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AIRCRAFT AND SHIP MEASUREMENTS
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Schematic interpretation of ionograms of Fig. 12.16.

27, 1970 are shown.

Schematic drawings of plasma frequency contours and ray paths over Goose Bay on October

Roman numerals refer to respective traces in Fig. 11.16.
Wagner, R. A. and C. P. Pike, AGARDOGRAPH, Nov. 1971, No. CP97, J. Frihagen, Editor).
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SPECIAL TECHNIQUES

00

11.18 Relation between Southern Edge of Irregularity Zone and auroral oval for Q= 1.

The interpretation of oblique traces on Goose Bay ionograms of October 27, 1970:
The Tatitude of the southern edge of the F-Tayer irregularity zone, indicated by
squares, is plotted on a geomagnetic latitude and geomagnetic local time grid.
The edges of the Q = 1 oval are indicated by heavy solid lines. (From Wagner,
R. A. and C. P. Pike, AGARDOGRAPH, Nov. 1971, No. CP97, J. Frihagen, Editor).
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Fig. 11.19 Sequence across auroral zone showing normal E, night E and Es types r and a.

Aurcral E (night E) not only occurs during the night but aiso during daylight hours
and is then superimposed on the normal E Tayer. It can be identified on ionograms
by a slightly enhanced foE and more safely by the spreading in frequency of the

E-Tayer trace. In this sequence of airborne fonograms Frames (d), (e) and (f) show

this condition. (From Wagner, R. A. and C. P. Pike, AGARDOGRAPH, Nov. 1971, No. CP97,
J. Frihagen, Editor).
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Fig. 11.20 Ray geometry for a slant trace.

A synthetic ionogram resulting from a scatter process
maximizing at slant ranges of half the skip distance.
The slanting envelope is less steep for a thick layer.
A vertical cross-section of the ray path geometry at
3 MHz 1is indicated in the Tower left corner. (From
Gassmann, Polar Atmosphere Symposium II, pp. 44-51,
Pergamon Press, 1957).

270




NOTES 11-25

271




11-26 NOTES

272




12 SUGGESTIONS FOR PARTICULAR STUDIES AT INDIVIDUAL STATIONS 12-1
12.0 Introduction

12.01. The production of standard data for world-wide studies of the characteristics of the iono-
sphere represents only a small part of the capacity of a station to contribute significantly to our
knowledge. Inevitably a large number of potentially fruitful investigations cannot be included in
"a world system because the total effort available is limited. These form natural subjects for local
study either using jonograms alone or in association with special experiments. It is obvious that
many phenomena shown by ionograms, particularly those which are only seen in limited areas of the
world, cannot be studied by present methods and, in fact, may only be known to those actually re-
ducing the jonograms at one or two stations. Also, the type of characteristic reduced for worid-
wide purposes has sometimes been selected from a number of alternatives, some of which might be
developed to give very valuable information, particularly in local investigations.

12.02. Developments of advanced methods of studying or predicting radio propagation conditions have
introduced a number of new problems, many of which demand local study for their solution. Some of
these have been summarized by McCue:

(a) On a world-wide basis, foF2, M(3000)F2 and MUF(3000)F2 are generally available. For simple
MUF predictions these are adequate. However, for sophisticated computer based prediction
methods, it is desirable to use ionospheric models which have as their parameters, true
layer heights, thicknesses, electron densities and in some cases collision frequencies.

(b) The prediction of the height of maximum ionization of the F2-layer is at present done by
the method of Shimazaki* as modified for the effects of underlying layers by Wright and
McDuffie**. Shimazaki's method postulates a simple relationship between layer height and
M(3000)F2. Since world-wide data on layer heights are not generally available, the
Shimazaki-Wright-McDuffie method should be checked against the data that are available
and special analyses done to provide sample comparisons (see section 1.08).

(c) Data on the variation of layer semi-thicknesses are not generally available. The ratio of
h max/yy as a function of solar zenith angle and geomagnetic latitude has been derived by
Wright, Wescott and Brown*** from data mainly along the 75th meridian. It is desirable to
have detailed results for the world-wide variations of this parameter.

(d) Information on the statistical variation of ionospheric parameters is meagre, and not avail-
able on a world-wide basis. Most data that are published in readily available form relate
to median conditions. Good statistical predictions, in addition to the median predictions,
must take account of the variations of the ionospheric parameters. These must be based on
Tocal statistical studies at a widely spaced group of stations.

(e) Sporadic-E ionization can radically affect predictions’ through Es propagation, Es blanket-
ing and off-great-circle effects. It is essential that world-wide statistical data be
provided on these Es effects in a form suitable for prediction purposes,

(f) Inadequate information is available on the equatorial ionosphere. There are not enough
equatorial ionospheric stations. Propagation predictions for circuits within and across
the geomagnetic equatorial regions are not satisfactory. This is because there are in-
adequate relevant data on layer heights, thicknesses, tilts, Es distribution and propaga-
tion modes.

(g) Some variations of foF2 with varying geomagnetic activity have been studied, but the phenom-
ena are very complex, vary with latitude and Tongitude, season and often from storm to
storm. It would be desirable for this work to be extended to variations of other jono-
spheric parameters, including absorption, with varying geomagnetic activity.

(h) For field strength predictions there are inadequate data on electron densities and colli-
sion frequencies as a function of height. The physical problems of obtaining satisfactory
data are very great but the availability of reliable data is important. The variation of
anomalies in the D-and E-region absorption as a function of geomagnetic latitude is also
not known adequately.

* Shimazaki, T., J. Radio Res. Lab., Japan, 2, 85-97, 1955
**  Wright, J. W. and R: D. McDuffie, y. Radio Res. Lab., Japan, 7, 409-420, 1960.
**%  Wright, J. W., L. R. Wescott and D. T. Brown, N.B.S. Technical Notes, Nos. 40-1 to 40-13, 1960~

1963. N.B.S. Washington D. C. 20234, U.S.A.
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12-2 PARTICULAR STUDIES

(1) Recent theoretical and experimental work in Australia suggests:

(i)  That the deviative absorption on F modes in the E region is often much greater
than the non-deviative D-region absorption.

(i1) That any field s?rength prediction technique for F modes must include the ef-
fects of defocusing in the lower F1 and E layers. These points require more
detailed evaluation.

Editorial note: Normally the quantile range of ionospheric parameters is small relative to the
median value, e.g., 10-15%. Where this is not true it is important to find the reason for the
large dispersion. This can be due to abnormal sensitivity, to changes in solar activity, to
changes in magnetic activity, to the presence of travelling ionospheric disturbances or to the
presence of moving ridges of troughs. These are all important subjects for study as well as
important for prediction analysis.

12.03. The new applications of satellites to provide communication Tinks are often limited by re-
fraction effects in the jonosphere and troposphere. These can cause the signals to fade and can
Timit the precision of high accuracy tracking and direction finding systems available for monitor-
ing satellites and other spacecraft. This requires in addition to standard parameters:

(a) Measurement of the whole electron density profile of the F layer both topside
and bottomside.

(b) Measurement of total electron content.

(¢) Production of predictions of average profiles for the whole ionosphere as a
function of hour, season, location and solar activity.

12.04. The demands of space research have increased the demand for new parameters and investiga-
tions to establish the physical significance of changes in layer shape and height.

12.05. 1In contrast to the contents of the main part of this book, which may reasonably be expected
to be applicable with only minor changes for many years, the techniques and emphasis of special
problems, as considered in Chapters 12 and 13, will change with the development of the subject. How-
ever, experience has shown that some guidance on these problems is essential to stimulate interest,
to indicate the main difficulties to be overcome and to assist in the rather specialized job of
working out practical methods of measurement.

12.1 E-Region Studies

12.11. Normal E Layer: Most normal E-layer studies fall into two groups: (1) studies of changes
in the characteristics of the layer designed to detect and measure changes in the jonizing solar
radiation which generates the layer, and (2) studies of changes in the Tayer due to terrestrial
phenomena. These may, alternatively, be regarded as studies of the differences between the ob-
served behaviour of the layer and the corresponding variations of a simpie theoretical model layer.
In general both types of experiment demand high-quality ionograms.

(a) Where the ionosonde can record to low frequencies, e.g., 250 kHz, the study of normal E
at night is very important though difficult experimentally. The absorption band near foE
is sometimes more easily detected by suitably planned experiments than the critical fre-
quency (e.g., when interference is severe). At some stations, it is often possible to
observe fzE when it is below the MF broadcast band.

(b) Short lived perturbations in foE and the associated variations in critical frequency and
virtual height of E2 substratifications are useful for studying gravity wave phenomena,
particularly when carried out in collaboration with other stations in the same region.
At a single station, corresponding effects in F2, F1, E2, E and Es can give information
about the vertical behaviour of these phenomena. (See section 13.13).

(c) Potentially, studies of E-layer stratification at constant zenith angle near sunrise and
sunset can give information about the different ionization and loss processes effective
in the E region and their variation with solar activity.

(d) Systematic deviations occur in the diurnal variations of foE. Their interpretation in
terms of layer relaxation time and location perturbation by magnetic phenomena are im-
portant (both Tocal and regional research).

274




E-REGION STUDIES 12-3

(e) Day-to-day changes in foE and their relation to changes in solar radiation as shown by
satellite and indirect parameters are important.

(f) Short time changes in foE can be studied in relation with changes in absorption, e.g., as
measured by fmin or other data. The changes during SIDs are particularly interesting
with respect to the IUCSTP-program (see Chapter 9).

(g) Accuratg measurements of diurnal variations of minimum virtual height can give data about
Tunar tides and the perturbation of layer height with magnetic phenomena. (Note: Care is
needed to keep data homogeneous when stratifications are present.)

(h) ;t is ya]uqb]e to study the characteristics and incidence of the z trace, particularly for
investigation of the valley between the E and F layers (see sectior 10.12) and nighttime
D-region ionization.

(i) In some zones the change in mode from o to z at the lower frequencies is particularly reg-
ular and interesting. The critical frequency and shape of the E layer may vary with changes
in minor constituents of the atmosphere and thus be used to monitor them. It is possible
that some changes in the F region are associated with changes in the E region.

12.12. E2 and similar phenomena: The presence of ionization between the normal E layer and the F
layer is often disclosed by the intermittent or continuous appearance of subsidiary thick layers.
These are sometimes very regular, particularly near sunrise and sunset, and are clearly significant.
It must always be remembered that these phenomena only correspond to minor changes of the ionization
profile.

(a) Studies of the incidence and characteristics (e.g., critical frequency and height of E2
and other substratifications may be worthwhile).

(b) Where rocket data are available the relations between rocket profiles and the incidence
of E2 and substratification in the E layer are very interesting.

12.13. Es phenomena: It appears certain that the group name Es covers several independent phenomena,
many of which can only be studied by methods which separate the different phenomena. The "types of
Es" may be considered as a first approach to this distinction.

(a) At high altitudes Es types a (auroral) and r (retardation) are both closely associated with
magnetic disturbance and smooth changes from one to the other occur at certain stages in
the disturbance. These vary with latitude and Tongitude in a way which is not understood.

(b) Sequential Es often starts as an abnormal thick layer trace above the E layer. F0.5 or E2
changes to a high Es, then to a cusp and finally to a Tow type. The presence of this phenom-
non can only be detected by the characteristic sequence of events in time since the actual
ionogram traces are indistinguishable from those due to other phenomena. Some particular
techniques which have been found useful are discribed in Chapter 11.

{c) When choosing Es studies for any one station or region, the subjects should be decided by
the kinds of Es phenomena found at that station.

Statistical study of the incidence of different types or kinds of Es and their association
(if any) with other phenomena. Some typical examples of the problems worth investigating
are:

(1) Which of the standard types frequently occur at the station?

(11) Do transitions from one type to another occur?

(iii) How do the types vary with changes in magnetic or solar activity?
At some stations sequential Es occurs mainly on magnetically quiet days.

Among the many other Es problems well adapted to individual station study the following may be
mentioned: ‘

(iv) Is any particular type of Es concurrent with severe Tocal thunder-storm activity?

(v) If magnetograms are obtained locally, are the occurrences of certain types of
Es related to distinctive magnetic field changes?
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12-4 PARTICULAR STUDIES

(vi)  Can meaningful values of Es thickness be deduced, for example, by the use of
M-type echoes or with the aid of soundings using expanded height scales or with
modern digital techniques ?

(vii) What is the effect of receiver gain (and, if possible, transmitter power) on
foEs, fbEs? .

(viii) What types of Es are associated with visible aurora?

12.14. Studies of Es lavers by rockets: Rocket experiments designed to test theories of the origin
of the Es Tayer require very accurate measurements of Es parameters, particularly heights. This is
particularly true when the rocket determines neutral wind, ion mass composition, ion density, electron
temperature or electron density. Ionosonde measurements give data about an extended surface of the
layer whereas the rocket samples a much smaller area. For foEs or fxEs, this area according to the
relevant frequency may reach a few times 100 km? before obviously oblique traces are seen whereas for
fbEs the equivalent area is only up to a few times 10 km? - sufficient to obscure the first Fresnel
zone at the layer.

Thus in situ rocket measurements and ionosonde data will not be exactly comparable even when
both methods are correctly applied and are giving significant data.

12.15. Es characteristics: A few subjects needing study are:

(a) Variations of foEs, fbEs or h'Es with time for particular types of Es.

(b) Measurement of transparency of Es by the relations between foEs and fbEs (a very valuable
parameter to use is fbEs/foFs).

{c) Studies of sequential Es. These demand frequent soundings or recording of the character-
istic ftE, see section 11.32.

(d) Use of higher order traces to study the size of blanketing areas. This is usually only
satisfactory when absorption effects are small.

(e) Local studies of the new Es type "d" (where a very low stratification is present as shown
by (generally weak) traces below about 90 km.)

12.2 F-Region Studies

12.20. Very few of the peculiar changes in the F region have been’adequately studied. Probably the
most important phenomena are due to movements of ionization under the influence of atmospheric
winds or electric fields. For most stations epochs can be found for which one particular driving
force causes the Targest perturbations of the F-layer structure. At these times, detailed studies
of the perturbation can give valuable information on the physical phenomena present. Thus at many
latitudes wind effects are important. The diurnal phase of these varies rather slowly with season
and solar cycle but the effects depend critically on the time of sunrise and sunset, which may vary
much more rapidly. Little is known about localized zonal wind phenomena, Tasting for a few days or
less. Lunar tidal effects, if detectable, are particularly interesting for comparison with tidal
theories.*

12.21. F1 layer: Most of the suggestions listed under 12.11 can be applied to F1 also, though ac-
curacy is often limited by poorly defined transitions between F1 and F2 traces on the ionogram. The
main limitations are that the apparent critical frequency is often perturbed or absent owing to over-
Tapping by the higher F2 layer and group retardation effects considerably modify the interpretation
of the minimum height. Movement phenomena are more important for this layer than for E and these
form the main theme of the remaining class of special F1 studies listed below:

(a) Incidence of a separate F1 layer, for example, as shown by the incidence of unqualified
and qualified values of foFl.

(b) Development of new techniques for studying the development of F1, e.g., measurement of
the virtual height of the retardation cusp, or, more accurate profile studies.

(c) Distinction between F1 and transient deformations of the Tower F region and its use for
studying such transients. Substratifications are often associated with the passage of
traveling ionospheric disturbance (TIDs) above the :station.

* Matsushita, S., in Handbuch der Physik (Encyclopedia of Physics), Vol. 49/1I, pp. 547-602.
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F-REGION STUDIES 12-5

(d) Study of the systematic anomalies in the diurnal variations of the F1 layer found at very
Tow and very high Tatitudes.

