





























































































































































































































































































































































































































with B'F = 300 km, then the Timit of the usable frequency range would be 2.7.0.8¢1,12=2,4 MHz,
This is the highest frequency that could be used for absorption measurements and also for
calibration every month. For long-period measurements with stable equipment, higher fre-
quencies may be used because the calibration is then made only when foF2 is high enough.
Calibration by means of F-layer transmission should be used as a check even at frequencies
for which calibration by Es reflections js possible.

6.4.6 Nighttime data obtained with both techniques should be used together. After studying about 100
cases, the median values of the highest ten values should be used to represent Ey. The usual error of
this value will not be greater than # 3 dB if the procedures are carefully applied. If, in fact, very
clear Es transmission occurs during several nights of a month, the median value of the signal strength
corresponding to these cases may be compared with the extrapolated value, and thus, step by step, the
error in the determination of E, can be reduced.

6.4.7 The daytime field strength, E4s, can be determined very quickly by drawing the envelope through

the peaks of signal strength as shown in Figure 6.6, This procedure implies a simple averaging process.
Then, for every half hour or hour a median maximum signal strength can be determined using the calibration
curve of the receiver. This is correct because E, also refers to quasi-maximum values.

It should be emphasized that the procedure of calibration should always be employed when this is
possible. The better the calibration, the more reliable are the results.

6.5 Detailed Instructions Concerning the Choice of Transmissjon Distance and Frequency

6.5.1 General Qutline

The considerations which follow are of great importance not only for planning and realizing a circuit,
but also for a better understanding of the diurnal variation of the signal strength. Only if they are
respected, can one hope to meet the fundamental requirement of method A3, viz. to have one well-defined
transmission mode so dominant that any other mode can be disregarded.

6.5.1.1 As described in Section 6.5,2 below, the choice of the optimum transmission distance is mainly
determined by the geometric conditions imposed by the requirement that the measured signal strength can
be identified with just one mode. The dominant mode should be preferably the 1E mode or the 1F mode;

the ground wave must be negligible anyway. Now, when the distance is fixed, the usable frequencies de-
pend on the critical frequencies of the reflecting layers and the angles of incidence for the chosen dis-
tance. The geometric model of a circuit is shown in Figure 6.8 which presents the relation between the
virtual heights, the frequencies, and the angles of incidence.

F-—layer
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)
i

————————————————————— E-layer

Fig. 6.8 Geometric model for the propagation of ground wave and
sky waves at oblique incidence and short distances between
a transmitter T and a receiver R, T transmitter, R receiver,
d distance between transmitter and receiver, R'(E) (virtual)
height of reflection of the wave at the E layer, #'(F) (virtual)
height of reflection of the wave at the F layer, f4{G) frequency
of the transmitter (G indicates ground wave), f&(E? frequency of the
transmitter (E indicates reflection at the E layer), f ?F) fre-
quency of the transmitter (F indicates reflection at tﬁe F layer):
ap angle of incidence of the wave at the E layer, ap angle of incidence
o? the wave at the F Tayer, f,(E) equivalent frequency of the wave for
vertical incidence in the E layer, Ffo(F) equivalent frequency of the
wave for vertical incidence in the F layer.
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6.5.2.2 Angular Selection of Modes. At short ranges (d = 100 km) the E, F and multiple-order reflecticns
all arrive at approximately the same angle so that it is impossible to separate them by means of the antenna
diagram. Between about 100 and 1000 km, the angular separation of the first E and first F echoes is suf-
ficient to enable them to be separated using suitable simple antennas. The greater angular separations

are found between 200 and 500 km and this is, therefore, the best range of distances from this point of

view (Figure 6.3).

While the E-layer MUF rapidly increases with distance, the usable frequency band increases only slow-
ly, because strong F reflections may be present over much of the band above the screening frequency.
Hence the shorter distances near 200 to 300 km are preferred.

6.5.2,3 It is normally essential to use transmitter and receiver antennas which do not radiate verti-
cally so as to minimize the effects of higher order modes when the absorption is small. For this case,
it is desirable to keep the distance as short as possible within the 1imits imposed by the strength of
the ground wave.

6.5.2.4 In practice, there is a fairly broad range of useful distances with the optimum near 200 to 300 km.
Generally the power required increases with distance, and somewhat greater distances may be used if the
available power is sufficient.

6.5.3 Choice of Frequency to Select the 1E Mode. At vertical incidence the upper 1imit of the range

of usable frequencies is determined by the critical frequency, and at oblique incidence by the MUF of
the reflecting layer. In practice, deviative Tosses for vertical incidence become significant within
about 20 percent of the critical frequency and prohibitive within 10 percent, whereas for angles of inci-
dence greater than about 45° they are negligible up to the MUF. When the critical frequency is low, this
difference is important.

6.5.3.1 In general the critical frequency of the reflecting layer varies with time of day, with season,
and with the sunspot cycle, and it is necessary to select a frequency which is reflected for a reasonable
-part of the day and for all seasons. For instance, at temperate latitudes the critical frequency of the
E layer, foE, can be estimated approximately from a power Taw in cos ¥, e.9g.,

foE = (3.25 + 0.0047 - R) cos® 25 y (6.12)

which has been obtained from the data of the midiatitude station Lindau for the period 1956 to 1966.
E is the Zirich sunspot number (generally the monthly median is applied).

6.5.3.2 As to the usefulness in time, frequencies which are adjusted to a constant fraction of the noon
MUF will be reflected during the same percentage of total time irrespective of distance; a fixed fre-
quency, however, will be reflected during a longer time as the distance increases. This advantage can
only be used if any F-layer reflections present are much weaker than those from the E Tayer. With simple
antennas this is usually only true when the absorption is rather small,

The most important criterion in choosing a frequency is that it should be possible to measure absorp-
tion _during the whole day. The variations of the E-layer critical frequency during the period when ab-
sorption measurements are required should be assessed., In some cases where Es appears regularly and is
totally reflecting, the Es layer may also be considered. The minimum bianketing frequency likely to occur
in the required period is noted and used to determine the working frequency.

6.5.3.3 The maximum freguency which can be used at any distance is determined by the minimum frequency
at which significant F-Tayer reflections are obtained. This is mainly determined by the E-~layer screening
frequency fg which is given by the expression

fo = foE sec o (6.13)
where op is the angle of incidence at the F layer for the required distance d.

In practice, the F-layer absorption is high, up to a frequency 10 percent higher than fgs SO that
the maximum frequencies which can be used are rather higher than those given by Eq. (6.13). "However, it
is indicated to decrease the maximum frequency by 10 percent to allow for day-to-day changes in foE. The
net result is that the values of f. given by Eq. (6.13) may be used uncorrected.

6.5.3.4 With low power, the low frequency limit is usually determined by the available sensitivity. At
any rate, frequencies lower than 1.5esec o MHz are not recommended as these frequencies are often reflect-
ed in the D region instead of in the E region. Thus, the highest value of foE in the recording period
gives a useful lower Timit to the desirable frequency band even when high-power transmitters are available.

6.5.3.5 In practice, the critical frequencies deduced above are often too Tow to be useful and it is
necessary to restrict the period of useful observation so that a practical system is obtained. Thus, it
is seldom worthwhile to attempt to measure absorption near sunrise and sunset using a frequency which 1is
useful for the remainder of the day.
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Fig. 6,10 Block diagram of receiving and recording equipment.

6.6.1.1 Tube receivers are generally used, at least in most present day equipment. The commercial re-
ceiver BRT 400 T (British General Electric Company) has been found to be suitable provided the voltage
regulator tube is replaced by a better voltage regulating device. Unfortunately, this receiver, which
is now no Tonger available, is not insensitive to larger temperature changes. In practice, an important
point is to achieve a very good Tong-term stability of the receiver. This means that the calibration
curve of the receiver should be at least approximately logarithmic and have stable working conditions
during at least six months. If this can be obtained, the calibration needs only be checked every day at
several points, and the data analysis can be performed with the same calibration curve as long as no
change occurs,

6.6.1.2 Transistor Receivers

As far as the method A3 is concerned, reports detailing experience with transistor receivers are not
yet available. While it is certainly feasible to use such equipment, the stability of the system with
temperature and supply voltage should be checked very carefully.

6.6.2 The recorder, usually a pen recorder, should be very reliable, A servo recorder is recommended,

as for example the “Enograph" (manufacturer Rhode & Schwarz, Munich). The paper speed may be very Tow;
convenient values are 20 or 60 mm per hour, The width of the paper should be at least about 100 mm cor-
responding, for example, to a voltage range of 10 or 30 V. It is useful to insert a time constant, deter-
mined by a resistor-capacity integrating circuit, between the receiver and recorder; a convenient value
of the time constant is between 1 and 5 s.

The noise level may be compensated for by adjusting the pen recorder electrically so that the usual
noise level corresponds to zero on the recording paper. The adjustment is made daily by switching off
the antenna (and the signal generator for tuning, if just in operation).

6.6.3 The signal generator and calibrated attenuator are usually combined in one unit; the accuracy of
the attenuator should be as good as about % 0.1 dB.

6.6.4 Finally, a voltage regulator for feeding the complete equipment is necessary; its accuracy should
be at least + 1%.

6.6.5 The recording technique may be extended to give data about fading of signals by adding a level
discriminator and a counter so that the frequency distribution of signal strength can be found for con<,
venient periods of time, e.g., with three level discriminators a total dynamic range of 70 dB between the
day and nighttime signal strength can be fully covered in 1.5 dB steps. The intervals should be cali-
brated so as to give exactly logarithmic response. Daily calibration and Tong term stability are essential.

