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An'ionospheric drif+t :ecoﬁder of spaced feceiver'_
type was installed at the Thumba Equatorial Rocket Lawching
_ Sﬁation; close to the.magnetic equator in India, in January 1964.
The author has been associated with the construction,
installation and maintensnce of the equipment. Regular
observations were taken with 2.2 and 4.7 Me/s to study B

and F regions respectively,

The present work deals with the results of'measurements
of the horizontal drift at Thumba for the period Jenuary 1564
to April 1965. A comparison of results of low latitude statioﬁs

is done wherever it is necessary.

In Chapter III the fading characteristics of radio
waves are discussed, The diurnal variation of drift speed and
direction are studied in Chapter IV, Gorrelaﬁlon analysis-
was carried out to compute the relative proportions of steady
and random drifts. A comparison of different methods of
analysis is done in Chapter V. Determination of anisotropy
parameters of the'irregularities are discussed in Chapter Vii.
Finally the effect of nagnetic activity on drift speed is
discussed in Chapter VIII, Acknowledgements have been made

at the appropriate places of the body of the thesis,

COUNTERS TCNED., ” ATTPHOE .
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CHAPTER I
INTRODUCTION AND GENERAL SURVEY OF METHODS OF MEASURING
WINDS IN THE ATMOSPHERE NEAR AND ABOVE THE MESOPAUSE (80 Km)

1.1  Introduction

The existance of winds in the upper atmosphere has
been known for a long time. After the Krakatoa eruption of
1823, the changes in the distribution of haze in the upper-
&tmésphere gave information about the circulation of winde
—in the upperstmosphere. This was the first evidence to give
an idea of the wind system that existed at high altitudes.
Winds upto 20 km are systematically studied by mateorolbgical‘
balloons. Movements of noetilucent clouds gave some idea of
winds at 80 to 85 km. Another evidence of the movements in
the upperatmosphere was given by drift of meteor trails.
These evidences gave the existance of the winds in the upper-
atmosphere by moré vision, without elaborate experimental set

upe

1.2 liethods of observation

Various methods are employed for exploring winds in
the upperatmoshere. These can be broadly divided into two

classes,

I. Non-electrical methods utilising,



s 33

(a) Observations éi the disPersal‘of dust from
‘volcanic eruptions. |

(b) Ovbservations of clouds including high level
noectilucent clouds.(1}

(e) Observations of long duration visual meteor

,traila.(a)

(d) Meteorological methods using balloons and chaff
released from rockets.

(e) Observations of artificial clouds released from
rockets.

. (£) Observation of apparent movements of aurorae.

1T, Electrical methods utilising,

{a) Radio reflections from electron trails of metécrs.

(b) Reception of waves at a single station from three
continuous wave transmitters. ‘

(e) Ampiituﬁe fading of radio waves reflected from
the ionosphere by pulse technique, using sp@ceﬂ
receivers. _ |

(8) Method of widely spaced pulse transmitters and

a gingle receiver.
I. Hon-electrical methods

(a) Observations of the dispersal of dust from

volcanic eruptions

A sufficiently strong volceanic eruption can send

dust high up in the atmosphere even up 1o 100 km,
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These elouds.of duét enhance the‘twilight glow and
the general speed of the dust-cloud has been used
to estimate the winds at the level of the dlouds
which are indefinite.

(b) Observations of clouds including high level

noetilucant clouds

These are observed in latitudes 60° to 70°,
The luminous clouds of night-sky consist probably
of cosmic dust, ice or water particles condensed -
round them. The thickness of these clouds is emall

and often have a wavey structure.

Jessc(3’4) made some observations on then during
1829 to 1896, He found their amltitudes to lie between 80 and
90 km end their mean speed of drift to be 31 m/s with a very

seldom eastward direction.

Stormer(1) obgerved in 1932 to 1934 the luminous
clouds in the night sky. He found the sSpeed to be between 40
to 83 m/s with a mean value of 60 n/s. The direction of wind

was found to be ENE,

(¢) Observations of long duration visual meteor trails

As a meteor enters the earth's atmosphere with -
a very high speed, it is heated up due to friction
in the upper-atmosrhere. The material of the meteor

evaporates and becomes incandescent. It sonetimes
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leaves behind a treil which remains visible for a
short duration. The changes with time of this visible
trail, recorded from different points separated by a
few km can be used to compute the winds in the upper-
atmosphere. Liller and Whipple(s) used two cameras
separated by about 30 km and photographed the trail
every two seconds. The results obtained by them
indicated a mean velecity of 50 m/e with changes in

speed and dirveection at different levels.,

. (4) Meteorogogicel methods using balloons snd chaffs

The prineciple of this method is as Ffollows:-
Thin strips or metzllised nylon needles of copper
are released by meens of reckets at altitudes of
60 to 80 km. These needles descand towards the earth
moving in the direction of the neutral‘%ind. By
tracking the movements of the cloud of needles with
~ the help of & rader osrne cen obtain the wind profile

vetween 20 and 80 km gititude.

(&) Observetion of artificial clouds released from

rockets

Another method’measuring the winds of the upper-
atmosphere im hy the artifiecisl clouds relessed in
the ubperatmoéphare by rockets., During twilight,
when the sun's rays are still illuminating the

atmosphere above 80 km, sodium vapour is reieased
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| by rockets at altitudeé, of 80 km o 200 km. The
sun's rays falling on the sodium vapour ebuld maked
1t luminescent and a bright orange cloud of vapour
'is visible from the ground. The sadium cloud drifts
with the wind. To meagnre.tbe winds at different
altitudes, photogravhs at widely spaced stations at
different intervals of time are taken. Using the
triangulation technizue the wing speed end direction
can be galoulated zb different heights of the
atmosphers wherever the vapour trail is visible.
Figs1a] shows a typical sodium vapour cloud taken

at Tbnmbag,

Fig.1.1 Sodium vapour cloud photograph teken at Thumba
on 23=11-63
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(£) Observations Qf.apparent‘ggvements of aurorae

Movements of eurorse have been studied by
numerocus workers and quantitative investigations
have been made through the development of all sky
cameras(ﬁn’a’g’m””)o The experimental technique
consists of photographing the image of the night
sky produced on a convex or parabolic mirror. A
time marking device is used to record the time of
observations in the field of view of the camera
itself., To locate the azimuth and altitude of the
surorase the star background is used. Some illuminated
markers are also placed in the wiew of the mirror
as an additional aid to determine the azimuth and
altitude of auvrora. Also, these markers, sométimes
consigt of a hemispherical grid of wire; placed
symmetrically abcut the axis of the mirror. For the
- accurate determination of angular =ltitudes and
azimuths of auroral points, the photographs will be
projected on a grid of concentric cirecles of radisl
lines. This grid is usually calibrated against the
known star background so as to eliminate the errors
dve to observations in the optical system. For |
calculating purposes, the photographs will be
projected on‘a specilal grid for each station and
- absolute displacement is being computed from the

latitude and longitudes of the correspbndimg stations.
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 The measurements made by Kim and Curxie(10’11)

on the drifts of aurorae at three stations showed

a constant drift parallel to the geomagnetic meridian
and there was no indication of east~west motion. The
average north-south motions gave the value of speed
8 kp/min and 9.4 km/min for Filn Flon Station. For
the same station the I=-W components gave 28.9 km/min

and 28.7 km/min respectively.

HMainel and“ﬁchulte(6> found movements towards

west in the evening hours and towards east in morning

Electricgl methods

(a) Radio reflections from electron trails of meteors

- Meteors on entering the upper-atmoéphere get
vapourised and heated to the extent of thermally
ionizing the matter and thus leaving behind it a
thin column of icnization. HManning, Villard and
?eteraon(12) developed a method for meaguring the
velocity of winds in the region of 90 to 100 knm
gltitude by observing the reflections of radio waves
from these drifting ionised trails. The principlé
of the experiment coneilste in measuring the phase «
variétians by beating the signals reilected from
the meteor trail with the ground wave. When +the

reflecting trail moves towards or away from the
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- observer by half a wavelength there will be a full
cycle shift in the reflected signal. By beating the
echo with the portion of the transmitted signsl it
is possible to determine the radial wvelocity of the
drift. To determine the total drift speed and correct
direction the aerial beam has to be directed in rapid

succession in two directions at right angles.

Let the geometrical representation of the trail

be as shown in Fig.1.2s.

100 KM

ORSERVER

(2)
BLHO i
DIFFRACTION
AwsLITuoe EFFECT L
BE:) 1 » z

TINE 1N SERCONDSD

(b) ‘
-(a) Geometry of reflection. (b) Typical amplitude of
.reflected signal.

Fig.1.2




The réceived signalffrom such a trail consists of

an initial rise of the amplitude of the echo followed
by small fluctuations (Fig.1.2b) whiléh are caused

as a result of diffraction effects ms the trail forms

to its full length.

In Fig.1.3 i8 shown an echo from a target which
has moved a distance of 3 A /2 within the duration of

reflection with a velocity of /2 meters/sec.

s - _
T® to
Brisbane
o7 "
R

T C
3 2 .
R /
: Canberra. . , .
20 30 40 km. SO

Plan of observing system.

Fig.1 °3
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- Studying these beats as a function of time the

wind veloclty can be calculated.

The experimental set up of Manning, Willard and
Peterson (13) consisted of a C~W transmitter on 23.1
Me/s and 30.66 Me/s, as well as a pulsed transmitter
on 17 Me/s for range determination. The receivers
were located in a small valley about 4 miles from
the transmitter. This helped in controlling the
intensity of the ground wave which was used for
beating with the reflected signal from the meteor
'trailifﬁhe:oﬁtput of the~c0ﬁfiﬁuous'ﬁavéfréceived
was recorded in two ways viz., one for low frequency
beats and the other for high frequency beats. These
beats are nmeasured as a function of time and the

velocity of the trail is being ealculated.

Another metho& for measuring the winds in the
region of 80 to 100 km by meteor trail was given by
Greenhow(14’15)(1950) utilising pulse radio technique.
He used a transmitter at 36.3 Mc/s. The received
signal was split into three channels, one was used
to note the amplitude and the range of the echo,
while the other two were beat chamnels, in which
the echo eignel was combined with reference siénal”
from the transmitter_fqr phase determination. There
two channelsrgive the phase variation of the echo.

As discussed by Mamning Villard and Peterson (17)
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a éingla beat i’requémy channel will not indicate
whether the drift in the echo range is towards or
away from the observer. This ambiguity is removed

by using two beat channels in which the reference
signels are 90° out of phase. Thus the beat in echo
amplitude in the third channel either leads or lags
behind that in the second channel, depending on the
gense of the drift. The abservationg made by Greenhow
showed the speed variation between 14 m/s at’a height
of 78 km to over 60 m/s at a height of 98 km which

means an average vertical wind gradient of 2.3 m/s/km.

(b) Reception of waves ot a single station from

three continuous wave transmitiers

The movements of ionospheric irregularities can
also be studied by using continuous wave transmitters.
-Obayashi(18’19’20) used this method to study the large
gcale movements in the ionosphere. The experimental
set up considted of three broadcast trensmitters
situated about 150 km apart at the vertices of a
right angle triangle. The signal strengths of the
waves recorded simultaneously at a distance of about
400 Xm. From the time shifts of the fading records
the speed and direction of irregularities cen be
calculated. The results obtained by Obayashi(18)
showed 50 to 150 /® of drift speed for E, ionisation.

The direction was found to be generally westward,
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(e) Amplitude fading'of radio waves reflected from

the_ionosphere by pulse technigpe'using spaced

receivers

The most'generally used method for finding the
parameters of the ionospheric irregularities éueh as
drift speed, direction, size of iiregularities ete.
is by recerdiﬁg the amplitude fluctuations of pulsed
radio wave refleéte& from the ionbsphgre aé‘péceived

at three spaced receiving antennas.

‘ The fading of the radio wave can happen due to
the fgllowing reasonss -
(i) Interference between ground and reflected,wave,
(ii)Interference between the echoes from different
layers, |
(iii)Interference between multiple reflections,
(iv)‘Magneto=ionic fading.'

