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PREFACE
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The thesis contains six chapters and consists of two
parts. Part I - Chapters I to V deal with the propagation of
low frequency radio waves ( 30 - 300 kHz ) by reflection from
the D-region of the ionosphere ( 60 - 95 km ) at low latitudes.
The study of the intensities of these radio waves reflected at
oblique incidence provide an efficient method‘for exploring the

D-region of the upper atmosvphere,

The amplitudes of 164 kHz radio waves transmitted from
Tashkent have been recorded at Ahmedabad since 1960. BSimilar
receiving equipments were set up at Poona ( period 1963 ~ 1964 )
and at Gulmarg ( for a short period in 1971 ) in order to study
the effect of changing the distance bet@een the transmitter and
receiver. The author modified the receiving equipment at

Ahmedabad in 1969 by using a loop antenna and set up an identical

unit at Gulmerg in 1971.

The thesgis contains the results of a study of the above
observations. (1) The radio data have first been analysed- to
obtain the variations during quiet day conditions.(2) The
effect of solar X-ray flux enhancements during solar flares on
the propagation of these radio waves has then been studied.

(3) Night~time radio signal attenuations hove been found to be



related to X-~ray emissions from galactic X-ray sources.
Theoretical estimates of thig effect 1avc been made and compared

with the obsgservations.

IT. An associated J—r ion study has been made by the
Paalysis of the lunar tidal variations of D-region absorption
oi medium freou@ncy radio waves ( 1 - 3% MHZ ) at the eguatorial

and the mid~latitude stations.

The author expresses with deep gratitude his indebtness to
Professor K.R.Ramanathan for introducing him the subject and

guiding him during the entire period of investigation.

The auvthor with great pleasure wighes to exprese his

heartiest gratitude to Professor R .G. Rastogl for his guidance

and supervision throughout the course of works
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SCOPE OF THE THESTS

Brief descriptions of <the present study contained in

the gix chapters of the thesis are given below:

CHAPTER I - FPormation of the low-latitude D-region
Tonogphere and propagation of low freguency
radio waves

(a) Pormation of daytime D-region during quiet solar
conditions has been assessed by considering the production and

logs processes using the most recent information about the

donising gources and atmospheric cons twtueut%.

(b) The experimental set-up atAAhmedaﬁad for receiving
the 164 kHz signel intens Lfle transmitted from Tashkent is
described. Theoretical calculations of the reflection
/éoeffibiemts of these radio waves have been made by using a
method given by Sheddy (1968). The estimated reflection
heights during different seasons from these computations have
been uged as providing guidelines for the propagation charact-

~ erigtics of these radio waves.

G}&PTER IT ~ General behaviour of 164 kHz radio sigmal
strengths during guiet duy conditions

(a) The diurnal and se ,onal variations of the signal

intensgities of 164 kHz radio waves at Ahmedabad, Poona and
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Gulmarg are compared. The general pattern of the radio signal
variations at Ahmedabad during years of different solar activity

 are presented with their pogsible interpretation in the light

 of the heights of reflection and the variation of solar Y-ray

background flux.

(b) The possible candidates for the negative ioms in

the D-region arising from photo-dissociation and photo~ionization~ww

of molecules at sunrise and their effect in the radio signals

Observed at Ahmedabad are discussed,

(c) Bome amses of abnormally large signal intensities
 during winter have been studied in relation to the possible role

played by stratospheric temperatures.
CHAPTER III ~

solar flareg on 164 kHz radio

(a) A statistical study of the solar flare effechs
observed at Ahmedabad in the 164 XHz signal intensities is
Pregsented with respect to the L-ray flares observed in satellites
Explorer 35 and BExplorer 37. A, few flare effectg during

ﬁi\CCtob@r - November, 1968 have been studied with the detailed
X—ray’flux data published by Kreplin (1970). The three ty pes
0f effects produced in the redio field strength have bheen
explained in terms of +the total intensity»of X-ray flux in the

3 O
wavelength band 1 - 8 A during the flare,
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(b) Electrom dezsity variations in the D-region have

”bgen computed during different stages of a moderately strong flare

 by solving the continuity equation. The continuation of the
 effect at 164 kHz radio intensity after the end of the X-Tay

flare is supported by these calculations.

»CHAPTER IV - Nighttime variations of 164 kHz radio signal
intensities ‘

(a) The nighttime electron dengity profiles in the
D-region are summarised and it is found that the possibility
M\iof,the existence of free electrons below about 80 km is almost

nil. The usefulness of the observations on LF radio waves in
studying the nighttime D-region is considered. The seasonal
Vériation of the nighttime field strength of 164 Xiz field

%strength 2t Ahmedabad has been explained in terms of a simple

electron density model after sunset and the lonization cauged

by scattercd Lymenw radiation.

(b) Pronounced depressions in the nighttime* radio

oy

waves amplitudes have been observed. These are related to the
. gidereal times of the transit of X-ray source Sco X-1. The
possible effects of other X-roy sources, Teu X-1, Cyg A~ and

Cyg ¥~2 have been explored.

CHAPTER V -~ Theorctical cstimates of the radio atbenuation

-

produced by the mnon-solar X-ray SOUrCES

The elzctron production rates in the D-region due 10O



Sco X-1 and Tau X~1 are theoretically estimated by using the
\AQéilable X~ray spectra of these sources. The possible enhance-
cment over the nighttime ambient electron densities have been
lfcomputed by using the maximum and minimum probable values of
i theV1osS coufficients. The abtenuation of 164 kHz radio waves
for the Tashkent-Ahmedabad path is estimated using the full
_wave technique of Barron amd Budden (1959). The calculated
values are compared with the observed ones. The calculated
electron density profiles due to Sco X-1 are adjusted go that the
’Ntheoretical and experimental results match. The values of
Wf@ighttinw effective logs rates in the D-region are then

estimated.

CHAPTER VI ~ ZLuner tides in the D-region ionosphere

Tunar btidal oscillations in the ionospheric absorption
at the equatorial station Colombo, Singapore and at a middle
latitude station Kokubunji hove been computed to determine the
control of latitude on the phase of the tide. Also the tidal
effects in the ionospheric ebsorption parameter, fmin (minimm
fffrequenoy recorded on ionograms ) for the stations Huancayo,
Ohimbote, Talara end P anama are deduced to find the influence

of +the electrojet on the tidal amplitudes.
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CHAPTER I

FORMATION OF LOWER IONOSPHERE DURING QUIET-DAY
CONDITION AND PROPAGALION OF LONG RAD IO WAVES

1.t Introduction

The thesis deals with the results of low frequency radio
wave propagation studies through the D-region of the ionospherg.
The objective of this first chapter is to summarise the results
of electron density measurements in the D-region at low latitudes
during quiet solar conditions,' The observed electron density
profiles are then explained in terms of electron production rates
due to different ionising agencies énd their effective loés'

coefficients because of various recombination processes.

The experimental set up for receiving the Taghkent
.164 kHz radio signals at Ahmedabad and Gulmarg is described.
The average heights of reflecfion during different seasons have
been estimated from the calculation of reflection coefficients
by ﬁsing Sheddy's method for sharply bounded anisotropic ilomos-—
phere. These results have been used for the interpretation of the
results obtained in the subsequent chapters.

A. BLECTRON DENSITIES IN THE D-REGION IONOSPHERE DURING
QUIET SOLAR GONDITLIONS

1.2 ' Measured electron dengity profiles

The fegion covering the height range from 55 to 90 km

of the vpper atmosphere is generally known as the D-region of



the ionbsphere. The measurement of electron density profiles

in the D-region is Gifficult because of the low electron densities.
There are bowever e-few rocket obs servations, from which some
informations can be obtained. The long series of ground-based
observations in the 16 to 127 kHz radio frequencies for distances

| varying from 90 to 5%5 km (BRACEWELL BT AL., 1951; BELROSE,1957)
have yielded electron density profiles in the D-region during
'différent hours of the day, season and'sunspot activity. DEEKS
(1966) has estimated the electron density profiles from these long-
wave propagation experiments by suitablj changing some postulated

electron density profile so as to match them with observations.

In figure 1.1(a) and 1.1(b) a few electron density
profiles obtained from rocket observations are shown. Figure 1.1(a)
shows the electron density profiles in the D—regionlof the |
equatorial region whereas in figure 1.1(5) gimilar profiles at
mid-latitude stations are shown. The profiles obtained by
ATKIN ET AL. (1964) and by HALL and FOOKS (1965) are from rocket
observations at Wallops Island, Virginia (37.8°N, 75.5°W) and
Woomera, Australia respectively whereas the profile due to
BEIROSE ET AL, (1966) ig from ground-based partial reflection
method . \\gan be moted thaﬁ\jgsxel%etron deng; es at the/

vatorjial sta%}ons for the ‘high nspot ye s are 1n exal

\/
than thoge” ih\mludlo 1at1uuoe étatlons a l;ﬁg low %unspot

There are very few rocket measurements giving the

diurnal variation of electron densities in the D-region. However,
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: 4
from Decks' estimates using low frequency reflection technique a
Mondmg&4~5' .
diurnal variation of 6—to—40—el—em 3 above 75 km can be seen

- from figure 1.2(a).

The seagsonal variation of electron densities in the
D-region has been studied by MECHTLY and SMITH (1967) from a
series of rocket observations in 1967 for a constant solar zenith
angle of 60°. The results are summarised in figure 1.2(b).' It
can be gseen that the electron densities during summer are higher
then in the other seasons. During the winter months the electron
dengities are lower by a factor of about %. A sharp ledge in the
electron density occurs betﬁeen 80 -~ 85 km in the middle latitudes.
An explanation of this sharp increase in electron density has
been given in terms of higher recombination of electrons with

water vapour cluster ions below about 85 km (REID, 1970).