An interesting feature of half-hourly statistical distributions of signal strength is that the in-
fluence of the Es layer can be recognized clearly. Moreover sunrise and sunset changes of absorption can
be followed much better. The total time constant of the equipment (receiver plus counter) should not be
greater than 5 s.
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Compare with Figure 6.13.
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6.7.3.2 If the calibration measurements have been made with the 1F mode, the most
probable value En(F) is found using the average h'F for the period of calibration
measurements. The value of s’ (F) is calculated for the adopted mean value of A'F.
Allowance is made for the presence of the extraordinary IF mode. This makes E,(F)
about 1.4 times greater on the average than the true value.

The relative gains of the antennas in the directions of the 1E and 1F modes are
calculated and from these the following factors are determined:

K, = Gt(lE)ﬂ?t(lF); K = Gr(lE)ﬁ}r(lF) (6.15)

Then, the calibration constant for the 1F mode is:

¢(F) ~ 5 Tog [E’n(F)s’n(F)K KbKC]

dB a (6.16)

In general it is much easier to obtain values of ¢(F) than of ¢(E), and there will
be many occasions when only the former can be determined.

6.7.3.3 The two values C(E) and ¢(F) are then compared and used to check the reli-
ability of K3» Kps K. and Kg. The long-term stability of the equipment may be deter-
mined by comparing values of ¢(F) obtained on different occasions, and this should
always be done. By suitable inspection a final value, ¢, of the calibration constant
is deduced from ¢(E) and ¢(F).

The absolute accuracy of the experiment depends finally on the accuracy of ¢(E) and
¢(F). If their magnitudes differ significantly, a special investigation is needed to
identify the cause, e.g. by finding the relationship between ¢(E) or ¢(F) values at times
when it is reasonably certain that both modes are occurring simultaneously and when only
one is likely to be present. With simple antennas on a reasonably flat site, it is usually
possible to compute X, and X with adequate accuracy, ’

6.7.3.4 The change in_signal strength from day to night is Tikely to be more than 40 dB
in practice. Thus, even if the accumulated error is as much as 3 dB, the absorption can
be measured with an accuracy of 10 percent. Clearly, a crude calculation using computed
values of antenna gain (xj, Kb) and 0.8 as an average value for ke is likely to give a
value of ¢(F) which will be quite adequate for many purposes. However, when good values
of ¢(E) are available, these should be used. Calibration constants should be determined
for each month.

6.7.4 Determination of the Absorption Value 4(f)

6.7:4.1 The values of 4(Ff) are deduced from the daytime values of the cymomotoric force,
Egs'd, and the calibration constant, ¢(E) or ¢(F), It is essential to identify Eq in the
same way as Ep, 1.e., either peak of median values should be adopted in both cases. The
calibration is simplest if peak values are used throughout, though this may be slightly
misleading on a few occasjons when strong fading is present.

6.7.4.2 The value of s'q is deduced from the value of A’ obtained with the transmission
curve. The equivalent absorption is then

A(fd90)

dB

where ¢ is the best value of the calibration constant deduced from ¢(E) and ¢(F) (see
Section 6.7.3.3 above),

=~ cos a (20 Tog Eys'y - ) (6.17)

6.7.4.3 When E4 is comparable with the ground-wave signal E, or with the estimated noise
Tevel E., it is possible to compute Eq approximately from thg observed total signal E. using:

1

2y (6.18)

1
By = (B2 - Egz)/z or = (£} - E,

It is very convenient to solve Eq. (6.18) graphically using log-linear graph paper. The
relation between A(fq,c) and log Eq is linear and determined by the constant.

It is helpful to know the probability distribution of the different virtual heights,
R'. For the circuit Norddeich-lLindau (d=295 km, f=2.614 MHz) the frequency of occurrence,
n, was obtained by applying the transmission curve to ionograms of the station Lindau.
The result shown in Table 6.2 gives a maximum of probability at A'=305 km. This value
is used for Z'f and only such data By are taken from the signal strength records which
belong to time periods for which »' is between 280 and 330 km.
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Table 6.2

h! n h! n h! 7
(km) {km) (km)

200 0 280 57 350 30
210 0 290 66 360 12
220 4 300 76 370 7
230 22 310 73 380 6
240 30 320 62 390 2
250 26 330 47 400 1
260 40 340 38 410 0
270 33

6.8 Use of an Ionosonde in the Neighborhood of an Absorption Circuit

6.8.1 In the simplest case the variation of reflection height during the day can be neglected if the 1E
mode is dominant in the daytime. The 1lEs mode is used for calibration at night. For purposes of cali-
bration the factor s’ /s’y in Eq. (6.2) may be assumed to be 1. But it must be taken into account that
only a blanketing Es ?ayer occurring at night can meet the necessary condition of s’,/s'q=1. Otherwise
the calibration must be carried out by extrapolating procedure as described in Section 6.4.2 above.

6.8.2 It is difficult to decide from the sole signal strength record whether an Es layer at night is
blanketing or not. The uncertainty of the interpretation of the signal strengths received at night can
be avoided if jonograms are available from a station within a few hundred km of the midpoint of the path
(see Section 6.7). Thus it is most desirable that such jonograms be made avajlable, at least when cali-
brating the equipment. The shorter the distance between the ionosonde and the midpoint of the path, the
more certain it is that the midpoint conditions will be similar to those given on the ionogram. Experi-
ence shows that occurrence of Es at the midpoint of the path at night resulting in an increase of signal
strength does not mean that Es echoes also occur on jonograms obtained from an ionosonde located at one
end of the path. But if a longer sequence of half-hourly ionograms show that 1ittle or no Es is present,
there is only a small chance of a lEs mode being present on the oblique path.

The use of an jonosonde for the interpretation of the signal strengths received at night and the
determination of approximate reflection heights at oblique incidence is described in the following
Section 6.9.

6.8.3 When no ionosonde is available, the deductions about the mode present should be checked using the
seasonal variations of Es that are typical for the latitude zone involved., For instance, at temperate
latitude Es is quite common in summer but rather rare in winter.

6.9 The Use of a Transmission Curve

Provided that an ionosonde is available in the vicinity of the circuit -- the best place for it would
be below the point of reflection -- the heights of reflection and the modes of transmission can be
determined.

6.9.1 The jonogram is a plot obtained automatically with photographic recording., It shows virtual height
of reflection 2’ as a function of frequency f, of the wave reflected vertically from the ionosphere,

Now, for a flat earth and for short distances (up to 500 km or so) there is a simple relation between

the oblique incidence frequency, fj, which will be reflected at an angle of incidence o, the distance d,
and the frequency, fos reflected at vertical incidence from the same virtual height A':

£y = fo/cos a = fo/ (h* + 2/ %n . -~ (6.19)

6.9.2 For a given circuit, f; and d are fixed values. As shown by N. Smith [1937], Eq. (6.19) may be
taken as the relationship between f, and %', which when plotted is called the "transmission curve". This
curve is placed upon an ionogram so that the frequency for which the transmission curve, Eq. (6.19), goes
to infinity coincides with the frequency used at distance d. Then the intersections of the transmission
curve with the ionogram trace considered determine the equivalent heights of the "high angle" and the
"low angle" ray. In the cases where the A3 method is applied only the low angle ray is of importance
(i.e., the Tower A’ value found by intersection).

6.9.3 In practice, the ionogram can be projected optically on a table bearing the plot A’ = h'(fo} cor-
responding to the transmission curve as in Eq. {6.19). Modes and the virtual heights of reflection can
be determined easily, for instance, at intervals of half an hour if fonograms are taken according to this
schedule, -
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6.9.4 Figure 6.12 shows an ionogram from Lindau with a transmission curve for 4 = 295 km superposed on
it to show the virtual heights of reflection for the frequency 2.61 MHz. In this example, a partial re-
flection from an Es layer at 110 km was present, together with a total reflection from a virtual height
of about 300 km in the F Tayer. MWhen the ionogram shows that the F echoes are screened so that they do
not intercept the transmission curve, only Es modes are possible. The virtual heights of reflection must
be known in order to evaluate the angles of incidence and oblique path lengths; they may be obtained
directly from the heights of interception of the transmission curve and the traces on the ionogram,
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Fig. 6,12 TIonogram (Lindau) with superposed transmission curve.

6.9.5 Determination of Modes In the daytime the CW signal strength should be determined mainly by one
mode of propagation, either the 1E or the 1F mode. During the night the 1F propagation will dominate,
but 1Es can give considerable signal strength, particularly in the Tower frequency range (2 to 3 MHz).
If at night both the 1Es and 1F modes are considered, it is necessary to take account of six different
types of propagation (Figure 6.13). These differ from each other according to whether one or both modes
are present and whether the F mode is weakened (by partial reflection or absorption) at one or both of
the points where it penetrates the Es layer.

AlT the indicated types have occurred in practice in the Norddeich-Lindau experiments.
Type 1 is very common; Types 3 to 6 are fairly common; Type 2 is rather rare at most seasons.

6,9.6 Determination of Virtual Heights When F-layer reflections are being used for calibration purposes,
it is convenient to restrict the analysis of the signal strength to times when the F-Tayer virtual height
is within certain Timits which may be selected using the distribution of virtual heights corresponding

to the F-mode propagation at night for a month. An example is shown in Section 6.7.4 (Table 6.2). Since
a change of 20 percent in virtual height alters the unabsorbed field by about 10 percent, a range of + 10
percent about the most probable height may be used without incurring a significant error. Data obtained
when #'F Tlies in this range and Es is absent may be used to determine the calibration values very quickly.,
When there are seasonal changes in #'F of more than 20 percent, it is, of course, necessary to change

the adopted value of n'F accordingly,

6.10 A Few Characteristic Results

v Most published A3 investigations were made in Europe [Schwentek, 1958, 1963a,b, 1967, 1968, 1971;
Triska, 1962, 1965, 1967; Nitzsche, 1964; Hense, 1969]. Since A3 uses continuous recording, it is very
helpful for identifying events Tike SIDs (see Section 6.10.5) or eclipses [Nitzsche, 1964] and in parti-
cular the winter days of anomalously high absorption which seem to be related wigh stratospheric warmings
[Bossolasco and Elena, 1963; Rose and Widdell, 1965; Shapley and Beynon, 1965; Triska, 1965; Dieminger
et al., 19663 Schwentek, 1967, 1968, 1971; Labitzke and Schwentek, 1968].

