of 8 April 1964, The tail of the F-layer is shown
at the left., The remainder of the F-region echoes have been
blanked ocut.
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E. 2 — Details of the echo-intensity versus height on 21 May 1964.

It is presumably impossible to achieve orthogonality between
the Jicamarca antenna beam and magnetic field lines 6000 km above
Ticamarca, and the angle between them is estimated at about 87°. The
echoes presumably originated from field-aligned or horizontally aligned
irregularities, and have not been observed since the months cited. The
presence of coherent echoes indicated that there was an irregularity
structure in the 6000 km region comparable to the 6-meter wave length
of the exploring radar.




SYNCHRUTRON RADIATION MEASUREMENTS AT JICAMARCA

by

D. T. Farley

Jicamarca Radar Observatory, Lima, Peru

On August 2526, 1965 the amount of synchrotron radiation
reaching the earth at a frequency of 50 MHz was measured. One quarter
of the large crossed dipole array at Jicamarca was used as the antenna.
The beam-width was about 2°. The signals from the two orthogonal
linear polarizations were fed into scparate receivers. Assuming the
synchrotron radiation to be linearly polarized, with the plane of
polarization at an angle « to the plane of polarization corresponding to

receiver A, the voltage imputs to receivers A and B can be represented
as follows:

VA = VNA -+ Vs (COS a) + ¥ VNB
VB = V}\'B + VB (sm ﬂ!) + ¥ VNA

where Vyi and Vi are uncorrclated signals due to the randomly
polarized cosmic noise, and V. is the synchrotron mnoise. The terms
involving vy arise from the crosstalk due to lack of complete orthugona-
lity between the antenna polarizations.

After phase detection, the A and B signals are digitized and
multiplied together, and the results are summed (see Fig. 1)}. The un-

correlated signals average to zero after sufficient integraticn, and we
cbtain

(VaVy)* = ¥ [(Ven®)* + (Vie®)*] + (Vi®)* cos a sin a

To measure small amounts of synchrotron radiation, it js obviously
crucial to have « as small as possible. In this experiment ¢ was
determined to be about 10-%, implying an isolation of the order of
60 db between the two polarization. The observed synchrotron radi-



Synchroton Radiation Measuremenis 331

ation, expressed in terms of temperature, was about 35° = 5°K at 50
MHz. A significant fraction of this is presumably a residual effect of
the Starfish nuclear test of 9 July 1962, However, in future measure
ments, it may be possible to deteimine the background radiation from
the natural Van Allen belts, as suggested originally by Dyce and Naka-
da™. With the present experimental arrangement, it should be possible
to measure synchrotron radiation levels as low as 5-10°K (see Fig. 2).
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Fig. 2 — Synchrotron radiation observations. The maximum value of
the galactic noise at 2000 hrs. was about 45,000°K, whereas
the minimum value at 0600 hrs. was about 5000°K. The
measurements near 2000 hrs. show that y, the voltage cross-
talk ratio, was of order 10 or less. The observations near
0600 hrs. give a value of synchrotron noise power of about
35 K. Note the Faraday rotation occurring after sunrise as
the ionosphere builds up.
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OBSERVATIONS OF SOLAR COSMIC RAY EVENTS DURING

SOLAR MINIMUM

by

A. D. Goedeke, A. J. Masley and G. W. Adams
Space Sciences Department
Douglas Missile and Space Systems Division,

Santa Monica, California

Since February, 1962, numerous increase of solar cosmic ray
intensities have been observed directly by polar orbiting satellites and
space probes, and indirectly by riometers located at high geomagnetic
latitudes. About 30 events have been recorded to date, 10 of which
were well defined solar cosmic ray events and were observed by the
Douglas riometers located at McMurdo Sound, Antartica and the conju-
pate point as Shepherd Bay, N. W. T., Canada.

Many of the events were not associated with solar activity.
There is some evidence of a 27-day recurrence tendency and that the
sun may be continually accelerating low-energy protons from one main

active region. These low energy, low intensity events have steep energy
spectra with few protons above 10 MeV. They are normally below the
threshold of riometer detection, even at very high polar latitudes.

In addition to the proton events, three solar electron events
were conclusively identified by Iowa detectors on Mariner IV. This is
the first direct evidence for the existence of solar accelerated electrons.

The electrons had energies greater than 40 kev with steeply falling
energy spectra. -
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Table I below shows the observed solar cosmic ray intensity
enhancements since February 1962. The check-marks identify those
events conclusively identified as typical solar cosmic ray events. These
events had high enough intensities and energies to be well observed
by high latitude riometers.

The unchecked events were low intensity, low energy events
below the threshold of riometer detection. The three electron events
observed by Van Allen on Mariner IV are not shown.

TABLE

Solar Cosmic Ray Increases

FEB 2, 1962 JUL 21, 1963
FEB 12 vV SEP 14
v FEB 20 Vv SEP 20
v OCT 23 V SEP 26
v FEB 9, 1963 OCT 30
MAR 9 V MAR 16, 1964
APR 5 JAN 8, 1965
Vv APR 15 V FEB 5
V APR 30 APR 17
MAY 27 MAY 27
JUN 14 JUN 1
JUN 25 JUN 12
JUN 28
JUL 3

JUL 13
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OFf the 10 solar cosmic ray ecvents we have observed, one was
due to a recurring region; 3 to flares east of central meridian; and 6
to flares west of central meridian, although the total number of flares
greater or equal to class 2 was somewhat higher for the east side. The
cast side events were smeared out low intensity events lasting several
days. The events for which dclay times could be determined were all
west side events with delays of 1 to 2 hours, which is the approximate
rectilinear travel time of 30 MeV protons. These characteristics are
similar to those observed for solar maximum events. In contrast to the
simnilarities between events near solar maximum and solar minimum,
some of the differences are: (1) the frequency of occurrence of riometer
identifiable events is about 1 event per 4 months near solar minimum,
compared to 1 event per month near solar maximum; (2) the peak
intensities for the large solar minimum events are down by about 10*
compared to the largest solar minimum events; and (3) although many
of the solar maximum events had substancial intensities for protons
in excess of 40 MeV, the solar minimum events reach galactic back-
ground at 40-100 MeV. Comments arc made on captions of Figs. 1 and 2.

Because of the absence of adequate detection techniques during
the previous period of solar minimum, it is highly probable that of the
cvents since February 1962, only 3 could have been recorded.
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Fig. 1 — Solar proton energy specira for solar minimum events. The

spectra of the November 12, 1960 solar cosmic ray event is
shown for comparison. This plot is the Olgivie, et. al. (1962)
rocket spectrum adjusted to the maximum intensity of the
event. The September 21, 1963 data are from Inmjun I (Van
Allen, 1964) and from Alouctte (Burrows, et. al., 1964).
The October 23 plot is from a differential spectrum furnish-
ed by McDonald (1963) and the two > S00KeV points are
from Mariner II (Van Allen, 1963). The two data points
denoted by squares are for the February 5, 1965 event and
are from Van Allen (1965). The spectra for the February
11, April 5, May 2, and May 27, 1963 events are from Bryant,
et al. (1965). The January 9, 1965 event is from Van Allen
1965), and the June 15, 1965 spectrum is from Krimigis
(private communication).
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dashed curve is the counting rate profile of detector B (high
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.SUMMARY OF THE SESSION

by

J. P. Dougherty
Department of Applied Mathematics and Theoretical Physics
University of Cambridge, England

A 1eview and seven paper weve given under the title exosphere. There
was some discussion of the choice of title, and of the role of exospheric or
magnetospheric studies in the equatorial comtext, but our task here is only to
summarize the papers presented,

In his review, Dr. J. O. Thomas outlined the present knowledge of the
ionized part of the atmosphere from above the F region (say 1.000 km) to about
5 earth radii, and the theorctical interpretation. For the vast majority of the
particles (the thermal ones) a good description is cbtained by treating each flux
tube separately and supposing the plasma it contains to be in diffusive
equilibrium under gravitational, centrifugal and electrostatic  forces. The
distribution of the eclectron and the thres species of positive ions (H plus,
He plus, O plus} throughout space can be calculated if sufficient daty is given
at a reference level (say 1.000 km). This data is itself sti]] subject to some
uncertainty, but information is now being gathereq by topside sounders and
other means. Whistlers also give independent observations of the electron
density, mainly, in the equatorial plane.

On the shell I, ~ 4 there is a rapid decline in the electron density and
the temperature begins to increase with L. It appears that diffusive equilibrium
breaks down for the magneiosphere outside this shell, but this phenomenon is
rot yet understood in detail.

Many other phenomena, for cxample whistler guidance, low frequency
emissions and Van Allen belts, oceur in this region, but were not surveyed in
any detail since it was not proposed to spend much time on them at this meeting.

The first four research papers concerned the distribution of electrons
and ions in the region of diffusive equilibrium; the remaining three dealt with
nbservations of highly energetic particles. Tn the first paper Thomas described
some of his more recent calculations which extend and improve the theoretical
picture mentioned in the review, The raie at which the electron density
diminishes with increasing distance has been observed to be greater than predict-
ed by simple theories, but this difficulty is resolved if one introduces a
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latitudinal variation of the relative abundances of the three ions as measured
at the base level, and a similar variation of tempcrature at that level. The
lighter ions must be more abundant at lower latitudes. This seems indeed to be
the case, sccording to obscrvations by the Alouette and Ariel I satellites.

Mr. J. Angerami's paper suggested that the rapid decline in electron
density at L ~ 4 (known as the "knec”) might be explained by supposing that
at that level the mean free path of protons is comparable with the distance,
measured along the line of force between conjugate points. Below that level,
the gas may be treated as a simple fluid with isotropic pressure. Above it the
pressure may become anisotropic, or equivalently the particles may all be treat-
ed by the well known adiabatic invariant, and a distribution of pitch angles
must be specified. Tt is claimed that this difference in behavior can bring about
the “knee”.

There followed papers giving observaticns of cleciron density at the
Jicamarca Observatory. Dr. D. T. Farley described recent electron density
profiles to heights of 5000 km, taken by incoherent scatter. The results are in
good agrzement with whistler measurements. Consistent and clean profiles are
obtained, znd these arc believed to be of good accuracy. Dr. R. Cohen describ-
ed a remarkable phenomenon as yet quite unexplained, in which a patch of
strong irregularitics, perhaps roughly similar 1o spread-F, has occasionally been
observed 2t a height of 6000 km. Some discussion followed, but nobedy scemed
to have a ready explanation.

Twmning to the papers on high energy particles, we should recall that
the magnetosphere contains the natural radiation known as the Van Allen belis,
the inner belt including protons with up to hundreds of MeV encrgy, as well
as electrons, while the outer mainly of electrons at rather lower energy. This
radiation is “trapped” by the earth's magnetic field. In addition, energetic
particles may be introduced artificially by a highaltitude nuclear explosion.
Such an explosion took place on July 9, 1962. Electrons were trapped on 2a
shell L ~ 1.2. Their synchroton radiation may be observed by an equatorial
station such as Jicamarca, as we heard in detail at the First Symposium in Peru.

Farley reported briefly on results arising from a search for such radiation during
the recent manned space flight. The purpose of these observations was to
report the occwrrence of any such explosion, for the safety of the astronauts,
a contingency which did not in fact, arise. However, it was of interest to note
that a wesk residue of the 1962 radiation is still observable. It also appears
that the instrumentation at Jlcamarca is now such that the synchroton radiation
from the natural Van Allen belts may be measurable soon, provided no further
high altitude explosion takes place.

Dr. G. C. Theodoridis presented a paper on some new observations of
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flown fairly cluse to the equator, to a height L ~ 3.7. It explored the distribu-
tion of moderately energetic protons in the range 1 to 4 MeV in a region
corresponding roughly to the minimum between the two main bels., The energy
specirum @nd pitch angle distribution of the protons was recorded, this inform-
ation may be used to trace the distribution along the lines of force to higher
latitudes. Reascnable agreement with the results of other flights was obtained.

Finally Dr. D. Goedeke reported a study of solar cosmic ray events at

sunspot minimum. These events are very much weaker than those at sunspot
maximum, but it appears that they are not noticeably less frequent,
Another irteresting observation was that the onset of such an event was record-
ed simullancously by a station on the earth (in the polar cap) and by instruments
cn the Mariner 4 space probe, which at that time was approaching Mars.
This indicates that the stream of solar protons must have been very broad.
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(Discussion leader: §. Silverman)

Review Paper

by

F. E. Roach
Central Radip Propagation Laboratory — ESSA, Boulder
Colorado, U.S.A.

The luminescence of the upper atmosphere known as the night airglow
has been historically distinguished from the aurora in that the excitation of
the emitting atoms or molecules is primarily dus to in Situ reactions rather than
extraneous events.

The distribution is based upen the concept of auroral excitation by
energetic particles proceeding into the atmosphere under the influence of the
geomagnetic field.

There are several different airglows in both the spectroscopic and
physical senses. In the so called “chemical kitchen” (70 km to 100 km} emissions
are known to be due to hydroxyl (OH), sodium (ihe D-lines), atomic oxigen
(the 5577A lines) and molecular oxygen (the Herzberg bands). There is also a
“continuum” of unknown origin which seems to extend throughout the visible
spectrum. The 70 to 100 km airglows, especially 3577A and the contibuum,
combine into an annular type layer visible, for example, to astronauts who
see it tangentially with significantly extended path length, thirty-five fold as
compared with the zenith path as secen from the earth's surface.

Of particular interest to students of equatorial aeronomy is the 6300A
emission from atomic oxygen which seems 10 originate in the F region of the
ionosphere (see Figure 1 for partial energy level diagram of atomic oxygen).
The association of this radiatien with the rale of recombination in the F region
has been established by a series of investipations due in large part to the late
Daniel Baibier and collaborators. In two [lights from France to South Africa
it was shown that the zenith brightness of 6300 A displays two maxima
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symmetricai with respect to the magnetic equator strikingly similar to the vari-
ation of the ionospheric parameter . foF? which has come to be known as the
equatorial anomaly, (see Figs. 2 and 3).

The temporal variations in the brightness of 6300 A in equatorial reglons
have been shown to be proportional to the rate of recombination in the F-region.
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Fig. 2 — Zenith brightness of 6300 A as a function of geographic latitude based
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The relationship can be derived from basic physical consideration if
the excitation apd the recombination are both tzken as due to reactions of the
lype:

0 plus + 0. — 0, plus + 0
Opplus + ¢ = 0 4+ ¢ (D, + 18)
6300A or 55774

The reactions are, as indicated, energetically capable of exciting atomic oxygen
to either the D or the § level and can thus produce ejther the 6300 A or the
5577 A radiation. It is observed that the equatorial temporal variations in 6300 A
are accompanied by concomitant variations in 3577 A with ratio of intensities
I [63007/1 [3377] of about 4/1. Another pair of reactions which may contribute
to the recombinatlon and to the 6300 A but not 5577 A optical emission is
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0 plus + N; — NOplus + N
NOplus + ¢ — N + 0 (D) « 6300 A

The observation of equatorial airglow contributes not only to our knowledge
of F-regiorn recombination processes but also to both the vertical and horizontal
structure of the equatorial ionosphere. This is due to a semi-empirical
relationship (now known as the Barbier formula) which puts the recombination
rate in terms of two parameters (foF2 and h'F) which are measured routinely
by students of ionograms:

Qa0 = A + B (foF2)°. exp [(h'F-200)/H]

where H 15 a scale height referred to the neutral atmosphere. The success of
the formula in predicting 6300A brightness is illustrated in Fig. 4. One of
the consequences of the relationship is that it permits the study of a relatively
large ionospheric sample covered with good resolution by a single photometer
ot a given station in contrast with an ionospheric sounder which includes the
zenith with poor angular resclution. Although both foF2 and h'F are involved
in the Barbier's formula the more powerful term is usually the exponential
term involving h'F. In Figs. 5 and 6 are shown photometric maps of 6300 A
from observations made in Hawaii. In Fig. 3 we note that the isophotes
delineate an “arc” which is oriented along a magnetic parallel. Figure 6
itlustrates a situation, often observed, in which considerable detailed photometric
structure occurs. The closcly spaced isophote lines imply strong local gradients
in foF2 and h'F, chiefly the latter, Variations in I'F of many tens of kilometers
over a horizontal distance of a few tens of km indicate a highly corrugated iono-
spheric structure. Under conditions such as those of Fig. 6 the ionograms
become very complex but their interpretations can be rationalized in part, at
least, by their study along with that of the photometric iscphote maps.
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RECENT RESULTS OBTAINED BY D. BARBIER

IN THE EQUATORIAL AIRGLOW

by

G. Weill

Institut d’Astrophysique de Paris, France

(Paper not available)



SOME RECENT STUDIES OF TROPICAL AIRGLOW

ENHANCEMENT

by

T.E. VanZandt, W. R. Steiger, F. E. Roach, V. L. Peterson

and R. B. Norton

NBS — Boulder Laboratories, Boulder, Colorado
It is shown that the Barbier formula assumes:

| — No deactivation of O (D),

2 — The rate of loss of electron is proportional to the electron
concentration;

3 — The neutral temperature is independent of height and
time;

4 — The normalized electron concentration, N{h)/N. is a
function ¢f (h-h.) only, and

5 — h is given by h'’F + constant.

Tt is then shown that the Barbier formula can be improved to
Q = B A exp [«(hah,)/H] Nno H

where B is a constant, 8 is the linear loss coefficient at h, and H is the
scale height of Q.. This formula relaxes assumptions (3) and (4) to:
3 The neutral temperature is independent of height.

4'. The normalized electron concentration is a function of

[(h-ha)/H] only.
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Also, assumption (5) can be improved by

5.

ha = h' (f = 0.815 foF2)
= a ftunction of M 3000

or

It is shown that at Maui, Hawaii, the emission calculated using
the full theory of emission and electron concentration profiles inferred
from ionograms agrees well with the observed emission (Fig. 1).
However, there is a small amount of emission (0-100 Rayleighs) which
is uncounted for by the theory.

Q OBSERVED RAYLEIGHS

Fig. 1 — Calculated versus observed emissions for Maui,

4PAR V4, 1982
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Hawaii.

From a comparison of sweeps of the 6300 and 5577A emission
it is inferred that the ratio [n® of excitations of O ( D) per recombi-
nationl / [ditto O (*S)1 lies between 3 and 4.
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Maps of the vertical intensity of tropical atomic oxygen air
glow enhancements are described. Frequently, the enhancements are in
the form of NS fingers, with very little enhancement between. The
fingers are often only 200 km apart. They last for 2-3 hours, disappear,
and then frequently resurge, in almost the same locations several hours
later. The enhancements in the zenith at Maui are mostly due to
changes in height of the ionosphere. This implies a strongly corrugated
ionosphere during enhancements.




THE 6300 A [0I} AIRGLOW EMISSION: CALCULATED

INTENSITIES FOR THE AMERICAS

by

S. M. Radicella

Universidad de Tucuman, Argentina

(Paper not available)



SOME RELATIONS BETWEEN THE NOCTURNAL VARIATION OF

AIRGLOW 5577 A AND foF2 AT LOW LATITUDES

by

P. D. Amgreji

Physical Research Laboratory, Ahmedabad 9, India

The mean nocturnal variation of 5577 A green airglow
intensity at Indian stations during IGY-IGC are compared. The stations
Srinagar (34°N), Naini Tal (29°N) and Mt Abu (25°N) show a gradual
increase of the intensity until midnight followed by a steady decline.
The stations at Poona (19° N) and on the ship Soya (5°N to 5°S during
its journey in the Indian Ocean) showed two maxima near 2100 and
0300 hours. The double maxima in the nocturnal variation are found
to be less separated with increasing latitude and finally converge to a
single maximum at about midnight at 30°N latitude suggesting meridio-
nal movements of the green airglow cell. The general trend of the
nocturnal variations of the airglow intensity and of foF2 are similar.
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AIRBORNE NIGHT AIRGLOW MEASUREMENTS IN THE SOUTH

ATLANTIC MAGNETIC ANOMALY*

by

T. P. Markham

Air Force Cambridge Research Laboratories
and

R. E. Anctil

Lowell Technological Institute

It has been suggested by Cole (.G.R., 66, 3064, 1961) and Gled-
hill and Van Rooten (Nature, 196, 973975, 1962) that the precipitation of
electrons in the South Atlantic anomaly region should result in a
considerable enhancement of the airglow emissions in this region.
Measurements of the night airglow 5577 A and 6300 A [OI] lines were
made in the South Atlantic magnetic anomaly from an Air Force KC-
135 Aircraft. The data does not show any intensity enhancement over
that found outside the anomaly region.