‘The complexity can be resolved by using a pulsed
transmitter. Some of the ﬁirsf»cbservations of
electron motions were made by Pawsey(21) (1935) and

(22)

Ratcliffe and Pawsey in 1933. They observed the

phenomenon of fading éround 1 Mc/s and measured the
correlation between records taken at two épaced
receivéfs, at Qariéus distances on the ground. From
measurements of this type and from the use of closely‘

spaced ffequeﬁcies they showed that the mechanism of



fading was due to interference of radio waves

reflected from scéttering centres in the ionosphere,

Mitra(23) in 1949 described a methéd of measuring
the ionospheric winds ueing'theee ideas of Rateliffe
end Pawsey. He used a pulse transmitter and recorded
the amplitude of the reflected echoes at three
receiving stations which were situsted at suitable
 distences. The three receiving sites were lo@ated
at the vertices of a right angled triangle with sidéé
of 100 metres length. Using the fading records from
%he three stations all the parameters of the
irreguiarities could be determined. A detailed

account is given in Chapter IV.

(d) The method of widely spaced pulse trensmitiers

and a single receiver

Hunro(24) developed the method for examining
the horizontal end vertical movements of short period

disturbances in the ionosphere.’

The experimental5set—up (Fig.1.4) consists of |
one base station and four field stations. The field
stations' were at the vertices of a trapezium and |
their respective distances from the field stations
were 21, 50, 25, 56 km (viz. 1, 2, %, and 5). Pulsed

transmitters of fixed frequeney 5.8 lMc/s were located

L2
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at the field stetions. The recording of virtual

heights was done mainly at point.1 which was suppli-
mented by point 3. It was foumd that most disturbances

in the vertical height tracings, i.e. the pesks and

dips, crossovers of 0 and X rays, and the characteristics
discontinuities called Z's by MunroQ occurred at
different times at the different field stations. From
these time differences the velocity of motion of tlhe

disturbance in the ionosphere can be calculated.

The h'f records taken at Cenberra, Sydney and

Brisbane on 5.8 ile/s are snown in Fig.1;5. From the
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1

DoprPLER SHIFT CAUSED BY A UNIFORM WIND
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.=t o] \ 2 '3
TIME {N SECONDS

‘Beat between transmltted continuous wave and echo
from moving column.

Fig.‘? 8

reléﬁive time shifts and the distances between the
stations one cen calculate the speed and the direction
of the disturbances. He found the direetion %o be
about 2°N of £ and the speed of 10 km/min (166 m/s).
These disturbances travel horizontally as extended
fronts usually at least 40 km end can travel about
900 km without major changes in their characteristics,

The rate of horigontal travel ranges 80 to 160 m/s.
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13 Relebive merits of different methods

The meteor trail mebhod has the advantage thet the
height of the abnormalities can be determined with an accuracy
of a few km. Since it is well known that the drift veloecity
varies considerably with height, the value of this method is
clear. Another important feature is that the measurement |
‘relates directly to the ionised trail. However, this method
has the disadvantage that measurements by this method are
regtricted to a particvliar region of the ianoépbere %iz. from
80 to 110 km, Also the frequency of the observation depends
on the oeccurrence probability of meteor trails. This brings
in a limitsation in studying the variation with réspect to time.

©  The method of cleosely spaced receivers has the

fdllGWing aﬁvanfaéés'6§er ﬁhézdﬁher mefhods.'Sinpe ionosphéric
irregularities exist always in ithe icnospheric régions it is
convenient to carry out the routine observations in day as
wéll as nig@ttime (provided Es regian is present during the
nighttime). Another advantage is that the movenments can be
neasured separately in E as well as F regions by using different
suitable frequencies. It must however be noted that what we
get is the integrated effect of the irregularities situate@
5e10w reflecting level of the radio waves. The absence of Es‘
region during nighttim@ makes this method unable to measure
Ithe drifte at these altitudes unless E§ is present. This method
has certain disadventares. The height of the ionospheric

region varies with the ‘time of the gday. Hence the measurement
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of winds at e particular héight is not possible for a given
frequency. However by varying the frequency to some extent

the helght of reflection can be kept'canstant._The measurements
carried ocut by spaced receiver technique relate to the
movement of the diffraction pattern over the ground and it

is not a direct measure of the movements of irregularities

-in the ionosphere.
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CHAPTER _TI

LXPERINENTAL SET UP AT THUMPA TOR MEASURING IONOSPHERIC DRIPTS

2.1 - Pulsed transmitter
2e2 leceiving set up
2¢3  Antenna systenm

204 Camera unit



CHAPTER TII

LXPERTMENTAL SET UP AT THUMBA FOR MEASURING THE IONOSPHERIC
DRIFPPS

The experimental &rranggment at Thumba congists of
a transmitter and three receiving stations locétedvat the
corers of an isoceles right angled triangle. The transmitted
‘pulse of radio waves after re flection from the ionosphere
produce a diffraction pattern over the ground. The records
of the changing amplitudes of this pattern at suitable
positions on the ground give information regarding the

movement.of the irregulaerities in the ionosphere.

The equipment essentially consists of

2e1 . a pulsed transmitter,
2.2 the receiving set up and
2e¢3 the entenna system,

2e1 - Trahsmitting unit

The transmitter was constructed by the suthor with
the components avallable in India. It consists of a pulse
modulated master oscillator feeding a power amplifier stage.
The modulator is triggered by a triggering unit with a pulse
repetron frequency of 50 ¢/s., The width of the pulse can be
varied with a help of an R~C combination from 100Mso 400} sec

in five stepsa'
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The design of the transmitter'') enables the rixing
of the duration of the pulse and its repetition frequency.
Fig.2.1a represents the modulation envelope of the carrier and
Fig.éﬂﬁ the r.f. carrier. If i is the interval between the
front edges of the successive pulses then the pulse repetition

frequency is given by

1

£ o= -

L |
The pulse duration or the width of the pulse must be kept
sufficiently low to get a good separation between the ground
pulse and the echo received frém the ionosyhere.'If this
condition is not sat%sfied, the echo will be merged in the
grouﬁd pulse and it Will not be possible to record the fading
patterns. The maximum width is also limited Qy the resolution
reguired to separate the ordinary and extraordinary components .
‘©of the reflected echoes which arrive one after the other with
a short interval in between. The minimum width is limited by
the band'pass restrietions on the I.F. amplifier determined
by the limitations of incoming inferfbrence, by the required
fidelity of reproduction of reflection, by the necessity to
restrict the frequency spread of side band energy to prevent
interference to other servicéé, and by the requisite resolution
of critical frequency ppenomena which become indistince when‘
the radiation embraces too wide a band of frequencies. A pulse

duration of 100—250#rsec ig used as a compromise.

The pulse repetition frequency fp must also be chosen

properly. If the repetition rate is too high an echo from the

R
.



given traﬁamitted pulée may not return to.the receiver unsil
the next following pulse is trensmitted. Hence it is desirable
to have sufficient time lag between successive transmitted
.pulses, Although the pulse r@petitian frequency muet be kept
low endugh to realise the required maximum range, it must

also be kept high enough to provide an advantage integrating

eifect.

Another importent feature of the transmitter is that,
it should be able to pive encugh output power to get good
reflect;oné fron thé ionoephere, as compared to the noise
level., The output power ean be speeifiéﬁ in two ways viz.
the peak power which is the maximum power during the pulse

and the average powers

The duty cycle K is defined as the ratio of the
average power ?av t0 peak powerAPp. The averasge transmitted
power Pév is related to the pulse energy and the pulse

repetition frequency by the relaiion(1) (Fig.2.2)

Pox 4
PR S .
Pav 3 PP X é5 X fp

& ‘Qﬁﬁgéj

The schematic block diagram ef the transmitter is
shewn in Fig.2.3. The transmitter consists of the followiné‘
seqtions:» _

(8) Maine triggered pulse generator
(v) Iioduvlator

(¢) Master oscillator



S i : o ) [l
Ty DY Y T I IyTTM TN WO AT oy Ea e Fad Lo B Rk B Rl o
2ETUL F812 TSI L5 2L I8 AJNsStiosZ IESREME G D i

C : C d P
T A d-A= d

uml - .le o
3NDAD ALNG S S

wu:.._<> v_<un_ .w uw<mw>< wz _EOIW_ ..
mwwuz._m m<4302<._.oum wI._. uo >E.w20m0 u_w<m




£.2 34N9I4

I —— - D ld
| ¥0LYMINID | ' a74en |
— | e Km?,ook
SO A 3 -
| | Jw _ uhu_ﬁt.h 10N ).)OJ
i m.['y e L b - . —e

Lo | | !
> HOLy Tragw e

N

i
{

ﬂl.’, e e

L afxm , L 5

MCLVY 17138

xad .ﬂSw mmko&

m.udPJO\/ I@Hﬁ

%

Q

mmEHi2<

MmgOQ

mm.z.:z? ,mdtm.m. JHL 40 Z«iwﬁa xUO..m

g{ZuhZ(




s 243

(d) Power amplifief with tuning unit

(e) Power supplies.

(2) Mains triggered pulse generator

| A sine wave input of 20 V r.m.s. from transformer T1,
whose phase can be varied with the potentiometer RP through.
180° is squared in V, AB (Fig.2.4a) which functions as an
overdriven amplifier. The grid cathode path of the tube and
resistor Rs act as a diode elipper elipping only tﬁe posgitive
peaks from the wave ey meking the grid input e, of the form"
shown in Fig.2.4b. The elimination of the positive half of
the»grié voltage takes place because of grid current and the
flattening ofzthe top of the wave form eb? is the result of
the grid voltage going below the cut off value. The combination
causes the conversion of the sinusoidel input wave into a
nearly square'wave output by using the second section of the
triode V1B of 65N7, as a second amplifier stage as the same
type, an almost perfect square wave is obtained (ebe). This
‘square wave ie differentiated which triggers a one-shot cathode
coupled multivibrator V2 A/B. In the absence of trigger pulse
VQB (having the positive grid return) conducts and raises the
voltage of both the cathodes. The grid voltasge of VoA 1s
adjusted to a'fairly low value by the choice of R1 and Ry
keeping the cathode of V2A positive'with respect to the grid
by a enough voltage to keep it at cutoff.

When positive pulses are applied to the grid of the

™
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Figen.dl  Wave-forms of the wmaing Lriggered
opulse genevalor
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normally cutoff tube Voh, the grid voltage is sufficiently
ralsed to start current in V,A. This causes the drop in the
‘plate voltage. Because of the condenser G2 the grid'voltage
ecn, drops equally, and since V,B ie connected as a eathode
follower, €, alsgo drops resulting in an increase in the grid
to cathode voltage of VoA and eonsequently in the current of
- Vohe |
Once cutoif, Véﬁ remains s0, while C, diseharges

until the outoff point is reached end plate current beginsfté
flow. Then the secoﬁd awitehing pfocess occurs. The current
in V,B raises cathode voltage encugh the cutoff Voh, and the
. high pla$e,vditage of VoA helps %o turn on V,B negative and
T positive pulses owtput are obtained at the plate of VoA and
VQB résPGQtively. The negative pulse ebn1 is used to trigger

the transmitter,

(v)  Modulator

‘The circuit diagrem of the transmitter is given in
Fig.z.ﬁ.'The'négative going pulse obtained from the trigger .
pulse generator is differentiated by a condenser and resistance
combination. The width of the differentiated pulse ean be 
varied by suiteble selectioh of the resistance R. This
differentiated pulse is applied to the grids of the modulator
tubes V, and VB.’The'plate loads of these tubes are the grid
leaks of the two oseillator tubes v, and V5 which are normally

biased beyond eutofi. When the negative going pulse from V,
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is applied to.vg and F3 they are monentarily cutoff, and
the biase is removed from the oscillator, which is thus

allowed to oscillate for the duration of the modulator pulse.

(e) Oselllator

A conventional Hartley circuit using two 807 tubes

- in push-pull is used for the osecillator. Since the oscillator

ig pulsed and the duty cycle is very low, the tubes are Qperated
with a plate supply of 750 volts, so as to deliver enough -
driving power to the power émplifiér tubes. The oseillator is
grig modﬁlated and oscillates only during the duration of the .

pulse.

