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PREFACE

Wlth the establlshment of a Rocket Laun=
chlng Statlon at ThUmba, very near to the magnetic equaw-.
tor (0.6% dip), ionospheriec drift reCOrdings were started
s at Thumba by the:Aeronomy Group of the Physical Research
Laboratory. A drift recorder employlng closely spaced an-
tennas was installed in January 1964 " The horizontal drift
~and the parameters of"the.irregularltles in the electwjet
. height and in the F«region heights for the, daytime hours in
. the years 1964-65 were studied and have been descrlbed by
Mr., M.R. Deshpande in his Ph.D. the51s. |

To study other features of the eqguatorial
ionosphere; an automatic-ionospheric recorder, model G4,
kindly made available by the WPC branch of.the GOVernmenf of
Ihdia, was installed in October 1964,

Additional aérials were set up in May '67
to study the ground diffraction patterns at Thumba Wthh are
- highly field- allgned and elong%ted along N+S. The drift ob-
servations were extended to nighttime from Januéry 1967,

The present thesis comprises (1) a detai-
led sfudy of the drift motion and the probable sizes of the
irregularities in the lonosphere over Thumba during the pe-
riod 1964-67, and (2) some general features of the equatorial-
ionosphere at Thumba ard at otherbequatoriél stations.: The

Thesis has been divided into -three sections.:



SECTION —~ T

The first section is introductory and describes
briefly the geomagnetic field, dynamo theory, electrsjet,
electro-magnetic drifts and other properties of the equa-

torial ionosphere,

SECTION - II

This section deals with the drift measurement at

- Thumba and is sub-divided into seven chapters.,

1) A brief introduction to the subject and <ome me-
thods to determine vinds and drifts at the iono-
spheric heights,

2) The experimental Set;up used at Thumba,

3) The fading of the radio waves and their characte.
ristics at Thumba, |

4) The results of t he apparent drift calculations
for the period 1964-67 using simple time deiay
method, This is followed by a latitudinal survey,

5) Correlation methods and the results of the steady
and randomlcomponents of drift, and size and shape
of theAirregularities at Thumba invthe years 1964
and 1967,

6) Effect of magnetic activity on the various para-

meters of drift and anisotropy at Thumba, \-
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7) Comparison of the results at Thumba with those at other
stétions. .

SECTION - 171

Other featureg of the equatorlal ionosohere are discussed
in the thirg sectlon of the the515 which is sub-divided
into four chapters,

1) Results of ionospheric sounJlno at Thumba dUllﬂg the pe-
riod January 1965 to December 1967 and then comparison
with the data obtalned at Kodaikanal and TriVandrum

(Manwal Lonosonde), .
2) Electron density distribution with height at Thumba, -~
3) Characteristics of spread-F at Thumba,
4) Solar cycle and seasonal variations of spread-F at other

equatorldl statlons.

The author was resident research scholar in-charge of the
Tonospheric Station at Thumba from May 1965 to Décember 1967,
Reqular vertical 1onosaher1c sownﬂlncs and all the drift ob-
servations during this period were taken by the author.

The entire reduction anAd analysis of the drift records for
the period 1965-¢7 as well as the consolidation of all the
available drift data were done by the author at Ahmedabad,
The world wide study of €quatorial spread-F is based on the
data published by the respective observatories, while the
spread-F study at Thumba is based on the data reduced and cla-

ssified by the author directly from the ionograms.

Lh-*LJL ( hetindiza

—RG. kAsT// T HARISH CHANDRA
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CHAPTER I.1 BRIEF UESCRIFTION OF CEOMAGNETISM AND
LONOSPHERTC PHENOMENA NEAR THE MAGNE—
TIC EQUATOR

L.1.1. Earfh’s magnetic field

The geomagnetic field intensity (F) at a point
1s generally described by its components; (1) Northward
component (x), (2) Eastward component (y) and (3) verti-
cally downward component ( ). The parameters which aré

usually measured to describe the geomagnetic field ares

l. Magnetic declination D = tan~! %

: C o . . _ e A

2. Magnetic inclination 1 =tan =

3. Horizontal component H = Q/ X2 + y?
and 4, Vertical component V= 2z

To a first approximation, the earth's main field resembles
that of a magnetic dipole located at the'centre_of the
earth having its axis at an angle 11.7° to the axis of
earth's rotation. The dipole axis 1ntersects the earth's
surface at polnts 73.3 N 69,0 and 78. 3 S 11,0 °E and
are called geomagnetic poles. A geomagnetic coordinate
system based on the geomagnetic poles has been defined,

The angular distance Wwmmeasured at the centre of earth _

from the geomagnctlc North pole is called the geomagnetlc €O~
latltude Geomagnetic latitude ¢4y in this system is glven

by ¢7w = 90° - Bvn.  Geomagnetic longitudé A is measured



Eastward from_ the particular geomagnetic meridian which
contains the geographic south pole. The geomagnetic co-
latitude and longitude are related to the geographic co-

latitude (ﬁ?’):and longitude ( ™ ) by the relations;
Coslfwyﬁ Cos é}P Gos & + sin Ey? sin @ Cos ()\~;Klﬁ '
.o CSin @ : g
Sin )\}ﬁz —oin 6 Sin >\-—>\¥)

S0 Oy ‘

vovea (1)
~where Of‘) = J..l..7o and >\(J = 69°,

Geomagnetic equater is defined as the locus of
points where i23n= 90°, These are the points where the
vertical compcnent V or inclination I is zero as estimated
from dipole approximation. The inclination at a point is
described by the relation:

7

tan 1 = o = 2 tan d}?n f....(Z)

Theg@éqnetip poles or dip poles are the points
where magnetic intensity is observed to be vertical and
they differ in location from the geomagnetic poles because
the latter are chosen so as to give the best representa-
tion of the carth's main field as a whole. The observed
values of inclinétion at a point may differ from that cal-
culated due to dipole at regions where the field departé

from that expected of the approximate dipole field, Hence



a similar latitude can be described on the basis of ob-

served inclination at a place (instead of the inclination
due to the dipole field) and is mentioned as magnetic
fatitude or dip latitude pf the place, Magnetic or.dip

.equator is therefore defined as the locus of p01nts where
observed inclination ig Zero or where magnetic field inten
sity is horizontal and differs somewhat from the geomagne-
tic equator, |

Even though the earth's magnetic field is hori-
~zontal at any point on the magnetic equator, the'intensity
of the field varies considerably with longitude such that
H = .39 Gauss at Thumba and only .29 Gauss at Huancayo, To
account for these longitudinal effects, a better approxima-
tion of the earth's magnetic field to a dipole field is
obtained when the dipole is displaced from the céntre of
earth. Bartels (1936) found from the analyses of data for
the year 1922 that the eccentric dipole is displaced by 342
km towards the point 6.5 N° lat. ang 161.8° 1ong,

Parkinson and Cleary (1958) found that +he cen-
tre of the eccentric dipole in 1955 wasg displaced by about
436 km from the centre of earth towards the point 15,6° N,
159.9%B., Gain et a1l (1965) have drawn maps of the compu~-
ted components of magnetic field in the year 1965, 1In the

€quatorial region maximum in H was observed at a point



about 12°N, 95°%E with a value .413 Gauss while a minima
was found to occur at a peint about-5oN, 55°W with a

value of H less than ,27 Gauss.

I.1.2, Magnetic field variations - Dynamo theory

The geomagnetic field at any place is found to
undergo very siow changes of the period of few years,
which are known as secular variations. There are regu-
lar variations which are related to the solar and the
lunar day. The quiet day solar component (Sq) and a
smaller lunar daily component (L) are supposed to be caused
by the current systems in the upper atmosphere.- There are
occassional large perturbations in the magnetic fiéld
which are associated with theAdisturbances in the sun.

Regular diurnal variations of the compass needle
were discovered in the eighteenth centry by Grahm (1722).
Belfour Stewart (1882) ascribed these magnetic variations
due to currents in the region now known as ionosphere, He
also indicated that these curfents could be driven by ele-
ctric fields induced by the motion of the air across the
earth's magnetic field lines. This idea has become known
as the dynamo theory because the moving atmosphére is
something like the armature of a dynamo, the‘earth is a

magnet and the conducting atmosphere is the windings,



Schuster' (1889) studiea the geomaghetic daily
variétion‘field on a wofld wide scope by the method of
spherical harmonics and estimated the current system res-
ponsible for the geomagnetic variations and concluded that
the location of the equivalent current system to be mainly
external (overhead)., The pfesence of the ionised regibn
in upper atmosphere was further implied by M@rconi's.high
frequency trans-atlantic communication in 1901, but the
direct evidences of an ionised region (ionosphere) were
made only in 1925 by Appleton and Barnett, and Breit and
Tuve independently. |

%giwart's idea was put into a quéntitative £orm
by Schuster (l908) who demonstrated that upper atmosphe-
ric currents could be explained‘by tidal air motions simi-
lar to those observed at grouhd level, He also suggeéted
that the required large electric conductivity of the upper

atmosphere must be produced by solar ultraviolet radiations,

Chapman (1913, 1919) developed a dynamo theory
suitable for both the solar and the lunar daily variations
and concluded that the conductivity must’ be greater by a
factor of 10 than that estimated by Schuster, |

.Pedefson (1927) drew attention to the anisotropy
of the electric conductivity due to the presence of the

magnetic field which results in the reduction of the con-



ductivity. Early calculations oﬁ'this bssis showed the

condUctivity in the ionoéphere much less than that re-

quired to explain the magnetic field variations based on
dynamo theory.

Studies of the atmospheric oscillations by
Talyor (1936), Pekris (1937) and Wilkes (1949) indicated
that the speed of the tidal motion could be expected to
increase with the inverse square root of the air density.
Thus the upper atmosphere oscillations might be much lar-
ger than those at ground. In spite of this increase in
tidal amplitude with height, the conductivity of ionosphere
fell short'by a facter of 5 to 10 to‘thét adequate to
explain the dynamo theory.

Cowling (1933) considered the effect of the Hall
currents and subsequent polarization of the medium and
concluded that the conductivity increased from Pederson
value to that obtained in the abéence of the magnetic
field, Martyn (1948) suggested that this effect might
be responsible for the high conductivity required 0 ex-
plain the dynamo theory., Cowling and Borger (1948) showed
that the Martyn's suggestion would be invalid except near .
the magnetic equator because the polarization would leak
out at other latitudes.

| Existence of an abnormally large daily variation

of the horizontal component of earth's magnetic field was



brought to light in 1922 when a geomagnetic observatory
was estéblished near the magnetic equator at Huancayo
(Peru). McNish (1937) ascribed this abnormal range in
H due to locally concentrated electric currents in the
upper atmosphere flowing eastward above the magnetic
equator,

It was first shown by Egedal (1947) that the
abnormal daily range of H are observed at stations situa-
ted within a narrow zone near the magnetic equator.

‘ Martyn (1949) attributed these enhancements due to increased
conductivity near the equator during the daytime because

of the inhibition of the Hall currents due to the pola-
rization of the medium,

This high concentration of electric current
flowing from West to East in a narrow belt flanking the
dip equator on the sunlit hehisphere was named equatorial
electrojet by Chapman (1951),

The effect of Hall polarization on the conducti-
vity of ionosphere at all latitudes was studied by
Hirono (1950, 1952 & 1953), Maeda (1951), Baker and Martyn
(1953) and many others. They showed that over the whole
earth the effective’condUctivity appeatrs to be greater
than the Pederson conductivity by a factor of at lgast 6

a_nd is further increased by a factor of 2 to 5 near the



magnetic equator. This explains the observed geomagnetic
variations on ground as well as the anom~" ous variations

near the equator,

I.1.3. Electrical condu;tgvities'in’upper atmosphere

Considering fhe‘ionosphere as an infinite,
lightly ionized gas in which thereare n changed particles

-~ .

of the rth type in a unit volumé, where r = e plus or
minus for the electrons, bositive ions and the négative
ions respectively, if a particle. of 'rth type has charge
€, mass 7, ccllision frequency wge = e B/Ymh_; B being the
intensity of the magnetic field in the medium, the condu-
ctivity of the medium is then given by the sum of folléwing

components,

(1) Direétrpr;lonqitudinél cgnductivity (%)

Whén'an electric field is parallel to the magne-
tic field, the conductivity along the electric field is
célled longitudinal conductivity. This is independent of

the magnetic field and is given by

2 e la ce (1)
TR e |

(2) Pederson conductivity (7 )

When an electric field is perpendicular to the

magnetic field, the conductivity along the electric field



is called_Pederson c%hductivity and is given by

~—

oy = Z P 2n g (2)
/;74 _-/‘y-\'»)/"j ( \,J/"“? A ux}f ’ e |

(3) Hall conductivity (§2)

In cases of crossed electric and magnetic field,
the conductivity perpendicular to both the electric and

the magnetic fields, called Hall conductivity, is given by

o 2 '
o I ~> Tn e v (3)
T T ( )/;,:?1 + {.L{,';#)

(4) Cowling conductivity (&%)

When the medium is bounded in the direction of
Hall current, flow of this current results in polarization
and the polarization field inhibits the Hall current;

If E is the applied electric field perpendicu-
lar to the magnetic field and Ep is the_polarization

. field then for complete imhibition of Hall current

dékE_ = <?% E

hence E_ = =

This polarization field results in additional
current density élong thé_original slectric field E. The

total current along E being T E 4+ 6n Ep



Cowling conductivity ¢% is thus higher than the
Pederson conductivity <, , The increase in the conductivity
depending on the polarization field. In the ionosphere
Hall current leads to the polarization which easily leaks
away elong the lines of force of the geomagnetic field ex-
cept at the dip equator where the field is entirely hori-
zontal,

The effective specific conductivity to be used
in dynamo theory is therefore 57 The conductivities can
be written in term of the magnetic field B using the equa-
tion relating it to the gyro frequency. The total condu-
ctivity can be obtained by integrating over the different

species such as electrons and ions. One gets then

¥ ) .
)

o ~

23 L/g
o, " J
L { ‘\ ¥ b L-\.‘/,A.L L > @ >
v { = «~-;—*:~J;::i“*“;'*‘-'*iz: 1
B é;f (gl + 0 )
= =y MNpty e
. ; =
B o (VA veA
and Gy_?’ = d'{ 4 05 S

Height distribution of a3, ¢ » and = show that ¢
and 9%, are smaller than s and-reach maximum at 110

to 140 km. Since ¢, yg7 in the altitude region of interest
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Cowling conduct1v1ty repres@nts enhancement over the
Pederson conductivity., As the ratlo )§4/u is considera-
ble at height atround 100 km, T~ shows maxlmﬁm here,

From the known electric conductivity and assumed
wind systems, electric current systems have been computed
by Matsushita (1953) and Macds and Matsumoto (1962), The
current system obtained is similar to that estimated from
the geomagnetic data,

In a similar way horizontal wind systems in the
dynamo region can be deduced from known electric conducti-
vities and the current system from the geomagnetic data

(H. Maeda 1955b, 1957, s. Kato 1956, 1957).

I,1.4, Electromsgnetic drift

'Electromagnetic drifts of ionisation were sugges -
ted by Martyn (1947, 1948) to explain the tidal oscilla-
tions and the non-Champan layer behaviour of the F-regions
of the ionosphere. He suggoested that these drifts‘are aue
to the electro-dynamic forces associated with the magnetic

variations. These drifts have both vertical and horizon-

. tal components,

In presence of electric fields and the earth's
mainAmagnetic field, the drift velocity‘of a changed parti-

cle with respect to neutrals is shown by the equation
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obtained by Martyn and Kato (1959):

(19
o= j

where =3 is the electric current density, ﬁz is earth's

main magnetic field. For simplicity, the axis of eérth’s

rotation is assumedq to cdncide with that of earth's dipole

magnet, 1In the F- region collision frequency is much sma-

ller than the gryo frequency and assuming that vertical

current component venishes, one obtaing:

Ux = -(E /B) Sin I
: - EX cosec T
Uy = 3

Uz = E% cos I

The electric field in the F-region seems to be

derived mainly from that in the E—region (electro-statie
Vfleld ef the E-region arising due to polarization is trans-
ferred to F- -region via the hlghly conducting lines of force)

and is given by the relatlon

Ez = « Ex cot T

The East-West drift in the F-region can be shown
to be

Uy = (Ex Sin I - E, cos I) /B,
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Thus near equator

s

Uy = - Ez/Bx.

Martyn (1953) studied drift of ionization under

the influences of an electric field and atmospheric wind,

He derived relations for the horizontal ang vertical drift

of ionization at all latitudes in a thin ionosphere in

which vertical electric currents are prohibited, and con-

cluded that

(1)

(2)

in the lower F-region and below, the ionization will
move horizontally with substantial local wingd ve1001ty
in the upper E-region, the horizontal motion of ioni-
zation may differ substantially in magnitude and dire-
ction from that of local wind

in the F-region ionization cannot be moved by winds
transverse to the earth's magnetic field., A local N-§
wind causes the F-region ionization to mave along the
direction of the earth's field, High East-West drift
can be produced in F-region by N-§ applied electric
fields (except at equator where vertical fields trans-

ferred from dynamo region produce high drifts),

(4) Vertical drift velocities due to either winds or fields

~are small below 100 km except in the immediate vicinity

of magnetic equator where E-W fields can produce large

vertical drifts at heights of 90 km and upwards



(5) in the F~region notable vertical drift is produced
by E-W fields or by local N-g winds (blowing of ioni-

zation along the field lines),

According to Baker and Martyn (1953) polariza-

tion field at any region is given by

4 2

S =1,7 x 10 Sin® = Cos @/ Cos & volts
where & is the colatltude of a point 1in any region of

the 1onosphere el g the colatitude of that point in the

~dynamo region which is Ilinked to the former point by a

field line and i# is the longitude measured p051t1vel?
eastward from the midnight meridian. At moderate or high
latitudes Fron S bt near the equator Cos &f may differ
appreciably from Cos € , The vVertical f ield E, at the
equator Was_given to be E, = 1330 (Sec\}L 3 Cost’) which
will give rise to horlzontal drift of ionization directed
westward by day, and eastward by night with maximum velo—

city,.

U = 4300 (Sec & - 3 Cos ') m/sec.

Since €' is of the order of 9%, \J approaches

2 x 10% m/sec or 200 m/sec in the middle of day.

Thus regarding the horizontal drifts in the F-

regibh, the E-W component will be towards West during day

and towards Fast during nighttime at low latitudes, reverse
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- at high latitudes with change over occurring around 35°
1 t, At the equator, F- reglon Horizontal drift is entlrely
E~-W while N-S drift is maximum at poles and absent at

equator,

I.1.5, Electric fields and drifts from dynamo theory

From the current intensities and the conduct1v1-
tles, the total electric fields can be computed, Maeda
.(1955a) obtained the field distribution for the second polar
year Sq data., The electrostatic field can be obtained as
the difference between the total field and the dynamo field,
Winds can be calculated from the conductivities and the
current systems obtained from the geomagnetic data and sub-
stituted to give dynamo fields., Same electrostatic fields
can be considered in the F-region and electro—magnetic driffsA
can be calculated. Maeda (1963) obtained solar daily varia-
tions of the three components of the drift speed and a
world-wide distribution of the horizontal drift, The N-§
component is absent at equator and increaseg towards poles
reaching a maximum of about 50 m/sec. At low latitudes N-§
"componént is towards North during daytime and towards‘South
during night while at high latitudes it is Northward before-
noon and Southward afternoon time, E-W bomponent is towards
West during day and towards East during night at low lati-

tudes and reverse is the case at high latitudes with change
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OVEr occurring in between 40-50 lat, The E-Ww component
is maximum near equator and decreases smoothly becoming

practically absent at the point of reversal and again in-

creasing at high latitudes,

The vertical drift is highest at equator and

decreases slowly towards poles, A1l the three components

[
i

of drift in F-region show mainly diurnal variations,

The horizontal drift distribution show rotation
of drift vector at high end middle latitude while there

is @ sudden reversal without any rotation at equator,

Equatorial zope {ig unique in geomagnetic studies,
The eartht's magnetic lines of force are nearly horizontal
here, As the geographic equator, geomagnetic equator and

nagnetic (dip) equator are not identical the geomagnetic

phenomena will depend on these three equators. Because the
|

n

]

&}_‘

phic equator, conductivity mainly by dip equator,
Equatorial region was defined as the zone lying

s O O s - . L e e
between 2075 and 20°N of dipole equator for IGY listing
(Nicolet 1957), However, Onwumechilli <i964b) has shown
that dipole equator has no significant influence on the

P ] J
daily range of H and that away from electrojet region the

influence of geographic and dip equators were equal, He

ar radiation and air motions are controlled by the geogra-



q

better to define the equatorial re-

=
n

N geographic or dip lati-

, . , O .
gion in Terms of 20°S and 20

tude which gives widest zone,

L.1.7, Equatorial electrojet

The cause of the equatorial electrojet lies in
@ special equatorial feature of the ¢lectric conductivity
of the upper atmosphere, The geomagnetic field being
entirely horizontal at the equator, polarization charges can-

not leak

conductivity at the €quator. Baker and Martyn (1953) esti-

mated the half width of this stip as 37 lat, The current

in this strip is west to east for most of the day.

Studying the enhancement of the daily range of
H over the magnetic equator in different longitudes
Rastogi (l962, 1962) suggested that the electrojet is most
intense at Peru and weakest around the Indian zone, Recent
rocket measurements have shown the peak current density

5, 2
over dip equator, approxaimately 0.7 x 107Amp/m® off the

of Peru (Meynard 1967, Davils et al 1967) and ApPT OXi-

Mo T s | -6 Ay 2 N T - Ty - e e OFC
mately 4 x 1077 Amp/m® over Thumba, India (Sastry 1968),

1ter

The range of H under the electrojet is
during increased solar activity (Rao et a2l 1965), Further

it is shown that range of H close to electrojet is greater



at the equinoxes than at

s

he solstices (Chapman and Raja

™

;

Rao 1965),

VHF radar observations at Jicamarca have indi-
cated the presence of currents over the magnetic equator
even in the nighttime, the direction heing Westward (Balsley

1966), The nighttime currents are small in magnitude due

to decreased conductivity during those periods and so are

)
o)

not easily detected on normal magnetograms, However

SSC in H or the fluctuations in H during the nighttime are
significantly enhanced over the magnetic equator in the
American zone and attributed this to the remnant equato-

rial current system Tlowing during the nighttime hours, No

such enhancement was observed for the Indian zone.

L.1.8, Equatorial £ _,

G

In addition to the regular E. or F-region traces

certain scatter echo confiqurations are noted on conven-

—

tional ionograms., Such ionogram configurations at E-region

height are known as 'sporadic B' or E_ and such configura-

T .
tions identified on equatorial lonograms as 'equatorial

ic BE' or E_-q the critical frequency of such echoes

sporadic E

Nt

=2

often exceeding 10 mc/s.
According to the temporal variation of the occu-
rrence of sporadic B, there are three major zones, The

auroral zone in W&’ch_Eg is predominantly a nighttime phe-



nomenon with little seasonal variation., /4 middle lati-

tude zene in which B is predominantly a summer time phe-

nomenon occurring both by day and night but more intensely

by day. An equatorial zone in which P% is a daytime pheno-

menon with little seascnal varistion. In the middle lati-

tudes, it has been observed that more occurrence of E_
el

present nearer the equator,

1s

‘Matsushita (1951) sheowed the close relation bet-

the horizonta

the same zone for both the para meters,

1

magnetic dip showed enhancement in

A further evidence of the correlation between

the two was obtained from lunar effects in the Egmqm

eastward lunar equatorial electrojet reinforces the E_
JU: S

Th

but the westward lunar electrojet tends to cause a dis-

appearances of E5~q (Matsushita 1957a, Knecht 1959, Eg

This lunar effect indicates that solar equatorial ele

jet, which is an eastward current is much larger than

eastward lunar electrojet and is a major cause of the E

poradic E and equatorial electrojet,

©

- q .
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the

Cohen et al (1962) studied the scattering of VHF

rader echoes and found that the irregularities that produce

the sporadic E configurations are embedded in the equato-

rial electrojet., The strength of the radar echoes is

seen

to rise markedly in a discontinuous fashion as the electro-



jet current builds up, From the current threshold Farley
(1963) led the idea that the irregularities are as a re-

sult of two stream plasma instability in the electrojet,

L1.1.9., Equatorial F-region

While the E~ and the lower F-region are found to
obey the simple Chapman theory to some extent the
gion ionization is found to differ in many aspects, The

critical frequencies of E and F layers at any place were

found to obey approximately the Chapman's law +. L (L6

i.e, the fobE or foF‘ is maximum at noon. The foFO at
A - Pty

dip 07) was found to have minimum around noon

P

Huancayo
with two maxima at around 09 and 16 hrs; while ijq at

[§ &
other latitudes reached a maximum value few hours after the

midday,

The establishment of large number of ionospheric
stations during the World War IT [ad indicated a geomagne-

tic control on the F, layer i.e. qug values were similar
<o

O

at stations having same gecmagnetic and not the same gogra-
phic latitude (Ranzi 1929, Maeda et al 1942), hAppleton (1946
pointed out that a plot of noon fOFQ against magnetic dip
showed a minimum over the equator with two maxima on either
side at 28" dip, Thus a belt of low values of foFQ centred

on magnetic equator was discovered, and is referred to as

Appleton anomaly or the equatorial anomaly of the F., layer.



- 22 -

Appleton (1954) showed that the snomaly present
at noon tends to disappear during the afterncon and by
evening is replaced by a cfest of abnormally high values
at equator,

Rastogi (1959) studied the diurnal development
of anomaly during the low sunspot year 1953 and 19%4 and
showed that before sunrise there is a strong maximum at the
equator. At later hour, the maximum flattens and ic follo-
wed by 2 week maximum at low latitudes. As the time of

day progresses, the peak becomes more pronounced and simul-

taneously shifts to higher latitudes till about 14 hr.,,
when the anomaly is most pronounced, after which the pro-
cess reverses and at 20 or 21 hours the anomaly disappears
with maximum at equator aggin.

The development of equatorial anomaly is clearly
seen by studying the diurnal variation of f F, at diffe-
rent latitudes, It is well-known that the low latitude
stations show two peaks one in the morning and one in the

le latitude stations

(&

evening (Maeda 1955), whereas at mid

the fOFq shows a single maximum in the afternoon. Rastogi
)
f/

(1959) studied the diurnal variation at few stations near

b

the equator and showed that from double peak behaviour at

a single maximum around dip

equator (Kodaikanal) one ge

L0 . . . . VA b o
257 (Bombay). The morning pealk which occurs earliest at
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s later similarly the evening peak which
occurs latest at Kodaikenal shifts earlier. finally these
two peaks come clocer and swrge to a single peak for
Bombay, Thus the anomaly obtained by Appleton is as a
consequence of the typic&l low in noon of the T F, at equa-
torial stations which is known as the forenoon bite-out .
Lyon (1963) studied the.&nomaly for the IGY
period on quiet davs and shewed that the variation of noon
fOFz with magnetic dip was symmetrical about magnetic equa-

~

tor but in solstices marked asymmetry is found with IOF

N

higher in the winter hemisphere.

The diurnal development of the anomaly at two
equinox periods of 1958, for selected quiet days, was
studied by Lyon and Thomas (1963) for the American, Afri-
can and East Asian sectors. The anomaly was found to per-
sist at least until 02 hr., and sometimes until sunrise,
Further, it was found to persist longer in the African and
East Asian zones,

The first explanation of the equatorial anomaly
was given by Mitra (1946) suggesting that the electrons
formed high above the magnetic equator move along the field
lines and woulid appear over mid-latitudes giving extra
ionization. Martyn (1947a, b) proposed the role of ele-
ctromagnetic drift in the anomaly. He considered the ver-

tical drift due to horizontal air currents in a simple



o~

dynamo theory model of Schuster., Later with the modified

dynamo theory Martyn (1955) explained the equatorial bite-
out in forms of vertical divergence of drift, The polari-
zation fields from the dynamo region are transferred to F,
region via the highly conductivity lines of force and they
cause drifts of ionization. Later he showed that the hori-

zontal drifts are of importance near the equator. Martyn

(1959) stated that horizontal diffusion is important near

magnetic equator and the two peaks on either side of the

equator are due to the horizontal divergence from the e qua-
tor. Rastogi (1959) showed that the separation of double
maxima at equator is reduced at increasing latitudes before
merging to & single maximum, suggesting electro-magnetic
lift of ionization at the equator followed hy diffusion
under gravity along the geomagnetic lines of force., Simi-
lar suggestion was given by Duncan (1960),

Lyon and Thomes (1963) reported evening enhance-

ment of the anomaly after 18 hr. as shown earlier on the

side of the magnetic equator near to the geographic equator

and the layer height was 2lso found to be higher on this

side, .

rlier Appleton (1960) has shown that hmF7 begins
to rise rapidly at about 18 hr. in a rather narrow belt
centred on magnetic equator. Thus, this enhancement of

hr.) associated with

U

the anomaly in the evening hours (1€



the sudden height rise supports the diffusion mechanism,
Hanson end Moffett (1966) and Brameley and Peart
(1965) have independently reached comparable solutions by
involving vertical electrodynamic drifts. Both papers
demonstrate that the main observed features of the daytime
equatorial F-region ca2n be produced by drifts of 5 to 20
m/sec, in conjunction with photo-ionization, diffusion and

a linear loss process,

I.1.10, Equatorial Spread-F

Like the in the electrojet, there

}_.J
H
5
)
4
—
o
~
(o
o
}_.l
@
wn

are intense irreqularities in the equatorial F-region,
These irregularities are found to be highly field aligned,
The scattering from these irregularities gives
rise to whet is known as spread-F, Spread-F in the equato-
rial region was first reported for Huancayo by Booker and

Wells (1938) and later for Singapore (Osborne 1951,

O

6) and at Kodaikenal (Bhargawa 1958).

0

o
e
O
o

Ibaden (Wright et
The existence of an equatorial belt of about + 20° geomag-
netic (or magnetic) latitude of high occurrence of spread-F
was shown by Singleton (1960) and by Lyon et al (1960),

Equatorial spread-F is mainly a nighttime phenomenon
arnl - is closely related to the post sunset height rise

d-F, There is a marked

preceding the occurrence of spr

effect (inhibition) of the magnetic activity on equatorial



spread-F, While Martyn's theory (1959) of the amplifica-
tion of drregularities due to vertical drift of layer
explains the association of the peak of the spread-F and
the height rise, his theory does not present an adequate
source of the electrostatic field to cause the required
lifting of the layer. Calvert (1962, 1963) suggested
an alternative that the cooling of the neutral atmosphere
which gives rise to an electric field. This field causes
differential drift velocity between the ionosphere and its
irregularities like Martyn's field. Thus the conseguent
increase in layer height amplifies the irregularities,

The basic cause of the production of the irrequ-

larities for spread~F echoes has not been dealt by Martyn

%2}

or Calvert. Daag (1957) put forward the idea of electro-
static soupling to E-region as the basic cause of irregula-
rities, However, Cohen and Bowles (1961) found the irre-
gularities creating equatorial spread-F too small to be
accounted according to this theory,

Singleton (1962) combined the ideas of Dessler
(1958) and Martyn (1959} to explain the spread-F at all
latitudes, According to this theory, the irregularities
in the F-region are created by the hydreomagnetic waves and
are amplified as suggested by Martyn., So far this theory

seems to be most adequate in explaining the equatorial



I.1.11, Conclusion

Thus one finds that the e quatorial zZone is an

anom=lous zone

geomagnetism and ionosphere,

The horizontal field at the equator results in cnhanced
conductivity in the dynamo region, consequently a large
current flows in a narrow zone franking the dip equator

known as equatorial electrojet. This large current flow

fmndt

ES

O]

gives rise to large range in the diurnal variation of

field at equatorial stations. Associated with this large
current are intense irrequlsrities which are formed in
the electrojet and give strong scatter reflections known

as equatcrial E_ reflections. The equatorial zone has the

=

4

large vertical drifts in the F-region caused

property of

~

by the E-W electric i

(

1d and N-5 magnetic field which

results in the vertical 1ift of the ionization which moves

h

3

over to the nearer latitudes by the process of diffusion

u

along field lines giving a noon bite-out phenomenon in the
J G

equaterial T, laver ionization, In addition, there are larqge
?

2
horizontal drifts in the E-W direction caused by the ver-
tical electric fields in conjunction with the N-S magnetic

S

field, Further the equatorial region has the property of
large height rise of the F-layer after sunset causing in-
tense spread-F echoes, Most of these phenomena are pri-

marily due to the intense conductivity or electrojet which
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CHAPTER ITI.,0 Introduction and brief survey of methods
' for wind and drift measurements. ,

II.0.1, Introduction

Winds in upper atmosphere are known for a 1ong
time. Visual'observation of noctiluscent clouds provides
direct evidence of the existence of winds in upper atmos-
phere, As early as in the end of the nineteenth centary,
scientists reported fhe observations regarding movements
of such clouds in the height range upto 90 km., Stormer
(1932, 1933 and 1935) studied horizontel drifts of syueh
clouds and found average order ofbspeed between 30 to 80
m/sec, |

Noctiluscent clouds are considered to be assem-
blies of small dust and ice particles and are observed
around 80 km, in high latitudes. Movement of these clouds
is naturally the.neutral wind velocity at these heights,
Photographing these clouds from widely spaced cameras, one
can determine the height as well as the drift velocity of
the clouds. The occurrence of such clouds is very rare
and restricted to high latitudes only,

Another evidence of winds in the heights around
100 km, was givén by the .drift of visible meteér trails.
Meteors entering the earth's atmosphere with very high
veiocity collide with heutral particles.and get heated up
resulting in its vapourization and thermal ipnization of

the medium, The hot meteoric particles therefore produce

ENESS
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trail in the atmosphere which is sometimes even visible
and is able to reflect radio waves incident to it. Both
photographic and radio methods have been used +o study the
trails, in the photographic method, the changes with
time of the visible trail are recorded from different
points on ground separated by few km. and winds can be
computed (Liller and Whipple, 1953). In the radio method,
the ilonized trails left behind are tracked by radar tech-
nique (Hey, 1947), Assuming that the trail is subject to
a uniform wind the speed of the drift of the trail can be
determined by using Doppler Technique (Menning et al 1950).

The meteor trail method has the advantage that
winds can be measufed at definiteiheights and thus height
gradients of the wind can be studied. However, this method
is limited to heights from 80 to 110 km, andlfurther the
occurrence of meteors is not uniform diurnally and seaso~
nally.,

Both the noctiluscent cloud and meteor trail
method relate to the neutral w1nﬂs in the upper atmosphero.
The electron drift in the ionosphere was first noticed in-
directly by Ratcliffe and Pawsey (1933) and Pawsey (1935)
while studying the amplitude fluctuations (fading) of a
radio wave reflected from ionosphere, By studying such
fading records at two receivers spaced at various distances

on the ground, they concluded that the cause of fading
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was due to interference of radio-waves reflected from
scattéring centres in the ionosphere, Pawsey (1935) was
also first to notice a consistent time lag of the order
of a second between fading records at two receivers, He
attributed this to horizontal movement in the ionosphere,
‘Mitra (1949) developed a method to determine
such motions in the lonosphere based on the original ideas
of Ratcliffe and Pawsey (1933, 1935), A pulse transmitter
was used in his experiment and the amplitude of the re-
‘flected signal was recorded simultaneously at three spaced
points situated at the vertices of a right angled triangle
of sides 100 meters each, The time delays between maxima
of similar fades from two pairs of records were measured and
the drift speed of electron was calculated. In this tech-
nique, one observes the movement of the diffraction pattern
over ground formed due to irregularities of ionization in
the ionosphere which scatter the radio-waves. Subsequently
experiments have been done by varioﬁs workers all over the.
world using Mitra's technique. As a source of radio signal
ground based transmitters as well as outside source such
as radio waves emitted by stars have been employed., The
latter is known és radio star method and measures the ave-
rage drift of the whole of the ionosphere while the former

indicates the drift at the level of reflection of the radio

waves,



Measurements of neutral winds and drifts in the-
upper gtmosphere gained considerable importance following
the development of‘the dynamo theoiy which was derived to
explain the geomagnetic field variations observed at ground.
‘Accqrding to this theory, the air movement across the maém
netic field lines, which carries ionization also, genera-
tes dynamo field which drives the current system causing
the geomagnetic field variations at ground. The concept
of electrostatic fields being transferred to F-region
heighfs and causing electro-magnetic drifts was put for—
wérd by Martyn (1953), Many of the ionospheric phenomena
%re explained on the drifts theory. To test the validity
#f this theory, experiments were performed all over the
world to check whether drifts or winds obserVed do'compare

to what is estimated on the basis of the dynamo theory,

IT.0.2. Methods for winds and drift measurements

With the advent of Rockets and Satellites, many
new methods of measuring winds and drifts in ionosphere
have come into picture. Kent and Wright (1968) have given an
extensivé reviéw of éll the methods available for measuring
the neutral gas motion, bulk plasma motion and the motion
of irregularities in the ionized plasma. A brief descri-
ption of some of the methods which are in prominent use at

present are given here,



a) Neutral gas motion

L. Meteor trail method using radio detection:

The ionized trails left behind the meteors move
with the neutral wind hehce radio tracking of the trails
‘will be indicative of winds at that level, Pulse as well
as continuous wave techniques have been developed fér the
measurements of height and velocity of meteor trails.
Manning, Villard and Peterson (1950) in USA have used con-
tinuous wave doppler.method together with special direction
fiﬁder. Greenhow (1952) at derell Bank used a coherent
pulse doppler technique while Robertson, Liddy and Elford
(1953) in Australia used a combination of pulse anhd conti-
nuous wa?e methods; Extensive work has been done at Jodrell
Bank and Adelaide, Diurnal, seasonal variations of winds
as well as height gradients have been studied. The method
however is limited to certain height ranges at certain

latitudes only.

2. Chemical trail method

A method which has cbme to limelight recently is
the release of photo or chemi-luminiscent chemicals in the
upper atmospheré. Rocket as well as gunléunched projectiles
have been used for the purpose. In the early stages, |

alkali metals were used either at sunrise or at sunset
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so that the resonant scattering of sunlight made the trail
visible from the groundlagainét a darkeky. Recently tri-
methyle aluminium is being used which enables the trail
visible at any time bf night, The diffusion of the trail
and subsequent distortion due to the local wind systEmvis
photographed every few seconds from widely spaced cameras
at the ground. In this manner the trail is followed and

hence winds can be measured,

b) Bulk motion of plasma

1. Rocket ignition of plasma

Artificially created plasma in the atmosphere can
be kept in track and its motion cén be computed, 1In case
of barium release, both the neutral cloud as well as the
ion clouds are formed, both‘photd luminiscent, The neutral
cloud being in the green while the ion cloud in the blue
region of the spectrum. With the help of filters both
clouds can be photographed and separate motions of the

neutrsl as well as plasma motion can be followed,

c) Motion of irreqularities

1, Closely spaced receiver method

One of the most widély used method to measure
the drifts of the small scale irregularities of electron
density consists in recording the amplitude variations

of a radio wave simultaneously at three closely spaced



points on the ground (Mitra 1949). The radio waves tra-
versing through these irregularities get phase.variationS'
introducéd, which cause a diffraction pattern formed on
the ground., Movement of these irregularities results in

- the movement of the diffraction pattecn on the ground
giving rise to the amplitude variations observed at a

point with respect to time,

Apart from the method described by Mitra ﬁﬁiﬁh -
used a pulse transmitter, methods have been devised
receiving radio signals of an artificial satellite or
radio signals emitted by stars., In the reflection method
the motion of irreqularities is half fhe motion of diffra-
ction pattern on ground, it is same as the movement of
diffraction pattern on ground in case of radio star sig-
nals while it is related to the mofion of satellite ag well
4s the heights of satellite and the irregularities when one
observes fading of a satellite signal. |

Drift measurements of the irreqularities in the
‘B~ and F-regions employing Mitra's technique were attempted
at a large number of high latitude stations after 1949 and
a review of all these results is given by Briggs and
Spencer (1954)., Method of analysis of the fading records
was further developed by Briggs et al (1950), Phillips and
Spencer (1955) and Fooks (1965) which enables to find the

=,



size and shape of the diffraction patterns as well as the
steady and random components of the drift.

Radio star scintillations have been employed by
Spencer (1955) and Little et al (1962) at high latitudes
and by Koster (1963) at equator to study drift and size
of irreqularities in the P2 region, Scintillations of sa-
tellite signal was first observed by Slee (1958). Munro
(1963) and Kent and Koster (1966) have further described

the work on satellite signals.

2. Widely spaced receiver method

Large scale irregularities can be studied by the
method of widely distributed receivers with a transmitter
or widely distributed transmitters with a receiver; the
separation on the ground of the order of several tens to
hundreds of km. The waves r ecorded thus travel in diffe-
rent paths. The reflected signals show sometime similar
abnormalities on different records with some time delays.
These abnormalities arise due to the passage of large
scale irregularities across these paths through the refle-~
ction points. 1In practical observations, these large sqale
irregularities-are generally restricted to F-region, except
ES clouds of high ionized density. |

Munro (1948, 1950 and 1953) studied P'f traces

at fixed frequency and found abnormalities appearing as



peaks or dips of virtual height, crossing of O and x com-
"ponents or some other abnormality. - From the time delays

between such abnormalities on different records, one can

find the drift of large scale irregularities.

3. Doppler shift method

Motions of relatively intense irregularities
have been detected by observing the doppler shifts in
radio echoes using VHF, Sporadic E irregularities in the
equatorial and auroral regions have been detected by this
method (Cohen and Bowles 1963, Cole 1953). Irregularities
in the F-region causing spread-F have been studied at
equator by Calvert and Cohen (1961) and by Clemsha (1964).
Calvert and Cohen have reported East-West extent of these
irreqularities usually of the order of .150.300 km and
~moving Eastward most of the nights in the speed range
100-200 m/sec. Clemsha (1964) in Africa reported E-W
extent of these irregularities upto 400 km and mean rate
of drift about 100 m/sec., The order of the drifts of
these patches of irregularities is same as that of small

scale irregularities which are of the order of about 100

meters.
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CHAPTER IT1.1 Experimental set up at Thumba for mea-
suring ionospheric drifts

Horizontal drift measurements of the irregulari-
ties of ionosphere over Thumba have been made since January
1964 using closely spaced receiver technique developed by
Mitra (1949), The method consists of transmitting radie
waves to ionosphere and recording simultaneously the.received
signal at three spaced sites situated at suitable distances
apart. The advantages of this particular method lie in
the fact that there exist irregularities in the ionosphre
always hence routine observations through-out the day can
be carried out, Further, the movements of irregqularities
can be measured in both E- and F-regions separately by

using suitable frequenciewv.

IT,.1l. Experimental set up at Thumba

The experimental set up at Thumba consists mainly

of the following units:

IT1.1.1. Transmitter
IT.1.2. Receiver
IT.1.3. Antenna system.

IT,1.1, Transmitter unit

The transmitter used at Thumba is a pulsed type.

Main characteristics of the transmitter are following:



Peak power

1.5 kw

Pulse repetition 50 ¢/s
frequency

Pulse width

Operationa
guen

Fig, II.1.1. shows the schematic block diagram

of'the transmitter.

following sections:

50-30044sec., variable in

five steps

1 fre- 2.2 mc/s and 4.7 mc/s,

cies,

The transmitter consists of the

BLOCK DIAGRAM OF THE TRANSMITTER

J

OSCILLATOR

ANTENNA
POWER
- .
AMPLIFIER

HIGH VOLTAG-
E

MODULATOR |

]

LOW VOLTAGE

POWER SUPPLY]

POWER suPpp-
LY

Fig. II.l-lu

PULSE

GENERATOR

a - Mains triggered pulse generator

b - Modulat or



¢ -~ Master oscillator
d - Power amplifier with tuning unit

@ - Power supplies,

a) Mains triggered pulse aqenerat or

The circuit diagram of this unit is shown in

- Fig., II.l.2, A sine wave output of about 20 volts r.m.s.