(*} This paper has been submitied for publication elsewhere,



WORLD-WIDE OPTICAL EFFECTS IN THE

EARLY HOURS OF SC STORMS

by

G. Weill and J. Christophe-Glaume

Institut d’Astrophysique de Paris, France

The occurrence of bright auroral displays and the expansion
of the auroral zone towards the equator during the main phase of geo-
magnetic storms have long been recognized. Two distinct optical effects
which occur during the initial phase of the storms were recently
identified.

a) At SC time an aurora of moderate intensily develops at
the auroral zone and rapidly expands towards the poles. Seen from
inside the zone the display has the characteristic spectral features of
aurora, intensities in the kR range, and a blanket like appearance. The
intensity peaks approximately 45 minutes after SC. This effect does
not extend appreciably outside the zone.

b) At middle and low latitude stations a synchronous effect is
observed on airglow. The effect is conspicuous on the 5577 A [0I] line
intensity, while the other airglow radiations are not appreciably
enhanced. Peak effect intensities, of the order of 20 Rayleighs, are
reached 45 and 70 minutes after the SC at Haute Provence and
Tamanrassel respectively.

About two hours after the SC the intensity of 5577 A [0I1
increases again and is known to corrclate with AH during the main
phase.



THE 5577 [0I1 AIRGLOW EMISSION INTENSITY DURING THE
HOURS IMMEDIATELY PRECEDING AND FOLLOWING THE

SUDDEN COMMENCEMENT OF A MAGNETIC STORM

by

5. M. Silverman
Air Force Cambridge Research Laboratories

Bedford, Mass., U.S.A.
and

W. F. Bellew

Northeastern University, Boston, Mass., U.S.A.

A preliminary study of more than 30 cases at Sacramento
Peak, New Mexico confirms the existence of an increase in the 5577 A
[0I] airglow emission intensity following the sudden commencement
of a magnetic storm noted by Glaume (Annales de Géophysique, 1965).
The delay time of the intensity maximum is of the order of one hour
following the SC similar to that observed at Haute Provence and
Tamanrasset, and the intensity incrcase is of the same order of
magnitude. In contra distinction to the other stations, however, our
data indicate that the effect begins some hours prior to the onset of

the SC. Data from other stations is needed to define the phenomenon
more definitely.



SUMMARY OF THE SESSION

by

S. M. Radicella

Universidad Nacional de Tucumdn, Argentina

Seven papers were presented in  this session. Thesc were devoted
primarily to the study of either the tropical acc of the 6300 A red line emission
or the 5377 A green line emission.

Dr. G. Weill presented the last results obtained by the late Dr. D. Barbier
of the behavior of the red line in equatorial and sub-equatorial regions in Africa
and also some modifications of the original Barbier formuly that cmpirically
relates airglow emissions and ionospheric parameters.  With the improved
cquation a better fit is obtaincd. On the same line Dr. VanZandl presented a
paper by himself, Steiger, Roach, Peterson and Norton where it is shown that
the Barbier formula can be improved by using, among other factors, a bettcr
ionospheric height parameter, either hmax or M (3000). These authors have
observed that at Maui the photometer is looking at a very dynamic and corruga-
ted ionosphere and mention the importance of the comparison between the fine
structure of the red line emission and the features that appear or the ionograms.
Radicella had shown some results on lhe possibility of predicting the red line

behavior on a world wide basis using ionospheric dala and the original Barbier
formula,

Weill and Christophe-Glaume and also Silverman and Bellew found a
very Interesting phenomenon: the increasc of the 5577A green line emission
following a magnetic sudden commencement. This incrcase is of the order of
ten percent and its duration is of some hours. A latitudinal variation of the
phenomenon may occur. A paper by Markham and Anctil presenjed by Dr.
Silverman shows that no increase of the intensity of airglow emissions is observ-
¢d in the region of the South Atlantic magnctic anomaly.

Dr. Rastogi presented a paper by Amgreji where a possible correlation
between green line emission and foF2 data for stations in India is discussed .

An apparent latitudinal movement of {he green linc airglow was found by
Amgreji,
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IX — LOW LATITUDE CURRENT SYSTEM INCLUDING THE

ELECTROJET AND MAGNETIC VARIATIONS

(Discussion leader: A. T. Price)

REVIEW ON CURRENT SYSTEMS

by

S. Matsushita

HAOQO, CRPL and UC, Boulder, Colorado, U.S.A.

Sq Current Systems

As known very well, the external {ovcrhead) and the internal (induced
within the earth) current systems arc responsible for Sq variation. Cain and
Netlson (1963) obtained an external Sq current diagram by U. §. Weather
Bureau machinc-mapping technique using spherical harmonic coefficients given
by Chapman (1919) (sce Fig. 1). By the so-called numerical method Price and
Wilkins (1963) showed Sq current systems during the Second Polar Year. Using
the spherical harmonic method (or analytical method) Matsushita and Macda
(1965) have showed recently 8q current systems during the IGY. A global
presentation of a wocldwide yearly average cxternal current system viewed from
the magnetic cquatorial plane at the 0000, 0600, 1200, and 1800 hours meridians
is shown in Fig. 2.

Figurc 3 presents external Sg current systems near noon in three
longitudinal zones for each season with respect to geographic latitude {ordinate)
and dip latitude (thin solid curves). The vertical straight lines indicate the
noon meridian in each zone, which corresponds to 30¢E, 150E, and 90'W
geographic longitude. This diagram shows longitudinal and hemispheric
inequalities and gives an idea of how the daytime external Sq current and
cquatorial electrojet shift during one complete rotation of the earth. The
longitudinal inequality of the electrojet seems to be caused by longitudinal
differences involved in Cowling and other tensor components of electric
conductivity and tidal wind systems. The hcmispheric asymmetry was also
discussed by Van Sabben (1964).
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Fig. 1 — The external Sq currcnt system for the mean equinox of 1902. Values

of current flow are in kiloampercs with a contour interval of 3000

amperes (Cain and Nielson, 1963).
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EXTERNAL SOLAR CURAENT SYSTEMS
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big. 2 — A worldwide yearly average cxternal current system during the IGY.
The current inlensity between two consecutive lines is 25 x 10° amperes,
and the thick solid curves indicate the zero-intensity lines. The thin
+0lid and broken curves show counterclockwise and clockwise current
vortices, respectively. The numbers near the cross marks are the total
current intensity of these vortices in units of 105 amperes (Matsushita,
1965).
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EXTERNAL Sq CURRENT SYSTEMS NEAR NOON AT EACH ZONE

Loy~

s

A T

amaaiei, § e

YEARLY AYVERAGE

Fig. 3 — External Sq current systems near noon in three longitudinal zones,
which are divided with respect to geomagnetic longitudes, 165¢, 285°,
and 45°E, during D months (January, February, November, and Decem-
ber), E months (March, April, September, and October), ] months
(May through August} and vearly average, 1958. The current intensity
between two consecutive lines is 25 x 105 amperes and the numbers
near the cross marks arc {he iotal current intensity in units of 102
amperes.

Kato (1963) discusscd Joule heating caused by the equatorial electrojet
and suggestied thal the clectron temperature is raised above the neutral particle
temperature by scveral tens of degrees. Eleclrical conductivity anomalies in
the earth's crust in Peru werc discussed by Schmucker et. al. (1964); the Z
componen: shows peculiar variations, and coastal edge effects are apparent.

Raocket observations of the eguatorial electrojet over Thumba, India,
were made by Maynard ct. al. (1965). Figurc 4 shows the result at 1000 local
standard time on January 27, 1964; the total change in field betwcen apogee
(170 km) and 100 km below apogee was about 90 gammas. Somewhat less
than one-half of this change, 35 to 45 gammas, should be apparent on ground
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records; Trivandrum showed about 30 gamma change., Figure 3a shows a
rocket cobservation result over Woomera {30°56°S, 136°31LE} at 1137 Australian
central standard time om March 12, 1964, and Fig. 5b shows another rocket
observation over Wallops Island (38*N, 75<W) in June and Qctober, 1964,
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Fig. 4 — The difference between the measured field and Finch and Leaton
field in gammas plotted with respect to the distance from apogee
{170 km) in kilometers (Maynard et. al., 1965).
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Fig. 5-a - Magnetic discontinuity detected by a rocket observation over
Weomery (Burrows and Hall, 1965),
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Fig. 5b — Plots of altitude versus the measured total field minus the comput
ed total field for the ascent portions of all flights; data points taken
ai intervals of approximateiy one second. Solid lines represent the
data corrected for effects duc (o vchide precession (Davis et. al.,
1965).

L Variations and Current Systems

There are several reports of lunar variations. Onwumecchilli (1964) and
Rao and Kaja Rao (1963) discussed extraordinary L tides at magnetic equatorial
sessions, and Rastogi (1963, 1964) studied longitudinal inequalities of L vari-
ations. Matsushita (1964} cobtained L variations of three magnelic components
at Huancayo during the period from 1922 through 1947. Rao and Rao (1965)
showed L horizontal drifts in the E and F2 region over Waltair, India. The
NS and EW components of the drift in the E region were 7.2 sin (2t - 1852} m/s
and 9.6 sin (2t + 73°) m/s, respectively: these seem to be much larger than
expected from magnetic data.

Concerning the lunar current systems, Matsushita and Maeda (1965
studied all avaible results of lunar analysis of geomagnetic data from a total

of 17 ctatinne and chasead avtaernal  amed febamenl  cceceamd  ccembeee e T F
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presents the external L current systems for a mean lunation during an average
activity perfcd for three seasons, which are viewed from the magnetic equatorial
plane at 1260 lunar time meridian; these are compared also with solar current
systems in Fig. 6.

EXTERNAL 93 EXTERNAL L

D MONTHS

S

E MONTHS

o + MONTHS

Fig. 6 — The external L current systems for a mean lunation (right) and the
external Sgq (left) average worldwide in three seasons viewed from the
magnetic equatorial plane at 12 h meridian. The numbers near the
cross marks are the total current intensity of counter-clockwise (solid
curves) and clockwise {broken curves) vortices in units of 103 amperes.
The current intensity between two consecutive lines is 102 amperes
for L and 25 x 108 amperes for Sq.
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REVIEW ON MAGNETIC VARIATIONS

by

S. Matsushita
HAO, CRPL and UC, Boulder, Colorado, U.S.A.
Colorado, U.S.A.

Definition

We need te define a few subject matters in order to avoid confusion
among researchers. Some woikers define Sg as an absolutely quiet daily vari-
ation which is free from the cffects caused by solar winds and the magneto-
sphere. This definition is convenicnt in discussions of theoretical models, but
is difficult to obtain from actual data, Practically speaking Sq can be derived
from rclatively quiet days in an averaged form as Chapman and Ba.tels (1940)
and Pricc and Stone (1964) discussed. We can assume that cxcept at high
latitudes, thus obtained variation is fairly free from solar wind and magneto-
sphere effects. We may discuss a quiet-day variation {(which can not be cailed
as Sq) from observed data at an individual station on an individual day. In
other words, “Sq” indicates an average behavior of quict-day variation, and
an individual "quiet day” variation has a possibility to include disturbance effects
slightly larger than Sq variation has. To obtain Sq, five intemational gqulet
cdays are not very favorable as Matsushita and Maeda (1965) discussed.

The socalled equatorial clectrojet is a part of the external current
system which is reponsible for Sq or quiet-day magnetic variations: the enhance-
ment of the current is caused by a special situation of clectric conductivity over
the magnetic equatorial zone. To discuss the jet using geomagnetlc data
however, workers often separated the jet from the middlelatitude current
system, This is again a practical method: io discuss day-to-day, seasonal, and
sunspot-aclivity variations of the jet, we should not forget that the jet is a part
of the middlelatitude current system (Mayaud, 1963).

There are several equatorial parameters such as geographic, geomagnetic
and magnetic equators (de Alvarez, 1963). The best equator to explain geo-
magnetic variations was discussed many years age by several workers, such as
Hasegawa und Ota (1950). This subject has been revived recently. Chernosky
et al. (1964) showed several of the equatorial parameters: dip 0, horizontal
intensity maximum, fotal intensity minimum, cosmic ray minimum, equinoctial
solar perpendicular and so on, as shown in Fig. 1. Price and Wilkins (1963)
used mean magnetic latitude, namely an average of geomagnetic and magnetic
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latitudes, and Onwumechilli (1964) discussed an effective equator, such as
“mean normal equator” or “two-to-one equator”. Since we can not get rid of the
longitudinal effect whichever one we take, it seems to be simpler to stick with
dip latitudes and to obtain longitudinal inequalities which are mainly caused
by tidal winds controlled by geographic latitudes and partly caused by differences
of main magnetic field intensity, hence electric conductivity, and by induction

effects in the ionosphere and below the ground.
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Magnetic Variations

Daily and seasonal changes of quiet-day magnetic variations were
discussed by Godivier and Crenn (1965) for Tchad, vy Cgbuehi and Onwume-
chilli (1964) for Nigeria, by Osborne (1964) for Pcru and by Yacob and Khanna
(1963) for India. Daily, seasonal, and sunspot-number variations of H and Z
2long and near the jet in Indin, Africa, and the Pacific were studied by
Chapman and Raja Rao (1965). A solar control of Sq (H) at Alibag was discussed
by Yacob and Prabhavalkar (1965). A detailed study of Sq variations during
the IGY was made by Price and Stone {1964) and Matsushita and Maeda (1965).

Recent analysis of stratospheric winds showed an equatorial oscillation
of about 26 months, whose largest amplitude is at about 25 km. Stacey and
Wescott (193) suggested that thesc stratospheric oscillations reach up to iono-
spheric heights and showed that monthly mean valucs of H at Alibag and Apia
irdicate 26 or 27 month periodicity, However, a speciral analysis of the monthly
average daily amplitude of H ai Huancayo made by London and Matsushita
(1563) shows a peak at & months indicating an equinoctial maximum; nothing
Is evident in the neighborhood of 26 months (see Fig. 2). Shiviro and Ward
{1964} reached the same conclusion.

250
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Spectral estimate {ermplitude of Hg)* month
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Jeed 12 ] 4 3 2
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Fig. 2 — Spectral estimale of the monthly average daily emplitude of H at
Huancayo, Peru (1922-1959), {Loudon and Matsushita, 1963).
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THE ANALYSIS OF THE Sq-FIELD IN EQUATORIAL REGIONS

by

G. A. Wilkins

H. M. Nautical Almanac Office, England

Techniques for the interpolation of the components of the Sg-
field variations over the earth at any instant of universal time, for the
determination of a potential function that represents both the north
{X) and east (Y) components, and for the separation of the potential
into parts of external and internal origin were described by Price and
Wilkins (1963). These techniques were applied to the Sgfield in the
J-months of the second International Polar Year (1932-3) but, although
the broad features indicated in the maps are believed to be substantially
correct, the maps do not show correctly the field in equatorial regions
for the following reasons:

a) The available data did not suggest that the line of max-
imum range of the horizontal component lies along the magnetic dip
equator in all longitudes as is now generally believed;

b) The mesh used in the analysis was too coarse in the
equatorial regions to allow a proper representation of the equatorial
peak at midday;

¢} Much of the detail given by the numerical results is not
shown in the diagrams reproduced in the paper; in particular the maps
of the equipotentials fail to show clearly that the electrojet lies well
within the northern current system at each epoch; and

d} No special attemps (apart from averaging over the twenty
international quiet days of each season) were made to eliminate the
effects of the L and SD-fields,

The experience gained in that study (which was largely carried
out in 1950-1) suggests that the following points should be borne in
mind in studies of the Sg-field in equatorial regions:
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a) There are no clear criteria by which the effects of the so-
called “normal Sq” and “electrojet” can be distinguished, and for most
studies of the electrojet effect it seems desirable to consider the field
over a range of at least 20° in latitude on each side of the dip equator;

b) The field shows complex changes with latitude, longitude
and universal time, and it is unlikely that it can be adequately represent-
ed by a small number of parameters; similarly any general interpret-
ations based on only a lew characteristics of the observations at a small
number of stations are likely to be misleading;

¢} The variations in both X and Y {or H and D) should be
considered together on a regional basis and used to determine the
equipotencial lines for the field; such a representation shows clearly
the significant changes in direction, as well as intensity, of the field;

d} The variations in the vertical component (Z) play a
dominating role in the separation of the field into parts of external and
internal origin; their peculiar and irregular behavior makes this a
difficult task and careful study of the Z-variations over the region is
required. Since the rates of change of the field with both time and
position are much larger than in temperate latitudes, the relative ratios
of the external and internal parts may not be the same as that obtained
in early spherical harmonic analyses of the Sq-field.

The method of spherical harmonic analysis is not by itself
suitable for analysing the field in equatorial regions since many terms
(at least 80) are required to fit adequately the variations at midday
at the dip equator. The methods of Price and Wilkins can be used on
a regional basis, but a reasonable approximation to the world-wide field
must be included if a satisfactory separation of the potential is to be
obtained. Alternatively these methods could be applied to the difference
between the observed field and an arbitrary, synthetic field based on

a spherical harmonic analysis (to low order) of the field in temperate
latitudes.

The external current system responsible for the Sg-variations
appears to lie in the E-layer of the ionosphere at a height {approximate-
ly 105 km) that is small in comparison with the radius of the earth;
the equipotentials of the external field therefore correspond closely ta
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the current lines of the ionospheric system, and can be used to estimate
the variations in integrated current density over the layer. Reliable
determination of the current function and of the way in which it
changes with latitude, longitude and universal time will require a better
distribution of observations than is now available, and may demand
the development of new techniques for the analysis of the data.
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IONOSPHERIC CURRENTS AND MAGNETIC FIELDS

by

Denis G. Osborne
University College, Dar es Salaam,

Tanzania

This paper surveys the information given by a magnetic station
about ionospheric currents. Some applications are made to interpret
magnetic data in equatorial regions.

The Northward field, X, due to a uniform sheet of eastward
current is given by

X —al (gamma)

where a is a constant and J, is the current intensity in the eastward
direction in A/km. For an ionospheric current sheet at 100 km with
an induced image current at — 600 km we have a =~ I as shown by
Chapman and Bartels (1940). The earth’s curvature has only a small
effect on the calculated value for a. If the eastward current intensity
varies with northward distance linearly, as shown in Fig. 1, the same
relation holds with I, as the intensity at the overhead point. Ap-
proximately 70% of the field X due to an infinite uniform current sheet
at 100 km comes from current flowing in an ionospheric element 400
km square with sides north and east, centered above the magnetometer.
It follows that a magnetometer records current fluctuations in
approximately this area of the ionosphere.

The Eastward fleld, Y, is given similarly by
Y =al,

where x represents northward direction. If the earth rotates under a
quasi static current system the rate of change of a component with
time is a measure of its eastward space gradient. Thus
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dy/dt = (dy/dt) (dY/dt) = a (dy/dt) dL/dy

The rotation speed dy/dt is about 1,600 km/hour at the
equator.
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Figure |: Eaostword curtent intensity aggainst distance nofth.