- (4Q) pPower amplifier
The power smplifier is a push-pull type using two
P123A tubes. To get sufficient power tuned circuits were used.
The output of the tank circuit of the power amplifier is

coupled 4o the transmitting antenna through a 72 ohm H.F. cable,

The transmitter consists of three bands viz. 1.5 Me/s,
2.2‘Me/s and 4.7 He/s. The frequency changing arfangement has
been accoméliﬁhed with the help of 2dditional fixed value
Eendanseré, which are brouvght in parellel with the main tﬁnping
condensers in the oscillator as well as in the power amplifier
stages. The transmit{er is ecapable of giving 1.5 K.W. peak
power., Since this powef was inadequate at 1.5 Me/s, this

frequency was not adopted for measurements of winds.
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2.2 Receiving set-up

The receiving set-up was constructed by the author.
The block diagram of the receiving and recording get=-up is

'given in Fig.2;6 and consists of following units :-

(a) Trigger unit,
(b) FElectronic switch and a stepswave generator,
- (e) Delayed pulse generators, |
(d) Linear sweep generastor,
'(e) Monitor end recordingncaﬁhode ray oscilloscopes,
(f) Receiver modified for the pulsed operation,

(g) Camera set-up for recording the fading pattern.

(a) Irigger unit

The trigger wnit triggers the various circuits in
the receiving unit and is similar to that of slready deseribed

in the transmitter section.

(b) Electroniec switch and stepwave generator

This unit gives the proper switching sequence of the
_ three antennas in succession to the receiver. Also it provides
a2 step-wave output with which the signals of three antennas

can be recorded separately on the recording scope.

L]

‘The circuit diagram snd the associated wave forms

are given in the Fig.2.7a and 2.7b.
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Thls circuit was Fiﬂaly Bupplled by Brlgps et a1(2)
The screen grlds of the tubes are used to produce the _
multivibratorxaction, but the output is taken from the plates
-(Wa&e forms A, B, C). The wave forms at screen grids are
similar to those at A, By C but the change overs are not so
rapid owing to the condensers which are connected 1o screens..
The precise times at which the change‘over occur is determined
by the synchronising pulses as shown at d. The pulse X'
produces a small positive step on all the three grid wave __1
forms but it has an important effect only on the wave form 'b'
where the grid is just aboul to reach the triggering 1éve1, _
Similerly the, pulse Y affeets the grid C and the pulse 2 |
aflects the grid a. The synchronising pulses occur at such
time that the changeovers take place roughly half way between

the pulse from the transmitter.

The three grounded grid high frequency ampiifier

tubes V4, V5 and Vg are switched by means of waveforms A, B,
and C whicﬁ are applied to cathodes through the diddeé V#, Vg
and Vg. Consider the tube V4 which has the wave form A of a
lower 1limit of about 10 volts applied to it through the diode
V7. The cathode of this tube at this stage is about 28 volté.
Thus the diode Vo is non-conducting as ité plate is atb aﬁogt
=14 volts Wsret, 1ts cathode and the tube V4 therefore operates
as an amplifier in a normsl manner. When ﬁave form A changes
over to its upper level, the diode V7 begins to éonduct. The |

multivibrator tube V1 is non-conducting during this period,
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so that a 33 k resistance, %he plate load of V,, is connected
from the plate of the diods V# to the BY supply. The current
which flows thrnugh.v7-énd 0.6 k ecathode load of Vv, is adequate
%o raise the cathode potentiml of v, by about 10 volts with
respect to the grid and this renders the tube iﬁéﬁerative.

Thus during the lower level of the wave forms %ha respective

- antennas are connected to the main receiver and during the
upper level the corresponding antanaés are &iscpnnehted. Since
the lower level duration is halflﬁhe upper level all.the three .

antennas are connected for equal duration of time in succession.

.The‘wave forms at ¢, £ and g are similar to that of
at A, B and O{excépt for their heights. By combining these
wave forms (e, £ aﬁd g) with the loads of the ratios 3:2:1 a

step-wave'is obtained and it is amplified in the emplifier V10.

(¢) Delayed pulse generator

The selection of the first order refleetion is
necessary to record the fading pattern. This eliminates the
unwanted noise, grbun& pulse and higher order reflections or
the reflections from other regions. When the splitting between
the O and X components ie present, the O component can be '
selected by a gating clrevit which gives a pulse whose phase
can be varied with respeet to ground pulse and also its width
can be varied. Another circuit of the same type is being used .

to synchronise the electronic switeh circuit.



The phase and width of the gate are adjusted by the
potentiometers PT and ng The circuit and wave forms are

given in Fig.2.8a and 2,8b,

(d) Linear sweep generator

This eircuit uses a2 senatron circuit shown in

Fig.2.9 which generates a single stroke linear sweep. The
cireuit also provides a rectzngluar pulse, having p?ecisely

the same duration as the sgéep, which is used to brilliance
the monitor oscllloscope. The aenaﬁran consists of the illey
integrating eircuit of V4 1mnkwd with Vz to form a multivibrator
having one stable gtage and one sémlstablc staga. In the

stable stage VA is eutoff by the negative bias on the suppressor
grid, but a'negative pulée is applied to the double diode V1,

it triggers the senatron into the semistable stéﬁe, the
durgtiéﬁvof which is controlled by the variable resistance B4
and the condenser 01. Henge R1 is used to give the sweep
duration. The coupling of a similar tube V5 with V4 enables

to get the push-pull output of the sweep wave form. The
petentiometers'ﬁg control the sweep amplitude and +the

output is D.C. coupled to the X plates of the monitor 8CODES.

The balance between V, and Vg is obtained automatically since

it is a push~pu11 stage, but to overcome any residusl umbalance
in the circuit, gn additional potentiometer. R4 is provided
between R, end RB'
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(e) HMonitor and recordiné oscilloscoves

The circuit diagrams for both the monitor as well as
the recording oscilloscopes are of similar type as shown in
Pig.2.10. In both the oscilloscopes 5BP1 tubes are used. The
X and Y shifts are obtained with the help of ganged ﬁotentio~
meters, Both the circuits are sinple and no attempt was made
to get X and Y amplificatione. In the case of monitor scope
the sweep output from sweep generator circuit ig fed to the
X plates (A and B). The receiver outpubt is fed to one of the

Y plates and the gating pulse is fed to the other Y plate.

7o intensify the trace on the monitor scope an intensifying

wrsaalos

pulse from the sweep unit is applied to the grid of recording

8COPpee.

For rscording the fading patterns three spots are
obtained one for each antenna, by applying the step-wave
output te one of the X platds. The receiver output is applied
to the other X plate. The récording scope is made to operate
during the time duration of the gate pulse by applying a 150 V

5

pulse in synchmronous with gate to the grid of the recording

BCOPE.

(£) Receiver

W

The receiver should have high gain, because the signal
received from the ionosphere will be very wesk. The receiver

should therefore be capable of discrininating this weak
-
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signel from the noise and aléo should possess high gain. By
increasing the number of R.F, and I.F. stages the gain of
the receiver cem be increased but this amounts to increasing
the input noise also by the same amount. Hence the only possible .
way to overcome this problem is to have signsel to neise ratio

as high as possible,

The band~width is enother important factor in pulsed
receivers, In order to obtain a good quality of reeepticn of
the pulse the receiver must have sufficient band~width. On
the other hand the amount of noise inereases with inerease in
| bandnwidth. Hence a compromise must be attained between these
two. Another qﬁality required of the pulse receiver is that
it must have rapid .recovery. This is necessary, becauvse the
operation of the transmitter very close to the receiver
paralyses the receiver. This effeect can be overcoﬁe by feeding
a strong negative pulse of the same phase (and width) as +that

of ground pulse, to the receiver.

The receiver must havé n good stability . i.e. the
frequency drift should not cause detyning of the receiver
from the original frequency. This is achieved by the proper
design of the local oscillator and robust construetion.

The receiver (Fig.231z and 2.11b) used for the

experimgnﬁ is a'modifiedvreceiver of army dispousals,

The following changes are nade to make it suitable

for pulse operation. Invgrdm? to achieve high galn, 6ACT tubes

T
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areaused in‘R.F. stages which have bigﬁer transconductance

and are capable of giving more gein. Care was token in
adjusting the bias for these tubes since they are sharp eutoff
pentodes. The A4,V.C. controll is rembved since we are interested

in studying the fading of ithe received echo.

The band-width is incressed by {lattening the peak
of the resonance curve. This is done by suitable damping in
the primary and seeondary coils of the I.F. tranﬁformerﬁ, A
band-width of 30 ke/s was obtained at half power p01nts. The ¥"k
second deteetion is done by a €H6 tube which has low ,apacitance
- and low conducting resistsnce. Care is taken to operate the
. detector in thé linear portion of the characteristic. The time
constant was selected S0 as 1o effect 2 compromise between
steepness pﬁlﬁhe edges of the pulse which requires a short
time constapt, and obtaining the largest passible“pulse
eﬁvelope.wiﬁh minimum I.F,. component, which requires a long

tine constent . A load of 47 ¥ and 100 Pf condensger were used.

The detected cubtput is further omplified in a,vedeo

anplifier stage. This is a compensated wide~band auplifier.

The receiver has overall gain of about 3 volta.
2.3 The antaggg_eystem

The arrangement Pf the reeseiving antemna system is
a8 shown in Fig.2.12, Three reoeiVLng aeriale are placed at

the vertices of an igoceles right sngled triangle. One antenna
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is due North (N) from central (C) entenna end other is due
East (E) of it. The distences between the centrel and North,
and central end Bast antenma are 120 meters. This was found

to be suitable for 2.2 Mc/é.

The receiving aerialsiare halfwave centerfed dipoles
oriented in ¥-S5 direetion. The signals of these aerials are
brought to the receiving unit by means of r.f. cables of 72
ohm. This enabled no matching problems et the input point of
the dipoles. Also 1t was found that these cables gave good

matching at the input of the electronic switch.

‘ The transmitting entennas are also centre~fed dipoles,
two different éhtannas were used for the two frequencies. The
tranemitter antenna corresponding to 2.2 Mc/s is situated at
the midpoint of the hypotenous of the receiving antenna
triangle. This was done partially because of the non-availability
of enough r.f. cablés. For 4.7 Me/s, another dipole was used

some distance away from 2.2 lMe/s dipole.

The matching of the r.f. cables was dome at the

output end of the transmitter with great care,

2.4 The camera unit €

This unit con91sts of a movie camera and s time~

mar&ing arrangement.

The G.E. camera with motor system 18 Dbeing used. The
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original motor speed was veryihigh for this'experiment and
hence its speed was geared down cbnsiderably. The gearing‘
system is so adjusted as to get a film speed of 24 em/min.
The time markers are registered with a help of synchronous

| motor and blade arrangements by cutting off the intensity of
the recording scope for a very short duration once in every

5 seconds.
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CHAPTER TIT

FATING CHARACTERISTICS OF RADIO WAVES REFLECTED PROV TIE
TONOSTHELE

31 Distribution of ampiitudes in fading records

3a11 Introduction

. The amplitude of radio waves returned from the
ionosphere is found to fluctuate with time. This phenomenon
is known as fading. The fading may be caused by the following

reasons s-

(a) Interference between the ground wave and the wave

reflected from the ionosphere,

(b) Interference between multinly reflected echoes.

‘ (clfonﬁérferenca between waves reflected from different
regions of the ionospherc. |

(d) Interference between ordinary and extra-ordinary

components of the wave.

If a pulse of radio waves is sent to the ionosphere,
the echceé irom different regions or multiple echoes from the
same reglon will arrive with different time delays with respect
to the ground pulse. Any particular egho can bé selected by
a gating systen and its éharaeter can be studied. When the
operating frequency is not close to the critical frequency of

the layer, the ordinary and extra-ordinary comnonents of the
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wave cannot'be‘resclvedland éeiected-by the gate, but due %o

the different polarisations of the two components it is possible
to :upreQS‘one of the components by suitable entenna gystem.
Even then, such an echo is found is fade with time and thus,

a cause inherent in the properties of the layer reflecting

the radio wave is evident.,

Appleton snd Ratclii‘ie( ) reportea in 1927 that the
speed of fading is roughly proportional tc the frequency of
the wave and is inversely proportional to the distance

between the transmitter and reéeiver.