6.10.1 The diurnal variation of absorption is rather easily followed by method A3.

6.10,1.1 If, for instance, the half-hourly signal strength values Eq are plotted vs. time, the diurnal
variation of signal strength can be represented, Since the absorption loss is given by

E’ns’n
A(deOL) = 20 'log Eds,d (6.20)
two parameters must be determined in order to find from Eq-the absorption value, namely the nighttime
value E,, and the ratio s’p/s’q; the latter can be derived exactly only by application of the transmission
curve to ionograms taken near the midpoint of the circuit. Otherwise, admitting a certain error,
s'n/s'q is generally assumed to be one.
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Fig. 6.13 Geometry of the Norddeich-Lindau path and type of propagation at
oblique incidence,

1. 1F mode only; no Es layer present;

2. 1 Es mode only; F layer blanketed;

3, 1F mode + 1Es mode (reflection usually partial); reflection
at-point 2, no reflections at points 1 and 3;

4, (F-Es),; reflection at the F layer and partial reflection (or
absorp%ion) at (in) the E layer at point 1 or point 3;

5. (F-Es),; reflection at the F layer and partTal reflection (or
absorption) at (in) the E Tayer at point 1 and point 3;

6. (F-Es)1’2+ Es; reflection at the F layer and Es layer (at point
2) and partial reflection (or absorption) at (or in) the Es
layer at point 1 or point 3, or at point 1 and point 3. In such
cases the distribution of signal strength can be rather involved.

6.10.1.2 Now, it is advisable to plot not only 4(fg4,0) as a function of time, but also Tog 4 against

Tog cos x using one sheet of mm paper for each day. From the plot Tog 4 vs. log cos x it is easy to de-
rive the following parameters: subsolar absorption 4, exponent n, time delay T and data with

4A(cos X = constant). Data can be averaged for groups of several days up to one month., An example is shown
in Figure 6.14, Thus, the diurnal variation of absorption is determined.
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Fig. 6.14 Diurnal variation of absorption loss for January and August 1965 (circuit Norddeich-Lindgu;
296 km; 2.61 MHz). Left figure: Tlog A(t+T) vs. = 10g COS X &s an example for the equation
A(t+1) = Ay cosn x (¢); the values for forenoon, noon, and afternoon were separated.
Right figure: A(¢) vs. t (15° EST).
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6.10.1.3 Because the absolute values and the shape of the diurnal variation may vary considerably from
day to day, averages should be considered with some caution. Particularly in winter at middle latitudes,
monthly averages often give a rather crude picture; this is due to the winter anomaly. There are in fact
groups of days showing very high absorption among other days with much smaller but sti11 anomalous absorp-
tion, On the northern hemisphere the phenomenon occurs mainly in January and February, but also in
October, November, December and March.

6.10.2 Seasonal variation of absorption is either determined from noon values or from values at constant
solar zenith angle. Three examples are described by Figures 6.15 and 6.16, In Figure 6.15 daily noon
values for a period of one year have been plotted against cos x. The values are separated according to
season. The occurrence of the winter anomaly appears clearly (see the triangular symbols). This increase
occurs only at temperate latitudes; in Europe the range is about 30° to 70°.
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Fig. 6.15 Daily noon values of log D vs. ~log cos y for one year
(1961/62) (circuit Norddeich-Lindau). The exponent found
for most of the diurnal variations is the same as that for
the seasonal variation for this particular year. See
Section 4.7.6.1, Eq. (4.13) for a definition of D.

In Figure 6,16 absorption 4 at a constant solar zenith angle is plotted vs. time. The forenoon and
afternoon values are shown separately, Also the difference between the values is shown, indicating a
certain delay between the time of highest absorption and the time of minimum solar zenith angle y
(at local noon),

Since the absorption in the jonosphere is correlated strongly with the solar zenith angle, this
should be taken into account in evaluating averages. Therefore such averages should preferably refer to
the summer and winter solstices, Median values for periods of 15 (or 16) days around the solstices are
recommended.
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6.10.3 Variation of absorption in the sunspot cycle can be monitored very well with method A3 when applied
at frequencies around 2,5 MHz, By taking median noon values half-monthly and plotting them vs, time, the
sunspot cycle can be followed. A typical example for midlatitudes, the results from the circuit Norddeich-
Lindau are presented in Figure 6.17. It should be noted that in summer there is a tendency to lower values
which is very probably due to a decrease of the reflection level around noon, an effect which can also

be recognized on the daily plots of log 4 vs. -Tog cos x. In winter, the well-known winter anomaly is
present but only at "subauroral" latitudes.
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Fig. 6,17 Half-monthly median noon values of absorp-
tion from 1956 through 1968, i.e. over more
than one sunspot cycle; circuit Norddeich-
Lindau. The curves indicate the function
D =Dy, cos°°75x; Dy was determined empirically
from plots of log D vs. -log cos x (see Figure 6.15).

6.,10.4 Correlation between ionospheric absorption and other parameters of the atmosphere can be obtained
from the theory of wave attenuation by collisions (see Chapter 2). The absorption value 4 may be inter-
preted an atmospheric parameter in view of Egs. (2.12) through (2.17). If the simplifications mentioned
in Section 2.5 are valid, we have the easy case of non-deviative absorption. This is largely true for
suitably arranged A3 circuits s6 that, according to Egs. (2.12) and (2.17),

h
AocIN-\)dh (6.21)

<

holds, where ¥ is electron density, v collision frequency, and » height of reflection. Thus absorption

is a function of the electron density and electron collision frequency profile. These depend upon the solar
radiation and state of the neutral atmosphere. The level of magnetic activity also has an effect. Hence,
correlations have been found between the various parameters of the atmosphere and ionospheric absorption,
see: Shapley and Beynon [1965], Belrose and Thomas [1968], Bourne and Hewitt [1969], Labitzke and Schwentek
[1968], Schwentek [1966, 1968, 1969].

6.10.5 Shortwave fadeouts, also called Sudden Ionospheric Disturbances (SIDs), can most successfully be
monitored with A3 continuous recording of signal strength. A frequency of about 2.5 MHz and a distance
of about 300 km are suitable for quantitative measurements in case of weak effects. During stronger effects,
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however, only the noise Tevel or the ground wave signal is recorded so that the period of strongest atten-
uation gives no precise numerical data. While this is an inconvenience (avoided by method A2, see Chapter
5) the presence of a strong SID can be seen in the record quite well, and also the period of strong absorp-
tion. Strong events are better reproduced with a higher frequency, say 6 MHz.

An example is given in Figure 6.18 where A3 records on three frequencies are shown, together with
an A2 record obtained on 27.6 Miz.

Nov 2,1968

3750 -

Signal strength
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Fig. 6.18 Shortwave fadeout, November 2, 1968.
Shown are the records of three different
transmission paths and of one riometer,
NL Norddeich-Lindau (296 km; 2.614 MHz);
KL Kiel-Lindau (300 km; 2.775 MHz);
LL Luxemburg-Lindau (339 km; 6,09 MHz).
The antenna of the riometer, a horizontal
half-wave dipole in a covner reflector, is
directed to the pole star. During the strong
flare only the riometer gives a complete record.
Start of the effect: 0949 UT, maximum at
1001 UT, end at about 1112 UT. Absorption at
6.09 MHz higher than 26 dB, at 27.6 MHz 2.27 dB.

6.11 Program of Observations

6.11.1 Continuous recording should be maintained during the whole day so that the djurnal variation of
absorption can be checked in the best possible way. For calibration purposes, it is essential that re=
cords are available for the nighttime. When using 1E in the daytime, it is necessary to look for times
when E-region reflections are dominant at night (1Es). If there are nights without reflections from the
Es layer (at middle latitudes this often occurs during winter), the 1F transmission can be used for cali-
bration provided, however, that the antenna diagrams are known (see Section 6.3.4). On higher frequencies
(around 6 MHz), the transmission may be interrupted at night for a couple of hours because of a low crit-

ical frequency of the F2 Tayer. There should at any rate be enough hours of 1F transmission at night for
calibration purposes.
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6.11.2 Presentation of results should be made uniformly. It is usual that for daylight hours, hourly
values (or better half-hourly values) of absorption loss, 4 (in dB), are presented in monthly tables, one
for each frequency. The characteristic parameters of the circuit (frequency, antennas, distance between
transmitter and receiver, orientation with respect to geographic North and to the geomagnetic field, meth-
od of calibration used) should be indicated on every sheet. Daily plots of log 4 vs. -log cos y are very
helpful; using the data on such plots, 4 (cos y = 0.1) can be determined easily. These data seem to be
very suitable for correlation with other parameters of the atmosphere. It is recommended strongly that
these data also be published in monthly tables giving hourly values. At present the international inter-
change rules for absorption (A3) are as follows:

Monthly tables should be sent to the WDCs, one for each frequency giving hourly values of the absorp-
tion in dB but only for hours when E-region reflections were dominant. Medians, median count and quar-.
tles should also be given. The location of the transmitter and the path length must be specified.