TRIGGER UNIT

65N7

Y

TO SWEEPR TO DELAYED t
PULSE GENERATOR

Fig, II.1.2,

is deriQed from a step down transformer Tl, the phase of
which can be varied with a potentiometer RP. Value Vl is
a-double triode 6SN7. The first section functions as an
over-driven amplifier. The sine waves are appliedvto the

grid through a high resistor R The grid cathode path
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alongwith this resis_tofRS act as a diode clipper and thé
positive peaks of the sine waves are clipped in the pro-
cess. The second section of the tube converts the sinu~
-soidal input into a nearly square wave, This squéfe wave

is differentiated which triggers a one-shot cathode coupled
multi-vibrator Vs, A/B. Negative and positive pulse out-
puts are obtained at the plates of VQAand V, B respectively,
theinegative pulse output from V2 A is used to trigger‘the

trapsmitter.

b) Modulator
The circuit diagram of the remaining sectiongof

the transmitter are shown in Fig, II.l1.3. The output of

TRANSMITTER

807 | Fi23h
— ©y 400PF
o

< -OsNE
DIMF

3
Z
W E
1
L
29 )
L‘;“l
z
:‘U
z
z
>

L s00pF ko] |4

PULSE WIDTH h v H.T

Cont R.OL MOD.H.T.

Fig, II.1l.3.



the mains triggered pulse generator is fed to the modu-
lator unit. The puise is first differentiated by a con-
denser and'reéistence combination, Five different resis-
tors are provided to select the desired width of the pulse.
The negative pulse output.of Vl (6ACT7) is applied to,the

grids of the modulator tubes V, and V The plate loads

2 3°
of these tubes are the grid leaks of the two oscillator tubes

V4 and V5

negative pulses from vy momentarily cut-off the tubes

which are normally biased beyond cuﬁ-off. The

V-~ and V the bias is removed from the oscillator which

2 37
is thus allowed to oscillate for the duration of modulator

pulse.

c) Oscillator

A conventional Hartley circuit using two 807
tubes in push-pull is used for the oscillator, Since the
oscillator is pulsed with a low duty cycle, the tubes
are operated with a plate.supply of 750 volts, The osci-
1lator is grid modulated and oscillates only during the

duration of pulse.

d) Power amplifier

The power amplifier is a push-pull type using
two F123 tubes which are operated with a plate supply of

2.5 kv. To get sufficient power, tuned cireuits are used.



The operational frequencies are 2.2 Mc/s and 4.7 Mc/s:

the change over is accomplishedeith’the help of addi-
tionally fixed condenser which is brought in parallel
with the main tuning condenser in the oscillator as well
as in the power amplifier stage, The output of the smpli-
fier is coupled to the transmitting antenna through a

75 5% R.F. cable.

IT.1.2. Receiving set up

Block diagram of the receiving.and recording set

up is shown in Fig. II.1.4. The complete assembly consists of:

ANTENNA 1
ANTENNA 2

STEP WAVE OUTPUT

SYNC.
PULSE.

DELAYED

PULSE
GEN. |
TRIGGER |DELAYED [ INTENSIFYING PULSE

uNIT PULSE e

AN
r CEN.-2 ["MARKER PULSE ‘
{ LINEAR ' i
\ SWEEP SWEEP OUTPUT
’ GEN. 7 |

Fig, II.l.4.




a) Trigger unit

) Delayed pulse generators

o

c) Electronic switch and step wave generator

d) Linear sweep generator

@D

Monitor and recording oscilloscopes

[=p]

)
) Receiver
)

Camera set up for recording the signal
variations.

g

a) Trigger unit

The pulse generator to trigger the various cir-
cuits like electronic switch, sweepcircuit etc. is ¢milar
to that described in the transmitter section. - Two pulses
are taken, one positive pulse which is fed to the delayed
pulse generators and another a negative pulse which is

fed to the sweep circuit.

b) Delayed pulse generator

To select the desired echo to be recordsd, a
gating circuit is used which gives a pulse whose phasc can
be varied with respect to the ground pulse, Two pulsc
delay circuits are used, one for synchronising the electro-
nic switch and énother generating two pulses, a 150 v puisc
to intensity modulate the recording oscilloscope and anothcr
I5 v pulse which appeérs as a marker pulse on monitor osci-

lloscope,



"The circuit of the pulse delayed generator is

shown in Fig, II.1.5. Positive pulse obtained from the

DELAYED PUL_BE GENERATOR

FROM TRIGGER
UNIT,

| LpF

—
T 20K

120K
20K

SKF
10K
20K

6ACY L

Fig. II.1,5.

trigger unit is applied to the grid of the tube V. Po-

tentiometer P, controls the phase variation of the out-

going pulse, Similarly P2 controls the width of the

pulse output from value V.. Final pulse'output is taken

through a cathode follower stage Vg

¢) Electronic switch and step wave generator

This unit gives the proper switching sequence of

the three antenna in succession to the receiver., It also



A

provides a step wave output with which the signals of
three antennas can be recorded separétely on a recording
oscilloscope, Circuit diagram of this unit is shown in
Fig. II.1.6., Screen grids of Vlf V2 and V, are used to

ELECTRONIC SWITCH & STEP-WAVE GENERATOR vibrator action,
“BMF .

SYNC. PULSE INPUT

[ +300 but the output is

taken from the

plates. -The wave-

forms at A. B. C.

To RECEIVER

switch the grounded

STEP WAVE
To C.R.O.

grid high frequency -

*SK

oS
0y

b I

‘ ANTENA 1.

amplifier tubes

ANTENA 2

These wave forms are
Fig. II.1.6, ' applied to cathodes
through the diodes V7, V8 and Vg. During the lower voltage

level of the wave forms at A, B, C, the tubes V Vg and Ve

4’
condgct, thus connecting the antennae to the receiver in

equal sequential order. The wave forms at the cathodes of

ValVes \/4,\/5 and.V6 are similar to that at A, B, C. By com-

bining these wave forms with the loads of t he ratios 3:2:1

a step wave is obtained and it is amplified in the amplifier

10+ This sort. of wave gives three spots on the recording

scope. Thus the?output from different antennae are recorded

in a single oscilloscope,
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d) Sweep circuit

This circuit uses a sanatron circuit which gene-

rates a single stroke linear sweep, The circuit also pro-

‘vides a rectangular pulse, having precisely the same dura-

TIME-BASE UNIT - tion as sweep,
SWEEP ouvpur '
! which is used
+250v
. 22K .
F) . .
5 T & to brilliance the
o _[—BTF 83 : 32 1 —zR’ = '
o w w SK " i . R
“ = % . (a1 8 - monitor-~oscillo-
ozpr Y wril 2y Re J.'i Ra %3 :
' scope. The sena-
o EL LRE _}* | | ,
urar G T - tron consists of
OOMF xl V2 \/4 v v,
- E3 1L - : . .
U ’ - the Miller in-
(oo £ v
one tegrating cir-
6He 6AC7 e o7 1 6ACT :

INTENSIFYING  pPuLSE

) cuit of V, linked
- : R ~.l with V2 to form
Fig, II.1,7. -

: one semistable .
stage. The coupling of a similar tube Ve With'V4'enable5
to get the push~pull output of the sweep wave form, The

output is D.C. coupled to the X plates of the mdnitor scope.

e) Monitor and recording oscilloscopes

The circuit diagrams for both the monitor and re-
cording oscilloscopes are of similar type, Oscilloscope
tube 5BPl is used in both the circuits. X and Y shifts are
obtained with the help of ganged potentiometers.

In case of monitor oscilloscope the gweep output



1s fed to the X plates, Recelver output is fed to one
ofwﬁhe Y plates and the gating pulse is fed to
,  other Y plates

DISPLAY UNIT To intensify

71”:5: '1"':; i.q& i.xpi‘- the trace on

A pF = the monitor
=] L L : i -
~ |7 55 g$ i e scope an .inten
- ’ ] 52 e .."% P
=t Lol R sifying pulse
Gk ]‘
I e SNAE BN AR ;
: *J.' ENAZ) from sweep unit
VA is applied to

INTENSIFYING
PULSE

the grid of

the oscillo-

Fig., II.1.8. s cope

In the recording oscilloscope, three‘spots are
obtained one for each antenna, by abplying the step wave
to one of the X plates. The receiver output is applied to
another X plate. The recording scope is made to operate
during the time durationnof'the gate pulse by applying a
150V pulse in synchronous with the gate applied:to the

grid of the monitor oscilioscope.

f) Receiver

The receiver used for the experiment is a modiw

fied receiver of army disposals. The changes which are



’made to make it suit

used in R.F. stages,

1) In order to achieve high gain, 6AC7 tubes are

rest is in the fading,

in the primary and secondary coils of the I.F, transformers.

2) Band width was increased by suitable damping

3) The detector was operated in the linear portion

of the characteristi-~.

4) The detected output is further amplified in a

video amplifier stage.

ANTENA

RECEIVER

RF.AMP & MIXER SECTION

DESENSLTISING
PUI

Fig, II.1.9.

able for pulse operation are following:

AVC control is removed as our inte-

ToGAIDO

Tugk

+250V

OF Ist LE :



RECEIVER
L.F. AMP, ZND\ DET. & VIDEO AMP. SECTION

6AC7 6AC7
6AC7
6HE

FROM 1IsT LFET. -
- - o 4ok ool
o—| —— " -2 ” - To C.R.O.

. I

4ok
10K
3
3
x

{
1coPF

+250V

..”

|
, = LF. GAIN CONTROL
|

Fig. IT1.10

g) Camera unit

Recording was done on a moving 35 mm film. A
movie Camera with a motor system was used, The original
motor speed was very high for the purpose, hence it was

geared down considerably to get a film speed of 28 cm/min,

IT.1.3. Antenna syétém

Half wave centrefed dipoles orientated N-S are
used for the transmitting antenna., Two different dipoles
are used, 'one corresponding to the frequency of 2.2 Mc/s

and another corresponding to a frequency of 4.7 Mc/s.
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75 £2 cables are used to fecd power from transmitter final
stage to the tfansmitting aecrial,

For receiving purpose, similar half wave dipoles
corresponding to a frequency of 2.9 Mc/s are used, To
start with three receiving dipoles 51tuatcd at the verti-
ces of Pn isoceles rlght angled triangle were employed with
a side of 120 m, One additional antenna was put in 1966 in
the N-S line, Further modification of the antenna system
was done in the ﬁiddle of the year 1967, 1In all, ten aerialé
were aveilable covering distances upto‘480 meters along
Eoth E-W and N-S directions, to test the extreme elongation

of the ground diffraction patterns obtained at Thumba,



CHAPTER -~ II.2

Chapter II.2.

IT.2.1.

IT.2.2.

FADING CHARACTERISTICS -OSSERVED AT THUMBA

Fading of radio waves reflected from
ionosphere,. '

Characteristics of fading records at
Thumba.



QHAPTER IT.2 Egglgg;ghqggquristiésobserved at Thumba

11,2.1, Fading of radio waves reflected from ionosphere'

A radio wave reflected from the ionosphere is
observed to have variations in its signal strength at
ground, a phenomenon called fading of the radio waves. 
This fading may be caused by the interference effects
between waves which have travelled by different pafhs guch
as ground wave, singly ot multiply reflected ionospheric
waves, waves reflected from different ionospheric regions
or the two magnetoAionic componenets, It has been possi-
ble to isolate a single down coming wave by means of a
pulSGISender and a gated receiver and or by special aerids
and still fading was observed,

The experiménts on fading conducted by Appleton
and ﬁatcliffe (1927) and Ratclilffs and Pawsey (1933) showed
fading speed roughly proportional to the wave frequeney,
presence of laterally deviated rays and fadings to be un-
correlated at a separation of about one wavelength which
led to believe a diffractive mechanism as the cause of
Ifading. From the measurements of the angle of devia%ions
of the waves, Ratcliffe and Pawsey concluded fading due to
interference at thé ground of waves ec~ttered from a series
of diffracting centres disturbed over an area of radios at-
.least 20 km. in radias in their experiment.

Based on above experimental findings, Ratcliffe



(1948) gave a théory of the fading of the radio waves con-
sidering the ionosphere as a diffractive screen. It is |
assumed that there exist several scattering centres dis—
tributed approximately in a horizontal plane and that each
scatters the same power from the incident Wa&e. No attempt
was made to define scattering centre exactly. Such 'cen-
tres' make up the irregularities which form roughness in
thé ionosphere, The scattering centres are further assumed
in continual random motion in such a way that the velocities
in the line of sight are distributed according to Gaussian»
law, so that the number of scattering centres P (U ) d Vv

with velocities @& and W +4¥ is given by
2 '
P) dv = Ae =5 dv | NS

where Up 1is the ~.Mm.4.velocity of a scattering centre.

If fo 1is the transmitted frequency at vertical inciden-
ce the radio wave suffers a doppler shift of frequency affer
scattering from such centres, so that the frequency on re-

turning to thevground is given by
F=h( +~“’”) e

As the centres are randomly distributed, the

phases of the various scattered waves may be assumed to be
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randomly distributed, The resultant signal strength at
~ground will therefore consists of components of different
frequencies.and the power W (f) df in each frequency range

can be obtained by combining equations (1) and (2)

W) df = B exp.l“*cﬂ(-é?%%}f} af ...(3)

N U iy [

VAT

-

where g - 2~go\fb -~ 2.\rp Abeing the wave length

e o C A o
anq H/ZL/ bV({)cﬂf = total power in the wave,
E; .

- The fading of the wave is now seen to result
from the beating between the component waves of different
freqUencieé. ‘Furth and Mcdonald (1947) have shown that
in a power pass character like ‘equation (3), the amplitude
R of the output signal is distributed according to
Rayleigh law,so that the probability P(R) of finding an
amplitude between R and R + dR is given by
P(R) = —:%7 gf%%ﬁ“ .f.;.(5)
In such a case, Wﬁfn amplitude R =

T [ HRRAR = gy

o ’ .
and most probable'value'ﬁwﬂ::‘qu
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The situation is different if in addition to &he
random components there is a stéady.component Rice (1945)
has diven the probability distribution under such circum-
stances. If B is the amplitude of the steédy signal,
fhen the resultant amplitude Q of the envelope is given

by the probability distribution

. o2 2 ‘
2 (BT ) | g B
P(Q) = exp (~5MJ /S lo BB o a (6)
Y Ve
where T, is the Bessel function of zero order and imaginary
argument., In general Ql' = B2 + 2 WV
- B2 + RZ.

That is the mean Square value of the resultanmt
is the sum of the mean square values of the components.,
If we define a parameter b = ?@(F@T that is the ratio éf
the amplitude of steady signal to the most probable value
of the random signal. The distribution in case b <|

can.be written as

ot E:J\ 2l &
P(Q)% = e 2 | e (7)
+.
which is a Rayleigh distribution. In case b >/ it
approximates to | '
/2. - 427
L §$9 . (, et R
P(Q) ,;:/ 2T LS"’ ™ &> F‘_’ 'ﬁ?{’\-}jhw l ey (8) |

which is a normal or Gaussian distribution. McNicol (1949)



has shown that above

- (8- ap)®

L
PQ) = Z Ty exp

where ‘Qm = [ HJC b244;)J¢ﬁ1

]

ot

can be.put into the form

oo (9)

and give the most probable value distribution.

Rice has given theoretical curves of probability

distribution for various values of b which are shown in

Figure II,2.1.

The probability distribution is Rayleigh

type when b = 0 and it deviates from it as the value of b

increases. For sufficiently high values of b ( Y 4) the

OCCURRENCE PROBABILITY

N
?

&
l

2
]

4
[

b=0
b=
b= 2
b=3
b= 4
I I ] | I
2 4 6 8 10
AMPLITUDE

Fig, IT.2.1.

distribution
tends to normal
type. Thus from
the probability
distribution
curves one can

estimate the-

ratio of steady

to random sig-

nals, .

Another way of defining this ratio has been shown

by Alpert (1960). He has shown that the ratio of the avera-

ge square of the amplitudes and square of average amplitude




_ %
5 e T T ST TG
72 'ﬂﬁ}}+‘“)1ltﬁ~) + BT, “f)}

where I, and I; are the Bessel functions with imaginary

argumegzs. The limiting values of this ratio are

. . 3 | R
R o~ A - s B o
7 I
= e R

Hence, theoritically this ratio must range between 1,0 and
1.27. That is from a Rayleigh distribution when this
ratio is 1,27, it decreases with increase of b and tends

to unity for normal distributions.

IT1.2.2, Characteristics of fading records at Thumba

The fading characteristics of the daytime E and

F region reflections have been studied by Deshpande (1966}).
The fading records obtained at Thumba are of impulsive
nature with short bursts of signal intensity occurring in
the back-ground of pracfically Zero inténsity. The rate of
fading was found to be much higher than that at non-equato-
rial station, Ahmedabad., Fadings were found to be as high .
as 90 per minute for the F-region at 4.7 Mc/s and 60 fades
per minute for the E-region reflectiqhs at 2.2 Mc/s. The
study of amplitude distributions for the daytime records
shbwed that théy are neigher Rayleigh nor Gaussian type.

Both for the slow fadings (20 to 25 fades per minute) -and



fast fadings (about 60-70 fades/min.) the portion of the
curve for amplitudes greater than most probable oﬁe falls
- more rapidly than expected from the theorétical Rayleigh
~curve, About 20 records out of 800 showed M type distri-

bution occurring during very slow fadings. The ratio

was higher than theoretical limit jT on about 90% of
the occasions with individual values as large'aé 2,6,
Counting of the fades has been done for each
individual record in the period 1964-67 and its variation
with solar time of the day, seasonal effects and year-to-
year changes in this périod have been studied. In addi-
tion, some of the features of the fading characteristics
of the records in the year 1967, particularly F-region
daytime and nighttime records have been studied and are

described here.

The daily variations of the fading rate in the
entire period 1964-67 are shown in Figs, II1.2.2. ana
‘II.2.3. Fig, I1.2.2 shows the daily variations of the
fading rate for E- and F-region reflections in the daytime
hours (07 to 18 hr.) during each season of the period
1964, 1965-66 and 1967, |

Referring to the Emregioﬁ fading rates, no
marked differencé is noticed in the winter season from

one year to another year, however in the seasons, equi-



noxes and summer fading rates have decreased from 1964 to

1967, The

_ THUMBA _ range of
5:,“." REGION P REGION

WINTER ) 555
- 60%—

variations

as well as

the fading

rates are

smaller du-

ring summer

iﬁ any of

the vyear, A

distinct

change ob~

served in

NUMBER OF FADES PER MINUT £

the year 1967

is marked

rise of fa-

' ding in the

Fig, 1II.2.2.
late evening

hours of the winter and equinoxes seasons, The fading rates

are lowest at about 14-15 hrs, during each season., The

morning maxima is observed at about 08-09 hr,.
The F-region fading rates have increased conside-

rably from the year B64to 1967. The nature of the varia-

tion is same in each season of the different years with
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maxima occurring at about 11 hr, when mean fading rates as

high as 80 fades per minute are observed in the year 1967.
The 24 hour variations of the F-region fading

rates are shown in Fig. II.2.3. Very low fading rates of

! the order

THUMBA 1967 F-REGION 4.7 MCfs
WINTER

of 10 fades
per minute

are obser-

ved in the

EQUINOXES .
40— - morning (7
20 hr.) and

NUMBER OF FADES PER MINUTE

SUMME R evening
40—
(19 hr.),
20 i
Apart from
ANNUAL .
40— the main
20— f ~ peak just
0 [ I l
00 06 12 18 24 j before noon,
HOUR I.S.T. , :
a minor peak
Fig. II.2.3. is observed

at about 21-22 hr., Further the peak occurs slightly later
during summer season.

Typical examples of the F-region fading recbrds
are shown in Figures I1.2.4, II.2.5 and II.2,6. Fig, II.2.4

shows some examples of very slow fading rates. Such records




are found to occur everyday at sunrise and just after sunset.
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Occasionally they are thained during night hours also,

~ Such records are seen to have Very small amplitude f]uy-

signal level is Tecorded, Even in the cases when fades
are clear, the signal strength never comes to zero level,
05 few occasions. s fairly rapid.fading superimpbsed.on
some steady leve] have alsg been obtained,

Fig, 11,2,5 shows some of the moderate fading

Tates obtained at Thumba‘ Records of this type show

slow fadings occur,
| The fast-fading records af Thumba are shown  in

Fig. I1.2.6, These are the typical tading records at
Thumba which occur most of the daytime and few hours around” |
midnight. Large and rapid amplitude fluctuations on zero
intensity back ground level are the characteristics of such
fading records,

- The typical F-region fading records at mid-noon,

mid-night, morning and evening hours are shown in Figs.

ground zero level. The mid-ﬁight fading records have same

Nature aw of the fading records at mid-noon but with fading



rates considerably reduced, The fading records obtained
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at morning and evening hours are of very slow or moderafe
fading rates type, as described earlier.

The amplitude distributions obtained for the
fading recordsbat Thumba are of three types, which are

-shown in Fig. II.2.9,

(1) Typical d distribution at Thumba

As described earlier by Deshpande for the day-

tlme records 1n the year l964 most of the daytime records
THUMB a

3 JuL 1967 26 MAR 1967 23 JuL 967
0300 F 2300 F 0600 F

‘show this typi-

cal distribu~

tion which is

6 JUN 1967 3 MAR (967 28 MAR 1967
1300 F oloo F 2300 F

4 %

15 MAR 1967 23 MAR 1967 26 MAR 1967
1400 F 0l00 F 1800 F

neither Rayleigh

I
a
o

nor normal dis-

—30

|
»
©

tribution. The

I
S
NUMBER OF OCCURRENGCE

distribution

30 i looks more or

E%?Lg, 10 less exponen-
7 |

: 4 0TI o DT | tial type.,

RELATIVE AMPLITUDE

-

-Fig., II.2.9,

(2) Normal or Ravyleigh distribution

Distribution of these types as expected from
~the theory are observed quite rarely at Thumba, Mostly

very slow fading records of the morning and evening or



nighttime give this type of distribution.
(3) Double distribution

On few occasions,‘mostly very slow fading re-
cords, have shown this type of distribution which ié
~also known as [v) typé distribution., This type of dis-
tribution is considered to arise due to addition of two
different distributions centred at differént amplitude
levels, and-are restricted to morning, evening or night-

time when very slow fadings are observed,

A study of the ratio 1%2'/’}'72 was made for about
850 E~ and F-region records of the year 1967. Fig.
IT.2.10 shows histograms of percentage occurrence of the

ratio R2 / (§32 in each season. On most of the occasions



this ratio exceeds the theoreticél limit of 4/77 , Mean
values of 1,96 for the daytime E-region records and 1,92
for the F-region records (day and nighttime) are obtained,
This abnormally high values of the ratio‘gé/(ﬁ)2
seems to be associated with the very high values of fading
rates at Thumba which are observed as sharp bursts of in-
tensity on zero -1ch ground intensity., A plot of the

ratio RZ /(R)2 versus the fading rate was therefore attem-

pted., Fig. TI1,2,11 shows the variations of thig ratio with

f . - -
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Russian stations during IGY programme has shown that the
.experimental and theoretical amplitude distribution curves
agree in most of the cases but the ratio ﬁzv/ EE)Q ex~
ceeds the theoretical limit on about 20% occasions.

These diécrepencies between the theoretical and
experimental results indicate limitations of the theory
of Ratcliffe and others in the over~simplification.of'the
problem, A rigorous mathematical approach to the fading
mechanism inVOlving the particular case at equator is nece-
ssary to explain this abnormal behaviour which is found for

the fading records at Thumba,
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: CHAPTERVII.S;._ '~ Results of the drift Measurements at
Thumba in the period 1964-67 using
simple time delay method

I1.3.1. Method of time delay

One of the simplest methods to determine the

drifts from fading records obtained at spaced points on

“the ground is known as 'similar fade method! or 'time
delay method!, Considering inhomogeneities in the iono-
sphere to be fixed in space one would obtain a spatial dis-
tribution of amplitude of the echo on the ground not varying
with time at any point. But if the inhomogeneities do not
change themselves and move uniformly with velocity V/ then
the diffraction pattern on the ground will move with th
velocity 2V in the same direction as the motion of irre-
gularities, and will give rise to temporal variation of am-
plitude at a3 point. Fading could also be produced by an
irregularity‘which changes its from but does not move.

- Mitra (1949) developed a method for +he determination of - °

the horizontal drifts in the lonosphere by comparing the

fading records at different sites over the- ground assuming
(1) the ground diffraction pattern is moving with a uni-

form velocity,
(2) the diffraction pattern does not change as it moves, and
(3) the diffraction pattern is isometric i,e. its average

characteristics remain same in different directions.



In the similar fade method, time delays are mea-
sured between the Mmaxima or minima of similar fades at
different spaced points from which one can calculate the
the speed as well as direction of the moving ground diffra-
ction pattern,

Let us represent the diffraction pattern by con=-
tours of constant amplitude'\l, Ryy Ry (Fig. 171.3.1q)
moving with a uniform speed V in 3 direction which makes an
angle @  with respect to reference axis (X axis). 1If
0, A, B are the receiving sites, then as different contours
pass over these siteg signal strength at these aerials change
with time. 4 maximum of signal strengthfwill be recorded

when the contour

passes over the
réceiver tangen-
tially. The locusg -
of the tangential

points along the
- direction of drift

is called the line

of maximum ampli-

tude and is shown

Fig, I1.3.,1.(a) in Fig, IT,3.1(b).

Under the assumptions



made earlier that is when the diffraction pattern is igo-
metric ahd fairly large as compared to the location sites
of the receivers, the line of maxima will pe a straight
line perpendicular to the direction of motion. When con-
sidering the maxima of the fading pattern, one can replace
the contours of congtant amplitudes by the line of maxima
and one immediately finds the relation for v, @ jin terms

of distances bet-~

ween receivers
and the time légs
between the arri-
val of maxima at

[ different reéeivers.

Fig, IT.3.1(pb)

If one obtains a time lag T, between the recej-

)_._l
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=
&



Let us define to \/QL
| Tae.
Tla = e (2)
Ty a
then from equations (1) and (2)
Cost [
v/ = Vx
gm0 g e (3)
\/’ - \/L//
‘ ,_.,.,_.L--— 3 . __,L_
hence IVER (VLY Y g Y2 (4)
and tan £ = ‘/i;//\fj’ «..(5)
In case ¢ = 7&, - o equation (1) gives
v - C'\‘ SR
Ty
J Tv? + )-2} ‘
, <. (6)

@ = ’tli-m _T;Fj/ ’Tbﬁ
/ j
Here \/y, )\45 are two fictitious velocities which do not
have any physical significance, They are felated to the

velocity Vv by the relations
\/}é - \// Lot B
\/L)‘ = \// <im @
while actual drift components VX, Vy are givén by

V Cos &

i

VX

\Y%

y V Sin &

11



The drift speed V  thus obtained gives the speed
with which the diffraction pattern is moving on the ground,
This is divided by 2 to give the movement of irregularities
in the fonosphere, The values of drift speed and direction
- thus obtained 4o not contain corrections due to the changes
in the irregularities itself and are therefore described as
apparent values and are denoted by V/ and &' in the follo-

wing description.

IT,.3.2. Drift observations at Thumba

Tonospheric E-region drift measurements have been
made at Thumba regularly since January 1964 on 2,2 Mc/s,
For F-region drift measurements, another frequency of 4,7

Mc/s was added in February 1964, Observations were taken

18 hrs, I.S.T. 1In the later part of the year 1964, obsep;\
vations were taken at 4.7 Mc/s during nighttime on few ”
days when echoes were received on 4.7 Mc/s. Attempts to
record nighttime ES reflections faileg, as Thumba is situa-
ted near the magnetic equatbr where occurrence of nighttime
is quite rare. From January 1967, regular F-region
observations during the nighttime were started, Every
“alternate day$ full 24 hr. observations were taken and
were subjected to routine analysis by measuring the time

delays between pairs of aerials along N-S and E-W direction.



Atleast ten time»delay5‘were read and calculations were
made from the mean time delays, Fading records after a
magnification of 8 were read on a centimeter graph paper,
The scaling accuracy is kept at 1 mm which corresponds to the

accuracy of about .03 sec, in reading the time delay,

II.3.3. Previous results at Thumba

Preliminary Tesults of the daytime drifts in the
E-regon of lonosphere over Thumba during the period January-
-February 1964 (Rastogi et a] 1966) showed apparent drift
velocities higher than Teported for any other station and
the diréction was consistently towards West, The Tading.
records at the N-§ pair of antennas showed almost no time
lag between them Suggesting near absence of the N-S compo-
nent in the drift velocity, A study of the diurnal and sea-
sonal variations of drifts in the E-and F-regions for the o
cohplete Year 1964 was made by Deshpande in his Ph.D, Thesié
(1966). The important results of thie study are described
by Deshpande ang Rastogi (1966a)., The éverage drift speed
in this‘period wgs found to be 132 m/sec for the E~région
and 161 m/sec for the F-region. The direction was within
270 + 15° on about 65% of the Occasions, Seasonal study
showed that tendency for Westward drift was maximum during
équinoxes and minimum during summer, departure from Westward

drift being less for the F-region. Mean drift speed was



highest during eéquinoxes and lowest during summer for E.

Tegion, In case of F-region, mean drift speed wasg highest
during the equinoxes while no difference could pe observed

between summer and winter seasons,

I1.3.4. Results of present study

Daytime drift results for the entire period 1964-
1967 are presented here., The drift direction at Thumba is
reversed between the day and night (Deshpande and Rastogi
1968), so to avoid the transition conditions only observa..
tions between 08 to 16 hr. are used in the present analysis(

The average picture of the daytime drift isg shown

in Fig. II.3.2 which has been estimated fron more than 2500

THUMBA 1964-67 T
DRIFT SPEED ~ DRIFT DIRECTION

E-REGION

F-REGION

16075

PERCENTAGE OCCURRENCE

M/SEC

Fig, II.3.2.



records from E-region and more than 3000 records from F-
reglon coverlng the entire period 1964-67, 1t is easily
seen that drift direction is predominantly towards West ;
on more tnan 80f% occasions it lies in the range 270 + 15°
(East of North). The histograms for the drift speed in
the E-region range from 40 m/sec to 300 m/sec with a’' mean
speed of 125 m/sec and median value of 111 m/sec. In the
F-region speeds range from 40 m/sec to 360 m/sec with a

mean speed of 160 m/sec and median value 150 m/sec,

II.3.4(a). Seasonal effect in drift speed
» To study the seasonal behaviour, the whole data

is divided into the followingAseasonal groupings:

(1) Winter; consisting of November, December of
one year with January, February of suceeding
year,

(2) Equinoxes: consisting of March, April, Septém—
ber and October of the same year, and

(3) Summer consisting of May, June, July and

August of the same year,

Histograms of percentage occurrences are computed
for the speed and direction of drift for each of the sea-

sons in the period, January 1964 to January 1968. Fig.



- II.3.3 shows the histograms of drift speed in each season

'
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Fig, II.3.3.

for both E- and F-regions. Number of observations, mean
value and the median value are given in each histogram and
are collected in Table II.3.] also, |

Drift speeds in the E-region for the year 1964 are
distinctly higher during equinoxes. Mean drift speeds for
the seasons winter, equinoxes and summer are 1067 166 and

129 m/sec. respectively while median values are 105, 153 and



Mean and median values of E- and F

TABLE-TI.3.1

-Tegion apparent drift speed

(m/sec) at Thumba during each of t

he seasons of 1964 t5 1967.

E_ -~ REGION
1964 1965 1966 1967 All vyears

. Count 378 78 60 — 169 685
Winter Mean 106 ~ 125 — 120 123 113
Median 105 120 103 110 108

Count 379 217 45 —126 767

Equinoxes Mean 166 ~ 127 ~ 117 101 141
Median 153 116 115 100 129

Count 620 74 o7 102 893

Summer Mean 129 ~ 142 — 98 —82 122
Median 120 135 88 80 110

F— REGION

Count 423 110 173 209 915

Winter Mean 144 136 —145 — 156 145 .
Median 138 130 140 145 139

Count 370 256 127 325 1078

Equinoxes Mean 219 —158 —140 - 143 172
v Median 185 147 130 142 153
Count 625 98 278 211 - 1212

Summer Mean 181 167 135 146 162
Median 159 165 137 150

135




and 120 m/sec respectively, 1In the yeér'l965 no difference
1s noticed between winter and eqﬁinoxes, drift speeds are
highest during summer, It should pe noted that summer 1965
consists of data during the month of August only which makes
the values higher than what would be expected-from complete
S€ason. Mean values in different seasons are -125, 127 and
and 142 m/éec Tespectively while median values are 120, 116
and 135 m/sec respectively, In the year 1966 drift speeds
dﬁring winter and equinoxes again éeem to be equal while
lowest speeds are observed during summer. The mean and median
values in different seaéons winter, equinoxes ang summer are
120,117, 98 m/sec and 103, 115 and 8s m/sec respectively,

The seasonal changes are well marked in the year 1967, Drift
speeds are highest for the winter season ahdvlowest for the
summer season, Mean values being 123, 101 and 82 m/secrres~
pectively and median values 110, 100 and 80 m/sec respeéﬁi-
bvely. When the data for all years are combined, the higﬁest
drift speeds aie found during equinoxes and_lowést during
winter. In the individual years drift speed is lowest

during summer for 1966 and 1967 while for the years 1964 and
1965 lowest drift speeds are during winter, Tt should be
marked that&most of the observationg during summer season
are in the vyear 1964, hence similar behaviour is found in

the combined data also,

In the F-region also highest drift speeds are ob-




served for winter season. In the years 1964 and 1965,
drift speeds are lowest during winter while for the years
1966 and 1967 lowest drift Speeds are observed during
summer, . Mean drift speeds for the year 1964 are 144, 219
‘and 181 m/sec respectively for the winter, equinoxes and
summer seasons. The median values are 138, 185 and 159 m/sec
respectively. In the year 1965 the mean and median valuyes
for different seasons are 136, 158, 167 m/sec and 130, 147,
165 m/sec Tespectively., Summer 1965 contains observations
durlng the month of August only, hence drift speed are higher
than expected during the complete season, Mean and median
drift speeds in the year 1966 are 145, 140, 135 m/sec and
140, 130 and 135 m/sec Tespectively while for 1967 they are
156, 143, 146 m/sec and 145, 142, 137 m/sec respectively,
Thus during the Years 1966 and 1967 there is not much diffe-
rence in the median values of different seasons, IR

No systematic difference in the seasonal behav10ur
can be judged from the histograms shown in Fig, 11.3.4,
However, it is certain that the speeds are in general highef
during equinoxes. Data for +he years 1964 and 1965 show a
tendency of highest speeds during equ1noxes and lowest
during winter, whereas for the years 1966 and 1967 it shows

a tendency of highest speeds durlng winter and lowest during

summer,



A comparison of apparent drift direction ( &/ )
in different seasons of ecach Year is made and ‘ig shown

in Fig, I1.3.4, Results are put as histograms of percen-

- tage occurrences plotted in a log linear scale to show the

minor groups of
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Fig, II.3.4,

In the E-region the percentége occurrences in the

range 270 + 15° are about 90% during winter and equinoxes



~of different years and about 65% in the summer season of
different years. Another important feature is presence of
Eastward drift directions which are quite significant du-
ring summer. About 10% occurrence i observed towards
- East. However, in . he year 1965, data is available only
for the month August which may not truly represent fhe summer
season. In the year 1966 and 1967 about 25% and 30% of
observations during summer indicate Eastward drift, 'Such
daytime Eastward drifts are not observed during equinoxes
of the years 1964 and 1965. A small percentage is obser-
ved for 1966 and 1967, During winter season, percentage of
Eastward dift is slightly more than what is observed during
equinoxes.b

Referring to F-region histograms, the percentage
occurrences in the range 270 + 15° are more than correspon-
ding E-region percentages. Again there is a tendency duiing
summer for scatter from thic range, while on about 90%
Jccasions drift direction is in the range 270 + 15° during
winter and equinoxes it drops down to 80% during summer.
The Eastward drift direction§ are absent during equinoxes.,
During summer, there are instances of Bastward drift but
less than what is observed for E-region. On a few occasions,

Eastward drift is observed during winter also.



_II.3.4(C). Daily variation of drift speed

Daily variations of drift speed for each season

~of different years are shown in Fig., II.3.5., As there were

no nighttime data except for the year = 1967, only dayﬂime

| THUMBA 1964-67
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E-REGION F~REGION
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Fig. I1.3.5.

values are plo-
tted for each
year. Looking
at the annual
curves for each
year the diurnal
variations of E-
and F-regions
are different,
In the case of
E-~region, drift
speed increases
with the rising‘
of Sun, reaching

a maximum around

08~09 hrs, and:

a slow decrease

follows reaching

minima at about 13-14 hrs. An increase is observed again

in the evening hours., Daily variation curves are of simi-



lar nature in different vyears for fhe winter season, Eve-
ning increase is a prominent feature of winter months.
There is not much difference in the magnitude of drift
speeds for different years in winter, Slight differences

" are observed in the ndure of daily Vafiation curves dering
equinoxes and summer. The drift speeds are highest for the
years 1964 and there is consistent decreaseAupto 1967, The
increase in evening hours which is not observed in the years
1964 and 1965, is present in the year 1967, The range of

- the variation is much reduced for the summer months, The
magnitude of speeds are higher in the years 1964 ana 1965
as compared to 1966 and11967.

Drift speeds for the F-region show a rapid in-
crease atter sunrise reaching a maximum around 11 hrs. and
a slow decrease afterwards till evening, Referring to diffe-
rent seasons, the nature of the variati A remains the same
'for any season of the different vyears. During the winter
season drift speeds are higher in the years 1966, 1967 as
compared to speeds in the year 1964, 1965 while the reverse
is the case during equinoxes, During summer the speeds are
compar-ble in 1964 and 1967 While for 1965, 1966 they are

The minima in the morning and evening are of the

same order for any Season but the range of variation is

highest during equinoxes.
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The seasonal effect on the peak drift speed is
shown in Fig, I1.3,6. After combing the data of all the

years, maxi-

THUMBA mum speed Vmax
| 196467 | , _

250 : and its time
> of of occurrence
w 200 ¢
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Fig, II.3.6, ces, iarr
' are m'ninum
during June Solstice monthg for E-region. F-region drift
speeds are always larger than the corresponding E-region
drift speeds by about 30-60 m/sec. The time of maximum

speed occurs earliest during winter months and latest during
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'summer months, The maximum drift speed in the E-region
occurs at about 08 hr, during Wintef, about 09 hr, du~
ringrequinoxes and about 10 h{. during summer. The F-region
maximum drift speeds occur about one and half hour later.
‘than the ¢orresponding times of‘maxima for the E~region,

IT.3.4(d). solar cycle effect on drift speed and direction
at Thumkba ‘

To study the solar cycle variation of apparent
- drift speed and direction, histograms have been computed
for the individual years of January 1964 to December 1967

end are presented in the Fig.I"..3.7. The apparent drift
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Fig. 11.3,7,
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speeds (median values) for the years 1964, 1965, 1966 and
1967 are 123, 120, 98 and 99 m/sec respectively for the
E~region, Corresponding values for the F-region are 162,
140, 135 and 141 m/sec respectivel y, Thus with the increase
of solar activity, the apparent drift speed decreases for
thévE—region. While F-region speed 1s more or less con-
stant. No significant change could be observed in the his-

tograms of drift direction with solar activity.

IT.3.4(e), Nighttime F-region drifts at Thumba in the vear
1967

From a limited number of nighttime F-region drift
observations at Thumba taken during the period, November -
Décember 1964, it was shown that the drift direction is
opposite tb that found for the daytime i,e. Eastward
(Deshpande and Rastogi 1968). Regular nighttime measure-
ments of drifts at Thumba were started from January 1967,
Resulté of the F-region drifts over all hours dpring the
year 1967 are presented here. |

A picture of the F-region drifts showing change
over from Westward drift to Eastward drift in the post
sunset peried and change over from Eastward drift to West-
Ward drift in the morning is shown in Fig. I1I.,3.8, It

consists of polar diagrams showing apparent drift speed and
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direCtiOn at few selected hours. Starting from the leff

THUMBA 1967 F-REGION 4.7 MC/s

Fig. II.3.8.

hand side of the Fig., II.3.8, one finds a Westward drift
at 08 hr., Few points aré along the Eastward direction
also.which show few individual days where change over has
" not taken place even at 08 hr. The picture at 09 hr. and
12 hr. is of a completely Westward drift. The magnitude
of drift is higher than what was observed at 08 hr. The
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polar plots at 15 hr., 18 hr. and 19 -hr. show consistent
decrease in the magnitude of the drift veétors and occu-

rrence of few Eastward.drift. instances " Whith are on

the increase. At 20 hr. the occurrences of Westward
drifts are equal to those towards East and magnitude is
higher than at 19 hr. 21 hr. shows a chiefly Eastward
drift with few points on the West direction indicating
days when change over has not taken place even at 21 hr.
Drifts at midnight are towards East with 4 or 5 points

towards West which were observed sometimes as a second

reversal for a short duration. The speed vectors are
the same at 21 hr. At 03 hr. there is not a single point
in the West direction, the magnitude of drift is reduced,
The drift speed again increases at 06 hr. being Eastward,
At O7 hr, again, there is scatter, Mostly points are to-
wa%ds West but quite a few are Eaétward also., Another
feature at 07 hr, is that 3 few points show N-§ driff
direction,
| Thus one findS-réveréal of drift at about 07 hr.

and 20 hr. An increase in drift speed is observed before -
reversal both in the morning and in the evening.

| A comparison of.the apparent drift speeds in the

daytime and in nighttime is done for different seasons.
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The seasons chosen are:

1) Winter - January, February, November and Decem—
ber, ' ' '

2) Equinoxes - March, April, Sepfember and Oct ober,
3) Summer - May, June, July and August,

Fig. II.3,9 shows histograms of the apparent drift

speeds in each season as well as the annual picture, Day~
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rresponding nighttime values are 111, 130 and 100 m/sec

respectively, Thus both for the daytime as well as

nighttime the speeds are lowest during summer months,

Nighttime values are highest during equinoxes while day-

time values are comparable during winter and equinoxes,

The apparent drift directions for the above

periods are shown in the Fig, II.3.10. During daytime

|
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drift direction is mainly in the range 270 + 15° (more
than 90% of occasions) while during nighttime it is
mostly in the range 90 + 15° (more than 85% of occasions)

L]

Drift directions are either around 270° or around 90° at

any time,
Seasonal variation of the nighttime drift speed
is shown in Fig, II.3.11. Midnight value which is average

{

| of 23-00-01 hrs. and

JAN . APR JuL CCT
| : : (Morriss 1967),

‘Fig. II.3.11,

As the drifts at Thumba are mainly in a narrow
angle band towards Fast-West direction, only E-W component
of drift has been studied. Fig, II.3.12 shows mass plot

of the E-W component at each hour of different periods,

THUMBA 1967 F-RE ‘ i ' i
Fred a7 Mok GION ‘ maximum nighttime value
NIGHT-TIME in the period 20-04 hr.,
o | _
* have~been plotted
) . f '
> sl AVERAGE v . against months. Both
a the curves show maxima
113}
e 100 i
Z during equinoxes and
a,
@x | . . .
X 200 MAXIMUM v’ a minima during June. ..
o
'z Similar variation has
Z 150~
& been reported at Iba-
< ' .
100 ' L. | dan during IQSY



To avoid the mixing of points data have been divided into

THUMBA 1967 F-REGION
FREQ 47 MC/S
whec WINTER : ,_EQUINOXES SUMMER

300 - | —I‘ | —[

NOV-~DEC MAY-JUN

EASTWARD

WESTWARD

EASTWARD

200

EAST-WEST COMPONENT OF APPARANT DRIFT

WESTWARD

300

TIME HOUR IS.T.