1.3 Toniging sourceg and their production functions

In this section we will consider the sources responsible
for the production of electron densities in the D-region. During
gquiet solar conditions the main ionising sources below 90 km

are as followss

(a) Galactic cosmic rays

b0

(p) ILymancf (ultraviolet radiation at A = 1216

(¢) Solar X-rays (A< 10 4 )
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(a)  Galaclic cosmic rays

BRACEVELL and BAIN (1952) investigated the propa-
gation of very low frequency (VIF) radio waves ( 16 kHz) over
distdnces ranging from 90 to 535 km, and in order to0 explain their
results postulated the existence of an ionospheric layer between
60 = 70 km. Tonisation at these beigqts can be produced by
galaotic cosmic rays because of their penetrating characteristics.
The presence of a cosmic ray layer ( also referred to as the C-layer)
was confirmed by measurements using other experimental techniques
(BARRINGTON BT AL., 1962; UZEKS, 1966; VELINOV, 1966a). Recently,
VELINOV (1968) has made éxtensive computations of the electron
productiOﬁAby cosmic rays, including the effect of particles of
higher charge numbers. His analysis gives the electron production
rates during high and low sunspot years for the geomagnetic
latitudes of 0°, 30°, 41° and 55°. The variation of thisg production
rate with season and chenges in atmospheric density ($PENCER ET AL.,
1964 ; STROUD and WORUBIRG, 196%) has also been estimated. Figure
1.% shows the electron production rates due to galactic cosmic rays
during different solar activity periods at the geomagnetic
latitudeg 0o, %0° and 41° (VELINOV, 1968) .  The maximum production
rates take place dﬁring the summer of minimum solar activity
years (cosmic ray intensity decreases with increasing solar

activity) and the production increases with decreasing altitude.

(vb) ILymanck ~ radiation

Lymancg radiation from the sun having a quantum
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energy of 10.2 eV remains quite intense even at a height of 90 km.
The minor constituent Nitric Oxide NO at these heights require
about 9.2 eV for its ionisation. NICOLET (1945) pointed out that
the ionisation of NO by Lymen o is a major contribution to
D-region electron dehsities. Due to the presence of an absorption

band of O, around the Wavelength of 1216 A (WATANABE, 1958),

2
Lymeno{ flux gets attenuated by atmospheric O, before it

reaches 90 km. Hence a realistic evaluatidn of ionieation by
Lymancs requireé the knowledge'of Lyman X flux above the ilonos-—
phere md &lso thevconcentrations of 0, and NO below 100 ¥m.

Lyman ¢ flux is quite accurately lmown by satellite obgervations
(NEUPERT, 19633 WEEKS arnd SMTH, 1968).- It is reasonable to
conclude from the available satellite data that the LymanX flux

is fairly constant with the changes in solar activity. At alt;tudes
below about 120 km the molecular oxygen densities given by @l
atmospheric models compare well with those estimated by direct
rocket measurements (SUBBARAYA BT AL., 1971).. The difficulty in

the evaluation of the Lymanoi;caused ionisation arises because of
the uncertainties involved in the concentrations of Nitric Oxide.
The rocket observations using spectroscopic techniques by BARTII
(1964) and PEARCE (1969) yielded orders of»magnitude higher
concentrations of NO oompared to those estimated by NICOLET and
ATKTN (1960) and MITRA (1969) from ionospheric and photochemical
methods. The recent experiment by MEIKA (1971) shows congiderably

Tlower values compared to those given by Barth and Pearce. More



elaborate theoretical estimates of NO concentration by HESSTVEDT
(1969) and STROBEL ET AL. (1971) and the revised values of Pearce
(THOMAS, 1971) seem to be supporting the values obtained by Meira.
The NO density profiles due to different experimental and theore-
tical results are given in figure 1.4. The ionisation rates due %o
Lymangi using different NO densities of Nicolet and Aikin, VMeira,
Barth and Pearce ( curves 2, 3%, 4 and 5 respectively) are shown

in figure 1.%5. The following relationship has been used in the

calculation of ion production g(h) by Lymanc

q/G‘.,) = 2N (&}Iqj@;«fg{ﬁ 5@@9([&\2(&)dﬁjgcw?<dlx eees{1.1)

where h . = any particular height
n, (h) ,n,(h) = densitieg of NO and O, at
1 2 ; 2
_ height h
I = intensity of Lyman &t height h
T = absorption cross-—section of 02

= 4onisation crogs-section of NO

k]
D' = gzenith angle

It may be noted from figure 1.5 that the lonisation

due to Lymand has pesk production around 75 km ( curves 2 and 4 ).
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(e) X-rays (A < 10 A )

Solar background (ie. ndﬁflare ) X-radiation in
the spectral range below 10 K ig the most influencial agent for
ionisation in the D-region. MULLER (1935)?RAWER (1952),
CHAMBERTAIN (1961), and WHITTEN and POPPOFF (1962) by estimating
the electron production from the available spectral distribution
of X~réys below 10 i demonstrated the importance of X-radiation
in controlling the electron density in the D-region. The actual
physical process by which X-rays interact with the atmosphere
resulting in ion-electron production will be discussed in
Chapter III. There is gome difficulty in the proper appraisal of
this effect due to the variable nature of the X-ray flux. ZFrom
rocket and satellite observations of solar X-ray flux under non-
flare conditions, it is difficult to define a gquict solar concition,
Solar X-ray flux is highly variable in nature, however, increasing
~with increase of soler activity by atleast a factor ©of 100, between
minimim and maximum solar active years. The ionisation rates due
to quiescent solar X-ray fluxes are 6 x 107 ergé/(cmz. gec) and
0.5 x 10"3 ergs/(cmg.sec) respectively in maximum and mininum
sunspot periods ( figure 1.5). It may be mnoted that electron
production due to X—fays becomes important above the level of peak
production duc to Iymen « ( &~ 75 km ). The production rate due to
‘galactic cosmic rays for low latitudes has also been included in
the figure in order to have the relative levels and orders of

lonigation by different agencies.
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. Begides the production due to the above mentioned
sources, the production due to the ionisation of excited molecular
oxygen.02 (’4; g) may also be important in the D-region (HUNTEN and
McELROY, 1968) . Mgteors can produce sporadié ionisation in the
uppef D-region and the relevant magnitudes of such jonigation

however are quite low (THOMAS, 1971) .

We have seen above that in low latitudes, the main
ionising agencies in the D-region are Lyman & and'k~radiation
( 9\ = 1-8 R). Proper asséssment of the prodﬁction rate due to
Lyman { becomes difficult owing to unhcertainties in our
knowledge of NO concentration. The solar cycle variation of the
rate of electron production due to X-rays 1s not fully known.
If we consider Barth's values of NO density the‘pro&uction due to
f-rays even during the maximum sunspot years becomes dominant
only sbove 75 km ( figure 1,5) wheress if we consider Meira's-
values of NO concentration the production due 1o X~rays become
important above 75 km only - during low and medium sunspot activity
periods. X-ray production dominates over all other ionising
sources during maximum solar activity periods if Meira's NO
densities sre accepted. We may conclude that electron production
due to X-rays will dominate over the pro&uctién du e to LymaneX

above 75 km, during a large part of the solar cycle.

1.4 Loss coefficients

Prom the values of production functions and the actual
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numbers of free electrons in the ionosphere it can be noted
that there exists a considerable difference between the two

at all heights. This can be explained in terms of the loss
processes which have to be considered alongwith the production
rotes. In general the following continuity equations for
electfons and positive ions have to'be congidered for lower
region of the ionosphere ( neglecting loss due to diffusion

as it will be small compared to other loss processes )i

2 Ne +
T8 - Qo NN PN, ma N -
D e » M N n
"?),t | F &5 FN .o»o(1-2>
DN PR - —
A NJW—@NQM —F N - f N
2t eeo(1.3)
and also agsuming that the ilonosphere ig clectrically
neutral |
~+ _ -
N = N, + N
where N, = electron demnsity
¥ o= positive ion density
N = negative ion concentration
m = molccular oxygen concentration
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n = neutral atmospheric concentration
q = total elcctron production
K = ion-electron recombination
A ; = don-ion recombination
-4 | -
/' = electron attachment coefficient
Y = negative ion'collisional detachment coefficient
'f = mnegative ion photo-detachment rate

From equations(1.2) , 71.3) and (j.4), defining a

guantity
~ DA o .
A =N /Ne cnd assuming g = 0, we have the following
relationship
— - ™ “L
oNe Y (e e
ot RN - eee (125)

Under equilibrium conditions for a particular height

this reducegs to

w%/f—g - <I+A><0<«3>+N>{L-> = (143) @<C{{ = .. (1.6)

whereqxf = cffective recombination coefficient.

2}



2 15

| Tt can be noted that c{e{%'becomes equal to Y7 for
small values of ) . During day-time f} becomes-appreciably
high only beloﬁ about 70 km. The most effective way by which
the \J’ has been estimated is by comparing the actual measure-
menfs of electron densities with the theoretically estimated
total value of production function. MITRA (1968) has détermined
the values of \w at different heights'by usingvfive electron
density profiles (DEEKS, 19665 AIKIN ET AL., 1964 ; BQURPELU ET AL,
1964; 1965 and PIGGOTT and THKANE, 1966) and the corresponding
total production rates. The average &alues of \/ at different
heights from these five measurcments are plotted in figure 1.6
as dark circles. The theoretical values of Y derived from the

following formula are also included in the figure.

RS (1.7)

o= O<J) +<AQ J(L>

where ng (02) refers to thc molecular oxygen concen—
tration at a reference level of 70 km.

The dotted curve gives the average variation of loss
coefficient \}, with hcight in the lower ionosphere. It can be
noticed that below about 75 km the logs ooefficienis show rapid
increage because of the increased values of j\ due to larger
ooncentrations of negative ion formed by attachment to neutral

molecules.
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B RADIO OBSERVATIONS 4T 164 kHz

1.5 Identical experimental set up-at Ahmedabad and Gulmarg

The field strength recording of the 164 kHz racio waves
(CW) as received at Ahmedabad started in the middle of the year
1960. The transmitter used for the general communication
purposes is_situated at Tashkent, USSR. The initial experimental
set up using a Beverage or wave antemna terminated in the
direction of the ﬁéégigzgdgggwbeeﬁ.desoribed by ALURKAR (1965).
An identical experiment was instqlied at Poona by ANANTHAKEISHNAN
(1967) in 1963 to study the effect of increasing the radio path
on IF propagation. In order tc reduce the background noise in
the reception the Beverége antenna was replaced by a 6 squére feet
alr—-core loop antenna and a preamplifier. Thigs antenna has a
single layer of 50 turmns with the spacing of about %" between two
turng. bThe inductance agsociated with the loop antenna was

calculated by using the following relation:

I = 0.885 kU n° x 107° | cev. (1.8)

where the inductance L ig in henrys

k = inductance factor
D = c¢coil diameter in meters
n = total number of turns

Value of k ¢s a function of D/W, where W is the width

of the loop has been given by WATT (1967a).
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A tuned ( 164.kHz ) preamplifier having a gain of
“about 50 dB was comnected in the output of the loop taken
through a tuning capacitor. The centre and one of the terminals
of the loop were grounded, so that effectively only half of the
loop was used to neutralise the noise picked up in the two
halves. The whole set up of the antemma and preamplifier was
tunéd for maximum reception at 164 kHz by varying the tuning
capacitor of the loop. The loop antenna and preamplifier
combination was put at the top of an isolated hut. The output of
the preamplifier was taken to a receiver thrbugh a matched

radio freguency cable. The receiver is suitably chosen for
recording the field strength of LF radio waves. Figure 1.7 gilves
the block diagram and antenna preamplifier coﬁbination circuit

for the set up.