(e) Behaviour of the F1 layer during magnetic storms; particularly the relation between foF1
and magnetic activity.

(f) Application of Fl-trace pattern matching techniques* to determine changes in composition of
the atmosphere and their effects on the fonization balance in the F2 layer. This is said
to be a useful tool for both single station and morphological studies.

(g) Studies of perturbations in hmF2 and/or hmF1l using the incidence of qualified and unquali-
fied values of foFl. The count of foFl can be very sensitive to the value of hmF2 and/or
hmF1.

12.22. F1.5 and other substratification phenomena: Substratification phenomena appear to fall into
three main groups, which are mainly concentrated into particular latitude zones.

(a) Substratifications at high latitudes appear to be transient in nature and have been surveyed
to some extent using moving picture techniques (see section 11.2). It might be advantageous
to apply these at other latitudes also.

(b) At temperate latitudes many transient substratifications appear to be associated with the
formation of sequential Es.

(c) At low latitudes F1.5 and other substratifications are closely Tinked with the fundamental
movements of fonization which generate the peculiar behaviour of the F2 characteristics.

12.23. F2 layer: Probably all measurable characteristics of the F2 layer are indirect in the sense
that they show the final effect of two or more different phenomena acting together and the critical
frequency, foF2, when clearly defined on the ionogram, is the only parameter which gives a physical
quantity directly and accurately. A central problem in studying the layer is to derive parameters
which are easy to measure, give worthwhile information about the properties of the layer and whose
Timitations can be understood fairly easily. The parameters M(3000)F2 and MUF(3000)F2 can be very
useful for geophysical studies. In particular M(3000)F2 is a good measure of the height of the max-
imum of the layer and can be used for studying variations in this height (section 1.08), provided
that the ratio of foF2 to foFl is not smaller than about 1.2. Methods are available for correcting
for the group retardation when foF2 and foFl are similar but these are rather Taborious.

The occurrence at moderate and high latitudes of the tpird magneto-electronic component (z trace)
above the gyro-frequency has important implications in magneto-fonic theory. The amplitude and
virtual height variations of the F-region z echo in the vicinity of foE are of special interest.

The relation between disturbed and quiet conditions is very complex, changing with time of day,
season, solar activity and often with Tunar phase and time of incidence of corpuscular phenomena,
and rather elementary experiments can give valuable new information. Some particular probiems are
Tisted below.

(a) Disturbance studies:

(1) Determination of local criteria for the existence of disturbed conditions in
the F2 Tayer.

(1) Selection of Tocal quiet and disturbed days and their relation to world dis-
turbance.

(i11) Changes in the standard F2 parameters during magnetic and jonospheric storms,
particularly foF2, h'F, parameters dependent on the height of maximum density
such as M(3000)F2, MUF(3000)F2, substratification incidence.

(iv) Studies of "moving clouds of ionization" and their relation to magnetic dis-
turbance.

(b) Dynamic phenomena in quiet conditions:

(1) Characteristics and incidence of F-layer perturbations which are not associated
with magnetic disturbance.

* King, G. A. M. and M. D. Lawden, J. Atmos. Terr. Phys., 26, pp . 1273-1280, 1964.
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12-6 PARTICULAR STUDIES

(i) Studies of transient phenomena, particularly incidence, speed of development,
relation with ionospheric drifts and with atmospheric gravity waves.

(i11) Studies of incidence and magnitude of ionospheric ripples and layer tilts for
example as shown by rapid changes in foF2, h'F or the appearance of oblique
traces. Here, again, a relation with atmospheric gravity waves may be expected.

{d) OQther phenomena:

Few studies of oblique incidence traces shown on ijonograms have as yet been made. It

is well known that the doubling of the F trace often accompanies large layer tilts or

gradients but this has not been studied systematically. This is sometimes a precursor
of spread F conditions, particularly at very low and rather high latitudes.

(i)  In some zones major ionospheric movements are shown by the presence of oblique
incidence traces which move slowly, but usually systematically, in time. Bowman*
has given an excellent example of this type of analysis. Some of these may be
related with atmospheric gravity waves.

(ii) The separation of the components given by fxF2 - foF2 is often a good indication
and measure of gradients of ionization in the north-south plane and is very use-
ful where these gradients are important. These are explained as due to lateral
deviation of the o and x components 1in opposite directions to points where hori-
zontal drvegularities cause variations in the expected critical frequencies.
This same phenomenon accounts for differences in shape of the o and x traces
from the same layer.

(ii1) At stations where large tilts occur sufficiently frequently to pgrmit their iq-
vestigation, there is a great need for auxiliary experiments designed to aid in
their interpretation, e.g., interferometer measurements to show the angle of in-
cidence and position. The ionogram patterns depend on the direction of tilt rela-
tive to the magnetic meridian and direction relative to the station both of which
can change with season, solar activity, etc. The most common cases are discussed
in section 2.7 and Chapter 3. This is especially important where the tilts have
geophysical significance, e.g., monitoring the exact position of the plasmapause
trough or an equatorial anomaly peak from a nearby station.

12.3 Spread F

12.31. Studies of spread F phenomena: Several studies of spread F have been made and reported in
the 11teratgre. Spread F is also discussed in section 2.7 and 11.6. Relations between spread F

at one station and oblique traces at others, e.g., polar spurs, should not be overlooked. Some use-
ful techniques for regional studies will be found in Chapter 13.

_Some typical problems are: the development of spread echoes in time; relations with ionization
dens1ty.and magnetic activity; the frequency ranges over which penetration occurs; presence or absence
of a main rays; changes in scattering power of spread F as shown, for example, by the presence or ab-
sence of multiple reflections are all important; intercomparison of spread on two fixed freguencies

gqy also be worthwhile. It is probable that all these characteristics vary rather rapidly with posi-
ion.

) There‘is at present much interest in studying the relation between spread F, satellite beacon
scintillations and spread F traces on topside ionograms. Ground based data are needed:

(a) to establish the variations of these phenomena with time of day and with season (the
satellite can only give data at two times for each day)

(b) ‘to establish the morphology of the phenomena statistically (satellites only give a few
samples for any given epoch).

Geostationary beacon satellites on the other hand may allow continuous observation in time.

*  Bowman, G. G., Plan. Space Sci, .17, 777-796, 1969.

*% Bramiey, E. N. and W. Ross, Proc. Roy. Soc. (London), A 207, 251-267, 1951.
Bib1, K., E. Harnischmacher and K. Rawer, The Physics of the lonosphere,
(Phys. Soc. Conference, Cambridge, 1954), Phys. Soc., London, 1955.
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SPREAD F 12-7

indi icati les to the use of gqualifying and de-
d F indices: The application of the accuracy ru k i and
éi}?giivszgiters in effect gives an index of spread F occurrence and intensity ngar tzﬁ cg;:;??]_
frequency. It is important, for this reason, that the sprgaq F symbol, F, be used as the p
tive letter in cases where spread F is present near the critical frequency.

(a) The scale of the index depends on the presence of the symbol F in the normal tabulation
of foF2 and is as follows:

0 no significant spread F - numerical value unqualified.
1 numerical value described by letter F.
2 numerical value qualified by U and described by Tetter F.

3 non-numerical value, entry is F alone.

(b) The same principle can be applied to the spread F occurrence at frequencies near those
giving h'F using the conventions in this Handbook strictly and noting that when no principal
trace can be seen h'F must at least be qualified by U and described by F, even if the lower
edge of the trace is fairly sharp. The scale is clearly:

0 no significant spread F - numerical value unqualified.

1 numerical value described by F - appreciable spread F present near h'F but principal ray
present.

2 numerical value qualified by U and described by F - severe spread F present near h'F
with no clear principal ray present, but lower edge of trace sufficiently well defined
for measurement to be made.

3 non-numerical value, lower edge of F trace diffuse, no principal ray.

The incidence of range spread has been little studied. At high latitudes this appears to
be associated with magnetospheric tail phenomena. Further studies are needed both at
stations where the phenomena are observed frequently and at Tower latitudes influenced by
these phenomena during periods of magnetic storm.

(c) The combination of entries in the foF2 and h'F tabulations appears to be adequate to enable
the main classes of spread F to be recognized and to provide a system of indices for study-
ing the incidence and distribution of the phenomena.

(d) Possible classification schemes have been described by Penndorf (see section 12.33). These
need testing at more stations.

(e) A number of explanations for spread F have been given in the Titerature, sometimes with
elaborate testing and proof.*

12.33. Classification of spread F types: There is a widespread feeling that spread F should be
classified and that this might have the same effect on the development of spread F studies as the
typing of Es had on Es studies during and after the I.G.Y. Unfortunately there is, as yet, no
internationally agreed classification system usable by all stations. Several groups have studied
spread F intensively and given explanations for the types of spread F most often seen at their
stations. These types, however, change with the position of the station and it is obviously desir-
able that the types adopted should be, if possible, dependent on the physical process which is caus-
ing the spread traces.. For world-wide use it is also necessary that the distinctions between types
are clear and easy to learn. Pending the establishment of an International spread F-type system
we reproduce here Penndorf's classification and suggest that it is worthwhile to start with this,
noting that it is probably not complete and that some of Penndorf's classes are not easily distin-
guishable. Penndorf's classification scheme is shown in Fig. 12.1. This is not very satisfactory

* McNicoll, R. W. E., H. E. Webster and G. G. Bowman, Aust. J. Phys., 9, 247-271, 1956. McNicoll,
R. W. E. and H. C. Webster, loc.cit,s272-285. Munro, G. H. and L. H. Heisler, loc.cit,,343-372
(two papers). Bowman, G. G., Plan. Space Sci., 2, 133-156, 1960.
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SPECIES

TYPE
e

aisl

<{GCkm

Fig. 12.1. Penndorf's Classification Scheme for Spread F T.c.

The five type o to e are divided into five species‘(Nos. 1 to 5). The
severity of spread F increases toward the right (h1ghe? numbers}. In
the first column, o0, B0, vO are added to show the basic type without
spread F.

at stations which are near the plasmapause trough. These show a number of additional traces re-
flected from the field aligned structures and the steeply sloping sides of the trough. A descrip-
tion of Penndorf's types is given below.

Type o: "Spreadish F"

The type "spreadish F" is the most commen type. Al1 species have in common:
(a) The frequency spreading is solely confined to the two critical frequencies,
(b) at least one critical frequency (foF2) can be determined quite clearly, and

(c) no additional complicating echoes appear as in type B and y.
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The name “"spreadish F" has been given because this type is the basic type of spread-F echoes.
Species a0 is the normal return without any spread-F echoes, and is included in the scheme for
completeness. In species a0 to a3, foF2 and fxF2 appear quite distinctly. 1In type ol and a2,
just the tips of the two components show some spreadiness, these types occur regularly around
sunrise and sunset, and also, sporadically during sunlit periods of the day at some stations.
They are not found at night. For both types al and a2, the question arises whether the de-
scriptive scaling symbol "F" should be used or not. Great inconsistencies have been found
because some scalers use the letter F in these cases, whereas others do not employ it. This
difference of opinion is refiected in the statistics of the occurrence of spread F.

Species a3 shows spreadish tips of the critical frequencies as well as spread echoes between
Tower part of foF2 and fxF2. In addition, some range spreading occurs well below the critical
frequencies.

Species a4 shows foF2, but a mass of spread above foF2, so that fxF2 cannot be determined at all,
or only with a lTow degree of accuracy. Species o5 is quite similar to the last one; however in
addition, range spreading occurs which may result in great difficulties in evaluating foF2.

Type B:- "Furcated F"

Type

The type "furcated F" occurs quite frequently. It is divided into four species, which have in
common :

(a) multiple traces of similar strength occur giving two or more values of foF2 and fxF2,
and

(b) the individual critical frequencies are well defined.

It can be interpreted as a return from one or more overhead clouds or ridges of jonization, hav-
ing different electron concentration. Frequently, it is difficult to identify the components
belonging together.

The species g0 and gl refer to a bifurcated case; B0 shows no spread-F echoes, whereas 1 shows
quite considerable frequency and range spreading. In species B2, one can see distinct traces,
but it is impossible to arrange them in a unique order. In species B3, there exists a very wide
frequency spread of more than 2 MHz and no distinct traces can be seen. The species R4 shows two
distinct regions of frequency spreading, in each of which no trace of critical frequencies
appears. In addition, range spreading appears.

v: "Spurred F"

Type

In the case of "spurred F," in addition to the normal critical frequencies and spreadish-F
echoes, one or more spurs appear. These spurs are most probably caused by obligue reflections.
They are quite different from the furcated F type, showing a gradual increase of virtual height
frequency retardation.

These spurs can occur with any of the spreadish-F echoes (type o), and are shown here in combina-
tion with species a2. If other combinations occur, two symbols are used, such as a3 + ¥y2,

od + yv4. Species Y0 shows the case of a spur with no spread F present; i.e., a clear obiique
echo. Species yl shows clearly visible rays embedded in spread-F echoes. Species v2 shows many
spurs, not just two, they extend just a few tenths of a MHz beyond fxF2. In species y3, the
spurred area is filled with a solid mass of spread-F echoes which extends to much higher fre-
quencies than fxF2. Another case (y4) arises when the spur begins not at the base height of

the echoes, but sits on the vertical part of the trace. Finally, the combination of the species
a5 and y3 is shown as species y5, which does not allow for determining any critical frequencies.

§: "Range Spread F"

The return well below the critical frequency frequently shows a solid trace with a mass of

spread echoes at larger virtual heights. At any specified frequency the normal trace from the

F layer is somewhat broadened and in addition isolated traces may be seen at greater heights.

The spread corresponds to a virtual height Ah” of from 50 to 150 km on the average. Several
explanations have been proposed. Quite arbitrarily, the range spread has been divided here into
two groups, one where ah” is less than 100 km (61), which is the most common case, and one with
A”>100 km (82). In some species, such as a3, o5, B2, B4, and y5, the range spread F is already
included, if the thickness Ah” is less than 100 km.
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In species 63, the range spread ends in an amorphous frequency spread, so that foF2 cannot be
determined. In species 64, this frequency spread is more outstanding, but still no critical
frequency can be found.

Type e: "Cloudy F"

Some very strange cases of range spreading have been found on some days, and they are shown here
as a type called "cloudy F". In species el, no solid trace appears under the range spreading,
indicating no firm Tayer base. In species €2, a cloud of range spread echoes occurs after a
clear height interval, but merging with the frequency spreading. In case €3, this cloud lies
completely isolated from the rest of the trace.

Further discussion on the effects of spread F and tilted layers will be found in section 2.7.
12.34. INAG proposals for spread F classification: At the time of going to press, the general view

of INAG members and consultants was that Penndorf's scheme should be greatly amplified. The proposal
for initial study is to divide the phenomenon into four types:

(1)  Frequency spread, proposed letter symbol F:
A1l cases where the spread shows frequency structure and not range structure (see sections
2.70, 2.72) (Penndorf Fig. 12.1, al, a2, a3, od; B2, B3, B4).

(i1) Range spread, proposed letter symbol R:
A1l cases where the spread shows spread in range but not frequency structure {see section
2.74) (Penndorf Fig. 12.1, &1, &2, el).

(i11) Mixed spread, proposed letter symbol M:
Patterns which show a range spread at Tower frequencies changing to frequency spread at
higher frequencies, the Tower edge of the range spread trace being continuous with the
Tower edge of the frequency spread trace. (e.g., Penndorf Fig. 12.1, 83, 83, 5§4).
Cases where the Timitation is not true are treated as superposed independent F and R
traces and are tabulated F,R. Thus cases where a range spread trace is seen either
above or below the trace giving the frequency spread are tabulated separately.