The Vertical field, Z, contrasts with the horizontal components
it is due to differences in ionospheric currents rather than their mean
value ; it senses currents at a distance from the magnetometer rather than
overhead; and it measures the difference between external and internal
contributions rather than their sum. Small differences in the earth
conductivity can produce large differences in the expected vertical field.
For the current model in Fig. 1:

= bdl,/dx = edX/dx
where b and c are constants.

The vertical field due to both components of current may
be written in terms of current gradients or field gradients as:

Z=3X,~Z, = ¢ (dX/dx) — ed¥/dy = b (dI,/dx) — bdl/dy

Magnetometer values for X, Y and Z thus give information
about the currents I., I, and about their space gradients. To extract
this information from magnetograms it is necessary to choose a base-
line of supposed minimurn ionospheric current and to choose measures
of hourly values and range. There is need for an agreed recommend-
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ation on these definitions to facilitate comparison of results between
different investigators. (Definitions were given when the paper was
presented but were discussed at another conference session. The
proposed definitions are not repeated here to avoid confusion).

Equatorial applications are illustrated by four examples.

1. A recognition of the extent of the ionospheric system detected by
a magnetometer is important for comparisons between radio and
magnetic data: for example of Es with H.

2. An examination of the observed maximum gradients dX/dx and
dY/dy in Peru suggests that for these Z/Z, =~ 100 and that

Z; < 1 gamma, contrary to the suggestions of Knapp and Gettemy
(1963),

3. Forbush and Casaverde (1961) give values for magnetic variation
in Peru. The value for D suggest that a net current flows into the
equatorial electrojet from the north in the mornings, and out of
the jet to the south in the afterncons.

4. The values for H and D from Peru enable currents entering and leav-
ing ionospheric current element in the electrojet region to be
calculated. These are represented by a, b, ¢, d, in Fig. 2. It is found
that a + b + ¢ 5= d, such that an excess of current enters the
elements in the morning and leaves it in the afterncon. Subsequent
discussion suggested that this apparent contradiction may be
explained as an induction effect, To do this would seem necessary
to suppose induction currents that give different values of the
constant a for the X and Y components,

l.
N [
I o F
.
Figura 2: 8+Dsc £d.showing unbolance of currenty

in ionospheric aiemant,
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A THREE DIMENSIONAL MODEL OF DENSITY DISTRIBUTION
OF IONOSPHERIC CURRENT CAUSING PART OF QUIET DAY

GEOMAGNETIC VARIATIONS

by

A. Onwume.chilli

Department of Physics, University of Ibadan, Nigeria

A three dimensional current density distribution depending on
two coordinates is described. Let the axes of the cartesian coordinates
(x, v, z) point to the north, east and downward respectively and let the
current flow west to east. The variation of current intensity (A/km)
in the x-direction is represented by

Jx = an El"'(a: + « Xg)/(a"’ + Xf’.) (l)

Here I. is the intensity at x = 0,y = 0, a is a constant length and «
is a dimensionless constant. If e is negative the current has a return
path in the horizontal plane. See Figs. 1-3.

The vertical variation of intensity can be represented by a
similar equation. Combining both equations, we get that current density
in A km™ is given by

T =Jia¥a® + ex®)/ (a® + x2)11b%(b* + B z2)/(b* + z2)°] (2)

This equation implies that the density is constant along any line
parallel to the y-axis and depicts current lines as infinitely long in the
eastward y direction. In low latitudes say, the model is applicable
around ncon when the Sq current is very nearly eastward. The width
2 w, and thickness 2 d, are given by

2Zw=(2a/Vv —a)and2d = 2b/ VvV —8) (3
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Fig. 1 — Contours of equal density in units of J/J, tor the case of

equal a and b and with a = -2, 8 = 0. Solid lines for eastward
current and broken lines for westward current.
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Fig. 2 — Illustrating two kinds of current flow covered by the three-
dimensional model: (a) for negative a the return current is
antiparallel to the forward current and (b), for positive and
zero « the current is unidirectional.
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THE MAGNETIC FIELD OF A CURRENT MODEL FOR PART OF

GEOMAGNETIC Sq VARIATION

by

A. Onwumechilli
Department of Physics

University of Ibadan, Nigeria

The magnetic field due to a three-dimensional model of density
distribution of ionospheric electrical current is derived. Working
approximations are obtained and discussed. Examples are given to
illustrate its application and to show that it fits the electrojet and the
worldwide Sq (X) at the equinox near noon.

Figure 1 shows how well the field of the model fits Sq (X)
obtained from a worldwide net of stations on the 22 September
1958.
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Fig. 1 — Showing how the field of the three-dimensional model fits
the worldwide Sq (X) on 22 September 1958.
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Earlier analysis of electrojet field measurements used the
simple uniform band model. For comparing the present with the earlier
model, two sets of electrojet data have been fitted with both models.
Measurements made in Nigeria during September equinox 1962 have
been fitted in Figs. 2 and 3. Figures 4 and 5 are for measurements in
Peru. Undoubtedly the new model is to be preferred to the uniform
band model.

The model has also been uscd to fit one vertical current density
measurement made in India by Cshill et al. (Fig. 6). Here too the
performance of the model is satisfactory,
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Fig. 2 — Showing the extent to which the uniform current band model
fits electrojet field derived from observations (circles) in
Nigeria at equinox 1962 (after Ogbuehi, 1964).
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vations (points) in Peru at
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Fig. 3 — Showing how
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Fig. 6 — Showing how the new model {its vertical current density
profile of the electrojet in India.
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SUNSPOT ACTIVITY EFFECT ON Sq

by

8. Matsushita
HAO, CRPL and UC, Boulder, Colorado, U.5.A.

The magnetic potential of the Sq field can be shown as
n =C + REECWDCOS (mh+amu) Pmn (0)

where A is the local angular time measured from midnight, ¢ is dip
colatitude, R is the earth’s radius, and P™, is the Schmidt’s function.
The coefficients C, were given by various workers for different sunspot
periods; Schuster (1889) for 1870, Chapman (1919) for 1902 and 1905,
Benkova (1940) for 1933, Hasegawa and Ota (1950) for 1932-1933, and
Matsushita an Maeda (1965) for 1958. The main terms of the external
origin C",, which are equal to 0.715 C™,, were plotted with respect to
the sunspot number and the electron density of the E region (see Fig.
1). Here foE was approximated by (4.38 x 10 § + 3.0), where S is
the sunspot number.

To show an average behavior of the external Sq field, a weight
mean (4 €', + 2 €% + €%)/7 was also plotted in addition to the main
terms: diurnal coefficient €%, semi-diurnal coefficient C%, 8 hour
period coefficient €%, and a main seasonal term €*,. Al these values

show a fairly good linear distribution and are approximated by straight
lines as are indicated in Fig. 1.

The distribution of C*, is approximately C% (in gammas) =
1.28 x 10 N,.

In other words the 8 hour period term is proportional to the
electron density N., hence to electric conductivity. The distributions
of other terms show that the value of this coefficient increases more
than the increase of N, or electric conductivity. A probable explanation
of this result is an increase of wind speed due to the temperature increa-
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se caused by solar activity. In the case of (4 C: + 2 C% 4 C3%)/7. the
ratio of the coefficient for the IGY to the coefficient for the Second
Polar Year is 2.14 which is 1.37 times larger than the ratio of N. in
these years. In other words the tidal wind speed during the IGY f#s
about 1.4 times larger than that during the Second Polar Year. An
estimaiion of main coefficients for the IQSY based on the current
sunspot number is also shown in Fig. 1.

_ m m ; m
0=C+REECy cos (ma+a) PG, Cp'=0715CT
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Fig. 1 — Main terms of external origin plotted with respect to sun-

spot number and electron density in the E region. Also
plotted is a weight mean (dashed line).
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In the expression I = I, (1 + mS x 10) given by Chapman
and Bartels (1940), m = 72 was obtained from the present result of
(4 C. + 2 € + C)/7. Van Sabben (1964) obtained m = 83 from
his study of current intensities. In the recent studies of the equatorial
clectrojet, Chapman and Raja Rao (1963) gave m = 78 at Huancayo
tor 1922-1932 and 72 for 1933-1943, and Yacob and Prabhavalker (1965)
gave m = 74 for the diurnal component of H at Alibag for 1905-1960.
The sunspot activity effect on Sq current system seems to be generally

the same as the effect on the daily amplitude of H in the magnetic
equatorial zone.

The ratios of the 8q current intensity in summer to winter and
in summer to equinoxes are about 2.5 and 1.4 during the sunspot
minimum period (Chapman and Bartels, 1940) and 1.6 and 1.0 during
the IGY (a very large sunspot maximum period).
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SOME CORRELATION STUDIES IN EQUATORIAL GEOMAGNETISM

by

Denis G. Osborne

University College, Dar Es Salaam, Tanzania

A brief survey is given of recent correlation studies associated
with the equatorial electrojet. Some implications of these studies are
considered.

The daily horizontal range at the magnetic dip equator may
be taken as the sum of a normal contribution (supposedly the range
beside the jet) and a jet contribution. Forbush and Casaverde (1961)
reported that for Peru the values of these different contributions vary
independently from day to day even on quiet days. Subsequent calcu-
lations of correlation coefficients between daily ranges have confirmed
this independence. A similar result was obtained using values of ranges
for Ghana by Osborne (1962) and is shown in the scatier diagram of
Fig. 1. Preliminary values for East Africa give a similar low correlation
between these parameters. Hence the additional range due to the jet,
and the range at a station just beside the jet, are essentialty independent
as they vary from day to day.

Fig. 1 — Scatter diagram of:
Normal and Jet ranges for 36
«} . . days in Ghana.
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.
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Osborne (1965) gives correlation coefficients between daily
ranges at seven stations between latitudes of —12.1 and +64.9
degrees, taken for twenty days in each of three seasons. Table I
shows the means of these seasonal coefficients for selected stations,
the value J indicating a jet strength defined as the difference between
the range at Huancayo and Talara, and the code letters referring to
magnetic observatories in the American sector having the latitudes
shown. These values indicate either a large westward drift of current
over the northern hemisphere on days when the jet is large, or the
drawing in of current to the jet from the northern loop of the quiet
day current system on large jet days. This second possibility must cast
suspicion on the use of fields just beside the jet as indicative of an
undisturbed normmal field. It is shown also in this paper that the
electrojet in Peru is independent of the position of the northern focus
of the gquiet day current system. There is some possibility that these
calculations are affected by a universal time contribution to the
daily variation in the American sector and it would be advisable to
repeat them for the European or Pacific sectors and to seek for correl-
ations between jet parameters and ranges in the same geographic
hemisphere as the path of the electrojet.

Table 1

Correlation coefficients between ranges at

stations shown, values X 100,

Station Hu Ta IS Tu Fi
Latitude (degrees) -12.1 04.6 18.4 32.4 38.2
Correlation with

range at Hu X 55 40 -04 -38

Correlation with

range “J" 83 08 47 01 -36
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Osborne (1964) showed that the difference between vertical
ranges at stations under the jet were correlated very closely with the jet
strength, indicating that the variability in vertical range is indicative
of a variability in position of the jet axis. However this high correl-
ation requires also that the horizontal ranges on both sides of the
electrojet should vary together. Thus the electrojet appears to be an
independently varying current embedded in a system of coherent
currents. This type of correlation again merits further study.

Wescott, DeWitt and Akasofu (1963) examined the Sq vari-
ation in geomagnetically conjugate areas. They give a table showing
the position of the northern focus relative to San Juan and of the
southern focus relative to Trelew on different days. The northern
focus is south of Trelew on 5 of these 22 days. The northern focus is
south of San Juan on 9 days, and the southern focus is south of Trelew
on all of these 9 days. This is strong evidence that the foci of the
northern and southern loops are displaced north or south together on
different days.

An examination was made of the correlation between apparent
F region drift velocities and magnetic fields in the jet region by
Osborne and Skinner (1963). These suggest that the difference field
due to the jet is related to F region drift, but this suggestion still waits
for further observational test and for theoretical explanation.

In deriving this last relation values were used for different
times of the day. Since all the parameters varied fairly regularlv with
local time the actual correlation coefficients were of little importance,
and the information sought was of the form “A is correlated more
closely with B than with C”.

Recent tentative studies in East Africa suggest that there may
be a significant correlation between daytime and nighttime Ffield
variability in the eguatorial region. These may prove a means of
studying these nighttime fields, and of discriminating between their
possible causes in local nighttime ionospheric effects or induced
currents from distant daytime ionospheric currents on the far side of

the earth.
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MAGNETIC VARIATION IN EAST AFRICA

by

A. N. Hunter
University College, Nairobi, Kenya

and

D. G. Osborne

University College, Dar es Salaam, Tanzania

A magnetic observatory has been operated in Nairobi (see Table
I) since February 1964. Figs. 1-3 show the diurnal variation of the
horizontal component H averaged over quiet and disturbed days for the
three seasons. Disturbance features include a rise in the early morning
hours and a minimuin in the early evening, Fig. 4 shows the monthly
means of daily ranges on quiet days grouped by seasons. It is surprising
that the maximum daily range occurs in northern winter but this may
be due to limited observational data.

TABLE 1

Station coordinates

Station Geographic Magnetic dip angle
Nairobi 01.3°S 36.8°E 26.9 8

Addis Ababa 09.2°N  38.6'E 01.2 S
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Fig. 1 < Diurnal variations of the horizontal component H average for
quiet and disturbed days in northern summer.
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Comparisons have been made with the horizontal variation
at Addis Ababa for the four months Pebruary to May, 1964, the only
months for which data from Addis Ababa was available. Figs. 5 and 6
show the variation at both places on quiet and disturbed days in the
period. The mean daily range on quiet days at Nairobi is just under
60 gammas, that at Addis Ababa just under 80 gammas. The range at
Nairobi is large relatlve to that of Addis Ababa (Hunter and Desai,
1965). Morning and evening disturbance effects are similar at the two
stations but are more pronounced at Nairobi than at Addis Ababa.
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The correlation between chosen parameters at Nairobi and
Addis Ababa was studied for the twenty quiet days. Hourly values and
daily ranges were calculated using the definition given by Osborne
(1963) with the same local time of UT plus 3 hours at the two stations.
A base value B was defined as the mean for the hours 2400 and 0100
on the night preceding a quiet day (for which the range was measured)
and B’ as the mean value for the hours 2400 and 0100 on the following



4006 A. N. Hunter and D. G. Osborne

night. Table II shows five linear correlation coefficients between select-
ed parameters. The first two coefficients are similar to those found
for similar by situated stations in Ghana and Peru. The third value,
shows a low and insignificant correlation between base values on quiet
days, although it had been expected that nighttime variability in the
horizontal field would be due to distant features such as the equatorial
ring current and would be similar at both stations. The lack of
cohercnce in the variations suggests that there is an appreciable local
nighttime ficld. The significant values for these last two coefficients
suggests that this method of analysis can yield information about
nighttime currents in the electrojet region,

The results in this paper show the importance of continuing
thesc observations in East Africa.
TABLE 11
Correlation Coefficients

R refers to daily range of horizontal component
B refers to base value, defined in text, subscripts

a and n refer to Addis Ababa an Nairobi.

R, : R, 0.53
{R. —R,) : R. -0.22
B'. : B, 0.20

(R-‘l "RM) . (Bu _Bu ) "0.47
(R-‘i B RII) . (B’a _B'n) 0.40
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ELECTROJET PARAMETERS

by

Rosemary Hutton

Ahmadu Bello University, Nigeria

Using data from eight South American observatories varying

in latitude approximately 18° on either side of the dip equator, the
latitudinal variations of the magnetic elements have been examined for
each hour from 0600 to 1800 hours for 30 Quiet Days during the IGY.

The principal deductions which may be made from a study

of the A H latitudinal variations (A representing the departure from
the mean midnight value) are as follows: —

1)

2)

The form of the overhead current in the equatorial zone appears
to change considerably both during the course of a single day and
also from one day to another, even though these are successive
Quiet Days (cf. Figs. 1la-1f). Frequently, a dual jct effect is
observed in the early morning and late afternoon hours.

The maximum current strength, as represented by AHue, also
varies considerably from day to day — for example, in the case
of the three days illustrated, its values are: —

Date &Hmax
28/7/58 152 gamma
29/7/58 160 gamma
30/7/58 220 gamma

On the average, however, the equinoctial values of FAY P
greater than at other times of the vear.
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3) The equatorial current attains its daily maximum value at

4)

200 5 AUGUST 1938

WHL )

150

100

50

approximately 1100 hours at a mean latitude in Peru of 13°8, ie.,
within the accuracy of this estimation on the magnetic dip equator,
At other times of the day, the position of maximum current may
occur slightly to the north or south of the dip equator; there is
also some support for the suggestion of a small day to day
variability in the position of maximum daily current.

For certain purposes, it may be useful to consider the equatorial
current system as consisting of the superposition of the normal
non-equatorial Sq current and a jet current, ie., AH=AHc+ AH,.
The strength of this additional current, AH;, is found to correlate
well with the strength of the normal current, AH,, at the dip
equator, on any one day, provided allowance is made, as illustrat-
ed in Fig. 2, for the fact that the space gradients of AH outside
the equatorial region may at times be considerable. The high
correlation — in most cases significant at < 1% level — strongly
supports the hypothesis that the equatorial currents form an
integral part of the worldwide Sq current system.

Examination of the ratio AH,;/AHy suggests, however, that the
degree of equatorial enhancement varies from approximately 60%
in the December solstice to almost 1009 in the June solstice and
equinoxes.

T T T ¥

Fig. 2 — Illustrating the method
used for dctermining the degree of
enhancement of the world wide Sq
current al the dip equator.
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5) Attempts to use the AH latitudinal variations to obtain an estima-
tion of the width of the jet region do not seem to be as successful

as the use of the AZ latitudinal variations which will be reported
elsewhere.




DAILY CHANGES IN THE EQUATORIAL ELECTROJET OVER

INDIA DURING THE EQUINOX OF 1958

by

A. Onwumechilli and P. 0. Ogbuchi

Department of Physics, University of Ibadan, Nigeria

The new curront model described in previous papers in this
session has been used to study day-to-day changes is the equatorial
clectrojet in India. The preliminary results for 21 Quiet Days (Cp < 1.0)
in September 1958 are shown in the Fig. 1. These indicate that the
current parameters vary [rom one day to the next.

Preliminary calculations show that the peak intensities of the
electrojet and the worldwide Sq current are negatively correlated. This
rather surprising result is being further studied.



412 4. Onwumechilli and P. 0. Ogbuhei

(e X.)

A A
. ol oy o ‘\X\Y‘DC"\\[

3c0

00

b\__T
,43"
JL"‘:r:
{_,,—
h.
o
ol
[N
Q
0
Jo Amp km =1

4 Amp

1500
\ 200
k]
\ 4
l‘ |il 8090
N \ !
}j\ v | A 'r
. v 400

Wo
6 o
—
f\]\\‘u
P,
- 7

i Y VY S N W SV O Ot I |
24 6 8 0B I4I6 182022 2426 28 30

Day of Maonth

Fig. 1 — Showing the daily changes, in the electrojet and worldwide
Sq current paramecters: distance of electrojet axis frem dip
equator, X"; peak electrojet intensity, J.; peak Sq intensity
I.; total eastward electrojet current, Ir; electrojet half-
width, W*. Consecutive days have been joined by continuous
lines and non-consecutive days by broken lines.



SOME RECENT ANALYSIS OF THE MAGNETIC FIELD OF

THE EQUATORIAL ELECTROJET

by

A. Onwumechilli and P. O. Ogbuehi
Department of Physics

University of Ibadan, Nigeria

The aim of the paper is to reanalyze different ground based
measurements of the magnetic field of the equatorial electrojet using
the same methods of analysis. An cvaluation of some methods of
analysis is attempted and the preferable methods are used. The model
used for ionospheric currents has been described in previous papers.