Fig. IT.3.1".

6 periods of 2 months each., From the mass plots, one can
easily notice the reversals occurring around O7 and 20

hrs, Whereas the morning reversal is quite regular
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occurfihg around 07 hr, during any period, evening rever-
sal is quite variable as seen from the mass plots, the
points being distributed on both sides in the period 20 hr.
to 22 hr. The mean daily curves of the drift speed for

each seasons are shown in Figa II.3.13 and II.3.14.

. THUMBA 1967 F-REGION 4.7 MC/s

ANNUAL 7] 200 1= WINTER

100 EAST

SPEED IN I/

100
WEST

200

200

SUMMER

100 EAST

WEST

° E-W COMPCNENT OF APPARANT DRIF,

Fig. II.3.13

Fig. II.3.13 shows the observed mean values at each hour

(full line) while the built-up curve from two harmonics
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is shown with dashed curve, There are significant depar-
tdres between the two curves especially at the morning
and evening time when reversal takes place. To take into
éccount these discrepencies, harmonic analysis was done

upto 4 harmonics. In Fig, II.3.14 observed mean values

THUMBA 1967 F-REGION 4.7 MC/5

[ T — T 71 200 —
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z
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e (73]
H w
. | 200 =
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are showh as open circles while the full line is built-up
curve from 4 harmonics. During any season, the variation
of drift speed is predominantly diurmal in character.
Westward drift during the daytime is strongest at about
09-45 hr, during winter, at about 10,30 hr, during equinoxes
and at about 11,00 during summer. Change-over of dfift
direction takes place at about 7 hr, in the morning during
each season while evening reversal takes place at about 19
“hr, during summer and at about 20 hr, during equinoxes and
winter,

Table II.3.2 gives the coéfficients of the first
hour harmonics during different seasons. Amplitudes are
in m/sec and time of maximum is in hour local time, Pre-
dominant harmonic is the diurnal one with amplitudes 153,
165 and 142 m/sec during winter, equinoxes and summer- res-
pectively, with maximaatabewut &1 hr. d uring each season. 1
The 12 hourly component has amplitudes of about 40 m/sec
with maxima occurring at about 04 hr. ahd 16 hr. The
“third and fourth harmonics are comparabie to the second

harmonic and their first maxima also occur at one hour
before sunrise,

(Table II.3.2 is given in the next page)



TABLE II.3.2.

Harmonic coefficients of ﬁj@vamww< <mHHdeoz of the E-W component
of apparent drift speed 3Iin F~region at Thumba. v

el

Amplitude Time of maximain Morn- Even-

) - ~ ) 5 , hour (local time) ing  ing re-
Period e Fo ha o As T . @z ¢y rever- versal
T /sec m/sec )sec i/sec ri/sec hour hour hour hour sal hour
. hour
B i B
M Winter -26 152 32 43 22 0.9 3.3 5.8 5,1 6.8 20,4
— 1967 - 4
T Equinoxes -12 165 36 49 33 1.1 4.1 6.0 5.0 7.1 20.4
1967 A .
Summer - 9 142 50 31 12 0.9 5.1 6.0 5.3 7.3 16,2
1967
Annual -16 153 36 41 22 1.0 4.3 5.9 5.1 7.1 20,2

1967
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II1.3.5. Comparison of Thumba results with other equatorial
stations o

The apparent drift results obtained at Thumba are in

close agreement with those obtained at Ibadan and at Tamale.
The drift being Westward during daytime and Eastward during
nighttime, The drift Spéeds obtained at Thumba are of-
course higher than thét observed at Ibadan or Tamale., This
can be understood as Thumba is nearest to the magnetic equa-

~tor amongst the three,

~ Skinner et al (1958) have shown that at Ibadan

there is practically no time shift between the N-S pair of

aerials, Westward daytime and Eastward nighttime drift

were observed for both E- énd F-regions, The variation was

a mainly diurnal one with amplitude of about 110 m/sec (F-

region).
| "Rao and Rao (1961) showéd daytime average drift
speed minimum in summer and maximum in autumn seasons in
each year of the period June 1957 to May 1959; while Rao

and Ras (1964) reported drift speeds in the E-~region for the
period May 1960 to April 1962 to be higher in winter than in
.vsummer. Thus the seasohal variation of drift study at
Waltair showslmost probable drift speed value to be higher

in winter than in summer. The diurnal variation was shown

to have clear presence of semi-diurnal component by Rao and



Rao (1964} with daytime maxima occurring at 11 hr, and 17
hr., The main character of the daily variation being
diurnal one, They further Teported that at Waltair drift
speed increases from the year 1954 reaching a maximum du-
rlng the sunspot maximum period 1957. 59 and then decrea51ng
towards the minimum sunspot period,

F-region study at Waltair by Rao and Rao (1959)
showed most probable valye of 95 m/sec of the drift speed
in the period 1956- 58.° Further the most probable value
was.fognd to be higher in winter than in summ~r, Rao and
Rao (1964b) obtained a most probable drift speed of 100
m/sec in the period 1958- 99 while Rao and Rao (1963a) ob-
tained most probable value of 85 m/sec in the period 1960-62

indicating increase of drift speed with solar activity,

IT.3.6, Latitudinal variation of the apparent drift speed

3

Drift measurements at a large number of stations
at high latitudes were made in the early fif?ies. The
results were summerised by Briggs and Spencer (1954) in a
review paper. Horizontal drift speeds of the order of 80
m/sec were observed. There was a tendency of the F-region
drift speeds to be higher than the E-region drift speeds.,
The E-W component of the drift speed was found to be East-

ward during daytime and Westward during the nighttime,
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Later measurements at low latitude stations Singapore and
Waltair showed an opposite trend, the E_W component of
drift being towards West during day and towards East

during night (Purslow, 1958 - Rao and Rao 1958)., Drift
‘measurements at the mid-latitude station Puerto Rlco during
the daytime hours showed marked seasonal variation w1th
drift direction predominantly Eastward in summer and pre-
dominantly Westward in winter (Keneshea et a1l ,1965). Such
behaviour of the F- -region drifts had been predicted by
‘Martyn (1955) . According to him a phase reversal of the
East-West components should occur at latitudes 35 °N and
35%%, Martyn's theory further predlcts that at the magne-
tic equator the Westward drift in the F_ layer during the
daytime should be the order of 200 m/sec The measurements
at Singapore and Waltair fall short than expected accordlng
to Martyn's theory. The drift observatlons at a station °
w1th1n the equatorial electrojet first obtained at Ibadan
showed drift entirely towards West during the daytime and
towards East during nighttime with change over occurring
around 07 hr, and 20 hr, The N-§ component was either
negllglble or unmeasurable due to extreme elongation of

the irregularities. The drift speed at Ibadan was found
to be higher than that at Singapore and Waltair.' Observa-

tions from Tamale, a still closer station to equator, showed



-~ 116 1~

.slightly higher speed. The drifts obtained at Thumba which
is almost at the centre of electrojét showed much higher
speed;. A comparison of all available data of the appa-
rent drift speed was made ton study any latitudinal beha-
Viour. O;ly daytime speeds have been compared, For the
stations, Ibadan, Puerto Rico and Tamale, only the tfue
drift (V) and the ratio of random to true drift components
(VC/V) were availble and the apparent drift (V/ ) was cal-

. culated using the relation

vio= vl o+ (Vv _/V)?).

Some of the stations did not indicate the period of day
when. the observations were taken and are included in the
compa;ison. Table I1,3.3 contains the names of stations
compared, magnetic latitudes of the stations and the ave-
rage daytime speeds. Observations at different stations a
are at different periods of solar activity and for d;ffe—
rént duration of the observation period, A plot of the
.drift speed in the E-~ and F-regions is shown with the mag-
netic latitude. From Table II1,3.3 and the Fig. II1.3.15,
it is observed that at most of the stations speed is
higher for the F-region than for the E—regibn. For both

the regions the drift speed shows a sharp maximum at the
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magnetic equator,

The sharp maximum of the drift speed over the
magnetic equator and consistent Westward drift suggests
that there may be close inter-relations between the equa-

torial ionospheric drifts and the equatorial electrojet,

(Table II.3.3 is given

in the next page)
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TABLE-11.3.3
'I’! .

-

mma F-

the ionosphere during the daytime hours at gir

Lat.

E day
F 1964-67 day
Tamale 0.6% E 1962 Feb, Mar, day
F 1962 Feb, Mer. day
Ibadan 3% F 1957 Aug, Sep. day
E IGy day
F IGY day
Bangui 9°s E 1958 day
Singapore gOg F 1953-54 day
Waltair 11°N E 195455 day
1957-59 day
1960-62 all

Mean

F 1958
Ahmedabag 18% E 1956-66 day
‘ F 195662 day
Delhi o40y E 1958-59 all

. F 1958-59
Yamagawa 25°N E 1958 - day
: F 1958 day
Puerto Rico 32% E 1958 Mar .- day
: Feb, 1959 _

Ashkabad 369 F 1958 day

hrs,

hrs,

. v
Tegiong of
ferent sta-

Author

Koster (1966)
et al

Skinner
Skinner
Skinner
Annals IGY,
1965,

Osborne

Mpmwmv
1963)

et al (1963}
Vol, 33,

(1965)

Rao et a7 (1956)

Rao ang Rao
Rao ang Rao

Rao ang Rao
Unpublisheq

Mitra et al
Rao ang Rao
Rao ang Rao
Keneshea et

Raoc ang Rao

(1961)
(1964)

(1964a)

(1960)

Mp@@uv
19643)
al (1965)
mpwmhmv
el 2



B

1 2 3 4 5 % 7
Brisbane 380 E 1952-53 day 78 Surke and Jenkinson(19s7)
, 1953.-54 day 57 | .
E 1958 day 51 Rao and Rag (1965)
o Mean 62 .
Seimiz 43°N F 1958 day 123 Rao and Rag (1964a)
Halley Bay 470g E 1958 all hrs, 63 Piggott ang meowm,\
A . 1963)
F 1957-58 all hrs, g5 mmwpo‘rmavmﬂmnmnm Piggott
, 1965)
Cologne 43°N E Winter APQ%H- all hrs. op Krauthkramer (1950)
| 42 | :
Wellington 50°g E 1958 day 78 Rao and Rag (1964)
De Bilt  50% E. 1958 day 90 Rao and Rao (1963
Cambridge 50% E &F 1952 all hrs. 85 Phillips (195p)
Washington 560N E&F 1950 Mar.pec, day 70 Salzberg ang Greenstone
. (19571)
Gorky | 56°N F 1958 day 103 Rao and Rag (1964a)
Ottawa 62°N ERF 1950 Jun.Oct. 517 pys. 80 Chapman (19s3)
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Horizontal drifts in the E- and F-regions over Thumba,
during day-time
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(Recedved T February 1969; in revised form 20 March 1969)

Abstract—The paper describes the apparent horizontal drifts in the - and F-regions of the
mionosphere over Thumba, India (dip. 0-6°S) during the day-time-hours of the years 1964~67.
. Thedirection of drift is predominantly towards west (about 80 per cent of occasions during any

of the seasons of the year). The speed of drift is found to be larger than at any other equatorial

stations for which the data are available. The diurnal variation of drift speed in I- or I-regions
shows & forenoon maximum which oceurs later during June—-July, than during other months.

There is no distinet change in the drift speed or direction between the years 1964-67. A com-

parison of drift speed at other stations shows minimum ab mid-latitudes and a sharp maximum

over the magnetic equator. Drift observations at other low latitude stations are recommended
for a detailed study of the abnormal zone near the magnetic equator.

INTRODUCTION .

OxE oF the most widely used methods for determining the horizontal drifts in the
ionospheric regions consists of recording the fading of ionospheric, echoes at three
spaced receivers (MrTrA, 1949; KRAUTKRAMER, 1950). A number of stations were
started during IG'Y/IGC but the data for regions close to the magnetic equator are
still very few. JTonospheric drift measurements were started at Thumba (Geog.
lat. 8°33'N, Geog. long. 76°52'E, Magn. lat. 0.3°S) in January 1964. Preliminary
results of the day-time H-region drifts during January—February 1964 showed that
the apparent velocities were abnormally greater than at any other stations and the
direction was remarkably towards West (RAsTocI ef al., 1966). The seasonal and
diurnal variations of - and F-region drifts for the period January—December 1964
have been described by DmsmpanpE and Rastoar (1966w). The average drift
speed was found to be 132 mysec for & and 161 m/sec for the F-region. The
direction was within 270° - 15° for about 65 per cent of occasions. DESHPANDE
and Rasroct (1966b) have shown that the ratio of random to the true drift velocity
determined according to the method deseribed by Bricas el al. (1950) has been
about 0-91 for & and 0-81 for the F-region. Thus the true velocity whuld be about
half of the apparent velocity. The apparent drift speed or direction determined by
the time shifts for the maximum cross-correlation were found to be almost the
same as those determined by simple time shifts of similar fades (DEsEPANDE and
Rasroer, 1967). Therefore, for general analyses of the drift records at Thumba,
the similar fade method was utilised. The present paper describes the results of
the observations taken during the period January 1964—December 1967.

A pulse transmitter of peak power 1-5 kW and pulse width 100-200 ulsec was
operated at 2-2 MHz for E-region and at 4-7 MHz for F-region. The receiving
aerials are half wave dipoles oriented along N:-S direction and situated at the

1205
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corners of an isosceles right angled triangle with the two sideg along East—West and
North-South directions and of length 120 m. The aerials are connected with g
single receiver through a three-step-electronic switch and the records are obtained
on 35 mm photographic film. The observations were generally taken from 6 to
18 hr on both the frequencies. As reported earlior by DusEPANDE and RasToar
(1968) the direction of drift at Thumba is reversed between the day and night. To
avoid the transition conditions only the observations between 08.00 to 16.00 hy
are used in the present analyses,

REsvrmrs a1 TauMBA

Throughout the paper the speed and direction refer to the apparent values
derived from the mean time shifts between E-W and N_8 pairs of aerials, These

. values may be affected by the random motions within the ionospheric irregularities

themselves. The histograms of the Ppercentage occurrence of drift speed and of the
direction for & as well as F-region averaged over the entire period of observations
are shown in Fig. 1. Tt ig clearly seen that the direction is predominantly towards
West; about 80 Per cent of cccasions the direction was within 270 - 15° Ragt of the
North. The side lobes in any other directions are insignificantly small. The histo-
grams of drift speed show a rather sharp rise and slower fall, the values ranging be-
tween 40-350 m/sec. The mean value of speed is 1256 m/sec. for the & and 160 m/sec.
for the F-region which are not significantly different from the values obtained
during January—December 1964, The median values of the drift speed for 1964
1967 are 111 m/sec for & and 150 m/sec for the F-region.

The whole data is divided into the following seasonal groups:

(1) VVinter~consisting of November, December of one year
February of the succeeding yoar.

(2) Equinoxes—consisting of March, April, September and October of the same
year.

(3) Summerhconsisting of May,

with January-

June, July and August of the same year.
Thumba 1964 -67 '

Drift speed Drift direction N

Percentage occurahca

400 S

300

m/sec |

o o

Tig. 1. Histograms of percentage oceurrence of speed and direction of drifts in
- and I'-regions over Thumba for 08.00~16.00 hr averaged over the entire period
January 1964-December 1967
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Fig. 2. Histograms of percentage occurrence of speed of the dr]ft7m - and I
= regions over Thumba, for each of the seasons 1964-1967.

Average histograms are computed for the speed and direction for each of the
X —67.
seasons and for each of the years 1964-6 . ‘
Sfl‘he linear histograms of the percentage occurrence of ;hlft slllale%‘c}gfo; e%fl};
: - and I'-regions are shown i . 2.
seas f the years 1964-67 for both E- and : ) » [
num(;)l:aroof obsz;l‘va:tions, the mean and the median values of drift speed for eac
Season are given in the diagram. . ' - . e
A genergml glance shows that the histograms ave 1sl1g11t1};1 ‘skowr:aﬁleg1vF11;§tlfelr
ab 'ger T ding median value. )
mean value about 10 m/sec larger than the correspon e o,
i rabi ; read than those for H-region.
histograms for I'-region are comparatively more Spr \ :
R%lferl‘ing to the F-region histograms' and taking all the yealfzgogﬁlge]l /g}eli
Wedian drift speeds for Winter, Equinoxe;s and _ﬁumﬁﬂ(ﬁt leeolc(l)?vera,éed 3 injses
i similar : -region, the median drift spee '
Tespectively. Similarly for the F-region, : ¢ over ol
ing Wi 'ing and 150 during Summer. C
ears is 139 during Winter, 153 during E.qm'noxes and : .
Ziderinl; the years %eparately there is no significant chﬂerenge in .the sleals;oniimzfﬁlizzg;
drift speeds which could be attributed when the scatter of individual observe
18 ta into account. N |
".‘IJ.‘]if:hl;lstogmms of the percentage occurrence of drift dlle'Othl‘l for eﬂcl} szgscl))l;
of the yeairs 1964-67 for both #- and F-regions.are shown in Fig. 3. is
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Thumba-1964-67
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Tig. 3. Histograms of percentage occurrence (in logarithmic scale) of the direction
of the drift in the E- and F-regions over Thumba for each of the seasons 1964--
1967.

noted that the ordinates giving the percentage occurrences arve drawn on a logarith-

mic scale to show more clearly the smaller values. For cither of the E- or the - .

region the drift divection is very predominantly towards West (270°). There are
some small lobes centering on neighbouring values 240 and 300°. There are
absolutely no other directions possible except the Bast (90°) where one gets aboub
10 per cent of occurrences during Summer, about .5 per cent occurrences during
Winter and absolutely no occurrence during Equinoxes for the IZ-region. The
ocecurrences of eastward drift in the F-region are still smaller than those in the
E-region.

A

Day-time in E- and F'-Regions drifts over Thumba 1209

Thumba 1964-67

Seasonal mean daily Variation drift speed
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Fig. 4. Solar daily variations of the drift speed for B and F-regions over Thumba
for each of the seasons of 1964-67. )

The daily variation of the drift speed during each of the seasons of: t}.le years
1964-67 are shown in Fig. 4. Referring to the F-region the daily Vana,tlon_s are
very similar during the individual years, except the values seem to be higher
during 1964. The drift speed increases with sunrise, re&'ches a maximum veque. at
about 10-11 hr, and slowly decreases with the solar time. Tl.le dalily Ya,rlamon
curve is definitely unsymmetrical about noon. The range of drift speed is almost
the same during different seasons. . _

Referring to the [-region curves there seems t0 Pe an increase at sup_mscf,
reaching & maximum value at about 8-9 hr, and there is a minimum in the a.f'te1—
noon at about 14-15 hr. The curves for different years are very snmlzu: for VVln.ter
months, but there are slight differences during Equinoxes and especially dur%ng
the Summer months.- The range of speed during the day is much smaller during
Summer than during Winter or Equinoxes.

Q6 09 12 15
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Fig. 5. The value of maximum daytime B- and F-region drift speeds and the time

of its oceurrence during each of the month averaged over 196467,
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Figure 5 shows the seasonal variation of the maximum value of speed (V')
during the day-time as well as its time of occurrence for both the - and the F-regions.
The maximum for B-region occurs at 08.00 hr during Winter, about 09.00 hr
during Equinoxes and about 10.00 hr during Summer. The F-region maximum
during different months seems to ocour about 1} hr later than the time of corre-
sponding A-region maximum. The maximum daytime values seem to be largest
during the Equinoxes and the values during Winter and Summer are almost
equal. The I-region drifts are always larger than the corresponding F-region
drift values by about 30-60 m/sec.

The maximum day-time drift speed at Ibadan shows a minimum in May and
maximum in January, for either of the Z- or I-region (MoRrr1s, 1967). The time
when the velocity is maximum was earliest near the equinoxes and latest in June-
July. Thus the results at Thumba, are similar to those at Ibadan for the June—J uly
months but there are slight differences during equinoxes.

To study the solar cycle variation in the drift speed and the dirvection, the
average histograms are prepared for each of the year separately, and are shown
in Fig. 6.

The histograms for the X- or the F-region show progressively less amount of

spread with increasing solar activity from 1964 to 1967. The median drift speed

for the F-region is 123, 120, 98, 99 m/sec for the years 1964 to 1967 respectively.
Similarly the yoarly median F-region drift speed is 162, 140, 135 and 141 m/sec
respectively for the years 1964-1967. It may be suggested that the yearly averaged

JBi-region drift speed decreases with the increase of solar activity while the F-region

drift speed remains constant. The histograms for the drift direction show the

e

i 211
Day-time in B- and F-Regions drifts over Thumba 1

Thumba 1864-67

Annual mean i ]
Drift speed Drift direction
E ~region F~-region E~ region F - region
80F 1964
1964 4

T I T 17T

T T =TT

Percentage occurance

0 00 2o 300 100 200 300
- ion drifts averaged
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normal results described earlier, there being tl}e major peak a',t ?{;’O gmgl :ﬁslfaec(;lil;n
ary one at 90°. There is no systematic and significant change in the dr
b 1964 and 1967. o .

etvl;?él and Razo (1964a) have indicated that the F-region drift fpeecllgs;t’Y jzge)bl:z:;g
increases with solar activity, the mean value (beigﬁg) El%?) m/sfi(iu?éu;llllgt o velootty
i ' 19 have fo
5 m/sec during 1960-62. Morrrs and LyON : ‘ olocity
of i01/105pherio gdrift at Ibadan during equinoxes in the IQ,S?Zdwas éeﬁgfsate gfny
factor of 1-8 to that during IGY. The data at Thumba so far do no

definite variation of drift speed with solar activity.

i)
COMPARISON WITH THE RESULTS AT OTHER STATIONS

The earliest measurements were made at high latitude a(,ild.‘lt vg}al,z gg;ilvnelc;
that the Bast—West component of glltetq_rift w(;v];m; It(;(;?ffd eesmii; Ng;§g1954)' y e
ar ar est during the night-time 8 > R, _ Later
lnl(isiorg;lec}isv‘;t the lo%v latitude stations, namely _Slélg‘a_,pmg,m azlclld\xi‘iggé
showed an opposite trend, the drift being towards West Du1}21§in e; Zm-emem;s s
East during 1ﬁght (Pursrow, 1958; Raoand Rao, 195?). 111 : (I"[OWed nisabs
mid-latitude station, Puerto Rico, during the day-time hours s



Table 1. The mean apparent drift speed in - and F-regions of the ionosphere during the day-time hours at differen} stations in the world
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Reference

Speed

Time

Year

Layer

latitude

Magnetic

Statjon

Present article
KosTER (1966)

~ SEINNER ef al. (1958)
SEINNER et al. (1963)
Ann. IGY 33, 1965.
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. Cmarmaw (1953).

Rao and Rao (1964a).
PieceorT and Barcray (1963).
Rao and Rao (1965).

Rao and Rao (1965).
Purriips (1952).

123
63
85
90
90
78
90
85
70

103
80

day
—all hours—
—all hours—
—all hours—

day

day
—all hours—
—all hours—

day
—all hours—

1950 Mar.—Dec.
1950 Jun.—Oct.

Mean
1958
1958
1957-58
‘Winter
194142
1958
1958
1952
1958

(BE-F)
F
(B—F)

(B-F)

43°N
47°8
43°N
50°N
50°N
56°N
56°N
82°N

50°8

Halley Bay
Cologne
Wellington
De Bilt
Cambridge
‘Washington
Gorky
Otvarwa

Seimiz

g
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odominantly to the East in Summer and to

riation in direction being pr . _
S W y observations at a station

st in Winter (KENESHEA et al., 1965). The drift
zilizhiwn the equatoi'ial( electrojet region, first obtai.ned Thadan re]véealsg ti;la;t ﬂi
drift was entirely towards west during the day-time and towards 00a1S~ 1&‘ hegN_S
night-time with a change over happening around 07.00 hr and ?0. 111 e ot
component was either negligible or unmeasurable due to extl_eme' i}ong f,hat o
irregularities. The drift speed at Ibadan was found to ’-be,\lnghel ﬁnrvaﬁons
Singapore and Waltair. The results derived from comparatively fevgﬁrﬁo ]fte‘i paions
ot Tamale, which is still closer to the equator than Tbadan, reYeale Tshg b}; W%ich
speed being Westward during day. The measurfaments of drift at un% ey
is almost at the center of the equatorial electrojet s'howed th.e value; 01-, i (faf i
speed higher than at Tbadan or Tamale. A comparison of drift speed at a1

i refore attempted. .

gs&tlﬁsg?jezh:f the drift spéed in B- and F-regions only during the day-;lm?/ hourg
are caloulated. For Ibadan, Puerto Rico and Tamale, only the true drift df ) 3%1111 !
the ratio of random to true drift components (V.[V) were available 6;;1 scs)bme
apparent drift (V') was calculated using the formula 7' = V{1 + _(V,,./ ¥ )}‘. Somo
stations did not indicate the period of the day Whgn the observatlons‘we%e o
and these are also included in the present comparison. In Table 1 alle gn;t)ellilShed
values of apparent drift speed in the B- and F-regions from the ajvaﬂab e pu‘. e
literature. It is to be noted that the observatio_ns refe}' to dl_fferent pﬁno S-[-,he
solar activity and to different length of observation pe_rlod. F1gu1‘e 7 Bf ov]:ls e
mass plot of speed vs. magnetic latitude of the station. It is seen iro

Table 1 and Fig. 7 that generally at most of the stations the speed is higher for the

i > either regi ift speed shows a
F-region than for the E-region. For either of the regions the drift spe D

very sharp maximum at the magnetic equator. It may be taken into const

that these are apparent drifts which could be modified .VVhell corrections are n;agza
for the random motion within the irregularities causing them. SKINNER eN S
(1958) have shown thatb the irregularities at Ibadan' are elf)ngated z-m}llonlgl] 1_1d_
direction, the mean axial ratio of the characteristic ellipse being 5 for the Li- &

11 for the F-region. Similar elongations of the order of 6:1 between N-S and BE-W

180 ——’_’—_1
Day-time hours

160
§ § o F -region
TN % E- region
g %\ o
o 120 \ o . 6
@ R \ o
£ 100\
e 3 om ,;
o N,
a 8o %o % ®
= ~— X e "

- N .
60 : N 55
: @ ° 40° 50° 60° 70°
405 oo 20 36

Magnetic latitude

Tig. 7. Variation of the day-time average drifb speed with magnetic latitude.
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directions are reported for Tamale (KosTEr and KaTsrixv, 1966). Rasrogr et al.
(1968) have shown that the cross correlation between an E—W Pair of aerials fallg
fairly rapidly with increasing distance between them, being about 0-7 for a sepa-
ration of about two wavelengths, In the N-S direction the cross correlation between
two aerials decreases very slowly with increasing distance such that even at a
separation of 8 wavelengths the correlation exceeds 0-8, This clearly indicates that
the ionospheric irregularities over Thumba are highly elongated along the magnetic
lines of force.

The sharp maximum of the drift speed over the magnetic equator and con-
sistently westward direction of the drift at the magnetic equator as well as the
extreme elongation of the irregularities undoubtedly suggests that these drifts are
characteristics of the magnetic equatorial zone.

It is recommended that further observation at few more low latitude stations
should be undertaken 4o study the inter-relations between the equatorial jono-
spheric drifts and the equatorial electrojet. This would define the range of latitude
within which such consistent westward drift and the extreme elongation of the
Irregularities occur.

Aeknowledgements—Sincere thanks are due to Professor V. A. SARABHAT, Chairman, Indian
National Committes for Space Research, for the éncouragement and the facilitieg provided at
Thumba Equatorial Rocket Launching Station and to Professor K, R. Ravawarmax for his
interest and valuable suggestions during the course of study.
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ABSTRACT : -

(Accepted for publication as 'Short FPaper' in JATP)

\

DaIlY VoRIATION O F-RAGION DEIFTS &T THUMBA

by

Ho CHANDRA & 2.G. RASTOGI

Physical Research Laboratory
ahmedabad-9, INDIa,

The measurements of F-region electron drifts at Thumba
during the year 1967 indicate the direction to be Weste
ward during the daytime and Eastward during nighttime,

the reversals occurring between 06-07 hr. and 19-20 hr.

4 significant increase of drift Speed occurs about an hour
before the morning as well as the evening reversal. The
results are in excellant egreement with the electron

drifts measured by Doppler shift of V,H,F. scatter echoes
at Jicamarca,

The present article describes the results of round the clock measure-

ment ova~region drift ét Thumba (Magnetic latitucde O.BOS) for the
year 1967,

In Fig., 1 arc shown the nass plots of apparent drift

speed and direction at a few selected hours. F-region drifts at

Fig, 1 -
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Mass polar plots of the apparent drift velocities at Yew
selected hours, :



Thqmba are scen to be Predominantly towards West between 07 and 19

hours and predeminantly teowards Bast between 21 and 06 hours, The time

of evening reversal ig found to have eppreciable day-to-day variabie
lity as. evident from the scatter of peints at 20 and 2] hrs. The N-§
drift directicns seem to be negligible even during the periods of re-

versal,

The mean daily veriaticns of E-y compenent of drift speed

for each seascn are shown in Fig. 2; the smooth line drawn through
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Fig. 2 - Mean daily variation curve of E-W compcnent of apparent
drift speed,

the experimental points ig built up of the first -Jour harmonics of
the daily variaticn., The different harmenic cocefficients for Thumba
are given in T:ble 1, together with similar coefficients for other
equatorial stations., & significaent increase of the drift speed is
seen before the morning veversal during each of the scasons. Similar

Lreregae of gprrd 49 fgaested shortly before the evening reversal,



rial stations.

T4BLE-1

‘Harmonic coefficients of the dail
component of apparent

Yy variatiom of the E-y
vrift speed in F-region at equato-

Amplitude in m/sec.

Time of maxima in hour

Place Emmmm: Period local time Reference
tic la- - a r r r r A A A i
titude o 1 2 3 P11 Y2 @3 Oy
Thumba  0.3°S  Winter 26 152 3 43 28 0.9 3.3 5.8 5.7
1967
. Equinoxes ~12 165 36 49 38 1.1 4.1 6.C 5.0
+e 1567 Fresent
) . iA
” e T I areiele
i 1967
,L.JUC&WH l._.rm H.w..m .wm b..”_. NN Hlo D,OMW .m.@ |ﬁ\¢H
Ibadan 3% fug.-Sep. -10 111 26 1.5 1.2 Skinner et al.

1957



specially during the equincxes,
. . _

The messurcmente ¢ true electron drifts from t he Doppler

shifts in V,H.F, scatter echoes at Jicamarca (Magnetic Latitude ION),
indicate that the cchoing centres in -i¢ clectrojet move Eastward
during the night angd Westward during the day. The reversdl'times are
centred about 06,30 hr, and 20.3O hr, with a marked increase in t he
drift vélocity about an hour before both the morning and evening
reversals (Balsley 1966, 1969}, Balsley ang Woodman (1969) have shown
an intimate relation tetween horizontal drifts in the E-regicn and ver-
tical drifts in the f-region., These results which indicate true ele-
ctron motion are in remarkable‘agreement with the results cbtained at
Thumba,

It is concluced that the ionospheric drift measurements
near the magnetic equatcr do indicate the true motions of electrons

and these motions are intimately.associated with the equatorial electro-

jet,
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OF_DRIFTS AND ANISOTROPY PARAMETERS AND
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CHAPTER - 1T1.4(a) - CORRELATION METHODS TO DETELMINE DRIFT
— PARAMETERG -

INTRODUCTTON

Time delay method assumes that the fading produced is
entirely due to the steady drift of the diffraction pattern
on the ground and that contours of constant amplitude‘have
circular symmetry, In practical cases, the diffraction
pattern 1tself undergoes random changes in it as it moves,
Consequently, the fading observed at ground is produced by

the steady drift as well as due to changes in the diffraction

pattern,

IT.42.1(a) . Correlation method to determlne uniform drlft
motion .

A method to deduce the uniform steady motion of the
diffraction pattern was originated by Briggs, Phillip and -
~Shinn (1950) taking into account the random changes in its'
shape as it moves. The principle'of this method is to con-
sider the general similarity of the fading records and then
to compareit with the case when it is movinglwith a uniform
speed. The difference gives a measure of the random changes.'
‘Thus the steady motion of the pattern and the rate at which
the pattern alters as it moves can be obtained. The method

is based on the calculations of auto and cross correlations

between fading records at different aerials.



II.4a.1(b) Auto and cross correlation functions

I variation of the amplitude R against time can

be representeﬂ by an auto correlation function P(t) de-

fined as
LRGP N Rt e TR 1r
/‘9 (—t) = ':':""_"'_':::::'_:'_'::__—'T_'r;’::t.z;f.'-‘:-;:-;;»- T e “ o (l)
- §REED - TS :
where R = mean amplitude of the record

V' = a small time interval over which amplltudes are
studied

which gives the measure of average correlation between the
values of R sepwrated by time interval 77 , It has value
unity for t = 0 and decreases smoothly as T increaées. A
“typical auto correlation curve is shown in Fig. II.4.1,

\ In practical case amplitude F is a function of
space cobrdinates X, y and a time coordinate t., For simpléi

fication let us treat a one dimensional ground, In such

case correlation coefficient can be defined as

NE! t) \/xﬁ\~ ':m“w_fz:]x

Fh,t) = (2 )

S\[ 7/(\()

From a one dimensional ground we can know an auto-correla-

cea(2)

tion function A (0, t) from either of the record obtained
at x = 0 or at x = v Where £, is the receiver separation

cand a function £/2 ¢ 3 which is the cross correlation

)(/ 3 R
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l:between the two fading records, Flg. II. 4 1 shows the
auto and cross correlation functions from such set of fad-
ing records. Cross correlation function is maximum at

some definite time in-

terval as the two fad-

R (0,t) | ing records are slight-
/f\\/“\/\/\q//\\\/ﬂumq/h\\/f\d by Shiftgd from each
R {8t ' other. Further its

//\\/\ /\_//A\\,\f\///\\\j | maximum value may not
LN,
t ‘

be unity as the two

¢ o d 1o | fading records may not
| be exactly similar.

4 = 4 N
AUTO CORRELATION CROSS CORRELATION

Fig., II.4.1.

" In a smilar way, one can write correlation coeffi-

cients in terms of two space coordinates x, y and one time

coordinate t,. ' : : e

. :—\_:';’.—.v- ;< "") ’-} A [ AR 5 '_:‘:; .
F(‘*‘iuﬁf})‘t.): ROy > R 26, it xR Y

( YD~ K )

where %& )775 are receiver separationg, Thus one can find from
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“hree fartingrecords obtained by spaced receiver method,
three cross correlation curves, one each for the different

pairs of fading records,

IT.4a.1(c). Definitions

Briggs et al defined four velocities to describe
the movement of the diffraction pattern. They are described
here in terms of correlation function for a one dimensional

groﬂnd.

(1) Fading velocity Vc'

This is defined as a ratio of space shift to time
shift needed to produce on the average same change in the
value of R,

Mathematically Vc! = %9 :
_ o
where F'(*e,cd= P =2, | | eoo(4) s

Physically fading velocity Vc¢' is the velocity of
-dfift that would be needed to explain thevfading entirely
“in terms of a drifting pattern witﬁ no rahdom changes. On
the assuﬁptions mentioned earlier (isotropic ground pattern)
this quantity is indepéndent of the direction,

(2) Drift velocity V

This is the velocity of the moving observer with

which he finds the slowest speed of fading. Thus if a dis-
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placement ¢

, 4n time 7T, is required to experience slowest

fading then
s » 000(5)

For a two dimensionzl ground V has direction and can be
represented by components Voe =V éOS(P, V? = V sin @
. C

where ¢ is the direction of the V.

~(3) Characteristic velocity Ve

This is the fading velocity observed by an obser-
ver moving with a uniform drift V. To this observer, the
ratio of space shift to time shift needed to produce a simi-

lar change in R is

Ve = o . (6)
where plite,od = (g 1) .

(4) Apparent drift velocity V!

If a receiver situated at x = o 1s examined with
another at » = 0 and maximum correlation is obtained at

time interval Y, then this Velocity is defined by

V! = ‘Ci':;’_ ‘ e (7Y

For a two dimensional ground, supposing receivers spaced

te along OX and spaced N, along o0y have best correla-
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tions at time lags'7;>¢,f72y‘then

\ // : .
g . s ~
N Pl w-— “r ‘D 3¢

\/\}j - }.;}D / ,'7153}/

These two components are reléted by the equation

S ve.(8)

and are the same gualities as described in the time delay

method,

II.4a.1(d). Relation between different velocities and their
determination

h For isotropic diffraction patterns Briggs et al
found the relations between different velocities by the

tollowing equations:
e N . i B

/N N ° o '
( \/C. ) - \/( ) \. \« . .i o * e 0 (9)
. iow ' J |
and (V)72 v .10

Determination of V¢!

If one compares the cress-correlation value at
t =0 to same value of auto-correlation at time T, then

from above definitions

!

| .
\/C.— . ?0 / FT}; s (ll)
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'Determinétion of V!

V! can be determined by knowing the time lag for
- maximum cross correlation value, If to is the lag for

best correlation between fading records at two points

- spaced &, from each other, then

Vi e
\/ — _(b/tc) ."(12)

Substituting the values of V' and V' in equation (10), one

can solve for the value of V.

II.4a,1(e). Other methods to find drift velocities

Another way to find the drift velocity V is from

. ) ; .
- time * =T, when auto and cross correlations are equal.

V can be found using the relation

" f

V = 5«. “a // o q/g » » ’ '.n (13)

The‘best way described by Briggs et al was to
plot complete auto and Cross éorrelation values and then
to find time 7 and ”f’ for equal correlation values in
the cross and auto correlation curves. A plot of '~ -2

against different time interval value 7 is a straight

line, )
2 B -y s / o

I} ) s . oA . . e {

T = TSRV e, T N,

A
~

The intercepts of which are “To il 7 From these inter-
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prets, one can find V and v using the relations

So / AV oz Y,
) . 7 .. (15)
%n/\g“f; Ty
Above equatlonh can be generalized to the case of
- a two dimensional ground, Tf yj ~is the angle between the

drift direction of the pattern and > axis then

! 2
\/:?C. = \/ (/f)-f‘ 9]'! pul %._‘_)/ 2 \f‘é e
N f 17,
\/:).(; = \/ //(_—!.'7'5 (;i; . %‘C)/ (—T/(\ pld
and : 12 2 5 - ‘
T e ;2 . , 2
{ / = [\%’D . ,‘i\/;g t'."..(;\ qh)/\/é ,,!(16)

Similar set of equations can be written for the 3.
axis representing another pair of fading records, These : *
equations are derived on the basis that varlatlons of R
are equal on the averagc fUL equal dlsplacements in any
direction. That is the correlation surfaces in the
blane show circular symmetry or contours of constant corre~
lation are circular,

Another important rela“ion obtained by Briggs -

..I,‘; - .tr“ 3 (i,) . - ...(.1.7)

where to 1is the time lag required to give an autc-corre-



1étioh value equal to the maximum cress correlation value,
The advantage of this equation lies in the fact that V!
can. be calculated from top portion of the correlation curve
which is less liable to error. This relation will be fur-

- ther discussed later,

IT.4a,2. Exténsion of the method to anisotropic case

The main drawback of the method as described by
Briggs et al lies in the fact that it can be applied to
isotrooic cases only, That is if V¢! values along three
different directions calculated by the three pairs of re-~
cords ccome mut to be same then only we can apply this me-
thod,  Since the presence of magnetic field creates aniso-
tropy in the free electron motion, irreqularities are
field‘aligned in general_and the diffraction patfern on
the ground are elohgated a10n§ the magnetic lines of
force, Particularly at the magnetic equator, the diffra-
ction patterns are highly elongated in N-§ direction;
Phillips and Spencer (1955) extended the analysis .
of Briggs et al to anisotropic diffraction patterns. As
'an-extreme case, consider a pattern in which the amplitude
contours are so elongated that they appear as a set of |
parallel lines. In such a case, any motion pqrallel to

the lines can never be detected, When the pattern is
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finite in structure, there wiil be ~rrers depending on the
degree of elongation,

An anisotropic diffraction pattern can be descri-
bed by contours of constant correlation which will be simi-
lar concentric eclipses. A péttern of this type could be
produced if a statistically isometric pattern is stretched
in one direction. Distortion of this type may be represen-
ted by a characteristic ellipse similar to contours of
constant correlation and may bhe said to represent an average

shape of the contours of constant amplitude of the diffra-

pattern. Completé
curves of constant
correlaticon can be
deduced if one knows

the axial ratio, S

orientation of elli-

CONTOURS OF |
CORRELATION FUNCTION |

pse and auto-corre-

| -iatien function along

CONOURS OF 5 ; .
AMPLITUDE | one direction, For

* , the knowledge of the

shape of the contours

only axial ratio and

orientation of elli-~

Fig. II.4.2, o
pse are sufficient.
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' II.42.2(b). Determination of the characteristic ellipse

Frem the fading 1ccords at three points situated
at the corners of an isoceles right angled triangle of
side.a, one can obtain auto-correlation function P (e,0,7)
at a number of values of 77 . A plot of this function
against T will give the time correlogram, Cross correla-
tions £ (a,0,0),7(2,4,0) and P(a,-a,0) can be determined
atvﬁ’z O between three pairs of the fading records, It

T, T

>

and ”fg are the time values on the time corre-
logram- which give same P values as at T= 0O on Cross co-

t B e .
rrelddrams, then from the definition of Briggs et al

)= aje

|
:
—~—
-
vt

(Vo=

'z

and (N J7 a0 | ... (18)

which are the fading velocioies in the.three directions
defined by the spaced points where fadings are obsérved.
‘The simplest example of spacings in these direction Which
have a fixed cprrelétion is given by putting "f = 1 which
gives correlation  / (0,0,1), the spacings are then
equal to Vcﬂ s any constant «correlation surface is an
eilipse,Vc' when plotted on a polar plot,; must be one of

the ell“pses of constant correlation. The known values
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of V¢! give the length of the semi~diameter of the'ellipse
" for the three directions. This is sufficient to determine
the axial ratio & and orientation Y of minor or major
axis.

If'one considers the equation of -an ellipsé with
its axes rotated clockwise by an angle V' from the coordi-
.nate axes and Subs£itﬁtes the values of fading velbcities
és intercepts of thisg ellipse on the three lines Joining
the three pairs of spaced points ét which fading records
are'bpgerved, one gets three equations which @n be solved

to give axial ratio f( A>1 ) and W ., One gets then

Bl I | =
1;—(‘,,& ool f{ —I‘[/ P‘*'-{’ %’i>/ ’..<19)
R~ ( Pre)V>
and w2y = P/g ... (20)
- 2 P S
where T = ‘T, 4 i »—'Tg%
N e E
(2\1 = ’ !Ji T LI
‘1:')\ _ ot 2 N et 2.
= T

+
and hyvis the . orientation of minor axis from x axes mea-

sured in the clockwise sanse,

IT.4a,2(c). Determination of drift parameters of an aniso-
tropic pattern o

An anisometric pattern can be considered as a

result of streching of an isometric pattern in one direction
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by an amount % . Phillips and Spencer applied the results
of Briggs et al to an equivalent isometric pattern and then
corrected to take into account the anisotropy. They showed |
isometric the drift direction as well as apparent drift
speed are affected; apparent speeds are lowered depending
~on the value of s and the angle between the drift dire-
ction and the minor axis of the ellipse.