Note: One of the purposes of the classification is to show when an oblique structure
becomes overhead by entry F,R being replaced by M. Also the sequences of F turning
to R or R to F may represent different situations to F,R turning to M.

(iv) Spur (historically polar spur) proposed letter symbol S:
This includes the range of patterns found when the ionosphere is very tilted or a second
reflecting structure is visible at oblique incidence. There are two main groups:

(a) Spurs or noses superposed on a normal F or M pattern (Penndorf type v).

(b) A spread trace at a different apparent virtual height to the normal traces
and with considerably different top frequency (Fig. 3.39 (c) and (d)).
These have been called polar spurs as they often show group retardation
near foF2 and are closely associated with the plasmapause trough in years
of large solar activity. This type is usually present at the same time as
type F or M; sometimes with F,R, so that it is possible to have entries
single type present F; R; M; S;
two types present F,R; F,S; M,S; R,S; R,M;
three types present F,R,S; M,R,S.

It is suggested that, until more experience has been obtained, no attempt be made to
make the tabulation more complex.

Note that if these proposals obtain general approval, the definitions and detailed
rules are 1ikely to be refined in the future and pubiished in the INAG Bulletin.

12.35. Use of fxI and associated parameters: The new parameter fxI offers a number of new possibil-
ities and it is -important to find the relation between fxI and fxF2 (or fxI and foF2) at as many
stations as possible. This information shows the relative importance of spread F conditions in dif-
ferent parts of the world and is also needed for practical purposes; oblique transmissions are most’
commonly determined by fxI whereas current predictions are based on foF2 or fxF2.
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At stations where fxI is determined from oblique traces (equatorial or polar spurs, etc., see
section 2.7) it is valuable to measure h'I the slant range to the fxI structure. The time variation
of h'l gives both the apparent speed of movement of the ridge of fonization towards the station and
its distance from the station. These are often associated with changes in the position of the plas-
mapause with time*.

Several groups, particularly at high and Tow latitudes, are studying the frequency range of
spread F echoes dfS, or the minimum frequency of spread fml and similar experiments are needed at
other stations.

12.36. Lacuna: It is probable that lacuna phenomena are much more widely distributed than is known
at present and may have different causes in different parts of the world. High latitude lacuna
appear to have strong associations with the auroral oval. Somewhat similar physical conditions could
arise near the magnetic equator. It is also seen at the magnetic poles. Letter Y denoting defocus-
ing at layer tilts, e.g., associated with TIDs could provide information on their incidence and
characteristics.

12.4 Miscellaneous Studies

12.41. Studies of diurnal and seasonal phenomena in E and Fl: Some detailed instructions for these
investigations are given in Chapter 13. There are great advantages in making these studies for the
E and F1 Tayers locally at stations because they draw attention to peculiarities at the station
which would otherwise almost certainly be overlooked. Also it is much easier to establish that an
unexpected phenomenon is real when the original ionograms are available than from tables of data.

It is quite common for "house-rules", adopted to save time in reduction, to give the desired data

at some seasons but to be misleading at others. Thus a trace correctly interpreted as an F2 trace
in one season may be shown to be a normal E trace in another, the critical frequencies being compat-
ible and forming one sequence with normal E. Thus anomalous phenomena deduced from tables of foE
are often suspected.

(a) Practical and geophysical problems both demand studies of the diurnal and seasonal varia-
tions of fokE, foFl, M(3000)F1. These have rather large abnormal variations with season
and position in certain zones which need measuring and clarifying.

(b) Sunrise effects. These appear very complicated. Since the layer is not in equilibrium
many new phenomena can appear. There is a need for surveys to find if systematic se-
guences of events occur at fixed times relative to the time when new jonization is first
formed. A contribution of ground based observations with an occasional rocket experiment
could clarify the problems.

(c) Systematic pre-sunrise phenomena appear to occur in the F2 layer but the factors involved
are unknown.

(d) The study of sunrise phenomena at very high latitudes is particularly important since at
certain seasons very large solar zenith angles are found for Tong periods, thus eliminating
the usual transient phenomena.

12.42. Studies of importance to plasma theory: Although most of the emphasis in ionospheric research
is directed to the acquisition of knowledge about the ionosphere, it must be remembered that these
regions of the atmosphere provide a unique laboratory for the study of the propagation of radio waves.
In many instances the ionogram contains information which is not regularly scaled but which is of
great interest from this point of view.

(a) In the case of the E layer it is usually possible to use the separation (fxE - foE) to
measure the apparent value of the gyrofrequency, fB, and hence the magnetic field. Care
is needed to avoid times when systematic tilts are present but this is usually easily con-
firmed. Data obtained so far show curious anomalies which have not been exp1aineq, the” ™
computed magnetic field appearing slightly too small even after allowing for the inverse
cube decrease with height. Confirmatory work is needed at other stations - it may well be
that some of these-phenomena are restricted to particular zones.

* Bowman, . G., PTanet.Space Sci., 17, 777-796, 1969.
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(b) The presence of unusual group retarded traces below the gyrofrequency on a few ionograms
was at one time taken as proof that a correction to the equations of magneto-electronic
theory was needed (Lorentz polarization term in the original Appleton-Hartree equations).

The use of the correction has since been discouraged for good reasons. The Appleton-Lassen
equation where this term is not present is now generally used. However, an explanation

of the early soundings has never been made. Thus the observation of penetration frequencies
in the vicinity of the gyrofrequency would be of considerable interest. The incidence of
this phenomenon is not understood.

12.5 Measurement of absorption

12.51. fmin as index for absorption conditions: The minimum frequency at which echoes are observed
in vertical incidence sounding, fmin, is cTearly dependent, amongst other terms, on the absorption
present and thus can be used as an absorption index. In practice it is particularly useful for dis-
covering the incidence of the larger changes in absorption with time and position. It is possibie,
though difficult, to calibrate the records of an jonosonde so that quantitative measures of small
absorption changes can be made.

The minimum frequency occurs when the received echo signal falls below the minimum recordable
level. This may be fixed either:

(i) by the amplification of the recorder, or

(i1) by the noise level present.

In case (1) the variation of fmin with changes in absorption depends on the variations of ab-
sorption and of equipment sensitivity with frequency. It is desirable that the latter should not
vary discontinuously with frequency, e.g., at the end of receiver ranges, since otherwise fmin will
be insensitive to certain ranges of absorption changes. (This is easily identified by the occurrence
statistics of fmin numerical values.)

In case (ii) the variations of fmin with time are not entirely due to absorption changes but
also depend on the variations of noise level with time. In this case only measurements made when the
noise level is the same are strictly comparable. Since both noise level and absorption usually de-
crease -with increase of frequency, the variation of fmin for a given change in absorption is less
than that which would occur if fmin depended solely on echo strength. When noise is present the
index fmin is thus less sensitive to absorption changes than in the absence of noise.

Since critical frequencies and equivalent heights are of major interest, the sensitivity of the
ionosonde is usually adjusted so as to obtain the best recordings of these parameters. Such equip-
ment adjustments inevitably alter fmin, and hence it is necessary to compromise between the normal
requirements of the sounding and those which produce the most useful values of fmin.

If fmin data are to be really valuable as absorption indices, it is essential that the sensi-
tivity of the fonosonde be kept constant for periods as long as possible and that the inevitable
day-to-night adjustment be carried out at the same time for each day in a particular month. It is,
however, most desirable that the times when the gain is altered should be clearly stated on the
summary sheets of fmin and, if possible, the amount of the change indicated. To aid comparison of
observations taken in different months it is also desirable that any changes in gain should be
stated. A simple procedure, which is adequate for these purposes, is to measure the input at a
convenient frequency needed to give a standard output at each of the gain settings used. These
figures (expressed in dB above a fixed arbitrary level) should be included in the summary sheets.

When observations are made in close succession at three gain settings considerable additional
information can be obtained using all three fmin values. Here again it is advantageous to know the
relative magnitude of the gain settings. Where it is not possible to tabulate all three values of
fmin the mean of the three is a better measure of absorption than fmin alone.

Some typical experimental results obtained from routine measurements of fmin made at STough are

shown in Figs. 12.2 and 12.3. The jonosonde was not specially monitored for these observations and
the gains were changed as necessary for the production of good ijonograms.
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Fig. 12.2 illustrates the use of fmin as an index for recognizing the incidence of the abnormally
Targe absorption which occurs during the winter period. In this Figure the average value of fmin ob-
tained from the three ionograms for 1100, 1200, 1300 h are compared with the absorption measured on
2.0 MHz obtained as part of the Slough noon routine observations. Despite the fact that the equipment
used for fmin was rather insensitive to absorption changes it will be seen that the two sets of meas-
urements generally agree to within the estimated error # 0.05 fmin, + 2dBA. It is clear that fmin
could be used as a reliable index of the incidence of the winter anomaly.

Fig. 12.3 shows a comparison of the average diurnal variation of absorption measured on 2.0 MHz
(excluding times when foE = 2.0 MHz) and fmin over periods of 10 days for summer and winter months.
Gain changes are indicated by arrows of length roughly proportional to the changes involved. It is
again found that the relation between fmin and the absorption loss, A, is linear in both summer and
winter and, despite the changes in noise level between the two seasons, the differences between the
values of A observed and those deduced from fmin do not exceed 6 dB. It is to be noted that a single
graph of the type shown in Fig. 12.2 cannot be used to determine the variation of absorption with
frequency, but only calibrates fmin in terms of the absorption at one particular frequency. The
period marked S in Fig. 12.3 shows the effect of intense interference due to medium wave broadcast-
ing stations which often render fmin insensitive to changes in absorption in the evening period.

MHz |-

f min

[0 1 l ! 1 |
10 20 30 40 50 A dB

Fig. 12.2 Relation between fmin and absorption measured on
2 MHz at noon, Slough, winter 1954-5.

12.52. Use of fmin, fm2, fm3: Provided that the ionosonde is well maintained and gain changes are
strictly monitored (section 12.51), fmin, fm2, and sometimes fm3 can be used to give very valuable
information about absorption. Recent work has shown that the normal absorption variations over the
earth can be nearly as complicated as those of foF2 whereas the number of stations measuring this
absorption is only about 10% of the number of ionosonde stations. Thus it is very important that
more ionosonde stations attempt to make usable fmin, fm2 or fm3 data to fill some of the gaps. It
is important to calibrate gain changes and their effect on fmin so that the results can be expressed
in at least relative gain levels.

At a single station fmin is most useful for studying the character of large absorption changes,
for example, variations of absorption during and after a SID, incidence of days of high absorption
in winter in temperate latitudes, incidence of periods of high absorption at high and very low lat-
itudes. The value of results is greatly increased if a calibration of fmin values can be obtained
by comparison with absorption measurements from amplitude readings.
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Fig. 12.3 Diurnal variations of fmin and absorption A measured on 2 MHz
at Slough, July and December 1946.
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It often happens that the minimum frequency of a higher order trace can also be used for absorp-
tion measurements. Care must be taken to see that it is not determined by blanketing or the deviative
absorption associated with a Tower critical frequency. The following rough rules may be used as a
guide though the actual circumstances of the station really determine when fm2 can be used.

fm2 given by (i) Second order E trace - fmin 2E - usually reliable.
(ii) Second order F trace - fmin 2F - usually reliable if fmin F2 21,2fc
(fc = critical frequency) of densest thick E layer present and
fmin 2F is not attributable to fbFs.

The rules for fm3 are identical.

12.53. Calibration of fmin parameters: For large changes in fmin or fm2, the calibration in terms
of absorption is practically independent of type of ionosonde, antennas, etc., provided that the iono-
sonde is properly maintained and adjusted. For small changes, e.g., day-to-day variations in normal
absorption fmin-type parameters can often only give qualitative data.

At stations with a riometer (absorption A2 technique), strong absorption events can be used to
calibrate large changes in fmin. Either auroral events or SIDs may be used. In general it is dif-
ficult to calibrate and interpret diurnal riometer data sufficiently well to measure normal absorption
or to give a reliable calibration. The parameter fmin can only be used as a quantitative index if it
is calibrated in terms of known absorption changes. Detailed instructions are given in the Absorption
Manual (section 4.9.8).

Accurate absorption measurements are rather difficult to obtain and demand strict attention to
the detailed rules. For the purpose of estimating the large changes in absorption causing big changes
in fmin it is sufficient to estimate the normal and abnormal absorption present on a number of occa-
sions and to compare these with the corresponding values of fmin. The absorption is given by the
difference in decibels between the average unattenuated night echo intensity and that found on the
same frequency when the absorption is present (after correction to the same virtual height value).

It is necessary to avoid the deviative absorption which is prevailing within about + 20% of a critical
frequency. For temperate latitudes the reference level is most accurately found during Tate night
hours, but spread echoes should always be avoided. The calibration relation with fmin usually varies
with time of day since the noise level, and hence the lowest signal detectable, also varies with time
of day. Calibration of fmin is usually restricted to the noon period only, unless particular phenom-
ena of interest are found. fmin cannot be used for these purposes when automatic gain controls are
used, as its significance depends on the sensitivity of the ionosonde remaining reasonably constant
with time.

12.54. Echo amplitude and absorption studies: A powerful tool in the hands of the station operator
is the use of the fonosonde receiver gain to study certain types of echo. While useful inferences
may often be made using uncalibrated gain controls, the value of experiments will increase materiaily
if the results can be expressed in at least relative gain levels,

(a) Simple, routine noon or hourly measurements of absorption are of great value if long con-
tinuous series of observations are obtained.

(b) Only at a few locations has experimental work on deviative absorption yet been done:
thus an ionosonde receiver calibrated throughout the frequency range could produce unique
data on the variations of echo amplitude along the h'F curve (see also section 11.5).

(c) Measurements similar to (b) above, .but permitting comparisons between o and x components
(and z, when observed) would be of equally great value.

(d) Absorption studies from rapid sequence soundings immediately following Targe solar flares
are potentially capable of providing valuable information on abnormal ionization in the
D region. The unique difficulty of such measurements {and the reason why they are best
made by the station observers) is that the flares are of infrequent occurrence and are
impossible to anticipate. Special fast sequences of ionograms should always be taken if
a SID is observed.

(e) The effect of variation of receiver gain on the frequency range of spread echo - especially
of the equatorial night-time type - would be very interesting.

(f) Amplitude measurements taken of F2 echoes on otherwise quiet night-time soundings, if

sufficiently accurate, can be useful in the study of curvature of the layer. Also echoes
known to be oblique may be interesting in this respect.
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12.55. The new digital ionosondes (section 11.4) are particularly helpful for absorption studies
and allow very high flexibility with the handling of an unusually large number of data, e.g, for
more frequencies and longer periods than used before. Some examples are found in the Absorption
Manual (section 4.9.2).
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13 SOME METHODS AND PARAMETERS USED IN THE ANALYSIS OF IONOSPHERIC PHENOMENA 13-1
13.0 General

Special schemes of analysis have been developed for certain typical problems. It is worthwhile
to consider these when similar problems are to be investigated (sections 13.1 - 13.3).

Certain ionospheric perturbations are closely related to geophysical phenomena which are observed
using methods different from those of ionospheric scunding. A short discussion and some explanation
of how to use these are given in sections 13.4 - 13.6.

Finally it is important to know the behavior of the Sun and the tools necessary for analyses.
Some indications may be found under section 13.7.