It was §hown by Ratcliffe(Q) (1933) and Pawsey(B)
(1935) that the fading of singly down-coming wave from the
ionoséhere was not exactly similar at two different points on
the ground separated by about a wave length, From this, it
can be deduced that the wave was a returned from the ionosphere
by an irregular diffractive reflection process and that the
ionospheric region refleecting it had considerable inhomogenoity

in the horizontal plane,

Ratcliffe(4) in 1948 gave a theory of the fading
of the radio waves considering the ionosphere as a dlffracting
screen. It is assumed that there exist several scattering '
centres distributed approximately in a horizontal plane and
that each scatteis the same amount of pover from the incident
wave. A group of sﬁch sgattering centres makes up the

irregularity which has the roughnese already discussed. Tt
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is further assumed that the scattering centres are in continual
- random motion in such a way that the velocities A in the
line of sight are distributed according to Gaussian law. Then
the number of scattering centres having velocities ranging
between ) and ) +1143 is given by
7

(V) d9 - pe V0 49 (1)

where 'Qa is the root mean square velocity of a scattering

centre,

It 'ﬁ) is the ftransmitted frequency, the reflected
wave undergoes a Doppler shift of frequency after being
scattered from the scattering centres so that its frequency

on return to the ground is given by
| 9 * |

The phases of the waves reflected from different
scattering centres may be assumed to be randomly distributed,
owing to the fact that the scattering centres are at rendom
distances from the obseeving point. Hence the resultant
electromotive force at a particular point consists of compoqents
of different frequencies and the power w(f) d{ in each -

frequency range can be obtained by combining equations (1) and

(2)

Wb df = B exp[-cl( f- Fo)z/i? Foi")‘)l] Af (3)

This relation can be written és



W) df = ;’;}ex*’ff)“/ﬁgjo‘p (4)

.where g - 2 f,V9 2—°D° being the wave length of the

c ,
wave and */ is the total power in the wave,

The fading of the’wave is now seen to result from
the beating between the component waves of different
'freQuencies represented by eq.(3). Thie is similar as the
case oflpassing random noise through a filter whose Band pass

LT

characters are given by eq. (3).

Furth and MacDonald'®) have discussed a noise

eﬁzergimg from a filter with a power pass character given by

eqe (4). They have shown that the amplitude L of +the quasi-
sinuséidal output e.m.f, is distributed according‘to Rayleigh
law so that the probability p(R) de of finding an amplitude
between R and R $dR is independent of the filter amd is

given by
2
R - K
P(R) »—— ¢ TF
v
(5)
the mean amplitude E is given by }_L- - ‘%L ‘ and the
average of the squares of the amplitude is given by
R* - ancm IRV (6) .

0
and the most proballe value is given by Ry = V .

In addition to the random motlon, if thereis a
specular reflection then the probability distribution of the
fading curve will not be of Rayleigh type. Rice( ) has given
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the probability distribution of smplitude wnder the above
stated condition.

Let B 05 PT  be the steady signal and @ the
‘resultent emplitude of the envelope at any time. Then the

probability distribution of the anmplitude ié given by

U
Pea) rfi— exp[ - 8287 [ T, (&B)

2 (1)
where T, is the Bessel function ol zero order with imaginary

argument,

' Now ax = Blf 9w - (8)
| = p 4 p-

Hence the average of the gquare of the amplitude is equal to
the sum of the average Squares of the random component and the
square of the steady compounent. Let b be the ratio of the
'amélitude of the steady signal to tﬁa most probable velue of
the random signal. Then,

b = & -
' ¥ P T2y
when b /| eq.(7) can be written as P(@O-’iqu €.
which is Rayleigh distribution. When b77l then eq.(7) can

be approximated %o
| | 9. '
| a e [ &lvB]
Q)= ——— [ = expl —=—=
PC V,gnq;(ﬁ). Ly (9)

which is the expression for a normal or Gaussian distribution,
McNicol(7) has shown that the above eq.(9) ean be put into the

form
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where Q;)'n - [W (loifl)j I/i__

(10)

(11)
and gives the most probable value of the distribution.

Rice(G) bas given theoretical curves of probability
distribution for various values of the above defined index b. )
As it has been discussed already, when b = 0 the probablllty
distribution becomes Rayleigh type. As the value of b inczeases
t‘the probdbillty elstrlbution deviates from Rayleigh type and

will be as shown in Fig.3.1.

When b is sufficiently high (b7 4) the probability
distribution tends to normsl type. For values of b= 1, 2, 3
the distributions would correspond to tﬂe mixed modes of the

above said cases,

Another way of defining the ratio of steady to random
signals was given by Al'pert(s). The method involves-calculafing
the ratio of the average square of the amplitudes .E;‘ to - the
Square of the averag amplitude ]ii? of the received signal .
Al'pert has shown that this ratio works out to be

bl e
: {116y et

o
—

4 2
£ nfarrn, (24 (8]

Where j%>and LIJ are the Bessel funetions with imaginary

arguments,
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9 R Y
ae b—> o - /R = L
_ 9
o U
and as bt—%w p\/ﬂ_"‘9

The first case viz. when blﬁo gives the Rayleigh distribution
- and the second cases gives (i.e. for higher values of p ), the
normal distribution. Henee the theoretiecal value of EI / TZL

must range between 1.0 and 127

}

The relation between the ratio -[:-L—i / F\L and | b | is
shown in Pig.3.2. It can be seen that for lower velues of
b (bL2> © the value of F/Ei decreases sharply and for
“ values of Io( b7"3> the ratio decreases rather slowly.

According to eq.(5), the logarithm of both the sides
of it yield, o |
Loge [ 22 - Loge (357) ~ 5y (12)
If ‘bhe— observed amplitude distribution belongs to Rayleigh
tyve then a plot,of[_oﬁe[ﬁé_ﬁ_)] against RL yields a
straight line with a slope of j—q; and intercept of loge (,'lq'; )

on the y axis. Fig.3.3a shows a typical Rayleigh distribution
and Fig.3.3b shows its logarithmic plot.

In addition to random motions, if there is specular
reflection in the signal‘ returned from the ionosphere, then
the probability distribution is of normal type. Teking the
logerithms of both the sides of eq.(10) one gets,

NS B My/
LOﬂe P& ?'/ogmqf~CQ Qm)
| Ty
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Hence a plot of Loge P(Q)—>(a-@m)™ yields a straight line

with slope of EJQT and an intercept of {og\[2N¥ . Fig.3.3c

shows a typical normal distribution and Pig.3%.3d shows its
logarithmic plot.

Fig.3.3 Typical Rayleigh snd Normsl distributions with
their Logarithmic¢ plots
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312 Examples for fading records of B and B region

reflections at Thumba

The fading records obtained at Thumba from either E
or F region echoes are in general imﬁulsive in nature. Short
bursts of signel intensities occur over a conparatively low
background intensity. A few examples of the fading records
ére shown in Fig.3.4. The rate of fading (the number fades/
minute) at Thumba has been found to be much higher tﬁan the
rate at the higher latitude station Ahmedabad. The
. characteristics of the fading records at Thumba vary
 appreciab1y witp the time of the day. In Fig.3.5a are shown
the seasonal avérage daily variations of the fading speeds
(number of fades per minute) for the E and P regims

respectively.

Describing the results of observationg taken af
Thumbs during Jan-Feb.1964'9) it was fownd that the fading
rate of E region echoes was very high during morning and
evening hours with about 50 fades per minute. The fading was
slowest during the afternoon hours (15 hr) being about 20 fades
per minute on an average. Referring to Fig.3.5a it is seen
that for E region the average daily variation in winter is ' -
very similar to that described earlier. During Equinoxes,
the time of slowest fadiﬁg seems to have advenced by sabout 2 |
hours with respect to Winter. In the morning hours, the fading ?

rate shows a maximum at‘abaut 10 hr. During Summer the rate



Figo3.4 Typical fading records of F and F regions for Thumba
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Figo3.5a Daily variation of the fading rates with the time
of the day for different seasons for E region
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is maximum at about 00»10 hr but seems to decrease continuously‘
till sunset. The afterncon minimum found in other seasons is
not distinct. Comparing the range of variatiaﬁ of fading rate
it is seen that during winter it varies between sbout 20 to
30 fades per minute. While during Summer the varistion is
only between 20 to 35 fades per minute. In the case of F
fading rate occurs at 11 hr and the minimum value at 17 hr.
The number of fades per minute renges from 20 to 55, The
behaviour during summer is similar to that in Winter except
‘that the evening minimum occurs at 16 hr. In Equinoxes the
forenoon peak appears an hour earilier (10 hr) as compared to
other two seasons. The decrease in the value in evening hours
continues till 18 br. The fading rates range from 20 to 85

Tades per minute which is higher than in the other two seasons.

. For detailed analysis, the fading records obtained
were traced on graph sheets with sufficient magnification
(2 sec = 1 inch). As shown in Fig.3.€ the amplitude distribution
is slmost identical for the records corresponding to different
entennas., Therefore the fading records for the central antenna
were used for the amplitude distribution enalysis. The scaling
interval was selected to be 0.2 sec for two reasoms viz. (1)
the fading rate is very high at Thumba, it reaches even 60 to
80 fades per minute., So if we select a large scaling interval,
then we shall not be able to follow the. envelope of the fading
curve smoothly; (2) if thé scaling interval is smaller, it
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would imply larger laboux wifhout much gain in the accuracy
of the probability curve, Thus 0.2 sec was chosen as a
cqmprémise'between these>tw0 effects after a few trials,

with different scaling intervels. A constant length of reeord
(24 sec = 0.6 em) was read in each case, thus 120 values of
anplitudes were availeble for esch distribution. The curve
Qas later normalised by pletting the probability in terms of

percentage of total number of observations.

i

The analysis of the probebllity distribution of the
amplitudes mere dome for 5 days ia a month for each of the
‘reglons viz. E and F. The fading records shown in Fig.3.4
have been retraced 1n Pige3sTa and their amplitude distributions
are'given in Pige3.7a. The nunber of fades/sec for the
corvesponding fading records are denoted by N in $ne diagram.
The longarithmic plot of these distributions for Rayleigh type
are given in fig.3.8. One finds that in most of the cases all
The points do not fall on a straight line for both types of
fading (viz. fest and slow fadings). When & straight line is
drawn through the points corresponding to medium defleections,
ﬁ the value of L derived from the intercept on ¥ axis and
from the olope of the straight line de not taily with each
other, indicating thah tﬁe ﬁﬁplitude distribution curve is

not truly of the Rayleilgh type.-
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Fige3.8 Logarithmic plot of the fading records shown
cin Pig.3.7a for Rayleigh distribution

in Fige3.98 and 3.10a are shown amplitude distribution
curves averaged over the slow and fast fading rates separately.
.All the fading records with the number of fades per minute
(GON) within 20 to 25 were classified ag slow fadings and
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those records between 60 %o 70 per minute were classified

as fast fadings. Then the average distribution of slow and
fast fadings werve plotted. It is seen that the lower
amplitudes are more frequent in slow fading than in fast
fading. In both the cases the curve for amplitudes greater

‘then the most probable one falls more rapidly them expected

of Rayleigh curve,.

THUMBA E REGION 2:2 MC/S 1964
() (b)
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U .
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Fig.3.9a2 Amplitude distribution for slow and fast fadings

Fige3.9b Amplitude distributions for the hours of the day
- when fadings are slow and fast
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Fige3.10a Amplitude distribution for slow and fast fadings
Fige3.10b Amplitude distribution for the hours of the day

when fadings are slow (13-15 hy) and fast
(08=10 hr)

In

Fige3.9b and 3%.10b are shown the amplitude

distribution curves arreanged over different hours of the day.

In the case of E region 08, 09 and 10 hr were taken for fast

fading and 13, 14 and 15 hr for the slow fadings. In the

., case of F region, 09, 10 and 11 hr were'ﬁaken for fast fading

records and 14, 15 ond 16 hr for slow fadings. It cen be seen,

for both the regions that the average midday curve is similar‘

to the curve sveraged for slow fading and is consistant with



the fact that the average rate of fading is slowest at midday

hours.