The use of loop antenna makes the system perfectly

" tuned for the wanted signal reducing the noisc of reception and
algo the orientation of thc mtenna can be arranged to receive
the normal and abnormal components of the sky wave in two

orthogonal directions.

The recording of the normal component of the signal
of 164 kHgz radio waves by the modified set up started in 1968
and ‘an identical set up was put in operation at Gulmarg in the

middle of 1971.
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1.6 Propagation characteristicg of LPF radio waves

In this section we shall examine the various propagation
characteristios of LF radio waves with special reference to the
164 klz waves tronsmitted from Tashkent and received at Ahmedabad.
The study made 1s from the theoretical considerations involving
the estimation of the reflection coefficiemts of the lower
" lonosphere. This study will furnish a picture of the general
behaviour of these radio waves as expected from theoretical stand

point.

(a) Ground wave propagation

The geographical coordinates of the different
receiving stations and their disbtances from the tramsmitter at
.Tashként are glven in Table 1.7. It will be noticed that although
the stations differ significantly in latitude, they differ little
in longitude, hence we will be mogtly concerned with the N-3
propagetion of 164 kHg radio waves. The intensity of the vertical
electric field due to the ground wave is given by the following

‘relation (WATT, 1967b):

/

[E, | (el | AY/m) = (054 + (oLog 5, (Rito watts) ...(1.9)

— 20 Lug o (kw) 4 20 Log [ Ws
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fable 1.1

Geographic coordinates of tromsmitting and
rceeiving stationg

Station . Tetitade . Tongitude . Dintance from
(Geographic) (Geographic) Paghkent in km

Tashkent 42°N 69°E 0

Gulmarg 345N T4 R o 800

Ahmedabed 230 720F | 2150

Poona 18°N T4°F 2560
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where P} = Transmitter power

d = Transmitter - receiver separation

i

surface wave factor according to Norton's
surface wave relation

By mitting a value of 100 XKW for the transmifter‘power,
the intensity was calculated at different receiver distances. It
was found that the ground wave intensity would become negligible
after a distance of 800 km. Hence it oén be concluded that There
ig almost no possibility of 164 kigz ground signals to be received
ot Ahmedabad or Poona though atb Gulmarg the intensity due to
ground propagation may be present to gsome extent. A loop antenna
at the receiving end of Ahmedabad or'Pooné will only pick up the

sky wave of 164 kHz radio signals from Tashkent.

(b) Angle of incidence

The angle of incidence of radio waves for a
particular fictitious reflection height can be calculated from
single geometry of the propagation. But for very long distances
the carrection due to the curvature of earth has to be taken
into account. Tollowing formilations can be used for the /

calculation of the angle of incidences

9 el + r:;uw,d < T”{,"L ) veo(1.10)
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- I _
K - |- S ( 24/ (1.11)
O = tam | T — (1

B fy + R.-é | — (jj{,5< A \)lf

A Fu

where U is the angle of incidence without the
correction due to earth's curvature

) is the angle of incidence with the correction
of earth's curvature
d = transmitter-receiver distance

= height of reflection

td
it

Radius of earth

Figures 1.8(a) and i.8(b) show the variation of the
angle of incidences & ond 6}* with the receiver-transmitter
distance for different heights of reflections. The effect of the
inclugion of earths' curvature can be noticed at distances larger
than abéut 500 km. -The angle of incidence becomes almost constant
with any reflection height between 60 km - 100 km for distances
greaterAthaﬁ about 1250 km is also brought out by the figure. For
the propagation of 164 kHg radio waves upto Ahmedabad we will
éonsider en cngle of dincidence of 80° in our further theoretical

" calculations.

(¢) Reflection coefficients.

The reflection coefficient matrix of the lonogphere
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for an incident wave of any polarisation can be expressed ag:

ﬁRu oL
[Rj = ' eee (1.12)

R i B/

where the subscripts refer to propagation with the
electric vector in the plane of incidence ( 1Y ) or perpendicular
to it (L ). The subscript corresponds to the polarisation of-

the incident wave and the second to that of the reflected wave.

~ When obligque radio waves enter the ionosphere in the

- Pregsence of the earth's magnetic field, they split up into two
polarised components, which propagate independeht'of each other.
The refractive index of each of them depends on the altitude and
also on the angle of reflection (f?r) in a complicated way, 0
muich so, Snell's law with{%r = 1T/2 does not give the reflection
level. The true level of reflection is the level where the group
velocity and not the phase velocity is horizontal. In figure
149(a) and (b) the continuous lines represent the ray paths
(both for group rays and phase rays) and the arrows superimposed
on the ray paths show the direction of wave normels. For frequencies
below the gyro fréquency, in the case of ordinary wave the wave‘

| normal becomes horizontal after the reflection takes place =nd

in case of extra-ordinary wave, the wave normal becomes horizontal

before reflection (figure 1.9(a) and (b)). For oblique radio
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waves in the presence of curth's megnetic field, the refractive
index satisfies a quartic khown ag the BOOKER's quartic (1938)
instead of the gquadratic given by aAppleton and Hartree ( for the
cage of normal incidence). Hence there are four roots of Booker
guartic equations e.g. q's ( = [tcos 6§r), corresponding to
upgbing ordinary and extraordinary and downgoing ordinery and
extraordinary waves. The propagation of the components of tho
\wave through the afmosphere can be represented by plotting q as a
function of a parameter X, dependent on the electron density,
while keeping other parameters; wéve frequency, the carth's
magnetic field and the angle of incidence constant. Such a plot
is shown iﬁ figure 1.9(c), The continuous curve corresponds to

- the ordinary wave and the broken curve corresponds to the extra-
ordinary wave. XB and KC represent the critical elcctron densities
for the ordinary and extraordinary components above the levels of
which the wave will not penetrate. It can be noted that the
reflection of the waves take place at the points B and C where
Da/dX 2 o¢ and not at A and D where g = O or@, = /2,

as in the cage of an isotropic ionosihere. To understdnd the
propagation characteristics of the radio waves in the anisotropic
ionosphere, fbe solutioné of the Booker quartic equation will be
necessary, the roots of which are related'to the reflection

coeffilcients of the ionosphere.

By assuming o sharply bounded model of the anisotropic

ionosgphere, the derived reflcction coefficients can be used as’
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rough approximétion O refleotion from the real inhgmogeneous
io:nosphéré° These can also be used as the exacl starting
golutiong to an integration of the r@flection coefficient matrix
through on ionosgphere of arbitrary electron density distribution
(BULDEN, 1955). The reflection coefficient matrix for the |
above mentioned ionosphere has been computed by various workers
for the general and various special cases of propagation (JOHLER
rand WaLTlks, 1960; CHOMBIE, 1961; and DE LISLE, 1967). Recently
SHEDDY (1968) has given a comparatively simple method by select-
ing a suitable coordinate system resulting in simpler boundary
conditions. The Booker's quartic in g ié expressed as:
| B4q4 + BBq3 + B2q2 + B1q + BO = 0 eeo(1.13)
where the coefficients are functions of the component
of the susceptibility matrix, erising from the constitutive
relationg of the ionosphere. The roots of this equation are
obtained from the cloged solution given by BURNSIDE and
PANTON (1904). The two roots corregsponding to the positive real
and negative imaginary parts are chogen for the upgoing waves wnd
then using the boundary cbnditions simple relations of rcflection

coefficients in terms of the two quartic roots arc obtained.

In the prcsent calculations we have used the method
of Sheddy by considering the coordinate system of figure 1.10

appropriate for the propagation of 164 kHz radio waves over the
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longitude of T72°E; in the N-§ direction. Here we assune that the
WavGE vectof % lies in the x-2 pleme and z is the vertical direction.
& anad .#3 are the eangle of incidence and magnetic dip angle
corresponding to the midpoint of propagation. «{ is the azimithal
angle eagst of magnetic north in the horizontal plane (denoted us
MN) . Thc magnetic field vector B and the gyromagnetic field

vector Y arec also shovn in the figure.

i computer progromme for calculating the refléction
coefficient matrix for the general case was made, sultable for
procegging in a IBML1620 computer at Physical Research Laboratory,
Ahmedcbad. The quantities in Sheddy's formulae are complex and
hence could not be directly handled by the available computer.