6.11.3 Comparison of continuous wave (CW) and pulse propagation whenever available should be considered
as a great help for better understanding the details of method A3,

As an example, Figure 6.19 shows the transition from E- to F-Tayer transmission
around sunset. At about 1710 h the intensity of the 1E pulse signal and the signal strength
decrease. Between 1715 and 1730 h the 1F and 1E pulse signals are rather weak resulting in
a considerable decrease of signal strength. After 1730 h the dominant mode is 1F. If there
had been an Es Tayer around sunset with a coefficient of reflection » = 1, then the series
of (reTative) maxima of signal strength could have been indicated by the dotted line (in part C
of Figure 6,19). This shows again how the nighttime value, E,, can be derived by extrapola-
tion of the diurnal variation of signal strength.
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Fig. 6.19 Comparison of pulse propagation (2.5 MHz) and CW propa-
gation (2.61 MHz) over the same transmission path
{Norddeich-Lindau; 296 km). (A) Pulse recording.

(B) Signal strength recording with CW transmission.

(C) Frequency distribution of signal strength derived
from a Tevel discriminator. Upper and lower limits of
the squares indicate a number of 50% with regard to the
maximum number (100%) of counts.

6.11.4 Present State of Application of Method A3

Until now, the method A3 using short waves has been applied predominantly in Europe.

6.11.4.1 Available Transmitters There are some jmportant transmitters in Euro i
of which is recorded at several locations. P Pes the sfgnal strength
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1. Shortwave communication transmitter Norddeich-Radio DAN in Germany (FRG).

Geographic position: 53°36.5'N; 7°8.5'F;

Frequencys: 2.614 MHz;

Power: 2.5 kW;

Antenna: ~ Vertical dipole; 5/8 wavelength high;

Modulation: Speech; time signals at 1150 - 1200 UT and 2355 - 2400 UT; transmitter
is sometimes switched off, mainly during the night.

2. Shortwave communication transmitter Kiel Radio DAO in Germany (FRG).

Geographical position: 54°26'13.5"N; 10°08'3.6"E; '
Frequency: 2.775 MHz;

Power: 2.5 kW;

Antenna: Vertical dipole; 5/8 wavelength high; height of the pole 45 m;

ModuTation: Speech.

3. Shortwave time signal transmitter Prague OMA in Czechoslovakia [TPiska, 1962, 1967].

Geographic position: 50°04'24"N; 14°52'55"F;

Frequency: 2.500 MHz;

Power: 1.0 kW;

Antenna: Vertical monopole, height half a wave Tength;

ModuTation: Every hour the transmitter is switched off, between the 40th and 45th minute,
First minute of every quarter of an hour: Call Signal; 2nd to 5th minute: 1 KHz;
15th minute: Time signals: 20th - 25th minute: carrier wave only.

4. Shortwave communication transmitter Oostend (Belgium).

Geographical position: 51°11'N; 2°48'E;
Frequency: 2.761 MHz;
Power: 0.2 kW.

5. Shortwave communication transmitter Scheveningen (Netherlands).

Geographical position: 52°06'N; 4°15'E;
Frequency: 2.824 MHz;
Power: 2.0 kW,

6. Shortwave broadcast transmitter Radio Luxembourg (Luxemburg),

Geographical position: 49°40'N; 6°19'E;
Frequency: 6.09 MHz;
Power: 50 kW;
. Antenna: Two horizontal dipoles a quarter wavelength above ground, spaced a
quarter wavelength from each other; maximum radiation to 58° (NE);
Modulation: Speech or music. The transmitter is switched off from 0200-0400 UT
(on Sunday until 0545 UT).

6.11.4.2 Circuits in Operation

The following circuits are continucusly in operation (1968/72):
: Norddeich-Lindau (Germany, FRG); d = 296 km.

2) Norddeich-DeBilt (Netherlands); d = 214 km.
Norddeich-Neustrelitz (Germany, GDR); 4 = 395 km.
Norddeich-Panska Ves (Czechoslovakia); 4 = 600 km. *
Norddeich-Leicester (Great Britain); 4 = 570 km.
Kiel-Lindau {Germany, FRG); 4 = 317 km.

Kiel-Neustrelitz (Germany, GDR); 4 = 220 km.
8)" Kiel-Panska Ves (Czechoslovakia); d = 520 km.
+9) Kiel-Leicester (Great Britain); d = 760 km.
110) Oostend (Belgium)-Leicester (Great Britain); 4 = 320 km.
#T) Scheveningen (Netherlands)-Leicester (Great Britain); d = 370 km.

Sobkene

b

137) Luxemburg-Lindau (FRG); 4 = 339 km. -
;%&3) Stuttgart-Neustrelitz (GDR); & = 570 km,

The following circuits have been operated for certain periods:

1) Omaruru-Tsumeb (Southwest Africa); 4 = 275 km.
2) S. Marinella-Capo S. Lorenzo (Italy); d = 340 km.

2
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CHAPTER 7. METHOD A3 (b): OBLIQUE INCIDENCE FIELD STRENGTH OBSERVATIONS ON
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7.1 Introduction

7.1.0 The interest of method A3(b) lies in its ability to follow D-region changes by a rather simple
experimental device. Very low and Tow frequency radio propagation experiments, as initiated over thirty
years ago by Ratcliffe and his group at Cambridge [e.g. Best, Ratcliffe and Wilkes, 1936] and then de-.
veloped further by Lauter and his group at Kiihlungsborn, by Belrose at Ottawa, and by some others, have
become an important factor in maintaining continuous patrol of the plasma in the mesosphere and at the
mesopause level, that is, in the D region. In spite of the rather complicated structure of the D region
caused by different ionizing sources, the measurement of absorption at low and medium frequencies pro=
vides a full-time patrol of the lower ionosphere between 60 and 90 km. Changes in the ionizing solar
wave radiation, incoming high energy particles and seasonal changes in upper atmospheric structure may
be determined from the resulting data. . Special effects which may be studied from such measurements are:

a) normal daily and seasonal variations

b) sunrise effects

¢) sunspot cycle variations

d) solar flare effects

e) high energy particle effects (storm-time effects and after-effects)

f) variations from one day to another of absorption and roughness of the reflecting layer.

7.1.1 In the following sections an improved method for making absorption measurements on low and medium
frequencies is described which has now been used for more than two sunspot cycles at one station
(KihTungsborn), A Tlarger network in eastern Europe is being developed. The increasing interest in cou-
pling processes between different upper atmospheric layers makes it necessary to have a more extensive
world network. The rather strict conditions for a suitable measuring site which are necessary for the
use of this method also during very high absorption and at small solar zenith angles may 1imit the adop-
tion of a full program at many stations. But there is no serious difficulty in making measurements if
the observing time is limited to zenith angles greater than 75° and during the night.

With D-region models that are valid for medium latitudes, the detailed interpretation of such absorp-
tion results using full wave equations has now become possible.

7.1.2 A few general considerations should first be reported. Measurements of ionospheric absorption

at oblique incidence by means of CW transmitters at short and medjum distances (Method A3) are usually
made at frequencies greater than 2.5 MHz. For application of this method also at low and medium fre~
quencies, we have a completely different set of conditions insofar as the ground wave is not negligible
in this frequency range. This means, on the one hand, that it is necessary to separate the sky wave from
the ground wave at the receiving site but, on the other hand, the absorption measurement can be facili-
tated by a direct comparison of these two components.

The separation of sky wave and ground wave can be achieved by using a vertical Toop antenna with
its plane perpendicular to the direction of arrival of the ground wave. Oriented in this way (so-called
"zero position") the antenna is insensitive to the ground wave, but not to the sky wave which differs
from the ground wave because of its angle of incidence, its elliptic polarization and its permanent am-
plitude fluctuations, the so-called fading.

The comparison of the sky wave with the ground wave can be achieved by rotating the same loop an-
tenna for a short time away from its zero position by a number of known angles ¢, thus producing cali-
bration marks proportional to Egesin ¢ where Eg=ground-wave field strength. Then any recorded e.m.f. Ej,
induced by the sky wave can be compared with tﬁese calibration marks, i. e., the ratio

Ey

1 (7.1)
Eg

= sin ¢

7.2 Receiving and Recording Equipment

There are different techniques for recording the sky wave of LF and MF transmitters. In the
following paragraphs we describe mainly the measuring device which has been successfully used for many
years at the Observatory for Ionospheric Research, Kihlungsborn, of the Heinrich-Hertz-Institute for
Solar-Terrestrial Physics of the German Academy of Sciences in Berlin.

7.2.1 Description of the Measuring Equipment

The receiving and recording equipment consists of a Toop antenna, an auxiliary antenna, a special
input circuit, the receiver and a recording unit., Figure 7.1 shows the block diagram of the whole meas-
uring equipment which will now be described in detail.

7.2.1.1 The configuration of the loop antenna is not at all critical. A square loop with 8 turns and
a diagonal of 0.70 m is found to be very satisfactory, regardless of particular frequency used; but in-
stead of a loop antenna a ferrite rqd@may be used as well.

149







At the output of the receiver, the a.c. voltage is rectified and fed to a recording unit.

For automatic data processing there should also be the possibility of connecting an analogue-to-
digital converter to the output of the receiver.

7.2,1.5 As for a recording unit, it has proved very useful to use a "point recorder" with a relatively
rapid stroke sequence {20-30 points/min) instead of a pen recorder. While recordings from a pen recorder
can be completely unreadable during disturbances due to thunderstorms or similar electric interference
pulses, a recording from a point recorder with sufficiently short response time can normally still be
used even under such conditions. Thus even in summer months with frequent thunderstorms, the continuity
of the recordings is preserved. A chart speed of 60 mn/h is sufficient in most cases.