Another test for the probability distribution was
done by chocking the values of | / R for various curves.
As described the limiting values of [&’? / 2 are 1.0 and —T?:—
for the normal and Rayleigh distributions respectively. The
h'istograms of the 'percen"tage occurrence of ‘EZ / EL are given
- in Fig.3.11a and 3.11b for E and F regions respectiveiy for

different seasons of the year. The dotted verticel line

indicates a value of R@-/’Q ’; A i.e. the maximum theoretieal

1T

value of this ratio. From the figures, we can see that most
of the observations (90%) have a value greater than 1#//n’
The range of pﬁ- ]22‘ varies from 1.0 to 2.6, with the

averag values as shown in Table 1 for L and F regions,

Table 1

— /-
Values of R /’ﬂ~ for different seasons for B_snd F_regions

Season E region F region
Winter 1.77 2,02
Equinoxes 1.63 ’ 1.60
Summer | 1.68 ‘ 1.67
Annual 1.69 1.76

. DD £ S e e s e g o i s St B3 bt Ao e S0t vt L oo e e
=.-_."‘ﬁ.-.—-.—__—-...—-::—-»_.—-_.—-—.—-...u—.—.u-u-—...._....— L e e ettt e S vt e o

To study the daily varietion of this index viz.

the average values for aifferent hours of the day for each of

~
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‘the semsons were plotted for both the regions (Fig.3.12a end
3¢12h) «

. . — /2 ,
In the case of E region, R* //;2‘ does not show
daily variation for all the seasons of the year. In the case
. 5 [
of F region only during winter the value of p //p steadily
g increases from O7 hr and reaches a maximum between 12-1% hr
and then it gradually deecreases till evening hours. For other

seasons there is no systematic daily variation is observed,

Another type of distribution oscasionally observed
for both the regions is of M type. Out of 800 records only 20
uhave shown this“type of distribution. Fig.3.13 shows a typical
distribution oflM type. Sueh a distribution cen be regarded
as composed of two distributions. Let I and IT be the two
distributions as shown in Fig.3.13. The beginning edge of
the curve II can be exirapolsted with an asgumption that it
is a normel distribution. The extrapolation of the curve I
is now done taking into consideration the already extrapolated
curve IT. To test whether these curves fit s normai distribution,
the log plots for the normal distributions were made, and it
was found that both the curves fit very well with the normal
idistfibution. The 4),/ Yo and by, by, values for the
curves I end II are. 66, .80 and 1.3, 8.% respectively.

These U ﬁype distributions are found'to oceur during
the slow fadings. The height of the peak of curve I im in
general higher then that of curve TI. This suggesnts that the
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étructure of thé reflecting région is more éomplicaﬁed than

- what it was assumed to be. For example, if it is assured that
the field contains not only one but two specularly reflected
waves of constant amplitude and phase but shifted in frequency}

then the probability curve has two peaks,

ki
E {
[+
- w A 25-4-64 [BOO HR
8 10 F REGION
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E S_M
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< T T T T T T 71 T T T
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Fige3.13 M type of distribution fitted as a combination
of the different mormal distributions

I3
{
\

In general, the amplitude distributions at Thumba
for both the regione viz. T and F follow meither Rayleigh

Nnor normal distributions.
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342 R8s veloeity in the line of sight Vo

| Bice(é) has given & simple method of evaluating
with eertain approximation. If g~ is the stendard deviation
of the power spectrum of the received signal and ¥ the number

of maxima per second then,

M= 2,52 &
A
but ¢ - %;ihl ! ‘Oo = lé?w—

Thus the value of Vo can be determined by counting the

~ nunber of fades per second of the fading record.

As has been already discussed, the powers due to
the scattering centres and up and the power gpectrum is given

by eq. (3) viz.
WCF) df =B exp[= >(F-£)" /g& ]oht

Firth and McDon&ila( 5) (1947) have shown from the
extension of Rice's theory that whén random noise having s
Rayleigh amplitude distribution is ressed through a band pass ‘
filter whose power pass characteristics are given by eq.(3),
itben the probability distribution of \)7" s the successive
difference between two amplitudes within a emall interval Qf.,
time T and T+ A 1is glven by normal distribution.

“Cl
(o) dor - W e . » o (19)
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where o’ = 1 e ‘ - , ' ‘ - (14)

T Ane \Jzy¢ |

and g is the standard deviation of +the power spectrum and

is given by :
9 Vo

The average value of ")y can be obtained by
multiplying both sides of eq.(13) by “Jer  and integrating
between the linmits of 0 40 O . |

& =

Hence ’,\)T\ 2 S [9 C'O(V) ‘\)t\' d '0"]"

' "\)CT
. —-——- =) ‘T‘\!
but from eq.(6) -P: - \i TP
o

5"‘ —
|V ] ] 4@6‘:%;\5‘@

o

l o7 \rl * (15)

It can be seen that the speed of fading ‘l)(,i;l. is

inversely proportional to the wavelength of the radio wave.
i
1

Another method of finding C\) ~was given by

cN1001(7) From the power spectrum be deduced the auto-

correlation function of the fading curve,

P R (T) = Ll‘oumer transform of W(f) + "pf?)j

_ 14_\2_
- LEour181* transform of [3 €xp C - >j
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BV BN RIS B l
¢ exp <_—. ‘ >\9§ { K e o
J -
Therefore when the auto~correlation coefficient fallsto o1
4T Vo N
(16)

where Q“’ ie the time shift for avto-correlogran corresponding
=1

10 a value of e

5e21 Results of'do for T region

Al the records which were selected for the ahalysia
‘of probability cistribution of amplitudes were also used for
the calculation of rOO « Cut of the sbove three methods the
second method was used in computing o (viz. eq.lﬁ)o-The
calculations were done by T.B.M. 1620 computer. Fig.%.14 shows
tﬁe histograms of «), for different seasons. In Winter the
values range from 8 m/s to 58 m/s with a mean velue of 26 m/s.
qut of the values are distributed broadly betweén 8 m/s %o
3§‘m/sa During Equinoxes the occurrence probability has higher
values between 20 m/s and 35 m/s. The mean value is 27 m/s..
\During Summer the values of ~), range from 1 m/s to 45 m/s.
gence the values in Summer are lower as compared to the othef‘

two seasons. The most probable value of a)p  ie 18 m/s with

e mean value of 20 m/s,

To study the daily variation of o), for different

~Beasons the hourly mean values of N, were calculated for
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different seasons and were plbtted in-Fig.3;15¢ During Winter

the value of o), gradually decreases from 07 hr and attaine a
minimum value between 12=13 hr; again it increases ti11 17 hr.
During Equinoxes the value of (\70 steadily inereases from

07 hr and reaches a maximu: value of about 35 m/s between

09-11 hr and then it rradually decreases and atteins a minimum
value at 16 hr. During Summer months the value of ﬂ>o attains
"mazimum at 10 hr and then it decreases till 17 hr. The value

of &), range frem 10 n/8 to 28 m/s which is lesser as compared

to other ftwo seasons.

Comparison of the resulte of r\J obtained by
dlfferen"t methods was done in the following way. The values
of ~Jy were caleculated by all the three methods vig, using

the relations,

s
Vo =Tl AR = VYoo
T e
‘ \3027%—?"’73(\)03

for individuel fading records. On the X-axis Voo was
selected and on Y axls, the other two Jo s' were aelected.
A mass plot was done with these seales for different 1Beasoﬁs. '
It can be seen that Vo2 against Vog gives a fairly linear
relationship for lower values of Jo S s’ (Fig.3.16). During Winter
and Summer the ratio of ‘\)03/’\)09_, is of the order of 0.50

Y

which indicates that the values of ~Do determined by the
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second method are twicevthat of first method. During

Equinoxes this ratio is 0.63.
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Fig.3.16 Intermelation of the values of oJg
obtained by different methods

The mass plot of o)y, against <Jyg  is shown in
| F1g.3.16. For all the seasons the ratio of Vo3 /\)og_ is of
the order of 0.70. Hence the o)y values determined by the
second method are as high as 1.4 times than that of first
method. Thereforé it cén be -concluded that the values of Vg

computed by the first method are less accurate as compared

to the third method.
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5,02  Results of o for I region

The enalysis of F region was carried out in e
similar way to that of E region. The histograms of‘x)o for
.different seasons are shown in Fig.3.17. During Winter the
distribution of o)y ranges from 1 m/s to 50 m/s but the
signifiecant variation is from 1 m/s to 30 m/s only. The
average value is 18 m/s. During Equinoxes the distribution
has more or less the same occurrence probability in different

¥

ranges of <J, . The mesn velue of Vo is 16 m/s. During

Summer the most probable value has shifted to a lower value

viz. 2 m/s, and continuously decreases till ~Jg= 30lm/s. The

average value 6£<OO is 13 m/s. Hence during Winter, the value

are highest and in Summer they are lowest.

To study the daily variation of ~J, in gifferent
seasons, the hourly mesns were calculated for different
seasons, and are shown in Fig.3.18. During VWinter months the
value of “)o steadily increases from 07 hr and reaches maximum
velue of 25 m/s at 10 m/s at 17 hr. During Equinoxes the
morning peak again appears at 10 hr, while the evening decrease
continues $11l1l 18 hr. The range of variation is from SAm/s to
25 m/s. During Summer the morning peak has shifted to 11 hr
and the evenihg decrease continues till 18 hr. The range of
variation is from 1 m/s to 20 m/s. So in general the values

are highest in Winter and lowest during Summer.

The comparison of \J; obtained by different methods

\
\\
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was also carried out for the T region, in a similar way.

Fig.3.19 shows the mass plots of.q7o, against'ﬂjoz_ and

“)03 against Jog for each seasons. It can be seen thet in
the case of o), against \)og_the points show a linear
relationship. During Winter and Summer the ratio of
is-of the order of 0.50 indicating that the values .
determined by the first method are 50 % lower than by the
second method. During Eqﬁinoxes, this ratio is a little

higher (0.67).
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Figa3.19 Inter—relations‘of r\)o obtained by different
methods




2 64

The plot of nJo? against o9 also shows a linear
relation for lower values of “Jg3 . For higher values of Vo,
the corresponding increase in‘\)og\ is smaller. During Winter
and Equinoxes the ratio oifUO3/&Qm_ is 0.75 which shows that
the values determined by these two methods agree fairly well
with each other. However during Summer this ratio is only
«0.639 Heﬂee-it can be concluded that the value ofl'ﬂJa
determined by the first method vize o) N)‘ is having less
accuracy as compared to the third meﬁhcd, which employes the '

cauto~correlation function.

323 Comparison of the results of ¥ end ¥ regions

(a} On an average the velues of ~Jo are higher during
Winter for the F region. In the case of the E region, the
values are more or less the same in Winter and Equinoxes and

they are higher than in Summer (Table 2).
(b)  Tor both the regions, the least values of oJo
are observed in Summer.
(e} The daily range of veriation is maximum in Equinoxes
. for both the reglons. |
(d) The daily range of ' Ay is least in Summer in the B
region and for E region, the smallest range is in Winter. :
(e) The values of “)o are lower in P region than in E !

regiona
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Be3 Angle of spreed of the down_eoming‘radio wayes

Considering tbe iorosphere as an irregular re flecting
layer Briggs(1o)(1951) gave a seml—quantitatlve theoretical

treatment of the spread angle of the down--coming radioc waves.

The signal can travel in two different paths from
the tranémitter to the reeceiver. One path is by the ground
wave and the other by refleetion from the icnosphe”c
Appleton(1 ) showed that if AW maxima or minima are observed

in a frequeney range AP then

L e

where P: and Pi, are the group paths of the two waves. When
a‘radio wave is sent to the ionosphere the down-coming wave
will consist of a cone of rays spread over a ceritain range-of“
angle + @, o The distribution of the signal strength of +he
reflected echo over the ground will have @ certain dlstributlone“
The 51gnificant range will be for the rays coming in an angle
cbrresponaing to the first Fresenel Zone (Fige3.20). The path
differences which account for the irregular changes of

; amplitude as the frequency is varied wili'arise mainly from
Kth@ obliquity of various rays in the cone. A continuous
distribution of such path differences will be present. The

path difference'g;h will be maximum for tbe rays coming from |
A

the direction + @0 with reepect to vertieal and it is

26h=9h (sec 6 p-1) wherc h is the heisht of the layer.
- o - ’
~ubstituting in the above equation for 9 Sh = F“"ﬁL_ we get
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f B Let the horizontal mévement of the reflecting layer
be assumed t¢ be the main csuse of fading and the fading due
to random changes be less importent. If the ionosphere is
mOV1ng with velocity V the rays in the cone which travel at
anple ®y to the vertical will suffer a Donpler frequency

shift + }3y Sin Qp « The frequency difference between the

extreme rays in the cone is A)Y Sm O©p and this expression |
will give the highest frequency present in the iaaing record.
Thus, if \\ mexime occur in a time AL  then we can write
approximately.