The measurements analyzed were made in Peru during the
equinoxes in 1957 and in Nigeria during December 1956, and May to
October 1962. The preliminary results are given in Table I. A
comparison of rows | and 2 shows that the electrojet is wider and
more intense in Peru than in Nigeria. Rows 3 and 4 indicate that the
electrojet may be slightly wider in local summer (June) than at
equinox. That the electrojet is more intense at equinox is confirmed.
The large reduction in current intensity from 1956 to 1962 is due to
reduction in solar activity.

One difference still remains in the differents sets of data. The
daily ranges of the magnetic elements were differently defined in each

set of measurements. The effects of this on the results is being looked
into.

The depth of the induced electrojet current below the ground
has been estimated. For the September equinox measurements in
Nigeria, the width was found to be 4.8 of latitude. This is to be

compared to the value 5.5 suggested by Chapman for the worldwide
3q current.
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For each set of data, « came out negative. This implies that
the electrojet current has a return path of its own, separate from that
of the rest of the Sq current system. In the light of this result, the
relationship between the electrojet and the rest of the Sq current
system is being further investigated.

TABLE 1

Parameters of the equatorial electrojet in Peru and Nigeria

Width! 3, East Jet
N¢ Location | Epoch @ . Current
1 | Nigeria | Dec. 1956 | —1.57| 530 194 56100
2 | Peru Equinoxes |, o¢l 929 236 114000
1957
3 Nigeria June 1962 | —3.41( 920 83 46100
4 | Nigeria Sef;g;nber ~2.200 799 104 46700




THE EFFECTIVE CONDUCTIVITY OF THE EQUATORIAL

ICNOSPHERE FOR THE Sq CURRENT SYSTEM

by

A. T. Price

The relation between } and E for currents flowing in any iono-
pheric layer is given by the equations below, assuming the total vertical
component of current is inhibited by polarization at the base of the
ionosphere. Letting j, and jy represent currents in the 4 and ¢ directions
respectively, we have:

jo = k(m Eo + k.»ﬁp EP
jo = kw E. + kep Eg,

where the layer conductivities depend on many parameters, such as
number density of particles, collision and gyro frequencies etc.,
and specially on the main magnetic field, being very sensitive to the
dip angle where this is small.

The integrated values C., of k.. etc. through the ionosphere
up to 600 km height as functions of ¢ are of the general form shown
in Fig. 1, though the overall magnitudes may vary at different times
from those shown. The C¢s has a maximum at the dip equator equal
to the integral of the Cowling conductivity ks, but begins to fall rapidly
from this value at about 2° distance. At first sight, this would seem to
explain the concentration of Sq currents at the dip equator, which
constitutes the equatorial electrojet. Closer examination suggests this
is not entirely true, and it does not explain several features such as
the variations of Sq at the equator with longitude, since k, varies only
very slightly with longitude.

Rocket experiments indicate that the currents flow at about
110 km height. At this height k¢» has a much sharper maximum than
Cye and so could not account for the width of the electrojet. Also at
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this height k. rises from zero to a sharp maximum at about 0.5° (say
60 km) from the equator, and then decreases, though not as rapidly
as k¢p, and in this region |ke! > kep. Hence k. must have a pro-
found effect on the current distribution.

Electric carrents induced in an anisolropic ionosphere

10-°

o
+
-

Conductivity In em.u. x cm.

fe]
1
o

e i PR S T

10 -8 — " L e I
g-2° 1° 1 90°
Geomagnetic Latitude (90°~8)

Fig. 1 — The integrated layer conductivities C.., Co¢, Cye (Note both
scales are logarithmic).
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An electromotive force Ep will set up a horizontal Hall current
kop B¢ in the 0 (southward) direction, north of the equator and in the
northward direction south of the equator. This current will be at least
partially inhibited because of the zero value of k. at the equator and
the low values a few degrees north or south. This means that the
horizontal as well as the vertical’ component of the Hall current is
nearly extinguished so that the effective conductivity becomes ks for
the region. This region will normally be a band of about 5" width,
but in special circunstances could be much wider, which may explain
the large ranges of Sq observed in East Africa, and also the changes of
intensity of the jet with longitude.

The above equation can be solved tg obtain

Eu = Ruo ju + RD‘P j"?

Eqﬁ = - RufF jn + R‘P‘P j?
where in particular
Rip = — neo/ (ke kyp + Koup),

and for a simple dipole ficld !R.e| reduces to k:*. These resistance
coefficients are plotted as functions of # i Fig. 2. This again shows
that, if the ¢ component j, is zcro in any region, the effective conductivity
is k:.

If the horizontal Hall current is not completely extinquished
at the equator there will be a tendency for the jet current to cross and
recross the equator, which seems to occur at certain stations like
Huancayo.

Is should also be noted that the layer conductivities are affect-
ed by the field of the jet itself. If the strength of the jet increases the
numerical value of the magnetic dip on either side will be decreased,
and in conscquence the width of the jet should increase.
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CONDUCTIVITY STRUCTURE OF THE EQUATORIAL

IONOSPHERE

by

Ken-Ichi Maeda

Kyoto University, Japan

The ionospheric conductivity governing the dynamo current
is represented by three elements, ow, 0w and e, which relate
current with the electric field by the following equations.

I, _ Oxx Oxy E,
Lel-L-=5][=]

where x is southward positive and y is eastward positive. It was bzliev-
ed that oy, is the only controling element for the narrow belt centering at
the magnetic dip equator. This point is examined and it was found
that o, should not be ignored except in the very narrow zone with the
dip angle of = 20" and is even greater than o,, at about 1° dip angle.

Figures 1, 2 and 3 show o, 0., and oy,. After a simple treatment of

the dynamo equation shown above, it can be said that the
the current function and current density are proportional to o, +
ox'/oyx.  This quantity is plotted against height in Fig 4. From this
figure we can see that oy + 0./ v.x is almost independent of the dip
angle and the slight second peak exists from about 130 to 140 km.
The curves were obtained from a model in which the elcetron dansity
increases monotonously from the E to the F layers. If there is a so-

called E-F valley at around 120 to 130 km, the second peak will bicome
more clear.

If the problem is concerned with the pattern of dynamo
current flow and the structure of electric field, the situations is not 50
simple. In Fig. 5 classification of height range is shown. The relative
order of magnitude of o, o, and ey, is shown for each of the height
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ranges and the effective conductivity to govern the current is a'so
shown. In the height ranges 1, 2 and 3, the current pattern is of
equatorial type although is differs slightly for each range. However,
in the range 4 (hatched area) the current pattern differs much from
the other three ranges, because o,., oy and oy, are al!l comparative,

The dependency of o, 4 o4% 0w on the permanent geomag-
netic field (B) can be seen by the following relations, noting Fig. 5:

o « B , @, « B and oy x B,
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NIGHTTIME CONDUCTIVITY OF THE

EQUATORIAL IONOSPHERE

by

Hiroshi Kamiyama
Geophysical Institute, Tohoku University

Sendai, Japan

One of the features of the equatorial anomaly in the geo-
magnetic field is that its diurnal variation is enhanced only during day-
time (Chapman, 1951). This was well explained by the anomalous in-
crease in electrical conductivity of the ionosphere over the dip-equator
(Hirono, 1952; Baker and Martyn, 1953). However, it has not been
accounted for that the nighttime variations in the equator are not sig-
nificantly different from those at adjacent latitudes.

In this illustrated abstract we shall try to explain this fact by
the characteristics of the nighttime electrical conductivity of the iono-
sphere. The most essential tensor component of the conductivity
responsible for the equatorial elecirojet may be e, which is a
function of ., ¢, and e, and I, where I denotes the dip angle and
o, o, oz are the parallel, transverse, and Hall conductivity, respectively.
At the dip equator where I = 0 we have:

Oy = o 1 0'2‘!/01

From the estimation of the collision frequencies for electrons and ions
it is shown that the parallel conductivity ¢, is essentially contributed
from electrons. The Hall conductivity is easily found to be alsp propor-
tional to electron density, if the electrical neutrality is assumed in any
part of the ionosphere. On the other hand, the transverse conductivity
v, in the dynamic region is proportional to the sum of the concentra-
tions of positive and negative ions. From the examination of the equili-
brium between negative ion density and clectron density during the night
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when the photodissociation is absent, it is seen that the negative ion-
clectron ratio A is almost inversely proportional to electron density,
A being more than unity at the level of 100 km when electron density
is reduced to the order of 10° cm”. For example, the values tabulated
below are found for the selected cases (refer to Figs. 1 and 2).

Electron height o o1 o,
density (cm?) {km) {e.m.u.) {em.u.) (emu.)
n, = 10° 100 3.0 X 10 1.8 X 10 5.5 X 10
125 5.0 X 102 2.0 X 10 5.0 X 107"
n. = 10? 100 3.0 X 1073 6.5 X 10 5.5 X 10¥
(nighttime) 125 5.0 X 1o+ 4.5 X 10 5.0 X 107

200 r
\

1
180 )y
Mo Ho ]
160

[ \\\\

I
=]
]

ALTITUDE (m «u
S

o \ \
L 1 1 ; L [
8, o 15 i’ o) o 1o 10
COLLISION OR GYRATION FREQUENCY {w sec')
Fig. 1 -— Frequencies of ccllision and gyration for clectrons and ions

as a function of height.
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These values lead to a less pronounced equatorial anomaly in
oyy for lower electron density during the night (see Figs. 3 and 4). With
an appropriate electron density profile, the ratio of the height-inte-
gration of o, at the dip equator to that at the latitude of 4¢, is found
to be about 10 during dayiime whereas it is only about 1.5 during
nighttime (see Fig. 5). It is pointed out that the equatorial electrojet
durmg daytime is located below the current sheet which is
not very variable with latitude. Apart from the dip equator, the east-
west cwrent depends on e, as well as o,. The maximum of
o is found, in general, at a level between 120 km and 130 km, where
as r, attains to its maximum at a level between 100 km and 119 km.
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Therelsre two current sheets could be found for a suitable distribution
of electron density.
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Fig. 3 — Profile of the conductive sheet (right) deduced from a
model of the ionosphere during daytime (left). Conductivi-
ty is indicated in emu.
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PRELIMINARY RESULTS OF MEASUREMENTS OF Sq CURRENTS

AND THE EQUATORIAL ELECTROJET NEAR PERU

N. C. Maynard and 1. J. Cahill, Jr.

University of New Hampshire, Durham, N.H., U.S.A.

Four Nike-Apache sounding rockets were launched from the
USNS Croatan off the coast of Peru during March, 1965, as part of
the recent NASA Mobile Launch Expedition. The rockets were
instrumented with a nuclear free precession magnetometer to measure
the total intensity of the earth’s magnetic field, a DC Langmuir probe
to measure relative electron density, a barometer switch for trajectory
determination, and a magnetic aspect sensor. Preliminaqy magneto-
meter results from two of these flights are presented.

Flight UNH 655 was launched from the Croatan at 1100 hours
local time on 12 March 1965, from the position 11°25'S, 81°20'W, near
the dip equator and near the center of the electrojet. The trajectory
was computed to fit the baro-switch operation times at 70.000 feet
and peak altitude was calculated to 173 km. Using the coefficients of
leaton and FEvans, the theoretical field was computed over an
approximate trajectory. The difference curve between the measured
and computed fields, plotted as a function of altitude, shows a change
of slope at about 95 km and again at about 130 km. The maximum
current appears to be located at 108 km. The total change in field is
about 120 gammas which compares with 60 to 70 gammas for similar
midday flights in India. (Fig. 1).
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Fig. 1 — The difference between the measured field and the calculated
field, plotted against altitude for UNH 655. The Iong
sloping tail above 130 km on the downward leg is believed
to be the result of inaccuracy of the preliminary trajectory
used in calculating the theoretical field. Similarly the
gradual rise above 140 km on the upward leg is also
attributed to this factor. The wide fluctuations below 85
km on the downward leg are apparently caused by over
turning of the rocket spin axis.

Flight UNH 652 was launched at 1136 hours local time on 9
March 1965 from the position 03°07'S, 84°22'W. This was morc than
8N of the magnetic dip equator and hence well to the north of the
equatorial clectrojet. For initial analysis, time of peak altitude was
taken as the time of minimum magnetic field. The radar tracking data
in the early portion of the flight were also used in computing a
trajectory. Peak altitude was determined to be 161.8 km. The
theoretical field was computed over an approximate trajectory, using
the same range as established for UNH 65-5, and using the Leaton and
Evans coefficients. The difference curve between the measured and
theoretical fields indicates that the Sq current measured is more
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diffuse than the electrojet, extending from 93 km up to about 130
km (upward leg data). A change of slope between 105 and 110 km
on the upward leg (100 and 105 km on the downward leg) apparently
is not due to precession and suggests a doublelayered current
structure with the peak of the lower layer at 100 km and of the upper
layer at 118 km (upward leg data). Total magnetic change due to the
current layers was about 45 gammas. (Fig. 2),
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Fig. 2 — The difference between the measured field and the caleulat
ed field as a function of altitude for UNH ¢5-2. The arrows
above the curves denote maxima in the effect from rocket
precession, while those below the curves indicate minima.
The shilt downward in altitude of the effect of the Sg
current on the downward leg is thought to be to preliminary
trajectory errors. The fluctuations below 65 km on the
downward leg are due to overturning of the rocket spin
axis.
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For the two days of the flights, magnetograms from the

Peruvian

stations at Huanuco and Caifete (above and below the

electrojet center respectively) show that the rockets were launched
near the peak of the diurnal variation on each day, and that the
earth’s magnetic field was reasonably quiet (see Fig. 3).
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AIRBORNE MEASUREMENTS ON THE EQUATORIAL

ELECTROJET

by

George J. Gassmann
Air Force Cambridge Research Laboratories

Bedford, Mass., U.S.A.
and

R. A. Wagner
Lowell Tech. Institute, Boston, Mass,, U.S.A.

During 29 crossings of the geomagnetic dip equator near 80°
W longitude near the Peruvian coast, airborne equipment obtained
cross-sections of the geomagnetic field intensity and of ionospheric
characteristics in February and July 1964. Straight line flights covered
from 3 to 12 degrees in latitude at an altitude of about 11 km above
sea level and at a speed of 800 km per hour (Tig. 1). The magnetic intensi-
ties for each of the flight lines were obtained from ground charts as
relatively smooth curves. Variations from this base trend were adjusted
to the intensity simultaneously recorded at Huancayo at this dip
latitude for most flights. Influences of the aircraft’'s magnetic field
were evaluated inasmuch as this was possible. The magnetic anomalies
due to the electrojet and the amplitudes of the Fsq echoes show fair
correlation of details and fair to good correlation of large scale
features.

From the records obtained in the flights it is interpreted that
the width and position of the electrojet vary considerably from hour
to hour and from day to day. The data suggest that the electrojet
during certain days in February was separated inte two cr more
parallel streaks. Examination of the data relative to the coastal
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crossings indicated magnetic effects which are attributed to strong
electric currents in the ocean. These currents arc suggested to be a
sector of the 8q current systems but somewhat stranger than antecipated.
An intsipretation of these ocean electric current systems relative to the
western hemisphere indicates a concentration of current flow adjacent
to the coast of South America which is dependent upon the local time
of day. The results are illusirated in the following four figures.
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Fig. 1 — Chart of the geomognetic field intensity and dip in Peru
after Casaverde and Giesecke showing the aircraft flight
paths.
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Fig. 2 — Magnetic field intensities obtained on some of the February
flights showing derivation of the measured and corrected
total field intensity from the “normal” wvalues obtained
from the charts.
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Fig. 3 — Magnetic field intensities obtained on some of the July
flights showing deviation (shaded area) of the measured
and correcied total field intensity from the “normal” values
obtained from the chart together with ionospheric signal
reflection intensity (solid and dashed lines).



Measurements on

the Electrojet 437

e 4 futatott

-

PR _’_//\/— I T —
- T

" — » — T oAy LG -
- . e paraare_
- ’ T iy

. 1 = e 4
.

]
.
o 2 garum B
k) T s -
P ¥ R
> ; N TN
e ; o L
P .
] .|= W P £ :
= 1 .
) - P e, S, s, ——, T i) LT LRT TR
et
A | s m > il ) pa LEEL :
i N
Pr ] S, =W . 1 BAATAIE L .
e 1 —t __a—u“" gy L
— e |13%
B T ., T /—"— 1 raarueay :
— j - P S . i penrager -
& — T
“x e i = T L hi] L ¥ .LLRE LTI u-
3 Ll e-i-f-uml.u-ulmu \ . N . \ arirind AMATION (9 AT LECS wen ¥
T et e 4 LATETRE PRI L I L. L PR

SGem 0 4

Fig.

4% 000+ -ADNE 00 ~1033 ~z000

L1000 m e e ATE WKTLR OCFT L ELEAPOR

4 — Magnetic total field intensities obtained on the July flights

aligned relative to the coastal crossings (CC) in sequence
from ‘west to east. The dotted and dashed lines indicate
the attempt to recognize and separate permanent and vari-
able anomalies below the aircraft.
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Fig. 5 — Two daytime systems interpreted from the data obtained
in these measurements and the flow lines imposed by the
shore lines. The ocean current are shown by the dotted
lines and the overhead current by the solid lines.



MEASUREMENT OF MAGNETIC FIELD INCLINATION IN THE
EQUATORIAL F REGION BY FARADAY ROTATION OF

INCOHERENT SCATTER ECHOES

by

Robert Cohen

Jicamarca Radar Observatory, Lima, Peru

The differential Faraday rotation is proportional to (NB
cos 8), where N is the electron density, B is the magnetic field intensity,
and ¢ is the angle beiween B and the propagation vector of the wave.
Existing magnetic field models do not provide a sufficiently accurate
estimate of § when 6 is near 90°, since in that case the rotation rate is
very sensitive to the exact value of the angle. Consequently, for the
spatial region above the Jicamarca Radar Observatory (11.95° S;
76.87° W; dip 2°), an experimental determination of B cos ¢ has been
made by comparing Faraday records with electron density profiles
deduced from top and bottom side ionograms and incoherent scatter
power. In particular, the observed maximum rates of Faraday rotation

have been compared on many occasions with ionosonde measurements
of Nmax.

The average value of (B cos ¢) so obtained provides a precise
and convenicnt absolute calibration for the incoherent scatter records;
furthermore, by employing existing cstimates of B, it can be used to
find ¢ and hence the magnetic field inclination in space. Through such
comparison, the field inclination has been measured for heights up t~»
800 km at two antenna positicns separated 3.36° in the magnetic north-
south direction. In each position, the field inclination near Hmax is
consistent with that indenpendently determined from the spectrum of
the incoherent scatter signal. The predictions of five magnetic field
models are compared with these results. See Figs. 1, 2 and 3.



440 R. Cohen

325 Km

Fig. 1 — Schematic diagram of antenna-beam configuration compared
with magnetic field lines above Jicamarca, Peru for the two
antenna beam positions that have been employed in calibrat-
ing the Faraday rotation and in measuring the magnetic field
inclination.
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DETERMINATION OF THE DIP EQUATOR USING THE

SATELLITE EXPLORER XX

by

T. E. VanZandt
National Bureau of Standard, CRPL, Boulder, Colorado, U.S.A.

During the daytime, the h’(t) traces on the Explorer XX
records (Calvert, Knecht, and VanZandt, 1964) often exhibit a hump
near the dip equator (Fig, 1). When the hump is svmmetrical, it is
likely that the center of symmetry of the bump is at the local dip
equator  This wouid be true if the plasma were in diffusive equilibrium
along the field lines. Any process which might move the center
of symmetry by perturbing diffusive equilibrium would make the
hump asymmetrical.