Consider an anisometric pattern as shown in Fig.
II.4;3(a) where O, A, B are the points forming a right
anéleﬁi%fiangle where fadings are observed., Its velocity
diagram is shown in Fig. I1.4.3(b), where Vi', V! are
apparent drift c@mponents along OA, OB and V¢! ellipse
is shown with its minor axis at an angle W from the 25
direction.
| Its equivalent iéometric pattern and velocity
diagram are shown in Fig. II.4.3(a) and II,4.3(b). 1In
this diagram Vc' ellipse changes to a form of a circle.
The triangle OAB is no 1onéer a right angle in this case
as the lines along V"' Vo' have a slope reduced by a factor
of /4 in the diagram. As the fadingé observed hence time
shifts are identical in two diagrams, ratio of the velo-
cities VT, Vz; is similar to that of base line (.., OB in
~two diagrams. " Only difference being that velocity diagram

of II1.4,3(d) will give rise to velocity diagram of IT.4.3(b)
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with a vertical expansion by a factor £ .,
The results of
Ve ELLIPSE v
Briggs et al were de-~
rived for a right
angled system. They

can be generalized to

~4- | the case when axes

(&) ; are not at right an-

gles. Thus we can

write
. ”ﬁx.f:'ﬂ = \/ (eg 5})’1-"» (21)
| v = Vi, tes by (22)
EA VAVEIVIEES (23)

i : e SR The vector V! in Fig.,
11.4.3(d) is obtained

Fig, II.4.3 by drawing a perpendi-
(?7 b, ¢ and d) cular from O to the

line ¥ & joining the end points of the vectors Vit V2‘,
Similarly V' can be obtained in Fig. IT,4.3(b), but as the
lines representing Vl', V,' in Fig, IT.4.3(b) are having
slopes 4 times to that in Fig, II.4.3(d). Consequently
vector V' has a slepe J{&times to that of the‘perpehdicular

on to line i3 Thus. without anisotropic correction, the

vector ON will give the apparent drift. Let us represent
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it by V, and its direction measured from the v, direction
as ®¢ . The correction has to be applied to get true
vector V', since it has a slope 4+ times the slope of

line ON, If we represent corrected drift V' having an angle

¢ from'Vl' direction
tan (‘Il{) - \}[J ) = /'“"‘F‘ —t:‘{ﬁ.ﬂ: L ()i)ﬁ - L}/) . (24)
which can be written in another form as

tan ($-¢,) = (#F-1) e (Pa=t) e (25)

e ¥ e TR )
The rélation between the vector V! and V, is given by

< foo, .
Va = \/ et ({ f;_ﬁ- - ’J)Cl ) .es (26.)
where + L, |
Ve VT ‘\_/',; *

These equations shoﬁ that the corrections depend
on the value of axial ratio 4 and the angle ¢y-4 , that
is between the apparent drift direction and the minor axis
of the ellipse. When this direction is along the minor or
major axis there is no correction for the direction hence
for the drift speed.

True drift speed can be computed from the euations
derived by Briggs et al.(VC)' along the direction-of drift

. can be calculated by the equation: .

R - VAN
. - L /"’;;‘j')N \/
(V) w0 e e v (27)

[ \/ ) | :
(4 (A5 D et ( d) - ‘"I,’})
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where'(Vc'){ is the fading velocity along the vector Vit

True drift will be therefore given by
i IN* Wl
\J ] — ( \\/(.— )v ,{-/ = '/ ) (28)

In short the method of Phillips and Spencer con-
~sists in finding the fading velocity in three directiéns.
An ellipse is drawn through these points and parameters 4,
and V/ are calculated, Uncorrected drift speed Va and
direction ¢guare found applying ordinary Briggs et al
method, They are corrected from the known value of .4 and

W ,ﬁifading velocity <Vc')w’i5 calculated along the
corrected drift direction. From corrected appérent drift

V' and this fading velocity (VC') true drift speed V

V’
is calculated using equation (28).

II.4a,2(d). Further modification of the correlation method
: as applied to anisometric patterns

Fooks (1965) has suggested twb modifications to

use the correlation method of an analisis,

(a) - MeBn auto correlation function from the three
fadihg records should be used to reduce stétis—
“tical deviations,

(b) The time values 7. etc, can be derived from
equation (17) given by Briggs et al which in

~the notation of Fooks is

2 Lo -~ ‘ -
o RN . ~ = ere (29
’ Tl 2 : (‘ f ) "‘\‘ ( ' \rf[/t/) ) l o ‘ ( >

P
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B} . _,__I.[ N . iy R . i .
where (7] )!l. 1s the time disphacement giving maximum

e N I — , , Cross correlation

THUMBA Lo between the fading
7 KOV 1967 ; : '
0400 hv. ; . , —{os records 1 and 2,
] ) ‘ f‘J ' .
0.6 and ( “Tw ), is
| . .
o4 | the time displacement
1 ‘
a5 on the mean auto-
0.2 E
w . . .
9 correlation function
0.0 =
= giving auto corre-
0.2l @ )
g -ation value equal
(8] .
0.41 . .
to maximum value of
S cross correlation:
—{o.8 between the fading
' ! | | | o records 1 and 2. 1In
f -3 -2 - 0 [ 2 3 ‘ A
| TIME SHIFT SEC. : a similar manner,

Y, = and k75~g can
Fig. 1I.4.4. - )
be calculated. This
equation was derived by Briggs et al (1950) for isometric

patterns., Kelleher (1965) has shown that thuis relation is valid
for anisometric. pattorns also, The advantages of thla modi-

fication are: ¢ _
(L) - It uses the points at a higher level on the corre-
latien functlonc and hence results are less

affected by statistical varlatlon

(2) Using this equatinn V! always comes higher than V
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2
and thus removes the occurrences of negative V

values which some authors have reported,

II.4a,2(e), Average size of irreqularities in the pattern

| Phillips andg Spencer derived the axial ratio o)
and orientation ' of the characteristic ellipse, however,
the size of this elllpse was not mentlnned by them,

| From the VC' values, one can find the major axis
a and the minor axis b, This ellipse has dimensions of
veloc1ty and can be converted to distances to give averagc
51zexand shape of the irregularities in the pattern., Gene-
rally they are multiplied by ’i 5 » the value of time

displacement required to give £ = 0,5 on the mean auto-

correlation curve, and gives the separation to give a

correlation 0.5 between the fadlngsas measured at different

points on the ground,
To determine the average size, shape and tilt of

ellipse, we give here treatment according to Fook's

(1965),

An ellipse with its centre at the origin is re-

presented by the equation in polar coordinates

(" e i
B K ‘_—_—‘ - V—J.—j o ap (30)

)] :
(l ot i A g

If the ellipse is rctated through an angle ¢, we get the /



equation
tf._f,--s"z( G - fu S :’:% (- (9 . - L
R S - _.i:‘):f_...ﬁ,. - ..;;Q‘_ e (31)
Let (&, .¢,), (ﬂ?z , B, ) and (f12,62 ) be
three points aleng the three directions Er oy Ba, @E}Where
correlation falls to 0.5 at separatiéns Fa Py Ay e

Substituting these values in equation (31), one can solve

~for @¢ which is given by the expression

» 2 T~ .. LN e
ban 36| A0 2020 Dz, a0r)
.‘E._’““ th k_'\)'“ (u[ ‘(“v\'}q '<| } —~7L ‘ﬂ!h QE)‘ —',f)l i :2('-;‘2/ -—)
: \
where Dy, = - -,_[_‘_‘).- etc. '000(32)
i ey

2 e will lie between * T/ to - 77/: and is tilt
of either the major or the minor axis. Using the value of
obtained from equation (32), one can solve £wo equations
of the form (31) for a and b, In case by a, the value
of - &¢ must be altered by 7/« and values of a and b must
be intefchanged. = can be altered by v if necessary
to keep it in the range O to 77 ,

The results of analysis are generally quoted with

angles measured from North in the clockwise sense,

II.4a.2(f). Definition of V¢ for anisometric patterns

Briggs et al defined Vc as the value of.Vc’ found



by aﬁ observer mcving with velocity .V, For such an obser-
ver, entire fading will be due to random changes in the
pattern, Vc' is defined as the ratio of shift in space
to the shift in time needed to produce on the average same
change in the value of correlation.,  For a stationary pa-
ttern, the time shift needed to reduce the correlation to

0,5 can be defined as the mean life time of the pattern,

Therefore
Falern size

Ve = ™mean LZife Hme

vee(33)

For an isometric pattern there is no need to
identify Ve with any specific velocity component in the
pattern, The ahisometric patterns were dealt by Phillips
and Spencer, however, Ve was not defined.by them for such
patterns, - In such cases Vc will be a function of direction,
As mean life time will be independent of direction, so Vc
for any direction will be porportionél to the correspon-
ding radias of the characteristic ellipse. As pattern
size and mean life time are not affected by V definition
for Ve will be same for a moving pattern.

Fooks and Jones (1961) gave the value of(ﬁ&g>\§/\/
where (Vc)v is the value of V. corresponding to the dire-

ctlon of V to indicate the effect of random changes,
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IT.4a.3 CALCULATION OF CORRELATION'COEFFICIENTS - OPTI~
MISATION OF SAMPLING INTERVAL, AND IENGIH OF RE ~
CORD :

IT.4a.3(a) - Sampling theory

In the theories concerned so far involving the
correlation coefficients, it is assumed that each record
is a sample taken from an infinitely long record with
auto-correlation coefficient., Due to finite length of
‘the record, errors will arise in the calculation of corre-
lation:coefficients represented by v

Lo Soper (1915) has derived the distribution of
sample correlation coefficients given by

: , — gy T
Toz el =]
/

- ] o~

0o (34)

and (P> 1P e «v.(35)

I R {

IN=TL o
where # = mean value of the correlation coefficients
¢(P)= standard deviation in the calculated corre-
lation coefficients. |
N = number of sampling points used in compiling

the correlation coefficients,

For large value of ™

P r : '000(36)

-



e (37)

In case of a finite length of the record a good

estlmate of variance ig

P

6 A= [ .. +(38)

UNZT

From this expression, it is evident that to in-

crease the variance, number of scaled p01nts on the ampli-
A tude record éhould be increased, However, there must

exist a number N such that scaling at more than N points
doesaapt decrease the variance, This N is called the
numbér of" independent points.

Bartlett (1956) has shoWn that the variaﬁce of a
computed correlation coefficient from a time series is

related to’the complete auto-correlation function by
. o .{J'D

it lmé )J %¥:/ L2 () dv

...(39)

where "7 is the length of the sample, Hence, if ampli-
tudes are scaled at intervals smaller than T/N, these
amplitudes are not independent of each other. Substitu-

ting the value of variance by squaring (r(,&)in equation

' vy 2 A . _ _
(l-p* )" L[ e% ey du
VS S — T yi . (40)
!l\‘ll - | -0
which gives N - W:Emmmwmmwmwwwff"fkw)~ + | eos(41)
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Maximum value of N occurs at 7" = 0 where (7 =1, hence

{"‘/ = - 5 | . (42)

-

/ vl 5 ) }
DR Jal
- “;__iv-] { (
~For a Gaussian form of correlation function {#( v )=

. ‘@ :Ac.{;; ( — )

1 ~ / :
Hence ¥ = 7] /\/Wﬁ b . ev o (43)

This gives the maximum number of points for in-
dependent amplitude measurements, Bowhill (1956) has
shown that average fading period for a Gaussian auto-

cor;é;atogram is given by

T
T, =
2 no. of maxima of the amplitude in
time T, :
= 3,63 b, .'Q(44)

Substituting this value in equation (43)

N = 2 (no. of maxima in time T). vl (45)

which shows that a record should be scaled at a number of
ordinates atleast twice the number of maxima occurring

on the record. Scaling at closer intervals gives no in-
crease in the accuracy of the estimate of the correlation
coefficient while scaling at wider intervals increases the

variance of the distribution,
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II.4a.3(b). Optimisation of sampling interval and length
of the record

The effect of varying the sampling interval for
. a given samplé record on the calculations of correla tien
coefficients has been studied for about 15 cases to Opti—‘
mise the sampling interval suitable for the general corre-
lation analysis of the fading records at Thumba., As the
fading. rates at Thumba show very large variations with
'fading rates as high as 100 fadés per minute, and as law
as b;actically zero, records of different fading rates
wéreﬁs;iected for this analysis, In a similar fashion
sample record was read with the-smallest sampling inter-
val (0.1 sec. in the present analysis) and correlation
coefficients were calculated by taking different lengths
of the sample record to find a suitable length of the re-
cord which would give reasonable reliability in calcula-
tions of the correlation coefficients. Examples of the
correlation coefficients caiculated from a fixed length
of the record with different sampling intervals are shown
in Fig. II.4,5 as auto-correlation curves, Similaa}y Fig,
IT1.4.6 shows auto-correlation curves of sample records
with a sampling interval constant bhut different lengths,
In Fig, II.4.5 are shown auto-correlation curves

of sample records of length about 48 sec each, Amplitude



sec., 0.2 sec., 0.3 sec., 0.4 sec,, 0.6 sec. and 1 sec, The
‘fading rates of the records chosen vary from 12 fades per
minute to 60 fades
per minute, Smgll

THUMBA 967 - deviations in the

18 OCT 0700 F 18_NOV 0300 F 4_0CT 0700 F
~

auto-correlation

Curves are noticed at

12 FADES/MIN

sampling interval

rosec. X

1,0 sec. fur records

2 NOV 1500 F 25 OCT 08100 IF : 20|NOY l7?0 f

_ with fading rates

06

50 FADES/MIN 60 FADES/MIN | of about 40 fades

06 _SEC.

48 FADES/MIN

AUTO CORRELATION COEFFICIENT
o
®

per minute and at

0.0 veere V ’
fﬁ f sampling interval
| L T B R B |
[ sec. for records
| :
| with fading rates
of about 50 fades
Fig. II.4.5, ' per minute and more

Converting in terms of samplings per fade, deviations in
the auto-correlation coefficients occur at sampling rates
of 2 samples per féde or ' less while for sampling rates of
3 samples per fade or more there is no difference in the
auto-correlation coefficiégﬁs except atA£he very large
time shifts., As these portions are in the 2ng peak of the

auto—correlation Curves and are not needed in the analysis
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of drift parameters one can safely take 3 samples per fade
in the routine amplitude T ~dings.  As a safety measure,
samplings at least 4-5 per fade has been used as the c¢riteria
-for the analysis of the fading records at Thumba.
The auto—correlationﬂpurves from different sample'
F.lengths are shown in Fig, II.4.6, Appreciable difference

is noticed if very .

small length of the
; record is taken but
20 oV s THUMBA (967. .
00 | :
Vv 1800 F 9 JUN 1000 E . 4-:%,&15'__ : as the 1ength is in~
o8 loste\\ 25 FADES/MIN - 37 FADES/MIN - |
06~ -+ - - .
ol | 1 creased the curves
30 7
40
2T seaves/min T " 1
2o 3 ssce| | come out to be more
Lozl + X 4 Bl
16 i . .
Soul- : il i s | and more similar,
; 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 L : .
'5 zsloc',r O'BOOIF : 20 NOV_i700 F . 9.{uulosolo F For a moderate fad-
gw- 50 FADES/MIN T 60 FaDES/MIN | 62 FavesiMin | _
Sl 1 i | ing rate (25-40) or
EM - -+ -+ 1
i 1 4 fast fading (% 40
00 /10 SEC 7§33 sec
20 > /20
w2l QS? Ng [ \§\%Z:fi— t\§“°- | fades per min,) a
<04l -+ -+ 4 1 .
o 0!4 Q!B I-Iz I-IS Z{D 0'-4 OI'B 1'-2 l-'S 2"0 0!4 o8 Iti I-'S 2"0 r e C Or d Of 20 S e C -

TIME SHIFT SEC.

| length is enough to
get reliable corre-~

Fig. TT 4.6 lation coefficients,

But for slow fading, it may not be as much reliable, In
terms of fadings, one can say that at least 12-15 fades

are necessary to get sufficient reliability.
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Keeping in mind the above consideration, the am-
plitude readings for the fading records at Thumba has been

divided. into the following categories namely;

(1) Very fast fadings ( 60 fades per minute)

| The records with fading rates 60 have been tra-
ced for a length of 20 sec. and amplitude readings are done
at each 0.1 sec, |
(2) Moderate fadings ( 30-60 fades per minute)
| The records with fading rates 30-60 are traced for
a length of 20 sec., and amplitudes are read at each 0.2
sec., interval,
(3) Slow fadings ( 15-30 fades per minute)

The fading records in this range have been traced
for a length of 40 sec. and'amplitudes are sampled at each
0.2 sec. interval,

(4) Very slow fadings (less than 15 fades per minute)

Records of this range have been traced for a len-
gth of 80 sec. and amplitude readings are done at each 0,4

sec., interval,

IT.4a.4, Comparison of different methods

" II,4a,4(a). As the correlation method of drift analysis

1s a laborious one it is rdt possible to use it on a Troutine



basis. vHowever, it is desirable to know the relation bet-
ween the actual steady drift of the diffraction pattern

.an ground and thebresults calculated by the routine method.
Deshpande and Rastogi (1967) have shown that apparent drift
‘speed and direction determined from mean time shifts bet-
ween similar fades of the fading records are almost same

as those obtained using time lags for the maximum cross
correlation between the pairs of tading records, Similar

analysis has been done for the data for 1967, Fig. II1.4.7

THUMBA 1967

i
|
j E-REGION F-REGION
| L
.' NNV  sIMILAR FaDE METHOD
i _ /BRI CORRELATION METHOD
w
o |- - Heo-
= .
x .
>
! [&]
! (&)
II ()
| w
‘ I
i =
_ =
i W
! (&)
! o«
i 73]
J Q.
: o] 100 200 300 0 100 200 300

APPARANT DRIFT SPEED IN M/s

Fig. II.4.7.
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shows the histograms of percentage occurrences for the
apparent drift speeds calculated by two methods. Histo-
grams for E-region and F-region have been computedfsepa—
rately. The area with crossed lines shows common reéults
while the area with single lines shows deviations from the
common .percentage, There does not appear much difference
in the results of the two methods, The nature of his£o—
grams remains seme for the two methods. Similar histograms

for the apparent drift directions are shown in Fig. II.4.8

THUMBA 196/

E-REGION F- REGION
| XY SIMILAR FADE METHOD |
— . W77ZZ) PEAK CORRELATION ]

METHOD

— _ 60}—

PERCENTAGE OCCURRENCE

60 80 100 240 280 60 80 100 240 280
DRIFT DIRECTION IN DEGREES EAST OF NORTH

Fig, IT.4.8.
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The bésic drift directions are same, that is a group of
directions centred around 270° and another centred at
900, but there is a tendency of the percentage occurrence
-gf the direction in the range 270 + 5° being more by‘the

time delay method.

II.4a,4(b). Apparent drift and anisotropic corrections at
Thumba

Phillips and Spencer (1955) have shown that serious
€rrors may arise when patterns are wrongly assumed to be
isometric. From an analysis of 15 records, they showed
that average errors in the direction was l5o while greatest
error was 53°, The ratio N /\/}had a mean value 0,9
and smallest Qalue 0.60 showiﬁg that while on the average
errors are not serious, individual error could be conside-
rably large. They further showed that the apparent dire-
ction @rL tends to lie in the direction of minor axes as
expected on theoretical grounds.

An estimate of the anisotropic corrections has
been made for the diffraction patterns at Thumba in the
year 1964, Over 600 reeords were analysed using the method
of Phillips and Spencer. AS“th? diffraction patterns at
Thumba are highly elongated along N-S (the axial ratios

for the diffraction patterns at Thumba for the period
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January - December 1964 range from 1 to 10 with mean value

correction in the direction ( ¢ - ), ratio\Ja/\/f

and the quantity (o ~¥ ) were computed for eachpattern

and grouped in three ranges of axial ratios:

(l) A ~<\ /f'*‘ ﬁ\{/ }
(2) 2 S A2z
and (3) Rz

For a particular group of axial ratios, correction.

factors ¢?~ ¢a_and \ﬂu/\//were calculated in different

ranges of the parameter ( $a-\¥). Figure II,4.9 shows the

[ THUMBA |964 effect of r

EXPERIMENTAL POINTS

and the factor

90

(Ba~¥)°

Fig., I1.4.9

( ¢n”“w'> Oh

e 4=2
X A=2T03
0 a4=D>3 the correctic::.
bf direction,
AN
o . \*§g% The points
< -]
~ o lotted show
‘?\ \8\.\0\—/ n/;\b/){ il i )
B0 N i the correctiocns

as observed
while curves
represent the
theoreti.al
estimates of

-

i
[
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the correction as a function of axial ratio T and (@a;MWQ.
Thus for a particular value of (¢h1~‘¢’) Correction in-
creases with the velue of r, Corrections as high as 6C°
have been observed. Highest correction théoretically=
prssible is 90° for r = a¢ , and P~V = O ¢2 T that
is when motion is along the elongation and is unable to be
detected, There is no correcfion,for(ﬁm-—\V = 90°,. For
any particular value of r the maximum correction occurs
: at a certain value of ¢;(~*f’, let us call it g ; the
maxima occur at & and 7T -~ &, with thé increase of =,

© decreases approaching O at A= ¢ ,

The factor \Ax/\/’as a function of r and O$a**%ﬁ>

is shown in Fig. I114.10, There is no correction at
(thy =9 ) = 7/5, Theoretical curves show maximum corre-
ction atzﬁﬂ-"%‘ = 0 or 180° for r = @ when motion

is along the elongation. From experimental values corre-

ction factor as low as 0.50 has been observed.

It should be remarked that corfections of this
order are very rare statistically. Most of the points lie
around #ﬁ ~\ = 90" where correction is very low, Histo-
grams have been computéd for -\, ¢'” ﬁc; and \hi/\// amel
are shown in Flg. II.4,ll as percentage occurrences.<ﬁq”kfy

generally ranges from 20° to l6OO_with median value 95°,
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on 80% of the occasions, it lies between 70° and lldo

/ The correction in direction ranges from -30° to
30° with median value -5°, The correction is W1thln i 10°
on mcre than 50% occasions. .. |

The correction factor \QR/\// ranges from 1,0 to
0,6 with a median valﬁe of 0.98, on 80% occurrences it is
within the limits .95 to 1.0,

Thus even for the highly elongated diffraction
.»patterns obtained at Thumba, there is no siginificant
error introduced in the determination of apparent drifts, .
because of the tendency of the drift along.the minor axis
of the pattern,

Further as already shown the apparent drifts cal-
culated by mean time delays are not significantly diffe-.
rent frqm.thdse calculated by correlation peaks, the rou-
tine analysis from mean time delays is justified. Only
other parameter that remains to be evaluated is.\éy/N’to '
find the relation between steady drift of the pattern and
apparent drift. Next sub-chapter describes the correlati on

analysis done at Thumba to study the relation between true

drift speed and the apparent drift speed,



- CHAPTER - II,4(b) - STEADY AND RANDOM DRIFT CCOMPONENTS AT
THUMBA '

INTRODUCTION

As described in the previous section, the drlfts

calculated by mean time delays or by peak cross correlaw

tion lags are in general higher than the steady drifts of
the pattern, The differences arising due to the contri-
‘butions in fading of the changes in the ground diffractién
pattern as it moves past the observing points. The rela-
tionship between the apparent drift and the_steady drift

is given by the equations

H '/7\ 1 o
Ve =V aY vl (1)

Where\%j is the fading velocity as defined earlier and Ve
the random component of the drift., The ratio\é/\/ has been
1nterpreted as the factor showing the relative stability
of the diffraction pattern as it moves. For a pattern
moving uniformly without any changes in it, ( \éy/\/) is
zero and for such a‘case‘\/! =N,

In general the qﬁantitiés \// and V are related
by the relationship . . .

viooowv 31 + (f%- >W | ++(3)
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which shows that ' is in general greater than \/ depend-
ing on the ratio‘v&/\/. As it is not possible to deterﬁine
all drift parameters on a routine basis, time delay method
has been employed on day-to-day basis, However, it is:
essential to know parameter Ve [vand its variation with
solar time, so that apparent drifts can be connected to
actual drifts. o |

A study of the steady (\/) and random (\/ ) compo-
nents of drifts was dbne for the Thumba data in the year
1964 and results are described by Deshpande and Rastogi
(1966), The method of Briggs et al was applled to about
800 records, An average value 0.91 of the ratio Mtw/\/ was
obtained for E-region and 0,81 for F-region records. Daily
variation of \, and \/ was of same nature during each sea-
son. | .
The ground diffraction patterns were found to be
elongated along N-S direction with mean axial ratio (r) of
the order of 3 for both E- and F-regions, when size and shape
of the patterns were calculated using the method described
by Fooks (1965), OWlng to the high elongatlon of the
patterns obtained at Thumba, the analysis of r ecords is
redone using Phillips and Spencer method which takes into
account the anisotropy ofvﬁhe pattern, The method consists

of evaluating the characteristic ellipse parameters and
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then various velocities can be calculated as desepibed in

the last section,

(value of VZ/M’has been given for the

direction of drift following Fooks and Jones, 1961),

11,4b,l, True drift parameters in the vyear 1964

Figure II,4.12 shows the histograms of the percen-

tage occurrence of the ratio Vk./\/ along the direction -of

THUMBA 1964
E- REGION F—REGION
T T T
WINITER
L MEDIAN |, MEDIAN _|
0-8l 0-52
Ll
O
=
o
o EQUINOX |
) 076
U —
(&)
O
w SUMMER,|
O 0-82
<C
- —io _
<
w |
O ANNUAL
{'E 20 070 |
0_ -

30

Fig, II.4.12

drift for each sea-
son, This ratio
shows the relative
impoftance of the
random bhanges of
the pattern to the
steady drift., Indi-
vidual values range -
from nearly zero to
more than 3,0. The
median values of this
ratio are 0.95 for

the E~region and

0.70 for the F-re-
Thus the appa-

gion,

rent drift speeds for

the E-region are 1.9 times the true drift speed while for the



F-region they are 1.5 times the true drift speed,

This

means that the random changes in the diffraction pattern

are more in case of E-region reflections, or the irregu-

larities are less stable in the E~region,

the median values of \Q/\/

and 1.06 for winter,

Seasonally'
for E-~region are 0.81, 0.97

equinoxes and summer respectively,.

For F-region, the values are 0.52, 0.76 and 0.82 respe-

ctively in different seasons.

Thus the ratio Vt/v’is mini-

mum during winter season and maximum during the summer

seasonr,

correction W

The apparent drift speed without anisotropic

as calculated from the correlatien peaks

which is more or less the same as that calculated from

mean time délays, the true drift speed V and the true

drift.direction @
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in each season are shown in Fig. II.4%13.
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as histograms of percentage occurrences. Histograms for
V. and NV have been computed in the speed steps of
20 m/sec each, ‘i ranges from 20 m/sec to 400 m/sec while
values of vV range from less than 20 m/sec to 300 m/sec.
The histograms for \, show scatter in the high speed
.ranges which are removed in the histograms for \V , The
median values of Vu are 139 m/sec for the E-region and
154 m/sec for the F-region, Corresponding values of true
drifts Vv are 74 m/sec for the E-region and 98 m/sec for
F-region, which give the ratio \QL/\/ as 1,9 for the E~
region and 1.6 for the F-region, The median values of
for different seasons, winter, eduinoxes and summer are
149, 149 and 120 m/sec for E-region and 161, 160 and 142
m/sec for F-region respectively, Thus for both E-~ and E-
regions apparent drifts are lowest during summer and equal
during winter and equinoxes. Referring to the median
values of V' , they are 83, 75 and 63 m/sec for the E-
region and 107, 101 and 88 m/sec for F-region during indi-
vidual seasons., Thus the true drifts are also lowest during
the summer season, However, ;rﬁe drifts are highest during
winter in contrast to edual values of apparent drifts du-
ring winter and equinoxes, This being because of the fact
that the ratio \Q,/V’is iowest during the winter season.

True drift direction d) is mostly towards West,
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TABLE-T1.4.1

Daytime drift parameters during 1964

Apparent drift speed True drift speed
“a (in m/sec ) v (in m/sec )

e o e ot e e s —

Ratio random to

= 3
Period Counts : steady drift WA,
Mean Med. Mean Med. Mean Med.
E-REGION - 2.2 Mc/s .
“intex 144 163 + 8 149 92 15 83 1.04 + .04 .81
Equinoxes 86 177 + 10 149 78 + 5 75 .17 + 07 97
Summer 120 166 + 5 120 71 + 4 63 1.33 + .09 1,06
Annual 350 169 + 8 139 80 + 5 74 1.18 +..07 .95
F-REGION - 4.7 Me/s
Winter 70 165 + 8 161 110+ 5 107 0.5%2 + ,05 .52
Equinoxes 91 188 + 11 160 115 + 9 101 1.08 + ;13 .76
Summer 105 177 + 10 142 96 + 6 88 1.10 + ,09 .82
‘Annual 266 177 + 10 154 107 +7 ¢ 99 0.92 + .10 .70

1 ’y/’
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Histograms for ¢ have been divided in small steps of 10°
each. Over 9% of occasions, dlrectlon lies in the range
235° to 315° measured East of North while over 65% occa-
sions it lies in the range 270 + 15°, There is no seasonal

effect whlch could be observed,

IT.4b.2, Daily variations of drift parameters during 1964

Daily variations of the ratio \éj/v and Vv during

daytime hours (07-18) are shown in Fig, II,4.14, There is

F- REGION

THUMB A | 964
RATIO RANDOM TO STEADY DRIFT Vc/\r TRUE DRIFT SPEED =y
{ E-REGION E-REGI F-REGION

T TTT7 IIIIlIlIlIIlIIIIllII

L] [+] 12 14 16 18 B o 2 H. 16 18 B 10 12 14 16 [[] L] 10 12 14 [ 8
HOURS N LS.T - HOURS IN' 1.8.7

Fig., II.4.14
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no 81gn1f1cant systematlc variation in the mean values of
\4/\ which could be observed for either of the regions,
Daily variation of true drift speed V' is practically of
same nature as of the apparent drifts obtained at Thumba,
7 Fdr the E-region, the nature of the variation is different
during the winter season. There ig makimum at 08 hrs.
followed by decrease till 14 hrs. and then again an increase
in the evening hours, During equinoxes and summer there is
a8 maximum at 08 hrs, followed by slow decrease till evening,
The range of variation is least during summer for any of
the regions, Peak value of mean drift speed obtalned in
the E- ~region is about 125 m/sec during the w1nter, about
100 m/sec during the equinoxes and about 85 m/sec during
summer . Correspondlng values for F-region are about 140
m/sec during winter, about 180 m/sec during the equinoxes
and about 130 m/sec during the summer season.

_ Daily variation of the mean drift direction is shown
in Fig; IT.4,15, The drif: direction is Westward throughout
the daytime hours (07 to 18) for both the E- and F- regions,
Annual picture shows drift direction for both the regions
centred about 270° ¥orth of-East with departures upto + 10°
at individual hours . Drift dlrectlon lies North of West
before noon while it is South of West in the afternoon.

Seasonally in the E—regioh, there is a tendency of drift
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direction to lie North of West during winter, along true

West during equinoxes

THUMB A | 96 4
L N
200~ WINTER o ,
ngﬁmmww;\ /\, ring summer, In the
-~ . 265 G~0=0 —~ , .
5 a0 o 4 F-region, there ig no
1] o - .
o 275 EQUINOXES .
& 0@ W/\aww y " such seasonal diffe-
Z 265 No. & ° im"*@.@,w '
= A )
G 2750 SUMMER e ] o A rences, However, South-
12 270 l\ o7 \\ 2 e n [ 4 H
o Y / Ay PX-2a4 G- VAR / N\
265~ ©-% @ - [ \ ) C
EZJL \/ x\ . ° \.: ward component is ob-
z N 9
o zao - ) . .
a ANNUAL ] ° I served in the evenin
|- g D s NI o, Ao’ \o\. . i g
1 N BN )
| E::Ztrf!*ﬁ‘v—v—m—r—!j ri7 - hours during any of
16 18 10 2 14 i6 8 .
HOURS 1.'5.T. - the seasong,
Fig.II.4.15.

IT.4b,3, True drift parameters during the vear 1967

The correlation analysis was applied to more than
800 fading records taken during the year l967, out of these
a large number of records were taken for the F-region to
étudy the complete daily variation in the F-region drifts,

True drift parameters for the Efregibn are shown
in Fig. 1I.4.16, Referring to the parameter Va its median
values are 100 m/sec during\Ninter, 115 m/sec during equi-
noxes and 83 m/sec during the summer, True drift speed (V)
for the corresponding seasons are 78, 75 and 65 m/sec.
respectively (median values). Thus again one finds the

lowest drift speeds to occur during summer, The values of



the ratio‘%;/\/are 0.56 during winter, 0,70 during the

|
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Fig, II.4.16.

equinoxes and 0,65 during summer. Tt should be noted that
“the ratio Ve [~/ was lowest during winter in the year 1964
~also., The direction of the true drift is mainly Westward
lying in the range of 235° t5 305° measured from North in
the clockwise sense. Dufing the seasons winter and equi-

noxes,; more than 50% of occasions, the drift direction lies

'



TABLE-TI.4.2

Davtime drift parsmeters at Thumbs during 1067 -

E - REGION 2.2 Mc/s

Apparent drift  True drift m%mmg Retio random +o steady

Period Counts speed Vg (in ™ (in m/sec . drift i /v
. m/sec) Mean Med Mean Med
Mean Med
Winter 36 112 + 8 100 80 + 5 78 .58 + .05 . 56
,m Eguinoxes 51 125 + 10 115 77 +5 75 -78 = .08 .70
3 :
— Summer 67 93 + 6 83 65 + 4 65 .76 + .08 .65

Annual 154 105 + 8 93 74




iﬁ the'rahgé 270 + 5 and is in the range 265° to 285
on about 8Q/ occaslons.w During the ‘summer, the percentage
mof occ351ons in the range 270 + 5° is less than 40% and in
"the range 265%, 285%less than 50%, - A marked difference
dﬁfingisummer season is Eastward drift on about 35% of
occasiézéibAMosf of such Fastward drift directions are ob-
served either in the morﬁing hours or in the evening hours,
Similar histograms for the parameters of true.
drift in the F-region are shown in Figs. II,4.17, I1.4.18
and I1.4,19, The F-region histograms have been computed

THUMBA (967 F REGION separately for daytime

FREQ. 47 Mc/s
DAY-TIME NIGHT~TIME (07 to 18 hrs,) and

nighttime (19-06 hrs.),
In Fig. II.4.17 are
shown the histograms

of percentage occurren-
ces of the ratio Ve /v ,

Histograms have been

PERCENTAGE OCCURRENCE

computed upto a ratio
3,0 but there are only

a few values of V¢ /v

J 0 .o 20 30 0 1.0 20 3.0 ‘
{ RATIO /v ‘ beyond the value 2,0.
The median values of

Fig. I1,4,17.7 this ratio in daytime

are 0.56 for winter, 0.46 for equinoxes and 0,59 for the
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summer'seasdn. Corresponding values in the nighttime are
0.38 during the winter, 0.38 during the equinoxes and 0,56
during summer seasons. Thus, the daytime values of VQ/\/
are the higher one than the nighttime values during any of
the seasons, Seasonally the values seem to be highest during
summer for both daytime as well as nighttime, Histograms for

Neocand N are shown in Fig. II.4,18. The histograms for \/

THUMBA 1967 F-RESINN
FREG. 47 Mc/s

DAY- TIME NIGHT-TIME DAY-TIME

T WINTER

20 -
MED. 11 MED. 119
}o

NIGHT-TIME

PERCENTAGE OCCURRENCE

200 300

0 loo 200 300 400 © 100 200 300 400 O 100 200 300 0O 100

' ! APPARANT DRIFT SPEED Va IN M/s TRUE DRIFT SPEED V IN M/s

Fig. II.4.18

show scatter in the higher side of the histograms which are’
smoothed out in the histograms of true drift speed V

This is expected as records with high values of Va/v give
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rise to very high apparent drift Qpeeds The median values
of apparent drift speed M in the daytime are 139 m/sec.
during winter and equ1noxes and 120 m/sec during summer
while in nighttime it is 119 m/sec during winter, 130 m/sec
during equinoxes and 100 m/sec during summer.. Thus the
apparent drift speeds are equal in the daytime and nighftime
during winter. During the equinoxes,.nighttime values are
higher while during summer daytime values are higher,

True drift speeds after anisotropic correction and

separation of random components are reduced by about 25 to 30%..

During daytlme the true drift speeds are 85 m/sec during.
winter, 90 m/sec during equinoxes and 81 m/sec during
summer, Corresponding values in the nighttime are 98, 102

and 67 m/sec reépectively. Thus drift speeds are highest

during equinoxes and lowest during summer for both daytime
and nighttime periods, However, the dif%erences are quite
less in the daytime.

The histograms for the F-region drift directions
are shown in Fig. I1.4,19, During daytime, the direction
is closely Westward with more than 7004 of occasians lying
in the range 270 + 5° during winter, about 60% of oceasions
duriﬁg equinoxes and about 500 of océasions during summer,.
On feW occasions, there is Eastward direction for the dfift
which is maximum during the summer season (about 20%) and

least during equinoxes (about 4%). This Eastward drift



i
b
~
@)

THUMBA 1967 F-REGION
FREG 47 MC/S

ORIENTATION OF MAJOR AXIS

TRUE DRIFT DIRECTION ¢
; DAY-TIME NIGHT-TIME

DAY-TIME NIGHT-TIME

MED. -4

T TT
[ N I |

T

L

f

rT 1711
TR I I R S |
N
o o
LI S B R
U
.
| T T A |

171
0
|
n
L1 ]
& @
o o
T
.1
~
et ]

20

-
s

1
w

pod
LI l’_l
s
o
T 1 17T
I T Y

L1 1%

s 100 240 280  gp 00240 280  -3p [ +30 -30 o +30
. @ IN DEGREES EAST OF NORTH Y IN DEGREES EAST OF NORTH

Fig. II.4.19

IT.4b.4, Daily variations of true drift

¥

during daytime hours which is quite'significant during

equinoxes (ébout 49%) .

This Eastward drift
during daytime hours
which 1s quite significant
during summer is as‘a
result of 1ate‘rever—

sal of drift direction

in the morning and early
reversal in the even-
ing. Nighttime drift
direction is again East-
ward with‘75% of occa-
sions direction’ lying
within the range 270 +
15°,

parameters during

1967

Daily variations of the true drift speed V

and

the ratio \0/\¢ for E-region are shown in- Flg I1.4.20.

As the records analysed for E-region are only about 150 sea-

sonal study is not done.

The daily variation of true drift

speed \/ shows a rise in the morning reaching a maximtm at
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08 hrs. ‘It is followed by decrease till noon, Another
increase is observed in the evening hours. The daily vesria«

tion of /v

- does not show
THUMBA 1967 E~REGION 22 MC/S  any signifi-
TRUE DRIFT SPEED-V VelV cant change.
Q
W 80 N -1 .0 . It remains more
E ®
om0,
E]J ; \ ¢ °\./°\. /. /\0 or less steady
$ 60%— ’"0\ S 1 F ™ —os .
= > /ﬁ" in the range
> 4oLl L 1 1 | L1 1 o, 0.60 to 0.90.
.8 10 12 14 16 18 8 10-12 14 16 18
: HOUR I.S.T. : -The VaerS at
13 hrs. and.

14 hrs. seem

Fig. II.4,20, to be quite

low but as the observations around noon_time are very few
ih the E-region due to the insufficient power of the trans-
mitter importance should not be given to these points.

The diurnal variation of the true driftAspeed V and
the ratio VC/V for F-region are shown in Fig. II.4.21. Nature
of the variations for both the parameteréare same during any
of the seasons. Referring to the annual variation for v,
its value decreascC from midnight upto 04 hrs., there is(
sudden increase at 05 and at 06 hrs. The value decreases
suddenly reaching minimum at 07 hrs., Another maximum is ob-

served about noon. There is again slow decrease till eveninn~



TABLE-IT.4.3

Drift parameters at Thumba during 1967

F - REGION - 4.7 Mc/s

'l.l.ll.ll.nlll'll..llll..I.|l'llllllnllll.llllIl'..l..lll'lvlnl.l..ll..ll..ll..l..l.l.alllll.lllll.lllu||.|.|.|!.||u.||ul.|..||.|.ll|..|||..lln

- Apparent drift speed The drift speed V Ratio random to steady -
Period Counts V_ (in m/sec) - (in m/sec) drift <o\<‘
Mean Med Mean Med  Mean . Med
DAYTIME
e Winter 121 130 + 4 119 89 + 4 85 .63 + .03 .56
N Equinoxes 159 125 + 5 119 90 + 3 90 .58 + .04 .46
~ :
- Summer 105 126 + 5 120 82 + 3 81 .70 + ,05 .59
I . . ’
Annual 385 127 + 5 120 87 + 3 85 60 + .04 .52
NIGHTTIME
Winter 59 130 + 7 119 103 + 6 o8 47 + 05 .38
Equinoxes 119 155 + 7 130 107 + 4 102 .95 +.,06 .38
Summer 73 134 + 9 100 75+ 5 67 63 + .08 .56
Annual 251 140 + s 116 95 + 5 89 .55 + .07 .44
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Once again maxima is observed at about 22 hr. in the night,

[ 3 ) _ i The values of V
| THUMBA 1967 F-~REGION 4.7 MC/$

! TRUE DRIFT SPEED— V  RATIO w/V are plotted irres-

pective of the

120

T T

80 . .
direction to make

40
a comparison with

OND

the variation of

© ~
o o
é l

VC/V. Diurnal

T

variation of VC/V

RATIO V¢/V

shows much smoother

variation with

maximum value

TRUE DRIFT V IN METER PER SEC

around noon and

minimum value dy-

HOUR LS.T. ring night hours,

Fig. II.4,21 A sudden lncrease

is observed at 19 hrs. during any of the season. Thus the
daytime\apparent drifts will be much higher to the true
drifts compared to nighttime apparent drifts,

As the true drift direction is alwéys true West or
East, harmonic analysis was applied to the E-W‘component of
true drift only, 1In Fig., II.4.22 are shown the mean diurnal
variation of the East-West component of true drift speed.
Open circles represent the mean values at different hours

and the smooth curve is built up from the first four harw
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monics of the Fourier analysis. The coefficients of first
four harmonics are given in Table Id4. Nature of the curve
,,,,, is mainly

- { diurnal with

maximum East-

EAST

ward drift at
23.00 hr., and

maximum West-

ward drift at

EQUIN

g

|
[
o
]
WEST «— —> EAST WEST €«— —>

10.00 hr. An

important fea-

100

E-W COMPONENT OF TRUE DRIFT SPEED I M/S
T
|
T
|

! ture of the

n
H

24 o 6 12 18
HOUR I, S.T.