13.1 Techniques and Precautions Applicable to
Studies of Djurnal and Seasonal Phenomena

13.11. The Chapman function and sec x: While numerous studies of diurnal and seasonal phenomena of
the E and F1 Tayers have been made, they are still giving worthwile additions to our knowledge. Much
of the early work is rather misleading owing to widespread use of sec x, where y is the zenith angle
of the Sun, as an adequate approximation for the more exact Chapman function Ch (x,%). Due to the
Earth's curvature the approximation is unsound when y > 75°. (Formula for Ch: S. Chapman, Proc. Phys.
Soc., 43 (1931) 483. A table of Ch is given in the URSI Ionospheric Stations Manual.) It Should be
noted that while sec y does not vary with height, x s the ratio of the radius (from the center of
the Earth) of the level of maximum electron production (for x = 0) to the scale height at that level.
Care must be taken to use a true scale height for the layer; an apparent scale height deduced from
the apparent thickness of the layer neglecting the effect of the magnetic field upon the virtual
height may be very far from true. Thus the scale height of the E layer is nearer 7 km than the 10 km
usually quoted, an error which may be important in calculating the parameter x in Chapman's formula.

Certain technigues or precautions have proved to be particularly important and widely applicable.
The most important are summarized below.

13.12.. Determination of Tayer relaxation time: The apparent relaxation time at noon is a useful
parameter indicating the character of the equilibrium process. It is usually measurable using foE or
foFl but the phenomena in F2 are sometimes too complicated for it to be evaluated or interpreted. The
delay (positive or negative) of the time of maximum critical frequency relative to noon is measured.
True Sun noon must be used. This is found by adding or subtracting the difference between Sun noon
and local mean noon using the equation of time, which can be found in the Nautical Almanac, and cor-
recting for the time interval due to the difference between the time meridian and the »ongitude of
the station, (4 minutes per degree of longitude). Thus at a time of year when Sun noon is 14 minutes
ahead of LMT a station at 50°E using LMT of 45°E will have a local Sun noon 14 + 20 = 34 minutes be-
fore the noon given by Tocal civil time (15° longitude E is equivalent to 60 min in this calculation,
15°W corresponds to -60 min).

It is often useful to study evening and night phenomena by noting that if the ionization dissi~
pation process is the same at all times, and the zero time is taken when the critical frequency has
a fixed value and the jon production is negligible, the critical frequency will be dependent on time
only. This can be used to summarize data over widely different epochs, or to show the presence of
perturbing phenomena by departures from the rule.

13.13. Determination of relations between layer characteristics and the zenith angle of the Sun:
Once again it is essential to use Sun time in finding the zenith angle. Values of cos x given in
the URST Stations Manual are corrected for the equation of time at the epoch of the IGY (1957-8)
and will usually be correct within about one minute for other years. The correction for longitude
is also included. This has been calculated for the longitude quoted in the Stations Manual.

Experience has shown that graphs of critical frequency as function of time are very inefficient
and often misleading for determining the solar control. The best procedure known at present is to
replot the data on graph paper with logarithmic scales in both directions, using the critical fre-
quency in one direction and the appropriate Chapman function in the other. : Alternatively, of course,
the Togarithms of these quantities can be plotted on Tinear graph paper. This can be applied to both
diurnal and seasonal variations.

The effect of relaxation phenomena is to make the morning value found at a given time interval
before Sun noon smaller than the corresponding afternoon value. The mean of these values gives the
required variation.

13.2 Solar Eclipses

During a solar eclipse the shadow of the moon runs across a part of the Earth's surface blocking
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off, more or less completely, the ionizing solar radiation for a short interval. This is a very jn—
teresting phenomenon as the radiation is interrupted at almost constant solar zen1th angle, x, while
the normal interruption at sunset occurs as a result of a continuous increase of this angle.

13.21. The main object of most eclipse observations has been to determine the rate of decrease'of
ionization during the shadow period and, finally, to find the recombination constants for the differ-
ent layers.

The critical frequencies of the lower layers, including F1, reach a minimum near the time gf
maximum obscuration of the Sun. From the time delay of this minimum after the end of the totality
(or with the moment of maximum screening) a relaxation time can be determined. This gives a value
for the effective recombination coefficient.

13.22. Unfortunately, the simple recombination equations currently used for these deductions are
inadequate. Experience has shown:

(a) That the donizing solar radiation is far fram having a homogeneou§ distri@u?ion over the
Sun's surface and that it may come from a larger disk than is optically visible, so that
even with a total eclipse some ionizing radiation is left.

(b) That the recombination mechanism and parameters vary considerably with the height.

{c) That, at least for the F region, vertical movements considerably alter the ionization
found at each height.

(d) That the observations by soundings may be misleading, since the eclipse effgct produces
a_considerable tilt of the surfaces of constant ionization. Thus the soundings are not
always accurately vertical during the eclipse period.

As a result of (a) direct methods of finding recombination coefficients (section;13.21} can be
completely misleading, in some cases the time delay of minimum jonization may even be negative.
Details can be found in the eclipse literature (14.21.c).

13.23.  The importance of obtaining very accurate eclipse observations from, preferably, at least

one ionogram every minute, cannot be underestimated. Special methods of analysis should be applied,
such as the following:

(a) The first analysis should provide an appropriate description of the distribution of ioniz-
ing radiation.over the Sun's disk. The variation of the apparent rate of electron produc-
tion with area of the Sun's disk exposed is particularly'valuable. Different sources of
information should be used, such as optical and radio-astronomical observation before,
during and after the eclipse, intercomparison of ionospheric eclipse data from different
stations taking account of the screening of different parts of the Sun, etc. Normally the
latter will require the collaboration of many scientists (see Chapter 9).

(b) A curve of the effective variation of solar jonizing radiation should be deduced from this
distribution using accurate geometrical data obtained from the astronomical services.

(c) Electron density profile technique should be applied to the eclipse jonograms (see Chapter
10) and studied in detail, taking account, however, of the Timited accuracy of these tech-
niques when the fonosphere is tilted, as occurs in eclipses.

(d) The undisturbed, normal behavior of the jonosphere must be known by control observations
covering a period of about five days before and five after the ecTipse day.

13.3 Some Tests for Correlation

It is very often of primary importance to discover whether concurrently observed changes of
two different parameters are due to chance or whether they are likely to be related physically.
This question cannot be answered without ambiguity in geophysics since nearly every change can
result from one of several different causes. The geophysicist is satisfied if the probability that
an observed similarity was due to pure chance is shown to be very low.

13.31. _Correlogram: Experience has shown that intercomparison of time-dependent curves is very
dangerous in this respect. A much better direct method of testing is a simple plot, called a cor-
relogram (example: Figs. 13.1 and 13.2). Two parameters xi and yi, obtained simultaneously, are
plotted on a graph showing x against Y. Every point corresponds to a certain instant; the corre-
sponding values observed give the coordinates of the point. If enough points have been obtained

it can often readily be seen whether a significant correlation exists or not. In the first case the
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points have a tendency to be arranged along a certain line or to give at least an elliptical distri-
bution which is inclined with respect to both axes. If both x and y increase together the correlation
is called positive (Fig. 13.1), if not, negative (Fig. 13.2). If, on the contrary, the points form a
cluster which does not show any systematic obliqueness (Fig. 13.3) the two parameters are not corre-
lated.

fmin

L/dB

Fig. 13.1 Example of a positive correlation: fmin and absorption loss.

foF2

Kp

Fig. 13.2 Example of a negative correlation: Noon values of foF? against
magnetic activity, summer.

y
o °
° ° e °
° °
° o ...°.
e e ’.o e o e °
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e ° o ° °
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Fig. 13.3 Example of zero correlation.
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13.32. Correlation coefficient: One numerical measure of correlation is the classical correlation
coefficient, r. If X and y are the mean values of the xj and y; the definition of r is

cen % Ui e D Vo (g -0 5 g - 90 (13.1)

In this expression the denominator has been introduced so that normalized values are obtained. The
numerator is the essential expression, it gives the moment (with respect to a central point corre-
sponding to the averages X, ¥) of all points of the correlogram. The normalized moment is greatest
if all points are aligned on a straight line and is zero for a symmetrical cluster of points. We
obtain r = + 1 for a perfect positive correlation, r = - 1 for a perfect negative correlation and

r = 0 for the case with vanishing correlation.

13.33. Correlation number, R: Another numerical measure of correlation, which is more rapidly de-
termined, has been given by Rawer. It has been normalized with respect to the correlation coeffi-
cient r by Lovera (also by Taubenheim). The correlation number, R, is obtained from the correlogram
by a simple counting method. This has the advantages of the median, e.g. it is invariant to mono-
tonic transformations of the axes. Four fields are determined on the correlogram according to the
conditions xi > or < x and yj > or < y where x and y are the median values of the xj and yi. If,
with n points, the number of points in these four fields is given by

A | B
the definition is R = sin [% (f‘—ﬁ- - 1)] (13.2)
¢ | o

Note: By definition A=D,B=C, A = %,- B.

R = + 1 means that no points are found where one parameter was greater and the other was Tess than
the median, i.e., A=D =0, while R=- 1means B = C = 0. R = 0 means equal distribution over the
four fields. Lovera's definition is such that for a "normal” distribution on both axes, the corre-
Tation number, R, and correlation coefficient, r, reach the same limiting values as n -~ @ .

13.34. Partial correlation: In cases where different physical causes simultaneously influence a
measured parameter it is advantageous to apply the concept of partial correlation, provided the
amount of observed data is large enough. The idea is to neutralize the influence of all but one
cause, X, by dividing the total number of observations into classes according to the values taken

by the other influencing parameters, and then determine the correlation with x class by class. Thus
when the influences of two different causes tend to have opposite effects upon the observed para-
meter, almost zero correlation is found by straightforward correlation, whereas the use of the method
of partial correlation will show both of the underlying relations.

13.35. Cross-correlation: In geophysics the correlation between two physically different parameters
is most often obtained by combining values observed at the same time; the result is called cross-
correlation. It is also interesting to see if pairs of values obtained from one physical parameter
at different times show some correlation. A correlation obtained with a fixed time delay T (i.e.

xi = f(ty), y; = f(t; + v ) is called auto-correlation. It is a measure of continuity in the develop-
ment of the parameter.

The auto-correlation function gives r, or R, as a function of t. By definition it must have a
maximum 1 for T = 0. The presence of periodical variations is shown by equally spaced maxima of the
auto-correlation function r (1) as a function of time. In the general case of monotonically decreas-
ing r (1), i.e. when the parameter does not oscillate periodically, a quasi-time constant can be de-
fined by the steepness of the decrease, e.g. by the time for which r falls to 1/2.

13.36. Superposed epochs: Another very useful method for finding cross-correlation between two time-
dependent parameters f and g is the so-called method of superposed epochs. Instead of calculating the
cross-correlation with variable time difference t one uses a selection method. A "zero-time" for each
event is defined by a selection of outstanding f values, e.g. values greater (or less) than some
limiting values. Now the time varfation of g for the same events is plotted centered on this zero
time. Finally the values obtained for each time unit are averaged, both before and after the zero
time. This gives a curve which'shows an important variation if a correlation exists between f and g;
the time delay at which this variation reaches its maximum (or minimum) marks the average time differ-
ence between corresponding events of the f and g parameter; an example is shown in Fig. 13.4.

13.4 Studies of Black-out Phenomena

During black-out conditions absorption is so severe that no, or nearly no, echoes can be ob-
served using conventional ionospheric sounding methods. This is normally due to non-deviative ab-
sorption in lower layers, and lower frequencies are most heavily influenced. " Sometimes Tow-altitude
echoes from the D layer may appear during a black-out at rather low frequencies on the ionogram.
These are partial reflections and the corresponding coefficient of reflection is small; echoes of
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this type are disregarded when fmin is determined {according to the principles explained in section
2.0). It is interesting to correlate the occurrence of these echoes with that of high values of fmin.

AfoF2

1 ] 1 | L H i ]
-4 -2 0 2 4

Fig. 13.4 Superposed epoch pattern

Zero days: First day of magnetic activity.
@ Differences of noon foF2 from median noon
foF2 at Equinox, temperate latitude.

13.41. fmin as an indicator of high absorption: The usefulness of fmin as an indicator of high ab-
sorption conditions is considerably increased if a calibration in terms of absorption has been made,
e.g. by comparison with amplitude observations (see section 12.5)." In this case the observed varia-
tions of fmin can directly be expressed in terms of absorption. Otherwise it is difficult to take
account of the sensitivity of the jonosonde, which is generally rather variable with frequency.

As very high fmin values occur only during black-out conditions, it is difficult to extend the
calibration to higher frequencies. Also, unfortunately, the echoes disappear completely during the
most severe black-outs. Therefore fmin cannot be a satisfactory parameter in these cases. However,
the absorption of cosmic noise on frequencies between 20 and 30 MHz (see Absorption Manual, Chapter 5,
Method A2d riometer) can extend fmin measurements for the case where absorption is especially high
(see Annals of the IGY, Vol. III, Part II, p. 207-217).

In present conditions black-outs cannot be predicted. As radio propagation is also prevented
during black-outs it is not difficult to verify whether widespread black-out conditions exist or not,
especially if the jonograms can be compared with reception conditions. A field-strength recorder
working on a suitable HF broadcasting station can easily be used as an indicator (Absorption Manual,
Chapter 6, Method A3). When a black-cut has been recognized it is interesting to make frequent iono-
grams until fmin returns to normal values. The presence of a black-out can usually be confirmed by
the disappearance of the interference due ‘to the HF broadcasting bands - particularly those near 6 MHz
and 7 MHz - on thé jonogram itself.

13.42.) Sudden ionospheric disturbance: A short-1ived black-out conditon may be found at most lati-
tudes in the sunlit hemisphere as a consequence of a solar flare. This is called a "sudden ionospher-
ic disturbance” (SID). Three forms can be distinguished, according to the variation of absorption:
the most normal one begins with a very sudden, nearly discontinuous increase followed by a much slower
decrease, the total phenomena lasting between 10 min and, rarely, 2 hours. A type showing a continu-
ous increase of fmin followed by a slower decrease is less often found. A type with regular but

quite continuous variation is sometimes seen but is less wel] correlated with solar flares. Never-
theless, at Tow and medium latitudes the correlation between solar flare and black-out conditions is
the ‘highest one found between any solar and terrestrial sudden phenomena. As there exists a special
observation network for solar flares it is important that SIDs be regularly observed.

For comparison with the solar phenomena now observed by optical methods in the soft X-ray range
aboard satellites, it is important to have very accurate time scaling for the SID-observations, if
possible to a fraction of one minute.
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Black-out of this kind occurs only on the sunlit hemisphere of the earth and there only at
locations where the sun's altitude is not too Tow. It is never Tocalized in a small region and in
this respect is quite different from polar black-outs (see 13.43). For further information see also
Chapter 12.

13.43. Polar black-outs: In polar regions black-out conditions are very often found during magnetic
and auroral disturbances, especially during ionospheric and magnetic storms. Polar black-outs are
widely variable in space and time, they may last between a few minutes and many hours, but most cases
are rather short events, best measured by the technique of continuous recording (section 11.3) or
with a riometer.