7.3 Examples of Records

An example of a low sensitivity sky-wave record (for low height of the Sun and during the night)
obtained by an equipment like that described in the preceding paragraphs is shown in Figure 7.3. The
recording begins with very small to nearly zero amplitudes in the early afternoon; this is a consequence
of the strong daytime absorption of the sky wave and of the elimination of the ground wave by a proper
adjustment of the antenna system. Only shortly before sunrise does the sky wave become increasingly
noticeable. It finally reaches a nearly constant level during the night, apart from the fading by which
the sky wave is always characterized. After sunrise the increasing daytime absorption again causes a
gradual disappearance of the sky wave. At the Teft-hand edge of the record in Figure 7.3 the calibration
marks can be seen; these have been obtained from the ground wave by turning the loop antenna out of its
zero position by known angles ¢ (5°, 10° through 25°) so that they represent field strengths proportional
to Egesin ¢. It is expedient to make this calibration only during daytime, preferably near noon when
the sky-wave absorption is highest. Noon is also the best time for a check on the exact elimination of
the ground wave by turning the Toop antenna to minimum reception of the ground wave and by totally com-
pensating for the residual effect by means of an appropriate adjustment of the potentiometer in the
special input circuit (Figure 7.2).

K

571t @

Fig. 7.3 Example of a sky wave record on 245 kHz (transmitter distance 180 km)
for the period from two hours before sunset (a) till three hours
before sunrise (b).

An extension of the sky-wave records to times also of greater height of the Sun, i.e., of higher
absorption, is usually achieved by an appropriate increase of the receiver gain as shown in Figure 7.4.

Fig. 7.4 Example of a low sensitivity record (top) and a simultaneous record
with higher sensitivity during daytime (bottom) on 245 kHz (the
sensitivity is reduced by a factor of 10 at times marked by arrows).

At the top of this Figure there is once more a low sensitivity record, whereas at the bottom a corres-
ponding high sensitivity record for the same day is shown. For the first five hours of this record the
sensitivity is 100 times greater than that of the simultaneous Tow-sensitivity record above, so that the
sky wave characterized by its fading is clearly perceptible even during the period of highest absorption
around noon. The calibration marks in this case have been obtained by rotating the loop antenna by only
0.05° to 0.2° {l) out of its zero position, The scattered points in this part of the record are due to
interference from distant thunderstorms, and they demonstrate the superiority of a point recorder as
compared with a pen recorder which would produce a "sea of ink" in this case. As the afternoon advances,
there is a systematic increase of the sky wave so that the sensitivity of the record must be reduced by
a factor of 10 at about 1600 UT and once more at about 1800 UT; the sensitivity is then the same as in
the upper record. Instead of changing the sensitivity of the receiver it is, of course, also possible
to use a constant-gain receiver with a Togarithmic characteristic (over a range of about 80 dB). It is
then possible to follow the diurnal varjation of absorption without switching the gain.
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7.4.2 In this Figure, for the sake of clarity, instead of the electric components {oscillating perpen-
dicularly to the plane of incidence) the corresponding magnetic component {oscillating in the plane of
incidence) are shown. We see that in addition to the direct ray of the sky wave a ground-reflected ray
must also be considered [e.g. Weeks and Stuart, 1951; Sprenger, 1958] and, therefore, the effective
component H; becomes

Hy = 2Hgp < cos (7.2)

In accordance with the relationship between the magnetic and electric fields of an electromagnetic
wave, we can formulate in the same way the effective component E; of the electric field strength:

Ej = 2Egp + cOS 1 (7.3)

In fact B4 can be measured directly on the records, namely as the ratio E4/Eg according to Eq, (7.1),
and we can write

E. E

i S2

s & e 8 D 0 COS 1 (7.4)
Eg Eg

7.4.3 For the determination of jonospheric absorption from the measured ratio of the sky wave to the
ground wave, we use the following argument which is generally valid for the propagation of electromagnetic
waves:

(7.5)

where Eg represents the reference field strength at 1 km distance from the transmitter, » the distance
in km and & the field strength at distance r from the transmitter,

For an ionospheric refiected wave, Eg, we can write

E0S
Eg = ;S—-/—l-(?n*p (7.6)

where p is the reflection coefficient of the ionoshere. Since we are dealing with only one component
of the sky wave (the abnormal component Egp) we define accordingly

E
L 20s
Bs2 = pokm P (7.7)

and call p; the "conversion coefficient", a term introduced by Ratcliffe's group [e.g. Bracewell et «al.,
19511. Thé prime is used in order to indicate that the measurements refer to oblique incidence and not
to vertical incidence as, for instance, in the Al method.

By analogy with Eq. (7.6) we write for the ground wave
EG = e oy (7.8)
where n = ground-wave transmission factor,

7.4.4 From Egs., (7.4), (7.7) amd (7.8) we obtain the following equation for the ionospheric conversion
coefficient:

E, . rS/rG

4.8 .
EG EOS/EOG 2°c0Ss 7 (7'9)

p

!
2

For rs/rG we find from Figure 7.5

T
S 1
7 (7.10)

_—=S- .
G mz
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If the assumptions made above concern1ng the validity of the Rayleigh distribution and of E
do not completely hold true, the factor in Egs. (7.17) and (7.18) may be slightly different from } 7 an
may, moreover, possibly depend on frequency path length and direction relative to the Earth's magnetic
field. A detailed study of this question would, however, demand special observations. For the present
we recommend the use of the factor 1.7 as in Eq. (7.18), especially since the factor ¢ also contains some
uncertainties as will be seen in Section 7.6.

The total ionospheric absorption 47 at oblique incidence follows from the total reflection coefficient
o’ established by Eq. {7.18) in the usual manner:

A - .20 Tog o' = const - 20 1 Ei (7.19)
i g o og B .

7.5 Discussion of the Factor ¢ for the Determination of the Absolute Values of Ionospheric Absorption

The factor ¢ in Eq. (7.14) must be determined separate]y for each individual measuring path, as al-
ready mentioned. It contains the geometrical term (2-sin?ie.cos <)7%, the ground-wave transmission factor
n and a term X describing the radjation characteristic of the transm1tting antenna. These terms will
now be discussed separately.

7.5.1 The Geometrical Term

The factor (2esin?®iecos £)~! is a function of the transmitter distance »g and of the reflection
height %, and it can be calculated using Figure 7.5. In Figure 7.7 this factor is plotted against trans-
mitter distance (up to 500 km) for different reflection heights (between 70 and 120 km). Of course, the
reflection height is not, a priori, known in A3 measurements. But in the low frequency range it should
be within the Timits of 85 < » < 100 km by day and night. For this height range and restricting the
transmitter distances to the range 180 < »g < 400 km, we find from Figure 7.7 only a very small variability
of the geometrical factor: hence an exact knowledge of the reflection height and its variations is not
crucially important. The possible error should scarcely exceed 10 percent.
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Fig. 7.7 Dependence on transmitter distance and reflection height of the
term (2esin®gecos £)71,

In the medium-frequency range the same should be true, at Teast as far as reflections from the E
region are concerned. However, it may be that in this freguency range during the night a transition to
F-region reflections could occur, and this would cause greater uncertainties in the geometrical term.

7.5.2 Ground-wave Transmission Factor

There are several possibilities for determining n. For instance, one can use the well-known CCIR
ground-wave propagation curves which are given for different ground conductivies o From field-strength
measurements in central Europe it has been found that ground-wave propagation over land is satisfactorily
described by the CCIR curves for o = 1072°% S/m [Sprenger, 1958]. Adopting this, n can be simply calcu-
lated as the ratio between the actual ground-wave field strength, as given by the corresponding CCIR
curve, and the ideal field strength which would be observed without loss. This procedure may be satis-
factory in the low frequency range and at not too great distances. Over greater distances and at medium
frequencies, however, the uncertainty of n when it is determined in this way can become critical.

A more precise method involves two absolute field-strength measurements: one at the receiving site,
giving the value Eg, Eq. (7.8), and the other one near the transmitter, for instance at a distance of
about 10 to 20 wavelengths, preferably in the azimuthal direction of the measuring path in order to
avoid possible anisotropy from the horizontal radiation pattern of the transmitting antenna.
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7.6 Choice of Transmitter

The method under discussion implies the use of normal broadcast communications and navigation trans-
mitters. Unfortunately, there are relatively few transmitters in the LF and MF range with the exclusive
right to operate alone on a given frequency; thus the number of choices is Timited. The chosen trans~
mitter should work with nearly constant power though, in principle, the described method is independent
of the transmitter power provided that possible changes are covered by appropriate ground-wave
calibration marks.

The recommended transmitter distances are between about 150 and 400 km in the low-frequency range, and
between about 150 and 250 km in the medium-frequency range. On the one hand the lower Timit is determined
by the decreasing ratio of sky wave to ground wave with decreasing transmitter distance, so that the exact
elimination of the ground wave becomes more and more difficult. On the other hand, possible changes 1in
the reflection height have a great influence on the term (2esin®<-cos <)™! at smaller distances, and they
make it difficult to obtain an accurate interpretation (Figure 7.7). The upper limit of recommended dis-
tances is. dependent on frequency because it is determined by the condition that the ratio of sky wave
to ground wave must not exceed the value of 1. Beyond this Timit the ground wave amplitude is not great
enough for calibration of the larger sky-wave amplitudes. If, however, the ratio is not much greater than
unity, an extrapolation of the ground-wave calibration marks may be possible using a signal generator.

7.7 Choice of QObserving Site

For the recording of the very weak sky-wave signals during daytime, an extremely exact elimination
of the ground wave by a proper adjustment of the loop antenna is ncessary. This precise elimination can
possibly be destroyed by distortion of the phase front of the ground wave (even by only 0.01° or so) due
to variable Tocal environmental influences. Therefore the observing site should not be chosen in the
vicinity of electric overhead Tines or other long wires (e.g. antennas, metallic constructions or metallic
fences) with variable or intermittent contacts. Also the immediate vicinity of high trees should be
avoided because of their variable conductivity. Further, the observing site should be far away from
sources of industrial man-made noise.