411 the formulae were rewritten by separating the real and imagi-
nary parts. The correctness of the programme was checked by \
feeding the data for 27.4 kHgz of VIERTEL und SECHRIST (1969) and
comparing with their results. The reflection coefficient matrix
at any height of the ionogphere was determined by feeding the
input dato which congishs of the angle of incidence, dip angle,
azimuth, radio frequency, electron density, collision frequency
and mognetic field inteneity. All the data are in standardised
MKS units. /

In receiving the 164 kHz radio signals the main lobe
of the antenna lies in the plene of incidence, hence the variation

of only R, ~will be congidered important in signifying the



propagation properties. In literature [ R, and RJ. are

I L

called_the reflection coefficients whereas R are

n and T

called the conversion coefficients. In our celculations we have

HR
used the modified collision frequency profile given by Deeks (1966).
Figure 1.11(a) shows the variation of the reflection and conversion
coefficients ( | R, and ,R; ) with the angle of incidence of

the 164 kHgz radio waves for a fictitious reflection height of

65 km. The value of electron density was taken from the curve of
Sagalin and Smiddy of figure 1.1(a). It omn be seen that the
reflection coefficient ( nRy ) is almost zero upto about 60°

from where it starts increasing and reaches a value of .5 at 80°.
The. low values of angle of incidencss will amount to small

receiver transmitter separation, which means that the reflectivity
of an ionisation layer at 65 km will decrease with decrease in
propagation path of 164 kHz signals. The conversion c@efficiemt
shows a stoeper rise after 60 degrees. Figure 1.11(h) shows

the variation with the radio” frequency. It can be noticed that

for a constant valuc of angle of incidence, the reflection
coefficient at a height of 65 km decreases with the incréase

in frequency whereas the conversion coefficient remains almost
constant with a small rise. Hence the reflectivity bf the layer

at 65 km will be more for smaller frequencies at a particular'
angle of incidence. Figure 1.12(a) shows that the effect of
different values of dip angle is insignificant for the reflection
coefficient., The refleotioniand conversion coefficient height

profiles for 164 kHz radio waves received at Ahmedabad are
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given in figure'1s12(b)s' Hete agein Wé have used the ¢lectron
dens 1ty profile dde to Sogolin ond Smiddy of figure 1.1(a): The
profile of the reflcction coefficient shows a peak ayound T4 km
whereas the profile due to the convorsion coefficilent show o

. lower peck. Hence it con be ooncludéd that the 164 kHz radio
waves roceived at Ahmedabad will be reflected roughly from a
height of ébouf 74 km if we assumc the particular electron density
profile of Sagalin and Smiddy, In the figure arc also included
the effee% of changing the collision frequency by 60 percent on
the reflecting propertics. PIGGOT and THRANE (1966) has suggested
an increase of collision frequency by about 60 percent from winter
to summer. It is noticed from the figure that though the changes
in the cotresponding curves are not much nevertheless there is
indication that the height of reflection could be elevated. The
incrcase of height of reflection will be actually less than what
hag Been shown if the 60 percen%iincrease.on the winter profile

of the collisien frequency is considered; The reduction of the
reflecting property 6f a perticular layer with the increase in
collision fregleficy can be intefpreted as the layer becomes more
diffusedvdue to the incredsed absofption of the radio waves.
Pigure 1.13(a) shows two reflection coefficient height profiles
at frequencies of 50 kHz ond 164 kHz for identical paths of
profagetion. It is noticed from tHe figure that the dominant
reflection height of 50 kHz is ahout 70 km whereas that of A64 kHz

is about 75 km, which suggests that for the identical ionospheric
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end propegation conditions lower frequencies are reflected from

the lower hcights.

In these calculations we have used the electron density
vproiile due to Satyaprckesh given in figure 1.4(a). Pigurc 1.13(D)
ghows that the componcnts of the reflection coefficient matrix
will have small values upto the height of about 84 Im fér 164 kiz
radio propagation during night, whaen the electron demnsities becoms
very small at lower heights. Hence the radio waves roceived at
Ahmedabed from Taghkent will be reflected from a height of about
85 km during the nocturnal propagation. Here we have used the

night-time electron density profilec given by SMITH (1961).

In order to get the expected seasonal daytime variation
of‘tho reflection heights of 164 kilz signals received at ahmedabed
we have uped the winter end summer electron density profiles at
mid-latitudes by M@tcéﬁy and Smith shown in figure 1.5(b). The
poggible variation of collision frequency from summer to winter
has not becn congidered. The results are ghown in figure 1.14(a)
ond 1.14(b). It is noticed from the figureg that during winter
the reflection of 164 kHz radio waves will take place from a
height of about 80 km whereas during summer from a height of about
68 km. In interpreting our studics on the experimental regults
of 164 kiHg field intensities we will consider the reflection
heights during summer and winter as 70 + 2 km and 78 &+ 2 km

respectively. The reflcetion height during the equinoxes will
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liec near to the winter volucs ( about 76 + 2 ). During certein
winter anomaly days the reflectilon heights may come down

congiderably.

1.7 Conclugion

The characteristics of 164 kHz radio wavces recceived

ot Ahmedobad from Tashkent can be summarised as followg:

(1) The ground wave intensity becomes ncgligible

at a distance of zbout 800 km from the transmitter

(2) The angle of incidence of these waves is about 80°.

(%3) The heights of reflection of these radio waves
are about 70 and 76 km during summer and winter scasons

regpectively.
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CHAPTIR -~ IT

STUDIES ON THE GENERAL BEHAVIOUR OF 164 kHz RADIO
CIGNAL STRENGTH VARLIATIONS DURING QULIET DAY CONDITIONS

2.1 Introduction

The diurnal and seasonal variations of the ﬁ64 kllz
Lo oo wildZ A Ao ToshirawdT oA L

signal intensity/during the period 1960 - 61/received at
Ahmedabad have been discussed by ALURKAR (1963) . From the
-similtaneous observations of these radio signals at Ahmedebad
and Poona a comparative study of the diurmal and seagonal variation
for the years 1963 ~- 64 has been presented by ANANTHAKRISHIAN (1967) .
A possible control of the deytime &alue of field gstrength by the
background solar X-ray ( 1 - 8 i) has been suggested by
ANANTHAKRIS INAN and RAMANATHAI (1967). The present sfudy deals
with the diurnal and seasonal changes during low, médium and high
sunspot years at Ahmedabad. An explanation of these variations ig
attempted in terms of changes in the reflection coefficients and
of lonizing radiations respongible for the formation of the quiet
D-region. Information about the photo detachment of electrons,
from dominant negative iong during sunrise has been derived from
fhe effective ozone screening heights. Some cases of anomalous
signal intensities during winter havece been studied in relation to

sudden changes in stratospheric temperatures.

e



T

242  ypical diurnal and géasonal vepiations at Ahmedabad,
Poonc, and Cu lmar g

A pair of typical summer records of 164 Xlz radio
intensity obgerved at Ahmedabad during a moderately high solar
activity year, 1970 is shown in figure 2.1. The signal intensity
starts falling from the high night-time values at about 0505 hr
which is 40 minutes earliar than the ground sunrise time. The
atmosphere below the nighttime level of reflection of 164 kHz
raddio waves will bpgin to be jrpadiasted by sunlight when the sun
kg B # 99 below the horizah and the absorpiion is inoreased, The
drop in inﬁensity continues and a minimum valile is reached a
little after ground sunrise times from thig péint the signal
gtrength starts increasing. The absorption of the radio waves
decreages because the waves start getting reflected from a lower
layer of ionisation. The reflectivity of the layer improvies with
the enhanoed ionisation and we get a maximum signal strength
avound local noen, The situation is reversed after local noon and
the field strength sterts decreasing i1l it reaches & minirum
8¥0UNd 1845 hr. Thereafter begavse of sunset the ilonising
radidfions arée et off resulting in the fast diaappearance-of
eleetron density, hence signal intensity slowly increases reaching
9 nighttime level. This increage 1n intensity after sunset is
very rapid in the récord of 1% July 1970 whereas it is gradual
in the 9 August 1970 records. A small peak in the intensity

before finelly getting into night-conditions can be seen in both



days records. It can be inferred from thesge records that
throughouf the day the signal intensities are fairly regular with
a variation which arises due to the gzenith angle changes of the
sun. This type of systematic variation of signal strengths are
observed from the month of June upto about the second week of
October. For the rest of the year the amplitudes of radio waves'
are more variable showing oscillatory features specially after

sunrise and before sunset.

Pigure 2.2 shows t&o records of daytime field intensities
registered at Ahmedabad during local winter. A marked difference
betweén these records and those during summer can be obgerved.

On 1 Februory 1969 after the sunrise drop in intensity there are
vtwo prominent peaks around 0755 hr and 0840 hr and one peak around
1700 hr before sunset. Though the gignal intensities are higher
auring noon houré, there is no systematic variation of intensity
from 1100 hr to 1500 hr as could he ascribed to,solar zenith angle
changes. The observations on 15 January 1970 show that the peaks
after sunrise are present at around 0735 hr and 0810 hr with a
legg prominent peak before sunset. The signal intensity after
increasing upto 1000 hr starts decreasing showing a low value
during local noon. Though there is some solar zenith angle
control on the post sunrise and pre-sunset maxima, there is no

get pattern of variation during the rest part of the day.

So far as the variation of field amplitudes of 164 Kiz

radio waves at Ahmedabad and Poona are concerned we will define
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Two typical daytime summer records of 164 kHz radio
intensity received at Ahmedabad during 1970.‘
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the equinoctial months as March and April only, because the
summer fypé of variation contimues upto October. Nevertheless
some features of eqguinoctial variations would be seen in the
second half of October. Field strength observations for two days
in karch are shown in figure 2.3, It can be noticed that after
the occurrence of the post sunrige ogcillatory features, radic
signal intensity shows a rise upto around 0900 hr. Thereafter
gome change in the ionosgphere tékes plaoé which inhibits further
enhancement of the signal. Rest of the features are gimilar o
those of winter conditions but there are some shorttime irregular
variations. These can be scen from the record on 2% March 1970
also.

In order to demonstrate the effect of increasing
the radio-path we have selected two records taken similtaneously
at Ahmedeb.od and Poona which are shown in figure 2.4. The marked
gimilarity in the nature of variation of 164 kHz radio signals
at the +wo gtations éan e secen fromthe figure. From a detailed
gtudy of these simulteneous observations, ANANTHAKRISHNAN (1967)
has chown that The amount of absorption from the non-peak to
the minime on either gide ig about 5 dB less in Poona than at
Ahmedabad during summer months. During the rest of the year the

intensities at Poona also show large variability.

Similtaneous records of the radio intensity observations

at Ahmedabad and Gulmarg ( nearer to the transmitter ) are shown
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in figure 2.5. It can be noficed that the varietions at the
two places are similar except during the period 1- 2 hrs carlier
than the sunset time. During this peridd the signal amplitude

increases at Gulmorg whereas it decreasesg at Ahmedabad,

2.3 Average hourly veoriation of signal intensity ot Ahmedabad

‘e have seen that the signal strength of 164 kHz radio
waves at Ahmedabad shows systematic variation from June to
‘Septenber ( summer months ), The intensity change are irregular
during the rept of the year, so much so, thaf'it becomes highly
variable during March = April (' equinoctial monthe ). However
gome featuresg of the variations even during the non-—summer .