°
)
~
®

daily varia-
tion curve is
Fig., II.4.22

a significant
increase in the drift speed prior to morning reversal which
is observed in each season, .Similar increase seems to
occur before evening reversal during winter and equinoxes
but is not observed in summer season. Morning reversal
occurs shortly before 07 hrs, during winter and equinoxes
and shortly before 08 hrs. during summer. Evening reversal
occurs shortly before 20 hr, during\&nter; shbrtly after
20 hr, during equinoxes, and shortly before 19 hr. during

the summer, Thus Eastward drifts are observed for longest

time during summer while Westward drifts are observed for
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Equinoxes
1967

Summer
1867

bb:dmw

ImHaonwo coefficients of the dail

 TABLE-IT.4.4

y variation of the E-W

maxima Hznnllnlilnllllnuwllwr

Morning
reversal
hour

6.8

7.7

Evening
rever-
sal hour

20,4

18.5

component of true drift speed at Thumba.
lllllllllllllllllllllllllllllllllllllllllllllll Time of "maximz~in
>5bwwﬁcum in m/sec hour (Local time)

Qo 41 = L P ¢,  dz b,
m/sec E\mmo m/sec m/séc m/sec  hour hour hoUr hour
-3 124 15 36 14 0.7 1.0 5.6 4.6
-9 122 27 28 20 1.2 2.4 5,9 5,1
-3 96 24 21 28 1.4 6.0 5.6 3.6
-5 114 11 28 18 1.1 w.N 5.7 5.3

1967

20.0
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1Ongest time during equnoxes.
| The amplltude of the first harmonic is 124 m/sec
during Winter, 122 m/sec during equinoxes and 96 m/sec during
summer respectively with maxima occurring around Ol hr. in
each Season. The second, third and fourth harmonics are
of COmparable order ranging from 15 m/sec to 35 m/sec in

different seasons,

IT.4b,5, Comparison of true drift parameters in the vears
- 1964 and 1967

A comparison of the true drift speed V and the

ratio V /V in the years 1964 and 1967 can be made from

| Tables, I1.4.1, I1.4.2 and II.4.3. Number of observations,
mean values with probable errors and the median values for
each season are quoted in the table, Referring to the E-
region the annual mean values for the drift speed V are,
80 + 5 m/sec. in the year 1964 and 74 + 5 m/sec. in the

| year 1967 while the median values are 74 m/sec and 73 m/sec.
Tespectively. Thus there is no significant difference bet-
ween the drift values in the years 1964 and 1967. Seaso-
nally oné finds a decrease in the drift speed in the year
1967 during winter secason while there is no difference during
equinoxes and summer, The drift speeds are highest during
winter‘and_lowest during summer in both the years.,

Annual mean value for %/V is 1,18 + .07 in the vyear
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1964 and .69 i1.07 in the yeér 1967; the median values are
.95 and .63 respectiVély. Thus there is appreciable de-
crease in the Iatlo \Y% /V from 1964 to 1967, which shows
that the random changes in the diffraction pattern are less
in the vear 1967. During any of the season V /V hgs lower
values in the year 1967. The values of V /V are lowest du-
ring winter season in both the years while higher values are
observed durlng summer than during equinoxes in the vyear -
1964 and comparable values are observed in the year 1967,

Roferrlng to F-region, the drift speeds seems to be
higher. in,the year 1964, The annual mean values for the
years 1964 and 1967 are 107 £ 7 m/sec and 87 + Z p/sec
respectively while the median values are 99 m/sec and 85
m/sec respectively. There is decrease in the drift speed
in the year 1967 for each season, In the year 1964, highest
drift speeds are during equinoxes znd lowest during
summer, but in the year 1967 drift speeds are equal during
winter and equ1noxas with lowest speed during summer. The
values of VC/V show a decrease in the year 1967 during any .
of the seasong, Annual mean values for the year 1964 and 1967
are .92 + .10 and ,60 '+ ,04 respectively, The median values
are ,70 and ,52 respectively, |

It may be concluded that the ratio v /V has lower
values in the year 1967 for both E~ and F-region records,

E-region values are higher than the F«region values during
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‘each season of both the years showiﬁg that the diffra-
“¢tion patterns are more stable for the F-region mflections..
True-drift speed in the E-region does not show any signi-
ficant difference from 1964 to 1967 but a decrease in the

true drift in the F-region is observed for the year 1967,

II.4b.6, Compprlson with the results obtalned at other
equatorlal stations n

True drift parameters have been computéd»using
correlétion analysis at the equatorial stations ﬁamely
Ibadan (Skinner et al, 1963), Tamale (Koster and Katsriku,
1966) ;and Waltair (Rao and Rao 1963). The résults obtained
for these stations are quoted in the Table II.4.5. For
- comparison, the results obtained atvhigh latitude station,

Cambridge (Fooks and Jones, 196l), are also quoted. The

true drift speed V is found to be higher at stations near
the magnetic equator. For the E-region in daytime hours

the true drift speed is about 80 m/sec at Thumba, 67 m/sec
at Tamale and 55 m/sec at Ibadan showing a gradual decrease
in the drift speed away from the equator. The true drift
speed obtained at Waltair is about 80 m/sec. However, while
at Thumbakand Ibadan the values of true drift speeds are
much less than the corresponding apparent drift speeds,

they are equal at Waltair, eveh though the ratio VC/V;is

quoted to be 0,71, Similarly, the daytime F-region drift
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speeds are higher near the magnetic equator except at
Walfair where true drift speed is agaih higher than appa-
rent drift speed. It should be remarked that the true
drift quoted for Waltair is higher than the apparent drift

and is not understood considering the ratio VC/V to be 0.67.

The mean ratio VC/V is found to be 0,9 - 1.2 at
Thumba in the year 1964 and 0.6 - 0,7 in the year 1967,
For Ibadan and Tamale also, the ratio vc/v is etween 0,6 -
0.8. Thus, in general, the value of VC/V in the equatorial
- region is in the range 0,6 - 0,8 which shows that the steady
drift hag got more contribution in the fading pattern obta-
ined on the ground, At each station, V./V is found to be
higher for the E-region.

Skinner et al (1958) have studied true drift at -
Ibadan during IGY period, They obtained drift direction
to be Westward during the daytime and Eastward during the
nighttime with reversal occurring at about 06 hr. and 19.30
hr. From the fLarmonic analysis of the true drift speeds
in the F-region, they obtained the amplitude of the first.
harmonic 99 m/sec on quiet days and 68 m/sec on distrubed
days. Further the amplitudes of the first harmonic in the
seasons winter, equinoxes and summer were 112 m/sec, 97
m/sec.and 76 'm/sec respectively for quiet days: 85 m/sec,

66 m/sec and 56 m/sec respectively for the disturbed days,
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the maxima in each season occurring at about Ol hr. These
results are in good agreement with those obtained at

Thumba, The maxima occurring at Ol hr. with first harmo-

4ni¢ amplitudes of 124 m/sec, 122 m/sec and 96 m/sec respe-
ctively in the seasons winter, equinoxes and summer.

Morris (1967) has studied the true drift speeds at
Ibadan during IQSY., .The nature of variation remained same
withchange over of direction occurring at about 06 hr. in
the_mofning and at about 20 hr. in the evening. However, the
magnitude of drift speed was significantly lower than that
obtaired “y Skinner et al during the IGY period. The diurnal
curve shown by them shows similar variation as that at
Thumba with increase in the drift speed before reversal in
the morning and suggestion of similar increase before the
reversal in the evening, Maximum daytime velocities were
found to occur in January and minimum in May while maximum
nighttime velooities occurreq during equinoxes with minimum

in June. Time of occurrence of the maximum daytime velocity

‘was found to be earliest during equinoxes and latest during

summer .,
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TABLE - IT1.4.5

Comparison of the true drift parameters at different

stations
Station Mag.Lat. DPeriod of Region Counts V_ V V./V  Reference
-5 .3 S S
Thumba 0.3% 1964 E - Day 350 169 80  1.18
F - Day 266 177 107 0.92
1967 E - Day 154 105 74 0,69
F - Day 385 127 87 0,60
F - Night 251 140 95 0,55
_ Tamale 0.6°s Feb -Mar. E - Day 43 67 0.8 Koster and
L 1962 F - Day 83 115§ 4 5 Katsriku (1966)
o | F - Night 38 70 . o
ol Ipadan _ 3.0% IGY E - Day M o 55 0,8  Skinner et al
. : - _ F - Day 1000 70 0,6 (1963)
i F - Night }
IGY E - Day 24 Skinner et al
. F 25 - (1958)
Waltair = 11°N Sum. 60 E 75 80 79 0.71 Reo and Rao
Win. 61 F 95 87 93 0.67 (1963) A
Cambridge 50°N Mar -Apr. E - Day 39 0.08  Fooks and Jones
: 1955 F - Day 37 1.2 (1961)
Feb 1958 F - N.ght 35 0.7
Ashkhabad 36°N 1960 mm 0.9 Mirkotan (1962)
Moscow 1959 F, 1.6 Mirkotan (1962),

[



 CHAPTER IT.4c. - SIZE AND SHAPE . OF THE IONOSPHERIC TRREGU-
— LARITIES AT THUMBA

Introduction |

;

A study of the parameters of the characteristic
ellipse such as axial raﬁio r, orientation Y and the
semi-minor axis b, whigh represent an average size of the
diffraction pattern on dfduhd, was made for the daytime
E- and F-region reflections at Thumba in the year 1964. The
resﬁlts obtained from the analysis folloWing Fooks (1965) have
been described by Deshpande and Rastogi (1966), The patterns
were found to be aligned almost along the magnetic N-S; on
about 60% of occasions, the major axis was found to be w;?h~
in 10° from the magnetic N-S for either of the E- or F-
regions, The patterns were highly elongated with mean
axlal ratio of 3.16 and 3.24 for the E- and F-regions res-
pectively., The semi-minor axis b having a mean value of

105 meters for the E—regioh patterns and 99 meters for the

F-region patterns,

‘Seasonal study of the anithropy parameters for the
daytime E- and F-region reflections in the year 1964 has been
described by Deshpande in his Ph.D. thesis. The mean axial
ratio was found to be maximum in summer for both E- and F- |
regions. No significant difference was observed in the

mean values of b in different. seasons except that the mean
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value of b for the F-region records during winter sea-

son was smaller than those of other seasons.
!

IT.4c.1l. Anisotropy parameters during 1964

The anleotropy parameters of the records analysed
earlier were redone when the method of qulllps and Spencer
(1955) was applied in the determination of true drift velo-
cities, The only difference in this method and that descri-
bed by Fooks (1965) lies in the fact that while the first
one reads the correlation values at time t = 0, later one
calculates them from the peak portlons of the correlatlon
curves glv1ng statlstlfally better results. The results
obtained are described here and compared to those obtained
by earlier analysis.

The individual results for the parameter Vo, T
and b at different hours are first collected together sea-
sonally for both the E- and F-regions, Histograms of per-
centage occurrences are computed for each parameter in
different seasons and are shown in the Fig. II.4.23; The
mean and'median values alongwith the number of observations
in each season are collected in Table 1I.4.,6.

Referring to the Fig, II.4.23, there are no sea-
sonal differences in the histograms for the orientation\y,
its values ranging from 30° West of:geographic North to 30°

East of the geographic North. The annual median values
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being 6° Wesf of North in case of E-region and 4° West of
North iﬁ case -of F-region, Taking into consideration that
the declination at Thumba is -3° (West of geog. North) it
can be concluded that thé diffraction pﬁfterhs obtained at

Thumba are almost magnetic field aligned. The annual mean

i
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Fig, II.4.23

: o
values of \/ are -4.0 l,5°‘for the E~region and -3 + 1.0

for the F-région measured from the geographic North., -



TABLE-T1.4,6.

g

Daytime anisotropic parameters at Thumba during

1964,
. Semi-minor axis b . . - Orientetion of characte—.
Period Counts (in meter) bxwmw\mmﬁwo ristic ellipse in degre.
......................... Cmemo____8%S_cach of North
Mean Med Mean Med  Mean Med
E - REGION - 2,2 Mc/s
Winter 144 99 + 2 08 3.2 % .2 2.4 356 + 2 353
. Equinoxes 86 102 + 5 ©95 2.9 £ ,2 2.4 356 + 2 354
- Summer 120 115 + 5 102 4.0 £ .1 3.7 355 + .5 355
ry) . : ) .
3 Annual 350 105 + 4 08 3.4+ .2 2,7 35 + 1.5 354
T o - A F- REGION - 4,7 Mc/s
Winter 70 . 90 + 3 87 3.0 + .3 2,9 357 + 1 356
Equinoxes 91 105 + 6 o1 2.8 £ .2 2.5 358 + 1 356
Summer 105 105 + 7 94 3.9+ .2 3,6 35 + 1 355
Annual 266 100 + 5 91 3.2 £ .2 2.8 357 %1 356
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The axial ratio 'r' at Thumba. is found to vary in

the range 1 - 12 most of -the values lie in the range 1-4,
The scatter in the highef axial ratio side of histograms

1s rare except in summer when significant percentage lies

in the higher axial ratio groups. The median values of the
'axial’ratios for the E~ and F—regions for the whole year |
are 2,7 and 2.8 réspectively Thus the aAlal ratio of the
patterns formed due to the reflec:tlonc from the E~ or F-

regions are nearly same. The median values in the indivi-

dual seasons are 2, 4, 2.4 and 3,7 for the E- -region and 2,9,

- 2.5 and 3,6 for the F- reglon during winter, equinoxes and’
summer seasons respectively. Thus for both the E- and F-~
“regions, the axial ratio is largest during summer., The
annual mean values 3.4 + 0.2 for the E-region and 3.2 + 0,2
for the F-region are not much different from those obtained
earlier by Deshpande (1966). Even individually the axial
ratios come out to be practically same as obtained earlier,
The semi-minor axis (b) obtained lie in the range
20-240 meters while most of the values lie in the range
60~140 meters, The annual median values are 98 meters for
the E~-region and 92 meters for the F-region, Seasonally
the values are found to be slightly higher in summer than
winter for both the regiohs. The median values being 98, 95

and 102 meters for thé>E~region and 87, 91 and 94 meters



forrthe'F~region in the seasons winter, equinoxes and

summer in that order, The annual mean values of 105 meter
for the E-region and 100 meters for the F-region are same

as obtained earlier by Deshpande (1966). Even seasonal

mean values are'practicglly identical, Thus the anisotropy
parameters calculated according to Phillips and Spencer (1955)
and Fooks (1965) using different portions of the correla-
tipn curves give practically same results as seen from the

analysis of the data for the year 1964,

IT.4c.2, Dally variations of anlsotropy parameters in the .

year 1964 7

The hourly mean values of the parameters r and b

are plotted in Fig, II.4.24, There is no systematic daily
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variation of the axial ratio T, however the values seem
to be lower during early‘morning and late evening houré,
suggesting a maxima durind midday hours. The daily varia-
tion of the semi-minor axis b is not so clear in the E-
region, but a broad miniﬁa in the hours 09-14 is found
in the F-region. The value of b increases very signi-
ficantly in the morning and evening hours for the F-region
records. In the E-region, the value of 'bA ls practically
constant with time during winter, but decreasé in the mid-
day is clear during equinoxes and summer,. For the F-region,
the behaviour is similar during each seaéon. The value_of; 
b decreases rapidly after sunrise, reaching minima around
09 hrs., and remaining more or less coﬁstant upto 14 hr.
and again increases in the evening hours,

Daily variation of the orientation ‘} is shown in

Fig, II.4,25. For the E-region, there is not much vafiatiqn

THUMBA 1964 ‘ in the orienta-
- REGION F-REGION .

= +o0 £ . tion from hour to
S " wINTER 1r \,L. 7 ; )
L e, ;*ff_.qL*"_\ ] | hour, the orienta-
A - I WARL N ¥ ot ] J
o [ 1 ] x tion being cen-
- Y ° ® !
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i R VA AVAREE | |
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g -3 —“\m,@mq/ G-mmna\a,o 1 F o oo,
£y o[- 1 [ Y] j hours. However,
o, L S 1

| R U A O I |
2 1913

LI Y A I N Y A Y I |
a 10 8

0

: F-region records
HOURS 1.8.V.

Fig. II1.4.25 show definite
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daily variation, orientatien being more Westward of the
geographlc North in the mornlng and evening hours and
nearer to the north in midday hours. There is no seaso-

nal difference in the daily variation of orlentwtlon

IT, 4c 3. Anlsotropy parameters in_the year 1967

The anisotropy parameters for the daytime E-
.reglon reflections and 24 hour F- reglon reflections have
been calculated using the method descrlbed by Phillips
and Spencer (1955) and Fooks (1965), Seasonal results
have been grouped together and hlstograms have been com-
puted for the E-region daytlme F-region daytime and F- q
region nighttime Tecords, Fig, II 4,26, I1.4.27 and IT.4,28
show histograms of the parameters by, r and ¥ in each
season of the E- and F-region records, The number of records
analysed in each season with mean and median values are
glven in Tables I1.4.7 and IT.4.8,

| Fig. II.4,26 shows the parameters b, r and \/
for the E-region records in each season of the year 1967,
Most of the values of b lie in the range 40-140 meters
annual median value being 70 meters which is considerably
smaller than the value 98 meters obtained for the year 1964,
The seasonal median values are 66, 69 and 74 meters/sec,

respectively for winter, equinoxes and summer. Thus the



TABLE-TT.4.7.

Davtime anisotropic parameters at Thumba - 1967

E-REGION - 2.2 M¢/s

Semi~-minor axis b Axial ratio - Orientation of Characte-
Period Counts (in meter ) A ristic ellipse in degrees
e _2ast_of North,
Mean Med. Mean Med, Mean Med. -
) Winter 36 70 + 3 66 6.4 + .5 5.6 0+ 1,5 359
% | .
— Equinoxes. 51 71 + 3 69 = 6.0+ .5 5.2 5+ 0.5 362
~ Summer 67 85 + 4 74 5.4+ .4 5.1 357 4+ 1.5 . 353
Annual 154 75 + 3 70 5.9 + .5 5.3 1+ 1.5 360




TABIE-TIT.4.8

Anisotropic parameters at Thumba during 1967
F - BEGION-“.7 Mc/s

. . axi b . . . : -
Periy Counts Semi-minor &X1s Axial ratio Orientation of characte-
k (in meter) ~ Tistic ellipse in degrees
K East of North %

Mean , Med Mean Med zmm: Med

1 -  DAYTIME

b _

(®)) R

. Winter, 121 82 + 4 68 8.7+ .6 6.5 1+ 1 1

: Equinoxes 159 71 + 4 64  13.1 + .8 8.1 2+ 2 3
Summer 105 80 + 6 69 7.0+ .5 5.6 359 + 1.5 358
Annual 385 78 + 5 67 9.6+ .7 6.7 1+ 1.5 0

: NIGHTTINE

Winter 59 135 + 7 84 8.0 + .7 6.2 355 + j 356
Equinoxes 119 140 + 4 98 8.6 .4 5.9 3544 15 355
Summer . 73 116+ g 80  7.0x .8 4.6 353 + 3 353
Annual . 251 130 7 7.9 .7 5.6 354 + 2 355




semi-minor axis of the pattern seems to pe greater in
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- Fig. II.4.26.

summer season than in winter or equinoxes,

The axial ratio r lies mostly in the range l-14
with annual. median value of 5,3, Thus the range as wel] as
the median value of T has increased in the year 1967,

The seasonal median values do pot indicate any significant
difference, being 5.6, 5.2 ang 5.1 for the seasons Winter,
equinoxes and summer re spectlvely. However, the mean values

are 6.4, 6.0 and 5.4 and do show 2 little decrease



- in summer ‘season,

The orientation, measured from the magnetic North,

shows the values for Ly Iying + 259 from North with

annual median value 6° indicating highly field aligned

irregUlarities in the ionospheric E-region over Thumbj,
There is no seasonal difference, orientation being mostly
along magnetic N—S in each season,

The parameters for the F-region are shown in Figs,
IT1.4.27 and I1,4.28, Separate histograms have been compu-
ted for the daytime (07-18 hr,) and nighttime (19-06 hr,),
The histograms for the semi-minor axis b range upto 300 \
meters, During daytime, most of the values are within 140
meters but they extend upto 300 meters during nighttime,
The annual median values are 67 meters in the daytime hours
and 87 meters in the nighttime hours, Thus daytime diffra-
ction patterns are smaller in size, Comparing to daytime
1964 value, there is considerable decrease in the value
of b in the year 1967, Seasonally there is no signifi-
cant difference in the median or mean values for winter-
and summer, however, values for equinoxes are little smaller,
During nighttime, the'meaﬁ and median values are lowest in
summer and highest in equinoxes, But, as the observations
in the eérly morning hours , 04-06 hrs,, are least in
summer and maximum in equinoxes, nothing significant can be

said from the mean or the median values dUring nighttime,
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‘Thé axial ratio r obtained at Thumba vary in the

range 1-30 with annual median values 6,7 for the daytime

and 5,6 for the nighttime. Corresponding mean values are
9.6 for the daytime and 7.9 for the nighttime., Thus the
elonéation of the ground aiffraction patterns have increased
considefably from 1964 to 1967. There is definite seasonal
variation obtained in thé parameter r, for the daytime the
mean and median values are highest for the equinoxes and
lowest for the summer, During nighttime again axial ratio
has lowest values for summer, but the values are of same
order for the seasons, winter and equinoxes. .
The histograms for the orientation & in the
daytime and nighttime hours in each season are shown in
Fig. II,4,28, 1In the daytime most of the values lie in the
rangé + 20° from magnetic North while in the nighttime most
of the values lie in the range -25°% to +10° from magnetic North
showing the nighttime values shifted slightly Westward from
the North, The annual median values being 0° for daytime
and -5° for nighttime, Thus while the pattern are aligned
almost along magnetic N-S in the daytime; they are aligned
slightly West of the'magnetic-N~S during nighttime; Seaso-
nally;'ﬁHé Values for the summer months seem to be more
Westward than the values obtained for Winter and equinoctial

months,

( Figure II.,4,28 is given in the next page )
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IT,.4c¢c,4, Dgily variations of the anisotropy parameters duy-
ring 1967 ’ ' |
Daily variations of the anisotropy parameters b,
T and WV for the E-region are shown in Fig. II,4,29, As

the number of récords analysed were not sufficiently large
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Fig. II.4.29.



for E~fegion (about 150 records) only annual variations
are’giveh.

The variation of b shows a constant from 09 hr,
. fo 15 hri with a value about 65 meters, An increase in
the early morning and iate evening hours is seen,

The axial ratio r seems to be lower on the
early morning and late evening hours compared to a broad
maxima obtained in the midnoon hours, .

. The orientation v does not-indicate any syste-
matic variation but it can be observed that orientation is
East of the magnetic North in the forenoon period while&it
is West of the magnetic North in the afternoon period,

The daily variation of the anisotropy parameters

for the F-region in each season ae shown in Fig. II.4.30,

[ THUMBA 1967 F~REGION
FREQ. 47 M(/s

) SEMI_MINOR AXIS -b AXIAL RATIO —/2 ORIENTATION OF MAJOR AXIS-Y

s WINTER

gl

Lot [0 T

b IN METERS

Y IN DEGREES EAST OF NORTH

6 [ 13 0 [ [ 1 24
i HOUR | s.T

Fig. I71.4.30,
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Refefring to fhe parameter b it shows a systematic
similar variation during each season. The value of b ig
nearly constant at 100 meters in the period O-3 hrs,, then
there is increase upto 06 hr, reachihg a value of about 300
meteis. Sudden decrease is observed from 06 to O7 hr.,
followed by slow decrease with minima (about 50 meters) at
about noon. Slow increaée follows upto 19 hrs. reaching a
value more than 100 meters, Another decrease is observed
at .about 21 hr. with an immediate increase and remaining
constant, in the midnight period, at about 100 meters.

The axial ratio r does not show any smooth
daily variation, however, it is clear that there are two
- minima occurring at 06 and 19 hrs. There is an indication
of a broad maximum around midday and a steady decrease from
midnight to 06 hr. The range of variation is minimum d uring
winter and maximum during equinoxes,

The orientation ‘i has a systematic similar diur—:
nal variation during each season. The value of W remaining
about 7-8 degrees West of magnetic North in themight hours,
A sudden change occurs at 07 hr, The value of ‘4 in day-

time hours remaining centred about magnetic N-S,

IT.4c.5, Gomparison of the results in the vear 1964 and 1967

Comparing the results of the daytime (07-18 hrs,)
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E- and F-region records of the years 1964 and 1967, one finds
a conéiderable decrease in the semi-minor axis b and a
considerable increase in the axial ratio 2, The orienta-
tion being along the magnetic meridian. The semi-minor

axis b has a mean value 105 meters for the E-region re-
cords in the year 1964 which is reduced to a value of 75
meters for the records in the year 1967, Thus there is

about 30% reduction in the mean value of‘ b from 1964 to
1967, Similarly for the F-region the semi-minor axis b

'Has mean value of 100 meters in the vyear 1964land 67 metefs in
the year 1967, showing a reductionlof about 30%, The mean
value of the axial ratio for the E-region diffraction q
patterns is 3.4 in the year 1964 and 5.9 in the year 1967,
Thus axialmtio has nearly doubled for the E-r egion records,
For the F;region corresponding values are 3.2 and 9.6,

Thus elongation.of the F-region irregularities in the year

1967 is three times the elongation in the year 1964,

IT.4¢.6. Comparison of Thumba results with the result ob-
tained at other equatorial stations

Anisotropy of the irregularities near equator were
first studied by Skinner et al (1958). They reported the
diffraction patterns obtained from the E- and F-regionre-
flections at Ibadan to be highly elongated and aligned |

along the magnetic N-S, Axial ratio of % was obtained for
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the E-region and 11 for the F-region,

Later Skinner et al (1963) studied the transverse
size of the diffraction pétterns. Average daytime value
of about 50 meters wasg obtained for daytime hours for the
F-layer reflections. Thé daily variation showed a broad
minima in the daytime hours while high values were obtained
at 06 hr., and 18 nr. Thé size of the irreqularities was
found to be nearly same for quiet and disturbed days except
in the period 19-24 hrs. when the size was cénsiderably
higher for disturbed days. The nautre of t he daily varia-
tion of the semi-minor axis shown by them is almost simi-
lar to that obtained at Thumba, The daytime values of b
at Thumba go as low as about 40 meters for the year 1967 and
agree remarkably to that obtained at ibadan during IGY.

At Tamale, Koster and Katsriku (1966) studied the
anisotropy for the E- and F-region reflections in the period
February - March 1962, Axial ratio of 5.5, for the E-region
and 6.6 for the F-region reflections were obtained. Orien-
tation of the diffraction pattern was found to be almost
along the magnetic N-S, The size of irregulafities was
found to lie most probably between 40-60 meters for the E-
region and 92 meters for the F-region, The daily variation .
of the fransverse size of the diffraction pattern showed a
borad minima around noon, Very high values were observed in

the morning at 06 hrs. and near midnight. Nighttime values



were_foﬁnd to.be'considerabiy higher than during daytime,
However, these results are based on about 100 récords
analysed for the F-region, Thus the results obtained at
Ibadan and Tamale are in close agreement with the results

obtained at Thumba,

IT.4¢.7, Lat. variation of the anisotropy parameters

o A comparison of the anisotropy barameters at diffe-
rent latitudes was done by Rao and Rao (1963) for the E-
regioh irregularities, 1In all, about 100 records were
analysed f or the stations,-Waltair, Yamagawa, Debilt and °
Halley Bay. The period of study was August - October 1958,
for all the four stations, They concluded that i) the
axial ratio is found to decrease systematically with in-
crease in latitude except near poles, 2) the orientation
of th e semi-major axis of the characteristic ellipse is
found to roﬁate systematically from North +o West with in-
crease of latitude, 3) the length of the semi-major axis
also shows a systematic decreage in the average value with
the increase in latitude except near the poles,
| Similar study for F-region has been made by Rao
(1966) from about 75 records obtained from Waltair, Yamagawa ,
Debilt and Halley Bay during the period Augqst~0ctober 1958;
Conclusions of this study were similar to those reported

ealier for the E-region study. However, thése studies are
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made on the basis of very few Tecords, With the results
: avwllable for few more stations partlcularly near the
equatorial reglon»comparlson of the anisotropy parameters
have been made.

The anisbtropy parameters for the equatorlal
stations are given in Table IT.4.9, For comparison, few
parameters for high latitude stations are also given.

The period of study as well as the number of records
analysed at each station are also quoted in the Table,

The elongation of the irregularities is conside~
rable for the stations near the equator. At Thumba, the-
axial ratio is about 3:1 for both the regions in the year
1964, Data for the year 1967 shows axial ratio of the
order 6:1 for the E-region, 10 : 1 for the daytime F-
regioh and 8 : 1 for the Feregion nighttime records. Thus
the diffraction patterns obtained at Thumba are highly
elongated indicating highly elongated irregularities in
the ionosphere over Thumba. Skinner et al (1958) Tepor-
ted axial ratio 5 and 11 for the E-region records and F-
region recofds Tespectively, obtained at Ibadan in the
‘year 1958, however their results comprise of only about
25 records for each layer. At Tamale, records anélysed
for the period February - March 1962 show axial ratio of
5.5 for. the E-region daytime and 6.6 for the F-region
records (Koster and Katsriku, 1966). A1l these stations



TABIE-IT.4.9

OoB@mHHmo: of the m:HmOﬁHob< parameters at
wawmwm:ﬁ mdmﬁpo:m

—
Station Mag.lat. Period of Region Counts f%\ b Reference
study . ————
Thumba  0,3% 1964 E-day. 350 3.4 -4 105
. F-day 266 3.2 -3 100
1967 E-day 154 5.9 1 75
- F-day 385 9.6 1 67
“F-Night 5] 7.9 -6 13p
! Tamale 0.6°% Feb-Mar., E-day 43 5.5 -2.4 40:¢p Koster and Kat.
o 1962 F-day 83 m -2,7 92 sriku AHQOQV
Q F-Night 3§ .
- Ibadan 3.0% IGY E-day Skinner et al
o F-day | 1000 %0 (1563)
F-Night m
IGY E-day 24 : 5 0.0 Skinner et 51
| ] . F- 25 11 0.0 (1958)
Waltair 119 Sum. 160 E- 75 2.l -16 135 pRa and Rao mp@mwv
| F- 95 2.3 -11 a7
Singapore 99 F- 1.7 Harriston (1965)
Cambridge 500N Mar-Apr. E-day 39 1.5 N-W 235 peq. [ Fooks ang.
: v 1955 F-day 37 1.6 N-w 20g val-}  Jones (1961)
Feb, 158, F-Night 35 1.8 N-W 140 yes {
Ashkhabad 360 1960 E_ 2.7  w% Mirkotan Aw@omv
Mos cow - 1959 Fy 3.3 500 Mirkotan....

I..]llllllll'l.ll-ll'.lulll.'l.':l'llloll[lllll.llIl;‘.lllll('
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**along the meridian in mm<wusm.
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are within 3° magnetic létitude. Thus the irregularities
near the equator are highly elongated. Rao ang Rao (196?)
reported the axiaj ratio 2.1 for the E- ~region and 2,3 for
the F-region at Waltair (11°N mag., lat.), fcom the records
analysed: in tho period Summer 1960 to Winter 1961-62; Thus
there is a sharp Change in the elongation of the irregula;
Tities within 10° from the equator, Harriéon»(lQéS) hés
reported an axia} ratio cf 1,7 for the F—regién at Singapore
_(908). Thus the elongation at latitudes about 10° fromihe‘
equator is of the order of 2, At a high latitude station :
Cambrldge,;ax1al ratio is shown to he 1.5 for the daytiwe E-
region and 1.6 for the daytime F-region (Fooks and Jones,
1961). The records analysed by them were mostly in the
period March - April 1955 and a few records during February
1958, Mirkotan (1962) has Teported an axial ratio of 2.3 for
the Fz—region over Moscow based upon 362 records analysed '
during the year 1959, Thus the axial ratio seems to bhe of
a order of 2 at alj latitudes, for which data are available
€xcept near equator where it is as high as 10, | |
Axial ratio of 2.6 has been reported for the E-
Tegion at Ahmedabad by Patel (1967) for the data in the
period March 1960 - February 1961 and by Kaushika (1968) for
the data in the veriod March 1965 - February 1966.
Tsukemato and ogata (1959) reported axial ratio of 1,6 for
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the E-region at Yamagawa for the TGy data, At Puerto Rio
axiél ratio of about 1.8 has been repofted for the E-
region data in the period February 1954 and June 19%4 ang
for the F-region data in the period June 1954 and February
1955 (Yergq, 1956),

Thus one finds a high axial ratio very close to
- the magnetic equator (stations upto 3° mag, lat,), For
stations in the latitude region 10° to 50° there is a slow
decrease in the axial ratio. For very hlgh latitude sta-
tions much data has not been subjected to correlation ana-
lysis to give the anisotropy parameters., Hence, there is?
" a need fof the measurements near the auroral zone to findk
the variation from above 50° lat. to the pole region,
Similarly there is no station in the range 3° to 10° lat.
Hence the sharp change over to equatorial behaviour is
to be studied,

The orientation of the charabteristic ellipse is
along the magnefic meridian at thé equatorial stations,
Thumba, Tamale and Ibadan; about 10-15° West of North at
Waltair, N-W at high latitude station Cambridge and almost
perpendlcular to N-S at a station like Halley Bay, Thus
while at equatorial stations within 3° (mag, lat.) th;
orientation is along the magnetic meridian it tends to be
Westward at higher lat, However, data for the anisotropy

parameters at high latitudes is not sufficient to draw any
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definite conclusion in that zone,

The semi-minor axis of the characteristic ellipse

was found to be about 50 meters for the daytime F-region

records at Ibadan during IGY. At Thumba, it is of the

order of about 100 meters in the year 1964 and 70 meters

in the year 1967. At Tamale, the transverse size of the
characteristic ellipse is shown to be in the range 40-60
meters for the E-region and 92 meters for daytime F-region
for the year 1962. Thus the average size of the irregula-
rities (semi-minor axis) is definitely lower than 100 meters
in the daytime hours, These may be Compared with the siie
of 135 meters and 147 meters for the E- and F-region re—‘
cords at Waltair and 235 meters, 296.meters respectively
for the daytime E- and F-region records at Cambridge. Thus

the transverse size of the irregularities is considerably

reduced near the equétor}



CBPIER = 114d. Multi-antenna fading records st Thumba
’ ~to study the elongation of diffraction
Ratterns, ‘

Multi-antenna feasurements at Thumba

The analysig of the fading reéords obtained at
Thumba showed a complete gimilarity between the N-S pair of"
aerials with practically no time shift between them, while
the E-W pair of aerials showed abpreciable time shift and
»maintained a réasonable similarity so that analysis either
by ordinary time delay method or by correiation technique
can be applied,

The correlation analysis of the fading records at
Thumba, which were obtained py recording the fadings at !
three aerials situyated at the corner of 4 right angled tri-
angle with sides 120 m. each, in the vyear 1964 showed very
high correlations (more than 0.9) betweon the N-5 pair of
aerials at all hours while the E-W pair showed slight varia-
tion with time, being about 0.8 in the morning and evening
hours and COmparétively low (0.5) during the midday hours,

An additional antenna was put in the N-§ line, so
that the fading records could be obtained at serisle with a
separation of 240 m, in N-g§ direction. FEven at this separa-
tion, there was no appfeciablé time shift seen Letween the
N-S pair, The fading records along the N-S line were found
to be éxaﬁtly similar with no time shift, suggesting hiqgh

elongation of the irregularities cver Thumba,



| "To sﬁudy the diffréction patterns at Thﬁmba more
precisely additional aerials were set ub making it a 10
erial system; six along E—W.direction and 5 along N-S
direction. Thus fadings could be recorded at distances
upto 480 meters aleng both E-W or N-S direction. The new
antenna system employed for this purpose is shown in Fig,

1I1.4.31. They are described as Nl,‘N2 etc., where the

THUMBA
|I 21 AUG 1967 0800 HR 2-2 MC E REGION .
| B - e - . e, i .
| [N ———l PN VS PSR AR 4 :

ANTEHNA SET-UP
Nz

M

Wa W [C £ &

Fig., II.4,31.
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alphabets indicate the direction with Tespect to central
antenna (c), and the subscripts indicate the distences in
unit of 120 meters from the central antenné; Thus Ny means
aerial situated at a distance of 3 x 120 méfers in the dire-
ction North of the centra; antenna, Obsgervations were

taken with three antennas at a time and immediately switdhing
over to another three antennas, Most of the observations

were taken on three sequence of amplitude recordings, namely:

(1) N, N, S,,

(2) W, W, E, or-W, CE#%, and .
: %

(3) W, Sy.

‘Recordings were made for 2 min., each for a sequence,
"About half a minute was taken in the change over of the
antenna sequence, Thus a total of about 7 minutes were
taken for one Complete set of Trecording. More than 50 sets
of such observations have been taken in the year 1967 in the
period June to November 1967, It has been tried to cover
different hours possible so that diffraction patterns during
the course of a day can be studied, Most of the records
were taken for the F-region while few E~region records also
have been recorded.

‘A short note (Rastogi et al, 1968) describes the

Tesults of twe such sets of Feregion fa@ings-records.' A
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. detailed stUdy:from more of.such analysis is.presented here,
| Figs. 11.4,31, II.4.32, I1.4.33 and II,4.34 show
some example of the multi-antenna fading records. The

aerials in the N-S line show very high similarity in the

THUMBA .
21 AUG.1967 0800 Hit 22MC , E REGION ' fadlﬂg records,

Time shifts bet-

ween the N-S

pairs of aerials

23 JULJI967 1700 HR 2-2MC

seem to be un-

A A A :
e At : o A Al s et Freovay Wi : N
WZ-AK - As BB 4 D sl . ; appreclabl@ e‘ven
Sa < AA -~ - ——— A; : .‘A A‘ A4S A fA—:‘A: Py .
ﬁ'». A A A A T | YA PO .“ E ] ! .
’ = ‘ at a separation

14 JUL.1967 0600 HR 2-2 MC F. REGION -

.~ of 480 meters.
1
However, some of

the records in-

| . dicate little
- Fig. II.4.32.

time shift

between the N-S pairs of aerialé; Time shifts being
proportionate to the distance between the aerials. Simi-
larity between the fading records of E-W sequence is rather
poor, particularly during mid—day hours when even at a dis-
tance N correlation is poor, The fadings are completely
uncorrelated at a distance 2 » . However, the records of
early morning or mid-night hours show better correlation,

the time shifts seem to be again proportionate to- the



Fig. II.4.33,

The above results are clearly seen in Fig. II1.4.35
where COIrélation curves for different aerial separations
are pbtted along both E~W and N-S directions for few cases.
Closer the separation, higher is the correlation and sma-
ller the time shifts,

Fig., II,4,36 shows the variations of the correla-

“tion with separation along N-S and E-W directions. The



crosses represent the correlation along N-
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the circles represent the correlation along E-W direction,

one at 05 hr., and

The correlation of the two records,

., are high along both E-W and N-§ dire. '

another at 06 hr

ctions, being about 0.95 at a separation N and about

0.90 for N-S direction and 0.80 for E- W’dlrectlon at a

» indicating a large size of the gr ouhd

separation 4 X

~ THUMBA |967

s &
COEFFICIENT

o
0

OPTIMUM CORREL ATION

Fig. II.4.36,

cords one at 09 and another

diffraction Qattérn
al&ng and across the
field lines, The
high Eorrelatipn
along N-S is séen
again for the record
at 07 hr. but it dro-
ps to 0,60 at sepa-
ration 3N /2 for
E-W direction, Thus
while N-S extent is/
maintained the E-W
9§§§ﬂt of the pattern
is reduced, The
patterns are étill

thinner for the re-

The correlation
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drops along N-S as well as E-W direction. Correlation of
_about 0.5 isﬁpbtained at a separation » . along E-W while
correlation is more than 0,65 along N-S even at a sepafaw
tion 4 > . |

A case of extreme elongation ié noticed for the
~record at 12 hr, with correlation dropping to 0.50 at a
Aéeparation, N /2 along E-W and to 0.80 at separation 4.
along N-S, ’ . k

) The next three examples at 14-16 hr. show élightl§

,higher correlation along both the E-W and N-S directions.
The two examples of the nighttime fading records one ét
2100 and another at 0200 hours show a cbrrelation of about
0,50 at 2 N sepatation along E-W. The correlation is
much higher along‘Nws direction beihg 0.90 and 0.64 respe-
ctively at 4 ﬁ,éeparation.

Thus from the above examples, one finds that the
F-region fading records at Thumba show a vary high corre-
lation along N=S direction. On the average correlation
between 0,80 - 0,90 is found -at 4 M separation in this
i directibh. Thé correlation along E—Wld;;éﬁtion‘changes
with the time of day. The variability is quite large with
correlation falling'to 0,50 even at a distance P\/Q and
remaining as high as 0.80 at 4 » distance, In general,

the cases of extreme elongation are observed around midday



when the size of the irregularities is found to be minimum,
- A faifly lange size is observed in the early morning hours
when high correlation is maintained along E-W direction
also as seen in the exaples of 05 hr. and 06 hr. shown
here. |

From the few E-region records of morning and evening
periods, one finds a fairly goced correlation along N-5 dire-
ction or albng E-W direction. Roughly, oﬁe obtains a corre-
lation of 0.50 at 4 » separation along N—S‘directipn and;
at 3 » /2 along E-W direction. *hus the size of th% E-re~
gion diffraction pattern along E-W direction is not ﬁuch |
different than the size of the F-region diffraction patterh
of the correspondfhg hour. Howeve;, the size along N-S 1is
much less»indicﬁting a less degree of the elongation zlong
the magnetic £{eld lines. |

The above results are in agreement with the con-
clusions obtained in the last sub-chapter from a normal -
antenna sequence. The size of the minor axis of the chara-
cteristic elllpse was shown to be minimym. around noon; of
the order of 50 meters while very large size of the order
of 300 meters was obtained in the early morning hours. The
axial ratio was found to be higher éround noon compared to
early morning and late eovening hours. Further the axial

ratio was shewn to %@ much higher for the F-region records
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than for the E-region records. All these results are re-
flected in the few examples of multi-antenna records which

are shown here.
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=
Abstract—The diffraction pattern of the field strengths of pulsed radio waves bf frequency
47 Mcfs reflected from the F-region of the ionosphere near the magnetic equator in India
are studied with the help of ten receiving aerials, six in the E-W and five in the N—S directions
ab distances of 60480 m. The cross-correlation between the signal strengths at paired aerials
along the N-8 direction decreases very slowly with inereasing separation, while along the T—-W
direction the correlation decreases very rapidly with increasing distance between the acrials.
This suggests that the irregularities causing the fading of short radio waves near the magnetic
equator are highly elongated along the N-S direction.

MuasvrEMENTS of ionospheric drift at Thumba (Geog. lat. 8-5°N, Geog. long.
76-9°I%) have been continued since January 1964, using the conventional technique
of recording the fadings of ionospheric echoes at three dipoles aligned along N—S
direction and situated at the corners of an isosceles right angled triangle with the
equal sides of about one wavelength. The amplitude fading records of E- or
F-region reflections received at the F-W pair of aerials have been found to be
very similar with significant time shifts between them while at the N—S pair of
aerials fadings are almost identical with generally negligible time shifts indicating
predominantly westward drifts (RasToer et al. 1966w, b). The correlation analyses
of the fading records have shown that the maximum cross-correlation between the
N-S pair of records is about 0-8 while with the F-W pair it is about 0-6 for a
separation of 120 m between the aerials. DmsuranDE and RAsTOGI (1967) have
shown that the N—S component of the driff, though very small compared to the
E-W component, has significant diurnal and seasonal variations. To measure
the N-S component more accurately and to study in detail the characteristics
of the diffraction pattern on the ground, the number of aerials in the N2S and E-W
directions were increased to five and six respectively. With respect to the Central
aerial (C), the East, West, North and South aerials are designated as B, W, N and
S respectively. The suffixes attached to these letters indicate the distances of the
aerials from the Central aerial in units of 120 ms. The antenna set-up is shown in
Pig. 1. Two examples of fading records on 4-7 Mc/s at the set of three aerials in
the N-S or E-W directions are shown in Tig. 2 and 3. One set of three fading
Tecords were taken for 2 min and the aerials were immediately changed to obtain
another set of 2-min records. Only small portions of such records are shown in
1597
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Figs. 2 and 8. The correlograms calculated from the full length of the records aye
also shown in the diagrams.