7.8 Qbserving Program

Continuous recordings on one or more frequencies should be maintained for as many hours as possible
during the day and night. From these recordings the following data should be derived for each day:

- noon value of absorption, averaged over a period of about one hour around local noon,

- absorption values at times of constant solar zenith angle y, preferably at cos x = 0.0, 0.2, 0.4 etc.,
averaged as far as possible over an adequate sampling period as described earlier (Eq. (7.15)).

- hourly values of absorption during the night or an averaged value for the whole night,
limited by observations taken only between the times when x'= 100°.

7.9 Some Examples of Results from A3 Records in the LF and MF Ranges

In this Section, some examples are given of LF and MF recordings using Method A3. These have all been
obtained at the Observatory for Ionospheric Research in Kiihlungsborn (54.1°N; 11.8°E). Explanations are
given 1in the captions to Figures 7.9 through 7.15.
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21 21949

Fig, 7.10 Three examples of transient bay-like absorption anomalies on
245 kHz sky-wave records during nighttime (at sunset) lasting
for about one hour, often starting at different times on dif-
ferent propagation circuits in the manner of travelling dis-
turbances.

The dashed Tines indicate the normal behavior of sky-wave
field strength on this measur1ng path during the transition
from day to night.

The record of 16 February 1952 (16.2.1952) shows the absorption
anomaly (B3). It shows also another form of disturbance, called

» which is characterized by the occurrence of an 1ncrease in
t%e fading rate for sky wave and is mostly connected with increased
geomagnetic activity; it is probably caused by highly different re-
flection conditions for the ordinary and extraordinary components
in the nocturnal E region.
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Fig. 7.13 Dependence on solar zenith angle x (abscissa) of daytime ab-
sorption on different frequencies in spring at sunspot mini-
mum conditions. Comparisons of results from A3 measurements
in the LF and MF range (185 kHz, 245 kHz, 1178 kHz) by the
method described in this manual and from the usual A3 measure-
ments in the HF range (2t14 kHz).

A common cos”x law (giving straight Tines in a Togarithmic pre-
sentation) with exponents n=1.2 to 1.5 (in this case) can be
achieved by reducing the total absorption A'tot to the pure day-
time absorption 4'p, i.e., by subtracting that amount of absorp-
tion which is already present at sunrise. (For further results
and investigations of this kind, see Lauter and Sprenger [1966];
Lauter and Nitzsche [1967].
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Max=-PTlanck-Institut fiir Aeronomie, Lindau~Katlenburg, F.R.G.

Table of Contents
Page
8ol INTroducCtion & v v o o & & o & 6 6 & 4 e b 8 o b o o 8 8 o 8 6 o v o o o e e, 165

8.2 The Principle of Measurements . . o v v v v v o o o o o o o o o o o a s « « o o « 165
8.3 The Theory of the Partial Reflection Method . . . v v v ¢ & ¢ ¢ o ¢ o o « o o « « 165

1 The Basic Theory

2 Volume Scattering

3 Extended Theory of Volume Scattering
4 Differential Phase Measurements

8.4 Choice of the Probing Pulse Parameters . « « « . e s s o 5 & e s s s s s s s s . o 169

8.4.1 Probing Frequency
8.4.2 Probing Pulse Width
8.4.3 Probing Pulse Sequence

8.5 Comments on the EQUipment . & & & v i v v v v v @ o o o o o o o 8 o 8 o 0 a o o o 172

1 Experimental System and Operating Sequence
2 Transmitter and Receiver

3 Antenna System

4 Data Recording System

8.5,
8.5,
8.5,
8.5.
8.6 Processing of the Partial Reflection Data ., . . . ., . . « e e e o o 0 o a s e e« 176
8.7 Facilities and Aims of Partial Reflection MeaSUrements . o o o « o o « o o o o o « 176
8.8 Annex: Partial Reflection Measurements with FM=CW & & o o o » o o « = « o « o o « 177
Appendix 8.A: Table 8.A.1. Operating and Recording Data of Some Partial

Reflection Installations . . . v v v v o v o v o« . 179
Table 8.A.2. Various Partial Reflection Installations . . . . . . 180

164




8.1 Introduction

The conventional method of measuring the electron density in the ionosphere, viz., vertical echo

sounding, fails for the lowest part of the ionosphere for several reasons. First, the electron density

in the D region is so small that.-the corresponding plasma frequency is in a frequency range where echo
soundings are hardly possible for organizational (other services) or technical ?expensive antenna systems)
reasons. Second, the collision frequency is so high that absorption is very pronounced especially for
Tow frequencies. Third, the interpretation of the observations becomes difficult because of the complex
influence of the collisions and the geomagnetic field on the refractive index. Fourth, the ray theory
breaks down for frequencies low enough to be totally reflected in the Tower part of the D region. Other
radio methods, therefore, must be applied for exploring the D region. One of them, the partial reflec-
tion method which has been introduced by Gardner and Pawsey [1953], will be discussed in detail in this

chapter.

8.2 The Principle of the Measurements

Using conventional ionospheric sounders, the Towest echoes are being recorded at a height of 100
km. These echoes are attributed to total reflections at levels where the refractive index approaches zero.
By increasing the overall sensitivity of the equipment (by increasing the power of the transmitter, the
efficiency of the receiver, or by selecting locations with very low noise level) more and more echoes be-
come visible at heights down to 60 km (Figure 8.1) [Dieminger, 1968]1. The simultaneous occurrence of
these low echoes and of echoes from the E region proves that the Tow height reflections are partial ones,
The echoes are most distinct on frequencies below 3 MHz. For most locations the use of frequencies below
1.6 MHz is excluded by the extensive and continuous use of these frequencies by broadcast and other
services. Therefore most observations have been carried out between 2 and 3 MHz. In principle they are
possible also on higher frequencies [Dieminger and Hoffman-Heyden, 1952],
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Fig. 8.1 A 2-second sequence of amplitude-reflection height snapshots for different gains of
the receiver, More and more partial reflections appear with increasing receiver gain.
(Tsumeb, 21 April 1965, 1552 h {15° EMT) frequency 750 kHz, from E1ling [1965]).

The information about the D region, especially about the electron density and collision frequency,
is extracted from the amplitude of both magneto-ionic components of the dowhcoming wave. These two am-
plitudes are measured simultaneously or nearly simultaneously but separately from each other. In most
of the experiments the ordinary (o) and extraordinary (x) components are displayed on an A-scope, setting
the two amplitudes in the positive and negative y~direction respectively, as shown in Figure 8,2, These
pictures are recorded on film and evaluated Tater by hand., A more sophisticated recording on magnetic
tape will be described in Section 8.5.4.

8.3 The Theory of the Partial Reflection Method

There are currently three theories to explain the partial reflection data in terms of electron density
and electron collision frequency. The first one, which will be described in the following section, is
widely used as a basic theory and yields reasonably good results. The other two are improvements of this
basic theory and will be described in Sections 8.3.2 and 8.3.3.

8.3.1 The Basic Theory

This theory was first given by Gardner and Pawsey [1953] and was improved later by Belrose and Burke
[1964] who applied the magneto-electronic formula of Sen and Wyller [1960] instead of the Appleton-Lassen
formula for the refractive index. This improvement was necessary because of the dominant role of the
electron collision frequency in the D region, which requires a thorough treatment. Thus the Sen-Wyller
theory, which takes the velocity dependence of the collision frequency into account, was adopted (see

Appendix 2.B in Chapter 2).
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This formula is valid for normal incidence of the wave if the wave frequency is sufficiently far away
from the plasma frequency. The real amplitudes Ay and 4y of the ordinary and extraordinary wave components
partially reflected at a height % can be described by

h
Ao ™ [Rx,ol exp | -2 I Ky .0 dé:] ‘Qf;, |

o

(A for amplitude should not be confused with the absorption decrement 4.)

|Ry .ol b&ing the absolute value of the reflection coefficient for the x- or o-wave component, By forming
the’ratio 4,/4, we get (see Section 2.7 in Chapter 2):
x/ 40

A [z, h[
Z; = T]—?;T exp |-2 (KX-KO) dh (8.3)

e —

Since 4y and 4y are measured in the experiment, |By|, |Ry|, Ky and ko must be expressed in terms of known
quantities such as operating wave pulsation w, electron density », and longitudinal component of the gyro-
pulsation W) .

With Eq. (8.2) we find

Assuming that » is a function of ¥ only, i.e. ignoring the change in v at the boundary and assuming further
that ny = ny = 1, we can write:

2]

dn 2 Jfdn ?
x . x 0

RCw/ @ (8.4)

The assumption that the partial reflections are caused primarily by irregularities

in electron density, and that the influence of irregularities in collision frequency
is orders of magnitude smaller is justified by calculations of Gallet [1955] and
Piggott and Thrane [1966]. Nevertheless, Manson [1966] and recently Jones and Kopka
[1971] pointed out that taking into account irregularities in collision frequency
could considerably influence the computed electron density under certain circumstances.