Full interpretation of the substorm activity responsibie for the black-out demands measurements
at a group of stations, preferably supported by rocket or satellite measurements, of particle activity,
electric fields, etc. Conversely studies of these types can gain much in value from adequate ground
based measurements. The incidence of polar black-out is a good indicator of local disturbance. Long-
lasting absorption in both "polar caps" can occur after certain solar flares. Since these are pro-
duced by solar cosmic ray protons, they are now usually called "proton events" and the flares, "proton
flares". In the older Titerature they were called "type IV flares" (For a survey see A. D. Fokker,
Space Sci. Rev. 2, 70-90, 1963). These very energetic protons enter the Tower jonosphere at Tatitudes
determined by the Earth's magnetic field. Hence the minimum latitude at which polar cap absorption
(PCA) is seen can measure changes in the outer part of this field. Further measurements are needed as
the events are relatively rare, chiefly occurring in sunspot maximum years, and can modify radio pro-
pagation in the VHF bands as well as at HF. The relative intensity of the PCA is greater in daytime
than at night and depends on the frequency band used. Thus it is important to compare HF and VHF data,
finin with riometer (Absorption Method A2). Forward scatter propagation in the ionosphere is also
affected by this phenomenon.

13.5 Indices of Magnetic Perturbations and Storms

The time variations of the Earth's magnetic field observed at a fixed station are primarily due
to electrical currents in the ionosphere.

13.51. Quiet daily variations: There are regular daily variations due to the "dynamo effect" of the
conducting Tayers in the E and D region moving up and down in the magnetic field of the Earth. This
is called the quiet daily variation, Sq (solar, quiet), and is greatest near the equator. Sq also °
contains a solar tidal component. A lunar tidal component, L, can easily be found by statistical
analysis in terms of Tunar hours. As ionospheric parameters are dependent on solar photon radiation,
apparent correlations between Sq or L and any ionospheric parameter cannot be directly interpreted

in terms of cause and effect.

13.52." Disturbed conditions: Irregular variations of the magnetic field are found during disturbed
conditions. They are sometimes related with aurorae (see section 13. 6) and are often associated with
important D-, E- or F-region disturbances. It is quite certain that these are caused by corpuscular
radiation originating in some way from the Sun, though the detailed mechanism is not yet well under-
stood.

Corpuscular effects show a more irregular behavior than the quiet day variations and can easily
be recognized on records of even one of the components of the magnetic field. Some storms begin with
a well-defined precursor, a sudden jump in the magnetic field record, called an SC ("sudden commence-
ment"). The main fluctuations of the storm often begin somewhat later. Other storms begin with a
slow continuous increase of the degree of perturbation. These are particularly evident in the de-
clining part of a solar cycle and, when recurrent with a period of about 27 days, (see section 13.72,
27 days is the average apparent rotation period of the Sun seen from the Earth{ are called M-type
storms. In both cases the storm variation is usually complicated. The analysis is simplified by
distinguishing two different components, a disturbed daily variation depending on local solar time,
called Sd, and a specific disturbance component, called D. As the solar influence is different dur-
ing disturbed conditions we must take account of two time systems, Tocal time and storm time. The
latter is constant for the whole Earth and starts at the beginning of the storm. This is defined by
the SC, if such a peak occurs. It is often very useful to plot ionospheric results for intercompari-
son in storm time, first removing the normal daily variation. This may be done by taking the ratio
of actually observed ionospheric values to the corresponding monthly median, or simply by the differ-
ence. The method of "superposed epochs" (section 13.36) can be applied to studies of fonospheric data
in magnetic storm time by selecting storms starting in restricted periods of LMT.

13.53. The more important solar flares are accompanied by a characteristic magnetic effect; the field

variation has the form of a hook, known as a crochet. Its amplitude is not comparable with that oc-
curring during a magnetic storm but the form is very typical and easy to identify.
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13.54. K index: The K index due to Bartels (section 13.56) Fig. 13.5 provides a very valuable meas-
ure of the degree of magnetic disturbance for comparison with major changes in the values of jono-
spheric parameters such as foF2, M(3000)F2, foFl, M(3000)F1, fxI, foEs, fmin. Bartels' K-figure is
obtained from the maximum fluctuation of the three components of the magnetic field occurring during
an interval of three hours UT. A nearly logarithmic numerical scale is used to delimit the ten
classes. As perturbation fluctuations are not uniform all over the world the scale in gamma units

is changed with magnetic latitude in such a way that the middle K-figures occur almost equally fre-
quently at all Tocations. Thus, apart from the effects due to local magnetic currents, all stations
on the average give the same K index for the same world-wide perturbation. For the purposes of jono-
spheric research we may usually say that:

K'values: 0, 1, 2 represent very quiet and quiet conditions;
3, 4 represent small disturbances;
5, 6 represent disturbed conditions;
7, 8, 9 represent very disturbed, i.e., storm conditions;

where 8 is rare and 9 is a very rare degree of disturbance. For a rapid analysis of
perturbation phenomena it is often convenient to select all occasions when the K-figure
is greater than 5 or 6.

Three-hourly K-figures are now published by most magnetic observatories. Local K-figures are
particularly useful for studies of Tocal ionospheric phenomena or for preliminary studies carried out
before world-wide indices are available.

13.55. Kp, ap and Ap indices: Many ionospheric phenomena appear to be dependent on world-wide mag-
netic activity and it is often desirable to be able to select periods when this activity was abnormal-
ly Targe or small. The International Association of Geomagnetism and Aeronomy publishes planetary
K-figures called Kp ("planetary magnetic three-hour range indices") Fig. 13.5. The planetary Kp
figure is obtained by averaging the K-figures from 12 selected observatories between geomagnetic Tat-
itudes 47° and 63° (section 14.7). This is a fairly good index of world-wide corpuscular activity
and is widely used.

For some purposes the logarithmic character of Kp is undesirable. The corresponding linear para-
meter in gamma units is denoted ap for each three-hour periocd or Ap for the average for the day as a
whole. These indices are expressed in units of amplitude, i.e. half the appropriate extreme ranges,
and are known as Equivalent Planetary Amplitudes.

13.56. Charts of Kp: The incidence of magnetic activity is most easily surveyed using the "musical-
note" charts of Kp prepared monthly using Bartels' methods, an example of which is shown in Fig. 13.6.
Every year a similar diagram for the complete year is prepared and published. The data are arranged
with a period of 27 days (the approximate period of the solar rotation). These are particularly val-
uable when jonospheric phenomena are delayed relative to the magnetic activity and, in particular, in
studies of disturbances in the F region.

It is sometimes convenient to use cruder indices of activity based on half or whole days when
selecting periods for study. Typical indices are:

(a) the sum of the values of K or Kp for the day or half-day;
(b) the number of times K or Kp exceeds, say, 5 in a day or half-day.

Where delays occur it is often preferable to adopt time intervals ending at a certain hour, e.qg.
0600 LMT.

13.57. Cp index: Since 1884 the magnetic activity for each day has also been measured by a Daily
International Character Figure C, based on a 0, 1, 2 scale at each station. Since 1937 this has
been replaced by a similar figure, based on the Kp indices, known as the Daily Planetary Character
Figure, Cp. Cp runs by units of 0.1 from 0 to 2.5 but is sometimes contracted to a ten-unit scale
denoted by Cq (0, 1..., 9).

13.58. Q index: Another méagnetic index, Q, has been found to be particularly useful for ionospheric
studies at the higher magnetic latitudes. This is analogous to K but is based on the sum of the ex-
treme positive and negative deviations of the magnetic field from the quiet day average curve during
individual intervals of 15 minutes. It gives a detailed measure of magnetic activity centered on

each quarter-hour which may be compared with guarter-hourly ionograms, or with recordings of charac-
teristics. Such comparisons show many unexpected and interesting phenomena at all jevels in the jono-
sphere and clearly demonstrate that many magnetic and ionospheric phenomena are short-lived and cannot
be studied using three-hourly indices. Values of Q for every gquarter-hour UT are available from
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I U G G: ASSOCTIATION OF
GEOMAGNETISM AND AERONOMY

(International Service of Geomagnetic Indices)
GEOMAGNETIC PLANETARY INDICES
Three~hourly: Kp
Daily: Ap and Cp

February 1972

12 34 56 7 8 Sum Ap Cp
1 O0+1-2~-3- 3¢2+1020 1b- 7 0.4
2 303+4-2+ 303-2+42- 220 13 0.8
3 2+2+1-2~ 2+4-2c10 160 9 0.5
i 3-30303- 2-1-2-2- 17¢ 3 0.5
5 1lo1+2-2- 1cl03-20 12+ 6 0.3
6 102-2-10 O0+1-3-2+ 11+ 6 0.3
7 201+1+10 102~-2+4o 15w 8 0.5
8 3-301020 2-1-0+1c 12+ 7 0.3
9 101-0+0+ 0O+1-202- 70 4 0.1
10 303-2-10c 202-3+30 18+ 10 0.6
11 20102+30  201+1-1+ 14— 7 0.3
12 2+2+100+ 1-0+000+ 7+ b 0.1
13 O+2+1+5- U+h+lholo 25+ 27 1.1
14 4Y03+302+ 10203040 23- 15 0.9
15 3-L03+3- 3-1+2-2+ 21- 13 0.7
16 303-202- 202-1+1+ 16- 8 0.4
17 2020103+ u4+u+50ho 260 292 1.1
18 3-30301+ 0Q00+105~ 160 12 0.7
19 5+2+100+ 3-303-2- 190 14 0.8
20 b=l-243~ 3-1+1-20 190 12 0.7
21 2+302020 3-302-1- 147+ 9 0.5
22 O0+0+2-2- 10201-1+ S0 4 0.2
23 1+1t+lolo  1+202+2+ 13- 6 0.3
24 20305-5+ 505-5-4~ 335 33 1.3
25 4-4-3-20 3o04-302+ 240 16 0.9
26 302-1+10 100+201- 110 8 0.3
27 0+00001+ 1o102+3- 9 - 4 0.2
28 2-3~201loc 1-042-1+ 11+ 6 0.3
29 O0+1-1-0+ 000+0+0+ 30 2 0,0
Mean 10 0.52

Preliminary ssc: 13 d 09 h 39 m
18 d 23 h 38 n
24 d 06 h 42 m
For explanation see: J. Bar t e 1 s
IGY Annals Vol. 4, p. 227-236
London, Pergamon Press, 1957

Institut flur Geophysik
Postfach 876
34 Gdttingen (Germany)

Fig. 13.5  Monthly Geomagnetic Planetary Indices.
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certain magnetic observatories at high magnetic latitudes. The exact definition and scale of Q is
as follows:

The Q index measures the total deviation from the quiet day variation, i.e. the sum of the posi-
tive and negative extreme deviation from this curve, during the 15-minute intervals centered on the
quarter-hours UT.

Thus, if the extreme deviations are +250, +70 y or +150, -50 y or -50, -250 Y, the range for
Q is 250 v, 200 vy or 250 y respectively. The interval 0000 refers to the period 23h 52m 30s - 00h
07m 30s. Q refers to the amplitude of the most disturbed horizontal components of the field - never
the vertical component. Unlike K, the scale of Q is not dependent on position.
Table 13.1

Scale of Q (A1l Stations)

Q 0 1 2 3 4 5 6 7 8 9 10%  11*
Upper
Timit [y] 10 20 40 80 140 240 400 660 1000 1500 2500 oo}

*Q values of 10 and 11 are represented in tables by the letters T and E respectively.
The upper ranges of Q may be useful for special studies, even at low Tatitudes.

13.59. Other magnetic indices: In recent years more specialized magnetic indices have been devised.
The most widely used of these are:

(i) The hemisphere K values Kn, Ks, Km which are based on data from the North or South
hemisphere separately and the combination of these.

P. N. Mayaud "Indices Kn, Ks, Km" Ed. du CNRS, Paris, (Institute de Physique de_
Globe, 9 Quai St-Bérnard, Tour 14, Paris Ve, France, monthly French). An example is
shown in Fig. 13.7.

(i1)  The.Equatorial Dst values, published annually by M. Sugiura and S. T. Cain, Goddard
Space Flight Center, Greenbelt, Md. 20771 U.S.A. (English, Annals of IGY 1964,
Pergamon Press 3519).

(iii) The Auroral Electrojet Index, AE (by Davis, T. N. and Sugiura, M, d. Geophysical
Res. 71, 785-801, 1966 and subsequent papers).

Kn, Ks, Km are similar to Kp but are better balanced (Kp is excessively weighted py northern
hemisphere data). Figq, 13.7.

Hourly equatorial Dst values provide an index of geomagnetic activity as a function of Universal
Time (UT). Large negative variations in Dst are produced by low-energy particles in the magneto-
sphere. Smaller variations are caused by changes in the solar-wind pressure exerted on the magneto-
spheric boundary. In addition, Dst may reflect variations in the magnetospheric tail current and
field-aligned currents in the magnetosphere. At each UT, the disturbance field is averaged over local
time (or Tongitude) so that Dst represents the constant term in a Fourier expansion in local time of
the disturbance field on the geomagnetic equator.

For AE, the positive or negative perturbations of the horizontal component of the geomagnetic
field are derived from magnetograms from a net of observatories in the auroral zone. The separation
at any given time T between the upper and lower envelopes (AU(T) and AL(T)) for the perturbations
provides a measure of the total maximum amplitude of the symmetric eastward and westward electrojet
currents flowing in the auroral zone ionosphere. Thus, the auroral electrojet index is defined as:

AE(T) = AU(T) - AL(T).

Asymmetries in the eastward and westward electrojet currents as well as the axially symmetric fields
from distant sources are reflected in the displacement of the midpoint of the AU(T) and AL(T) enve-

Topes. The index defined by:
AO(T) = (AW(T) + AL(T))/2

thus provides a measure of such current systems. Fig. 13.8 shows a computer graph of AE and A0 pro-
duced by P. Stanning (Ionospheric Lab., Technical University DK-2800, Lyngby, Denmark).
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AE AND AO INDEX 2.10.68
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Fig. 13.8 AE and AO graph, Northern Hemisphere for October 2, 1968
Also available in hourly tabular form. AE —, A0 o—o

13.6 Aurora

Aurorae are very impressive features of corpuscular perturbation and are often associated with
large magnetic and ionospheric perturbations. They give a good idea of the way conditions are vary-
ing in space. With practice, it is often possible to identify particular oblique traces on the jono-
gram with particular features in the aurora.

13.61. The systematic observation of aurorae has been a rather difficult task owing to the complexity
of the forms seen, until the panoramic aurora-recording "all-sky" camera was introduced for the IGY
1957/58. With this camera a picture of the whole sky can be obtained at one exposure, and film re-
cording is relatively easy when a color filter is used to select the Tight emitted by the aurora.

Of course, as in all optical observations from the ground, the possible observation times are Tlimited
by clouds and moontight.

13.62. When an observatory recording the aurora is not too far from the 1onospher1c station (say
within 100 km), aurora records should be compared either one by one with ionograms or as a sequence
with a suitable ionospheric parameter. Not only every F-region parameter may be interesting but also
the occurrence of night E (see foE tabulations), auroral Es and other Es types. Absorpt1on, too, is
a very important feature of these perturbations and fmin or the black-out incidence may give inter-
esting results. In general, correlations are markedly greater when aurorae are overhead at the sta-
tion.