The fadings of radio reflections at Thumba are usually sporadic consi bing of
short bursts of signal strength over a relatively low average intensity. Ind Vidual
fadings are almost sinusoidal in shape. The probability distribution of the ampli-
tude of signal strength does not fit the theoretical Rayleigh or Gaussian distri-
butions (RasToar ef al. 1966¢). To check whether the fadings are due to magneto-
ionic interference, another dipole in E-W direction was installed and signals
were received separately at two mutually perpendicular aerials. Signals at E-W

Fig. 1. An_term\aiét» up for ionosphoric drift measurement at Thamba.

dipoles were found to be almost negligible as compared to those received at
N-8 dipoles. The fadings were thus found to be caused by only the ordinary
component of the radio waves.

Figure 2 shows an example of slow fadings (30 fades/min). Record (A) in-
corporates fadings at aerials along the B-W direction with separations of 60, 120
and 180 m. The fadings at all three aerials are very similar but are shifted with
respect to one another and the amount of shif is proportional to the separation of
the aerials. The time shifts of the maximum correlation coefficients for B-W
pairs of aerials indicate a systematic increase with the increasing aerial separation.
The value of the maximum correlation coefficient has decreased from a value of
0-93 at 60 m separation to a value of 0-72 at 180 m separation. Record (B) in-
corporates fadings at aerials along N-S direction with separations of 120, 360 and -
480 m. It is'seen that every peal is reproduced almost simultaneously at all the
three aerials. The correlograms at pairs of N-S aerials do not show any apparent
difference for different pairs of acrials selected and the shift of the pealk correlation
coefficient in different pairs cannot be accurately determined. The maximum
correlation factor for any of the pairs of these aerials exceeds 0-9.

Figure 3 shows an. example of rapid fadings (80 fades/minute). Hero again
overy pealk is recorded almost simultaneously at all the three N-S aerials. The
correlograms at N-S aerials are very similar for different pairs, the maximum -
correlation coefficients and the time shifts are almost similar for different pairs.
Regarding the BE-W pairs of aerials at short distances viz. W, W, pair, the fadings
are seen to be reasonably similar with a distinet time-shift. Fadings at aervials
with greater separations i.e. W,H, or W,E, do not show any similarities. No
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significant peak in the correlograms is observed for E-W aerials separated by
360 or 480 m. )

The maximum correlation-coefficients of pairs of%erials in the B-W and N-S
divections are plotted against the separation between the aerials in Fig. 4. The
wavelength scale is also indicated in the diagram. It is seen that for 10 September
1967 the optimum correlation-coefficient at the E-W pairs of, aerials drops to
about 0-7 when the separation is 180 m, whereas the N—S pairs of aerials the
correlation even at 480 m is greater than 0-9. Tor 8 July 1967 the optimum
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Tig. 4. Variation of the optimum cross-correlation-coefficients with thie antenna
separation at Thumba on 4-7 Me/s. |

[

correlation coefficients at the N-S pair of aerials decrease very slowly with in-
creasing distance such that even at 480 m separation, i.e. at 84 (wavelength) dis-
tance it is about 0-9. The optimum correlation-coofficients at E-W pairs of
aerials decrease much faster, so much so, that at 81 it drops to 0-2.

Tt is concluded that the extent of irregularities at Thumba is greater than
480 m along the N-S direction and only 200 m along B-W direction. For reliable
measurements of N—S component of the drift for the computation of the size of
irregularities at an equatorial station, the aerials should have much largerse pa-
ration along N—S than along E-W direction. TFurther measurements of drift ab
Thumba with more separated aerials in N-S direction are being continued.
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Drift and anisotropy parameters of the irregularities
in the E- and F-regions of lonosphere over Thumba du-

ring 1964,
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ABSTRACT:w Fading records of the E- and F-region reflections at Thumba
for the daytime hours in the year 1964 have been analysed
by full correlation method applying the anisotropy corre-
ctions, The random component of the drift is found to be
0.95 and 0,70 times the steady component in the E~ and F-
regions respectively thereby reducing the true drift speed
to 74 m/sec in the E-region and 98 m/sec in the F-region.,
The true drift direction is found to be towards magnetic
west (267°E of geog. N) for either of the regions. The
characteristic ellipse defining the diffraction pattern is
elongated along the magnetic N-8, the minor axis being about
100 metres and the axial ratio about 3,

INTRODUCTION

The results of the ionosphéric drift measurements at Thumba using
Mitra's method (1949) for the period 1964-67 have been described by
Chandra and Rastogi (1569)., The present articie describes the results
of analyses according to full correlation methed suggested by Briggs,
Phillips and Shinn (1950) and modified by Phillips and Spencer (1955).
The method has bcen applied on 35C records for E-region and 266 re-

cords for F-region, teken between 07-18 hr. at Thumba in 1964,

Under the essumption that the diffraction pattern is - <abge-
tically isometric in nature, the true (steady) drift speed (V) and the
apparent drift speed (V') obtained from time delays are related by the

expression:

\.// - \/E+ L%)i’ | : vreeen(1)



where Vc " defines the random component of drift, When V_ = 0 that is,
when the diffraction pattcrn movis without any change, V' = V. For any
definite valuc of V, the true drift speed V is always smaller than the
apparent speed V', The aversge diffraction pettern as seen on the
ground can be defined by a characteristic ellipse such that any radial
distance givee the scpération required for the correlation to be redu=
ced to half in that perticular direction. The orientation of the major
axis (¥ cxpressed here in degrees East of North),‘the axial ratio
(r) and the scmi-mincr axis (b} of the ellipse have beén calculated

using the method by Phillips and Spencer (1955), and Fooks (1965),

Corrections due to the anisotropy of the diffraction pattern
are applied to the zpperent drift speed (Va) and direction (Q? a) ob=
taining corrected apparent speed V! and direction <¢ , Following
Fooks and Joncs (1961), the charactcristicvvelocitf VC is éalculated

along the true drift direction.

Results at Thumba

The enalyses have been done separately for each season and
the results are given in Table - 1., Both the mean and meéian values of
the parameters are given., In Table - 2, the results of Thumba are coms=
pared with those available for cther equatorial staticns, Only the

annual average histograms of different parameters are shown in Fig. 1,
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The data for the whole periocd have been grouped again according to the
local time and the annual average daily variaticns of different para~-
meters are shown in Fig, 2, The main features of these parameters

are described here,

| " THUMBA 1964

E -REGION -
: F -REGION
Ve/V
!
v §

TRUE

> ©
XIAL RATIO DIRECTION

AXIS

o

SEMI MINOR A

€
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Fig, 2 - Annual average daily variations of the true drift and aniso-
Cropy parameters VC/V, V, ¥, b and U

1. Ratio, V /V

Individual values of V /V range between O and 3 with mean va
being very close to 1, For any of the seasons the ratio V /V is higher
for the E-region than for the Feregion indicating that tha life time

of irregularities is larger in the F-region than in the E-region,



Seasonally, for either of the E. or F~regions, the rario ig smallest
during wintep Suggesting that the irregularitics are most long lived
during winter monthg, The ratic VO/V does not show any significant vg.

riation with t he time of day,

2, True drift speed, V,

The annual average histograms of v are much narrower than
those for Vé indicating that the seatter in Va are mostly due to the
fluctuationsg of Vé than duc to V. The znnual average ratio V/Vé is ,
«53 for the @w and ,62 for the Feregion., Thyg the apparent drift spéed
at Thumba are apoyt twice the tryue drift speeds, The true drift speeds
are definitely smaller ip summer then in winter months for either of
tvhe regions and these results are not similor teo those of the apparent
drifts dye tc large Seascneal varizticng of thé ratio VC/V. The F*region
drift speed shows g bProncunced pegk arounc 10 hr, while no distinct
maxima is gecn for the Esregicn although the speads scem to decreasge

from 10 hy, onwards,

‘.
3. True drift direction, ©

The directicen of drift ig mainly tcwardsg f«\h::st:._x There are
few observaticng indicating Eastward drift,vbut arifts towﬁrds North
or South are almost inhibited, 1t ig interesting to ncfe tﬂat the
median directign of drifts is 267° Eagt of geographic‘ Nerth which
ifgﬁiuing?%ieié%ﬁﬁsxﬁaggﬁé"éici?155‘5 fiace, “Frhrrsey kS sarackly at
angle is small but systematic Suggesting the existence cf small

Northwarg cémpcnent in the forencen ang Scuthward ctmpcnent in the

afternoon hours.,

4, Axial ratio, r. ,

—t_

The individual values of the andgl ratio range between 1 and

10 with the average being 3 for either of the regionsg, There 1g
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‘N0 s8ignificant Seascngl or daily varinticn of the axial ratio,

5. Semi-minor axis, b,

The values of the Semi-minor axig of the ellipse are bet -
ween 20 and 200 meters with mean btng abeut 100 meters, There ig
no significant Seascnel variation of b, Fufther, b for the E-regicn
seems to be Practically constant with the tipe of'day, while b for
the F.region Scems to hgve larger values during the morning and even-

ing periods,

6, Orientation U/

The values cf \j/

North with mean value being 3-4° Hest f geographic North, It ig

are mostly between * 30° from geographic,

interesting to note that the magnetic declination at Thumba ig 3° West,
Thus the orientation of the irregulariticg seems t¢ be aligned.aldng
the magnetic meridian, There is no significant seascnal difference in
the value of wr o, Orentation of E-regicn irregularities has practi=
cally no variation with sclar time, The F-regicn irregularities are
closely aligned aleng the megnetic meridian ip the midday hours, but,
the orientgticn shifts towsrds West frem North during the morning and

. o
evening hours by as much as 207,

Discusgsion and comparison with other stations

The ratio Vé/V at other equatorigl stations is shown to
Tange between 0,5 to 1.0 and thus the results of Thumba are.in fair
agreement with t hoge at other equatorial.stations.

The ccmpariSuq.of Va and V values are not available at al}l
the stationg, Skinner ot al, (1963) have shown that there was larger
Scatter in apparent 2rift then in trye drift at Ibadan, Further, the
true drift gpeeds were dnvariably smaller than the corresponding

. @Pparent speeds even in individual cases, Rao and Rao (1963) reported
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that the true crifts ot Waltg air were not 51énif1cant1y different from:
the correspondlng apparent drift speeds, The Table given by them
showed that in certain scascns, the true drift was even higher than
the apparent drift, This difference between the results at Thumba and
Waltair is not understood, especially in view of equation (1),

The E-region drift speeds (V) at Thumba are higher than
at any other stations while the F~region drift at Tamale are only
slightly grester than corresponding values for Thunba. These results
confirm that the ionospherie drifts have a sharp maximum near the mag -

netic equator,

The velues of axial ratio at Thumba are higher than those
at Waltair and Singapore but lower than those obtained at Tamale and
Ibadan, The preliminary analysis of the records at Thumba have indica~
ted significant incrosse of the axial ratio with solar activity and mean
values of 7 for the year 1967 and about 11 for the year 1968 have been
found, This suggests that the higher vélues of the axial ratio at
Ibadan and Tamele then at Thugha are due to the solar cycle effect.
Thus the axiel ratio is also found to have a maximum close to the mage

netic equator,

The_orientation of the Lrregularities at stdtlons, Thumba,
Tamale and Iba adan, is within 3° frem the geographic North, 4t Waltair,
it 1s 16° West cf North incicating that at stations w1thin the equato-
rial electrojct, the crientaticn of the majer axis of the irregularities
1s almost alcng the megnetic meridian while at higher latitudes the

orientation departs significantly towards West of the magnetic meridian,

Conelusgion

The above results indicate that the drift measurements
near thu magnetic equator are clusely assccinted with the equatorial
electrojet, A4 cleser study betweer -gonospheric drifts and the magne~
tic variaticns are hecessary to understand to equatorial icnospheric

drifts,



Acknowlgdgement

Thanks are due to Prof. V.ia, Sarabhat, Chairman, Indign

National Committece for Space Resear

ch, fcr the facilities provided

for the Ioncspheric Rescarch Station at Thumba Rocket Range and to

Prof. K.R, Ramanathan for his keen interest during the course of work,

REFERENCES

Briggs B,H,, Phillips C.J,
and Shinn D,H,

Chandra H. and Rastogi R.G,

Deshpande M.R. and Rastogi R,G, 19664

Deshpande M.R, and Rastogi R.G,1966b

Fooks G.F,
Fooks G,F. and Jones 1,L,

Harrison V,A.W.

Koster J,R, and Katsriku I.K,
‘Mitra S,N,
FPhillips G.J. and Spencer M.

Rao P,B, and Rao B.R,

Rastogi R.G,, Deshpande M,R,
and Chandra H.

Rastogi R.G,, Chandra H. and
Misra R,K,

1950

1969

1965
1961

1965

1966
1949
1955

1963

1968

1969

Prue, Phys, Soc., B63, 106.

J. Atmosph, Terr. Phys., 31, 1205,
Ann.Ade. Geophys,, 23, 418.‘,-
Proc. IQSY Symp., New Delhi,

J. Atwosph, Terr. Phys., 27, 979,
J. Atmosph. Terr. Phys., 20, 229,

—

Proc, 2nd Int. Symp. on Eq,
Avronomy, edited by F, de.
Mendonca, 290,

Ann, de, Geophys,, 22, 440,

PTOC. InEnEc, __9_§, P;:‘,]:'t III, 441.
Proe, Physf“SbE., B68, 481,

Proc. Int. Conf, on the Ignosphere
(edited by Stickland ACy Yo 263,

£hysical Society, London,

Je Atmosph. Terr. Phys., 30, 1597,

Proc, 3rd Int, Symp, on Equaﬁgrial
Aeronomy (in press), .



Skinner N,J,, Hope .J, and
Wright R,W,

Skinner N.J.,.Lyon 4,J, and
Wright R. .ﬁi'

1958

1963

Nature, 182, 1363,

Proec., Int, Conf, on the Iono~
sphere (edited by Stickland
4.C.) p, 301, Physical Society,
London,



CHAPTER - IT,5

EFFECT OF MAGNETIC ACTIVITY ON ORIFT
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Chapter II.5  Effect of maqnetlc act1v1ty on the drlft
- and size of the irregularities

introduction'

According to the dynamo theory, the geomagnetic
field variations observed at ground are due to the currents-
in the dyname region driven by the electric fields 1nduéed
- due to the air motion across the field lines- Theoreticai
work on the ionization drift in 1on05phere unﬂer the 1nflﬂ—
enses of electrlc fields and neutral winds by Martyn (1953)
and Kato (1959) has shown that below the E-region, the
horizontal movement of the ionization will be substantially
samé as the local wind velocity. However, the ionization,
in the F-region eannct be moved acrcss magnetic field
lines by neutrai winds, The E-W drift in the F-region can
be produced only by the applied electric ficlds which are
communicated from the dynamo region, Hence the drifts of
ienization in the E-region or in the F-region are dependent
on the neutral wind blowing in the dynamo region. Occasio-
‘nally the geomégnetic field measurements at gronnd show
large perturbations at times of intense solar activity.
Fluctuations of the order of few hundred gammas are obser-
ved at.low latitudes.

| The drifts of ionization in the E- or F;region
under ‘such magnetic conditions are therefore important to

study from the aspect of dynamo theory., Apart from the
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measurements at times of severe magnetic activity, a com-
parison of the drifts at timesg of normal conditions of
the magnetic field variations and at timesg of such pertur-

bations have been made by many authors,

I1.5.1, Maagnetic activity - its indices

To depict the character of the magnetic activify
throughout the day, a large number of indices have been
defined. oOne of the indices is K-index which was adopted
in 1939 by IATME (now IAGA). This is intended to be &
measure of solar corpuscular radiation based upon the in-
tensity of geomagnetic activity caused by the electric
Currents produced by such radiation,

cach observatory assigns an integer from 0 to 9
to each of the 3 h. intervals of the day beginning at
0000, 0300, Trereseiee.u....,,2100 UT. A permanent scale
is adopted for each observatory from which K-index can be
assigned from the limits of amplitude rangés R in gammas,
For each magnetic element, the difference between the highest
and lowest deviations from the reqular daily variatioﬁs_
within the 3 h, interval is defined as the range R, Most
disturbed element (excluding z) has been taken as the basig

for K (through 1963).
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A1l observatories could not have the same conver-
'sion scale for Tance R to K index because for the same
magnetic storm the range will be many times great at auroral

zone stations compared to ac equatorial stations.

K-index from 12 observatories between geomagnetic

latitudes 47 and 63 degrees are used to derlve the planetary
index Kp. K-indices are flrst translated into standardlzed
indices Ks which are freed from local variations. Ks is

a céntinuous variable from 0,0 to 9.0 and is given in

thirds of an integer such as 2-, 2, o4 etc, Kp is there=-

o’
fore an index in 28 grades with extreme values O (very
quiet) to 9 (extremely disturbed),

Based upon the Kp-indices, five magnetically quie~
test and five magnetically most disturbed days are séle—
cted for each month and>are known as international.quiet and
disturbed days., The rankingé are based upon the following
three criteria with equal weight ¥ Ky, §fK§ and (Kp) Max.,
| Drift prrmeters have been compared with  the K-
index of nearest observatory by many authors. In the pre-
sent analysis of the drift results at Thumba, five inter-
national quiet and five international disturbed days have |

been taken as the criterion for studying the effect of

magnetic activity on drifts,



II;5£25 Drlft and anlsotropv parameters durlnq maqnetlcallx
- v+ guiet and dlsturbeL days at Thumba™ ~ -

First, the fading rates and the apparent drift
speeds have been studied; because these parameters are ta-
bulated on a routine basis for each record and this giveé

a good statistics of the comparison, Fig, II.5,1. shows
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Fig. IIOS.l.
the daily variations of the fading rates on quiet and dis-

turbed days during each season in the years 1964 and 1967,
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Ih-the yéar 1967, E-region records were not sufficient

and so only annual daily variation is shown. The curve
drawn through the full circles represents the daily varia-
tion on quiet days while the curve drawn through the open
circles represents the daily variation on disturbed days.
Referring to the annual daily variation curvés fading rates
are higher on quiet days than on disturbed days for both E-
and F-regions, The difference is most clear in the summer
months for both E~ and F-regions and least in the equi-
noxes, In the year 1967 aléo, the difference is most clear
during summer for nighttime hours. Thus it can be noticed
that the fading rates are reduced on disturbed days.

The daily variations of the apparent drift speeds
on quiet and disturbed days for the daytime hours in each
season as well as annual variation in the year 1964 and the.
annual variation in the year 1967 both for E- and F-regions
are shown in Fig. II.5.2, while the daily variations for
the F-region during each season in the year 1967 are shown
in Figure II,5.3, The E-region drift speed is higher on
quiet than on disturbed. days in 1964 while in 1967, no signi-
ficant difference is noticed. 1In the individual seasons,
of 1964, the éffect is mosf cieqr during the solstices

(summer and winter), During equinoxes, the speeds are



higher on quiet days in the forenoon period while these are
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higher on disturbed days in the afternoon period,

The F-region results of 1964 and 1967 show an indi-

cation of the drift speeds being higher on quiet days than
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“on disturbed days for both daytime and nighttime. The day-
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time difference
1s most clear

in summer sea-
son, while night-

time difference

~is most clear -

in winter sea-

son,

drift and anisotropy para-

meters on quiet and disturbed days was attempted for the

records analysed in the year 1964 and 1967, As the records

analysed for the year 1964 were mostly for quiet periods,

comparison was undertaken only for the year 1967.

In all,

25 quict period and 31 distuzbed period records were availa-

ble for the E-region while 100 quiet period and 7" disturbed



period fecords were available for theAF—région. The re-
sults are described as histograms of percentage occurrence
for each parameter viz. true drift speed V, ratio VC/V,
axial ratio r, orientation¥and semi-minor axis b and
are shown in Figs, I1.5.4 to II,5.8. The mean with stan-
dared error and median values for each parameter are
collected in Table IT.5.1.

The histograms of true drift speed on quiet and
disturbed days far both E- and F-regions are shown in Fig.

II1.5.4, The median values for the E-region speeds are

THUMBA 1967
E-REGION F-REGION
; QUIET DAYS QUIET DAYS
| MED. 72 MED. 89

DISTURBED DAYS DISTURBED DAYS ‘
MED. 6% MED. 79 i

PERCENTAGE OCCURRENCE

‘ 0 100 200 100 200
§ TRUE DRIFT SPEED V IN METER PER SECOND

b Fig. II.5.4.



89 m/sec. on quiet days and 79 m/sec. on disturbed

dicating decrease in t

days for both E- and F-regions.

The ratio V./V on quiet and disturbed

shown in Fig, TII.5.

5 as histogr

ne true drift spéed on disturbed

ams of percentage occurrence

" THUMBA 1967
E-REGION F— REGION
) QUIET DAYS —{ 20— QUIET DAYS |
MED. 0.48 MED. 0.45

S

PERCENTAGE QOCCURRENCE

The histograms for -

higher side. The median valpes'obtained are 0.48 on quiet

}

DISTURBED DAYS

MED. 0.66

Fig. IT1.5.5,

listurbed days seem to have shifted to

DISTURBED DAYS

MED. 0.55

days in-

days is
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days and 0.66 on disturbed days for the E-region while for
F-region, the median values are 0.45 and 0.55 respectively
for quiet days and disturbed days, Thus the ratio VC/V
seems to increase on disturbed days for both E- and F- re-
gions.

The histograms for the axial ratio are shown in
Fig. II.5.6, There is a clear indication that while on
quiet days individual values of the axial ratio are sca-
ttered widely; they are concentrated in the lower value
side on disturbed days. The median value of 1 1is 6.4 on
quiet days and 4.3 on disturbed days for the E-region Whiie
for F-region median value is 6.9 dn;quiet days and 5,6 on .
disturbed days. Thus there is clear indication that the
elongation of the irregularities is reduced on the distur—

bed days,

o

The orientétion of the major axis of the ellipse
as measured from thé magnet:c North is shown in Fig.
II1.5.7. Forthe E-region, the orientation which is along
N-S for most of the occasions on quiet days departs from
that on disturbed days, the median values being 2° East of
North on quiet days and 3° “nst of North on disturbed days.

Fureglon results show rio difference in the nature of his-
g -

tograms or in the median values, Thus there is no marked

}



effect seen in the arientation V' | alignment being along

!

THUMBA 967
E~REGION L F~REGION
] QUIET DAYS S QUIET DAYS
MED. +2° o C-e
| +2° 60— MED. -y |

DISTURBED DAYS|
= MED. -3°

PERCENTAGE OCCURRENCE

-40 =20 0 +20 +40 -40 -20 0O . +20 +40
ORIENTATION OF MAJOR AXIS IN DEGREES EAST OF NGRTH

— ..

Fig, II.5,7.

»

magnetic N-S for ﬁﬂth quiet and disturbed days.

The size o? the irregularities (diffraction pa-
ttern.at ground) is shown in Fig. II.5.8 which shows the
histograms for the length of the éemi—minor axis b,

From the nature of histograms, it looks that b is lar-
ger on disturbed days than on quiet days for E-region while
the histograms look alike on quiet and disturbed days for -

F-region. The median values for the E-region are 70 meters
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and 72 meters on quiet and disturbed days respectively which

THUMBA 1967

I
| E~REGION F—~REGION
QUIET DAYS QUIET DAYS '
w O MED. 70 MED. 76 20
2
&
£ 10 o
(]
o
[»]
w DISTURBED DAYS| |
%ﬂ 49 MED. 80 —20:
£ad
(&)
a7
i 20 10
0 0
0 100 -200 100 200 300

SEMI MINOR* AXIS-b IN METERS
1]

"Fig. II.5.8.

are not diffe-
rent from eaeh
other, However,

the mean values

for the E-re-

gion are 72

metres on quiet
days and 85 petmes
on disturbed
days. The me-
dian value of”
b for the F-
region are 76
mdz@s;on quiet
days and BOmetres
on disturbed
days, while the
mean value is

95 metre s, on

both quiet and disturbed days. Thus a little increase of

b can be suggested on disturbed days.

(Tagle IT.5.1 is given in the next page)
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Ratio <o\< 57

Drift and anisotropic
quiet and disturbe

TABIE-TT.5.1,

parameters at Thumba during magnetieally
d_days_in the_year 1967,

- E-region F-region
Parameter Quiet days Disturbed days Quiet days UHmﬁGHGmQAQm<
_tount = 25 Count =31 Count =100 __ Count = 74
Mean Med Mean Med Mean Med Mean Med
True drift 74 + 5 72 66 + 5 65 93 + 4 89 87 + 5 79
speed V in
m/sec, ,

Semi-minor 72 +
axis b in

meters,

B

I+

>xwmw ratio - 7.0

s

Orientation

of chara-

cteristics 1+ 3

—

eclips in
degrees mmmdw
of Mag. Northy

3 70 85

.01.48 .78 +

T 6.4 4.9 4

2 357 +

.06 .66 .29 £+ .05 .45 .67 + .06 .55

72 BT 76 95 +6 g

4.3 10,0 + 1.0 6.9 8.4 + ,6 5.6

357 357 + 2 359 3a7 +1 358
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I1.5.3. Results at other stations.

Chapman (1953) obtained positive correlation bet-
ween the apparent drift speed obtained at Ottawa = Montreal
and the magnetic K-figure. For the E-region, the drif+
speed was independent upto K-figure 4, but increased with
further increase of the K-figure., F-region drift showed a
steady slow increase with K-figure from O to 5 and a more
rapid increase as the K-figure exceeded 5, Brlggs and
Spencer (1954) reported drift speeds for the E-region at
Cambridge to be independent of K-figure between 1 and 51
however, on one occasion high drift speeds were recorded
when there was a severe magnetic stérm. For the F-region
drif < speeds were found to pe approximately constant upto
K-figure 5, after which E-W component was found to ihcrease
'steadily. ‘ I |

Rao and.éab (1961) studied E- -region drift data at
Waltair for the perlod Junel957 to May 1959, with magnetic
activity and found that drift speed increases llnearly W1th 
magnetic K-figure in the range 0-5. For the same station,
Rao et al (1961), obtained drlft speed decreasing 11nearly
with the K- ~figure for the- Fz—reglon ‘Resolving the drift
speed into E-W and N-S components, they found that the N-§
compoﬁent more or less remains constant with the K-figure

while a decrease was observed for the E-W component, Thus
}
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while the results for E~ reglon were same as observed at

| hlgh latitudes the effect f magnetic act1v1ty was found
to be opposite at low latitude as compared to that found
at high latitudes,

A study of the latitudinal variation of the- effect
of magnetic activity on g -region drifts was undertaken by
Rao (1963), I.G.Y, data for the stations, Waltalr, Yamagawa ,
De Bilt, Brisbane and Wellington were compared, K-figure was
taken from the magnetic observatories located at the nearest
geomagnetic latltudes For all stations, there was increase
in drift speed with the K-figure, the rate of increase being
more at high latitudes, |

Rao and Rao (1964) studied the effect of magheticw
activity on the'horizontal drift and anisotropy of the jono-
spheric irregul IltlLS in the E-region at Waltair using full
correlatlon analysis, Both apparent and true drift speeds
were found to 1ncre§se with K-figure. The ratio VC/V was
£ ound to increase on disturbed days, the axial ratio of the
charatteristic ellipse increased and semi~minor axisg decreased,
The orienta tlon was found closely aligned along magnetic
North in the disturbed days. |

Similar study at high latitude station Cambridge
by Fooks and Jones (1961) and Fooks (1961) showed that while
the axial ratio is nearly same for quiet and disturbed days,

}
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length of the semi-minor axis is reduced considerably and
irregularities are 2ligned rlager to magnetic field, More-
over, the ratio Vv /V was quiet 1ow during magnetic storms,

A comparison of the effect of magnetic activity
onvthe true drift and anisotropic parameters of the irregu-
larities in'the E-region over Waltair and Yamagawa was
- made by Rao G. L. N: (1965 " for the period octoper 1958, For
both the stgtions, Waltair ang Yamagawa, the drift speed
was more on distugbed days, the difference being more for
Yamagawa. The axial.ratio and the size of the irregulari-
ties wére found to be more on disfurbed days which was more
Clearer for Yamagawa, .The orientation was nearer to the
magnetic meridian during disturbed days,

Rao (1966) studied F-region apparent drift speeds
with K-figure aﬁ Waltair, Yamagawa , Ashkhabad; ‘Simeiz
and Gorky, It Was found that at low latitude station,
Waltair, drift speo& ‘ecreased with K-figure, at mid-lati-
tude stations, Yamagawa and fishkhabad, it remained constant
and at high latitude stations, Simeiz and Gorky, it increased
with the K-figure,

In the equatorialhregion drift study during quiet
and disturbed days was done by Skinner et aj] (1963) and
showed that true drift speed in the F-region on disturbed

days is substancially roduced during night, but is hardly
\ \



affected by day.  Nighttime Eastward drift speed of 90
m/sec was obtained on quiet days and 50 m/sec on distur-
bed days. The size of 1rregularities was also found to be
more on disturbed nights than on quiet nights while the
size.wasvpractically same during daytime on quiet and dis-
turbed days, 7

Osborne and Skinner (1963) correlated the F-region
apparent drift speed Qv obtained ét Tamale (0, 6° mag. lat,)
with the field Hﬂwat.Legon (dip 10%s), i.e. the normal S,
field, and with the jet field at Tamale given by HT HL
About 68 drlft measurements during daytlme hours were ana-
lysed and it was found that V' is more closely related to,
the jet field H.-H .  The apparent drift speed V' was
found to increase with the strength of the jet current.

A Compkr;son of the true drift speeds at Ibadan
during IGY and iQSthas done by Morris and Lyon (1966) for
the equuinoctial mo;ths. .In the F-region, the drift speed
was shown to be reduced by a factor of about 1.8 both near
noon and near midnight. In the E-region, there was not much
significant difference but a little decrease in the low sun-
spot yeafs was suggested.' They further showed that the
daily range of the horizontal component of earth's magnetic
field RH decreased by a facﬁor of about 2 from the solar

maximum of IGY to the solar minimum of IQSY indicating close



association of the drift speed with the Tange of the mag-
netic field R, |

I1.5.4, Discussion

Results obtained at Thumba show a decrease in the
fading rate as well as in the drift speed on magnetically
disturbed days for both E- and E—reglons. It has been
shown that there ig g slight decrease in the electrojet
strength (differe@ce between the horiZontal range at mag-
netic equator & horizontal range at a station about 6°
away from the magnetic equator glves the jet contribution
to the large diurnal variation in the horizontal magnetic -
compoinent near the magnetic equator and is 2 measure of
the electrojet current strength) on magnetically disturbed
days (Osborne,liéq). ‘Hence, it seems that the drift
speed of the irregularitiee in the equatorial ionosphere
depends an the elect@ojet strength.

The axial ratio r significantly deereases on

dlsturbed days for both E- and F- -region which shows the elon-

gation of the 1rregular1t1es is again dependent on the
electrojet current strength

The orientation does not show any significant
change but there is indicatipn that on dieturbed days it

shifts slightly West of magnetic North in the E—region.
} .
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No significant change in the seml ~-minor axis b is
observed but an indication of 1ncrease in b is sugges-—
ted on the disturbeqd days f r E- and l:—regione.

Comparing with the results obtained by earlier

workers, it is f ound that on magnetically disturbed days, there

is a decrease in the drift speeds at equatorial stations
and an increase at high latitude stations, For the E-re-
gion, one finds a decrease at Thumba, a small increase at
Waltair and a rapid increase at higher latitudes, indica-
ting reversal‘occurrlng in between Thumba and Waltair. For
the F-region, 2 decrease is observed at Thtmba Ibadan and
Waltair, practically no effect at Yamagawa and Ash khabad
and increase at high latitude stations, Gorky and $imeiz
reversal occurring at mid-latitudes. Thus this mversal
occurs nearer tT:equator for E-region than for F-region,
Another importanf’difference observed is thet for the
E-region diffractioé patterns at Waltair, the semi-minor
axis decreased on disturbed days and orientation became
more closely aligned along magnetic North. Similar results
were obteined at Cambridge where the semi-minor axis was
found to reduce considerably on the distrubed days and
orientation being more closely aligned along the magnetic
North., The ratio VC/V was found to be quiet low on dig-
turbed days at Cambridge. The resulsts at Thumba show in-
}
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crease of the ratio V./V, suggestion of an increase of the

seémi-minor axis p both in the E- and F-regions on dis-

' turbed days. It seems therefore that that the effect of
the magnetic disturbance at equatorial stations is just
opbosite to that at high latitude stations, Howevert'it
is necessary to analyse more data both in the equatoria]
and high latitude stations to find the exact effect of the

t
magnetic activity on irreqgularities and their drift,
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CHAPTER II.6. ‘ Discussion and compvrlson of the drift study
at _Thumba with those at other statlnns

The resulsts of the horizontal drift and anisotro-
PY parameters of the lrregularitics in the E- and Foregions
of ionosphere over Thumba have been compared to those ob-
tained at other stations, partlcularly at other equatorial
stations in the preceeding chapters; namely 1II,3, IT.4 and
I1.5. The important points are collected here.

For either of the E- or F-regions, there is a
sharp increase in the apparent drift speed in a very nérrow
Zzone near the magnetic equator which suggests a close asso-
clation of the drifts in this zone with the electrojet
curtents, The speeds are lowest near 30°-50° magnitude
latitude, A small increase is suggested to occur at high
latitude stations.

The direction of drift at Thumba is entirely Weét~
ward durlng daytime and Eastward during nlghttlme. The N-S
drift directions seem to be negligible even-during the
~periods of reversals. Thus the reversals of the drift dire- -
cﬁion in the morning or evening dO'not indicate a smooth
~rotation of the drift vector. Similar E-W drifts have been
reported at other stations near magnetic equator, hamely
at Ibadan and Tamale, The.N-S components are significant
at stafiohs, Waltair and Singapore, and the drift vectors
show émooth rotation with the solar time in accordance with

the dynamo theory of Sq variations. The high latitude



drifts haﬁe been shown to have daytime East-ward and” night-
time Westward component with a smooth rotation of drift
vector These observational results agree fairly well

with the F-region drift systems as calculated by Maeda’
(1963) from the dynamo theory,

The reversal times of the drift direction in F-
region at Thumba in the morning and evening agree very well
‘with the reversal times of E-region direct electron drifts
measured at Jicamarca by Doppler shift technique. The F-
region vertical drifts at Jicemarca have been shown to rew
vers; direction exactly when E-W current reversals occur in
the E-region. Further, nighttime electron drifts at
Jicamarca are shown fo have neéfly same magnitude as during
déytime. These results agree well with the results obtalned
at Thumba which show that the drift of the 1rregularltles
near equator indicate the electron motion itself,

| Another interesting result obtained is the late
mufning reversal and early evening reversal of the drift
Vdirection during summer season; The evening reversals
‘are shown to have day-to~-day variability.

The true dfift speeds calculated at Thumba show
drift speed of about 75-80 m/sec in the E-region and about
85-100 m/sec in the F-region. The drift speeds are found

to be lowest during summer for either of t he region,



'-".:. 240 .:-

The study at other sta tions also show lowest drift speeds
to occur during summer, |
The results at Ibadan show maximum drift speed

during D-months and lowest during J-months. At Thumba,
similar results are obtained for the E-region while for E-
region winter and equinoctial values are equal. The time
of the daytime maximum is shown to be latest during summer.
Similar resglt‘has been obtained at Ibadan, Nighttime drift
speeds show a clear maxima in the equinoxes and dip during
summer at both t he stations, Thumba and Ibadanf

_ E-region drift speeds at Thumba are of same order.
in the years 1964 and 1967, but there has been a llttle
reduction in the value of drift speed in the F- reglon.
These results are in contrast to the results obtained at | "
Ibadan where there was a considerable decrease of hhe true
drift speed in the F-region and a suggestion of decrease in
the E-region from IGY period to IQSY.

The ratio v /V at Thumba is of the order of unity
itho vear 1964 and about 0,6 - 0.7 for the year 1967,

The ratios obtained at Ibadan and Waltair also lie in the
range 0.6 -~ 0.8, Thus there is no significant latitgde
variation in VC/V. Further, at all low latitude stations,
the ratio VC/V is higher for the E-region than for the F.

region., Thus the life-time 'of the irregularities in the
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Enregioh is comparatively shorther than in the F-region.
Again the ratio feor the F-region is higher during day-
time than during nighttime. These resu1{s~do indicate a
dependence of the life-time of irreqularities on the colli-
sions in the region of the irregularities,

The anisotropy of the irregularities is maximum
near equator. Axial ratio is found to be 3 for the E-
and F-region records at Thumba during the year 1964. Hbw-
rever, the value increases to about 6 for the E?region and
10 for the F-region in the year 1967. Thése values agree
fairly well with those obtained at Ibadan for a few records
during IGY period. There seems to be a sudden dropiin the
value of axial ratio at stations awqy from equator (mag.)
as evident from the values obtained at Waltair and Singapore
which are of the order of 2, The values are lowesé‘at
Cambridge,

The size of the irregularities at ground is lowest
at, the equateor where the transverse size is.less than 100
meters. Size as low as 40 meters is obtained during day-
time hours of 1967 at Thumba. This value increases towards
higher latitudes and at Cambridge sizes exceed 200 meters,

The irregularitiésfare,pefféctly field alignéd = .
at the equatorial stations of Thumba,ATaméle and Ibadan,

about 10-15%est of North at Waltair and in the NoW qua-
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drant at Cambridge,

 Thus contzol of the field lines is maximun nes
equator where rather thin irregularities are observed
The abnormal behaviour at equator restricted to a very
small zone seems to be associated with the presence of
- large currents flowing in this zone. 4 marked rise in the

axial ratio and marked reduction in the transverse size of

the irregularities at Thumba is seen in the year l967 whlchA

is a relatlvely higher sungpot year than the low sunspot
year, 1964, The drift velocities at equatorial stations
have been found tr be dependent on the jet field,

The_fading rate, drift speed and the axial ratio
are considerébly reduced at equatorial stations on\magne—
tically disturbed days. Further it is well-known that the
drift speed increases on magnetically disturbed days, at
high latitude stations. The change-over of this phenomenon
1s seen to occur in the intermediate latitudes which is
nearer to the equator for the E-region and slightly away
for%the F~region,

The diffraction patterns at equatorial stations
are more closely field aligned on magnetically quiet days'
than on disturbed days whilé reverse is the case at high
latitudes, Similarly, the semi-minor axis increases at

equatorial stations on magnetically disturbed days and de-

LS



~creases at high latitudes,

Thus as far the lonospheric drifts are concerned,
one can divide the world-wide pattern into three dlfferent
zonese
(1)‘ hn equatorial zone - where the irreqularities and

their motion are controlled by electrojet, A

true East-West drift is observed which is reduced

on magnetically disturbed days. N-S direction 'are
not observed even at t he time of reversals. The

irregularities are thin, elongated and field ali-
gned, Departure from these properties is observed

on magnetically disturbed days. !

(2) A high latitude region - where drifts have Fast-
West component which are in reverse dlrectlon th;n
those observed at equator., Smooth rotatlon of the
drift vector is observed. Magnetic activity acts
opposite to what is observed at equator, Irrequ~
larities are here controlled by charged particles
precipitation,

(3) An intermediate zone - where the behaviour changes
from seasoﬁ to season with drifts like at high la-
titudes in scme season and like at low latitudes in
other season, Martyn had predicted a phase rever-

sal of drifts occurring at latitude of about 35°,
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Thus the étations in this region-havg variability
because of the positions of the current loops

chahging from season to season. Magnetic distur-
pance-wise also, this intermediate zone will have

drift speeds independent of the magnetic activity.

However, more study of the drift and anisotropy of

irregularities in the E- and F-regions of ionosphere is

required

‘particularly at mi

sion is made on a firm basis.

Wor ld—wide drift and the dynamo theory

observed

(1)

current flow. No N-5 currents are observed ‘in

The external current systems calculated f rom the
magnetic field variations show:
In the equatorial zone, there is a daytime East- -

ward current flow and a weak nighttime West-ward

N

£

this zone.

In the high lstitudes, there is daytime West-ward
current flow.

Currents are mainly N-S during most of the day-
time at intermediate latitudes. An Eastward
current around noon 1s observed at latitude less

than that of thé current focus and Wegtward current

ddle latitudes before some conclu-



at latitudes higher than that of current focus.
At a particular iatitude, the direction of the
current flow changes smoothly with the solar t ime.
The observed world-wide pattern of the drifts

. therefore agress fairly well with the expected behaviour

according to the dynamon theory.

&Y
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CHAPTER - III,1  IONOSPHERE OVER THUMBA ,, KODAIKANAL AND

TRIVANDRUM

"IIT.1.1. Introduction

| One of the most common methods of investigating
the ionosphere has been the pulse echo technique origina-
ted by Breit and Tuve in 1925, The instrument is essen—.
tially a type of radar which is capable of obtaining
echoes from the ionosphere over a wide range of operating
frequencies and is known as ionosonde. Pulses of radio
energy are transmitted vertically by special wide band
aerial system and received on similar adjacent aerial,
The time interval (t) between the transmitted pulse and
the reflected pulse is equal to twice the height of t%el
layer divided by the average velocity of the radio-waves. "
If the velocity of the radio-waves is assumed to bepcon;
stant and equal to that in vaccum, one obtains only the
virtual height of reflection. Since the group velocity of

the radio waves is reduced in the ionized media, the

vir&ual height is always greater than the real height of

reflection., As the frequency of the transmitted pulse is
inereased slowly, the radionwaves penetrate deeper and

deeper in the ionosphere until the radio-waves penetrate
through the level of maximum ionization and are not returned

back, This limiting frequency is known as the ecritical
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frequency of that particular layer. The ionosonde indi-
cates on.thé oscilloscope screen the time delay or the
virtual height of the reflection of the radio-waves bet-
ween the various layers and ground, Photographs of these
tracés are taken on a moving film producing graphs of the
virtual height versus the frequency of the radio waves
which are called ionograms, A large number of ionosondes
were installed for the IGY programme all over the world,
The All India Radio (India) installed a manual ionospheie
recorder at Trivandrum near magnetic equator in October
1957, With the establishment of the rocket launching sta-
tion at Thumba which is very close to Trivandrum, an auto-
matic recorderAwas installed by Physical Research Lapora—
tory, Ahmedabad, and regﬁlar sounding started from Oépober
1964, -

IIT.1.2. Brief description of the ionospheric recorder at
Thumba e ‘

The ionospheric recorder at Thumba has been the
model C4 ionosonde designed by National Bureau of Standards
(U.Q.A.) for IGY programme,

The instrument consists of a single sweep trans-
mitter covering a frequency range from 1 Mc/s to 25 Mc/s
accompiiéhed by mixing signals of a variable frequency osci-

llator (range 31 to 55 Mc/s) with a fixed frequency oscillator



~: 255 o -

of 30 Mc/s. The receiving éystem is ‘a double conversion
supefhetrodyme type; Incoming ionosphefic echoes (in
the range of 1 to 25 Mo/s) are mixed with the variable
frequency oscillator signal (31 to 55 Mc/s) producing a
first intermediate frequency of 30 Mc/s, This is again
hetrodyned with another fixed frequency bscillator to
produce the second intermediate frequency of 1.4 Mc/s,
As the variable frequency oscillator is same as used to |
generate the transmitter pulses, the receivei is always in
tune with the incoming signal, The detected pulses” are
fed to the two oscilloscopes,‘one for monitoring purposes
and the other for fecording purpeses., Frequency mar%ers
are provided at each mega cycle from 1 to 25 Mc/s. ée—
cords are obtained on a 35 mm film camera attached with
a motor and gear system for obtaining different film
speeds.