&4 AUTUST 39 /27547 ¢ 1724 LMT
" T'K

L0 Mc (T8 L

Fig. 1 — Explorer XX records on 1.50 and 2.00 MHz. The time delay
+ (expressed in vertical path = c¢r/2 km) is measured
downwards from the top of the records. The horizontal
scale is time or geographical position. These records are
four minutes long. The center of symmetry of the equatorial
jonosphere is on the left at a latitude of about 12°S, as
indicated by the z-trace in the upper record and the x-trace
in the lower one.
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From Explorer XX data obtained in September 1964, eight
determinations of the center of symmetry have been made (Fig. 2).
On these occasions the satellite was between about 900 and 1000 km.
These locations of the dip equator agree well with recent spherical
harmonic analyses of the field. There remains a small discrepancy
{0.3°0.4° of latitude), but the number of points are two few and their
error bars are too large to say whether the Explorer XX determinations
may be more accurate than the spherical harmonic analyses.

The movement of the center of the hump when the hump is
asymmetrical may be of use in studying the perturbations of diffusive
equilibrium, that is, in inferring the velocity of plasma flow across
the equator.

THE DIP EQUATOR NEAR 900 km
OBSERVED BY EXPLORER XX
[

S LATITUDE (*)
o

100 20 80 70 &0 50
W LONGITUDE (%)

Fig. 2 — Shown are eight points determined from Explorer XX
records, the dip equator at 0 and 900 km computed with
Cain’s 1965 spherical harmonic coefficients, and a "best fit”
to the Explorer XX data, obtained by moving the 900 km
curve 04> southward.



SUMMARY OF THE SESSION '

by

P. O. Ogbuechi

University of Ibadan, Nigeria
and

D. G. Osborne

University College, Dar es Salaam, Tanzania

Papers

The. session was presided over by Professor A. T. Price. The introductory
review was, given by Dr., 8. Matsushita and papers were presented by the
following authors: Cahill, Cohen, Gassmann, Hunter, Hutton, Kamiyami, Maeda,
Maynard, Ogbuehi, Onwumechilli, Osborne, Price, VanZandt, Wagner and Wilkins.

Definitions

The introductory review and several papers in the session provoked
discussion on questions of definition. Some of these were questions of arbitrary
choice, others involved matters of physical significance. The rival merits of
different coordinate systems were discussed. It was generally recognized that
both dip and geographic equators had controls on geomagnetic variations in
low latitudes, but it was felt that magnetic dip latitude and geographic longitude
were appropriate for mest studies of equatorial phenomena. Magnetic dip latitu-
de is defined as

tan -1 (¥ tan Dip)

and must be distinguished from the geomagnetic (dipole) latitude. Some
allowance may be needed for differcnces between the position of the magnetic
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dip equator in the E region and at ground level and satellite measurements may
Lelp in determining its position when greater precision has been achieved. The
variation of dip angle with altitude can be determineq also by comparing Faraday
rotatlon and ionosonde measurements.

By definition the mean solar quiet day variation, S8q, is the average
magnetic variation over several quiet days. It is an opcrational definition and
it is impossible to eliminate completely the effects of disturbance in order to
obtain an “ideal 5q”. The term Sq should not be referred to behavior on
individual days, but it is appropriate io talk of the quiet day and of quict day
magnetic variation or the quiet day current system for individual cases.

It is generally accepted that the equatorial electrojet is part of the quict
day current system. The jet is considercd as that part of the current responsible
for the increased horizontal ficld variation in a narrow belt near the dip equator,
The picture is that of an intense eastwarg electrojet current set Gp as a result
of the crowding of current lines info the narrow belt of high conductivity at
the dip equator. For purposes of some analyses the measured field variations
may be scparated into electrojet and world-wide parts.

The definition of dally range for a magnetic eclement was discussed
and the importance of an agreed recommendation made clear. Discussion on
this point was deferred until later in the conference.

New Information

Remarkably few new experimental results were reported. In East Africa
the daily horizontal range at Nairobi, ten degrees in latitude south of the
magnetic dip equator, is not very much less than that at Addis Ababa on the
dip equater. In discussion it was reported that there is a similar slow change
of range with latitude in India and it is possible that the electrojet current is
much wider in the East Africa — India sector than it is elsewhere, A plot of
horizontal field against latitude at different times on individval days for the

South American sector suggests that there is considerable variability in the
form of the jet.

Recent rocket measurcments of ionospheric currents near Peru located
a strong cucrent at about 110 km in the elecirojet region. It was suggested
that there is evidence for two current la¥ers just outside the electrojet zone.
Studies with 20 airborne magnetometer in a plane flying across the electrojet
region in South America gave a suggestion that the electrojet is split Into two
or more parallel filaments of current on certain days.
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All of these experimental data are tentative and require further observa-
tion. The ideas suggested by them and the obvious complexity of the electrojet
behavior should stimulate further work,

Data Analysis

A number of studies of the electrojet using measurements of ground
level magnetic fields were reported. These confirmed that the width, intensity
and axis position of the electrojet vary considerably from day to day. Correla-
ton studies show that for different hours of the same day the electrojet and
world-wide current intensities at the dip eguator are positively correlated. On
the other hand the maximum current inicnsities on different days attributed to
the electrojet and those observed at other latitudes are negatively correlated.
These slalements are not mnecessarily contradictory. Some of these  studies
indicate that the electrojet may be embedded completely in the northem or
southern loops of the quiet day current system. Studies of corrclation coeffici-
ents between daily ranges for stations at different latitudes zlso suggest an
anomalous behavior beside the electrojet, in agreement with studies on individu-
al days reported already. A reduction in current strength beside the jet may
be due to current choosing the high conductivity jet belt in preference to
neighboring paths.

Cne paper stressed the importances of a study of data from a world-
wide network of stations before deducing information about the equatorial
electrojet. In discussion the need for fitting large scale analytic programs
to detailed local observations was emphasized. Another paper gave consideration
to the relationship between the variation of all three magnetic components and
the overhead current system, It is probable that present data could yield much
{nformation on the relationship between the electrojet and the rest of the quiet
day current system and further investigations are needed.

Currents

A new model for current distribution in fonespheric currents was propos-
ed. The predictions of the model give a satisfactory variation with latitude of
the magnetic field components of the world-wide Sq current system. Its predic-
tions for ihe electrojet current are good. The model gives a better fit with
observed variations than the older simple model of uniform current band.
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Conductivities

Three papers on ionospheric conductivity showed the complexity of
lenospheric conditions in the electrojet region. The Cowling conductivity is
specially important at the dip equator but the layer Hall conductivity at about
110 km  height rises from a minimum at this equator to maxima about half
¢ "degree north or south and then decreases rapidly. It was again suggested
that the width of the clectrojet is determined by the latitude variation of the
Hall conductivity rather than the Cowling conductivity. This led 1o a predic-
tien that the jet may be much wider where the dip and geographic equators
are parallel than it is elsewhere,

Estimates for ionosgheric conductivity at night in the equatorial region
are very low. However induced currents on the night side of the earth due to
fonospheric currents on  the day side could produce nighttime ficlds at the
magnetic dip equator. These may explain the seemingly significant correlations
between day and night Ffelds reported for preliminary studies in East Africa.

Theoretical conductivity contours may help to suggest a pattern for
current density distributions in clectrojet models.

Conclusions

Questions of definition can be sources of fruitless argument. It should
be stressed that authors necd to define their terms clearly in any paper. It
ought to be possible to reach agrecment on the meaning of certain words or
phrases so that these can be used as a short-hand notation. Agreed recommend-
ations on such terms as magnetic equator and measures of daily range should
be sought, but agreement is likely to be reached more quickly if the need for
differing usage in different studies is clearly recognized.

If the analysis of Sq variations on a world-wide scale is to be applied
to the electrojet, there is need for a much smaller mesh in equatorial regions.
Detailed local studies need to be made and for these it is necessary to use more
stations than in previous studies, covering a wider range of latitudes and (in
one or two cases at least) a fairly close spacing to test longitudinal differences.
It is important that all three components should be analized. Detailed study
of local electrojet phenomena requires the consideration of information from
distant stations.

In order to allow comparisons between measurements in different places,
efforts should be made to get data from equatorial magnetic stations sent to
the World Data Centers as quickly as possible.
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(Discussion leaders: S. Matsushita and S. Chapman)

Review Paper:

Magnetic Storms
by

S. Chapman
High Altitude Observatory
Boulder, Colorado, U.S.A.

During magnetic storms an additional disturbance (D) magnetic field
is superposed on the normal field of the earth, namely on the main field produc-
ed within the earth plus the field of the Sq (and L) currents that cause the
daily magretic variations on quiet days.

The D field is caused by at least three different types of clectric currents.
One type js generated by a flux of charged particles from the sun, mainly protons
and electrons, substantially equal in number density and mean speed. Almost
all thesc charged particles are deflected away {rom the carth by the geomagnetic
field; their pressure encloses the field in 2 cavity — the magnctosphere —
within the charged flux. A thin surface layer at the inner boundary of this
flux car.i¢s an electric current system, corresponding to the slightly different
modes of deflection of the positive particles and the electrons. This current
system and its magnetic field are denoted by DCF (D for disturbance, CF for
charged flux). The DCF currents inscrease the geomagnetic intensity at the
carth’s surface, particulary in the horizontal or northward component. Many
magnetic «torms begin with a sudden increase of the field by a sudden enhance-
mente of the charged flux. this is seen as a sudden commencement (S5C) of
the storm.

Oftcn this increase is nullified within an hour or a few hours, and the
surface Field intensity becomes reduced below normal. This decrease, which
ie the major feature of many magnetic storms, js ascribed to the growth of a
westward current Ilowing partly or completcly around the earth, within the
magnetospheric cavity in the solar flux. This current and its magnetic field are
denoted by DR (D for disturbance, R for ring current). The growth of this
current is not yet understood, but one explanation (Akasofu and McIlwain,
1963; Akasofu, 1964 a, b) ascribes it o a flux of uncharged particles from the
sun (UF: U for uncharged, F for flux). Such particles can cross the cavity
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boundary without hindrance and flow onwards into the earth’s atmosphere;
there many will collide with particles of the atmosphere and lose an electron.
Then the residual particle — in most cases a proton — becomes subject to the
mfluence of the geomagnetic field, and a member of the Van Allen belt of
energetic charged particles. These spiral around the geomaguetic field lines
{somewhat distorted by the D field), and oscillate back and forth along them;
they also drift, the positive particles to the westward, producing a westward
electric current: electrons in the belts drift eastward, likewise contributing to
# westward electric current. This is identified as the DR current. Its radius
trom the earth’s center may be 2 few or several earth radii; the net decrease
of field intensity at the carth’s surface is proportional to the kinetic energy of
the paiticles in the belt; the particles in the lower range of energy, of a few
kev, are most numerous and contribute most of the DR current.

Sometimes the magnetic data suggest that the DR current that Brows
(and later decays) during a magnetic storm does not completely encircle the
earth (Akasofu and Chapmam, 1964}: and this is not surprising, if the ring
current is built up by uncharged particles. These will travel straight onward
towards the earth until they become ionized by collision; hence there must be
4 gap in the ring current on the night side of the carth, where the earth
precludes direct passage of the uncharged particles. But the drift of the particles,
after they become charged, must then tend to accumulate positive charge at
the western end and negative charge at the eastern end, This charge will flow
northwards and southwards along the magnetic field lines, and the transferred
charge will produce an electric field that causes eleciric current to flow in the
lenosphere to neutralize the charge distribution. This current will flow partly
westward over the night hemisphece, but mainly eastward over the more con-
ducting sunlit part of the ionosphere. These ionospheric currents reduce the DR
tield over the sunlit hemisphere below its value over the night hemisphere.

The third main current system that contributes to the D field is strongest
m the polar ionosphere around both magnetic axis poles, where charged
particles from the Van Allen belis and their DR current distributions enter
the atmosphere and produce the auwrora. It is suggested that positive and
negative particles, mainly protons and eleciroms, set up charge distributions in
the polar caps, by entering at slightly different polar latitudes. The electric
forces thus sct up in the polar regions, generally mear the auroral zones, drive
2 sysiem of currents flowing most strongly in high latitudes along the auroral
zome. The concentrated currents there are called auroral electrojcts.  They
complete their circuit by current flow over the polar caps and over the great
interzonal belt between the auroral zones. There may also be some flow [rom
cne hemisphere to the other along field lines. This current system and its field
ere denoted by DP, D for disturbance and P for polar.

Thus the DCF currents flow far outside the ionosphere. The DR cuirents
may flow wholly outside the jonosphere, or partly outside and partly inside.
The DP currents probably flow mainly, if not wholly, in the ionosphere,
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The world distribution of electrical conductivity over the ionosphere
must directly influence the DP currents, and it will likewise influence any part
of the DR current system that may flow in the ionosphere; it can influence the
DCF part of the D field at the earth's surface oniy in connection with currents
caused in the ionosphece by electromagnetic induction, when the DCF field
15 changing.

The ionosphere will partly shield the surface from outside field changes
such as those of the DCF and DR currents. If the ionosphere were everywhere
uniformly and isotropicaily conducting, a sudden increase in the charged tlux
(CF) and in the DCF currents and field would induce shielding westward
currents flowing around laiitude parallcls. The great difference of conductivity
«s between day and night will prevent the induction of symmetric latitudinal
currents; the currenis induced will be more complex, but seme daytime
enhancement along the dip equator seems inevitable.

Sometimes DP cu.renis appear at or very socon after the sudden
commencement of a magnctic storm; in such a case their eifect may exceed
and conceal any DCF induction effects near the equatorial electrojet. Storm
commencements in relation to the electrojet have been considered by various
authors (Ferraro, Parkinson and Unthank, 1951; Sugiura, 1953; Forbush and
Vestine, 1955: Obayashi and Jacobs, 1957); cf. Fig. 1. However, so far as [
know, electromagnetic induction effects in the ionosphere in and near the
region of the cquatorial electrojet have not been studied systematlcally for
sudden storm commencements chosen for the absence of DP currents — and
these are the only cases where interpretation may be relatively simple. Ashour
and Price (1948) have considered important problems of ionospheric eleciro-
magnetic induction associated with magnetic storms, but without special
consideration of the equatorial clectrojet belt,

The existence of a partial ring current svstem has only recently been
proposed (Akasofu and Chapman, 1964), and the influence of the equatorial
ionospheric belt of high electric conductivity upon its magnetic field has not
yet been considered quantitatively. The DR current will enter the ionosphe:ie
north and south of the eguator, mainly in latitudes rather high except during
magnetic storms of such great intensity as to produce low latitude auroras.
Nevertheless it may piove possible to detect an equatorial electrojet influence
on the DR field during intervals between polar substorms, when the DP current
system is absent. Hitherto it has seemed that the DR field shows no equatorial
electrojet anomaly (Chapman, 1951; Sugiura and Chapman, 1960). The DP
current system is the one most obviously subject to equatorial influcnce, and
the electrojet influence on the D field has been studied (e.g., Akasofu and
Chapman, 1963), in connection with the fluctuating DP currents. If the DP
auvroral electrojet currents is westward, its return flow in low latitudes is east-
ward, and cnhances the Sq eastward electrojet present during the hours of
sunlight. Many examples of this are available in the records. Westward auroral
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electrojets tend to be Jocated mainly on the night side of the earth, which
reduces the cquatorial electrojet influence upon the D field. This is because
curing the night the jonization in the E layer, which is the layer in which there
is enhancement of electrical conductivity along the dip equator, dies away.
Hence only that part of the interzonal return current of westward auroral
electrojets that can extend into the sunlit hemisphere can be affected by the
equatorial electrojet. This eastward DP return current along the electrojet can
at times be intense (Fig. 2). Fastward amroral electrojets tend to occur in
the post-noon sector of the sunlit hemisphere, and although they are generally
weaker than westward auroral electrojets, their westward return current is
more favorably located to flow preferentially along the dip equator, Examples
of this are available, showing that sometimes the westward DP return current
can reverse the castward direction of Sq current {low along and near the dip
cquator (e.g., this seems to occur at Koror on Nov. 7, 1957, soon after 11 h
lecal time). This is most likely to occur during a great magnetic storm, when
the aurora ang its electrojet is in an unusually low latitude, and consequently
unusuaily near the dip equator.
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Fig. 1 — Enhancement of the in H under the equatorial electrojet. The full
curve indicates the daily variation of the ratio of the amplitude of
Sc’s at Huancayo to the amplitude of the corresponding Sc's at Chelten-
ham, for 183 Sc¢’s, 192246. This shows the daytime enhancemcnt of
the Sc in H at Huancayo. The broken line gives the daily variation
of the frequency of these Sc's, relative 1o local time (which is
approximately the same at the two stations). (Sugiura 1953; Fig. 1).
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Fig. 2 — The Huancayo H records for 1957 September 28 (a quiet day)} and

(2)

(3)

29 (including part of a great magnctic storm}); on the 28th the record
thows Sq, and the beginning of Sa is shown also on the 29th. Then
the great storm began, with first a DCF increasc and then a much
larger decrease (DR). On this, between 1600 and 1900 GMT, is
superposed the effect of an intense castward return current of a
westward auroral electrojet; despite the big H reduction caused by
the DR current near the height of the main phase, the DP return
current brings H above the normal maximum value around local noon.
At this time the DP current much enhances the normal eastward Sgq
current along the electrojet. (Akasofu and Chapman, 1963; Fig. 4}
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BRIEF REMARKS ON STORMS

by

S. Matsushita

HAQ, CRPL and UC, Boulder, Colorado, U.S5. A,

There are many reports of the enhancement of the horizontal
component during the daylight hours in the magnetic equatorial zone
at sudden commencements and impulses, solar daily disturbance vari-
ations (D8), and solar flares; for example, Bhargava and Subrah-
manyan (1964), Matsushita (1964) and Rastogi et al. (1965). This
enhancement is caused by the high conductivity in the magnetic equatori-
al zone. Ashour and Ferraro (1964} discussed the induction of electric
currents in an anisotropic equatorial ionosphere, and Ferris and Price
(1965) showed a slightly different method of analysis concerning this
subject. The frequent occurrence of the preceding reverse impulse type
sudden commencement (named SC) during the daylight hours in the
magnetic equatorial zone, which is shown in Fig. 1 may be explained
by the induction effect.

Fig. 1 — Occurrences of -SC at
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Figure 2 shows obscrved world-wide pattern of the horizontal
vectors of geomagnetic changes caused by the Starfish explosion on 9
July 1962. A large southward vector change in the magnetic equatorial
zone during the daylight hours, shown in Fig. 2, seems to be caused by
a westward jet current of positive particles due tg the explosion (Maeda
et al. 1964).

Forbush (1964) made a detailed study of ring current effects
{rom magnetic data and discussed solar cycle and seasonal variations
of the effect and application for investigating secular change of the
earth’s main magnetic field.

Theoretical models of magnetic storm were reviewed by Mat-
sushita (1964); none of them is very satisfactory, we need t¢ study
them in the future in more details. Concerning ionospheric storms the-
re is also no satisfactory theory.
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Fig. 2 — Obscrved worldwide pattern of the horizontal vectors of geomagnetic
changes at 0901 and 0503 UT on 9 July, 1962, (Maeda et al. 1964).
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KOROR DATA AND MAGNETIC BAYS IN LOW LATITUDES

by

David G. Knapp
Environmental Science Services Administration

U.S. Coast and Geodetic Survey

The strong midday enhancement of most types of perturbation
at stations along the dip equator provides an independent means of
scrutinizing the associated conductive strip, and this phenomenon
promises the advantage that its proximate cause, unlike the driving
mechanism of Sq, may be independent ou longitude. From a rather
cursory inspection of records at several low-latitude observatories
including some of those in the immediate vicinity of the dip equator,
it appears that the low-latitude perturbation effects in H are similar
and simultaneous in different longitudes; and if this is so, they cannot
be regarded as mere fluctuations in the Sq system.