" months occur sysbtematically. It has been observed that the
prominent post-sunrise peak occurs when ithne solar zeni th angle
is between 55° o 59° ot Ahmedabed. Similarly the'pre—sunset
peak occurs fér z@ni%h angles betwecen 67° - T1°. Hence thege
peaks will shift from month to month according to the changes

in golar declination,

In o¥der t understand the variation of signal intengity
f¥ei diohth o month the averdge ﬁé&%ﬁg #;iQes gtarting from the
end of sunrise effect to the begimning of éuﬁsef effeét are
computed for each month. The hourly values affectedlby sélaf
flares are excluded ffom $this analysis. In figure 2.6 we have
plotted the hourly average values for the cifferent months of

1969.
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It can be noticed that during the summer months ( vizs
June to September ) the amplitude variations follow a Cosn}y law,
value of n lying between .95 to 1.50. During the regt of the
months. the post sunrise peaks show syst@matic shifts from
January to May and October to December. . The radio amplitude varia-
tions after_this post sunrise peak do not follow any set pattern.

The relative amplitudes of signal strength during the months

September to December are lower than the values for the remalning

months.

Figure 2.7 shows similar variations of signal intensitles
for the ycar 1970. The morning peaks during March to lMay are

very distinct. The peak is not clear for the month of Jamuary

becausc a maximum has appearcd around local noon time. For the

month of Pebruary the signal intensitics are very high just

after sunrise hence the peak is not clear. Other features compare

well with the variation during 1969.

Tn order to investigate whether the gencral pattern of

variations changed with the change in solar activity the whole

date of 164 kg field strength at Ashmedabad from 1960 to 1970,

covering a sunspot cycle, where scrutinised. It was observed that

every year the same types of ,variation repeated. In order to

have some comparison of the respective amplitudes in relation wo

the local moon values, the average hourly values for each month

were divided by the corresponding noon time values, ie., the
J & ’
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feiative’fiéld strength values of cach hour were computed
normaliged to the 1200 hr values. In figures 2.8 and 2.9 we ghow
the variations of these relative field strengths.for all the
montbs during 1964, and 1969 corresponding to low and high solar
activity years, respectively. The data from August 1964 =
December 1964 has been teken from the intensify measurements ot
Poona since the experiment was not in operation for that period
at Ahmedabsad. This is justified because the variafion trends are

gimilar for the two placess

Tt is interesting to find that the summer and non-sumner
type of veriations do not change with the solar activity. The
minimim velue of signal intensity occurs around noon for the

summer months and at the post sunrise peak for the other months.

Figures 2.10 and 2.11 are pfesented to demonstrate tha

the relative amplitudes during different months varies with the
charge in solar activity. The increase in the signél strength for

the month of June - July in rclation to other months is clearly

brought out from these figures.

Tt can be concluded that the general system in which
the 164 kHz radio signels intensities vary from month to month

remaing almost unaltered by the different conditions of solar

activity .



ESLETRE PBRS FYAIASTH

' 4 : _,"
gt A
¢ 0'5}* R '.«‘f
¥ e
Rt -
aMMEasAD r,,.w" P P
g4 ki T 4
&4 L3 L e . ’
w4 e sk p
»»-v-fm-.?;;mwl
¥

Ol PR
S : ] l } .
g
E& , ‘ 'f Mnr' H -
T ,.11 A ou
v /;" &
“ : PR o
|
}: y
ST e P
B Ly sttt e o b
SO M BTt shom w7
TN I
~ Y e TYYN i ¢
FIGUEE 2.8

&
C W

i .
[ PR M

roow 4 -
Id
D
isemtgm.m . ‘wa""" o
LEs A f —
ae o e
s I o M
9zl L
Carmisngposreimegnen
/"J ™ t.s»'.n.;u‘ R
1y - ) '

[RT S AVE L
o )

IR

* R Y%
W 9 .ol
B b o
S

L FAR AR A SO
0 O TR U SR B Y
wims  pi LY,

FIGUHE 2

.

el

j-

oty

43

L

Rl

T e,
' %},/ i ST

N Rt

:

ST R nw‘.,.m,% /é
s H . s

, .

!

LT HY

oy, 87

o

.

o
13

g

}

Average hourly

field strengths

for different months
normalised to the
noontime values for
a low sunspot year
1964 «

Average hourly
field strengths for
ditterent months :
normalised to the
noontime values for
a high sunspot year
1969.



o e 2] 3 i
tisg . L
%{ﬁéﬁwxww/
" ¥ e wt "
3 s '7 % f /“/ *
e Y Loy R
e y Y \‘{\u \}( . ..'-I' e
A e 1ol Fk )
ﬁ A 1, L L A, kS 2 L L 1. iy 2 1 L A
iE o m ol
b
. , .
gm» \//\ \‘Q\ _// ra S
- 308 \
K B \h"‘”—f [ g
a RN i, IR
'J b oo la s \\w.. Jﬁ
v e, are - .
W LY ,‘ //"" MN""«..;:;:? \“2‘ e 3
L . o/ - / i)
e “*»'/ ...{"‘""M\-Nwa. M
L4 - e

1. 4 S t i A Acamacss PRETRN
TS T T ) 305 s e

e
e
w%«/&,&g‘: SR gj
g!‘u: 'Y
S OEMT  HOURE

Relative amplitudes of radio intensities
averaged over the months January-June for
low, medium and high sunspot years (1964, 1961, 1969).

FIGURL 2,10

[ ~
(s G mﬁl 1981 Fres k-]
) pr—
xl ' a '\{‘:
",
ac) api \\
s A
s\
¢ Fa .
Lt A ity
' 'l}/ fe"‘r ‘\""'u jﬂ
. 151 R
AR S -
# '7‘3{ Ty, :
. Liviiond e Bt D e i 5‘; . i . i
= !
b : 3 :
o ! i
Ze o K |
[41 : | i
i~ t i -

=

“or ;oo i

N/
o WA S
Q.J/ - Yl

FiELo

20 A '/'\“\\E‘/,w /
A g i f
A e A
o ‘v’,;,.‘."\-." Wil i

T I
| OO S SO | L. |
e 7 S SN NI NSNS N VO TS S SO eroserehs e ed
s i3 05 Y £y oy R0 F S Y 4 g T R e A g

7% E MY HOUR

Relative amplitudes of radio intensities averaged
over the months Jul{ -~ December for low, medium and
19

high sunspot years (965, 1961, 1969).



s 4.8 :‘

2o Effect of quiet '‘sun. background X-rays in the control
-of radio gignal amplitudes

It has been shown that solar background X-ray flux
(1 -8 K ) is important so far as the formation of upperbDnregion
is conéermed. Hence the study of the signal strength variation
with respect to the corresponding changes in X-ray fluxiwill be
appropriate. The hourly average values of Xeray fluxeg in the
‘Wévelength bands between 1 - 8 K and 8 - éO K published in Solar
Geophysical date bulletins as meosured from the satellite SOLARD-9,
are ubtilised for the present comparative study. It is known that
the softer X-rays above the waveléngth of about 10 K will be more
influential in producing the effect above 90 km. Also it has
been foﬁnd that the average hourly values of the fluxes in the two
above mentioned bands vory in a similar mammer. This fact is
presented in figufe 2.12 by plotting the average hourly da%a for
1200 hr and 0900 hr local time during March 1970. The true nature
of the covariation.of'fhe fluxes in the two bands is quite clear.
Hence for our purposc it will be sufficient to congider only the
fluxes in the 1 -8 A wevelength band. The data of 164 kHz field
strength changes during 1969-70 are stuadied with respect to the
highly variable solar X-ray fluxes integrated for the wave-
lengths of 1-0 4. Some very interesting results have emerged which
will be illustrated in this section. The midday values of signal
intensitics and the average X-ray fluxes ( 1 - g A ) for onc

hour centred around the noon are plotted against all the days of a
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‘particular mOnth to have a day to day comparison. Fig.2.13
shows the parallel variotions of field strengths and X-ray
fluxes during April 1969. A close inspection of the figure reveals
that the ficld intensities increase with the decrcase in X-ray
flux and vice versa. The maxims in X-ray £lux variétion are

¢
‘associated with the simultaneous minima in the signal strength.
The larger enhanccements of X-ray fluxes on 11 and 26 April
heve been rise to bigger depressions. Almost all the maxima and
minima of X-ray fluxes are anti-correlcted with the maxima and

minima of 164 kHz radio amplitudes, Similar correlation has been

found for the veriations during other cquinogtjial nonths.

Figure 2.14 shows similar diagram during the winter
month Jamery 1970, Though there is an anti-correlation, it is
not very clecar. I'rom similar such compariscn of field strength
data and X-ray fluxcs during other winter months it becomes
definite thot the variations in the opposite senses is not as
definite as that for the equinoctial months ( March, April and

November ),

| In order to show the correlation during summer months
we have plotted the radio amplitudes togethér with X-ray fluxes
during June 1969 in figurc 2,15, It can be noted that the signal
intengities do not vary in a opposite way compared to that
changes in X~-ray fluxes., It 1s interesting to find that the

intensitics of radio waves erc higher between 3 to 15 June 1969
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ingpite of the higher values of‘X-ray fluxes‘during the same
period. Also, the field strengths do not show any enhancement
during the period when the X-ray fluxcs were low. In other words
the signal intensities do not vary in opposite senses as observed
during other seasons. From similar observations during other
sqummer months it is found that the behaviour of signal intensities
are simitar to those of ¥-ray fluxes indicating a positive
correlation in contrast to the negative correlation found in
non-sunrier months. It can be mentioned that ANANTHAKRISHNAN am
RAMANATHAN (41967) also noticed that during June 1966, the large
¥~-ray enhancements in the background solaf X-ray flux did not

give rise to low values of field intersities of 164 kHz radic
waves reoqived ot Ahmedabad. The values of correlation coefficient
calculated for different months are collected in Table 2.1. It

can be sccn that during summcr months there is a positive
correlation whereag during other months it is ncgative. Also it
can be observed that during March 1970, the enti—~correlation 1is
clear between 1300 - 1SOQ hr whereas the behaviour is reverged far
morning hours ( viz. 0900 hr ). During summer months no marked

change in the behaviour for the morning hours has been noticed.

2.5 Interpretation of the regults on the general variation
of 164 iz radio signal amplitudes

e will attempt to explain the results described so far
on the variotion of signal intensitics of 164 kHz radio waves.