The equipment can be operated ménually or with
a programming device controlled by a motor clock., Conti-
nuo%s sweepings can be used for observing rapidly changing
phenomena, | |

Tﬁe gntenna system'consists of two separate and
identical delta type vertical antennas for the transmitting
and the receiving system, both supported.by the same central
pole. The plane of the two éntennas are orientated at

right angles to each other to minimise direct coupling between



the transmitte:_and the receiver., Each antenna is orienta-"

ted at 45° with feépect to the magnetic meridian, In
each element of the aerials three wires are used to give a
more stable impedence characteristics over the frequency
range 1 - 25 Mc/s.

| The height of the system is 70! above the ground
and the horizontal leg 6' above the ground, The length of
the horizontal leg was about 60' in the beginning which
was later increased to 100' to give better response in Qhe
low frequency range. The antennas are terminated with
600 £1 impedences,

The basic characteristics of the instruments are
|

r
i

as follows:

Frequency range 1 to 25 Mc/s logarithmic
. N
Peak power 10 kw #
Pulse repetition g
frequency 10 to 70 variable
Sweep time | 15 sec, 30 sec, 120 sec
: adjustable

i Height range 500 km, 1000 km, 4000 km

adjustable
Height markers 50 km, 100 km - adjustable
Pulse width ' 50 — 100 sec, variable,

P
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ITT.1.3 Characteristics of the ilonosphere over Thumba,
Trivandrum and Kodaikanal

Ionospheric soundings at Thumba have been made
since October 1964, To start with a sounding was made ach
hour which was ihcreésed to every half an hour interval from
July 1966 and every fifteen minutes from January 1967, The
jonosonde at Trivandrum operated till June 1965, As the
separation between Thumba and Trivandrum ionosondes was |
less than 5 Km, a detailed comparison of the ionospheric
data from the two instruments was necessary to find any di-
ffeience, due to different instruments in use at the two
stations, ‘ , .

An automatic ionospheric recorder model C2 has
been in operation at Kodaikanal since May 1952, The instzu-
ment C2 is of similar type as 64, hence differences' between
the data at two stations Thumba_and Kodéikanal may be consi-
dered as genuine spatial.variations.

%

at the three stations was reported earlier by Raétogi and

A preliminary study of the F-layer characteristics

Harish Chandra (1966), Some additional features of this

study are described.here,-
The daily variations of the F-layer parameters

over Thumba, namely the critical frequency of Fz—layér (fOEQ)
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the | minimum virtual height of F s-layer (h’F

)

the criti-

cal frequency of the F, —la FeT \chl) and the minimum vir-

tual height of F,-layer (h’Fl), during each month of the

years, 1965 and 1967, are shown in Fig.
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daily variations are shown in Fig, III.1.2. The contour
maps of foFQ and

hpF2 at Thumba in
the entire period,
January 1965 to
December 1967, are
shown in Fig. III,1,3

and Fig. IIT.1.4,
!
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(Figs., IIT,1.3 and III.l1.4 are given in the

next page).
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The important conclusions drawnvfrom the above
summarized below:

A considerable increase of the critical frequen-
cies foFl and fon is noticed in the year 1967,

a year of higher solar activity,

Fore-noon bite-out is observed in the daily va-
riation of foF2 in either of the years with peaks
occurring at O8 hr. in the morning and at about
17-18 hr. in the evening., Bite-out is'quite péo—
nounced in the equinoxes and summer, but is

suppressed in winter months. A prominent evening

peak is observed in the year 1965, but the two
{

peaks are of same order in the year 1967, '

The h'F values are practically identical for bot'
the year except for a marked post sunset peight\x
rise ;bserved for the year 19067. Similarly»hp?2
values show sudden rise éfter sunset for the year
1967; In general, hpF2 values are higher for the
year 1967 than for the year 1965,

hpF2 contour map shows maxima around noon in the
years 1965 and 1966 during summer months while

in the year 1967 very high values of hpF2 are
observed after sunset particularly during the

months, February - April, This height rise after



sunset in the high sunspot year is a typical of

equatorial stations,

A comparison of f F, variations at Thumba and
Kodaikanal during each season of the years 1965-67 is shown
in Fig.III.1.5. The nature of variations at the two sta-
tions is similar, The fOF2 values at Kodaikanal are shown
to be slightly higher than those at Thumba during winter and

equinoxes while they are equal or uncertain during summelr

season, To check it more precisely, individual day's mid-

WINTER EQUINOXES SUMMER

66-67

-~—- KODAIKANAL | |
\ ——  THUMBA

! 2 I ! ! 1 ] ]
E [} 6 12 8 24 0 6 12 18 24 0O () 3 1o 294

TIME 75° E.M. T.

Fig. III.1.5.

day (11-12 hrs.) f F, values of the two stations were

%
5
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plotted for the typical winter month (January) and typical

summer month (July) and are shown in Fig, III.1.6, It is
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clearly noticed that while in the month of January, fOF2
%alues at Kodaikanal are higher than at Thumba, reverse
is the case in the month July?“suggesting change-over of

fOF2 equator from one season to another season,

A study of foFZ and hmF2 variations on magneti-

cally quiet days over a solar cycle at Ibadan in the period
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of 195764 (Olatunji, 1966) showed well-known systematic

‘decrease of foFQ with solar activity as the sunspot num-
ber decreased from 1957 to 1964, The summer and equinoctial
‘months (August-September-October) showed typical midday'dip
with predominant pre-noon peak of fOF2 in the_year 1956,
predominant evening peak in the year 1964 and nearly equalv
morning and evening peaks in the year 1961, The predomi-
nanat peaks were not observed for t he winter solétice months
(November—December—January); midday dip was not observed
in the year 1957, while a small dip was observed in the year
1961 and 1964, These results indicate that the bite-out
phenomenon is reduced duringwinter months, \

Present results at Thumba show predominan% evening
peak for the seasons summer and equinoxes in 1965 a low N,
sunspot year andrearly equal peaks in the year 1967. The
bite~out is least pronounced for the D-months. Earlier, it
has been shown by Satyanarayanmurthy (1962) that during the
h;gh sunspot years 1957-59, the diurnal variation of foPQ
at Trivandrum was a double humped curve with predominant
morning peak in all the seasons with marked bite-out during
summer and equinoxes and reduced bite-out during wintef.
Hence, from the study of foFQ variations at Ibadan and Thumba
it is’clearly evident that (1) marked bite-out is present

during summer and equinoxeé, but 1s considerably reduced
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during winter, (2) the high sunspot vyears show a predomi-
nant morning peak of ioniz-*ion while the low sunspot
yearé show predominant evening peak,

ﬁpﬁz variations

Study of hmF2 at Ibadan for the months, May,'
June& July during the years 1957-64 showed post sun-set
increase around 19 hr., which is much more pronounced at,
sunspot maximum. Similar conclusion is obtained from the

hsz variations at Thumba during the vyears 1965-67.



The F region of the ionosphere over te magnetic
equator in India during I. Q. S. Y.

R.G. Rastogi and Harish Chandra

Physical Research Laboratory, Abmedabad. '( India)
vy

ABSTRACT

?- The article ecompares the Ionosonde obser-
ntions at Th@@ba located near the magnetie

immator (dip 0.698) with those of the neigh-

bmring stations of Trivendrum (only a couple ,
i Kilometers distance) and Kodaikanal(dip,g}7°w), ‘

: To supplement the then existing network of ionos-

pheric stations in India upto the magnetic equator, a

nanually operated ionospheric recorder was installed in
Irivandrum during IGY by All India Radio. With the establish-
mnt of Rocket Launching Site near Trivandrum, it was felt. :
lecessary to install an automatilc lonosonde near the Rocket
Range, With the generous loan of a C4 type ionosonde by
fireless Planning and Co~-ordination Branch of the Government:
of India and with the facilitles made available at Thumba
Rocket Lamnching Site, a regular vertical lonospheric Sound-
Ing Station was established by the Physical Research Labora-
tory, shmedabad, The article describes a comparison of

Tmmma data with the data simultaneously obtained- at
?NNandrum and Kodaikanal., The coordinates of Thumba are
(Geog., Lat, 8083‘N5Geog. long. 76952'E, Magnetic Dip=0,698) 4
Ionospheric soundings at Thumba were started in October

964 and have been continued since then. The ionosonde at
IMvandrum continued operation till June 1965, Thus
Shultaneous observations are available at Thumba and
hlVandrum for about six months. The two stations were only
&COuple of kilometers apart and one should expect the mean
8 well as the individual values of the parameters to be
Wentieal, In Fig. 1 are shown the dally variations of

%Fg and hpF5 at the two stations for a winter (Jan,l1965)

Y summer (may 1965) and an equinoxial month (March 1965),

It is seenr that in general the character of the daily
"ariations are very similar but there are some signifi-

smm differences, between the two curves, The daytime

flues of h,Fg are slightly lower at Trivandrum than at

humbg Th nighttime values of Trivandrum hyFy are not
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are in generaol greater in Trivandrum than at Thumba and
there seems to be large irregular dirferences in the T
values at the two stations during the nighttime. These
differences seer to be instrumental di“feren-~es and are
inherent in the comparison of an automatie ’JhO‘LG’I‘ﬂ')l’ll('allY
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cording instrument and a manually operated non-recording.
squipment, The difference are to be kept in consideration

yhen the earlier data at Trivandrum are to be combined with
the later data at Thumba during any analyses in future.

; An automatic jonospheric recorder,%&odel C2, has

een in operation in Kodaikanal since May 1952; the coordi-
ates of the station are Geog. lat. 10914, Geog.long. .
7 29' Magnetic Dip, + 0,79, The instruments at Kodai-
anal and Thumba are of similar type and so the differences
etween the data at the two stations may be consldeped as
enulne spatial variation without any instrumental errors
involved. The daily variations of foFoy h'F5 and h'F  at
odaikanal and Thumba for different Seisons of the I.¢.S.Y,.
s well as averaged over the whole year are shown in Fig. 2
he yearly mean value for 1965 of f Fo, foF1, h'F and h'F

t Kodaikanal (KOD) and Thumba (Thu? are given in Table 1,

S%It 1s seen that the annual average curve of h'F2 .

oes not show any significant difference at the two stations
The daytime values of h'F are insignificantly higher at
Thumba than at Kodaikanal,

The annual average value of foF at the two statiohs
are almost identlcal, the differences being less than the
errors involved in the identification of foF1.

The annual average value of foFo are slightly higher
8t Kodaikanal than at Thumba during Phe daylight hours,
Vhile the case is reversed during the night hours, This

is quite understandable because during the daytime hours of
& low sunspot year the latitudinal variation of f Fo shows
& minimum over the magnetic equator while during %he night
hours, there is a slight maximum of foFo over the magnetic
équator. The annual mean data of the (Fg) layer at Thumba
are thus consistent with the location of “the station,

Referring to the daily variations of h'Fg and h'F
uring individual seasons, it is difficult to note any
ignificant differences between the two stations,

: Referring to the foFo values it is seen that foFo
during the night hours is shaller at Kodaikanal than 9t
Thumba during any of the seasons confirming a hump of foFg
-Over the magnetic equator during the night hours. ?

L The day time values of f_Fo are almost identical at
‘the two stations during the sumfe® months, But during the
¥inter months the f Fp values are higher at Kodaikanal
than at Thumba during the daylight hours, TPhis is further _ .
Clarified in Fig. 3 showing the individual simultaneous noon
Observations of f Fy at Kodalkanal and Thumba. Most of the
Points are above Th8 450 line indicating the excess of foFg
8t Xodaikanal over the same at Thumba.
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Fig. 4. Monthly variation of midday values of {,F2 and h'F;

at kodaikanal and Thumba.



Table
YEARLY MWAN CHARACTERT
OVILR THUMBA AND KODAIKANAL 1965,

1
STICS OF THE IONOSPHERE

90

259

f Fo HMe. £oF1 Me/s B'F (km) h!'F,, (Km)
Time Thu. Xod, Thu. Xod, Thu, Kod, Thu, Kod.

00 4.8 4.1 2§§f 260
01 4.4 4.0 240 249
02 3.9 3,2 242 241
03 3.1 2.7 240 252
04 2.6 2.4 237 251
05 1.7 1.9 245 237

hg&os 4,0 3.9 251 251

07 6.2 6.2 228. 222 o

08 7.2 7.2 4.2 4,2 214 204 307 307
09 " 7.0 7.2 4.3 4.3 207 197 339 337
10 6.7 6.9 4.4 4.4 198 193 362 367
11 6,7 6.9 4.5 4.4 200 189 375 376
12 6.9 6.9 4.5 4.4 200 188 ' 369 375
13 7.2 7.3 4.4 4.4 199 190 361 367
14 7.5 7.7 4.5 4.3 198 193 348 351
15 7.8 8,0 4.3 4,2 204 199 327 328
16 8.1 8.3 4.1 4.0 217 212 302 302
17 8.2 8,4 3.8 240 234 273 273
18 7.9 8.3 256 252
19 7.3 7.7 271 251
20 6.7 6.8 262 247
21 6.3 6.0 250 241
22 5.5 5,2 244 245
23 4,8 4.6 249




.

In Fig., 4 are shown the monthly variation of midday

12 and 13 hr, mean) value of fyFo and h'Fy at Kodaikanal
d Thumba, The seasonal variation of f Fo is similar at the
Q&;‘ stations, The f _Fo values are signigicantly higher at
sdaikanal than at TRumba during the winte months, while

1s slightly smaller at Kodaikanal than a% Thumba during

¢ summer months,. :

=~ The values of h'Fg are slightly higher at Kodaikanal
han at Thumba during the summer months, while there is

%f"ry little difference between h'Fy of the two stations
ring the winter months, ’

e
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Chapter - III,2. Electron density versus height distribu-
tion at Thumba

Introduction

Ionograms represent a graph of time delay (t)
between the transmitted and the reflected pulse’versus
frequency.(f) of the radio-waves., Assuming the speed of
the radio—Waves to be constant and equal to that in

vacuum (c) this graph is equivalent to the “irtual height,

(h) versus f where !

h' =4 ct | | (1)

Group velocity of the radio waves, that is the
velocity with which a pulse of radio-waves moves 1in an
~lonized medium having a group retractive 1ndexixi is

given by . N,
U =/ u (2)

Therefore the time delay t is given by
ha
4
| t =2/ dh (3)
o V

where hp is the true height of reflection. Combining

equations 1, 2 and 3

hy
h (£) =fM' ah | (4)

L

Group refractive index /(i is a function of local
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electron density N, frequency of the radio-waves f and

the parameters of the earth's magnefic field,

IT.2.1. Methods for determining true height of reflection
of radio-waves

Calculations of real heights from the virtual
heights are done by solving equation 4., Basically, there
are two approaches for electron density distribution cal-
culations. In the first known as the model method h'f cﬁrves
are drawn for different known models of electron density
digirfbation and the parameters of a particular ionogram‘

are determined by comparing with the standard Curves.

IIT7.2.1(a). Model methods

According to the Chapman's theory of ionization
(1931), the shape of electron density distribution near

the level of maximum ionization density is shown to be para-

bolic in the form

2
N=No 1o {R=m)® (

4 12

(@]

Defining the semi~thickness of the parabola

Ym = 2H = hm~ho where ho 1is the lower boundary of the

layer equation (5) can be written as

N = No 1- .(L_:___b.n‘.ﬁ_ (6)

(Ym)2
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| Appleton and Beynon (1940) have been shown thaf
Af fc is the critical frequency of the layer than the
virtual height h' for operating frequency f would be

given by

is linear and slopes.give vym and ho. Booker and Seaton
(1940) tabulated the function %—%E log, %%—%—% and made
the calculations of the parameter more convenient. They
have ghoﬁaythat the virtual height of reflection at a
frequency .834 of fc 1is the height of maximum ionization
in the equivalent parabolic layer, designated by hp and
is used Widely in the ionospheric data.

Thus a quick method for obtaining the main chara-
cteristics of ionization distribution is given by fitting
a parabola to the shape of ionization distribution near the
maximum electron density, Computed h'(f) curves for diffe-
rent values of hm, ym are compared with the observed pattern
and parameters hm, ym can be identified from the curve of
besf fit, Ratcliffe (1951) gave an easy method of analysing
h'(f) recordsrassuming different models namely linear,

square law and parabolic distributions of electron density

with height. The method has been extended to include the
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effect of earth's magnetic field by providing different

families of curves for different ratios of gryo frequency,

IIT.2.1(b). Integral equation method

Usunlly ‘N(h) profiles do not follow any defi-
nite mathematical model, An accurate method to find true
heights is solving the integral in equation 4. Solution

of this integral has been tried in two different Wayém,

(1) Direct inversion method

r Appleton (1930) showed that if the effect of
earth's‘magnetlc field and of collisions are neglected,
equation 4 reduces to an Abelian integral equation which
can be directly inverted to give a solution.

Group refractive index ;¢ (f, N) in absence of

collisions and magnetic field is given by

[ £2
/ Ne? |
where f,, = / is the plasma frequency corresponding
3 Mot oTm

to electron density N, m being the mass of the electron
and ©o the permittivity of the medium.
Equation (4) can be inverted into the form

- 2 /
= - / h'(f df (9)

2 .
/
/D /sz - '.[:

A simple method of analysing the records was
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devised by Manning (1947). A substitution f = fN sin@

in equation (7) simplifies it to the form

A2
2 ;’ ht(f

h'(fN) =5 N sin @ y d& r (10)

The integratiog was done graphically with a pla-
nimeter,

Integration can be pe;formed numerically by di-
viding the curve h' (fN sin @ ) into a series of steps of
equal width in¢ . Kelso (1952) used Gaussion Christoffel
Qﬁadrants to evaluate the integral (10) numerically, To
c@lcyli}§ height h(fN) ot plasma frequency fy, virtual
heightéﬁgF(f) are read at different steps and average is
taken,

Shinn (1954) has modified the coefficients to
allow for the effect of earth's magnetic field, these
rations are called Shinn-Kelso coefficients. Schemerling
(1758) develdped a method very close to the original Kelso
method but modified to take into account the effect of
earth's magnetic field automatically. Modified sampling
frequencies are computed which depend on the gyro frequency
and the dip angle of the station., Tables containing
sampling ratios applicable to stations coverihg nearly

all over the world have been calculated by Schemerling and

Ventrice (1959).
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(2) Lamination method

In the lamination method, an assumption is made
only about the shape over a thin strip defined by a fre-
quency interval of, rather than the shape of the whole
layer, The integral in equation (4) is replaced by a
discrete sum over a number of suitable frequency intervals,
Thé coefficients of the equations are written in matrix
form and inversion of matrix-is done to solve the integral

(Budden 1954).

- Equation (4) can be transformed into a variable

M(E) = [ (e, B ah(ey) af (11)
o df
This transformation assumes that h(fN) is a

monotonic function of'fN in the range C)ijN § i

Assume that h'(f) is given at equal intervals A f vof

the frequency then denoting

ht(k 2 f) = h}, g
h (k Af) = h, ) (12)

and k&t = fy

where k is an integer., The range of integration in

equation (11) is divided into discrete intervals of < f
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so that for 'ith interval (4~ ravy <;fN~\Jsz where [ £ k
It is assumed that in each interval j%w- is constant,

RN b At N
given by =0t - ;;W,fj_L,

1N of

On integration, equation (11) becomes

! Sbhj—ﬁﬂ};//xéfaﬂ<kzk¥ hv)&i
Y- LAY el 8 A SN TN AT

s ) Rigpin [ ()
{= (A1)
X |
Let Mf( { = ?\’; / At (/( /3{ ‘{(\/) d 7[/\/ l—,;s i é k )
o (£-) A ‘
Py = o | Lo A Sk L<l4?
hence, 'frém*equation (13)
i
{ :
lk. ey éw (“x*‘hl'k> M (15)

If ho is the height of the bottom ‘of the layer from the

ground, then h'k = & >J L}”i’¢‘jﬂ) My . (16)
: £z ’

Representing equation (16) in the form of a triangular

matrix, equation (13) can be written as

N ] ‘

hy | L Ovivriinnnnn, . o’ 1 0 o) hy

h, Mo, M22....i .......... 0) | -1 1 0 h,

: ‘ : 0 -1 1 -] -

S - O-. o =1 .||~

, ‘ . ;
[ hk . o hk_ (17)
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or 'hf :MDh L) e » L (-1-8)

The product MD is also triangular matrix and is noh—singue

lar. It may be inverted to give

!

(MD) . (20)

where L

The method therefore involves three steps:

(a). evaluation of matrix_eiements - Mki
(b) inversion of matrix . MD
i % . (c) evaluation of product - Lh',
Operations, & and b are independent of observational data
and need only be performed once forany one pair of values

of the strength of magnetic field | and dip angle ‘I of

the station,

I1I1.2,2. Method used for the present analysis

Lamination method of Budden (1954) has been used
for the present analysis which was medified by Sanatani
(1966) td be worked out with the help of a smaller electro-
nic computer I.B.M. 1620, From the Appleton Hartree for-
mula, terms containing collission frequency (in F—regioh
collision frequency is much less than the gyro frequency

fu) have been eliminated. Group refractive index is given

by
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f - a A
A = -+ =

Substituting this in +he ~quation (14) and per-

(21)

forming the integration using 10 points Gaussg numerical
integration matrix element My, can be evaluated. True
height is calculated successively from 1,2 Mc/s oﬁward.
Virtual height ho at 1.0 Mc/s is taken to pe the base
level height below which no ionisation is assumed, Hence, -

from equation (16), we have

..... ) il

- [ j , Loy
lﬁ’k i )I-' - F ~r } L, i {2 o > ( b L g L= ’.) ‘MKJ (22)
; ,J

- T A=

IT1.2.3, Calculations of layer parameters

Along with the height distribution of elecfrcn
density, some other parameters characterising the layer

are calculated such as maximum electron density Nmax’

height of maximum electron density hm’ sub-peak electron

content ni and the semi-thickness of the ‘layer Vo Nﬁax

1s calculated by the well-known equation relating the
frequency. of radio-waves and electron density of the re.
flecting level given by
N = 1.24 x 10% ¢ (5)2 . (23)
where N is in El,/c.c, ‘
£ is in Mc/s.

2

Hence, for the F-layer, Npax = 1.24 x 10% x (¢ F )% (24)

0
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‘To calculate hm and Ym, a parabola is fitted near
fon. Generally points at 8% and 90% of N o, @re taken
which correspond to f?l = 0.95 x fon and fr2 = 0,895 x
fOF2. If hr, and hr2 are the heights at these frequencies’
then the points should satisfy the equation to a parobola.

h = hm ax. - Ym //l (25)

zai;f
N4 fo/
- Substituting the points (frl, hrl), (frz, hr2) in

the equation (25)

hr. = h - Ym ' 2
ho. b max 1 —(frl\ (26)
N \-f /
0
hr2 . hmax - Ymv//l —/fr2 2 (27)
| (fo ) .

Solving équations (26), (27),
hmax = hr2j/f02 —ffrlz - hrl J/fOZ - fr22

5 5
J/ foo - fr, - J/foz - fr22 (28)

and Ym = fo (hr, - hr )//(/_ 2 2

In case f F, is below 4.0 Mc/s, fr,, fr, fall -
within the last strip. In such cases, frl, fr2 are obtained

by subtracting a fixed frequency interval from f F, i.e. =



When_foF2 is‘odd
'frl = fOF2 - 0.1
fr2 = foFQ - 0.3
when fOF2 is even
frl = fFs = 0.2

| in case frl.or fr2 lie within a strip, height is
calculated by lineér interpolation. Thus if fr Jlies
within a strip of frequencies ﬁf and ﬂf+l‘ corresponding to
heighté%ﬁk and hk+l’ then the height hr at a frequency fr

is given by

N1 - hk . .
hr = Ty o fk’ ( fr - £ ) + Py (30)

Sub-peak electron content ny 1s calculated by in-

tegrating the electron density profile with respect to

height.:
nt — f:ﬂax
/ Ndh (31)
ho
hnax
=124 f £2 dh . (32)
ho
fo

{
}_‘
N
~

I

+h
o
oy

- £o” max ~ ° ( £ h(f) df:} ‘(33;)
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I1T1.2.4, Extrapolation of N(h) profiles above h
v max

Electron density distribution above the height of
maximum electron density has been obtained using Bauer's
(1962) model of the topside ionosphere, This model consi-

. . + - o, . :
ders a Ternary ion mixture of O, He and H in an iso-
thermal diffusive equilibrium. If subscripts 1, 2, 3 refér
to O+, He and‘H+ respectively, then expressing light ionic
constituents in terms of relative concentration with respect

to o" , We can write

o

) . -. [~ i
N {'\(D{‘i:"lﬁ L":::_ \ X (g’e ".J'},}m :“’\o(i,, >+~ ¥ 11 PMF/“ })

) SN <1 - S Y-
L 4 T .J< )
;?U 24
where Z' = h'-ho! is a height parameter expressed in geo-
potential altitude h' = // (t;/&;) dh to account for the

altitude variation of g, g being acceleration due to gra-

vity at earth's surface.

Hi _ mk'T
i go
my = ionic mass
: n.
n,, = Jo
Ji —

io



-2 280 -

is the relative ion concentration at the reference level

and

H,. = ————
: g
+J ( m,-m, ) ©
1 ]
eqUation-(34) can be written in exponential form giving

N{Z'") = No exp

[} i"
("- "

!

Ha
}

A
A
z(t+«V I+‘h3{)?

o

(35)

h . — ' -2 o -
In the present work 11 4 x 10 < and Fi31
7 x lO& #have been uspd Gas temperature T have been

derived using Bate's (1959) model atmosphere.,

IIT.2.5, Electron density distribution over Thumba

Electron density distributions over Thumba have been
computed for five international quiet days of the months,
January, April and July for the years 1965 and 1967. Vip-
tual heights at frequency interval of 0.2 Mc/s are read
from 1.0 Mc/s onward upto the critical frequency. In case,
the trace does not start from 1.0 Mc/s, extrapolation is

.

done upto 1.0 Mc/s assuming the same height as at foin
Thumba‘being at the centre of the electrojet region, the

regular F-layer is not observed on the lonograms, being un-.
identified due to intense equatorial Es—reflections. Extra-

polation of E-layer trace has been made keeping beS as ﬁOE.
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Electron density calculations have been made at
steps of 10 km each, Extrapolation is.made from hmax on-
wards upto 990 km, Averages from the individual days! pro-
files have been computed for each hour of the months under
study.

The variation of electron density with the time

of a day at fixed real heights is shown in Figure III,2,1,

THUMBA

JAN. 67

NN RN

1

N X 10° EL. o

18 18 24
HOUR 75° EM.T

Fig, ITI.2,1.
Dashed line represents Nmax‘ It should be noted that in
the year 1965, early morning observations are smaller in
number particularly during the month of July when not a

single reflection was observed in the period 00 hr. to '



05 hr., electron density being lower than the minimum value
in the range of the instrument, Similarly in the month of
April 1967 electron density profiles have not been attempted
from 19 hr, to 23 hr., because of intense spread-F condi-
tions prevailing in that period, | |

Referring tn the Fig. III.2.1, so far as heights
upto 180 km are concerned, déily variation of electron den-
sity shows symmetry about noon, in accordance with t he
Chapmants theory of ionisation, Divergence from this Sy~
mmetry starts from about 200 km, forming a dip at mldday also
known a; bite-cut, Thisg decrease nf electron den51ty at mid-
day is a typical of equatorial F-region, giving rise to the
well-known equatorial anomaly. TIf we look at the develop-
-ment of this midday dip from the noon maxima at lower heights,
one finds two peaks around mid-day, As we go up to higher
heights, the peaks shift away from each other, that is the
ferenoon peak shifts tmwérds merning and the afternoon peak
shifts towards evening,

Height distribution of electron density for the in-
dividual months in the year 1965 shows a prominent bite-
out in the month of April with evening peak much higher
than the morning one. For the menth of July, bite-out ig
'present\Nith nearly equal peaks in the morning and evening,

The bite-out is least observed for the month of January



when diurnal variation cufves are rather flat in the day-
time hours, Heights of maximum electron density are
around 300 km for the month of July and April and about
320 km for the month of January,

In the year 1967, the nature of profiles is sli-
ghtly different, Prominent evening peak which was obser—
ved in Aprll 1965 is no longer present, Both morning and
evening peaks are of equal magnitude for the months, April
and July, Again in the month of January, bite-out isvleast
observed,

. In the year 1965, electron densities at lower
helghts are max1mum for the month of July while at Figher
heights, they are maximum during April, In the year 1967,
.there is no difference in the magnitude of electron densi-
ties at lower heights, but at higher heights, one finds
maximum electron densities during April and least during
July. Comparing the results of 1965 and 1967, it is ob-

- served that during each month of study, electron densities
at any heights are about 1,6 times higher in the year 1967,

Iso ionic charts for the periods, January 1965
and January 1987, are shown in Fig. III,2.2, Dashed iine
represents'hsz and the portioh above this line is extra-
polated using Bauer's model of topside ionosphere as

described in the method. It can be geen that at any height
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electron densities are higher in the year 1967, Close con-

’ THUMBA
| 1965 JARUARY 1967

=TRUE HEIGHT. I KM

HOUR 75° E. M. T

Fig. TII1I1,2,2,

tours representing maxima of eiectron densities are seen
around 08 hr. in the morning and 17 hr, in the evening,
The peaks for the period, January 1965, are 5 x 10° El./c.c.
and 6 x 10° El.:c.c. respecfively, which increase to 10 x 10°
El./c.c. and 12 x 10° El./c.c. respectively in the year
1967, -

Another important feature observed from this figure

is a sharp 1ift of ionisation after sunset in the year 1967,
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A helght rise of about 100 km is observed between 18 hr,
and 19 hr., which is followed by a rapid decrease from

20 hr, to 21 hr, The height remains more or less con-
stant till mornlng hours, when sma1l1l rise is observed at
06 hr. After sunrise, different layers as E, Fl and F2
are developed. The 1onlsatlons corresponding to E- and F-
layers show a systematlc decrease in heights with lowest
helghts occurrlng at noon, while opposite is the case for
lODiSdthﬂS corresponJlng to Fz—layer,.ionisation being
lifted up after sunrise,

wBilgs. ITT.2.3 and II1.2,4 show sych charts for the

f THUMBA
1965 APRIL 1967

2

IX10° EL. ch®

mu-.bo.<

TRUE HEIGHT IN KM

I ‘ 06 2 18 24
HOUR 75° E. M. T 1‘

Fig, III.2.3.



monthg-of April and July, The closed contours for-the‘pe—
riod, April 1965, are 5 x 105 El./c.c. in Morning ang -

5

10 x 10¥ El./c.c. in the evening which increase to

5 El./c.c. and 16 x 105 El./c.c, respectiVely in

14 x 10
the year 1967, A very sharp lift of ionisation from 18 hr,
to 19 hf. is observed during April 1967. For the month -
July, much height variation is not observed for F2 layer

ionisation, Post sunset height rise is absent ip the

TR THUMBA
f 1965 Juy . 1967

800

~
o
(o]

HOUR 75° E. M. T

s 600
X
= g
500
-
! I
o
| 400 11/4:23?7;%v\2
| ~ [IIIII'-,’;;I’ “‘9 WIRA\YPAN
5 §? S e,
i o 300 \\\\\’(gl E
CF \i : =\
r 200 L ]
|
’ 100 -
[ 00 06 1; 18 06 12 18 24
i
|
|

Fig. III.2.4,
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month Juiy of both the years, The closed contours are
5 x 10° El./c.c. and 6 x 10° El./é.c. in the year 1965 in-
creasing to the values of 11 x lO5 El./c.c. and 12 x 105
El./c.c. in the year 1067,

In general, from the contours of constant electron
density, it can be noticgd that while low ionisations
show a reduction in height at noon, the ionisations of the
F2—layerllift up at noon, Another 1ift of the Fz—layer 10~
nisation is seen in the post sunset period,

Diurnal variatigns'of'the quantities n, and Nmax

are showh “in Fig, IIT1.2.5; curves for 1967 are shown by

full lines and those for 1965 by dotted lines. Diurnal

JANUARY

JULY

~3
N
o
= -

o

T T T TITIT

-2
Nr X 10 EL. CM

11yl

wn

" NuaxX 16° EL. cM3

06 12 I8
HOUR 75°E. M. T

Fig. III.2.5,
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~variations of Nﬁax for the month of January show flat
curves during daytime hours. Bite~out is very clear in
the month of April. Strong evening peak is observed in
the year 1965, while two peaks are practically equal in
the year 1967, The différence between two peaks is not
marked one in the month July for both the years. . On
average, tendency of larger evening peak in 1965 ié redu-
ced in 1967, Studying the seasonal differences N ax is
greatest for the month of April, being more than‘TO X 105‘
El./c,c.agpmpared to less ﬂﬁan 7 x LO5 El./c.c. during sol-
stices {&ear 1965), Midnight ionisation is maximum during
April and minimum during July. Another important fea-
ture is a rapid decrease in ionisation after sunset for
the month of July. The occurrence bf peaks seem to be
earlier in the.year 1967 than in 1965,

Bite-out is suppressed in case of sub-peak ele-
cton content Ny . That is tne ionisation peak at noon at
lower heights compensates the dip at higher heights to
some extent.

A comparison of the real heights of maximum ioni-
sation <hméx> is made with hpF2 values (virtual height
at .834 of fon is taken to be height of maximum ionisa-

tion in model methods:; Booker and Seaton) and is shown



in Fig, II1.2.6., A large difference, parti cularly during

L THUMBA |

HEIGHT IN KM

f HOUR 75° E.M.T.

Fig. III.2.6,

daytime, is obéerved. Diurnal variation of hmax shows
broad maxima at midday with slow decrease till evening
and rapid height rise after sunset, 1In the year 1965,
there is a height rise again atAabout 22 hr, followed by

slow decrease til} morning, In general, heights are in-

creased in the year 1967. 4 marked rise in hmax after
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sunset i§ observed fir the month of Januafy and April
”vl967, a characteristic of equatorial stations during

high sunspot years., However for the ﬁonth of July 1967,
there is no height rise after sunset - an unusual feature,
This post sunset height rise is closely related to the

occurrence of spread-F, which will pe discussed in the

next two sub-chapters,

A study of the semi-thickness of the laye~ ¥m

was attempted which is shown in Fig. LIT.2.7. strong diurnal

100

100

SEMI THICKNESS oF LAYER Yy IN KM

0 06 12 18 24 o 06 12 18 24
HOUR 75° E.M.T.

Fig, III.2.7,
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variation in the parameter Ym is observed., vm ranges from
50 km at nighttime to 175 ki at midnoon, Slightly higher
values are observed in the year 1967. Mean level during

nighttime seems to be higher in the year 1967,
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CHAPTER - TIT.3 Spread-F_at Thumba during 1965-67

III.B;l.'Ihtroduction

'Spread-F' isg usually described in terms of the
appearance of the conventional ionograms (h'F curveé).
‘Sometimes, the h'F curves become very diffuse, in contrast
to the usual sharp traces. The echoes giving rise to this
appearance have been named as 'spread echo!, 'diffuse echo!,
'scattered echo' etc. ‘When this spreading or diffuseness
occurs in the F-region echoes, this condition is called
Spread-F or F-scatter,

Scattered echoes were first observed by Mogel
(1926) while monitoring the signals of a high power trans-
‘mitter in Germany, = | “ |

Eckersley (1929, 1932, 1937a, b, c) conducted a
series of experiments and concluded that scattefid echoes
are produced by clouds in the E-layer by three modes of
reflection:

(1) back-scattering from E-region

(2)'écattering from irregulafities in the E-region

followed by regular oblique reflection via
~the F-region ‘

(3) M-scattering,

Booker and Wells (1938) were the first to'réport
spread-F at an equatorial station, They invoked mecha-

nism inyolving Rayleigh scattering by irregularities in the



F-region,

Gipps, Gipps and Venton (1948) reported from a
study at Brisbane that the broadening of the traées well
below the critical frequency was due to the presence of
several individual traces super-imposed on the normal
trace which they referred as satellites, They concluded
that the satellites arise from reflections coming from
portions of ionosphere where the gradient of ionization
was appreciably ihclined to the horizontal, Bib1l, |
Harnischmacher and Rawer (1954) reported that the direction
of arrival of the_satellite traces was always obdique.
Extensive study of the satellite echoes was carriéd put at
Brisbane by McNicol et al. (1956a, b) who showed&ihat sate-
1lite traces were oblique echoes arriving at large angles
to the vertical and also the angle of arrival changed as

the satellite range varied.

Dieminger (1951) explained certain spread-F con-
figurations on the basis of ground scattering; Radio-
waves are reflected in the F-layer, scattered by irregu-
larities on tﬁe ground, reflected again in the F-lavyer
and return to the ionosonde, According to this mode of

propagation ground scatter configuration should extend
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from the first multiple on the ionogram. Applying the ray
path calculations the lower edge of the configuration should
be linear and is called caustic focus,

Singleton (1957) interpreted spread-F as due‘to
scattering from clouds of enhanced ionization near the maxi-
mum of F,-layer. Renau (1959a, 1959b, 1960) has, considered
a number:of spread-F models as sharp ledges of ionization
similar to those proposed by Whale (1951) to explain spora-
dic E, a scattering screen'below the F-layer and aspect
sensitive back-scattering by magnetic field aligned irregula-
rities of ionization. However, these models are unable to
explain the equatorial spread-F configurations as observed
on lonograms. _-;

Calvert and Cohen (1961) proposed a mod%} based on
the coherent scattering by thin magnetic field aligned irre-
gularities, which is able to explain the equatorial spread-F
configurations. It attributes most of the features of
the spread-F configurations to refraction and retardation
imposed on the radio-waves by the ionosphere as they travel
to and from fﬁé‘pésition of scattering and scaiSely invol-
ves the scattering process ‘ itself, Tracing of the ray
paths between the ionosonde and position of scattering is done
and corresponding delays are computed to form theoretical

ionograms., Considering an irregularity the various paths



are (1) direct path to the irregularity and return (2) the
path reflected to the irregularity by the overlying dono-
sphere and return and (3) the combination of these th‘-
arriving by one and returning by another; In:case irre-
gularity is above the peak of layer only mode (1) is pdssi—
ble, Caiculations of virtual heights were made considering
the irregularity over head and fh@se at the same height
but located East or West of the ionosonde, Ionograms were
predicted for dndividual scattering irregularities at
various heights ahd at various grdund distances from the
ionosonde, Most of the features of equatorial spread—?

were found in these.theoretical ionograms. E

ITT.3.2.-Range and frequency spreading

McNicol, Webster and Bowman (1956) suggested a
division of spread-F intotwo classes:

(a) If the diffuseness is pronounceéd along the section
of the trace that sweeps upward, such that there
1s ggm@'%mbiguity regarding the penefration of
critical frequency, the spread is to be termed
"frequency type™".

(b) - If the spread is more or less independent of fre-
quency over a wide range of frequencies and the

diffuseness is principally along the horizontal
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part of the trace giving rise to ambiguity in vir-
tual height, the spread effect is classed as

'range type!,

ITT1.3.3. Degree of spread condition

ol

tAs the degree of the spread condition may vary
from a slight spread not obscuring the critical frequen-
cies to a heavy spreading which may completely obscure the
critical frequency, number of classifications have been
made describing the degree of spreading observed on the
ionograms, Such clasifiéations are necessary for a détailed
study or comparison.study, Reber (1954a) described 'faint!',
'moderate' and 'strong' spreading. Singleton (L957) consi-
dered degree of spreading by giving indiceé from O to 4
while Wright et al (1956) and Briggs (1958) have classified
degree of Spreading by indices O to 3 depending on the fOFQ
tsbulations, thus a tabulated value likev6.0 showing no
spread is given én index of 0O, Tabulation like 6,0 F indi-~
cates littléwgpreading but accurate determination of fF,
and is given an index of 1, Similarly tabulation like
(6.0) F or U 6.0 F shows fairly high spreading with doubt-
‘ful determination of the critical frequency and is given
an index of 2, while complete spreading is tabulated iike

F- and represents the case when critical frequency cannot
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be determined. This type of tabulation is given an index 3,

IIT.3.4, Examples of _spresd-F at Thumba

The appearance of the F- -reglon as observed on the
1onogramq under spread-F conditions ig quite variable,
Fig, II{JB.l. shows the typical examples of different sprea-
ding occurring at Thumba, The first example is a typical
Tange spreading with clear tréce in the top portion of layer,
The second one shows a typical frequency spread with spreading
confined to hI@hgr frequencies dnly. The third example is
a Completé spreading, The range type of spreading occurs
generally in the initial states, while third type occurs
around mid-night which finally gives rise tgo the frequency
spreading in the later hours. : J

‘.(Fig. IIT.3.1. is given in the next page)

Complete picture showing the development of the
spread-F during a particular night is shown in Fig. III.3.2,
There is no spread at 18 hr., virtual height of the layer
being 250 km. The virtual height of the 1ayer has in-
creased to 255 ki At 19 hr, and range spread starts appea-
ring. Further rise of height follows at 20 hr., the
virtual height being'SlO km and complete spreading is ob-
served, The layer height comes down aftérwards and the
complete spread remains upto 0O hr., the virtual height

being 210 km at this hour. The spreading is seen to be
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reduced at Ol hr. which gives way to frequency spreading at

later hours., The spreading remains ti11 06 hr, and vani-
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shes ‘at 07 hr. after the sunrise,. Thus spreading starts
from the boltom side of the layer when layer is moving up,
attains heavy spreading around mid-night, After mid-night,
| the spreading at the bottom of layer vanishes while af the
top is retained, |

According to Martyn's theory, the under- surface of
the lsyer is unstable when the layer is drifting upwards.j
Irregularltles of electron den51ty higher than the amblent
density move slower hence into regions of lower surrounding
density. Similarly irregularities of lower than the/amblent
density move upward through the reqlon where electron den-
sity is higher. Thus the irregula;ities are enhanced at
the under-surface. For a downward]driftinq layer irrequla-
rities are smoo{hed out at the under-surface but upper-
surface becomes unstable. TIrregularities of lower than
ambient density above the maximum density of layer move
downward through the layer and are congiderably enhanced
When reaching the height of maximum eleg&;pn density of
" the layer, V _

The sequenée of spread-F examples during a'night
in Fig. III.3.2 cleaily shows that in the initial stages
layer moves up and range spread is observed in the lower
frequency range indicéting presence. of irreqularities at
the bottom of layer. With the subsequent height :rise

the spread shifts to higher frequencies, suggesting irre-
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gulariti§s moving upward through the‘layer; Examples
after mid-night- showing spread only near to the critical
frequencies of the layer indicate irreqularities confined
to the upper surface of t he layer after it has deiffed
downward.