13.63. While at higher Tatitudes it is important for intercomparison to have a complete picture of

a local aurora this is not so for low latitudes, where aurorae are very rare. Here the observation
of an aurora always demonstrates that for a short time at least the conditions of the auroral zone
existed locally: so Took especially for night E, auroral types of Es, for extra-absorption, oblique
traces or abnormal types of spread F. z-mode reflections may also occur under these conditions at
stations where they are never seen for normal conditions. It is difficult to obtain statistics of
aurora at low Tatitudes and therefore it is important to report such phenomena if seen by chance. In
many cases the main evidence for the existence of a low latitude aurora is the abnormal behavior of
the ionosphere.
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INDICES OF SOLAR ACTIVITY 13-13

13.7 Solar Phenomena and Indices of Solar Activity

13.71. Sunspot numbers: The Sun's activity is monitored by the "relative sunspot number" R intro-
duced by Wolf in 1849 at the Zirich Observatory (section 14.6). A long series of numbers has been
published (E. J. Chernosky and M. P. Hagan, J. Geophys. Research, 63, 775, 1958). The monthly mean
sunspot number is a fairly good measure of mean activity, but for investigations over several years
it is often better to use sliding means, usually made over 12 or 13 months. It should be noted that
the Wolf number is entirely empirical, being the number of isolated spots plus ten times the number
of groups of spots as seen by a standard Tow-power telescope. In particular, many spots and spot
groups are not associated with changes in either the photon or the particle emission from the Sun.
Thus the sunspot number can vary considerably on certain occasions without any comparable effects
being seen on Earth. On the average, particle emission is greatest near sunspots in the radial
direction so that spots looking roughly towards Earth are more prone to cause magnetic, auroral and
jonospheric disturbances than those nearer the edges of the Sun. For this reason magnetic activity
reaches a maximum two or three years after sunspot maximum, and also shows maxima at the equinoxes
when the spots are concentrated at more favorable Tatitudes as seen from Earth.

For many purposes the sunspot number R is not sufficiently accurate and is replaced by other
parameters which are more closely associated with the appropriate photon or corpuscular radiation
from the Sun. It is often convenient to express these on the same scale as the Wolf number. The
scale factors are found by studying Tong-period average values of both parameters and using the most
probable relation between them. Thus, in effect, the newer parameters identify corresponding epochs
in solar activity with greater accuracy than can be obtained using sunspot numbers.

13.72. Other indices: Typical parameters which have been widely used are:

(1) The intensity of solar radio noise as measured on decimeter wave-lengths, e.g. at 2800
MHz. This is sometimes called the 10 cm flux index or the Covington index, &. The
numerical value of © in units of 10722 W.m? Hz"! i5 ysed as a dimensionless character
figure.

(i1)  E-region character figures, Tike (foE)*. Ch (xy).

(111) 1IF2, a world index of foF2 at noon, obtained from a set of selected stations distributed
over both hemispheres at widely separated longitudes. This is a measure of the combined
effects of photo-ionizing radiation and the solar wind on the F region.

Empirical average relations have been established between monthly averages of R, ¢ and IF2 over
the sunspot cycle. Typical relations are:

il

(foE)* secy 1.55 & (1 - 0.00065 &) - 142 (Minnis and Bazzard 1959)

1]

? 0.38 (R - 8)1"17 + 49 (Eyfrig 1967)

6.92 (R - 10)1*8% for R<150  (Ramakrishnan 1971)

(IF2)2

IF2 was originally standardized to be equivalent to R on the assumption that R and foF2 were linearly
related. IF2 is smaller than R for high values of R (saturation effect in foF2 with R). Current
work suggests that the relations may show long term variations.

Alternative measures of solar activity are being considered by the International Radio Consulta-
tive Committee (C.C.I.R.) and there is considerable literature on the subject.

13.73. Solar rotation: Different parts of the Sun rotate at different rates so that the apparent
rate of rotation varfes with solar latitude, lying between one rotation in about 26 days and one ro-
tation in about 28 days. The mean rate of rotation is near 27 days so that a disturbed part of the
surface disappears within 14 days. Two different systems of identifying rotation numbers are used
by astronomers and geophysicists. The latter adopt the round number 27 for the period. This is more

Zraczicab]e fgr jonospheric purposes (see J. Bartels, Terrestrial Magnetism and Atmospheric Elec.,
44, 411, 1939).

13.74. Solar flares and proton events: A solar flare is one of the most marked astrophysical events
observable by optical means. It is characterized by a very high increase of solar (red) hydrogen
(Ho) radiation within a small area on the Sun's disk. Flares often produce highly increased absorp-
tion (SID) and a small increase of E-layer ionization. Some flares, the so-called type IV or proton
flares, are also associated with abnormal cosmic ray emission from the Sun and a special type of very

high Tatitude absorption called "polar cap absorption". The whole 2vent is now called a "proton event".
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F]gre patrols (see Chapter 14) are maintained by the astronomical observatories working on a
world-wide duty cycle, and world-wide communications networks collect data on the incidence of SIDs.

13.75. Solar flux: More detailed solar flux data in the extreme ultraviolet (“"Lyman alpha“ line
Lg» OF hydrogen), and in the very soft X-ray range are now currently available from the SOLRAD-
satellites, transmitting these data in real time telemetry. (Details and codes available on request
from U. S. Naval Research Laboratory, Washington, D. C., U.S.A.) (Hourly values and special events
are pubTished monthly in NOAA's "Solar-Geophysical Data" (see section 14.6).

13.76. Solar,sector structure: Another important detection of space research is concerned with the
variable directions of magnetic fields in the solar wind, repeating themselves for an observer on
Earth with the 27 days period of solar rotation. The different sectors, rather irregular in width,
have field directions towards or away from the Sun, alternatively. The sector structure is usually
almost unchanged during many months. Data about sector structure must be looked for in the scientific
literature as they are obtained only occasionally by highly eccentric satellites or space probes out-
side the magnetosphere (i.e. at distances beyond 60000 km). The famous figure by Wilcex and Ness*
describing the sector distribution for the years 1963-4 is shown in Figure 13.9.
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Fig. 13.9 Characteristic sector structure of interplanetary magnetic
field 1963-4.

* Wilcox, J. M. and N. F. Ness, J. Geophysical Res., 70, 5793, 1965.

304




NOTES 13-15

305




13-16 NOTES

306




14 REFERENCE MATERIAL AND FACILITIES 14.1
14.0 General

The following books and sources of data may be useful at jonospheric stations. The language and

year of publication of the Tast edition are indicated in parentheses.

(a)

(b)

{c)

14.1 Special Manuals

Annals of the International Geophysical Year (IGY Instruction Manuals):

Vol. I, Geophysical Measurements

Vol. 1III, Part I: Tonospheric Vertical Soundings
Part II:  The Measurement of Ionospheric Absorption
Part III: The Measurement of Ionospheric Drifts
Part IV:  Miscellaneous Radio Measurements

Vol. IV, Part II: Aurora and Airglow
Part IV and V: Geomagnetism
Part VII: Cosmic Rays

Parts II, III, IV of Vol. III and Parts IV, V, VII of Vol. IV are bound together in the pub-
lished volumes. A1l published by Pergamon Press (London, New York, Paris) (English 1957-60).

Annals of the International Quiet Sun Years (seven volumes).

The instruction manuals for the IQSY have been published in Vol. I of Annals of the IQSY.
General Editor A. C. Stickland, MIT Press, Cambridge, Mass. U.S.A. (English with some French

1 1968-70)." Vol. I. Geophysical Measurements, Ed. C. M. Minnis, 1968.

New manual series of the URSI Commission IIT (started by URSI/STP Committee).

These are being published in the same way as this edition of the URSI Handbook, and will appear
as UAG Reports from World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, Colorado
80302, U.S.A. (English 1971 - continuing).

URSI Handbook of Ionogram Interpretation and Reduction {(edited by W. R. Piggott and
K. Rawer). (First Edition English 1961. Second Edition 1972 (this volume) English,
French, Spanish, Russian).

Manual on Absorption (Ed. K. Rawer) to be published in this series by WDC-A.

Manual on Drifts.

International :Manuals:

Atlas of Ionograms (Ed. A. H. Shapley) Report UAG-10 (English 1970).

Guide for International Exchange of Data in Solar-Terrestrial Physics, STP Notes No. 6

(Special issue), IUCSTP Secretariat, National Academy of Sciences, Washington. D. C., U.S.A.

(English Oct. 1969).

Current Information:

(1) URSI Information Bulletin: Changes in the instructions and rules for ionospheric
soundings will be published in the URSI Information Bulletin, Brussels, which is
distributed through the National URSI Committees. This material is also reproduced
in the INAG Bulletin.

(i1) INAG Bulletin: The Ionospheric Network Advisory Group, INAG, issues this Bulletin
quarterly which is sent to all known ionospheric stations and to other interested
people. All changes in rules are circulated in this together with articles from
stations and individuals, from the WDCs and discussion of probTems in ionospheric
monitoring. If you have difficulty in understanding any part of this book, write
to the INAG Bulletin, World Data Center A for Solar-Terrestrial Physics, NOAA,
Boulder, Colorado, 80302, U.S.A.

(iii) STP Notes: Proposals and Recommendations for special International Collaboration
are published in STP Notes (irregular; annually or more frequently as required).
IUCSTP_Secretariat, National Academy of Sciences, Washington, D. C. or WDC-A for
Solar-Terrestrial Physics, NOAA, Bouider, Colorado 803UZ, U.S.A.
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{f) Current information on Solar and Terrestrial conditions are published monthly in Solar-Geophysi-
cal Data issued by NOAA, Boulder, Colorado 80302, U.S.A.

(g) Tables of atmospheric constants from 30 km to 800 km are edited by COSPAR and published as
The COSPAR International Reference Atmosphere, CIRA, North Holland Publ. Co., Amsterdam;
(EngTish First edition 1961; Second edition 1965; Third edition expected 1972).

(h) International Reference Ionosphere. Height variations of electron density, electron tempera~
ture and ion composition are being prepared by URSI and COSPAR for selected locations (mainly
incoherent scatter stations). A preliminary edition is expected to be available in 1972.

14.2 Upper Atmosphere and the Ionosphere and Associated Subjects

14.21. Upper atmosphere and the jonosphere:

(a) Popular surveys

BENNINGTON, T. W. 1950 Short Wave Radio and the Ionosphere, I1iffe and
EngTlish Sons, London.

BOYD, R. L. F. and 1958 The Upper Atmosphere, Hutchinson, London.

H. S. W. MASSEY English

DUMONT, R. 1958 L'Ionosphere et L'Optique Geometrique des Ondes
French Courtes, Dunod, Paris.

RATCLIFFE, J. A. 1970 Sun, Earth and Radio, Weidenfeld (Publishers) Ltd.,
English London.
1970 Sonne, Erde, Radio - die Erforschung der Ionosphére
German Kindler, Munchen.

(b) General treatises

ALPERT, J. L., 1953 Rasprostranenie Radiovoln (Propagation of Radio

V. L. GINZURG and Russian Waves).

E. L. FEINBERG

DE WITT, C., 1963 Geophysics. The Earth's Environment (Lectures at

J. HIEBLOT and English Les Houches, Summer School of Theoretical Physics,

A. LEBEAU (eds.) Univ. of Grenoble 1962). New York: Gordon &
Breach.

GALKIN, A. I., 1971 Ionosfernye Izmerenija (Ionospheric Measurements)

N. M. EROFEEN, Russian Izdatel'stvo, Nauka, Moscow

V. D. KQKOUROY

HBOSTIKOV, I. A., 1963 Fizika Ozonosfery i'lonosfery (Physics of the
Russian Ozonosphere and Ionosphere), Izdatel'stvo Nauka,
Moscow.
HINES, C. 0., 1965 Physics of the Earth's Upper Atmosphere, Prentice-
I PAGHIS, English i Hall, Englewood Cliffs, New Jersey, U.S.A.

T. R. HARTZ and
J. A. FEYER (eds.)

KUIPER, G. P. 1954 The Earth as a Planet, Chicago University Press,
English Chicago.

MITRA, S. K 1947 The Upper Atmosphere, Royal Society of Bengal,
English Calcutta.

ODISHAW, H. (ed.) 1964 Research in Geophysics, Vol. 1: Sun, Upper
English Atmosphere and Space, Cambridge, Mass.: MIT

Press.

RATCLIFFE, J. A. 1960 The Physics of the Upper Atmosphere, Academic

English Press, London.
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RAWER, K. 1953 Die Ionosphdre, P. Noordhoff N.V., Groningen.
German
1956 The Ionosphere, F. Ungar Co., New York.
EngTish

RAWER, K. and 1967 Radio observations of the Ionosphere, Encyclo-

V. SUCHY English pedia of Physics 4912, 1-546, Springer Verlag

Heidelberg.

RISHBETH, H. and 1969 Introduction to Ionospheric Physics, Academic

0. K. GARRIOTT English Press, New York and London.

VALLEY, S. L. (ed.) 1965 Handbook of Geophysics and Space Environment,
English New York, McGraw-Hill 1965. (In particular

Chapt. 18 through 22). First edition (unsigned)
Handbook of Geophysics, New York; Macmillan 1960.

Particular fields of ionospheric physics

BEYNON, W. J. G. and 1956 Solar Eclipses and the Ionosphere, Pergamon
G. M. BROWN English Press, London, New York, Paris.
1960 Later additions to the Eclipse Bibliography can
English be obtained from the Director, Radio Research
Station, Slough, SL3 9JX, England
BOWHILL, S. A. and 1961 The Distribution of Electrons in the Ionosphere,
E. R. SCHMERLING English Adv. Electronics and Electron Physics 15, 265-326.
DE MENDONCA, F. (ed.) 1965 Proceedings of the Second International Symposium
English on Equatorial Aeronomy, Conselhoc Nac. Pesquisas,
Sao Paulo.
FRIHAGEN, J. (ed.) 1966 Electron Density Profiles in Ionosphere and
EngTish Exosphere, North-Holland Publ. Co., Amsterdam.
HELLIWELL, R. A. 1965 Whistlers and Related Ionospheric Phenomena,
English Stanford University Press, Stanford.
LANDMARK, B. (ed.) 1963 Advances 1in‘Upper Atmosphere Research, Pergamon
English Press, London.
MAEHLUM, B. (ed.) 1962 Electron Density Profiles in the Ionosphere and
English Exosphere, Pergamon Press, London.
RAWER, K. (ed.) 1967 Wind and Turbulence in Stratosphere, Mesosphere
English and Ionosphere, North-Holland Publ. Co., Amsterdam.
SMITH, E. K. and 1962 Tonospheric Sporadic E, Pergamon Press, London.
S. MATSUSHITA (eds) English
STICKLAND, A. C. (ed.) 1963 Proceedings International Conference on the
English Ionosphere. (London 1962); The Institute of
Physics and the Physical Soc1ety, London,
THRANE, E. (ed.) 1964 Electron Density Distribution in Ionosphere and
EngTish Exosphere. (Proc. NATO Advanced Study Inst.,
Skeikampen 1963), North-Holland Publ. Co.,
Ams terdam.
WHITTEN, R. C. and 1965 Physics of the Lower Ionosphere, Prentice Hall,
I. G. POPPOF English Englewood C1iffs, N. J.
WILKES, M. V. 1949 Oscillations of the Earth's Atmosphere, Cambridge
English University Press, Cambridge.
Radio Wave Absorption 1962 J. Atmosph. Terr. Phys. 23, 1-379.
in the Ionosphere English
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(d)

{e)

Scatter Issue

Special Issue on Topside

Soundings

Radio waves in plasma
ALLIS, W. P.,

S. J. BUCHSBAUM and
A. BERS

BRANDSTATTER, J. J.
BUDDEN, K. G.
DENISSE, J. F. and

J. L. DELCROIX

GINZBURG, V. L. and
A. V. GUREVIC

GINZBURG, V. L.

JANCEL, R. and
TH. KAHAN

RATCLIFFE, J. A.

STIX, T. H.