An - o fili Sin O | (

18)

A j*A
Hence the angle of spread of the down=-coming waves is dlrectly
~proport10nal t0 +the number of maxima oceuring per second and
the wavelength of the radio wave and is iﬂverqelv proportional

to the steady drlft of the irregularities.

3,31 B resion results for Qy
(

The fading records selected for the probability
distrivution of amplitudes (viz. 5 days & month) were used
; for the calculation of Op o« Let ¥ be the number of fades

per gecond; then eq.(18) can be written as

ot}

—
-~
-
o
-

The analysis was carried out in two different ways. The first
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method consisted in finding Guf the relatioh between the
fading rate (N) and the drift velocity. The calculation of

N was done by taking the‘averagé number of peaks from the
f%ding records of 21l the three antennas. To obtain a better
accuracy in calculation of the drift speed (V) the time shifts
of the fading records were not obtained by visual scaling
method but they were obtained by the time shifts of the peak
cross—correlograms for CN -and CE pairs of antennas. Then the
mass plot of V against N was done for three seasons viz.
Winter, Equinoxes and Summer (Fig.3.21). It can be seel that

for all the seasons the points show a fairly linear correlation

R N——

Q@tweenaﬂ;gndhygmggﬂﬁhe fading rate increases the drift speed:
also -increases. A straight line can be drawn through the mass
Dlot with the best £it and the slope of this streight line
gives the meen value of V/N. With the help of eq.(19) one can
calculate the value of ©y . For Winter, Equinoxes and Summer

the values of @, are 7.3°, 7.9° and 6,4° respgctive1§.,

\ The other method is to calculate Oc from eqg.(19) for |
the individual observations. Fig.%.22 shows the histograms

of (O for all the seasons. During Winter and Eqﬁinokes,

| the values of ©, Tange from 1° to 15° with a mean value of
6.7°. During Summer, eventhough the range of variation of 6}9 o
is from 1° to 15°, the values are spread over most of the

renge with equal probability. The mean value of & has a §

value of 6° which is smaller than in the other two seasons.
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: Fig,? 22 Histograms of B for differen"l

o seagons for the E region .
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332 Results of Qg for F region

The analysis for F regioh was carried out in a
similar way to that of E region. The mass plot of V against N
er different seasons are shown in Fig.3.23, The values of © O
oﬁtained with the help of the slope of the best fit line for
Winter, Equinoxes and Summer are 5.2°, 5.2° and 4,0°

respectively.

The probability distribution of So obtained by the

second method viz. calculating the individual velues of Q4

'is shown in Fig.3.24. During Winter ®, ranges from 1° to 10°

f

- with a meen value of 4.9°., During Equinoxial months the range

of" is the?same, but the lower values of @O, are more
frequent.. The mean value of Op 1is 4. 1% During Summer ‘the

values range from 1° to 8° but most of the values lie within
12 to 8“. The values of Oy are least during Summer with a

mean value of %,2°,

2
b

3;33 Comparison of E and F region results of ©o

The semi-angle of the cone is larger for E region

than for F region for all the seasons.

Y Conclusions

(1) From the above discussion it follows that the fading -
characters at Thumba show some distinet features. The fading |

rates are high and the number of fades per minute reaches as
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high a value as 90 for the F region and 60 for the E region.

(2) The prebability distridbution of amplitudes in most
cases neither follows Rayleigh distribution nor the normal
distribution.

(3) The semi-angle of the down~-coming waves for the E

region ig higher than for the ¥ region and in general the

behaviour of the E and F regions are similar at Thumbs.
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CHAPTER IV

IPHE METHODHOF SIMILAR FADES FOR DETERMINING THE SPEED AND
DIRECTION OF DRIFT FROM FADING KECORDS AND THE RESULTS OF
THUMBA OBSERVATIONS FOR THE YEAR 1964-65

J

4.1 Intreduction

The smplitude of radio waves reflected from the
ionosphere does not remain constant with time. Thie phenomenon
is called fading. Even when all the possible causes of fadings,

such as (i) interference between magnetoionic components, (ii)

1

- interference between the ground wave and the reflected wave,

f'(iii) interference between multiple reflections, (iv) inter-

U

ference between the echoes reflected from different layers
l -

_e%c. are eliminated, the echo received at a point on the ground

undergoes fading. Fig.4.1 shows a typlcal fading record of a

single antenna.

Fading records on another receiving point slightly
displéceé from the previous one also show a similar fading
e;cept for a little time shift. This gives the idea that the
anplitude pattern on the ground moves in certain direction
with certain speed, Fig.4.2 shows traces of fading records

teken at two receiving points separated by 120 metres.

By measuring the time delays between these two

records and knowing the distance between the receivers one
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can find the magnitude of the drift in the line joining the
two receivers. An addition of one more receiver is necessary
to find the resultant drift speed and ites direction. As
mentioned in Chapter II the recelving sites at Thumba are
aﬁlthe vertices of an isosceles right angled triangle,
(Fig.2.12) the equal sides being 120 metres in length. The
Central réceiver denoted by C is situated at the right angle
vertex. One receiver denoted by N is due North of ¢ and the
other denoted ¥ is due East of C. So by knowing the time
delays between the C-E and C-N paire it is possible to

"
- determine the drift direction and magnitude. ‘

4.2 Schedule of the observationsg

i
i

a Since'there were very few drift stations close to
the magnetic equator, it was deeided'to instal an ionospheric
drift recorder at Thumba (geog.lat. 8°32, geogolang 76°521E)
which is only 30 km south of the magietic equator, and.regular

4
i

observations were started in January 1964.

\

As mentioned earlier, the method used to measure the

horizontal drifts is that originated by Mitra (1) (1949)

In the begimning, only E region etudy was made on
2.2 Me/s. Later, it was felt necessary to do measurements of
F region drifts also. For this, & frequency of 4.7 Mc/s was

ugede. k

Typicel fading rceords obtained on E and F regions

are shown in Plga45)u In January 1964, the observations were



Fige 4.3 Typical fading records of L and P regions

\
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made in the E region only during day. time. The recording of

the fading patterns was doneAevery half hour between 07 and

18 hr. of I.5.T. (Indian Standard Time). Since Thumba is close
to the magnetic equator, night E is very rare and consequently
the attempts made for night observatlons were not successful.
The daytlme half hourly observations were made +ill the middle
of Februa;y 1964, when P region recording was also started.
After the beginning of the T reg gion recordings, the observations
were taken once every hour for each of the regions between

07 and 18 hr 6f I.5.T. In the later part of the year 1964, the |
observations were thken on 4.7 Mec/s during night tiﬁé also

'till 02 hr. It was not possible to take eny observations on

447 Yc/s between 02 and 06 hr. Owing to the F region crltlcal
frequency decreasing below the operatlng frequencies.

)

4.3 Analysis of fading records by gimilar fade method
: N

The drift speed and its direction ovexr the ground

can be obtained by measuring the_time delays between the two
pairs of receivers viz. C=E and C-N. Certain simplifying
as;umpblons are made for the deduction of these parameters.
The amplitude pattern which can be represented by contours of
constant smplitudes are isotrpic and do not change their
shape as they sweep across the receivers. This implies that
the total drift observed by the time shifts ie entirely due |
to the steady motion of the irrvegularities without any random

changes within itself,
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| Lof R1, Ry, R3Qe..;etc. be the contours of constant
melitude as shown in Pig. 4.4. Lot fhis pattern drift with a
- velocity Vg in a direction making an angle @ with the X axis.
The motion of such an smplitude pattern can be replaced by
its wave front. Let LMN be the wave front in Fig.4.4. As the
amplitude pattern moves over the ground, it reaches first
the centrel receiver, say at time T1, Let it appear on N and
E receivers at tinme T, and T3 respectively. Thus the time
delay between the receivers - situmted along the X axis

will be,
TngE-T1 (1)

similarly the time shift for the Y pair of receivers will be

If §, and ™, are the distance between the C~E and G-

receivers respectively and V% and V& are the component,

velocities we have i

i T = & /T, . (3)
vy = N o /Ty - (4)

i Ty = EEVVE (5) -
tny = r_‘gm'/vg' | - (6)

Eliminating T, end Ty from eq. (3), (4), (5) end (6) we get,

Ve = (G, ) v, | 7
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' = (e v, | (@

. ER = %O Cos ©

‘ WN' = 9, Sin @
Hence 1 ,

Ve ='\Ig/CosG and v'y = @g/s:ine
I -

| o
7 Vet P )
and tan © = V3/V (10)

"

: 50y knowing the tinme shifts.Tx end T we can calculate V&

J

and V& which enables us to determine the arift velocity and

its direction.

The speed of the pattern over'the grouﬁd is twice

the speed in the ionosphere. Therefore we can re-write eq.(9)

\.\
1 |
- emmtremd v

[ - o
\/ﬁ‘z - L’ V,Q_ \/DC,'L \/3'9’“ (11)

as ' |

-

\
where V' = Vé and represents the drift speed of the

irregularity iy the ioncsphere,
i

g It ialworthwhile 10 note that V% and V' are the

. ¥y
apparent components of the drift speed and are not the

eompoﬁents of Vg‘along-the X and ¥ directions.

4.4 Ihe method of snalysis of the fading redords

The fading'records obtained at three receiving
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ftations are projected on a‘ceﬂtimetre graphpaper with a

magnification of 8. The +4ime delays are scaled with an accuracy
of 1 mm which corresponds to an error of 3 o 5%. To get
better statistical accuracy of T and Ty, a large number of

tlme shiftes from the pesks and dips of the fading records

were read. At _leasi 10 time delays were taken in each of the °

fading récords, The average time shifts thus obtained were

converted to seconds and V& and V& were calculated,

Since the fading rate at Thumnba reaches as high as

90 fades/min the recording film speed was selected te be 24

- em/min. With this speed of the films, the time delays can be

read to a greater accuraecy. However for very fast fadings,

tpe accuracy gets reduced 4o some extent owing to ‘the smaller

“time delays between the fading records.

!

Calculating Ve and V!  the drift speed was evaluated

by usinﬂ eq.(41). The directioz-oi the speed with resyect to
X»axis was found by using eq.(10). This direction was then
converted to a standerd fovh so as tovget the direction of
the drift with respect to norih in a clock-wise sense., The

following convention was uged for ealcula ting the drift

\ { directions -

(1) 1f T, and Ty are both positive then the direction
of drift with respect to North will be A = 90 - é)

(i1) 1Ir T, is positive and Ty is negative then K = 90 + (Q
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yo (diii) If T, and Ty are negative then A = 270 - O

is positive thenX=270 4 O

(iv) If T, is negative and Ty

The drift directions calculated from Tx and Ty have

I
an accuracy of + 1°,

; It has been observed by numbrous workers that the

time shifts from fade to fade do not remain constant. The
discussion of such random time-delays has been given‘by

Ratcliffel?) in detail in 1954,

' The variability in the time shifts of the ‘records
J:need not represent the variable wind both in magnitude and
direction. Such variable time-delays can occur even when the

wind is constant in magnitude and direction.

~ The explanatib@ was given by Ratcliffe by introducing

the concept of line of maximum amplitude. This is defined as
the 1ocus of the tangential points of the contours of constant
amplltudes, with the tangants being drawn parallel to the
directlon of drift. Let the line of maximum amplitude be

represented as shown in Fig.4.5 by PQR.

% Eventhough the shape of the amplitude pattern does

not change, if the dlrection of drift changes, we get a

i

different line of maximum amplitude. Hence the line of maximuﬁ R

amplitude not only depénds upon the nature of the amplitude |

I

pattern but also depends on the direction of drift.
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Let the receivers betsituated at G, N end E as
shown in Fig.4.6 and let PCR be the line of maximum émplitude.
Let the angle subtend between the line of maximum amplitude
and the direction of wind be  and that between Vg and X
axis be cé » Now théatime sbifts between the X and Y pairs

of receivers will be,

noe Y S A(Itmpeot W) (g
7. = 2. g b 1+ cotd cot ¥) (13)
Vy :

Now suppose the drift velocity and direction are not ehanging,
‘but 4) is taking all possible values with equal probability.