In additicn to these types of spread-F whi ch
occur during most of the nights, certain other typés of/

spreadings are observed occasionally, Fig. III,3.3 shéws

examples of such records. Example 'a' shows the presence

o
of a satellite below the main trace, Satellites occur

occasionally before the start of the range spreading after
the sunset, Geénerally, the satgllites are observed above

the main trace but scmetimes they appear below the main

,/

trace also,/

(Fig. ITI.3.3 is given in the next page)

Usually, high multiples are seen before the deve-
lopment of spread-F, Example 'c! shows such case of high
multiplewappearing even in the’pre§e§2é'of spread-F condi-
tion, Example 'b' shows a clear trace with spreéding just
above it, |

Some exaples of spreading which occur less fre-
quently are shown as examples 'd!, te'! and 'f', Example

'd' shows a clear trace with spreading occurring just at

the end of trace. Such example has been described due to
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Fig, IIL.3.3,



the presence of two different irregularities at different
heights by Calvert. The last example is a spreading ob-

served after sunrise.

ITI.3,5., Method of analysis used for the present study .

Spread-F at Thumba has been stedied for the pe-
riod, 1965-67, Study is based on fhe estimation of the
degree of spreading from the ionograms. Each lonogram |
in the night hours (18 - 06) of this period has been exa-
mined and 9iven proper spread-F imdex, The convention
for assigning the indices according to the degree of
spreading is same as described by-Wright et al (1956).
However, recor?s shewing complete range spreading with clear
critical frequency do not fall under their cla851f1catlon
Hence, an index of 1 is given for this type of spreadlng

which occurs USually in the earlier part of the night.

The spread-F indices given according to degree of

spreading\are shown in Fig, III.3.4. TH& first record with a .

clear trace and no spreading is given an index of iero.
The 2nd record shows spreading, but f F2 can be clearly
computed and such appearance is given an index of 1. A
- trace with fairly moderate spreading but a doubtful deter-

mination of fOF2 is given an index of 2, Last  example shows
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a complete‘spreading where fon cannot be estimated at
all and isngiven an index 3. Spread-F indices for all
nights of a month are averaged for each hour separately
and the‘monthly meanmspread—F indices at each hour are

calculated,

IT1.3.6. Spread-F at Thumba during the period 1965-67

- Fig, III,3,5 shows the monthly mean spread - B
index for each month during the period, January 19?5 to
December 1967. For comparison, such indices have been
calculated forthe nearby station, Kodaikanal, from the
published ionos;heric data. The. indices for Kodaikeanal data
have been as§}gned according to the classification described

by Wright et al (1956) as explained earlier,

2.0

1.5
THUMBA

SPREAD-F INDEX

KODAIKANAL

1965 1966 ‘ 1967
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| No clear systematic seasonal variation can be in-
ferred fro% the above plot. In the year 1965, spread-F
seems to be higher du;ing the summer (June solstice) months
while in the vyear 1967, spread-F is ﬁuch higher during the
equinoctial months, Spread-F indices in the period, Winter
1965-66, seem to be lowest while a tendency of increase is
seen in the year 1967. There is a sudden jump in the index
-value from January 1967 to February 1967, the index sﬁdQ%ing
fgom 0.5 to 1.5, The index remains high till April 1967
and then there is a sudden drop from April '67 to Méy—June

1967,

ITT,3.7. Nocturnal variations of\épreadvF index and F-layer
height at Thumba

i
As the equatorial gspread-F has been closely

correlated with the height variations of F-layer, a study
of the height variations has been made in each of the séa~
son in the period 1965-67 for both the stations, Thumba and
Kodaikanal, and compared with the sprewd-F variations at
these stations.,

Lyon et al. (1961) have shown that under magneti-
cally quiet and moderately disturbed conditions, the varia-
tions of h'F and hmF are similar. Further fhe N(h) profiles
show that the rise of h'F does correspomd to a rise of the

layer as a whole. Under very disturbed conditions hmF may
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remain practically constant despite a small rise in h'F,
However, in most cases h'F is a quite satisfactory ihde£

of the behaviour of the layer as a whole. Further, fE

1s very small ot this time of the day, hence h'F should
give a good indication of the true height of the layer; As
the equatorial spread-F generally affeafs the.base of the

layer in the evening period, movement of h'F is as impori

tant as hmF., In the present comparison therefore' h'F has
been taken as the parameter representing the layerfheight

and its vertical movements.,

Fig. III.3.6 shows the nocturnal varlatlons of the
h'F and spread F index during dlfferent seasons in the
years 1965, %ﬁéé and 1967, The seasons chosen are:
D-months - consisting of the months, January, Pebruary,
November and December of a year,

E-months - consisting of the months, .March, Aprll Septem-
ber and October of a year and

J-months - consisting of the months; May, June, July and
- August of a year,

The nocturnal variation of spread-F index at Thumba
show development of spread-F occurring after 18 hr. in each
season of the period 1965-67, From an index value of O at

18 hr., it increases steadily reaching a maximum value -

around mid-night, and practically vanishes at 06 hr., The
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peaks of spread-F index in thé three vyears, 1965 to 1967,‘
occur before mid-night in the seasons, winter and equi-
noxes, and after mid-night during summer season.

The nocturnal variations of the parameter h'F show
a rapid post sunset rise in h'F values reaching maximum
value and then slowly decreases till early morﬁing. The

peaks occur at about 19-20 hrs. during the seasons, winter

“and equinoxes, and around mid-night during summer,

e - Thus the

spread-F index
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during summer. In any of the seasoné, the peak spread-F
occurrence seems to occur earlier during the year 1967 than
during 1965. This effect is more clearly observed during
the J-months, the peak which occurs at 03 hr. in the year
1965 sh}fts to OC hr. in the vyear 1967. Comparing the h'F

variations, one finds the peak to occur around mid-night

during J-months of the vear 1965 -and much esrlier to it in

the year 1967,

The nature of the nocturnal variation of the
spread-F index as well as the magnitude of the spread~F

index is closely related to the nature of the nocturnal

variation of the h'F and post éunset height’risebobserved.
. J '

During the D-months and E-months, there is sharp increase

of the h'F around 19-20 hr, in the vear 1967, Subsequently,

one finds a remarkable increase in the spread-F index in
the year 1967 for the two seasons, The height rise ig
nearly absent for.the J-months in the vyear 1967 resulting
in a small amount of spread-F observed for tLhe same period,
The close association of spread-F with thé h'F
variations have beén.reported earlier by several WQIkerSQ

Booker and Wells (1938) reported height rise of about 100

km preceeding the onset of spread-F at Huancayo, Osborne (1951)

reported close relation between h'F and spread-F variations
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at Singapore, Martyn (1959) gave a theory to explain equa-

torial spread-F on the basis of the height changes in F-

layer, Further work by Lyon et al (1960, 1961) and Ranga-
swamy and Kapasi (1963) confirmed the equatorial spread-F
béing associated with height variations of the F-layer,
Rao and Rao (1961) reported close similarity between the
nocturnal variations of h'F and spread-F except a delay
between the two peaks (spread-F peak occurring later than
~the h'F peak), | |

ITT.3.8. Effect of magnetic activityv on spread=F at_Thumba

The sprgﬁqu_at equatorial stations is.found to be
inhibited on magnetically disturbed déys Wright et al (1956),
Lyon et-al (1958), Wright and Skinner (1959), Rd%gaswamy
and Kapasi (1963), 4 study of the effect of the magnetic
activity on spread-F at Thumba has been made in the period
1965-1967., Spread-F indices on five international quiet
and five international disturbed days mve been selected iﬁw
this period-snd mean spread-F indices at each hour have
“been computed separately for the three seasons, 4ll the
three years have been combined together for betterh§tatis—
tics. Fig. III.3.7 shows the nocturnal variations éf the

spread-F index on magnetically quiet and magnetically dis-
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IGC pefiod based on published ionospheric data bulletins.
They obtained inhibition of spread-F occurrenceslat'all
equatorial station, Trivandrum, Kodaikanal, Tiruchirapalli
and Madras, the inhibition being maximum for the equi-
noxes and minimum for the summer.

Wright et al (1956) have reported at Ibadan that
during low sunspot years (1951-54) maximum occurrence of
sspread-F on quiet days is in summer and the maximum redu-
ction due to magnetic disturbances in winter, while Lyon
et al (1960) showed that during the years of high solar
activity (1957-58) maximum occurrence of spread-F on quiet

days and maximum reduction due to magnetic disturbances

~ A

both occur in equinoxes,

Thus from the results obtained at Ibadin, it
looks that seasonally the effect of magnetic disturbances
is different in the different periods of solar activity.
The present analysis at Thumba is. for a period, 1965-67,
which may be zonsidered a period of intermediate solar
activity, herrce it may be possible that during this period
due to dhange over of seasonal behaviour, one is not able

to tfind any seasonal difference. However, more analysis,

particularly during the low sunspol years, is needed to

arrive at any definite conclusion regarding the seasonal

difference in the effect of magnetic activity on spread-F,
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ITT,.3.9, Conclusions

(1) Development of spread-F at Thumba shows marﬁed
height rise in the F~-layer, and pronouncedvrange spread,
Occésionally high multiples, satellites and sometimes stra-
tifiﬁatiéns in the layer structure are observed before the
onset of range spread., After h'F has reached peak value,
it comes down slowly and meantime spreading shifts to
higher frequency side, Tinally giving Tise to complete
spreading from the start of echo to the end part of the
trace, In the early morning hours, the spreading vanishes
at the lower portipq_of layer and only frequency.spread is
observed just near the critical f requency,

(2) The spread—F.in the period, 1965-67, shd&s a mini-
mum in the period, Winter 1965-66, an increase isg noticed
in fhe vear 1967, A maximum in the J-months is observed in
the year, 1965, while equinoctial maxima are present in the
year 1967. There is a sudden increase of spread-F index

April 1967 to May 1967, The h'F variations at Thumba as

described in the Chapter ITI.l, show that there was &
marked post sunset rise in h'F in the months of February-
April 1967 which may be the reason for heavy spread-F con-

ditions in this period.
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(3) The nocturnal variations of spread-F index clo-
sely follow the nocturnal variations of h'F, Increase of
spread-F during D-months and E-months of 1967 is reiated
to the significant increase of h'F after sunset during
these two seasons in the year 1967, '

(4) e The spread-F at Thumba is found to be markedly
iﬁhibited on magnetically disturbed days during any of the

seasons in the period 1965-67,
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CHAPTER - IIT,4 Seasonal and solar cycle variations of
spread-F at equatoriaol stations

ITI.4,1, Introduction

The occurrence of spread-F during the nigh%time
at equatorial stations has been studied by many authors,
Booker and Wells (1938) were the first to report the
occurrence of diffuse traces after sunset at Huancayo and
described these due to Rayleigh scattering by irrequla-
‘rities in the electron density distribution, Further,
they observeqmﬁhat the onset of thig phenomenon is closely
correlated with 'a marked rise of 100 km or more in the
height of the F-region between about 18 hr. and 20 hr.

local time,

-

The occurrence of spread~-F was later reported at
other equatorial stations, namely Singapore (Csborne, 1951)
Ibadan (Wright et al, 1956) and Kodaikanal (Bhargawa, 1958)

Singleton (1960) studieq spread-F at various sta-
tions during IGY confining to two narrow strips of longi-
tudes 75W 1 20° (American zone) and 120W + 20° (Far East
zone) and feundAEhat spread-F occufrence changes with lati-
tude and that these changes have symmetry about the geomag-
netic equator. He defined an equatorial region of. high
spread-F occurrence ranging from 20°N to 20°%% latitudes,

.Lyon et al (1960) investigated the spread-F occu-

rrence during IGY at various stations dividing into longi~

’
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tudinal regions, namely American, Afro-Asian and Far_Eastern,
and defined a narrow bélt of equatorial spread-F region,
having a very high incidence of spread-F occurrence;‘about
20° wide in latitude centred at the dip equator.,

\ A worid wide study of spread-F was made by Shimazaki

(1959) using IGY data and noted that at low latitudes spread-F

occurrence is larger during local summer. Lyon et al (1960)

also reported from IGY data analysis that in the equatorial

spread-F belt,”%or all stations, spread-F was more common
during local summer.

Wells (1954) reported that at Huancayo, spread-F
is frequent duriég'idcal summer and infrequent guring local

winter . from a study covering the years 1938-1943 . Lyon

et al (1961) have studied spread-F at Ibadan from 1952tn 1959
and showed that spread-F was maximum during_local summer

for each of the year, Spreed-F at Kodaikanal was found more
frequent during the equinoctial months in the period, Septem-
ber 1955 to-September 1956 (Bhargawa, 1958), while Ranga-
swami and Kapasi (1963) have shown that during IGY-IGC, the
peak spread-F occhrence was larger during eduinoges for

duiet days and during the summer months for disturbéd days,
However; it may be seen from the diagram that average spread-F

over the whole night is not significantly different during
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the summer and equinoctial months,

The first attempt to investigate the solar, cycle
effect on spread~F occurrence at an equatorial station was
made‘by Wells (1954) for Huancayo station during the peripd,
1938w4§, and concluded that there is no clear relation of
spread—% with solar aCtivity.

Shimazaki (1959) compared spread-F occurrence du-
4ring IGY to those during the year 1954 for a iarge number
of stations and concluded that at low latitudes spread-F
Was more prominént during the year 1954,

Rangaswami and Kapasi (1963) computed spread-F
incidence for Indian'sﬁations during the years, 1957 to
1962, and found that at Trivandrum and Kodaikangl, there
is a pbéitive relation of spread-~F occurrence with solar
activity,

At Ibadan; no clear relation between spread-F ~

occurrence and .sunspot numiuers could be found in the period,

1952 to 1959, (Lyon et al). However, Lyon (1965) has shown

it

that spréad—F octlrrence at Ibadan decreased linearly with
sunspot numbers from 1959 to 1964,

In the presént analysis, seasonal and solaf7cycle
variations of spread-F at all equatorial stations within g
+ 5° mag. lat, for which data are available are studied,

The method of analysis is similar to that used by Wright et al I
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(1956) and Briggs (1958). That is spread-F indices are
given to each tabulated volne of fOF2 depending on the
degree of spreading, and mean monthly spread-F indek at

each hour is calculated.

III.4.2, Solar cycle variations of spread-F at equatorial
- stations S .

kY
.

To study the solar Cyéﬂe variations of t he spread-F
- at equatorial stations, data aréianalysed for the stations,
Huancayo (1946;65), Ibadan' (1955-66), Djibouti (1953-64) and
Kodaikanal (1956-66), covering at least one solar cycle.
The month to month variations of spread-F index at these

stations are showh'in'Fig. IIT.4,1. For;comparigon, twelve
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months running average Zurich sunspot'number (RZ) for the
period, 1946-66, are also siown in the Figure. A large
seasonal variation of spread-F index is observed at»HQan—
cayo,  The spread-F indices at Huancayo are significantly
larger during the years 1957-54 and 1963-64 which are the
minimum¥SOlar activity periods. Thus the spread-F ‘is more
frequent at Huancayo in the low solar activity period.
For the station, Ibadan, except for the years, 1957-58,
spread-F index -shows direct relatlonshlp with Zurich sunspot
number, Slmllarly, at Djibouti and Kodaikanal, there is.
direct relationship of sprpqd F with the Zurich sunspot
number, _— ‘ |

To show the effect of solar activity omlspread~F,‘ |
more explicitly spread-F indices for each season in the
entire period of analysis are calculated and ayé plotted
against mean sunspot number. JFig. III.4.2/éhows the varia-
tion of spread-F index with sunspet number at each of the
four stations during different seasons as‘Well as annual
one. T s |

Referring to the annual variation, fhe spread-F
index decreases linearly with the sunspot humbef at.Huancayo
while at other three stations, it increases with the sun-

spot number, Seasonally, at Huancayo decrease of spread-F
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index With sunspot nﬁmber is seen during any of the sea~
sons, the decrease is nearly same as seen from the élOpes
of the straight lines which are the lines of bestfif
drawn, At Ibadan and Djibouti, again the linear increase
of spread-F is nearly same during any of the seasons, how-
ever, for Kodaikanal, the increase of spread-F w1ﬂh sunspots
is much slower ‘during D-months, Thus the present analyéis
shows that the spread-F at Huancéyo varies. inversely with

-3

sunspot numbe Similar negative correlation between spread-F

and sunspot nUmber has been reported at another station in |
American zone, La Paz by Mejia (1965), The opposite solar

cycle behaviours of spread-F at Huancayo and Kodaikanal in-

- .

dicate a significant longitudinal effect, : :
: 1 ' |
|

ITT.4.3. Seasonal variations of spread-F at equatorial
stations

To study the seascnal variation of spread-F at the
equatorial stations, monthly mean spread—F index was computed
for each monéﬁ during a period of high solar activity, This
was supplementéd;By'similar computations for a period of low
actiﬁity. To clarify'any longitudinal effect in the sasonal
:variation, spread-F at Natal during the period 195é;62, at"
Chriétmas island during the period 1945--46, and at Nha—Trang

during 1951-52 and 1955 were also studied. Fig., III.4.,3.



shows the seasonal variation at these stations. The period
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WHOLE NIGHT SPREAD F INDEX

Fig. III.4.2.

of analysis is quoted in the figure, The geographic loca-
tions and the magnetic dips of the stations for which

‘stu&y has been done are qudted in Table,III.4.1,
(Fig. III.4.3 is given in the next page)

Spread—F'index at Huancayo is maximum beﬁween
November - January and minimum around June for ény epoch
of solar activity. This confirms the observations of Wells

(1954). At Natal which is East of Huancayo, the behaviour is
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similar except for a tendecy of secondary maximum during

i ~ 10 !
\@,o—e’ i
~1958-60 . 105 i
~O\°‘_°i 1957-59 )0.‘ o. . I ‘
JANRE S i
. IBADAN ’.,0-.\;57“59 o'l \, 1957-59 }
51 o -0 [ -3 - . |
a8 O s \ J DJIBOUTI ©@+, (IS
=z N / \.‘. ! !
Lo o o® 1 k4
2 4
g:‘] 1963-65 a o
o I957-58 e e CHRISTMAS 1S,/
- - o
z .-9 Y e 1945-46 | ©-® 8 N
S 7 AP SRR
= os) I N TS .
: KODAIKANAL ¢ NHATRANG x—X I
1963-65 1951-52,55
1 I I l ! I 1

JAN APR JUL OCT JAN APR JUL OCT

TAMNARMITLIC

Fig. IIIL.4.3,

' the J-months. For both the stations, Huancayo and Natal,
sprééd~F index is lower during the period of higher solar
activity. Mejia (1965) have shown that spread-F at La-Paz
Was maximum during D-months and minimum during J-months,

At Tbadan and Djibouti, situated on the Western
and Eastern part of Africa, spread-F index is maximum around
J-months and minimﬁm during D-months, The base level as

well as the range ¢f variation has come down in the period
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of low solar activity.

Seasonal variation of spfead—F index at Kodaikanal
during 1957-59 shows very rild maximum around August -
September, while during the low sunspot years, spread-F
index has decreased and a maximum appears around July,

However,; it may be noted that during tﬁe summer months of

‘low solar activity at Kodaikanal f F, drops to values less

than the minimum range of the instrument < for most part of
the later half of the-night and hence the points for June
and July are not directly comparable tg those of other
months, It appears that the Indian stations have very
small seasonal variation, The absence of seasonal varia-
tion is mofé clearly seen in the East Asian station Nha-

Trang. The station, Christmas island in the Tacific

zone, shcws maximum during the J-months,

Thus a longitudinal effect is agailn observed in
the seasonal varistion of cpread-F at equatorial stations,
The seasonal variation is largest for American and almost

insignificant for Asian stations.

( Table ITI,4.1 is given in the next page)

111;4.4. Spread-F equator

Reber (1956) defined a spread-F equator as the



TABLE - III.4.1

Geographic location of the stations with dip angles

Dip angle

Station @momu lat. Geog. long.
LY

mcm:om<o 12.0%% 75.3°W 20N
Natal 5.3% 35.1% 6°s
Ibadan 7.4°N 3.9% 6°s
Djibouti 11.5%N 43, 0% 6°N
Kodaikanal 10.2°N 77.5%E 4%y
Nha-Trang 12,2°N 102,2° 8°N

2.0°N 157.5% 59N

Christmas Island
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locus of places where spread-F is equal at solstices and
- probably less during equinoxes. From a world wide study
ofwspread—F/éuring-a‘solar cycle, ‘he concluded that
spread~F eqﬁatbr-is a great circle approximately parallel
to the geomagnetic equator oscillatihg through an.angle .
+ 259 about an axis passing thfough=Japan and f&rgentina
with.a period of 11 vears, |

Shimazaki. (1959) studied -spread-F all over-the
'worldsusing”IGY data and found the. result similar-to
Reber's findings. Singleton (1960)-also made a survey of
spread-F at different stations duringMIGYuand-concluded that
' aparf from the magnetic control on spread-F occurrence,
there is a/solar control atleast in the equatorial iegion.
This solé£ control gives rise to longitudinal effect in
the equatorial region and Reber's findings were considered:
real and logical which arise because -of solar and-magnetic.
control on-the freguency  spreading.

Singleton (1963) explained the position of spread-F
equator and its shift from a period'gg high solar activity
rto a period of low solar activity based on the theory of
spread-F irregulérities which are initiated by hydromagnetic
waves and amplified according to the Martyn's theory (Sin-
gleton, 1962). Thus the formation of irregularities in

the F-region depends not only on F-layer conditions, but
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also on the hydromagnetic wave illumination of the upper
ionosphere. . The non-uniformity of this hydromagnetic

wave illumination of the ionosphere determines fhe occu-
rrence of spread-F at different locations on the basis of
the latitude and the seasonal variation of hydromagnetic
wave illumination. Singleton derived = hypothetical
spread-F equator. He explained that shift of the observed
spread-F equator at different solar actiyity periods to
barise because of £he changing F-layer conditions during the
sunspot cycle.

According to the observed spread-F equators shown
by Sihgleton (1963), the stations, Huancayo remains North
of the quétor during any epoch of the solar cycle, Kodai-
kanal remains South of the equator in both the ebochs, but
is nearer in the low sunspot years, however, a change over
is seen for the statibn, Ibadan, being South of equator in

eriod of high solar activity and Morth of equator in
b

pefiod of low solar activity. .

Present analysis shows'the results for Huancaye
which are in agreement with the spread-F equators shown by
Singleton. But results for Ibadan and Djibouti indicate
similar seasonal variation during high and low solar acti-
vity periods indicating these stations t o be South of

equator in both the periods of solar activity. Similarly
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a'nearly equal amount of spread-F during winter and summer
at Nha-Trang indicates the equator passing near®y that
place. An analysis of spread-F at several .low and'middle
latitude stations wuring years of different .solar activity

is necessary to- define spread-F equator,

&

IIT.4.5. Spread-F and height variations at equatoridl
stations

The close relation between thé spread-F occurrence
and the height rise of F-layer preceding the en-et of
spread-F has been reported by many authors. (Booker and
Wells, 1938, Osborne, 1951), Martyn (1959) gqave a theory
correlating these two phenomena, This height rise and its
relation with spread-F variation at equatorial stations
was further proved by several authors (Wright and Skinner,
1959; Lyon et al, 1960, 1961; Rao and Rao, 1961; Rangaswami
and Kapasi, 1963), Singleton (1962) explained spread-F on
the hydromagnetic wave illumination of the ionosphere which
initiatesthe irreqularities and the.gdplification of these
"irregulafities due to vertical motion of the F-layer
(Martyn, 1959),

An extensive analysis of the h'F variations and
spread-F variations at equatorial stations covering diffe-~
rent seasons and different solar activity periods has been

done to examine the role of h'F variations on equatorial
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spread-F,

Fig. III.4.,4 shows nocturnal variations of h'F

HUANCAYO DJIiBOUTI KODAIKANAL

SPREAD - F SPREAD -
INDEX i INDEX ‘

~
:
e SR

618 2 o 3 g AN 20 3 58 21|—oL 3 6 I 'J,
LOCAL TIME HOURS

 Fig, IIT,4.4,

and épread—F index in each month for the sta{ions, Huancayo,
Djibouti and Kodaikanal averaged over the years 1957-50.

At Hﬁancayo, the h'F peak occurs latest during D—monthé and
,egrliest during J-months. The spread-F index‘peéks are
also occurring latest during D-months and shift earlier.to-
wards. the J-months: the spread-F peak occurring later than
h'F peak, The height rise is maximum during D-months and

h'F persists at higher level for a considerable time _
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while during J-months, there is a small height rise follo-
wed by rapid decrease in height, The consequence is imme-
diately noted in the spread-F index variations. The

spread-F index is largest during D-months and broad peak

is observed while the index decreases steadily towards J-
months. The broad maxima during D- months slowly changes into
sharp maxima during equinoxes and practically no spread~F
during J-months. Thus the seasonal and“nocturnal varia-
‘tions of spread-F at Huancayo can be easily understood from
the similar variations in h'F,

The situation at Djibbuti is just reverse than’
that at Huancayo, The height rise and persistence at hlgher
heights 1s/observed during J-months which gives higher
spread-F 1ndex as well as broad peak covering the whole
night during the J-months. The smaller height rise and
rapid decrease in height resulis in smaller spread-F index
peak and immediate decrease of spread-F index during D-
months. Further, the peak of h'F ocgurs earllest during
D months and latest during J-months which is reflected in
the spread-F index variations zlso. The spread-F peak
always occurring later than the h'F peak,

The behaviour at Kodaikanal is similar to that |
obtained at Djibouti. The spread-F peaks are always lagging
h'F peaks. The shape of the nocturnal variation of spread-F

index clearly depending.on the h'F variation,



Thus the spread-F is found to be closely related
with h'F var;ﬁtions at equatorial stations. The large
height rise after the sunset énd its long persiétence gives
rise to strong spread-F conditions lasting £hroughout‘the
night, while rapid decrease of the height even after a:
sharp rise results in the immediate dec¢line in the spread-F
conditions. Further, peak spread-F occurs only after h'F
has attained its peak. A delay in the h'E peak results in
é delay of spread-F peak also, |

The nocturnal variations of h'F and spread-F in-
dex during each of the seasons for the maximum sunspot years
{l957—595 and minimum sunspot years are shown in Fig. III.4.,5

for the sta&ions, Huancayo, Ibadan, Djibouti and Kodaikanal,

’
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During fhe high sunspot years at Huancayo, the spread-F
index is maximum during D-months, The peak h'F is maxi-
mum for the é;Qonths, but decreases to the normal value
before midnight while during D-months the peak h'F is sli-
ghtly lower, but h'f decrease slowly till the sunrise,
Similarly at Ibadan, Djibouti and Kodaikanal spread-F is
maximum during J-months where there is slow decrease of
height after attaining the peak. There is,.a time lag of
about 1 to 3 hours between the B'F and spread-F peak, the
lag being more during D-months at Huancayo and during J-
months at other stations.

The similar variations for low sunspot years show
the h'F peak/and spread-F index peak occurring slightly later
than that fér high sunspot years especially during the D-
months at Huancayo and during J-months at other stations,

The h'F values are considerably lower during low sunspot

years while spread—F'indices are lower except at Huancayo
where there is an increase, The seasonal behaviour of spread-F
index during low sunspot years is unde;gkpod at all stations
efcept at Huancayo where there is an increase of spread-F

even though h'F vaiues are lower as well as rise in h'F

after sunset is much lower compared to values obtainéd during
high sunspot years,

To study in more detail the h'F and spread-F varia-



tions at equatorial stations, similar analysis was done for

each season of the entire analysis period. Fig. III.4.6
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riations also., In con-
Fig., III.4.6, trast, the spread-F in-

dices are higher for Huancayo from a high to low sunspot
period regularly even though h'F values decrease. The

peaks of spread-F index occur around 21 hr. during high and
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medium sunspot period, but shift to around midnight during
low sunspot\periods.

Thé variations in the individual years show the
h'F variations to be very small during low sunspot vyears
and maximum at high sunspot years. The peaks of h'F varia-
tions remain to occur at about same time all the years but
the peak spread-F index v aries in a regular fashion,
occurring in the pre- midnight period during high sunspot
-years and in the post midnight period during the low sunspot
years., At Huancayo, there is inverse relation between h'F
and spread-F index as seen from yeér to year variations of
these two quantities, while at other stations, the spread-F
index is diféctly depending on the hiE variations.

The nocturnal variations of h'F and spread-F in-
dex during each season for the station, Huancayo, are shown
in Fig, III.4,7. During D-months, there is a sharp height
rise in the high sunspot years, peak spread-F occurring at
about 22 hr, while Tor low sunsbot vears, the h'F peak is
around midnight andspreaﬂ F peak occurs at about 02 hr.
There is a gradual change in the time of occurrence of this
peak, During E-months, there is not much difference in the
time.of‘0ccurrence of h'F peak in different years, hence
spread-F peak also occurs always at about 21 hr, The year

to year changes are much more pronounced during the J-months
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the spread-F peak occurs at about 21 hr, during the high

sunspot years and shifts to about 05 hr, in the morning

M

during low sunspot years, The h'F variations show a regy-

lar rise of h'F from 00 hr. to 06 hr, during %! s s,
, low sunspot years.
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Thus examining the h'F and spread-F variations at



Huancayo, the seasonal variations are'diréctly related to

the h'F variations, however, the year to year change is

not- understood which is in contrast to the expected result.

Djibouti,
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1961

1962

1963

| 1964

Fig, ITII.4.8 shows similar study for the station,
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During D-months, there is not much year to year

&

variation of occu-

rrence time of h'F

“peak or spread-F

peak; the spread-F
index depending}oh
h'F values, For
E-months and J-
months, there is
little shift in

the peaks of h'F
and spread-F index,
neaks of the veria-
tion curves being
shifted to early
morning side during
years of low sun-

spot activity,

The h'F values and spread.F indices show a regular decrease
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from the year 1957 to 1964,

The year to year seasonal study of h'F and spread-F

index at Ibadan is shown in Fig. IIT.4.9, Again one finds

close correlation between the h'F variation and spread-F
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variation., The re-
sults for Kodaikanal
are shown in Fig,
1I1.4.10, The h'F
peak and spread-F
index peak are
seen shifting each
vear from high sun-
spot years to low
sunspot yéars, and
regular decrease is
observed in the h'F
or spread-F index
values. Marked change
ms;milar to that ob-
tained at Huancayd
is observed during
J-months. The single

peak observed during

high sunspot vears changes to double peak during mediem sunspot
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years and to a mornlng peak during low sunspot vyears, The
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Fig. III.4,10, . kanal, Djibouti

- and Ibadan show close relationship between h'F and spread-F
1ndex variations. All nocturnal, seasonal or solar cycle
variations depending on the h'F variations., Bigger the

height rise, higher is the spread-F index. For the station,

Huancayo, the nature of variation of spread-F index during
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any season depends on the nature of ht'r variations, how-
ever there is decrease of spread-F index with the bigger
h'F changes=ppserved after sunset when comparing vyears

of different solar activity. Thus for a particular.year,
the spread-F index is found.to be correlated directly with
h'F changes, but for different Years, there is inverse fe—
lationship between h'F changes and spre;d—F index,

To find the effect of h'F on the spread-~F index,
data of Huancayo ang Kodaikanal, were analysed for. the IGY
and a low sunspot period. Midnight values of h'F and spread-F
index were computed for each month in these period and are

plotted in Fig, I1I.4.11, Similarly maximum values of h'F
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and spreadQF index for eéch month were computed in these
two periods and are plotted in the same figure., The flrst
one shows the effect of the height, of the layer on spread~F
while 2nd one shows the effect of the height rise of t he
léyer on the peak spread-F obtained, |
Referring tot he IGY period, the maximum value of

h'F and spread-F-index are closely related for the station,
Huancayo, The maximum values are attained during D-months
~.and minimum values during J-months, Thébﬁid—n@ht h'F
values are constant in the period, March to October, while
‘midnight Values of spread-F show a distinct minima durgng
June-July. Thus spread-F index has much better correia#
tion with the peak height attained rather than height at any
instant, Slmllarly for Kodaikanal also, h'F max is more
closely correlated with the peak spread-~F index attained
both shdwing equinoctial maxima,

| .Similarly during low sunspot years, the h'F max
after sunset is closely correlated with the peak spread-F
1ndex obtained. Thus, both the stations, Huancayo and Kodai-
kanal, show a good correlation between the height rise,'as‘
determinedlby the maximum h'F attained after‘sunset, and

maximum spread-F index.

IIT.4.6, Conclusions

(i) ' Spread-F at equatorial stations is found to have a
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a pronounced solar cycle effect. There is a longitudinal
effect on the solar dycle variation also. The station in
American zone, Huancayo shows a negative relation with the
sunspot numbers while there is direct relation of spread-F
with sunspot numbers at the stations; Ibadan, Djibouti and

Kodaikanal,

(2) The seasonal variation of spread-F at equatorial
stations again shows a longitudinal effect. Stations in
the American zone show a maxima during D-months and minima
.during J-months. An opposite behaviour is noticed at the
African stations while practically insignificant seasonal
variation is observed in the Asian zone.

(3) The nocturnal varistion of spread-F at all the
equatorialxétations follow the nocturnal variation of h'F
at these stations. The peak spread-F index lags behind the
peak h'F value by about 1-3 hours. A rapid height rise
follo@ed by slow decrease of h'F gives rise to heavy spread-F
which is sustained throughout t he night period,

(45 The seasonal variations of the spread-F index du-
ring any epoch of solar activity are directly>rélated to
h!'F changes.

(5) The height changes of h'F can explain the solar
cycle variations of the spread-F index at the stations,
Kodaikanal, Djibouti and Ibadan, where high rise of h'F

during high sunspot years gives rise to more spread—k



compared to low sunspot years with low h'F rise and lower
spread-F index. But it fails to explain £he solar cycle
change at Huancayo where there is bigger h'F rise in the
 years of high sunspots but still spread-F index is lower
while in the vears of low sunspot activity there is much
smaller height rise but larger spread-F index. Thus the
theory given by Singleton will fail toﬁéccount fbr this dis-

crepancy at Huancavo.
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SHORT PAPER

Solac cyele and seasonal variation of spread-F near the magnetic,
equator*
"H. Cuanpra and R. G. Rasrosr
Physical Rescurch Luboratory, Ahinedabad 9, Tndia

( Received 20 May 1969; i revised form 17 July 1068)

Abstract - Sorend-F ai equatoriad stations, Thadan, Djibouti and Kodaikanal is shown to increase
with increasing solar activity. At Huancayo and other stations in the Americen zone there is
least uecnrrence of spread- 7 in years of high solar aetivity. The seasonal variation of sproad-F
in geestest al stations in the American zone with & maximum in Decemnber and a minirum in
June. At Afvican stations o smaller seasonal variation is seen with maxivuun in June end miui-
mum in ecemnber. At Asian stations the seasonal variation of spread-I' iz vory small,

Srumies of spread-F echoes during the night-time at equitorial stations have been

reported for Hunneayo (BooksrR and Wernrs, 1938). Singapore ((JssorNE, 1951),
Ibudun (WrieH? ef al., 1956; LYoN ef al., 1961) and 2t Kodaikanal (BHarcava,
1958y, The existence of an equatorial belt of about 20° geomagnetic (or magnetio)
latitude of high occurrence of spread-# was shown by Sinermrow (1460) and by
Lyox et al. (14960). :

Waers (1954) concluded that no clear reiationship existed betweon spread-# ab
Husneayo and solar activity for the period 1938-45. .Lyon ef al. (1961) showed that
" the incidence of spread-F at Tbadan on quiet days during 1952-59 was substantially
greater in vears of high sanspot activity, while for disturbed days no ciear dependence
of spread-# occurrence on solar activity could be detected. Later, Lyox (1965)
showed that during the period 195964 the spread-#"oceurrence ab hadan gystem-
atically deereased with decreasing solar activity. RANGASWAMY and Karast (1963)
showed that during the period 1958-62. the oscurrence of spréud—F at Trivandrum
and Koduwikanal inereases with sunspot number. ‘ .

The pr'escnt article describes the solar eyele and seasonal variations of spread-F
at stations within +15° magnetic latitude and covering & period of at least one eom-
plete solar cycle. @ Tuble 1 gives the coordinates of the stations whose data are
discussed here. e ' ' '
© The analysis is based onthe monthly ionospheric data bulletins gither pnblished

IRY

or supplied by the respective organisations. In order to take into account the.

magnitude of spread- ] during any particular hour, the analysis is baged on mean
spread- ' index vather than on the percentage occurrence of spread-F. An index 0
moans a very clear jonogram without any spread and the index 3 means complete

% Presentod ab the 3rd Interantivnal Symposiom on Fquatoriel Acronomy held af Ahmeda-
bod during: February 3--10, 1969, '
1
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Pable 1. Cleographice location of the stations with dip angles

CSwation Geog. lat. Geog. long. Dip angle
Huaneayo 12:0°% 75-3°W 2°N
Natul 530 35 1°W ) 6°3
Thadan 7-4°N 3-9°K 6°S
Pjibouti 11-5°N 430710 6°N
Kodaiianal R 10-2°N 77-5°18 4°N
Nha-Trang 12-2°N 102-2°E © §°N
Christns 1sland 2.0°N 157 'io“' 5°N

spreading such that no critical frequencies of the F2-vegion could be identified. The
indices 1 and 2 indicate weak and moderate spread-# respectively. The indiees are

determined from hourly tabulation of fF'2 in a similar way a8 described by earlier

workers (WrIoHT e al., 1956 and Bricas, 1958). Averages were determined from
the monthly mean indices for individual hours between 18,00 and 06.00 hr and are
discussed in the present analysis as monthiy mean gpread-F indices.

The mouth to month variations of spread-F index at Kodaikanal, i}jibouti,
{hadan and Huaneayo are shown in Fig. 1 for all the avaoilable periods of ghservation.
The twelve months running average Zurich sunspot number (£;) for the period 1946—
66 is also shown for comparisou. [iven a curgory glanee of the diagram shows a very

T R
e Lo M
 Kodgikonol -0~ \J\’ { ’/\ .

Q5

20 rﬁ\

ibadan 15 {\"

1o J\['

! ' V "i.‘f_;_\..m

\
. A _'1.14_1 o
100 |- /lr" T
B L
a9

ceeend- £ index

rrnch sunspot numy’
— | \ |
| Ll

1946 “arae %o 85 u3 54 55 s6 57 38 9 00 E7 6z 63 64 65 68
. yr

Iig. 1. Mongh to month \varintion of mean spread-F' index at number of equatial
sbations and of the Zurich sunspot number.
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large seasonal variation of spread-F index at Huancayo. Che spread-I' indices at
Ruancayo are significantly larger during 19563--64 and 1963 - 64 which ave minimum
solar activity periods. The average spread-F' index at Djibouti shows a distinct
maximum, during the high sunspot years 1957-68. For Ihadan except for the years
1957-58, the mean spread-F index shows clear direct relutionship. with Zurich sun-
spot number. At Kodaikanal, too, the spread-# index s stematically decreases
from 1957 to 1964,

To show the solar cycle variation more explicitly, the spread-F indices for sach
station are glotted against the mean sunspot number for cach of the seasons, namely,
J-months (May, June, July and August), £-months (March. April. September and
October) and D-months (November, December, January and Fehruary{ T is seen
that for all seasons the spread-# index at Djibouti, Kodaikanal aud Thadan shows a
linear increase with sunspot number. On the other hand, spread- F index at Huan-
cayvo decreases linearly with sunspot numbers for any of the seasons, '

Thus, the present analysis shows beyond doubt that spread- £ at Huancayo varies
inversoly with sunspot number. Similar negative correlation between spread-F and
sunepot number been reported at another station hf Amerivan zene, La Paz by
Meaia (1965). The opposite solar cycle behaviours of spread-# at Huaneayo and
Kodaikanal indicate a significant longitudinal effect which may be agsociatial with the
large longitudinal variation of the magnetic field alony the magnetic equator.

Seasonal variation of spread-F at these stations were caleulsted for a fow yeuars
around the maximum and the minimum sunspot youis.. To clarify any lungitudinal
effect in the seasonal variation, spread-F at Nata: during the period 1958-62, at
Christmas Island during the period 1945-46 and at Nha-Trang during 1951-52 and
19565 were also studied. These curves are shown in Fig. 3.

It ix yeen that spread-F at Huancayo is maximum betweon Novewmber and
January and minimum around June for any epoch of sofar activity and confirms the
observations of WeLLs (1964). At Natal, which is east of Huancayo, the seasonal
variation is again similar except for a tendency for a secondary maximum during the
J-months. Musia (1965) has shown that spread-# at Lu Paz wus maximum during
D-months and minimum during J-months. At lbedan and Djibouti, situated
on'the western and eastern part of Africa, spread-#" is maximum around J-months
and minimum during the D-months. - Referring to the seasonal variation of spread-F
at Kodaikanal during 1957-59 one finds a minor maximam around Aug: ~september
while during the low sunspot years spread-# intensity has decreased and thers ap-
pears to be maximum around July. However. it may he noted that during the
Swiuner months of low solar activity at Kodaikanalyf, 222 drops to vahies less than
the minimum range of the instrument for the most pari of the later hait of the night
and thus the points for June and July are not direvtly. comperabic with those ot ovhaer
months. 1t is felt that spread-F at Tndian stations has a vevy small seasonal varia-
tion. The absence of seasonal variation is morve clearly seen in the joast st station,
Nha-Trang. The spread- # at Christmas Island situate:d i the Paoifie zone shows u
maximum during the northern Summer months. i

Bhargava (1958) has reported that spread- I at Bodaikan:! wrs most breguent
during the pquinoctial wonths in the period Septembsr 1955 le‘CL’*g:-‘ill‘-'?l‘ 1956,
Rancaswadr and Karast (1963) have shown that aurig P IGL the peak
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spreadd - ]' “Dccurrenes was larger during equinoxes for quict days and during the

Swienier montbs for disturbed days. 1t may be seen from the dm«rrd,m that average

spread- £ over the whele night is not significantly different during the Summer and

cquinoctial months, Lvox ot al. (1961) studied spread-F at lba.ddvn from 1952 to
1959 and showed that q;»ro;ﬂl Fowag maximum during toeal Summer for cach of the

vears. Thus, one finds again significant longitudinal oflects in the seasonal variation
of spread-F at equatorial stations. '

"REBER (1956) defined a sproad- £ equator ‘a8 the loous of places where spread-F
s oqual at solstices and probably less during equinoxes. He found that this equator
i~ nearly a great circle approximately paraliel to the goomagnetic equator oscillating
through an angle +25° about an axis passing through Japan and Argentina, with a
period of 11 yr. Further study of spread-F from the IGY data oonfirmed Reber's
findings (SHiam AZARL 19581 SINGLETON, 1960),

SINeLETON (l‘)(n) discussed the position of spread-F equator under sunspot
maximum and minimum conditions. Acecording to him. Huaneayo and Natal would
he in the northern spread- /' hemisphere durmor any of the epoch of solar activity.
The equatorial stations in the Pacific and in the African zone would fall in different
spread- £ hemisphere during the maximum and minimum sunspot years.

Present »unalysis for the data for Ihadan and Djibouti do not show any change in
the sensonal variation of spread-F with solar activity. The analysis of spread-F
at more low aud middle latitude stations during years of different solar activity is
nvo(-ssar) to define spread-F equator. The analvsm of spread-# on the top side of
ionasphere mmld elucidate the synoptic study of spread-F.

Lefnoncledycnent - -Sincere thanks are dae to Predietion Services of ITS, ESSA Laboratories,
Boulder, USA, for supplying the ionospherie data of Huaneayo and to GRI, Paris, F.runce‘ for
supplying the ionospheric dulu. of Nha-'Prang, ST
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