Differentiating Eq. (8.1) with respect to ¥ and inserting in Eq. (8.4) yields:

2 =k
18 [, b+ {3y, ) (5.5)
|7, {yoca/z(yo)}z + {g- Csa (yo)}2
The difference ky - Ko.Hn terms of w, w , N, and 0 is obtained in a similar way. By comparing the imaginary
parts of Eq. (8.1), assuming uy,o =1, wé find

.5 _mg®
“x,0 ~ F mge e S Cs 2 (v o)
v =y . 15 _9 - 7
and x Ko © v ;41%§OCOG [Cs/z <yx) CS/z (HO{J; = N F (8.6)

Inserting Eq. (8.6) into Eq. (8.3) we obtain:

h o
%= ig—ox-:' exp [-2 fNFth

©

or

Measuring the amplitudes 4x and 45 in two adjacent heights % _ and h,, where A=h -h s sufficiently
small, so that ¥ and F in the integral will remain nearly cofistant With respect to ﬁeight, we can write

o) ), 0 ) w2, - s
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8.3.3 Extended Theory of Volume Scattering

The most recent development in partial reflection theories is the work by Cohen [1971] who takes into
account the effect of the changing reflection coefficient within the pulse width ©, which was not included
in Flood's theory. Similarly as Flood, he starts with a scattering volume, ct/2, containing a finite
number of discrete and independent scatterers. The received amplitudes are the sum of the echoes of
all these scatterers located in ¢t/2. The receiver output is calculated from probability theory, assuming
that each scatterer has a uniform probability distribution. The result of this theory is a complicated
integral equation for the electron density profile which will not be given here.

Comparing this theory with the basic theory, it turns out that the computed profiles show a strong
dependence on the pulse width t. While the difference between the basic theory and this theory is neg-
ligible at short pulse widths (1=10-25 pus), there are considerable differences at pulse widths of 1> 50 ps.
Thus the important result of this theory is that the basic theory could be applied if the probing pulse
width T is sufficiently small. The experimental questions concerning the pulse width will be discussed
in Section 8.4.2.

8.3.4 Differential Phase Measurements

Not only the amplitude, but also the phase of a wave partially reflected in the D region is altered.
Assuming a single scatterer at a height %, we obtain for the phase difference between the two components
of the wave,

h
= - = gﬂ '
A ¢X ¢ N ( (nx-no) dh + No = My (8.11)

No.x being the phase change at the reflection point.
9

Measuring A¢ and evaluating Eq. (8.11) with the help of Eq. (8.1) is another method to find the electron
density profile. Combining these results with those obtained by differential amplitude measurement,
it is possible to get the electron density profile and collision frequency profile simultaneously and
independently.

Currently there are two methods applied to measure the differential phase. Austin et al. [1969]
and Austin [1971] measured directly the phase between the upgoing and the downcoming wave for both -~
magneto-electronic components and calculated A¢ from these results. Von Biel, Flood and Camnitz [1970]
obtained the phase difference indirectly by measuring the mean square amplitudes of sums and differences
of the two wave components.

Both measurements together with those from Belrose [1970] have preliminary character because of
the difficulties in exact phase measurements. The authors were not able to derive electron density
profiles with the same accuracy as those obtained by differential amplitude measurements. They only
use the differential phase measurements as a cross check for the differential amplitude experiment.

Nevertheless the differential phase measurement seems to be a useful complement to the differential
amplitude measurements, and it certainly will become more important when the experimenters have more
experience in measuring the phase difference with better accuracy.

8.4 Choice of the Probing Pulse Parameters

To install a satisfactorily working partial reflection experiment a careful choice of the approe-

priate probing pulse parameters needs to be made. Some considerations about this subject are summarized
in the following sections.

8.4.1 Probing Frequency

The choice of the probing frequency depends mainly on the height range of the D region which should
be explored, and on the geographic location of the installation. From the aim that the measurements
of the amplitude 4A,/Ay should be as accurate as possible, it follows that the value of this ratio should
be as high as possible, since in this case it is the least sensitive to interference. Regarding Eq.
(8.3) we can say that 4,/4, is large if Ry/Ry is Targe since the exponential expression is always less
B

X )
than 1. If we compute 17 with Eq. (8.4) and the CP approximation to the Appleton-Lassén formula (see
0
Section 2.2.4) which is sufficient for this estimation, we get
IR, | (whw )2+9°
= _ 2,-2
|7, (w-w )2+9
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Fig. 8.5 Basic arrangement of a partial reflection experimental equipment.

The minimum theoretical bandwidth of the receiver must be about 40 kHz if a 25 us rectangular pulse
is used. But in practice the bandwidth has to be greater if the rise time of the pulse is high, and
the pulse should be received without great distortion. A greater bandwidth of the receiver naturally
implies a higher rate of interference from frequencies adjacent to the probe frequency, which may be
very cumbersome if the man-made noise at the receiving station is high. In that case the bandwidth has
to be reduced in spite of the associated disadvantages.

8.5.3 Antenna System

A sufficiently large antenna array is one of the most important factors to obtain satisfactory re-
sults in partial reflection measurements. One reason for the requirement of a large antenna array is
the weakness of the partially reflected waves and the other is the need of a small beamwidth to reduce
interferences. While the faintness of the echoes can be amplified by increasing the transmitter power,
the required small beamwidth of the antenna could only be achieved with a great number of dipoles.

The need of a small antenna beamwidth is documented in the older publications of nearly all those
authors who used only small antennas, and who reported considerable interference by oblique reflections
and reflections on mountains, sea waves, and other obstacles. A four dipole square array may only be
sufficient if the noise at the receiving station is very low and none of the obstacles mentioned above
are present. Since this situation is quite rare, the number of dipoles has to be increased if good data
are desired, Figure 8.6 shows the dependence of the power gain over a half-wave dipole and of the beam-
width on the number of dipoles. In practice the number of dipoles is generally limited by financial
reasons; from the theoretical point of view it should be as high as possible.

As a result from Table 8.A.2, most of the experimenters use a square array of dipoles which is the
most convenient form for receiving circularly polarized waves. In this arrangement, which is shown
schematically in Figure 8.7 as a 40-half-wave dipole array, all the dipoles in the rows a, b, ¢, d, e
are fed in phase while the dipoles in the columns A, B, C, D, E are fed similarly but in quadrature.

If separate antennas are used for transmitting and receiving, a linearly polarized transmitting antenna
may be used. Consequently the polarization switch on the transmitter side can be omitted, but a gain
loss of 3 dB has to be taken into account. More convenient from the economical point of view is a single
antenna system for transmitting and receiving which was used by Belrose [1970], Feyer and Vice [1959]

and Holt et al. [1963]. An example of the TR switch which is required in that case is shown in Figure
8.8, This TR switch has the advantage of being a purely passive network which uses no mechanical
switching. One can easily realize, taking the phases of signals_into account, that the voitage of point
R is zero in the transmitting mode and the voltage at point T is zero in the receiving mode, while the
voltage at point X and 0 are separated in phase 90° as required for a circularly polarized wave.
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Fig. 8.8 Passive network switch for transmitting and receiving [Belrose, 1970].

8.5.4 Data Recording System

The simplest data recording system which is used by the majority of the experimenters is an A-scope
and a camera. The Ay amplitude versus height is displayed in the positive y-direction and the inverted
A, amplitude versus ﬁeight in the negative y-direction of a cathode ray tube. Since both amplitudes
are displayed one after the other (if ¢ ,0 i 0), the film in the camera is transported whenever such
a double exposure is performed. Both tﬁe cathode ray display and the camera are controlled by the cen-
tral timing unit shown in Figure 8.5. A more convenient data recording system is presently used at
Ottawa [Belrose et al., 1972], Urbana [Birley and Sechrist, 1971] and Armidale [Lehmann, 19717 and will
be used at Lindau. A block diagram of this system is shown in Figure 8.9. The analog voltage of the
height amplitude echo envelope, which was formerly displayed on an oscilloscope, is now fed into an
analog-to-digital converter. 1In this device one digital amplitude value is formed for each height in-
terval of, for instance, 2 km. These digital amplitude values in a height range from about 40 to 100
km are stored in a memory. This is done for both amplitudes Ay(k) and Ag(k) and also for the noise .
values, The memory is then read out on an incremental tape recorder. The AD converter, memory and tape
recorder are controlled by the same central timing unit which is/shown in Figure 8.5 The data on the
magnetic tape can be directly analyzed with the help of a computer.

Experimental AD-Converter Memory
System
7 R )
| | JI
! | ==
L—“'_T F“——‘J l
} : | Incremental
|
Central | _J Q
Timing
ot 7 ( )
Tape
Data flow

- — — (ontrol commands
Fig. 8.9 Biock diagram of a digital data recording system for partial reflection
measurements,

175







8.8 Annex: Partial Reflection Measurements with FM-CW

During the preparation of this paper a new technique for performing partial reflection measurements
was investigated at the Max-Planck-Institut fiir Aeronomie, Lindau. This technique which was already
applied successfully to other fonospheric sounding measurements in this institute is the FM-CW method
(frequency modulated continuous waves), The great advantage of this technique in comparison with the
so far applied "pulse-technique" is the reduction of the transmitter power by orders of magnitude as will
be shown in the following.