REFERENCE MATERIAL

1960
English

1969
English

1963
EngTish

1963
English

1961
English

1961
French

1963
English

1960
German

1960
English

1960
Russian

1961

1962
1964
EngTlish

1963
French

1959
English

1962
English

Proc. Inst. Radio Engrs., N. Y. 48, 4-44

Proc. I.E.E.E., 57, p 859-1116, June 1969,
T.E.E.E., New York. (See also section 5.76).

Waves in Anisotropic Plasmas, MIT Press,
Cambridge, Mass.

An Introduction to Waves, Rays and Radiation
in Plasma Media, McGraw-Hill, New York.

Radio Waves in the Ionosphere, Cambridge
University Press, Cambridge, Mass.

Théorie des Ondes dans les Plasmas, Dunod, Paris.

Plasma Waves (English translation), Interscience,
New York.

Nicht-1lineare Erscheinungen in einem Plasma,
das sich in einem verdnderlichen elektromag-
netischen Feld befindet. Fortschr. Phys. 8,
97-189 and Uspehi Fiz. Nauk 70, 201-246, 393-428.

Soviet Phys. Usp. 3, 115-146, 175-194.

Rasprostrahenie Elektromagnitnih Voln v Plazme.
Moskva: State Publ. House for physico-mathe-
matical literature.

Propagation of Electraomagnetic Waves in Plasma,
North-Holland Publ. Co., Amsterdam.

Gordon & Breach, New York.

Pergamon Press,/ Oxford

Electrodynamique des Plasmas, Dunod, Paris.

The Magneto-ionic Theory and its Applications
to the Ionosphere, Cambridge University Press,
Cambridge.

The Theory of Plasma Waves, McGraw-Hill, New York.

Practical wave propagation and ionospheric predictions

AGY, V. (ed.)

BLACKBAND, W. T.

BLACKBAND, W. T. (ed.)

BUDDEN, K. G.

1970
English

1970
English

1964
English

1961
English

Tonospheric Forecasting, C.F.5.T.I., Springfield,
Virginia 22151, U.S.A.

Advanced Navigational Techniques Technivision
Services, Slough.

Propagation of Radio Waves at Freguencies below
300 kc/s., Pergamon Press, London.

The Waveguide Mode Theory of Wave Propagation
(Theoretical), Logos/Academic Press, London,
New York.




DAVIES, K.

GASSMANN, G. J. (ed.)
ECKART, G. and

K. RAWER

GERSON, N. C.

JONES, T. B. (ed.)

KELSO, J. M.
NEWMAN, P.
SMITH, E. K. and

S. MATSUSHITA (eds.)
WAIT, J. R.

Comite Consultative
International des
Radiocommunications
New Delhi 1970

Convention on H.F.

Communication I.E.E.
Tondon.

MF, LF and VLF Radio
Propagation
Predictions of radio

communication con-
ditions
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1965
English

1969
English

1963
English

1956
Tst ed.
1968
2nd ed.
German

1962
English

1969
English

1964
English

1966
EngTish

1962
English

1962
English

1970
English
French
Spanish

1963
English

1967
English

1970
English
French
Spanish

Ionospheric Radio Propagation, National Bureau of
Standards, Monograph 80, U. S. Government Print-
ing Office, Washington, D. C. 20402 - {Second
Printing November 1965).

Ionospheric Radio Waves, Blaisdell Publishing
Company, Waltham, Mass.

The Effects of Disturbances of Solar Origin on
Communications, Pergamon Press, London.

in Taschenbuck der Hochfrequenztechnik, section
"Ausbreitung”, H. MEINKE and F. W. GUNDLACH (eds.),
Springer Verlag, Berlin.

Radio Wave Absorption in the Ionosphere |

Pergamon Press, London,

ObTigue Ionospheric Radio Wave Propagation at
Frequencies Near the Lowest Usable High Fre-
quency, Technivision Services, Slough, Engiand.

Radio Ray Propagation in the Ionosphere, Mcgraw-
Hi11, New York.

Spread F and its Effects upon Radio-wave Propaga-
tion and Communications, Mackay and Co., London.

Tonospheric Sporadic E, Pergamon Press, London
(some papers only).

Electromagnetic Waves in Stratified Media,
Pergamon Press, London

C.C.I.R. Reports Nos. 252-2 (Field Strength),
340-1 (M.U.F.) {updated roughly every three
years, with change in final figure -1 becomes -2).

I.E.E. London, England.

I.E.E. Conference Publication No. 36,
I.E.E. London, England.

Collected and published by the CCIR,

New Delhi (International Telecommunication

Union, Geneva, Switzerland) for use at its
International Frequency Regulationh Board (I.F.R.B).
The following two reports have been issued by
International Working Party VI/1 and by Inter-
national Working Party VI/3, respectively:

(i) Report 252-2 C.C.I.R. interim method for
estimating sky-wave field strength and trans-
mission loss at frequencies between the
approximate limits of 2 and 30 MHz.

(ii) Report 340-1 C.C.I.R. Atlas of Ionospheric
Characteristics. This report contains a set
of maps of foF2 and M{3000)F2 which are de-
rived from a computer program based on the
GALLET-JONES method for interpolating: from
the observed monthly median ionospheric data.
The program is available from the Institute
for Telecommunication Sciences, Boulder,
Colorado 80302, U.S.A., or from the C.C.I.R.
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14.22.

Bibliographies of papers

MANNING, L. A.

Progress  in Radio
Science

URSI Information
Bulletins

Associated subjects:

(a)} Popular surveys

ABETTI, 6.

CHAPMAN, S.

ELLISON, M. A.
IVANOV-HOLODYJ, G. S.and
G. M. NIKOL'SKIJ
KIEPENHEUER, K. 0.
NEWTON, H. W.

WALDMEIER, M.

General treatises
AKASOFU, S.-1.
BRUHAT, G. and
L. D'AZAMBUJA

CHAPMAN, S. and
J. BARTELS

DAUVILLIER, A.

HARANG, L.

KUIPER, G. P. (ed.)

MACKLIN, R. d., Jr., and
M. NEUGEBAUER

MC CORMAC, B. M. (ed.)

REFERENCE MATERIAL

1962
EngTlish

Up to 1972
English
French

Up to date
English
French

1956
English

1936
English

1959
English

1969
Russian

1957
German

1958
English

1945
German

1968
English

1951
French

1951
English

1962
French

1951
English

1960
German

1953
English

1966
English

1970
English

Bibliography of the Ionosphere, Stanford Univ.
Press, Stanford, California.

These contain reviews of research and Proceedings
of URSI General Assemblies. The future of this
publication is uncertain.

Brussels (See also sections 14.4 and 14.5).

The Sun, Faber and Faber, London.
The Earth's Magnetism, Methuen Monograph, London.

The Sun and its Influences, Routledge and Kegan
Paul, London.

Solnce i Ionosfere (Sun and Ionosphere), lzdatel'-
stvo, Nauka, Moscow.
Die Sonne, Springer Verlag, Berlin.

The Face of the Sun, Penguin Books A422, London.

Sonne und Erde, Blichergilde Gutenberg, Zurich.

Polar and Magnetospheric Substorms,
Springer Verlag, New York

Le Soleil, Presses Universitaires, Paris.
Geomagnetism, Vols. I and 1I, Clarendon Press,
Oxford.

Physique Solaire et GEophysique, Masson et Cie,
Paris.

The Aurora, Chapman and Hall, London.

Das Polarlicht, Akad Verlagsges, 1 Leipzig.

The Sun, University Press, Chicago.

The Solar Wind, Pergamon Press, London.

Particles and Fields in the Magnetosphere,
Reidel & Co., Dordrecht, Holland.
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14.31.

14.32.

UPPER ATMOSPHERE AND IONOSPHERE 14.7

MAEHLUM, B. (ed.) 1965 High Latitude Particles and the Ionosphere,
English Logos Press/Academic Press, London.
MATSUSHITA, S. and 1967 Physics of Geomagnetic Phenomena, Vols. 1 and 2,
WALLACE H. CAMPBELL English Academic Press, New York and London.
STORMER, K. 1955 The Polar Aurora, Clarendon Press, Oxford.
English
Reviews
Aeronomy Conference University of I11inois, Urbana, I]]1no1s, U.S.A.
Reports English International meet1ngs are held in most years
and these Reports give a good view of current
research.
STP Notes 1969 Inter-Union Commission on
English Solar-Terrestrial Physics

Issued by: IUCSTP Secretariat,
c/o National Academy of Sciences
2101 Constitution Ave., N.W.
Washington, D.C. 20418 (USA)

Reviews of Plasma 1963 Voprozy Teorii Plazmy, publisned by Gosatomizdat,
Physics (issued Russian Moscow. Later vols., Atomizdat, Moscow.
earl] 1965 Consultants Bureau, New York, London, Vol. 1.
LEONTOVICH, M. A. (ed.) English
Space Research 1960 This is published yearly and contains the Proceed-
English ings of the COSPAR Space Sciences Symposia, Vol. 1.
1960-65 Published by North Holland Publ. Co., Amsterdam,
English Vols. 1 - V.
1967-69 Spartan Books, New York, Vols. VI - IX.
English
1970-71 Akademie - VYerlag, Berlin, Vols. X - XI.
English
Solar Terrestrial 1969 Annals of IQSY Vol. 4. MIT Press, Cambridge,
Physics, Solar English Mass., U.S.A.
Aspects

STICKLAND, A. C.
(General ed.)

Solar Terrestrial 1969 Annals of IQSY Vol. 5. MIT Press, Cambridge,
Physics, Terrestrial English Mass., U.S.A.
Aspects

STICKLAND, A. C.
(General ed.)

Triannual Review of (Reports to URSI General Assemblies).
Radio Science English Edited by the URSI Secretary General, C. M. Minnis.
MINNIS, C. M. (ed.)

3 Geographical Position of Stations, Solar Zenith Angle and Terrestrial Coordinates

URSI Ionospheric 1958 URSI Publications, Brussels. Sections I,.II and
Stations Manual English IV - Station 11sts, Section III - Cosine of zenith
HERBAYS, E., French ahgle; Sect1on V' - Tables of “Chapman Function";
W. J. G. BEYNON and Supplement issued, 1964.

G. M. BROWN (eds.)

Terrestrial coordinates

(a) Geographical coordinates refer to the Earth's rotation axis: geographical latitude
¢ and geographical Tongitude X (zero longitude at Greenwich) are given in all maps.

(b) Geomagnet1c coordinates are obtained by a rotation of the ¢, A system from the rota-
tion axis to the axis of an average magnetic dipole field: geomagnet1c latitude @
and geomagnet1c longitude A refer to the conventjonal dipole axis ¢ = 78.5° N
=69.1° . (See Fig. 14.1)
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ROUTINE DATA 14.11

(c) Magnetic inclination (or dip) ¥ is one of the magnetic components, viz., the angle
between the magnetic vector and the horizontal plane. For most ionospheric investiga-
tions the dip is the appropriate magnetic element. A1l components of the magnetic
vector (at the surface of the earth) can be found in a set of maps (No. 1700 to 1703)
8th Edition, 1966, published by the U. S. Naval Oceanographic Office, Washington,

D. C., U.S.A. The components have a secular variation which can also be found in
these maps. An example of a dip map is shown in Fig. 14.2.

(d) Magnetic latitude ¥ is a coordinate which is obtained from the dip by
tan v = % tan ¢

The isoclines (y = const.) are the coordinate Tines in the ¥ system. Contrary to
the @, A system they are not circles, but they would be if the magnetic fie]d was a
dipole field. ¥ (1ike y) is a very useful parameter for ionospheric investigations.

(e) The field B of a magnetic dipole is often used as a (Tocal or global) approximation
to the true field of the Earth. It is described by the equation

B = B, <RE>3 (1 + 3sin? o)z

r
where r is the radius from the center of the Earth and Rp the radius of the Earth.

(f) The McIllwain parameter, L, identifies particular field lines, or shells of field
Tines, of the actual magnetic field by indicating the radial distance of their peak
height from the center of the Earth, fmax- L 1s defined as the ratio rpax/Rg where
Rp is the radius of the Earth.

"max
Re

L =

This parameter is particularly valuable for studying interactions between the iono-
sphere and magnetosphere. The form of the map varies with height, the map for an
altitude of 400 km is often most convenient for studies of F region phenomena and

the topside ionosphere, Figure 14.3. B and L are now often used as pairs of magnetic
coordinates in the magnetosphere. L is sometimes expressed in equivalent Tatitude
form. This is known as the Invariant Latitude.

(g) It is sometimes convenient to denote the Earth's magnetic field as a spherical harmonic
expansion of the observed field. Since the axis of the Earth's magnetism makes both
an appreciable angle with the axis of rotation and is displaced from the center of
the Earth by several hundred km, a large number of terms are needed to describe it
correctly in centered geographic coordinates. The expansion must be used in a com-
puter and solves a wide range of field geometry problems. At present the standard
model is that due to Roederer, J. G., W. N. Hess and E. C. Stassinopouios, NASA
Report X642-65-182, Goddard Space Flight Center, Greenbelt, Md. U.S.A. (1965, English)
(See Figure 14.3).

Note: Much confusion can be caused by the improper use of the names Geomagnetic and
Magnetic. The definitions given above are agreed internationally and should be h
strictly observed.

14.4 Routine Ionospheric Data

14.41. MWorld Data Centers (WDC)

WDC-A for Solar-Terrestrial Physics, National Oceanic and Atmospheric Administration,
Boulder, Colorado 80302, U.S.A.

WDC-B2 on Solar-Terrestrial Physics, Ulitza Molodezhnaya 3, Moscow B-296, U.S.S.R.
Dr. V. P. Golovkov, Director.

WDC-C1, Radio and Space Research Station, Ditton Park, Slough, SL3 9JX, England.

WDC-C2, Radio Research Laboratories, 2-1 Nukyi-Kitamachi 4~chome, Koganei-shi,
Tokyo 184, Japan
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14.42. Monthly median values from all cooperating stations are available in Ionospheric Data compiled
by National Geophysical and Solar-Terrestrial Data Center, Environmental Data Service, Boulder,
Colorado 80302, U.S.A. Issued monthly (English).

Issues 135 through 256 as CRPL-F Part A
257 through 316 as CRPL-FA
316 onwards as FA

14.43. Many stations prepare booklets of data which are available on an exchange fasis. The data
currently available are Tisted in the catalogs of the WDCs, obtainable from them. The catalog

of WDC-A also contains much information of general value. A1l median data and detailed data from
some stations exist in punched card or tape forms. Details can be obtained from the WDCs.

14.44. STICKLAND, A. C. (General ed.), Survey of IQSY Observations and Bibliography. Annals of
IQSY, Vol. 7, gives sources and use of data in IQSY (1970, English), MIT Press, Cambridge, Mass.,
U.S.A.

14.5 Special Events

14.51. In recent years data from a wide range of disciplines has been collected periodically and
published so as to facilitate study of particular events. This will continue in the future. In
addition, an Abbreviated Geophysical Calendar Record is prepared monthly which gives the main fea-
tures of each day. This is published in Solar-Geophysical Data in the seventh month after the
month involved (issued by National Geophysical and Solar-Terrestrial Data Center, NOAA, Boulder,
Colorado 80302, U.S.A., English) and at wider interval in STP Notes.

14.52. LINCOLN, J. V., Solar and Geophysical Events 1960-65 (Calendar Record). Annals of IQSY,
Vol. 2, MIT Press, Cambridge, Mass., U.S.A. (1968, English).