Tor this purpose, as computed in chapter T we will assume the



Table 2.1

Correlation coefficients of the variations

of 164 kHz signal strength and guiet solar

X-ray ( 1 — 8 A )
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Year Month Nu. of Time

obs. (n.7)
1969  April 25 1200
1969 November 2% 1200
1969  December 25 1200
1970 January 25 1200
1970  March 24 0900
1970 March 26 1300
1970 March 24 1500
1970 April ' 27 1200
1969 June 23 1200
1970 June 22 1200
1970 July 05 1200

Correlation
coefficient __

-0.84
-0.33
~0.20
-0.10
+0.28
-0.67
-0.39
~0.63%
+0.53
+0.55
+0.10
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reflection heights of these radio waves to be about 70 km and 78

km during summer and non-summer months respectively for their
reception at Ahmedabad. The similer kind of variation at Ahmedabad
and Poona will arise because the angle of incidence will no%

changé appreciably for an increase of about 400 km in the radio-
path, so that the heights of reflection.will roughly be same for

the two plaoes.

At 70 ¥m in the lonosphere the main ionising source
will be Lymanel for getting free electrons from the atmospheric
constituent Nitric Oxide. Since the Lyman o flux does not
change much from day\to day, the electron densities at these
heights will Dbe fairly constant except for the diurnal variation
thich can be expected by the variation of solar zenifh angle.

Tf the radio waves arc reflected from 70 km height during summer
months, the signals'after sunrise effect will grow with the
growth of electron density around this helghte The refléctivity
of the layer will go on improving because of increase in pro&uction
of electron densities by Lymang . After the maximum clectron
densitics ére attained around noon the reverse pProcesscs will
start aéting and the signal intensity ﬁill reduce until sunset.
Hence the regular summer variations are quite sétisfactorily
explained by assuming that ILyman={ is the dominant source

 of ionisation around 70 km. X-ray fluxes which are more variable.
compared to Lyman o, are not able to produce gignificant changes

of ionisation below the reflection level during summer months.
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But soﬁeﬁimes it may be péssible that they add a little
to‘the electron densities of the reflecting layer near
70 kﬁ thus improving the reflection coefficient. Hence
tﬁe signal strength level may be iﬁcreased slightly

because of enhancement of X-ray fluxes.

The situation is guite differént for the higher
reflection height of 78 km during winter months. The
ionisation around these heights will be controlled both
by Lyman A and X-rays ( 1 - 8 K). After sunrise the
signal intensity increases because the reflectivity of the
layer goes on increasing due to the electron densities
cauged by Lyman « and X-rays. After the radio wave amplitudes
attaip a maximum value some time before noon, the X-rays
become the dominating ionising agency and because of iﬁcreao;
ing influence of X-rays, produbing more electrons below the
level of reflection, this gives rise to the decrease in
field intensities. The signal intensities thereafter will
vary depending on how X-ray fluxes are changing. An increase

ir. flux will be associated with the attenuation of the signal
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strength and vice versa. The X-ray fluxes vary with

the zenith" angle and with the different radiating
conditions in the sun. In most of the cases the zenith
'angle dependence will be magked by the large hour to hour |
changes. Algso the general level of the signal intensities
after the pre-noon pegk will depend upon the average
values of X-ray fluxes for any particular hour. Hence
during winter months the signal intensities for most of
the day varies in a way opposite to that of Xéray. For
heights between 70 ;78 km the &ariations can be a mixture of
both summer and winter types. From the observations, the

/ anti—co:felation betweén the radio amplitudes and X-ray

fluxes seem to be better during March - April and November

as compared to the other non-summer monthse.




2.6 Sunrise effects on 164 kHz signals tremsmitted from
Taghkent and received atb Ahmedabad and their interpretation

Tt is found that there is a large and sudden decrease in
vthe.amplitude of the 164 kHz radio waves transmitted from Tashkent
and. received at AhmEdabad commencing at .a time. when the sun is
below the hofizon. A systematic study of this has shown that in
general the signal intensity nndergoes a Tepid drep in intensitv-
beginning at a time when the valuc of the golor zenith angles
ig between 99° and 96° and that this decrpase continmues until the
intensity reaches a low value near the time of ground sunrise
(ATURKAR, 1963). .In this section we shall.examiﬂe‘the variation
of this time with season during the period ?968;70vand attempt -
to exﬁlain them.

During the sunrise period, the photodetachment of electrons
from negativé ions results in a rapid increase in D-region electron

U
densities. HPLIQVIST (1966) from various techniques of observation
hes shown that the changes in electron density of the D-region

can be explained 1if we assume that the D-region sunrise and sunset

effects are meinly controlled by the shadow of the ozonsphere
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rathérrthan by that of thé sdlid csrth. The pre—sunrise rocked
measufements and the simultaneous groﬁnd data of VLEF observations
as anzlysed by SECHRIST (1968) show that the time when VLE
intensities show & murked decrease during sunrise, 1s associlated
with the rocket electron density profiles showing larger electron
densities between 80 — 90 km height fegion. From the calculations
of zenith sngles, it hes been concluded that the VIE sunrise
effect will mostly be due to the photodetachment of electrons
from negative iorg by qolar ultraviolet radiation. From this
point of viéw, O;,NO; have been suggesbted to be the domineant
negative ions in the D-region (REID, 19613 WHITTEN and fOPPOFF,

1964 3 BOWHILL and SMITH, 1966) .

Considering the geometry of the pre-gunrise photodetaching
rediation on the absorption of 164 ¥Hz radio weves the golar
depression of 99° ot the time of the sunrisc effect can be
wnderstood. As the photodetachment Of electrons ffom the negative
iong around 85 km will give rige to enhanced electron production
and will result in the absorption of 164 ¥Hz waves starting at
& time when solar zenith amngle ig about 99°. The effect which
ig observed at 99 can not be gxplained in this way ag ‘the

L
heights were the photodetaching radiations will reach are much



lower than the normal reflection heights of these radio wavess .

The possibility of the recombination of these photodeteached

clectrons is larger for these lower heights owing +to higher
g g

recombination coefficients.

flence in order 1o gxplain the gunrise effects forke 99°, the

concent of the ozonosphere shadow height has peen introduced.

The pre-sunrise geometry will then be modified as shown in figure

2,16b, where Z 1is the'height 2t which the ray crosses the zenith

vefore ground gunrise and h is the height of moximum atmospheric

L

density while the photodetaching rediation pesses through before

reaching the height Z . The relation between h end # 1s given

by

—

b o 2 ces (-0 — R s (x-a6") ]
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here the refraction of the ray in the-earths atmospphere has been -

neglected.

R = radius of the earth

Eollowiﬁg Sechrist, the variation of 2 and "X <90°— 100°)
for different values of h has been plotted in figgre 2.16a. Here
%he hei@h%wgf ﬁﬁit oﬁtioél‘depth(Zi ié defined as the height where

the intensity of the photodetaching radiation is 1% of the intensity

outside tthe earths atmosphere.

o

We assume that absorption of the low fregquency signal

intensities begins when a significant amount of electrons is
produced below 90 km, which is taken to be the reflection level

of these radio waves during night (Chapter I).
The time (corresponding to 72°FE and 32°K) of the start
of the sunrise drop observed at Ahmedabad in the radio signal

intensity for each month during 1968-T70 have been -studied.

Figures 2.17 and 2.18 sghow the plots of these timegs for the

months of February end March. Open circles denote the times of
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" ALTITUDE OF UNIT OPTICAL DEPTH , Z (KM)
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solar photodetaching radiation with zenith amele
with the minimum ray height as a parameter. The
unit optical depth is defined to be the altitude
where the intensity of the photodetaching radiation

lg 1% of the intensity outside the earths
atmogphere. ' : '

Varidtion of the amplitude of unit optical depth of |
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Table 2.2

Llectron affinities and corregponding maximim

vavelengths for photodetachment of negative iong

s 7 o o) ol it il 4 i st 8 % it Bt el Bl o it et Bt T G Ph Y SR G Bt et 44 B S it ey P e R (e P e (e a8 Mt o P s Ve A M R LA P (A P o e ot B st P i G

Electron Affinity

(eV)

‘_;Xmax (&)

Reference

Rt e 4% 2 e et 6 £ et . e et e 0 . A 4y G P R S B0 e P, o P b P P S e P . o M i A P P AP B B i (R S O Bt PR RS P A 40 o et P

T T 0 et Syt vt St et T e W Yt Y B P T oA G4 00 St Tt Wi Pt Brih e Yt B e S R TS B A S BT i S St et M ASee fame P et SRS ot S e

1?465 + 0,005

1.47
;

3.0
1.9

4.0

3.8
3.9

Still uncertain

11,850
12,400

4,150
6,500

3,100

3,260

3,180

Bransconmb
et al. (1958)

BEdlen (1960)

Whitten and

- Poppoff (1965)
-Branécomb(1964)

Wood and
D'Orazio (1965)

Farragher
et al. (1964)

Curran (1962)

Freshenfeld

" et al.(1967)
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start of the sunrise effect in the radio signal intensity. In
these figurés the ground sunrise line and the 90 km layer sunrise
line for different values of h are also plotted corresponding to
the local time of the latitude and longitude of the mid—-point
between Tashkent and Ahmedabaw (320N,72°%) . It con be moticed
that during the month of February the points lie nearly parallel

to the 90 km sunrise line with h values of cbout 60 km. During

the month of March this value ig -about 55 km., In figure 2.19a

snd b similar plots for the months of May end December are

shown. It cen be noticed that the sunrise points lie mostly
amd. GO R

necr the 1line with the values of h about 50 km(for the months of

Mzy and December respectively. Hence from the start time of

the sunrise effects for all the months it can be concluded that

the effect starts at the 90 km level over (720%,32°0) when the

minimum ray height lies between 50 ~ 60 km.

The vertical profiles of ozone and their variations with

latitude are known. The ozone concentrations are quite low above
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50 ¥m, although there is a gmall increase during night between
60 and 70 km. Hence it has been suggested that the sunrise
effect on low freguency radio propagation starts vihen the solar
-ultraviolet radiation of wave lengths of aboud 2500 A at which
the ogone abgorption is maximum reaches the zeniﬁh snd produces
ionisation by the process of pbotodeiachmept of negative ilons.
of O;, NO, or NOg. Table 2.2 lists the different molecules,
their electron affinities and the corresponding wavelength of
the radiation which cen detach electﬁoms from the negative ions.
Prom e Eable it can be noted that soler ultraviolet rediations
produce the‘photodetachment with maximun efflcilency for the

negative ions Og, NO, NO; end CO%.

4 comparison of the calculated and experimentally obgerved
(mass spectrometer rdcket flights) densitiecs of different mnegative
ion species in the night time D-region has been corried out by
ARNOID snd KRANKOWSKY (1971). They have found that the negative

ions OE and 07 dominate above about 80 km whercos the concentra~



68
tions of COg, NOg and NO, are more below 80 Im.