A straightforward way to account for this coherence is to
suppose (a) that the magnetic perturbations represent a band of zonal
perturbation currents in the ionosphere, flowing all around the earth,
but redistributed in the midday segment so as to concentrate along the
dip equator; and (b) that these are secondary currents in a transformer
action, the primary currents being generated in a higher level, perhaps
in the Van Allen radiation belts.

This study is mainly concerned with the high degree of co-
herence between the: vertical and horizontal components of bays at
Koror, and with the moderate midday enhancement of the ratio AZ/AH
lor the bays. It is suggested that the nighttime Z fluctuations at Koror
are accounted for by inhomogeneity of the induced subsurface current
as modified by the island effect. If the ocean and the earth’s crust had
zero conductivity, the AZ/AH ratio should drop to zero at night. It
does not do so. The diurnal curve of AZ/AH does show a slight midday
rise that is attributed to the dip-equator concentration, but it appears
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that this rise is not a simple measure of the zenith distance of the
electrojet, because the known 28 km northward drift of the dip equator
between the IGY and the IQSY is not accompanied by a corresponding
increase in the midday enhancement of AZ/AH.

The paper includes a suggestion as to the reason for the fact
the equatorial enhancement of the daily variation of H is usually found
to be less than that of the perturbation fields.

Curves are shown in Figs. 14 of the daily variation of the
AZ/AH ratio for Koror bays. A curiosity of the curves is the suggestion
they contain a premidnight rise, perhaps comparable with the midday
salient, though the number of bays scaled (540 thus far) is not enough
to establish this with any assurance. The scarcity of measurable night-
time bays is a factor in this.
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PRELIMINARY REPORT ON SOME GEOMAGNETIC EVENTS

RECORDED UNDER THE ELECTROJET IN PERU

by

Mateo Casaverde and Alberto Giesecke

Instituty Geofisico del Peru, Peru

The present report is a preliminary one of two on the many
geomagnetic events recorded during the different surveys carried out
in Peru in the last three years. The results of these experiments may
answer a few of the many questions which have arisen during the
discussions on the equatorial electrojet at the Symposium.

The records obtained at the 8 to 10 stations offers for the first
tme a good spatial resclution on the variation recorded on the magnetic
equator. Fig. | shows the locations of the ten sites: Huancayo (HU),
Ayacucho (AYOQ), Abancay (ABA), Cuzco (CUZ), Ccapana (CCA)}, Si-
cuani (SIC), Pucavd (PUC), Cabanillas (CAB), Arequipa (ARE) and
Ayanguera (AYA). The dip varies from + 2° down to — 6° for these
stations. Fig. 2 shows a magnetically quiet day variation (24 Aug. 1963)
in the three components D, H and Z, which shows the current concentra-
tion of the equatorial electrojet. The curves reveal a consistent change
of the daily ranges along the profile across the southern and central
portion of the electrojet. The steady increase of the noon maximum
in H from AYA, 400 km south of the dip equator, to CUZ right on the
dip equator, shows clearly the effect of the electrojet which is
superimposed on the normal Sq. Table I shows the daily ranges for H
and Z; the dip angle and the distance of each station from the dip
equator.

If we define the width of the electrojet as the distance between
the points of inflection of the Z range variation, positive as well as
negative, we find from a previous report (Forbush and Casaverde} an
approximate half width of 300 km; which would correspond to the



462 M. Casttyerde and A. Ciesecke

sunspot maximum. From Table I, we find for the most southern station,
which is about 400 km from the dip equator, the highest range for Z
(45 gammas). This would suggest that the half width of the electrojet
is equal or greater than 400 km for the sunspot minimum than during
the sunspot maximum.
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Fig. 1 — Location of geomagnetic stations during the 1963 survey.
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Fig. 2 — Quiet diurnal variation for D, H and Z on 24 August 1963.
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Table 1

Total daily ranges for H (y";) and Z (v%) for 24 Aug. 1963.
Magnetic dip (I), distance in km from the dip equator.

STATION e ¥or I Distance from
1=0
(gammas) (gammas) (km)
HU 105 ~7 20 115 North
AYO 110 3 0 —_
ABA 120 5 -0,5 —
CCA 120 0 0 _
CUZ 120 -2 0 —
SIC 100 14 -1,3 80 South
PUC 105 12 —-28 170 South
CAB 80 18 —4.0 250 South
ARE 70 35 ~-4.8 320 South
AYA 60 45 —6.0 400 South

During IGY it was found, with stations along the coast in Peru,
as reported by other workers in Africa and South Pacific, an asymmetry
in the Z range distribution below the electrojet with higher values —
twice as much — toward the south. This same result was found during
the present survey discarding the possibility of any ocean effect. SIC
has a y% twice as much as HU, being both stations about the same
distance from the dip equator.

Figure 3 shows the SC and a few hours of the most intense
storm of 1963, which started at 0915 (75‘W MT) on September 21, last-
ing for about two days. The storm was recorded at all field stations,
except that ABA and CCA were not operating. The H ranges of the SC
as well as the following short period variations increase gradually to-
ward the magnetic equator. This indicates a similar equatorial con-
centrations of the overhead currents as described for the daily long
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period variations. However, the Z variations show different variations
trom place to place and do not reflect at all the external elecirojet field.
These anomalies are related to internal conductivity anomalies which
is a matter of additional surveys being carried out in southern Peru

The D variations show a very interesting feature in contrast to the long
period diurnal variation. This may be an effect of some other current
systems at higher levels than the electrojet.

e ' Fig. 3 — Sudden Storm
e - %

e f\/\ MW Commencement for D, H
"‘_',_/J AR 13 L

and Z on 21 Sept. 1963.
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Reference

Forbush, S.E. and M. Casaverde, Equatorial Electrojet in Peru, Carnegie
Institute of Washington, Pub. 620, 1961.



THE 22.YEAR VARIATION IN THE OCCURRENCE OF

GEOMAGNETICALLY DISTURBED DAYS

by

Edwin J. Chernosky
Air Force Cambridge Research Laboratories
Bedford, Mass., U.S.A,

It is known that magnetic activity varies in some relation to
the phase of the eleven-year solar cycle in which it occurs. In this paper
a study is made for a relation of the occurrence of magnetic activity
to the 22year sunspot cycle. The 22«year cycle is based upon the
alternating change in the sequence of the magnetic polarity of pairs of
sunspot from one eleven-year period to the next. Sunspots gencrally
occur in pairs with their connecting axis in an east-west direction. The
eastern most spot of each group in one hemisphere will have one
polarity during that eleven year period and the opposite during ths
following eleven-years. The northern and southern hemisphere of the
sun show characteristics opposite to each other.

To make this scudy, the International Magnetic Character
Figure C, ranging from 0.0 to 2.0 is used to describe the magnetic
activity of each day. Days having values of C from 1.0 to 2.0 were
considered as disturbed. Eighty vears of data or 29,219 days from
1884-1963 were used. The eighty years were arranged in 20 groups
according to the year of the sunspot magnetism cycle in which they
occurred. Twenty years instead of 22 years were used to form the cyclic
period since some of the sunspot number cycles were less than 11 years
in length. The additicnal years were included in the year of cycle
minimum adjacent to each other. See Fig. 1.

Mean values of each of the 20 groups, each including from 3
to 6 years, were used to show the cycle trends during the two number-
cycles represented and for intercomparison of the “wo numbercycles.,
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The annual variations within each group were evaluated using average
for each ninth group. Instead of 20 year-groups howcver these were
combined [{rom consecutive pairs to give 10 year-groups and more
representative samples (Fig. 2).

REPRESENTATION OF SUNSPOT-MAGNETISM CYCLE IN GEQMAGNETIC
ACTIVITY LEVEL AND DISTURBED DAY OCCURRENCE (IBB4-1363}
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Fig. 1 — Annual values and their averages grouped according to the
sunspot-magnetism cycle showing cyclic trends in magnetic
activity, number of disturbed days and sunspot number. The
sunspoi-magnetism cycle in terrestrial magnetic activity is
indicated by the dashed lines of the upper two graphs.
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COMPUISON OF GEOMASNETIC ACTIVITY AND DISTURBED DAYS BY SUNSPOT - NUMBER
CTCLES AND BY HALVES OF NUMEEA CYCLES DURING AVERAGED SUNSPOTMAGNETISM
CVCLE (iB4-1963}
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Fig. 2 — A comparison of magnetic activity, number of disturbed
days and sunspot number from one cycle to another. The
change in level of terrestrial magnetic activity for each half
of each cycle is shown by the bar graphs at the right and
indicates the nature of the sunspot-magnetism cycle in this
aspect.

The analysis of the annual means represented by the 20 year-
groups showed that even numbered Zurich 1l-year cycles were more
active in the last half of the cycle than in the first half. For the Zurich
odd-numbered cycles, the first half of the cycle was more active, Thi.
change is one indication of the 2Zyear cycle in terrestrial magnetic
activity.

The annual variation shows two periods of maximum activity
each year mear the times of equinox. The semi-annual peaks are very
weak at the minimum ending the odd-numbered cycles and the post-
mimmum period beginning the following even-numbered cycle. The
scmi-annual peaks are strongly evidenced at the maximum ending the
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even-numbered cycles and the post-minimum period beginning the
odd cycles. In individual calendar years the semi-annual variation is
usually more clearly shown by the frequencies of occurrence of distribut-
ed days than by the monthly mean C; figure. See Fig. 3.

CHANGE 0 WONTen T OCCURREMCE OF CECWMACME TICALLY DESTURIED BAYS DUFING AVERAGE TUNSPOT-

WAGHE TESW CYCLE AWD COMPAAISON OF FHE SaM EPDCHS OF ALFLRMATE SUNGPOT-MUWBER CYULES
mocpur L

In

e

NLMBEN-CILE A [EVER) b MMEER-CYCLE 3 (0RO}

Fig. 3 — The change in the annual variation of magnetic disturbance
as shown by the occurrence of magnetically disturbed days
for ten epochs of the sunspot-magnetism cycle. Read down
from top left to bottom to follow the change. The same
epochs of consecutive cycles compared side by side.
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It is not certain whether this change in characteristics at
alternate solar minimum is due to varying deflection or intensity of
the solar emission affecting the earth or is a cyclic modification of the
terrestrial environment. There is good indication that there is a 22-
year cycle variation in terrestrial magnetic activity and this is a factor
which need to be considered in further evaluation of solar cycle trends
of equatorial and other measurements.




THE ORIGIN OF FLUCTUATIONS IN THE EQUATORIAL
ELECTROJET: A NEW TYPE OF GEOMAGNETIC

VARIATION

by

Atsuhiro Nishida, Noboru Iwasaki and Takesi Nagata

Geophysical Institute, University of Tokyo, Japan

The enhanced Sq variation at the geomagnetic equator is
frequently marred by large irregular fluctuations whose magnitude
occasionally reaches the amplitude of the Sq variation. In the present
paper, the world-wide morphology of all types of equatorial fluctuations
(except micropulsations) which are detected in 40 days’ sample period
during the IGY are presented, and their origin is investigated. Part of
these fluctuations can be identified as geomagnetic variations of the
known kind, namely, sfe, ssc and positive and negative si. The majority
of them, however, show peculiar characteristics which cannot be
explained in terms of the nature of the known variations.

These remaining fluctuations seem to belong to a new class
of the geomagnetic variation. They appear at the equator as decreases
in the horizontal component with 2 maximum magnitude of about 200 vy,
and with a time scale ranging frem half an hour to several hours.
Simultaneously with the fluctuation in the equatorial field, variations
of the identical form appear over a wide area, which is centered at
about 1800 hours meridian and is wider than the hemisphere (see Figs.
1 and 2). When the equivalent current system is drawn for these fluc-
tuations, it is found that the direction of the current flow is independent
of latitude below the geomagnetic latitude of about 75°, and all these
currents flow through the polar cap (see Fig. 3). These fluctuations
appear quite frequently, and in the sample period around the vernal
equinox of 1958, they are almost always present.
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l
10 i2 4 [ I8 20 UT
MARCH 19, 1958

Fig. 1 — Comparison of magnetograms from equatorial (Huancayo)
and polar (Thule) stations. The variation of the new type
appears in phase in both records. The blackened part is the

decrease in the new type variation from the normal record
on a very quiet day.
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hig. 2 — famples of magnetograms from widely distributed stations,
showing the new type variations. Except in a region where

negative bays are sometimes superposed, an excellent
coherence can be seen.



474 A. Nishida, N. Twasaki and T. Nagata

o MARCH 18,1958
. 04 15 UT

Fig. 3 — Equivalent current system for the case shown in Fig. 2.

The magnitude of the electric potential associated with these
fluctuations is around 50 kv across the current vortex. Thus, this new
type of geomagnetic variations seems to testify the presence of a large
scale magnetospheric convection of a transient nature, which is as

intense as the one associated with the viscous-like interaction with the
solar wind.



IONOSPHERIC PARAMETERS FOR NAIROBI FOR MAGNETICALLY
DISTURBED AND QUIET DAYS

by

R. F. Kelleher
Physics Department, University College Nairobi, Kenya

An examination has been made of certain ionospheric para-
meters obtained from routine hourly vertical soundings at Nairobi. The
present results give median values for the International Quiet and
Disturbed Days during the period March 1964 to February 1965.

The results are shown in Fig. 1-6 and suggest that (at least in
sunspot minimum years) Nairobi lies in an intermediate region where
geomagnetic control is small.

P T T R R T T "
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H

Fig. 1 — Shows the foF2 data for quiet and disturbed days. It can
be seem that there is little difference between the twg sets
of days, though the critical frequency is slightly higher
under disturbed conditions for hours after about 1600 LT.
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FEBRUARY MARCH APRIL

Fig. 2 — Show seasonal results (Feb., Mar. and Apr.). An interesting
feature is the secondary peak occurring between 1900-2300
LT, which is anhanced by magnetic activity and is parti-
cularly pronounced in local summer (Fig. 5).
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Fig. 5 — Same as
Fig. 2 for Nov., Dec
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Fig. 6 — Plot of
the parameters h'F2,
Here also the diffe
rences between quiet
and disturbed days
are small. It is like- |
wise found that the
probability of oc
currence of a sharp
F1 cusp is largely
unaffected by mag-
netic activity.
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SOME FEATURES OF EQUATORIAL IONOSPHERIC STORMS

by

E. 0. Olatunji

Ibadan University, Nigeria

Ionospheric disturbance effects in the equatorial F2 layer are
examined in the next five figures. Data obtained from ionograms and
total columnar electron content measurements are used to elucidate
some features which have to be considered if one it to understand
storm mechanisms.

A storm event in the topside ionosphere reveals an inversion
of storm effect at great altitudes; and suggests a reduced transport of
ionization from the magnetic equatorial belt during a disturbance.

CHOMMERC  STORM  IFFECT DRIECZD FROM  J-0dY BHAK Feda
AND  MONTLY  MTAR  CaFlR e MOHTHLY SHAN
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Fig. 1 — Shows the results of ionospheric storms deduced from
2-day mean foF2 (solid lines) and monthly mean of foF2
(dashed lines).
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Fig. 2 — Examination of foF2 for three equatorial stations in separated
longitude zones shows a tendency towards a daytime
increase and nighttime decrease of ionization density relative
to quiet days.
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Fig. 3 — Illustrates the correlation analysis of storm effects at
different pairs of stations (see Fig. 2). Differences in
behavior at different stations for a given storm, and for
storms at a fixed station are clearly exhibiied.
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Fig. 4 — A daytime increase of the total columnar ionization during a
storms is shown to be a regular feature. In the great majority
of cases, hmF2 is not altered by a sotrm. The increase in
ionization density occurs mostly in the topside ionosphere.
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Fig. 5 — Time and intensity relationships between ionospheric and
magnetic disturbances are examined. Both time and intensity
relations raise difficulties in reconciling storm theory and
evidence.



ENHANCEMENT OF MAGNETIC DISTURBANCES OVER THE

MAGNETIC EQUATOR DURING THE NIGHTTIME HOURS

R.G. Rastogi, N.D. Kaushita and N.B. Trivedi
Physical Research Laboratory, Ahmedabad, India

The amplitudes of sudden commencement of magnetic storms
(SSC) during the daylight hours and of selar flare effects (sfe} in
horizontal field, H, show a pronounced maximum over the magnetic
equator. The deviation of vertical field, AZ, are positive south of the
equator and negative north of the equator, the sign changing at a place
very close to the magnetic equator. SSC in H during the nighttime
for the stations in American Zone show significant enhbancement near
the magnetic equator. The change in sign of AZ happens at a dip ot

about 7°N (Fig. 1).
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Fig. 1 — Variations with mag-
netic dip of the ratios of AH and
A7 at different stations with res-
pect to /AH, at Huancayo for the
daytime sudden commencement
storms and solar flare effects and
for the nighttime sudden commence-
ments at Peruvian stations.
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Nighttime fluctuations in H at Huancayo and San Juan show
excellent similarity with each other (Fig. 2). Mean ratio of AH at
Huancayo to AH at San Juan has a value of about 9.0 for midday
and 1.7 for midnight hours (Fig. 3). Comparing magnetograms at
Huancayo, Yanca, Chimbote, Chiclayo and Talara, one finds very close
similarities in the fluctuations, ie. the amplitude decreasing
progressively from Huancayo tg Talara (Fig. 4). The average devi-
ation in H at Talara (13°N dip) is about 0.65 to that at Huancayo (2°N
dip) indicating a sharp enhancement of AH at the magnetic equator
even during the nighttime hours (Fig. 3).

It is concluded that the significant equatorial enhancements
of the amplitudes of SSC and post disturbance fluctuations in H during
the nighttime indicates the existence of some electrojet currents over
the magnetic equator during the nighttime hours also

BiSTuRBA NCE FLUCTUATIONS N
HORIZONTAL MAGNETC FIELD IN KiGHT -
23-24 JUNE 1939

a0 ‘
L1 =
o —7 HuANcayp gg

TiME .

v ] P~ P Y
N A=Y W A AN AV W T
o SAN JUAN T I e -
L] 34 3 .- 1 I 13 22 23 ] 1wt
18~17 AUGUBT 91y
L ! A I
::— HUANEAYD  {— L
i
=1 P o~
a0 5 ;” = Fi 2 Tracines of H
s o ig. 2 — Tracings o magne-
z e I - tograms at Huancayo and San Juan
+ 0p —d AN JUAN T TN = . . . .
] B during nighttime disturbances.
40 f‘V\.m_\ L ~
0
1 2 2 22 23 Q i 2 3 + 2
21=22 SEPTEMBER B39
120 Y
80 Ak Al 8 HURTE e
40 _YY!_ 1 e
N 13 1 ) il —
"” SAN Juka
PPy ’.y
s B " A -
N 4
m 20 & 22 23 0 21 amm



Enhancement of Magnetic Disturbances 485

-

Y 0G0

a
T

AH AT HUANCAYOD /AH ATy SAN JUAN

1 3 | 1
[H 8 24
HOUR 75°WMT

Fig. 3 — Daily variation of the ratio of deviatioms in H at Huancayo
and at San Juan.
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Fig. 4 — Tracings of H magnetograms at the Peruvian chain of
stations during nighttime disturbances.
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ABNCRMAL DISTUREANCE DAILY VARIATION AT

HUANCAYO DURING IGY-IGC

by

R. G. Rastogi and G. Rajaram
Physical Research Laboratories, Ahmedabad, india

It is well known that noon foF2 at equatorial stations during
any of the seasons increases with increasing magnetic activity. Further
the daytime values of foF2 are greater on Disturbed than on Quiet
vays.

During the IGY-IGC period, values of noon foF2 at Huancayo
are shown to decrease with increasing K index during the December
solstices, while during the June solstices foF2 is positively correlated
with K index. The mean [oF2 on International Quiet Days are greater
than on International Disturbed Days during the daytime hours of
December solstices of IGY-IGC.

