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Continuous recordings of received skywave field-strength from Radio Tashkent (164 kHz, 41° 2S'N;
69° 12'E; 1634 km from Delhi) have been going on for lhe past 20 years in the Research Department of All
India Radio. Analysis of the data has shown that a sudden change in amplitude of the received If signal
(abbreviat~ as SCL) is almost always associated with the occurrence of solar flare. Using the field strength
data, certain parameters of lower ionosphere like reflection height from sunrise effect and recombination
coefficient from the post-flare variation 'of If signal, have been evaluated. Some further studies of lower iono­

sphere using SID' effects; SCL and X~ray flare data. have revealed that the effective X-ray region responsible
for causing the different types of SCL and other SID effects like SPA and SCNA lies within 1-2"\ and a flux
energy of 10-3 to 10-4 erg cm-! see-i. Analysis of SCNA data at 18 and 29 MHz has indicated that the

height of maximum absorption is around 68 km. An attempt has also been made to explain the occurrence
of different types of SCLs vis-a-vis the nature of X-ray flares.

1. Introduction

The Research Department of All India Radio
became involved in the investigation of long wave
propagation in 1958 while carrying out measure­
ments on absorption by A-I technique1 and deve­
loped a simple, precise and reliable radio-method
of detecting solar flares through the continuous
recording at Delhi of sky wave field strength of Radio
Tashkent (69° 12' E; 41° 25' N) operating on 164
kHz and situated at a distance of 1630 km. It has
been observed that whenever there is a flare on the

sun, there is a simultaneous sudden change in the
amplitude of received long wave signal abbreviated
as SCL. Most of the SCLs have been found to
correlate well with flares reported.II-4 In general,
three types of flares, namely, A, Band C have been
observed.

In this paper, SCL and other SID (sudden iono­
spheric disturbance) data have been used to study
certain parameters of the lower ionosphere. An
attempt has also been made to explain the occurrence
of three types of SCLs.

2. Evaluation of Reflection Height and the Recom­
bination Coefficient of Lower Ionosphere

2.1 Evaluation of ReOection Height from Sunrise EfFect

The sunrise time for the period June 1965 to
May 1966 has been used to calculate the reflection
height at control point of the propagation path
between Delhi and Tashkent.

This height has been found to be between 65 and
75km in summer whereas in winter and equinox

it has been found to be around 75 km (Ref. 4). The
height of reflection during the IGY has been found
to be 65 km during summer and 75 km during
winter.s The average height can be taken to be
around 70 km.

2.2 Evaluation of Recom1Jination Coeft'icient (at)

During the solar flare, the ionization in the
absorbing region is enhanced considerably depending
upon the flare intensity. At maximum of the flare,
when no further ionization takes place due to flare
radiation, the enhanced ionization decays gradually'
to the normal value at a rate depending upon the
coefficient of recombination and electron density.'
Using the continuity equation of Appleton and
Piggott,· it has been possible to find the value of
ex using the SCL data collected during the years
1966-68. The mean value of ex works out to be
2'4 X 10-· cmll see-I, which agrees with the value
obtained by Mitral for a layer height around 70 km.

2.3 Other Statlies of Lower loaoJpbere Using SID Ueets,
SCL and X-ray Flare Data

2.3.1 Ear/ier lVork-Figs. l(a) to l(c) show X-ray
flare observed on 13 Apr. 1966 between 0706 and
0716 hrs UT and simultaneous occurrence of SID
effects like SCL on 164 kHz, at Delhi, SNB (sudden
noise burst) at 204 MHz at Izmiran, SEA (sudden
enhancement in atmospherics) at Ondrejov, SWF
(short wave fade out) at Okinawa, SCNA (sudden
cosmic noise absorption) at 18 and 29 MHz at
Manila and Ondrejov, respectively, and SPA (sudden
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Table 1 - Values of Absorption during the Maximum of
Flare on 13 Apr. 1966

Absorption (in dB) for
18 MHz 29 MHz

Model used

Pierce and Arnold (1%3)

Mitra (1965)

Observed values

Fig. 2 - Variation of electron density with height [-, after
Mitra (1965) model; - - - -, after Pierce and Arnold (1963)

model]
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Fig. 1 - Plots showing: (a) X-ray flare observed on 13 Apr.
1966 between 0706 and 0716 hrs UT and some correspond­
ing SID effects; (b) SCNA on 18 and 29 MHz; and (c) SPA

observed on different circuits

phase anomaly at Inubo (Japan). These data together
with corresponding X-ray flux data ollected through
solar radiation from the American Satellite, Explorer­
30, have been used to study D-region as given below.4