14.53. STICKLAND, A. C. (General edi.), The Proton Flare Project. Annals of IQSY, Vol. 3, MIT
Press, Cambridge, Mass., U.S.A. (1968, English).

14.54. Material needed for the study of particular events is published as Upper Atmosphere Geo-
physics Reports (UAG) by WDC-A for Solar-Terrestrial Physics, NOAA, Boulder, Colorado 80302.
U.STA. (English, about 3 issues per year on average). A list of these to date is:

Upper Atmosphere Geophysics Report UAG-5, “Data on Solar Event of May 23, 1967 and its Geophysi-

cal Effects" compiled by J. Virginia Lincoln, World Data Center A, Upper Atmosphere Geophysics
ESSA, February 1969, single copy price 65 cents. PP P i ’

Upper Atmosphere Geophysics Report UAG-8, "Data on Solar Geophysical Activity October 24-November
6, 1968", Parts 1 and 2, compiled by J. Virginia Lincoln, World Data Center A, Upper Atmosphere
Geophysics, ESSA, March 1970, single copy price (includes Parts 1 and 2) $1.75.

Upper Atmosphere Geophysics Report UAG-9, "Data on Cosmic Ray Event of November 18, 1968 and
Associated Phenomena", compiled by J. Virginia Lincoln, World Data Center A, Upper Atmosphere
Geophysics, ESSA, April 1970, single copy price 55 cents.

Upper Atmosphere Geophysics Report UAG-12, "Solar-Geophysical Activity Associated with the Major
Geomagnetic Storm of March 8, 1970", Parts 1, 2 and 3, compiled by J. Virginia Lincoln and Dale
B. Bucknam, World Data Center A, Upper Atmosphere Geophysics, NOAA, April 1971, single copy
price {includes Parts 1-3) $3.00.

Upper Atmosphere Geophysics Report UAG-13, "Data on the Solar Proton Event of November 2, 1969
through the Geomagnetic Storm of November 8-10, 1969", compiled by Dale B. Bucknam and J.
Virginia Lincoln, World Data Center A, Upper Atmosphere Geophysics, NOAA, May 1971, single
copy price 50 cents.

Upper Atmosphere Geophysics Report UAG-21, "Preliminary Computation of Data for Retrospec@ive
World Interval July 26 - August 14, 1972", compiled by J. Virginia Lincoln and Hope I. Leighton,
World Data Center A for Solar-Terrestrial Physics, NOAA, November 1972.

Upper Atmosphere Geophysics Report UAG-24, "Data on Solar-Geophysical Activity Associated with
the Major Ground Level Cosmic Ray Events of 24 January and 1 September, 1971", compiled by

Helen E. Coffey and J. Virginia Lincoln, World Data Center A for Solar-Terrestrial Physics, NOAA,
December, 1972.
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14.6 General Solar and Lunar Data and Solar Activity

14.61. General
(a) Current data
(1) World Data Centers (see section 14.8),
ii - i ; ; .
(11) go1ar Geophys1ca{ Data, issued monthly from National Geophysical and Solar-Terrestrial
ata Center, Environmental Data Service, NOAA, Boulder Colorado 80302, U.S.A
(formerly these bulletins were known as CRPL-F Bu]]etiﬁ Part B, i by
National Bureau of Standards). > rart B, issued by
(b) Tables
FANSELAU, G. and J. BARTELS, Geophysikalische Mondtafeln (1938, German), gives tables
of times differences between solar and Tunar noon.
NAUTICAL ALMANAC, H.M. Stationary Office, London (yearly, English).
URSI Ionospheric Stations Manual, URSI Publications, Brussels (1958, English, French),
Section VI, Lunar Phase; Section VII, Rotation Number of Solar Rotations.
14.62. Indices of solar activity:

(a) Sunspot numbers, radio flux, and other solar activity indices as published monthly in
“Solar-Geophysical Data", National Oceanic and Atmospheric Administration (NOAA), Boulder
Colorado 80302, U.S.A.

(b) Flares (and flare-effects) are reported in "Solar-Geophysical Data" issued monthly through
NOAA, Boulder, Colorado 80302, U.S.A.

(c) Solar radio noise maps are issued by Observatoire de Meudon, 92, France for Nangay, by
University of Sydney, Sydney, Australia for Fleurs, and by Radio Astronomy Institute,
Stanford University, Stanford, California, U.S.A. These are published in "Solar-Geophysi-
cal Data".

(d) The Union Internationale des Telecommunications (U.I.T.) publishes monthly in its Bulletin
observed and predicted (up to six months in advance) Ziirich Sunspot numbers, R, Covington
Index (10 cm solar radio flux) and Minnis-Bazzard IF2”index.

14.7 Magnetic Data and Indices of Magnetic Activity
14.71. Data:
(a) World Data Centers (WDCs) (see section 14.82).
(b) "Solar-Geophysical Data" compiled by National Geophysical and Solar-Terrestrial Data Center,

Environmental Data Service, NOAA, Boulder, Colorado 80302, U.S.A, (issued monthly, English).

Part 1, Prompt Reports (two previous months), Part II, Comprehensive Reports (usually six
or more months later). Descriptive Texts issued annually, usually in February.

14.72. Tables and regular publications:

(a)

(b)

Current monthly and half monthly tables and graphs of Kp, Institut flir Geophysik, Postfach
876, 34 Gottingen (Germany).

IAGA Bulletin No. 12 (yearly, post mortem) containing K {many observatories), Ci, Kp, Tists
of rapid variations and special effects, lists of storms and very quiet intervals. Last
volume in this series No. 12X1 for 1969, superseded by IAGA Bulletin No. 32 (yearly post
mortem) containing the international quiet and disturbed days, Ci, Kp, ap, Ap, Cp, Dst and
Kn, Ks and Km (hourly values of AE will probably be included in future issues). A number of
interesting time-intervals each year (mostly magnetic storms) will be given, including a
series of magnetograms from selected stations.

IAGA preliminary quarterly report containing pulsation data only and preliminary monthly
report containing Ci, the international quiet and disturbed days, preliminary data on ssc,
si, sfe, pg and bays; distributed by Kon. Ned. Meteor. Inst., De Bilt, The Netherlands.
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(d) Kp, Ap, Cp are published in J. Geophys. Research, monthly.

(e} Q-Indices, see J. BARTELS, Annals of the IGY, Vol. IV, pp 220; see also J. BARTELS and
N. FUKUSHIMA, Abhandl, Akad. Wiss. Gdttingen, Math. physik, Kl., Sonderheft, 1956, No. 3.

14.8 The World Data Center System and Addresses

14.81. MWorld data center systems: At present the World Data Centers (WDCs) are coordinated under

the auspices of the ICSU Committee on Solar-Terrestrial Physics. They were originally set up

as part of the International data exchange arrangements for the International Geophysical Year (IGY).
Guides for interchange are issued as required as special issues of STP Notes. Data can be obtained
from any of these, usually free to stations contributing to the world data collection, though a
charge may be made where appropriate; e.g., if large amounts of data have to be copied.

14.82. Addresses of STP WDCs:

World Data Center A:

Boulder

Greenbelt

World Data Center B:

Moscow

Ondrejov

WDC-A is established in the United States under the auspices of the National
Academy of Sciences. Communications regarding data interchange matters in
general and World Data Center A as a whole should be addressed to World Data
Center A, Coordination Office, National Academy of Sciences, 2101 Constitution
Avenue, N.W., Washington, D. C., U.S.A. 20418. WDC-A has eight subcenters for
the various disciplines or groups of disciplines. Only the ones relevant to
data exchange in solar-terrestrial physics are indicated here. There are very
close connections between these subcenters; if it is more convenient, data may
be sent to one subcenter through another one. These are all comprehensive
centers.

World Data Center A

for Solar-Terrestrial Physics

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302, U.S.A.

World Data Center A

Rockets and Satellites, Code 601

NASA, Goddard Space Flight Center
Greenbelt, Maryland 20771, U.S.A.

WDC-B is established in the Union of Soviet Socialist Republics under the
auspices of the Akademia Nauk. It consists of two subcenters: Bl for meteoro-
logical, oceanographic and solid earth disciplines, and B2 for solar-terres-
trial physics discipiines. 1In addition, there are some specialized centers
which emphasize special analyses. Only the relevant centers are Tisted.

World Data Center B2
Solar-Terrestrial Physics
Ulitza Molodezhnaya 3

Moscow B-296, U.S.S.R.

(Dr. V. P. Golovkov, Director)

World Data Center B for SID
Observator
Ondrejov-u~Prahy, Czechoslovakia

World Data Centers C and ICSU Permanent Services; WDC-C consists of several discipline centers in

ziivich *
(sunspot
numbers)

several nations. Some specialize in systematic analysis or data compilations,
identified by "+" in the table. In addition, some of the ICSU Permanent Services
are included in this description of the international data exchange arrange-
ments; they perform stated services in rapid data exchange or data analysis or
compilation under the auspices of URSI, IAU or IAGA.

World Data Center C1
Prof. Dr. M. Waldmeier
Eidgendssische Sternwarte
Schmelzbergstrasse 25
8006 Ziirich, Switzerland
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Freiburg *
(Ha)

Rome *
(Ho)

Meudon *
(Hat)

(Ca plages)
(Flares)

Arcetri *
(Ca plages)

Pic-du-Midi
(Corona)

Utrecht
(Radio flux
from sun)

Munich *
(Comet
Tails)

Slough
(Ionosphere
and Space)

Umed
(Cosmic
Rays)

Charlottenlund
(Geomagnetic)

Hailsham
(Geomagnetic)
Kiruna

(Aurora)

Paris
(Airglow)

WORLD DATA SYSTEM

World Data Center C1
Schineckstrasse 6

Fraunhofer Institut

D78 Freiburg im Breisgau Baden
Federal Republic of Germany

World Data Center C1

Prof. M. Cimino

Osservatorio Astronomico di Roma
Via del Parco Mellini 84

I 00136 Roma, Italia

World Data Center C1
Observatoire de Meudon
F 92 Meudon, France

World Data Center C1
Osservatorio Astrofisico
Via San Leonardo 75
Arcetri-Firenze, Italia

World Data Center C1
Observatoire du Pic-du-Midi
Service de la Couronne

65 Bagneres-de-Bigorre, France

World Data Center C1
Sterrewacht Sonnenborgh
Servaasbolwerk 13
Utrecht, Netherlands

World Data Center Cl

Max~-Planck-Insitut fiir Astrophysik
Fohringer Ring 6

D8 Miinchen 23, Federal Republic of Germany

World Data Center C1

Radio and Space Research Station
Ditton Park

STough, SL3 9JX, England

World Data Center C1 for Cosmic Ravs
Department of Physics

University of Umed

90187 Umed, Sweden

World Data Center C1

Meteorological Institute

Charlottenlund, Denmark

World Digital Data Center C1 for Geomagnetism
Institute of Geological Sciences

Geomagnetism Unit

Herstmonceux Castle, Hailsham

Sussex, England

World Data Center Cl
Kiruna Geophysical Observatory
Kiruna C, Sweden

World Data Center Cl
Institut d'Astrophysique
98 bis Boulevard Arago
F75 Paris 14 E, France
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World Data Centers C2 (Other)

Toyokawa World Data Center C2
(Radio Flux Research Institute of the Atmosphere
from sun) Nagoya University
Toyokawa, Aichi, Japan
Tokyo World Data Center C2 for Ionosphere
(Tonosphere) Radio Research Laboratories

Ministry of Posts and Telecommunications
2-1, Nukui-Kitamachi 4-chome

Koganei-shi

Tokyo 184, Japan

Itabashi World Data Center (2
(Cosmic Cosmic Ray Laboratory
Rays) Institute of Physical and Chemical Research

Itabashi, Tokyo, Japan

Kyoto World Data Center C2 for Geomagnetism
(Geomagnetism)  Kyoto University Library
Kyoto, Japan

Ahmedabad

(Geomagnetism)  World Digital Data Center C2 for Geomagnetism
Physical Research Laboratory
Navranopura, Ahmedabad-9, India

Mi taka World Data Center C2 for Airglow
(Airglow) Tokyo Astronomical Observatory
Mitaka, Tokyo, Japan

14.9 Permanent Services

14.91. International Ursigram and World Days Service (IUWDS): The IUWDS is responsible for short-
term interchange of specially arranged data, mainly by Telex or radio methods. It is also respon-
sible for the International Geophysical Calendar, the selection of World Days, and the declaration

of Retrospective World Intervals. The purpose of RWI's is to make generally available more data

for specific periods of interest than are normally circulated. For short-term warnings of disturbed
conditions and short-term interchange of data, IUWDS operates through Regional Warning Centers (RWC's).
The IUWDS issues a code book which enables any message to be interpreted.

Miss J. Virginia Lincoln
Secretary for World Days
Mr. R. B. Doeker

Secretary for URSIgrams

NOAA
Boulder, Colorado 80302, U.S.A.

RWC-Western Hemisphere

Attn: R. B. Doeker

Space Environment Services Center
NOAA

Boulder, Colorado 80302, U.S.A.

RWC-Western Europe-Paris
Attn: P. Simon
Ursigrammes Observatoire
F92 Meudon, France

RWC~Western Europe~Darmstadt
Attn: B. Beckmann

FTZ D33

Am Kavalleriesand 3

D61 Darmstadt

Federal Republic of Germany
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RWC-Western Europe-Netherlands
Attn: G. Brussaard

Section Propagation RCL

Dr. Neher Laboratory

St. Paulusstraat 4
Leidschendam, Netherlands

ARWC-Sweden {ARWC means Associate Regional Warning Center)
Attn: P. Akerlind
Central Administration of Swedish
Telecommunications
Development Department
$-12386 Farsta, Sweden

ARWC-Czechoslovakia

Attn: P. Triska

Czechoslovak Academy of Sciences
Geophysical Institute
Tonospheric Department

Bocni II

Praha 4 Sporilov, Czechoslovakia

RWC-Eurasia

Attn: R. A. Zevakina
IZMIRAN

P/0 Akademgorodok
Moscow Region, U.S.S.R.

ARWC-U.S.S.R.

Attn: E. S. Kazimirovsky

Siberian Institute of Terrestrial
Magnetism, Ionosphere and Radio
Propagation (Sib IZMIR)

664033 Irkutsk 33, p/box 4, U.S.S.R.

ARWC~India

Dr. B. M. Reddy

Radio Science Division
National Physical Laboratory
New Dethi 12, India

RWC-Western Pacific

Attn: K. Kondo

Radio Research Laboratories

Ministry of Posts and Telecommunications
2-1, Nukui-Kitamachi 4-chome

Koganei-shi

Tokyo 184, Japan

RWC-Australasia and Antarctica

Attn: C. G. McCue

Ionospheric Prediction Service Division
P.0. Box 702

Darlinghurst, N.S.W., Australia 2010

14.92. International indices: An important section of the work of the Permanent Services is the
rapid provision of International Indices. The main centers are:

De Bilt * International Service of Geomagnetic Indices
c¢/o Dr. D. van Sabben
Royal Netherlands Meteorological
Institute
De Bilt, Netherlands
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International Service of Geomagnetic Indices
c/o Dr. M. Siebert

Geophysikalisches Institut

Herzberger Landstrasse 680

D34 Gottingen

Federal Republic of Germany

International Service of Geomagnetic Indices
Observatorio del Ebro
Requetas, Tarragona, Spain

Permanent Service - SPARMO

Mr. J. P. Legrand, Secretary
Laboratoire de Physique Cosmique
2 rue des Vertugadins

F92 Meudon, France
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