Comparing the daily variations of foF2 on Q and D days during
the two solstices at different stations along 75°W meridian zone, the
abnormal decrease of foF2 during D days is found only at the equatorial
stations ¢f Huancayo, Chimbote, Chiclayo and Talara during the De-
cember solstices (Fig. 1).

Comparing the variations of foF2 at Huancayo over the years
1953 to 1961, the decreases of foF2 on D days of December solstices,
is seen only during the years of maximum solar activity, i.e., 1957-1960
(Fig. 2). '

Comparing the variations of foF2 on Q and D days during the
December solstice at the equatorial stations along different longitudes,
viz. Huancayo, Ibadan and Kodaikanal, it is a found that the abnormal
SD (foF2) occurs only at Huancayo (Fig. 3).
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Fig.1 — Average daily variation of foF2 at International Quiet and
Disturbed Days of June and December solstices of 1958 at
varicus stations in the American Zone.
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Fig. 2 — Average daily variation of [0F2 at Huancayo on International
Quiet (o) and Disturbed (x) Days of June and December
solstices in the years 1953-1961.
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Fig. 3 — Average daily variation of foF2 at Huancayo, Ibadan and
Kodaikanal in June and December solstices of 1958.
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It is concluded that during the December solstices (when the
Earth is nearest to the Sun) of the maximum solar activity period
some causes come into opgration which have the effect of decreasing
foF2 pear the magnetic equator in the American Zone, where the
horizontal magnetic field is the minimum. It is suggested that this
cause may be the precipitation of the corpuscular radiation into the F2
region heights during the magnetically active periods of the maximum
sunspot years.




SUMMARY OF THE SESSION

by

E. J. Chernosky
Air Force Cambridge Research Laboratories
Bedford, Mass., U.S.A.

At the session on Magnetic and Ionospheric Storms nine papers were
presented after reviews by Professor Chapman on Magnetic Storms and Dr
Matsushita on Ionospheric Storms.

In examining magnetic bays on the Koror records Knapp found that
they were possibly coherent in different longitudes at the low latitudes. He
assumes 1hat this possible coherence is due to zonal perturbations in the iono
sphere flowing all aroung the earth at low latiludes. One explanation of this
required that the magnetic perturbations represent a band of zonal perturba-
tions flowing all around the earth but redistributed in the midday segment so
as to concentrate along the dip equator.

Examination of the AZ/AH ratios for the Koror dat; for some 540
bays showed a midday peak with a possible late night secondary maximum.
Nighttime bays are infrequent however and more data are neceded to complete
this study. It is to be noted that these data are concerned only with bays or
transient departures from the normal diurnal variations and the following paper
does so as well.

Nishida, Iwasaka and Nagata examined departures of high and low
latitude station traces from a normal curve. These departures, from one-half
to several hours in length perhaps, were evaluated over a period of 40 days
in the 1953 data. While some of the variations can be identified as solar flare
effects, siorms sudden comfnencements, and positive and negative sudden
increases, the majority cannot be so explained. They appear at the equator as
negative departures, in the horizontal component having a maximum amplitude
of 200 y, «nd possibly are bays. Simultasously with the equatorial departures
very similar variations appear over a wide area which is wider than the hemi-
sphere. From the equivalent current system for these fluctuations it is found
that the direction of current flow is independent of latitude below geomag.
lat. 73 and all these currents flow through the polar cap. During the vernal
equinox period examined the departures were almost always present.
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The median values from routine hourly soundings at Nairobi were
studied for the magnetically 5 quiet and 5 disturbed days for the period March
1964 through February 1965. There is little difference between the median
values for the guiet and the disturbed days although the critical frequency 1s
less than one megacycle lower on the quiet days for most night hours (after
about 1600 LMT) and less than ¥ megacycle higher during daylight hours over
the entir¢ period. A secondary peak shows up during local summer between
1900 and 2300 hours which seems to be enhanced by magnetic activity. The
probability of occurrence of an F1 cusp is largely unaffected by magnetic activity.
From February tc April quiet days are fairly consistently below the disturbed
days for [cF2, except in the morning daylight hours. Differences in h'F? were
less than 20 km between the quiet and disturbed days. Kelleher felt that at least
in sunspot minimum years Nairobi les in an intermediate region where geo-
magnetic contro! is small.

Olatunji could find no relation to Kp and Ap for ionospheric storms
recorded a! Talara, Ibadan, and Singapore. There was some indication that iono-
spheric storms began from a half to nine hours later than magnetic storms in
1960 and 1961.

Rastogi showed that the IGY-IGC period the noon values of foF2 at
Huancayo decreased with increasing K index during the December solstices
while during the June solstice foF2 is positively correlated with K.

The abnormal decrease of foF2 during disturbed days is found only at
the equatorial stations of Huancayo, Chimbote, Chiclayo, and Talara, during the
December solstice for the stations along the 75°'W meridian. For the years 1953
1961 this decrease was only seen during maximum solar activity. Comparing the
variations at different longitudes it is found that the abnormal 8,, occurs only
at Huancavo.

Rastogi suggested that the agency responsible for this is a precipitation
of the solar corpuscular radiation into the weaker horizontal force of the
American zone.

Rastogi also showed the daytime enhancement of the sudden com-
mencement at Huancayo over that at San Juan as did Sugiura. Nighttime
fluctuations in H at Huancavo and San Juan compared very well. The fluctu-
ation at the Peruvian stations of Huancayo, Yauca, Chimbote, Chiclayo, and
Talara, are very similar, the amplitude decreasing as one moves north to Talara
from Huancayo. At Talara the average deviation of H is 0.65 times that of
Huancayo.

Rastogi concluded that the significant equatorial enhancement of SSC
end the post disturbance fluctuations in H during the nighttime indicates the
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existence of some clectrojet currenis over the magnetic equator during the
rmighttime bours also.

Casaverde showed that the D and H diurnal changes were essentially
the same acrass the equatorial zone on quiet days with only Z showing change.
At the onse! of a sudden commencement storm only H remained the same across
the equatorial electrojet in Peru, the D and Z onsets being different on opposite
sides of the clectrojet. The electrojet appears to be nearer 800 km wide at sunspot
minimum as compared with 600 km at sunspot mazimum.

In considering data taken at sunspot minima it should be noted at what
minima these daty are taken. There appears to be a 22-year sunspot cycle in
terrestrial magnetic activity insofar as the semi-annual equinoctial maxima are
voncerned as one example. The equinoctial maxima are strong at and follow-
ing one sunspot cycle maxima while at the following sunspot cycle minima they
are poorlv defined. It was also reported that the cycle trends are such that
they are greater in the last half of one cycle and in the first half of the follow-
ing cycle
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{Discussion leader: J. R. Heirtzler) -
Review Paper

EQUATORIAL STUDIES OF RAPID FLUCTUATIONS

IN THE EARTH'S MAGNETIC FIELD

by

W. H. Campbell
NBS — CRPL, Boulder, Colorado

Introduciion

This paper concerns naturally occurring ultra low frequency electro-
magnetic lield variation in the range of 3,5 to 0.003 cycles per second (1/3 sec
to 300 sec periods). Such phenomena are investigated to understand processes
transpiring in the local ionosphere and the distant magnetosphere. Even though
some of the signals in the equatorial region have unique characteristics which
could best resolve source propagation mechanisms, the equatorial studies in these
trequencizs has thus far lagged behind the middle and low latitudes, probably
as a resulr of the greater scarcity of geophysical laboratories in that region.

The purpose of this paper is to summarize what has been accomplished
to date ai the very low latitudes and to describe the needed areas for further
endeavor, Four pulsation types which show rather different characteristics will
be discussed separately in this review. Although spatial and ternporal variations
in amplitude make it improbable that such a spectrum of signals as shown Fig.

1 could be recorded, it illustrates the slzc, range, and names of signals followed
in this study.

¥
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Fig. 1 — Identification of spectra of pulsations in the lower frequencies.

The Regular Pulsations Near 1 Sec Period {Pc-1)

These curious pulsations arc generally found in the frequency range of

3.5 to 0.3 ¢/s; typical amplitudes are 10 to 100 my. The fluctuations are gen-

erally found in groups of about one-half hour duration, often occurring singly

- and, on occasion, lasting half-a-day. There is a beat-Hke appearance in the

amplitude traces that, in part, results from the typical overlapping rising
frequency emission structure evident on [requence-time displays.

There seems to be a general linear relationship of the recurrence period

of the emission (Trec) and the average period (t mid) so that Trec (sec) &2 85 t

mid (sec}). The maximum occurrence time, near midday at auroral latitudes

_ decreases to pre-dawn hours at the middle latitudes. Equatorial and polar oc-
currences are rarer than at other latitudes; presently diurnal patterns at such

places are unreported. The local time variation of the mid-frequency appears

to be similar at middle and high latitudes with higher frequencies in the night
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hours and low f.equencies during the day; the same would be expected at the
equator. The few samples of polarization show the magnetic flux density vector
counter clockwise in a plane perpendicular to the earth field at the boreal auroral
zone and 1andomly criented at northern midlatitudes; measurements have not
been reported at the equator. The events have a high probability of occurrence
S to 7 days following large Kp indices of solar terrestrial disturbances. No
dependence of amplitude upon eoncurrent ionospheric conditions is yet evidenced.
High latitude conjugate station signals generally show a 0.8 to 0.9 correlation.
Stations scparatcd by more than 500 km in the middle and high latitudes of one
hemisphers are uncorrelated in activity although isolated cases of extreme
distribution have occurred.

One study of an equatorial event with the group of Pacific stations
illustrated in Figure 2 showed a 1800 phase shift in the recurrence structure at
Kauai and Tongatapu; Canton, ncar the eguator, seemed to exhibit the summa-
tion of the other stations.

Fig. 2a — Group of Pacific stations where measurements were made.
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Fig. 2b — Pc-l pulsations spectra at Kauai, Canton, and Tongatapu (from Tepley,
1964).

There have only been guesses as to the originating sourcz of these pulsa-
tions. The resonance type features of the event and the high latitude conjugate
station coincidence encourage the presently popular hydromagnetic models of the
phenomencn of propagation along the high L field lines. It is typically assumed
that the energy comes from the solar wind and that necessary conditions for
resonant propagation in the magnetosphere must he established several days
after the onset of the solar terrestrial disturbance. Tonospheric absorption of

the energy in these frequencies is predicted by most medels but has escaped
measurement.,

Equatorial studics of these events has scarcely begun. Even the most
rudimentary features are unreported. A major contribution to the understanding
of the phenomenon can be made by determining the method of arrival of the
fluctuations into equatorial regions.
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Regular Pulsations Near 20 Sec Period (Pc-2,3)

These are rather sinusoidal pulsations with typical amplitudes reaching
1/3 gamma in size, They are generally observed in the period range of 5 to 40
seconds with a beat-like appearance, A diurnal variation of the oscillatory period
is observed at middle and high latitudes which typically rises to 20 or 25 seconds
n the daytime hours, and falls to about 5 or [0 seconds at night; the variation
range varles gradually over many days. Saito (1962) indicates that a similar
distzibution of periods should be expected at equatorial stations, a better study
is needed here, The occurrence frequency has been reported as a day type (Fig.
3). At middle and high latitudes the times of maximum have been justified by
variations in ionospheric conditions. The Intercsting differences at equatorial sta-
ticns, shown in Fig. 4 need interpretation.

(]
L4

i
5 & MINUTES

2% ACTWITY {MONTHLY
ot & MEAN FOR OCT1957)
2 &p ACTIVITY (AVERAGED
FOR 2 DAYS OCT.
20 I+ 28 AND 29, 1957 )
18 TN DY FREQUENCY OF
15] POMT CamAdw .- OCCURRENCE
" { ONAGAWA. WHOLE
OCT 1857)
12
i
: (0
[
4
” A \
2 A3 | e
BiG DELTA
2 ar
0 —
8
&
4 SITKA
2 £ &
o i A
oy
CHAMBON LA FORET L1
2
o) e T (111 .
| | FREDERICKSBURG
g TUCSON
DNAGAWA 1
‘I) HONOQLULY T
LEGON Altter Hurtys
% GUW
— e .,
i{{ KOROR
ooy T
0" 2 4 ¢ 8 10 12 14 16 18 20 p 24

LOCAL TIME

o8

FREQUENCY OF OCCURRENGE — %

°g

Fig. 3 — The day-
side enhancement of
Pc2 and 3 activity
(from Saito, 1962).



500

W. 1I. Campbell

ECUATORIAL

PARAMARIBO

GANGUI

HRLLANDIA

Fig. 4 — Equatorial and subcquatorial diurnal variation of Pc2 and 3 activity
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The large amplitude pulsations appear simultaneously at widely spaced
locations. Fig. 5 illustrates an amplitude distribution of 3 cvents versus latitude;
unfortunately it was night or early morning at Guam and Koor for this sample.
More effort on the distribution study is needed, particularly at

maximum and disappearance times.
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The vertical component of the field is typically reported to be small and
the field is generally largest in the magnetic N-S direction. Polarization and
phase studies are unusually scarce and have not been made at the equator.

The excellent correlation of daily amplitude values with magnetic distur-
bance indices places the phenomenon clearly with the solar-terrestrial distwr-
bance family. It is generally assumed that the pulsations also have z hydromag-
netic origin. Neve.theless, the positive dependence on ionospheric conditions
have greatly enccu.aged the consideration of associated ionospheric currents
extending p high latitude effect to the equatorial region.

Regular Pulsations With Periods of the Order of Minutes (Pc4, 3)

Twe distinct period groups with typical periods between 45 to 70 sec
{Pc 4) and 250 to 600 sec (Pc 5) have been identified at various world stations.
Presently, many characteristics of these two groups seem sufficlently similar to
allow them to be discussed jointly. Long period damped oscillations will be
considered a part of these groups.

The Pc 4 have been reported as day type pulsations; occurrence maxima
are found near noon hours at all latitudes. The longer period pulsations seem
to have 3 gradual transition from a single morning peak activity at high latitudes
to a double morning and evening maximum at the lower latitudes; the equatarial
reports need confirmation, however. In Fig. 6 the seasonal pattern of Pc4 at
Manily shows the equatorial peaks of activity near noon hours and minimal
activity during the solstices, gemerally similar to the middle and high Iatitude
behavior. Fig. 7 illustrates an increasing occurrence at Ghana with decreasing
solar activity.
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Fig. 6 — Monthly occurrence pattern of Pc2 and 3 at Manila (from Glover,
1963).
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The periods of both Pc4 and Pc-5 activity are longer in the nighttime
than at daytime; they are reported to be shortest around June solstice (45 and 400
sec} and longest at December solstice (70 and 450 sec).

There is & latitudinal variation in the plane of polarization of the pulsa-
tions, illustrated in Fig. 8, showing the oscillations perpendicular to the geo-
magnetic field lines at high latitudes but parallel at equatorial locations.
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Figure 9 illustrates a sample of simultangous pulsations at various world
locations. Fig. 10 illustrates the latitudinal amplitude distribution of the field
components. Note the equatorial enhancement; it was midday at Koror. Curi-
ously, the ficld component parallel to the main field has comparable amplitudes
both near the aurcoral zone and at the equator. Fig. 11 shows the average
amplitude at Koror to that at Honolulu or Kakioka in local time at Koror. There
is 3 clear daytime cnhancement for these nine cases of Pc-5. Fig. 12 shows the
average amplitudes of the H component of each station (normalized to College)
plotted against local time.

Characteristicns of Large Amplitude Geomagnetic Pulsalions
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Fig. 12 — Local time variation of the amplitudes (from Matuura, 1961).

At non-equatorial latitudes the field fluctuations are, on occasions,
identified with measurable ionospheric phenomena. Example of concurrent
pulsations in auroral particle precipitation, Juminosity variations and electron
density, are available. On rare occasions satellile observations of pulsations have
been identified with surface pulsations. Most rccently the characteristic period
of Pc4 and 5 have been found to vary with satellite drag. The activity level of
Pc3 and 4 has been shown to have correllation coefficients of 0.8 and 0.6
respectivzly with direct measurements of solar wind velocity.

Hydromagnetic type oscillations of the earth's field lines analogous to
elastic string vibrations have been used to explain some of the high latitude oc-
currence and polarization features. Activity at polar conjugate stations is used
to verify such models. If all surface observations are measures of arriving hydro-
magnetic waves, the observed equatorial cnhancement certainly needs clanfi-
cation. The guestion is whether a Pc5 current system, such as that shown in
Fig. 13, exists in the ionosphere or is merely a convenient description of surface
values.
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Fig. 13 — Equivalent current system for Pc-5  (from Jacobs and Sinne, 1960).

Pulsations With Irregular Forms

There are certainly many events with transitlonal features between
rather pure sinusoidal pulsations and quite irregular random period rapid vari-
ations; in this paper the two groups are only clearly separated for comvenience
of discussicn. The frequency components are from several cycles per second

to several per hour; amplitudes vary from several hundred gammas t0 the lower
limit of tke recording system.

At the higher latitudes these fluctuations are a measure of the solar
terrestrial disturbance, some of which have been termed polar magnetic sub-
storms {Akasofu and Chapman, 1963). They have a clear association with
ionospheric phenomena. They have been identified with the aurora itself as well
as the bombarding electrons and the ionospheric absorption and reflection. Great
similarities and some difference have been found in events measured at
conjugately located stations.

Associated with the auroral electrojet the events at high latitudes occur
most frequently with the typical nighttime negative magnetic bays. They are
found also during the afterncon positive bay events. Studies at middle latitudes
tied the occurrence of the fluctuations to a closing of the ionospheric current
loops. A day-side enhancement has been found.
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At the equator the variations are most nomercus during the daytime
hours (Fig. 14). The nighttime events only appeared during disturbed Kp
conditions Fig. 15 shows the diurnal variation in ratio (r) of the fluctuation H
to Z components with higher values at night than in day. This inferred that
greatly different types of currents sysiems were invelved at such times. Fig.
16 shows the dependence of “r* om duration period of the fluctuation, which
though noi clearly explained, may imply an induccd curvent effect. About 90%
of the events at Ibadan have becn jdentified at other obscrvatories within the au-
roral zone and along the eguaticr, {see Table I). The amplitude of the fluctuations
at the equator is quile dependent on the magnitude of the electrojet current
there. The ability to identify similar signals at distant stations was related to
the amplitude of the variations and therefore dependent upon the cquatorial Sq
magnitude,
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Fig. 14 — Occurrence frequency of irregular fluctuations in Nigeria (from
Onwumechilli, 1960).
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TABLE 1

Percentage of fluctuations at Ibadan that are identifiable at other
observatories. The observatories are arranged in order of

Station

Tromse
College
Eskdalemuir
L'Aquila

San Fernando
M'Bour
Guam

Addis Ababa
Korror
Korror, Guam
Port Moreshy

Huancayo

latitude from North to South.