From the X-ray flux data at the maximum of
flare observed on 13 Apr. 1966, the N-h profiles
based on Pierce and Arnold7 and MitraB models
of effective recombination coefficients, have been
computed for X value 30° (corresponding to reflec­
tion point of the long waVe signal from Radio
Tashkent), 50° (Manila) and 60° (Ondrejov) and
these are shown in Fig. 2. These profiles, apart from
giving the state of ionization during the occurrence
of an SCL, can also be used to find the ionospheric
absorption as given below.

The integrated value of absorption at 18 and 29
MHz have been theoretically calculated at the maxi­
mum of flares on 13 Apr. 1966 knowing the specific
absorption at different heights fromN-h profile of the
lower ionosphere as computed above. These values
have been compared with observed values obtained
from Manila (Phillipines) at 18 MHz and Ondrejov
(Czechoslovakia) at 29 MHz. The results are shown
in Table 1.

It may be seen from Table I that the observed
values of absorption are somewhat lower than the
calculated ones. This may be due to slight difference
in the values of 0( or the collisional frequency models
assumed in the calculations. It has also been found'
that the maximum absorption occurred around 68
km on both the frequencies (18 and 29 MHz).

From the study of SPA and corresponding X-ray
flare on 13 Apr. 1966 (Ref. 9) the height of maxi­
mum electron production and that of reflection
have been worked out to be 66 and 60 km, res­
pectively. The value of Nr/ No is calculated to be
0'75 where Nr is electron density at height of reflec­
tion and No is the maximum electron density.
Assuming Chapman layer formed in lower D-region
during a SIDlo the effective X-ray region responsible
for this SPA has been found to be around 2 A and

the corresponding flux energy about 10-4 erg cm-:>'
sec-l, which is in good agreement with measured
value of flux during the flare. The results show
that X-ray flux intensities may be computed with
reasonable accuracy.

An analysis of data of some X-ray flare observed
during 1966 (Ref. 4) has shown that for SCL and
other SID effects to occur, X-ray flux in the range
0.5 to 8 A is important with its threshold value
varying from 10-3 to 10-4 erg cm-2 sec-1 in 0.5 to
2 A range.
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2,3.2 Recent work - Mitrall has reported that,
by and large, three types of flares, viz. A, Band C
have been found to occur. In case of type A the
received signal would increase suddenly and then
decrease gradually; for type B sudden decrease in
signal would be followed by an increase and then
gradual decay; and for type C the signal would
suddenly decrease and then would slowly return
to normal. There can be complicated types of SCLs
having a mixture of these types. It has been indi­
cated in the preceding paragraph that X-rays in the
frequency range of 0.5 to 2 A with a certain mini­
mum value of hardness are responsible for the
occurrence of different types of SCLs. However, the
reasons for the occurrence of different types of
SCLs are not precisely known.

To study the problem further spectral analysis
to compute the flux energy for each wavelength
ha~ been attempted. Some recent SeLs, which
mostly occurred during 1978 (a period of modera­
tely higher sunspot activity), have been selected

for the purpose. The corresponding X-ray flare data
in the ranges 0.5-3 and 1-8 A have been obtained
from World Data Centre A. In these cases, single
temperature model adopted by Dere et 01.12 has
been utilized for both the wavelength ranges. This
model can be used advantageously except for out­
standing events where use of two-temperature model
after Deshpande and Mitral' may yield more accu­
rate results.

By and large it has been found that the effect
of X-rays in the wavelength range of 3 A and above
is insignificant below 70 km to cause any type of
SCL. Table 2 shows the different types of SCLs
with the corresponding value of X-ray flux in the
wavelength range 1-2 A.

Fig. 3 shows the normal and peak flare time N-h
profiles drawn for certain cases indicated in Table 2.
In working out peak flare time profiles the suitable
flare time models of effective recombination coeffi­
cient depending upon the hardness of X-ray flare
and actual temperature of sun at the maximum of

Table 2 - X-ray Flux in the Range 1-2A for Different Types of SCls

Date and time

Integrated X-ray energyRatio of energyPredicted equi-Energy (inCorrespond-
(in hrs UT)

in the bandin the bandsvalent temp, of erg/ems/see)ing SCL typeRemarks
(in ergs/ems/see) R{T) _ E (O'5-~ A)sunconsideringobserved

0'5-3 A
1-8AE(I-8 A)

oKthe actualin 164kHz
radiation

channel at
condition

Delhi
in 1-2 A band1968 30* Jan.