TURCO ond SECHRIST (1972) from a series of investigations
abouf the D-region during the sunrise have found that the
photodetachment of the terminal ion, NO% could contribute

largely in the development of the D-region.

In the light of the above fnvestigations our obgervations
of tﬁe sunrise effect in the 164 kHz field—strengths can be
explained. It can be condluded that the drop in intensity
during the sunrise period must be takimg‘place becuuse of the

ionisation produced around 80 - 90 km due to the photode tachment

of the terminal negative.dlon, NO3 by the soler ultraviolet

radiation.
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2.7 Elfoct of stratospheric temperature vwrlutlons in the
adic propagation during winter

The winter anonaly ie., the higher electron densities
in the D-region during winter ageinst what is nornmally expected
has been explained to soﬁa extent by the coupling processes
between plosma and ncutral gas. It has been shown that the
cxlstence of high absorption during some winter days are
associated with certain warming events in the stratosphere
(BEYNON and JONES, 1965; NESTOROV and TAUBENHEIM, 1965; LAUTER,

1959,67; DIEMINGER ET AL.,1967 and GREGORY, 1965).

The offect obscrved in the 164 kHz field strength
during wintor months reveal that on sbout quite a few occasicns
there arc groups of % - 5 days when the signal intensities ore
dbncruﬁlly high comparcd to other days VTlULS. It was noticed
that there is no definite change in the condltlon of solar
activity during this period. It is notioed that the days of
high fieclad strength arc associated with the sudden decrcase in
the tenperatures in the stratosphere at 30 mb level ( TFree
University of Berlin Weather Date is used). The cxamples are
shown in figures 2.20 and 2.21. The tenperaturc date corrcsponds

to the %8° - 40°N, the northern-most reflection point for a two



hop transmission. Similar changcs are obgerved at %2°N. also,
thoeugh the overall temperature is about 10°C lower. The ficld

gstrength values are the averages for 1100 - 1300 hr obscrvations.

From the figure 2.20, it can be moticed that during November 1963%,

the fiold intensity is high between 21st and 27th day and the

corresponding stratospheric tenperatures arc appreciably lower
than norrnal. The 10.7 cnm flux variation represents that there
is almost no change in the solar ectivity. In figure 2.21 similar
kind of behaviour is shown during December 1965. Hence 1t can

be concluded that during certein days in winter the absorption
level of radioc waves is considerably low compared to other days

and +these ere associated with the reduction in stratospheric

temperaturcs.

2.8 Cenclugicn

The results presented so far will be gunnmariscd
in way of ccmclusions as followss: -

(1) The ficld-—utrength of 164 kHz radio signals
roccived at Ahmedabad shows a smooth variation during sunner
months (Junc - Septerber ), the intensity reaching a pcak value
during local noon and falling off on cither side; During winter
the gignal intensities arc nore vorinble with the occurrcnce of

one or morc humps after sunrise and before sunset. During

equinoxes (March - April ) the variations are gimilor to thosc
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NS
during the winter months except for some more short time
irregular fluctuations. At Poona the signal intensities show
almost similar variation as observed at Ahmedabad. At Gulmarg
4

during sumncr months the signal intensity shows a slow increase

after the noon valucs.

(2) The gencral pattern of behaviour of the 164 kiz
signal intensities at Ahmedobad during dfferent months remain

unaffected by the different conditions of eolar activity.

(3) ©The relotive amplitudes during the surmer months,
speeially for June, are higher during a high sunspot year as

compared to those during the low and medium sunspot years.

(4) The_changes of thc level of ficld intensity as well
as the hour to hour varictions are both affected by the flux
alterations of solar background X-rays (1 -8 2.), During the
non-sumricr months there is in general an anti-correlation betwecen
the two whereas iuring summcr months cither they show a positive

corrcelation or no-correlation.

(5) The diurnel and scasonal variations can be
interpretced by estimating a changc in the gencral reflcetion
heights with scason. During surmer the radio waves arc
reflected from a lower height of about 70 km where the ionisation
is meinly governed by soler Lyman o radiation. In winter scason

the radio waves arc roflected from a higher level of about 786 ki



in the ilonospnere where solar X-ray fluxes are Very influential.
The whole pattern of these variations remaining unaffected by
sunspot number changes is explained by the reason that the
reflection heights of these radio waves do not change appreciably

with the solar cycle.

(6) The sunrise effect in the field strength is observed
ag a drop in the intensity when the sun is below the horigon by

about 6 - 8 degrees.

(7) The golar ultraviolet radiation controlled by a ozone
screening height produces photo-detachment of the terminal ion
WO .
5 .
sunrise effect in 164 kiz radio intensities.

The ionisation produced by this effect gives rise to the

(8) It has been observed that during the winter months,
speclially between December - February, there are guite a few
éases of a groun of days when there is considerably less
abs orotlon of the radio waves, these seem to be related with the

appreciable reduction in stratospheric temperatures.

2.9 Digcuggion

The observations regarding the propagation of radio

fregquencies-in the low and very low frequencies have been carried



out mostly at frequencics below 1OOVkC/S for short as well as
very 1ong<distancesa The réferenoes have already becen given in
chapter 1.5. On frequencics greater thén 100 kHz the wave
propsgaotion for long distances ( o, 2000 knm ) heve not been widely
studicd, except some cxperimental results given by LAUTER (1967) .
Very low frequency ( below %0 kHz ) propagation over very long
distences have been found to show o gteady picture as they are
reflected from the Cwlayér of the ionosphere. It is expected

that the propagation of very low frequencies over short

distances may be eguivalent to the propagation of low fregquencies
over lurge distemces. Keeping this in view we have collected

the midday reflection hecights of LF and VIF radio waves along
with the height changes from day to night based on somc important
obscrvations all over the werlds which is shown in Table 2.4,

In this table we have clso included the theoretical values as
estimeted for 164 ﬂHz radio signals rceceived at Ahmedabad.

It can be noticed that during‘winter the reflection heights are
in general highef by abcut 3 = 5 km compared to the surmmer
volues. It candlse be noted from Lauterts results that the
heights arc neximum during the equinoxcs. The winber reflcction
hcights for 164 Xkiz radio wavcg have been conputed by assuring

& particular elcctron density profile due to MEDCHLY and SMITH
(1967) . Because of the effect of the winter anomaly the heights
can be lowered and there is a possgibility of getting an average

higher reflection height during the eguinoctial period. From the
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Table 2.4

Apparent reflection heights deduced from

short and long range observations of VLE

and LEF radio waves

e r5e ot I T e Tt i St et it e i (am rd et S el Sam Ak At i S Sl 02 Bt P ot 2 et R Y U B B W it I o o S B

Reference Receiver—-transpitter  Midday refle-
distance (Xm) ction heights
" Bracewell et al. 535 Surmer T3+ 3%
Bain et al, 535 Summer T4
(1952) . ( 16 ®Hz)
Straker (1955) 90 7074
( 16 kiz)
Bracewell (1952) 190 - Surmer 65.5
(16 ¥Hz)
Hopkins and 108 -

Raynolds(1954) - (16 ¥Hz)

Lzuter (1966) | 350 _ Sunmer 75
(155 ¥Hz) , Equinox 79
Winter 77
Wait (1963%) 1000 km 70 - 80 -
(10 - 100 XHgz)
Present study 2000 ¥m gurmer 70 + 2
(1972) ( 164 Iiz) Winter 78 + 2

- Helght change

fromn day to
night (lm)

18
13 = 11
14
15 ;.17
10.; 20
10 ; 18
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table it can also be observed that the effect of the golar
activity in changing the reflection heights can not be

expected to -be more than about 3 km.

In interpreting the amplitude attenuation of VIF
measurements during sunrise SECHRIST (1968) has shown that the
smplitude decreases near :X = 94° and’X = 98° are caused by the
golar ultraviolet‘radiation whereas the occaéional VIEF amplitude
decrease commencing nqar':K‘= 99° ig caused by photodetachment
by solar visible radiation. The signal intensity increase
continuing for éome group of days during winter has been
asgociated with the decrease in stratospheric temperatures.

Mhis effect is slightly different from what has been observed

at high latitudes which give an enhenced zbsorption correspond-
ing to the increase in stratospheric témperatmre. Hence this
suggests that for the 164 kHz signal intensities observed at
Ahmedabad, the so called winter amomaly is almost present through-
out the winter months expect for some days when the sbsorption

increases because of decrease in the stratospheric temperatures.

”
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CHAPTER - III

EFFECT OF SOLuR FLARES ON 164 kHz RADIO EROPA&ATION

3.1 Introduction

It is well known that the enhancement of ionisation
in the D-region during solar.flares gives rise to short and
medium wave fade-outs, suddgn'cosmic noige absorption, sudden
enhancement of atmospherics, wmdden rise in tﬁe megnetic fileld
component (crochet) and sudden changes in the intensity and
phase of the low freguency radic propagation. The enhancement
of ionisation progressivcly decreases with height from a
.factor of 5 - 10 or more afound 70 - 80 km to about 50 - 100%
in the E-region and about 1- 20% in the F-region. The
D-region ionisation increasc during flareg has been measured
by the high-power wave interaétion (cross-modulation) technique
(ROWE ET AL., 1970) and partial reflection tochnique (BELROSE
and CENTINER, 1969). The enhancement of electron density
between 100 to 300 km hag been egtimated by the incoherent
scatter cquipment at Arccibc (THOME andAWA:NER, 1967) and two
scries bf rocket flights during flare by SOMaYAJULU and ATKIN
(1970) . In the F-region the deviations in the electron density
hdve been determined by N-h profiles at intervalg of 15

minutes during a flare (BHATTACHARYA and BALAKRISHNAN, 1967).