Identifiable Unidentifiable

42
169
588
351
823
904
1252
1277
1140
2392

326
1248

.61
1
28
88
2

163
45

183

346

150

281

all

49
230
599
579
911
926
1415
1322
1323
2738

476
1529

% Identifiable

86
73
98
95
90
98
a8
97
86
87
68
82

Figure 17 illustrates the latitude variation of enhancement in Nigeria and
its comparison to the H daily range. The strong dependence of the amplitude
of the fluctuations on the strength of Sg implied that these variations were
actually varitations of Sq itself. If this be so, then these minut: varlations will
become a charper tool for dissecting the dimentions of the electrojet itself. In
addition, there do occur events on a fine time scale which are unique to, or
appear earlier in, one auroral zone. If the electrojet is to be identified with
only the northern or southern Sq system, it may be possible to use hemisphericat
jdentification of an irregular pulsation to tag the Sq of the electrojet. Similarly,
if there is a night side closing of induced current in the earth as Price suggests,
the irregular pulsations might possibly be used as tracers for this system.
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Fig. 17 — Equatorial enhancement of daily amplitude ratlo of irregular fluctu-
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Concluding Remarks

In summary, it appears that less is known of the equatorial continuous
pulsations than of the irregular flucluations and lcss of the higher frequencies
than the lower. The typical guestion to be resolved seems to be how much of
the observed signal can be traced to ionosplicric currents. Many of the regular,
sinusoidal pulsations should be studied as hydromagnetic waves and measure-
ments made of the wave polarization planes, phase velocities, and arrival direc-
tions. Possibilities of cross field line propagation, radially to the low latitude
region from magnetospheric equator and ducted propagation beneath an Alfven
velocity maximum from the auroral zone to the low latitudes both need further
investigation. There is still considerable opportunity for significant micropulsa-
tuon studies at the equator.
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RAPID GEOMAGNETIC ACTIVITY AT VERY LOW LATITUDE

CONJUGATE STATIONS

by

J. R. Heirtzler*, F. de Mendonga® and H. Montes®

Introduction

There has been increasing evidence to indicate that micro-
pulsation activity is due to ionosphere current systems. However most
measurements have been confined to mid and high latitudes, with
certain of the high latitude measurements being made simultanecusly
at high latitude conjugate points. To supplement these measurements
we recorded rapid magnetic activity at very low latitude (equatorial)
conjugate points on a line of force that has its maximum altitude in
the F-layer. We utilized a pair of such conjugate points in eastern Bra-
zil, located near the towns of Amapa and Barbacena (Fig. 1). The
point conjugate to Amap4 lics about 100 km west of Barbacena. The

two points are separated by about 3000 km as measured along the
surface of the earth.

As a joint project between Lamont Geological Observatory and
CNAE. two mobile field installations were used at the two towns
during December, 1964. Each installation used a rubidium-vapor
magnetometer. For 15 days recordings were made with a full scale
(5") span of 3 gammas and a chart speed of 40 iph, then for another
7 days with a full scale span of 30 gammas and a chart speed of 6 iph.
Timing accuracy was kept to within about 3 seconds by frequently
synchronizing a local time marker with WWV, and the magnetic field

* Lamont Geological Observatory, Columbia Univ., Palisades, N.Y.
* Comissdo Nacional de Atividades Espaciais, Brasil
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strength had a relative accuracy of better than 0.05 gammas. To
indicate simultaneous activity in mid-atitudes we will show the
simultaneous records from a rubidium magnetometer at Lebanon State
Forest in the state of New Jersey. At Lebanon the dip of the field is
72 degrees down, at Amapa is it 25 degrees down, and at Barbacena

it is 19 degrees up, according to world dip charts.

S BARDACENA

0.
SAD PAULO RIQ

BUENDS
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i \ PO : 1 |‘
s T T T

¥ w  60% 587 5°

Fig. 1 — Position of line of force passing through Amapa.
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While the main measurements reported here were made at
conjugate points we suspect that the type of activity ebserved at each
of these two stations was characteristic of an appreciable geographic
area centered about those respective points.

Cross Spectral Determinations

The time during which measurements were madz was very quiel
magnetically. The Fredericksburg K-index did not exceed 3 during the
time that we have data. Frequently thai index was 0 and for one day
the sum of K was only 1.

Figure 2 shows a 24-hour batch of data {rom the conjugate
stations. Although one cannot see micropulsation activity on the time
and gamma scales used, it is possible to see many small irregular
disturbances with periods less than ane hour that are quite similar and
nearly simultaneous at the twg places. It is somewhat more difficult
to see the detailed similarity during midday when therc is a large Sq
effect,

11 . B R | : = —]
. ’:h.v‘l.
{‘14‘ .
««ﬂ o
AMAPA NV"J )
N\/'/V Wy -"‘-fL N\”:\,J‘
~ s y 't i
ol W e ""“\H
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.wﬂ"\h, . f"\i“'l‘!'ﬂw\\,-ﬂl‘bvwﬂfj \\'\
\
J—‘W‘ l\‘\v{*J}l !
22ADACENA
: fu S
,-»«‘.”‘U{ v N}W‘j .
3
v el
Wy L,

CMT 16 DEC ®W54

Fig. 2 — Total magnetic field intensity records {or one day at the
conjugate stations. There is a data gap in the Barbacena
record.
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To study the statistical properties of the magnetic activity
the records were digitized and cross spectral determinations made by
the covariance method. For one of the more active days we chose three
¢nie hour intervals and cross speciral determinations were made be-
tween each pair of stations for each hour. Figures 3, 4, 3 and 6 show
some of the spectra. Fig. 7 shows a sample of record on an expanded
time scale.
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Fig. 3 — Spectral results for 0506 GMT (0203 LMT). For periods
between 40 and 1000 sec (some long period data not shown})
the activity is highly coherent. The meost significant spectral
peak is at 80 sec. Characteristically rapid magnetic activity
is greater at Amapa than at Barbacena but still greater at
Lebanon. For this hour nearly all phases are negative.
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Fig. 4 — Spectra for same
time as Fig. 3 but between
Amapa and Lebanon. The
same spectral peak is evident
in the Lebanon data and,
except over this peak, cohe-
rence is low. For the most
part the phases show an erratic
behavior.
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rent.
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Fig. 6 — Amapa-Barbacena
spectra for 17-18 GMT (14-15
LMT). Phase lags are positive
and activity at all stations is
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time intervals. Notice that the
spectral peak at 80 sec period
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and has a phase lag of about
60 degrees (0.25 min in time).
The amplitude ratios Barbace-
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greater than about 300 sec have been filtered out with zero

phase shift filter.
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Another Statistical Measure

To study the statistics of the activity for a peried of many

days we resort tg a less accurate but less laborious procedure. We
examined the records on the 10 min mark over a period of 12 days
for Amapd. If there were as least two cycles of regular activity in the
period range 10-200 sec and with at least 0.2 gamma amplitude, a
notation of time and period were made. An analysis of these events is

given in Figs. 8, 9 and 10.
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AMAPA
12 DAYS DEC 64
S0sT= 70 SEC
NO.EVENTS 18}

1200
isT
15- !
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Fig. 10 — Distribution of 50-70 sec period events as a function of time
of day. It is clear that these events may occur at any time
of day but may be seen on the records more frequently at
local noon. At mid-latitudes it is most common for the
events to occur 00-06 solar time (Davidson, 1964). The carly
moming occurrence of these events has been found at other
equatorial stations {Hutton, privaic communication).

Summary and Cenclusions

For the conjugate stations used the micropulsation activity
and small amplitude more irregular background activity is remarkably
similar and frequently very coherent. Similarities which exist when
magnetometer are only within a few hundred km of each other in mid-
latitudes are frequently found for equatorial conjugate stations
separated by 3000 km. Our limited data confirms an observation made
with spaced magnetometers at mid-latitudes (Davidson, in preparation)
namely that the coherence is not as great under the stronger part of
the Sq current system as at other times of day.

Herron (in press) has shown that a diurnal pattern is usually
observed in the phase differences between closely spaced micropulsation
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recorders. We believe that the tendency of Amapa to lead in the morn-
ing and to lag in the evening is significant (it conforms to Herron's
midlatitude observations where the station nearer the dark hemispher.
usually leads in phase) but because the stations are in opposite geo-
magnetic hemispheres and on somewhat different meridians we hesitate
to base firm conclusions on the phase observations.

We feel that this work has clearly illustrated the simple fact,
that 40-1000 sec micropulsation activity in low latitude regions of the
opposite hemispheres at least during December is remarkably similar,
even in small detail, although it may be shifted in phase.

During the time of our observations we found that certain
events with 50-70 sec period were most common and had their maximum
frequency of occurrence at local noon. From the limited data available
we were not able to identify the 0600 and the 1800 LMT maximum in
the frequency of occurrence found by Hutton (1962) for Legon. Qur
results resemble more the annval mean of the diurnal frequency of
occurrence found by Glover (1963), for stations in the Philippines.
We believe, however, that frequency of occurrence diagrams can be a
misleading way to illustrate micropulsation statistics because they do
not show whether the activity noted is coherent over any large area.
We feel that a proper analysis of micropulsation activity shows spectral
peaks on a background curve and rapid activity should be divided into
mcropulsations spectral peak (which are usually coherent over large
areas) and background (which usually is incoherent, or coherent at
olher times of day).

One is tempted to relegate the true and coherent micropulsa-
tions activity to the fringes of the Sq current system because of the
lower coherencies for spectral peaks found near midday. In a similar
way one is tempted to associate the micropulsation background
activity with the stronger parts of the Sq current system since frequency
of occurrence diagrams tend to peak near midday and, at least for
mid-latitudes, the spectral power of the micropulsation background
nises and falls with the strength of the Sq (Davidson, in preparation).
(We have not yet examined that relationship for the conjugate stations
of Amapé and Barbacena).
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Our measurements were made during the December solstice
when the sun was far south and the average Sq foci skewed in a similar
direction. Indeed, the great similarity of the coherent micropulsations
leads us to think that they were beneath a current in a single
hemisphere.

Jacobs and Sinno (1960) proposed a micropulsation current
system with return flow through the auroral zone. Our observations
could be interpreted as due to such a system. In 1964 Jacobs and
Watanabe suggested that this current is driven by symmetric but
oppositely directed motions of the ends of a line of force, at conjugate
points. Since we were, in effect, measuring only the horizontal
components of field strength and the components would not be
expected to change sign across the Sq equator our measurements
yielded no direct information about that theory.

Magnetic measurements of all three components of field
strength, made at various seasons of the year at these conjugate stations
should give definitive results on the micropulsation current system in
equatorial latitudes.
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ETUDE EXPERIMENTALE DES VARIATIONS MAGNETIQUES

RAPIDES AU VOISINAGE DE L'’EQUATEUR (ADDIS-ABEBA)

J. Roquet
Institut de Physique du Globe de Paris, France

En collaboration avec le Directeur de 1'Observatoire d’Addis
Abéba nous avons récemment mis en station un dispositif d’enregistie-
ment des variations magnétiques rapides. Analogue aux dispositifs an
service en France, il permet l'utilisation de deux bandes passantes
(2 10 sec); les vitesses respectives de déroulement sont de 30 mm/min
et 6 mm/min et les sensibilités d’environ 3 to 10 milligammas/mm .
Une sensibilité beaucoup plus élevé est prévue a Addis pour la premiére
bande, en vue de son utilitasion lors de la saison non orageuse.

Les premiérs enregistrements obtenue ont été systématigue-
ment comparés aux enregistrements magnétiques de Garchy pour les
périodes > 10 sec et, pour les périodes < 10 sec, a des cnregistrements
telluriques ; dans ce cas, 'amplitude des variations magnétiques corres-
pondantes est obtenue au moyen des coefficients de correspondance
magnéto-tellurique déterminés par H. Fournier.

Pulsations < 10 sec
(enregistrées du 11/2 au 3/4/1965)

Pc 1 — Quinze cas ont été enregistrés pendant cette période a
Garchy; l'amplitude a parfois attemt 25 milligammas. Aucum d’entre
eux n'a été enregistré a4 Addis. Un cas, de nature douteuse, a été observé
& Addis sans qu’ il le soit a Garchy.

Pi I — Les microstructures moyennes de Pi 2 (type spt de
Yanagihara) sont presque toujours observées simultanement aux deux
stations. Mais, sur 62 cas de microstructure fine de Pi 2 (type Troits-

kaya) observés 4 Garchy, 2 seulements ont été observé a Addis (Figs.
1 et 2).
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Fig. 1 — On observe (25 février) une miscrostruture moyenne (4 a
12 sec) qui présente une bonne correspondance & Garchy
(Txs) et Addis Abeba (H). La microstructure fine (1 a 2 sec)
existe a Garchy sur le deux composantes; un bruit de fond
assez forte existe sur H a Addis, mais le phenomene (d’ampli-
tude faible) est visible sur D (voir, en particulier les deux
dernier tiers de l'enregistrement).
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Fig. 2 — La microstructure moyenne (3 mars) est bien marquée a
Garchy sur le deux composantes; elle est nette sur H a Addis
mais faible sur D. La microstructure fine, nettement mar-
quée a Garchy sur les deux composantes, n'apparait que sur
H a Addis et les oscillations sont moins nombreuses.

Pulsations > 10 sec
(enregistrées du 15/5 au 15/6/1965).

Tous les cas observés a Garchy peuvent étre retrouvés facile-
ment & Addis dans certaines limites trés larges d’heure locale (3 h de
longitude entre les deux stations).

Le Tableau I donne des amplitudes maxima journalieres des
Pc 3 aux deux stations. Le Tableau II donne un exemple d’une compa-
raison amplitude par amplitude des oscillations observées pour des
Pc4. 11 apparait que Pc 3 et Pc 4 ont des amplitudes du méme ordres
sur H, mais sont plus faibles a4 Addis sur D.

Enfin tous les trains de Pi 2 sont communs aux deux stations .
le rapport des amplitudes entre les deux stations (voir Tableaux III
pour quelques examples) est variable.



TABLEAU 1

AMPLITUDES MAXIMA JOURNALIERES DES PC 3

13 Mai 1965
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

I er Juin 1965
2

0o~ Ohn b W

o

it
12
13
14
15

H
ADDIS- | GARCHY
ABEBA ,
05 v 0,35 y |
X 1,05 |
X 1,5
0,6 0,1
09 07
Pc 3 rares
Pc 3 rares
Pc 3 rares
0,95 1,15
0,15 0.4
0,65 0,35
0.4 0,15
08 X
0,6 0,3
0,5 4,15
0,3 0,3 ‘
Pc 3 rares
Pc¢ 3 rares
0,45 0,35
0,2 | X
0,45 0,5
0,45 0,5
0,5 . 0,75
0.5 0,45
0,2 0,2
Pc 3 rares
0,55 0,35
0,3 0,4
0,25 0.4
Pc 3 rares
Pc 3 rares
orage magnétique

D
ABEBA | GARCHY
ADDIS.
X 01+
X 0,4
X 1,2
0,25 v 0.6
0,25 1.2
Pe 3 rares
Pc 3 rares
Pe 3 rares
0,1 1,05
0,07 04
0,2 0,9
8,1 0,25
0,15 0,9
0.2 0,75
0,15 0,6
0,15 0,4
Pc 3 rares
Pc 3 rares
0,i5 0,2
0,1 0,35
0,2 03
0,2 X
0,15 0,7
0,15 0.5
0,07 0,25
Pc 3 rares
0,1 | 0,25
0,15 0,5
0,1 0,45
Pc 3 rares
Pc 3 rares

orage magnétique

X: lacunes dans l'enregistrement




TABLEAU 11

AMPLITUDES (en y) de Pc 4 — 13 Juin 1965 (début & 09h 29m T.U.)

ADDIS-ABEBA : 1,1507085171,1080304115081421101050,7 16 1,2

GARCHY : 0,85 0,6 0,65 055 055060304055070608 06 055 07507 06

ADDISABEBA ¢ 015 — — — — — — — — 061 — — 015 — 0,1 025 0,15

GARCHY : (0806050350204 0304035090,705060,55 08507045
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Conclusion

Une amplification des pulsations par l'electrojet équatorial n'a
pas été mise en ¢vidence dans cette comparaison portant sur une periode
limitée. I'anoindrissement considérable, a l'équateur, des pulsations
de trés courte période pourrait résulter de deux meécanismes entiére-
ment différents:

1} des conditions d'excitation trés peu favorables pour les
Pc 1.

2} une absorption ionosphérique trés intense pour la micro-
structure fine des Pi 2 (Pi 1).




SUMMARY OF THE SESSION

by

Roscmary Hutton

Ahmadu Bello University, Zaria, Nigeria

The session on Low Latilude Magnetic Pulsations was probably the
briefest session at this Symposium. The chairman, for this topic, was Dr
Heirteler end the review paper was given by Dr Campbell; only two papers on
recent work wers presented. This should not be regarded, however, as indicative
of cither a lack of interest in equatorial micropulsation studies or of a lack ol
significant problems which may be invesgated in the equatorial region.

In his review, Dr. Campbell showed how certain well- planned studies of
wrregular pulsations of period grater than 60 seconds had already revealed a close
relationship between the amplitude of this type of activity at a particular
cquatorial station and the instantuneous values of the Sq current strength at that
station; he pojnted out the need for supplementation of existing studies of regular
pulsations of period 1060 seconds and for the explanation of the anomalous
behavior of this phenomeng in the c¢quatorial region during the IGY. He also
stressed the need for studies of regula- pulsations of period less than 10 seconds,
as there is practically no published work for this type of activily at equatorial
stations.

it is encouraging to nole that both the projects reported at this session
were undertaken as a direct results of recommendations made at previjous
scientific meetings. The low latitude conjugate point micropulsation study at
two Brazilian stations arose from a recommendation made at the first Equatorial
Symposium in 1962 and the study of rapid variation at Addis Ababa was
recommen:led by IAGA at the Berkeley meeting of 1UGG in 1963, In both cases,
individual pulsation evenis at two stations have been compared. The conjugate
point study showed that even for stations 3000 km apart, there was a remarkably
close correspondance in activity of period in the range 50-1000 seconds. The sug-
gestion that the degree of coherence might be slightly less when the Sq current
is stronger merits further study. The comparison of pulsations at Addis Ababa,
with corresponding pulsations observed in France suggested that there was
reasonable correspondence between equatorial  and mid-latitude pulsational
activity for periods greater than 4 or 5 seconds, but that the shorter period regular
and irregular pulsations observed at mid-latitudes were not detectable at the
equator, In the discussion, which followed, it was suggested that the amplitude
of the Pc 4 pulsations at the two statioms should be examined further to see
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whether there might be some indication of cnhuncement of this type ol activity
around mid-day. It was also noted that Pc I, of mean period about 1.5 seconds
and amplitude as great as 2 gammas had beert ubserved at a Nigeria station in
April of this year.

During informal discussions, attended by cight delcgates, it was noted
that, in addition to the work reported at this Symposium, an encouraging nurnber
of new micropulsation studies az.e now in progress at other equatorial stations.
Reports of analysis of the recordings which are being made in Peru are awaited
with interest. Some prefiminary analysis has already been made of rapid vari-
ations recorded at the University of Ceylon and studics in this field are, at the
present time, being initiated at universities in Uganda and Nigeria, and also at
the CNAE Station at Natal (Brazil}). It is alse hoped that some rapid variation
studies will be resumed in Ghana in the near future,

In view of the additional facilities now available for cquatorial micro-
pulsation recording, it might be uscful to those who are becoming engaged in
this field of study at cquatorial stations, to point out the direction in which it
was felt future reseach should be oriented. There is still a need for basic informa-
tion, such as magnitude and occurrence frequency, of the various types of
phenomena which may be detected in the equatorial regjon — this type of informa-
tion is of somewhat restricted use by itself, but it can and should be obtained
by each 2quatorial station from its own recordings. To obtain some understand-
g of the physical nature of the origin of the various types of micropulsation
however, two methods of approach have beem recommended. Firstly, it is
suggested that the relationship between rapid magnetic variations and (ime
varying jomospheric parameters should be determined. Sccondly, simultancous
cbservations from twe or more stations, both across and along the dip equator
and also in the electrojet region and oulside, are essential for the separation of
those events of hydromagnctic origin from those associated with ionospheric
cwrrents — this latter group should show some enhancement near the dip
equator around mid-day.

The opcration of a network of recording  stations is probably too
ambitious a project for most cquatoiial stations to consider attempting by
themselves. 1t is of such interest, hawever, that it is to be hoped ihat a co-operati-
ve study, involving several organizations, may materialize a5 a result of the
discussions at this Symposium.
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