202 x 10-1560 X 0.336 X 10-3Two temp,7 x 10-3BN-h Profile

(05055)
model useddrawn

1978 10 Apr.

6 x 10-'• X 10-'3 X 10-·13'5x loe1'29 x 10-' Cdo

(0530) 5 May

14 X 10-'100 X 10-31'4 X 10-'10'03 X 10'1'1 x 10-'Bdo

(1015) 22 May

6 x 10-'2 X 10-'3 X 10-·13' 5 x 10'1'29 x 10-'C

(0210) 5 June

1'6 x 10-'8 x lO-a2 X 10-15'7 x loe6'99 X 10-7C

(0230) 1 July

1'7 x 10-1i3 X 10-10'S7x 10-·7'51 x 10'0'41 X 10-'AN-h Profile

(0110)

drawn

9 July

1 x 10-13'5 X 10-'2'86 X 10-'13'2 x loe1'59 X 10-'A

(0715) 9 July

2'5 x 10-11 X 10-12'5x 10-' 12'48 x 10'3'56 x 10-4A

(1240) 10 July

I x 10-·1'1 X 10-19'09 X 10-224'75 x loe2'90 x 10-1B

(0140) 11July

2 x 10-'2 X 10-1I X 10-126'9x10e6'03 x 10-1 AN-h Profile

(0545)

drawn

18 Ju[y

1'1 x 10-11'9 x 10-'5'7x 10-' 18'3X 10'2'64 x 10-' Ado

(0900) *Analysis for 30 Jan, 1968SCL was obtained from the work of Deshpande and Mitra.I1
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Fig. 3 - N-h profiles for SeLs due to X-rays (1-2..\) [I,ll and 18 July 1978 curves belong to type A; 30 Jan.
1968 and 5 May 1978 curves belong to type B; and 10 Apr. 1978 curves belong to type C]

flare have been utilized after Deshpande and Mitra14
and Mitra,15 whereas for normal time profiles, the
value of recombination coefficient has been taken
after Deshpande and Mitra.l4

In other cases of SCLs depending upon the type
shown in Table 2, the N-h profiles are more or less
similar to the profiles given in Fig. 3. It may be
noted that during X-ray flares of particular hard­
ness in the wavelength range 1-2 A (around 1'5 A)
a certain type of SCL has been observed. In general,
the resultant effect on If signal from a distant
transmitter (Radio Tashkent-l64 kHz at a distant
of 1640 km from Delhi in this case) is the difference
in increase in signal due to lowering of height of
reflection below the normal height around 70 km
and the additional absorption suffered by the signal
due to possible increase in collisional frequency and
electron density at height below the reflection point.
However, the cases of different types of SCLs are
explained below.

For the type A cases considered in the Fig. 3
X-ray flux energy and hardness factor (ratio of
0'5-3 A to 1-8 A flux) corresponding to 1-2 A, have
ranged from 0'41 ><10-6 to 6'03 X 10-3 erg cm-2 sec-1
and from O'57 x 10-2 to 1 x 10-1, respectively. The
ionization density responsible to cause reflection
of long wave signal in normal ionosphere works
336

out to be about 150 electrons cm-3• In all these cases,
lowering of the height of reflection during an X-ray
flare by a few km (Fig. 3), and reduced absorption
of long wave signal due to its passing through lesser
depth of lower ionosphere before reflection, appears
to be the probable reason.

In the two B-type of SCLs considered for Fig. 3,
the flux energy and hardness factor R(T) corres­
ponding to 1-2 A have ranged from 7 x 10-3 to
1'1 X 10-4 erg cm-2 sec-1 and from 3'6><10-2 to
1'4x 10-2, respectively. The N-h profiles (Fig. 3) for
these SCLs show that at the beginning of X-ray
flare there is no significant change in the height of
reflection of long wave; signal, but due to increase in
the electron density at lower height, the signal is
attenuated due to enhanced absorption and as the
X-ray flare progresses the electron density further
increases, thus lowering the height of reflection and
consequently increasing the overall signal intensity
as in the case of A-type of SCLs. Thereafter, as the
conditions normalize, the long wave signal gradually
becomes normal depending upon the recombination
coefficient, etc.