Then the averages of Tx and Ty will be

o ,
T, = K7" cos (14)
T = 3 sin o | * (15)

9 _:?2 fﬁiﬁ ' W (16

T /T, = ten & (17)

These two last relations show that the magnitude and direction
?f the constant wind can be deduced from the mean time delays.
Rateliffe further showed that the probability of TX occuring
between Tx and Tx + A Tx is given by

b ) ] (18)
TR T o
=

F’ C'Ty_) 178 “I = )5:
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The probability distribution functions of expressions (18)
and (19) have the shape of the curve as shown in Fig.4.7.
The maximum value of the probabillty that can be attained is

unity and under this condition T Tx'

o test whether the observed probability distribution
of time shifts agree with the fheoretical cﬁrves, both these
‘Weré plotted. To test whether we are justified in taking the
average time shifts for caleulating the drift speeds and
directions the probabilityAplots of time shifts wersfmﬁaé:;or
a few records. For this purpose, 75 time shifts were Fread
’frgh the fading record and then their probability distribution
wag found by grouping them in different rénges of time delays.
Thié gives the experimental probability distribution of the
time delays. Using eq.(18) and (19) the theoreticpl probability
distributions were plotted (Fig.4.8). The thick line denotes
the theorétical distribution of T, and the dotted line.

represents the theoretical distribution for T_. The points

neighbouring to these curves represent the coiresponding
experimental values. The ®lection of the Y axis scale for

, the experimental plots was arranged so as to get the best

?fit between the theoretical and experimental values. It can

be seen from Fig.4.8 that the experimental and theoretical o
values agree within a réasonable limit. The experimental o
distribution meeds a larger number of time shifts to get a

better result. However it can be concluded that eventhough

the line of maximum amplitude is varying we can determine
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the drift speed and direction by taking the average values
of time shifts Tx and Ty'

4.5 Putter's method

Putter(B) in 1955 gave a method for finding the
drift speed and direction. In this method a relation between
the time delays in two directions nave been used and it does
not require too many time delays to evaluate the dfift speed

and direction,

. The only advantage of this method over the dimilar
- fade method is that it does not assume that the iine of
magimum amplitude is necesasarily perpendicular to the direction
of the drift. However it assumes that the effect of random
movements is negligible. Fig.4.9a shows the. ampliﬁude pattern
over the ground. The line of maximum amplitude makes an angle
% w1th the normal to the drift direction. Let d) he the
drift speed over the groumd. It can be shown that the component
velocities deduced from time delays along CE and CN directions

are

| Vg cos ‘P%
Voo = cos (vt ) (20)

\/3 COS_‘-P

V! =
i - (21)

§H7C%fcw

t
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If -230 and  “l,are the distance between the two pairs of

receivers (viz. CE and ON) and their respective time shifts CT%;
and CTB then
\ %c> N "
Ve = — g T e (21a)
I ly
From the above equations oné gets
. V" ‘
. .
tan C‘Vi-‘*’) > = (22)
| | I |
and 2 -t — o (23)
\/:a?“ Co g?_\{’ \/'x_’ \/‘a, L

Eq, (22) and (23) give the magnitude and direction of wind.
As 'q/ changes, Vg also changes. In the method of similar

fades it was assumed that W =0,
b

Let V and €boL be the apparent speed and dlrection ﬂisy

o
/,1
i

deduced froa individual tlme delays of the fading record,
Then it followsnthat v, Vg Cos ( Po—v ) and the apparent
direction C#c( = &b 1y

For these equations one - gets,

AT

Vg =V, Cos ( fbaf“CP ) p | (24)

This is the equation of & circle and it ecan be seen that the
velocity vectors COmputed-by Mitra's method from each pair
of the delays lie with their end points on the éo called
Putter circle (Fig.4.9b). The maximum value of V, will be

Vg,-when Va passes througﬁ‘the centre of the circle i.e,

when C() o = d>



- where m = (ot & and C =

~ERE

_L__hC@S‘(’ A+§im¢,(\«

An alternatlve approach to the problem was given by
Putter is to ellminate\+’from eq. (20) and (21).
] cos ¢> ; 5 )

-~
-

] v

From eq. (21a) and (25) ene gets,

—

\V v T%
0 %o "Lo

This is an equation of straight line of the type

v, ‘ ",

y

Vg Sin ¢
o _
S0 by plotting (Té against Ix and then caleculating the
slope and intercept of the line, Vg and <P' can be determined.
This method eventhough takes into consideration éhat the line
of maximum emplitude is not perpendiculer to the direction of

. '\,\
drift, is not satisfactory owing +to the fact that it does not

take into account the effect of random motions,

Ty and ﬁb do not

Many workers have found that
have a linear distribution, but are scattered randomly. The
extension of this method, which includes the effect of random
motions was developed by Banergee(4> in-1956. The mean values |
of ’FI’ end Crb can be ertten as ' | }

%O\/a - (Yl'o\/od 6‘
Ces & ‘T\O . 5 W\CF

A Vg TtV

Vg =+ v ? ¢

Y/ c

v 3
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Where Vb is the magnitude of random velocity. Squaring and
adding these’equations one gets
((T')C) + ( j )
f’—“‘_"‘—_'—k’—_
2
2
‘ C\/f) Vc)
Assuming that , and ’Tb are distributed normally

Banerjee showed that ‘
9 —2 — 2

2 L o & o7 4 Tx ‘T‘(j
s T NV (T [ (e 9 > t .

. l —_
- where qu is the correlation coefficient betweenﬂ:;’and 27

and is given by
Pc« . 3 COEL"CTif>jC.CTH"CTb.) ~ J/
(S (M T = (Ty-FF ]

4.6 Analysis of fading records by Putter method

LN

RBelected fading recordl were snalysed by this method.
The calculatlon of drift speeds and directions from individual
fades (V, end P, ) were made and then they were plotted on
ga paiar graph sheet. ¥ig. 4,10 shows two of such plotslfor the

'fading records. It can be seen that mone of the plots show -

Putter circle. The points . are scattered over a larger range  Kf
of speeds, eventhough there is little scatter in dlrection. |
This brings out the fact that Putter's method assumes that the é
random motions to be negligible., This assumption is not valid
and hence the points needvnot lie on the circle. Therefore

for Thumba records, Putter's method fails,
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4.7 'Results of drift speed and direction for E regién

Even the earliest observations at Thumba, Rastogi(5)
et al. (1966) showed that the fading records at the Central
and North aerials are almost identical with no measurable
time shift between them. The fading records at the East aerial B
are very similar in form but with displaced time, relative‘; e
to the Central aerial., This suggested that there was very
little N-S component of the wind. About 64 % of the observations
taken during Jan-Peb.1964 yielded the direction o be_within
7.5° from the west i.e. within 262.5° and 277.5° from the North.
Averaged over the whole year, about 64 % observations were

fownd to yield the drift direction to be within 270 + 5° from
North. The predominance of Westward wind at Thumba is indicated
from the Fig.4.11 showing mass-plots of (V';G') for each
observation during December, March and June 1964.§A1though
the value of V' is scattered over a large range of 50 to 300
m/sec the direction is within a narrow range of angle ;bwards
West. However during Summer month of June 1964 there was a
comparatively greater scatter of ﬁdints indicating a’component

of wind towards South.

% All the observations were classified into three
seasons viz.,
Winter—-November, December, January and February. - B
Equinoxes~ March, April, September(and October, |

Summer - May, June, July and August.

This convention-will be followed throughout the analysis.
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Fige4,11 Mass plot of drift speed and direction of E region
: drifts during December, March and June 1964
The histograms of the drift direction © » averaged
for each season of the year are shown in Fige4+12. It is seen

from the figure that the majorlobe is towards West during
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any of the seasons. fhere is a small lobe towards Bast during
the Winter amd Summer months. The percentage occurrence of
Westward wind is highest (75 %) during Equinoxes, 68 % during
Winter and least 48 % during Summer. These pointslare further
clarified in Fig.4.13. It is seen that Eastward drift direction
occurs only on about 5 4 of occasions during Winter ana‘Summer*
and is almost absent during Equinozes. During Suﬁmér there is

a tendency of wind direction %o dpviate Southward from 270°

direction.

! To get an idea of any diurnal variation of the wind
‘direction, the percentage occurrences of any particular
direction for each fixed hour of the day averaged over each

season are collected in tabular forms in Tables 1a, 1o and 1c, !
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Fige4.13 Polar histograms of drift speeds for the @ region

During Winter, the drift has a direction toward West

-on more than 60 % of occasions aﬁ any time of.the day. ﬁﬁrther,
the fest of the points are symmetrically scattered about 270°.
The percentage-occﬁ;;ghce of Eastward drift varies from 2 to

T %o

§

During Equinoxes the percentage occurrence of Westward
drift varies from 45 to 93 but there is no systematic diurnal &
effect in it. There areséxtremely few points in Eastward

direction. -



bbz 91

During Summer the occurrence of Westward drif%
varies from-13 to 34 %. The Westward drift occurs at about
50 % of occaesion neer midday and at about 35 % of oscasions
during morning end evening hours. The diurnal effeect in the
drift direction during Summer is clearly indicated from
Fige4.14 which shows the mass blots of (V', & ) points for
morning (07, 08 hr), midday (f1, 12 and 13 hr) and evening
(16, 17 hr) of Summer months. In the morning hours the points
are rather scattered equally on both sides of 270°, In the
midday although maximum number of points are along 270°, a
few points are within 240° +o 270° sector. During evehlng

"hours there are comparatively fower roints along 270° ang
these are quite scattered w1thin 180° to 270° sector. This
indicates that N-§ component wind has significant portion

towards South during the evening hours., }

i

_ Referring to drift speed, the seasonal avera g
histograms of V' are shown in Fig.4.15. The range of vgiues
are from 40 m/s to about 400 m/s. The histograms have a rather
steep rise and si\\\fall. The average valuee of drift Speeds
are 135 m/s during Winter, 133 m/s during Equinoxes and 125
t:.m/ss during Summer. There is little difference between the
mean or median drift speeds.

The seasonal average daily variation of the drift
speed are shown in Fig. 4.16 The annual average varlation

indicates a maximum at 09 hr being equal to about 180 m/s
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and a minimum at about 15-16hr being equal to 100 m/s. The

character of the daily veriation is roughly the same during

individual seasons. During Winter the morning maximum is at

08 hr and the afternoon meximum is flat between 12 to 15 hr.

During Equinoxes and Summer the morning maximum is shifted
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towards noon by about one hcur and the afternoon minimom is

‘thibed t0 about 17 hr.

'The percentage éccurrence of different values of
drift speeds for each fixed hour of é particular seéson are
shown in tabular form in Tables 1d and le. Such tables give
the complete picture of the dispersion of points. The general
features decribed earlier are clearly shown in these tablés.
The daily variations of drift speed for each month aré shown
in Fige.4.17. The mnge of variation is very large during
January 1964 bveing about 150 m/s end sysﬁematically decreaees
~onwards till it is about 50 m/s in June 1964, There are
indications of its increase again towards Winter months. The
afternoon minimum cceurs at aboutb midday in January 1964::nd
shii%s to the evening hour afterwards such that the speed
continues to decrease with the time of the day ti&l the evening
“hour on_mbsﬁ of the Summer months. Afternoon minimum a{§ again

distinet during November and December 1964,

Fig.4.18 shows the contours of constant wvalue of
dri ft speed on month and time co-ordinates. It is seen that
Ethe time of forenoon maximum does not change much i.e.it
remains at about 09 hr but the afternoon minimum slowly shifis

towards the evening hour near the Summer months. _ ;

The results of \/ ang (& can be shown in another
way by obtaining the E~¥ znd N-8 components of the drift. The L

percentage occurrence of different values of EW component of
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Pig.4.17 Daily variation of drift speed for each months
of 1964 for the E region

drift'for each hour of the season are shown in Table 1f, 1g
and 1h. It is seen that the drift is mostly towards West and
on very féw occasions it is Eastward. Comparatively there are
the least number of cases of Eastward Qrift’in Equinoxes and

the largest number of cases in Summer.
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% The North-South components of the drift are given in

Ta

occasions N-S5 component is zero. In the forenoon, there are

es 1i, 1j and 1k. During Equinoxzes about 80 o 90 % of

a few cases of Northward and in the afternbon there are a

few cases of Southward drift. puring Summer there are
comparatively less number of céses when the drift component
along N-S is zero being about 60-70 % of occasion. The N-8
component is more Southward than Northward for any time of

?he day. During Winter there is a slight tendency of Northward

éomyonenﬁ to prevail over the Southward component.
|

4.8 Results of drift speed and difGCtion for F region

The analysis for the F region was carried out in a
similar way to that of the E resion. Fig.4.19 ahows the mass
plot of (V' and & ) points for individual observations during
December, March and June 1964, Although the value'of drift
speed is scattered over a wide range of 50 m/s'to 300 ﬁ7é
fhe*direCtion is within a narrow range of angles towards
Wesf. However duiing the Summer month of June 1964 there is

a8 comparatively greater scatter of indiecating a component

of wind towards South.