Different from the pulse technique, in the FM-CW technique not a single pulse but a continuous wave
with Tinearly increasing frequency is transmitted into the D region (Figure 8.10). The echo signals which
arrive at the receiver after the time delays t1s tys T, .. Were superimposed by the instantaneous transmitter
signal yielding low frequency shifts Fs Fys Fy ... In this way the time delay spectrum of the received
signal is transformed into a low frequency spectrum. By Fourier analyzing the receiver signal after the
mixing process, one obtains the spectrum of the frequencies 7, F,y Fy.... , where these frequencies
correspond to the heights of the reflecting centers in the D region, and the intensity of the spectrum
at those frequencies corresponds to the reflection coefficient of those centers. The obtained frequency
profile, Ax’o(fﬁ, can be easily converted into a height profile, 4y o(R), by the relation

) Af}TY
=2 . |4 .
SEN

g being the velocity of light and Af/A¢ the linear frequency increase of the transmitter signal (Af is
called "frequency sweep" and At "sweeptime"). Since the Fourier analysis yields not only the amplitudes
but also the phases of the low frequency spectrum, one needs no additional equipment for measuring dif-
ferential phases. The evaluation of the differential amplitudes, 4y o{x), and differential phases,

Py O(h), by means of the magneto-electronic theory is performed in the same way as in the case of the
pulse techniques.

h PARTIAL REFLECTION
| 102 105 cm-3 MEASUREMENTS WITH FM-CW
i i 1 l - N (h)
100 ? ’I%ronsmitter signal
507 F(low)
Y .
f(high) i ! Transmitier frequency
4 | A Fs ¢ (diy!
i = F h=§‘F&§?
I e e M i F e
/} partial echo ! AX'O (F) AX'O hy
df / frequency $x,0(F) Px o (h)
e e = | |
Aoy () t 1 =t Magnetoionic

(Sen - Wyller)
[ Theory
| Fourier-
| %lys's h / h \
i
t
N (h) v(h)

Fig. 8,10 Partial reflection measurements with the FM-CW technique. By trans-
mitting a continuous wave with linearly increasing frequency f and
mixing the received sighal with the instantaneous transmitter signal,
the delay times i of the received signals were transformed into low
frequencies F;. Fourier analysis and conversion of the frequencies
Fi to altitudes hj yield the amplitudes 4y, o(%) and phases ex.olh)
of the partially reflected signal. ’
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The values of absorption thus obtained at 20 MHz for the whole F layer was 8-10 dB. This value
seems to be exceptionally large as compared with riometer absorption measurements on cosmic noise at the
nearby frequencies of 18 or 25 MHz [see Hultqvist, 1963] for an assumed value of foF2 = 11.4 MHz at the
time of the satellite passes.

The causes of the discrepancy between the above and the usual values of F-layer absorption may lie
in some attenuation mechanism other than absorption; for instance they may be due to scattering from ir-
regularities [Rawer, 1960] which would not necessarily be detected by a wide angle averaging process or
they may be caused by the inherent drawbacks of the method used -~ mainly the assumptions that must be
made to allow for the averaging of signal strength over the variations due to the satellite's changes
in orientation (tumbling). Unfortunately the measurements described were carried out only on a very small
number of passes.

9.3 Differential Path Method

A method similar to the Bouguer-Langley method for measuring the absorption of the Sun’s rays at
optical wavelengths was proposed by Vassy [1961]. This is based on comparisons of the signal amplitude
for vertical and oblique transmission paths during the same satellite pass.

It would be especially applicable for beacon-carrying satellites in circular orbits above the main
parts of the F layer, 1ike the satellite S-66 (1964-64A). Attempts to use this method as detajled by
Mass [1963] (see Figure 9.2) have so far been unsuccessful owing to the difficulty of eliminating the
variations due to the satellite antenna radiation pattern and the orientational instability of the satel-
Tite. A possible way to overcome these problems would be to orbit a well-stabilized satellite with a
well-known radiation pattern and to eliminate polarization difficulties either by receiving on circularly
polarized antennas, or by measuring signal amplitudes only at the maxima of the Faraday fadings, at which
time the polarization of the receiving antenna lies in the polarization plane of the received wave. It
should however, be noted that the total difference in expected attenuation between an oblique path at
45° and a vertical path is only about 0.5 dB (at 20 MHz). Thus extremely high and possibly impractical
stability would be required in the other parameters of the system.

L

3

log (E-d)

| -
T

1 2 sec |

Fig. 9.2 A logarithmic plot of received field F multiplied by
the geometric distance to the satellite d, as a func-
tion of the secant of the average angle of incidence
14. should give the total vertical absorption f K dz

hs
using £ = 99%§34exp (-sec i f « dz); tan B = - [ « dz
hi

[Mass, 1963].
9.4 Differential Mode Method

Amayenc [1967, 1968] has used the method of comparing the amplitudes of the ordinary and the
extraordinary components at the receiving antenna, assuming that the transmitted signal is purely linear-
ly polarized (that is, equal right-hand and left-hand circular components). The attenuations Ag and Ay
of the ordinary and extraordinary components differ from each other and can be approximated by:
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9.5 Conclusion

At the present time it does not seem advisable to encourage routine measurements of the jonospheric
absorption of radio waves using satellite transmissions. A method has yet to be developed which will
overcome the problems and resolve the discrepancies of the three above-mentioned attempts. If, however,
a reliable method can be found, it may provide an easy and cheap way of determining absorption on an
average basis, and also of giving information about spatial structure.
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10.3. APPENDIX I

Symbols and Abbreviations in Use for

Absorption Measurements

(1) Symbols

The standard symbols for electrical quantities have recently been revised by the appropriate
international bodies. Unfortunately the new symbols differ from those which have been used in
absorption work in the past. We therefore give the recommended new symbols. The relations are
as follows:

old: fy L 4 I(linear) 1(in dB) ¢(in dB)

new: f, A D E F (Fo)

With these changes the new symbols are now given in alphabetic order.

eq Velocity of 1ight in a vacuum (= 3-10% m/s = 3-10° km/s)
f Frequency of radio wave

fB Gyro-frequency (Natural frequency of rotation of free electrons around the magnetic
field 1ines)

i fB. cos © = longitudinal component of gyro-frequency

fN Plasma frequency (proportional to electron density W)
foE - Critical frequency of the normal E layer (o mode)

Critical frequency of layers F1 and F2, respectively (o mode)

h'q Virtual height of effective reflection of the echo considered (usually in km)
d Distance (usually in km)

Tonospheric absorption: Logarithmic decrement measured in dB

Absorption parameter referring to non-deviative absorption only, Eq. (2.20)
Absorption parameter referring to deviative absorption, Eq. (2.20)

= (f+ £)® 4 = Global absorption parameter, Eq. (4.13)

Electric field strength (usually in u V/m)

Logarithmic measure of E, in dB (usually over 1 uV/m)

Reference value (see Section 4.5.3)

ST T = B TS S VS

[=]

Electron (number) density (usually in m2); also called plasma density
Radiated power

Solar activity measured by Ziirich sunspot number

Absolute temperature {of electrons in the ionospheric plasma)

(f'N/f)2 = reduced electron density

= fb / f = reduced gyro-frequency

Mo oW O oo

[a-
"

v / 2nf = vreduced collision frequency

Q

Angle between wave normal and the vertical

Absorption coefficient of a radio wave in the jonosphere
(Local parameter: Freguency, mode and angle © to be specified)

u Refractive index in the ionosphere
(Local parameter: Frequency, mode and angle © to be specified)

v Effective collision frequency. (Different from gas-kinetic effective collision frequency)
Ve Critical collision frequency (Unique value at a given location, see Figure 2.8)

o) The apparent reflection coefficient of the ionosphere.

(also py) This is defined as the ratio of the amplitude actually observed to the amplitude which
would have been observed if there had been no collisional Tosses along the wave tra-
jectory. (Frequency, mode and ray path to be specified.)

Pq The apparent reflection coefficient of the ground
’ Angle between wave normal and Earth's magnetic field
o] Solar activity measured by solar microwave radiation (10.7 cm), also called Covington index.
As designated by CCIR, this index is a dimensionless number between the approximate Timits
20 and 500. s
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10.4. APPENDIX II

Abbreviations (Letter Symbols)

Similar to their use in jonogram reduction, letter symbols are used to describe, to qualify, or
to replace a numerical value. Qualifying letters may be considered as special orders to be followed
during the statistical treatment of data. Descriptive letters indicate the presence of a particular
difficulty (when added to a situation where a letter stands alone with the numerical value), the
cause of uncertainty (when accompanied by a qualifying letter and the numerical value) or the reason
why it was not possible to obtain a measurement (when replacing a numerical value). The definitions
of the letter symbols used in absorption measurements mainly agree with those in use for ionograms.

(Since most of the Tetter symbols are descriptive, we present them all in alphabetical order,
indicating those which are used as qualifying letter symbols.)

Letter symbol: Meaning:
A Measurement influenced by, or impossible because of, the presence of a Tower thin
layer, for example Es.
B Measurement influenced by, or impossible because of, absorption in the vicinity
of fmin.
C Measurement influenced by, or impossible because of, any non-ionospheric reason.
D (Qualifying letter symbol): Greater than ..

Note: If no echo is received owing to very ﬁigh absorption, the absorption dec-
rement x is computed from the observed noise Jevel y (see E) and this value is
qualified by D, and described by B.

E (Qualifying letter symbol): Less than ...
Note: When no echo is received owing to very high absorption, the measured
amplitude is written Ey, where y is the amplitude equivalent to the noise level.

F Measurement influenced by, or impossible because of, the presence of spread echoes.
H Measurement influenced by, or impossible because of, the presence of a stratifica-
tion.

Note: Used only when a stratification which is Tikely to modify the apparent
absorption appreciably is observed in or below the reflecting layer. This symbol
applies to ledges but should not be used where the sporadic Es Tetter A is more

appropriate.

I (Qualifying letter symbol): Missing value has been replaced by an interpolated
value,

J Ordinary component characteristic deduced from the extraordinary component.

L Measurement influenced by, or impossible because of, insufficient ionization in

the reflecting layer.

M Ordinary wave measurement influenced by presence of overlapping extraordinary
wave signal.
Note: This is usually appropriate only when the absorption is small.

N Conditions are such that the measurement cannot readily be interpreted, for example
in the presence of oblique echoes. Also used when the pattern is changing too
rapidly with time to permit absorption measurements to be made.

Note: N is replaced by the symbol denoting the immediate cause of the difficulty
when this is known, e.g., by A, B, F, L, R.

0 Measurement refers to the ordinary component.

R Measurement influenced by, or impossible because of, absorption in the vicinity of
a critical frequency. To be used also when the echo pattern changes rapidly with
time owing to small changes in critical frequency.

S Measurement influenced by, or impossible because of, interference or atmospherics.
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