In the case of C-type of SCL considered in
Fig. 3, the hardness factor and X-ray flux energy
are 3 x 10-2 and l' 29 x 10-4 erg cm-2 see-I, respec­
tively, in the wavelength range of 1-2 A. Normal

....•.-
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and peak flare time profiles shown in Fig. 3 indi­
cate that fall in signal due to excessive absorption
in the lower layer exceeds the increase in signal
due to lowering of height of reflection, taking an
electron density of about 150 electrons cm-3 suffi­
cient to reflect the long wave signal under normal
conditions.

It may be interesting to note that during an
X-ray flare, the electron detachment coefficient ('Y)

(Ref. 16) from negative ion is a varying factor and is
quite significant in controlling the effective recom­
bination coefficient, and hence the N-h profile at the
lower heights. Accordingly, the type of SCL is likely
to depend on value of y which contributes significan­
tly to the absorption of long wave signals at lower
heights,17

3. Conclusions

The average height of reflection of long wave
signal from Radio Tashkent works out to be about
70 km. The maximum absorption of short wave
signal, at 18 and 29 MHz has been found to take
place around 68 km. In case of SPA (for this case),
the height of maximum electron production is around
66 km, whereas the height of reflection is about
60 km. It has also been found that effective X-ray
region responsible to cause the different types of
SCLs and other SID effects like SPA and SCNA
is around 1-2 A corresponding generally to a flux
energy of 10-3 to 10-4 erg cm-2 sec-1• It is also
observed that X-ray hardness factor (ratio of
0'5-3'0 A to 1-8 A flux) and 'Y, the electron detach­
ment coefficient of negative ions, are also quite
important to explain the occurrence of different
types ofSCLs. However, a very comprehensive ana­
lysis of X-ray flare data vis-a-vis SCLs, considering
the preflare condition of ionosphere, changes in its
chemical composition, temporal and seasonal effects,
is needed to explain precisely the occurrence of
different types of SCLs or any other SID effects.

Acknowledgement
The authors are grateful to Dr A P Mitra and

Dr C V Subrahmanyam of the National physical
Laboratory, New Delhi, for their valuable guidance
especially in the analysis of X-ray flares. They also
wish to thank Shri S N Mitra, Ex-Chief Engineer,
All India Radio, and Dr M K Rao, Deputy WIfeless
Adviser, Ministry of Communications, Government
of India, New Delhi, for their helpful discussions.
The paper is published with the permission of
Research Engineer, All India Radio, New Delhi.

References
1. Mitra S N & Mazumdar S C, 1. atmos. terr. Phys .• 10

(1957).32.
2. Mitra S N. J. Instn Telecommun. Engrs, New Delhi,S

(1959). 165.
3. Mitra S N, 1. Instn Telecommun. Engrs. New Delhi. 6

(1960). 121.
4. Mangal Sain, Investigation of lower ionosphere through

the study of longwave propagation and SID effects. Ph D
thesis. Delhi University, 1968.

5. Mitra S N, 1. Instn Telecommun. Eners, New Deihl, 10
(1964), 135.

6. Appleton E V & Piggott W R, 1. atmos. terr. Phys.,
5 (1954), 141.

7. Pierce E T & Arnold N R, Sudden ionospheric dis­
lurbances and the propagation of vlf radlowaves, Final
rep., Stanford Research Inslitute, California, 1963, 158.

8. Mitra A P, Paper on N-h profiles presented at COSPAR
meeting at Buenos Aires, 1965.

9. Mangal Sain & Rao M K, 1. Instn Telecommun. Engrs,
New Delhi, 16 (1970), 820.

10. Chilton C J, Steele F R & Norton R B, 1. geophys.
Res.,68 (1963),5421.

11. Mitra S N, Solar Phys., 15 (1970),249.
12. Dere K P, Horan D P & Kreplin R W, 1. atmos. Ie".

Phys., 36 (1974), 989.
13. Deshpande S D & Mitra A P, J. almos. lerr. Phys., 34

(1972), 229.
14. Deshpande S D & Mitra A P, J. atmos. lerr. Phys.,

34 (1972), 243.
15. Mitra A P, 1. atmos. lerr. Phys., 37 (1975), 895.
16. Rowe J N, Mitra A P, Ferraro A J & Lee H S,

J. almos. lerr. Phys., 36 (1974), 755.