If Lyman (X has to account for the D-region changes

during flare, then the intensity of the radiation has to be
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increascd by a faétor of 106, which has not been observed.
Recent rocket and satellite ohgervationg have led to the
suggestion that the enhanced D-region ionisaticn during flares
is dué to the increase in X-ray flux mainly in the 1 - 8 &
wavelength band (PRIEDILN ET AL., 19583 CHUBB LT AL., 1960a,
1960by KREFLIN ET 4AL., 1962). It has been noticed that the
direct measureﬁént of electron density in the D-region during
a flare (SOMAYAJULU and AIKIN, 1970) and the clectron densities
estimated by the spectral distribution of X-rays show an
agreement within 20 - 25% upto about 85 km (ANANTHAKRISHNLI,
1971) . Hence the studies of the sudden ionospheric disturbances
should involve fhe knowledge of the X-ray flares taking place
in the sun. A iist of such eents with the details of gtart,
peak;and end timings and the peak fluxes for the wave-length
band.5 - % &, 1-8 & and 8~20 & are regularly published in the
Solar Geophysical Data bulletins by the observations made on
the satellite BExplcrer 37. A gtudy of the sudden ionospheric
digturbonces (SID's) in correspondence with the X-ray flares
hag revealed that a minimum flux bolow 8 A required to producc

e
an SID ig about 2 x 1077 ergs/omg/sec (KREPLIN, 1962).

During solar flares, sudden dianges in the field

" strength of 164 kHz radio waves transmitted from Tashkent md
recoived at Ahmedabad have been recorded since 1962 ( ALURE.LI,
1963) « & detailed study of such events by SHIRKE end ALURK.L

(1963) showed that the type of wariations of intensity duc to
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the flares depended on the time of the day and scascn. In

the present study the effect of the slar flares On‘the field~-
strength at Ahmedabad has becn scrutinized for the three

years 1968=70 with respect to the solar X~ray events recorded

by the satellites SOLRLD 9 (Lxplorer 37) and Explorer 35.

also the observed effects have been interpreted by the compu-

tations of electron densities during the various times of

the flare.

3.2 The effects observed on 164 kHz field strengths and

their asgociation with other sudden ionospheric
digturbances

In general the effects observed on 164 kHz field-
strength at Lhmedebad during solar flares, fall under three
following cetegories ( here all the timings are in terms

of universal time : local time = universal time + 5 hrs )

(1) which start with a drop in tﬁe inteﬁsity
followéd by sﬂow or quick recovery tov the pre-flare condition.
Figure 3.14 shows two such examples on the same day of 19 |
February 1969. The first flare starting at 0455 hr U.T., the
naximum attenuetion is observed on 0500 hr. Thén the signal
intensity starts increesing, it had almost reached the initial
value at 0537 hr when another flare has taken place, and the
intensity drops agein reoching o maxinum yalue at 0540 hr.

The ficld=-strength valucs are rccovered to the normal values

around 0630 hr. The drop in intensity can be very sharp or
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slow ranging from 2 to 10 minutes. We term this kind of

effect as Type I.

(2) which start with a drop in intensity followed
by a rise ( the rise can be less, cqual or morec than the
fgll ), and after attaining the peak value the intensity
decreases reaching a minimum'value, then the recovery to
the normal conditions begins; FPigure 3.1B and 3.1C show the
examples of such effects. On 7 February 1969 ( figure 3.1B),
the signal suddenly falls at 0521 hr, then increases to a
peak value at 05%0 hr and then decreases to a low value =t
0640 hr from where it starts reviving. The full reccovery
takes place cround 0730 hr. Similarly on 20 February 1969
(figure 3.18) the drop in intensity, the rise to penk valué'
and then tepering off to a low value followed by recovery
stage arc clear. Here also the ficld strength is fully
revived aftcr about 45 mirmtes of the time of the pbstwpeak
low value. On 7 February the rise is higher than the initial
attenuation buf on 20 February 1969 it is lower than the
initial fall. The other flare at 0806 hr on 20 February 1969
ig of the kind of type I. Let us call this second kind of

effect as Type IT.

(3) which start with a rise in intonsity and after
attaining the peak velue decreasc to eschieve a low value
from where the phase of going back to normal begins. Figure

3.1D shows that the initicl drop in intensity is missing and
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the signal starts rising from the normal value at 0610 hr,
reaches the peak at 0616 hr and the subsequent ninimunm at
0730 hr. The full normalecy is attaihed at 0800 hr, 1)2 an

hour after the time of minirum. We call this as Type III.

In all the above three typcs of effect, the
intensity before going back to normal value can attain an
abnormally low value. In figure 3.2 a few more exanples of
flare effects have been shown., Pigure 3.2A shows that in a
guick run ( 3 inches/hour ) record the abscnce of initial
¢rop is very clear. The effect starts with the sudden
enhancenment of signal. 4lsc the normal low value of signal
strengzth before recoverihg can be noted. Figure 3.2B shows
an exanple of type II with tie amount of initial drop and
subsequent rise roughly same. PFigure 3.2C shows a type I1
effect starting at 0610 hr. Before the signal has been able to
reach the low value cnother flare has started and that has
given a sudden enhencenent of the sign&l. We cannct decide
the type of the effect in this case for the second event.
Figure %.2D ghows an exarnple of the rultiple flares. Because
of consecutive flarcs occurring on the sane day ( during a
strong active periocd cf gun ) the effect on the field~sfrength
is highly complicated. From a statistical study of the
occurrence of thegse effects dgring the period 1968~70, it is
observed that Type T changés are very common during the

equinoxes ( March - April - October ) less frequent during
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winter, and do not occur during summer. Type II effects are
registered during winter and eruinoxes whereas type IIT are

observed only during summer ncnths.

In figure 3.3 are presented two cascs of the
effect produced in the 164 kHz radio intensity on the same day
7 June 1969. The effects cen be distinguished as type III.
The diffofence between the two cases lies in the initial rise
in the signaltintensity. The first effeet (&) has taken 11
minutes to reach the peak whereas the second effect (B) has -
taken only 3 minutes. By comparing the records of cosnic
radioc noise absorption ( representative of D;region absorpt-
icn) and mnagnetic field measurcnents by proton precission
nagnetometer ( representative of the conductivity in the
E-region) obtained at Ahriedabad we notice that the first
effeet (A) has given risc to ncither a SCN. (Sudden Cognic
Noise 4Abgorpticn) nor a crochct but the second one has given
rise to both. ‘Tt can be mentioned that the occcurrcnces of
SCNi and crechet arc less frequent as compared tc SEL and
SPL'g probably because they require a larger ionisation
enhancenent to get induced. Hence it can be suggested that the
nagnitude of ionisation cnhancement in the D-region as
observed in 164 kHz intensity, is governed by the sharpness
of the cffect rather than the total signal amplitude enhance-
nent. It can be nmenticned that the flare cffect at 0809 hr

(figure %.%B) produced more ionisation in the D-region
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compared to the flare effect on 0948 hr ( figure 3.34). The

former produced a SCN& and crochet whereas the later did not.

& comparison of the flare effects in 164 kHz radio
signals at Ahmedabad and the horizontal component of the
earths magnetic field at Kodaikanal ( dip 3.5°N) revealed
that only a few percent events were common in both. But in
nany events though the magnetic crochet is nbt'obs@rved
there are, however , detectable short-time enhancements
in the H-field. The simultaneous effect of solar flare
in 164 kHz radio wave amplitudes and in the H conponent of
magnetic field is shown in figure 3.4 which shows an exanple

\

of magnetic crochet obsecrved at Kodaikanal and the corregpond-

ing c¢ffect on 164 Kiz field strength.

3.3 L direct conmparison of radio intensities at 164 kg
with flare time sclar X-ray cmigsiong nmeasurcd in
gatellitcs ’

In order to study the flarc c¢ffects on 164 kHz radio
intensities in relation to the X~ray flares we make a comparison
of a few flare effoéts with the deﬁailed X=-ray flux date as
measured in the satellites SOLRLD 9 (Explorer 37 ) and
Explorer 35. The scler X-ray data of a fow flares during
October =~ November 1968 published by KREPLIN, VaN 4DLEN ond
TESKE (1970) have becn used in the present study. The times
of the flares have been compared with the changes in the

field intensity of 164 XHz radio waves receilved at 4hnedaebad
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from Tashkent. The X-ray fluxces in the 2 - 12 Z Wavelength
band measureld by Ixplorer 35 are well suited for this conpa-
rison because of gnod time resolution during sudden changes.
The SOLARD 9 data ( \ = 1 - 8 4) have also been used when
data of DLxplorer 35 are not available. Table 3.1 gives the
details of the data usecd. During the period 27 October - 3
Noverber 1968, all the X-ray ovents observed during the hours
0200 -~ 1200 U.T. ( 07 = 17 hr L.T) and the corresponding X-ray
flux changes in the 2 -~ 12 1 region ( for Explorer 35 ) ;
1 -84 ( for SOIRAD 9 ) are algo listed in table 3.1. It
will be observed that ali the obsgerved X-ray events produced a
simultancous effect in the radio signal. The ninirum X-ray
flux which is able to induce a measurable effebt shows a value
of gbout 4.5 x 1077 cres/ (on . scc) s The starting time and
time of peceak intensity of the sudden ionospheric disturbance and
‘of the X-ray flare agreec well ; in general within a few minutes.
The end time of the SID effcet on the 164 kXHz signal cannot be
determip@d accurctely‘and heonce the end time mentioned in
table 3.1 only indicates the time of the first minimun after
the flare effect started. After reaching the minimun value,
the field strength slowly recovers to its normal level. The
reestoblishnent of the original signal level takes place about
an hour or more after the X~ray flare has cnded. There is
less.agreement between the end time ( as given in table 3%.1)
of changed signal intgnsity and the end time of the X-ray

flare. In oxder tu prescnt the variations of radio intensity
. . B AT AN TR o ean Aot o

Pre e



2 87 s
Table 3.1
¥-ray floreg observed in gatellites and the corresponding gID effects

pbserved.inwthe'fiel&ié%rongth of 164 kiz racio woves from Tashkent
to Ahmedabad

..._-._-_.__..—..........‘._.._...................._..,..._._Am_.__........._._...........,.._...,..-...:....-_............-....-....._.._.__.._...._.............._._...........,........,;__..

Date Satellite Times of X-ray fla- DPeak flux SID cffect observed
res as recorded in Grg{(cm . in 164 kfz field
satellite sed “strength
Start Peak Ind Y
SOt . o - 12 R Start feak End

L Hne Wime Mime . fime Sime  time

27-10-68 Exp.35 1102 1113 - 8 x 1073 1108 1114 -

~do= 1130 1150  U1230 1 x 107 1130 1149 1200

28-10-68 ~AQ= 0200 0205 0300 8.5 x 1075 0200 0244 0320

—CLQ— 0500 0516 0555 1.0 x 1075 0502 0520 0530
SOTRAD 9 055 0CO0  UC30 5.0 x 1072 0557 = 0602
~d G 0650 0700 0715 