Fige.4.20 shows the histograms of the drifi direction

averaged for each season of the year, It is seen from the
Fige4.21 that the majorllobe is towards West during any season. }
There is a small lobe towards East during Winter amd Summer

months. The percentage occurrence of Westward wind is highest

'

s
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Fig.4.19 Mass plot of v! andgfor December, March and
June months for F region (4.7 Mc¢/s)

(about 83% ) during equinoxial months, 73% during Winter and
least (63%) during Summer. It is seen that the Eastward drift
direction occurs only about 5% occasions during Winter and
Summer months, ahd there is no ihdication of the same during
Equinoxes._,. During Summer there is a tendency of wind direction

to orient towards South ffom 270° direction,
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To get an idea of the diurnal variation of wind
~direction the percentage occurrence of any perticular direction

for each fixed hour of the day averaged over each season are

collected in Tables 2a, 2b and 2c.

During Winter the drift has a direction téWards West }
on more than 60% of occassions at any time of the day. During
all hours of the day there is an indication of North component
of wind. There is a Eastward component during evening hours

whese occurrence probability varies from 2 to 214,
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F~Region Drift direction 1964 Summer
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Fig.4.21 Polar histograms of drlft direction for the
F region . W

During Equinoxes the Westward coﬁponenf is very
strohg and varies' from 50 % to 90 % during the course of the
day. During morning hours the Northward end Southward components
are of equal magnitude where as during evening hours the
Southward component relatively dominates. It is interesting

to note that there is no indication of Eastward component.

During Summer months eventhough the princlpal directlon §
of wind is Westward there is 51gnificant Southward component
is present. During morning hours there is an indication of

little Northward component also. The occurrence probability
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of Eastward component varies from 1 % %0 10 % during the
c&é%séoof the day. '

Referring to drift speed, the seasonal average
histograms of V' are shown in Fig.4.22, The drift speed
ranges from 40 m/s to 400 m/s with a signifieant upper 1imit
of 300 m/s. For all the seasoné, the histbgrams have_a rather
steep rise and a slow fall. The average values of drift speeds
for Winter, Equinoxes and Summer are 159 n/s, 166 m/s and

160 m/s respectively..

The seasonal averag daily ﬁariation of the grift
Speed are shown in Fig.4.23, The annual average Vériation
indicates a maximum at 11 hr being equal to about 210 m/s and
a minimum at 18 hr being equal to 100 m/s. Dﬁring Winter +the
morning maximum occurs at 09 hr and the evening decrease in
the drift speed continues t111 18 hr. During Equiéoxes the
mornlng peak has shifted by an hour as compared Winter and
the evenlng minimum occurs between 16-18 hr. During uuméer
the morﬂing peak appears an hour later as compared to Equinoxes
which is at 11 hr. The rercentage occurrence of different
values of drift speeds for each fixed hour of a particular
season are shown in tabular form in Tables 24 and 2c. Such
tables give the complete victure of the dispersion of points;

The general festures described earlier are clearly shown in

these tables,

The daily variations of drift speed for each month



10

'PERCENTAGE OCCURRENCE

T ‘meER 4

F QE@?@N 4 7

=159

\/‘-Mz *

- ~ EQUINOXES—
e V=166 |

X

'V =170

- SUMMER o

V=160
V=145 |

- | @ANNUAL -
o V=1l

| v’r 152

30 100 200 300 400

DRIFT SPEED M/S.

- Flg.4.22 Geasonal histograms of dri:ﬁr speed for
‘ ~ the F reglon



V=159

'ék““éiS/::"kz‘

. 7 :
®_ SUMMER |
‘1\?;=';;5 o

06 09 T 2 '5 8
TIME IST.

Flg.4.23 The seasonal daily variation of drift speeds
' for the F region during 1964



| &re shown in Fig.4.,24, The range of varlatlon is very large,
_The occurrence of morning peak for different months is at
,different times of the day. During October, November December,

Eebruary, March and May months the morning beak appears between

Fige. 4.24 Daily variation of drift speed for each month
of the year 1964 for F region
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P-Region N-3 component 1964 Winter

T e e e e TR
--A—...-Q._L. --’:i-«N;.i— mmmmmm e et 0t et e e P Pt et e e o e e et ] e e b s e e et o s e Sk e 8 S e s e e
240 | 1
200 | 2 2
160 2 2 2 50002
120 2 3 3 £
Ay
w2
80 2 6 2 2 6 6 2 6 -
i F=y
102 4 4 6 4 4 6 6 8 3 '9nA
0 ' 95~76—82~—65— 60——72— 92 — 84 — B1-—172— 87—-90
0 g 2 2 2 6 2 3
%
80 2 2 2
120 | 6. "-»
200 |
240 |




0

80

120 &

160

200

240

P-Region N-S component 1964 Tquinoxes

A

-

4

6

W

_t
8

DRIFT SPEED

0—85—100~—90 ~——90 —- 90 —T2 — 76 —32 .

2
2
6 3 3
: 3
0—92—9
1T 4 9 :
2 5 3
:

AT R R ) (OGRS




ak

- P-Regiion N-S component 1964 Stmmer

010 él*

200 |
160 |
120 |

80 |

- 40

40

80

120

160
200

240

13

ro

o)
\N
S
P
Y

18 117 8 14 8 14 44 11

T TRAETE L G AL SR 3 e R T e b rw e e e o e R L S T+ s s T o BB,

16 17 18 Hy,T.Sa

R T Y U,

{
12 43 20

DRIFT - SPEED

58— 67— B1— T3 62— 82— 79— 70 — 79 — T — 55 — 64

10 39

]

12 5 12
~

IR AR T T e e A wE iy



 : 101 ¢

09 and 10 hr. During ofher months the peak occurs about an hour
ofg%ﬁs,later. There is a Secondary peak durlng the months of
February, March and April at 17 he. During June, October and
November there is an indication of evening increase in the

drift speed. -

Fig.4.25 shows the contours of dfift speed for the
period of February 1964 to April 1965. It can he seen from
the figure that peak drift speeds ocecur during April ﬁnd
August for 1964. During April, May and July, August the
evening minimum has shifted towards late evening hourg The
reuults of V' and can be shown in another way by obtaining
the B~¥ and N~3 components of the drift. The percentag@
cecurrence oi different values of E-W component of drift for
each hour of the séason are shown in Tables 2f, 2g and 2h.
It is seen that the drift i mostly towards West ang in very
few cases it is Eastward. During Equinoxial months the Qathard

component is practically absent.

The N-S~component of the drift are given in Tables
2i, 2§ and 2k, During Equinoxes about 80-90 ¢ 7% of occasions
N~3 component is absent. In Summer months the Southward
component is comparatively higher during ell the hours of the

dayo

4.9  Determination of drift speed and direction from the

time displacement gorresponding to maximum crosg-

correlation
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)% The method of" 31mllar fades . whlch has been descri bed
earller utilises the mean time delays of the fadlng records
to calculate the drift speed and dlrectlon. The determination
oi the apparent drift speeds can also be made by a more

accurate method using cross-correlation curves.

In Fig.4.26a a fading record is shown. The auto-

correlation function of such a curve is given by,

P . [ace) pj[P»(’tw“T)"P\J
T
(R(+)-R]*

l
where R(t) represents the amplitude of the fading curve at

(26)

time 1. This function measures the average correlation between
values of R separated by a time interval ‘I . It has the

value of unity for pr_ =0 and in all practical cases decreases

smoothly at first as CT’ increases. A typical abto—correlogram

is given in PFig.4.26c. In general, the amplitude of the signal

‘“is a function of space and time co-ordinates and hence it can

be represented by a funetion R (x, y, t). To 8implify the /‘~~ 

calculations, one dimensional ground will be considered, so
that R is a function of x and t only. In such a case a two

dimensional auto-correlation can be written as

P(% Ty LROy - R] [R(xtg,t+T)-R]-

(27)
R{x,t) —
): ¢ TZJ X at a time £ and
where R (x, t) is the amplitude at é&@%ﬁ&? receiver| placed
R(xfg y F+T) is the amkhhde at onothery yecewver ]olacec(

rom the first receiver at time t +

istance of %
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AUTO CORRELATION CROSS CORRELATION

Fig.1,86 TFading records at two receivers spaced ab a distonce of :

;@ and thelr aute and cross-correlograms
Be >

v
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The coefficient /Cf}g‘?) f' given by‘eq; (27) which is called
aégg}oss—morrelation coefficient between two curves will have

‘a value. of 1ess than unity in all the cases. It can attains

a maximum velue of unity when both the curves are identical.,

Fig.4.264 shows a typieal cross—correlogram.

The fading records of five days a month were selected

and were.analysed with correlation method for both the reglons
vizi E and F., In similar fade method the time delays will be
determined visually from the fading reecrax Whlle in the
correlation metbbd these time delays are obtained frem the
cross-correlograms. The time delays corresponding to maximum
cross-correlations were determined and the drift‘directions
and speeds werc calculated using eq. (10) and (11). Pig.4.27
shows the histograms of drift speeds determined ?y the above
two methods for both the regions. It can be'seenithat the

_ results obtained by both the methods are well in agreement.
tFlg 4, 28 shows the histograms of drlft direction obtained by
dbOVe method for each regions., The results obtainec by these
methods are also in agreement. Hence it can be coneluded that
the drift speed and direction determined by similar fade
method and by cross-correlafion peaks are nearly identieal.,
Therefore, for a statistical study it was considered suffieient
fo obtain the apparent drift speeds anq direétions‘from-the

- records by the method of similar fagdes.
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4,10 Comparison of the E and T region résults

From previous sections, it is clear that the behaviour
of the E and F regions is more or 1ess'similar, except for some

small dlfferences.

(i) The diurnal variation of speed is similar in both
the regions except that the B reglon morning peak in speed

occurs about an hour later than in E.

(i) a) The maximum value of the drift‘épeea in E region
is about 250 m/s wherecas in ¥ region it reaches to

300 m/s. '

b) The diurnal ranges for E ang F regions are 100 m/s

and 150 m/s respectively,

~¢) The average value of drift speed iﬁ also higher

in F region (161 m/s) than in E region (132 m/s).

(iiij In both the regions there are two peaks ofNdrift Speeds,
one around the month of Mareh and the other: around the month

A

of August.

(iv)  The drift directions are predominently Westward in
both the regions. During Equinoxes the frequency of Westward
drift is maximum while in Summer there is a considerable

Southward cdmponent is bresent for both the regions.
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M‘DIFFERLNT METHODb OoF ANALYSIS FOR DETERMINING THE DRIFT
SPEED AND DIRECTION FROM FADING RECORDS AND COMPARISON OF
THE RESULTS OBTAINED BY THESE METHODS

.\"

561 Introduetion

"The method of similar fades" wuges only the time
’delays of pesks or troughs of the fading records, This method
does not give the details of the 1rregu1ar1tles, such as,
rendom velocity and anlsotropy of the ground vattern. The
method assumes that the observed drift is only due té g steady
. movement of the irregularvtles. Another approx1mat10n which
it makes is that the line of maximum amplitude ig always
oriented berpendicular to the direetion of drift velocity and
the amplltude patterns are isotropie. It is impoqﬁant to note

]

that both these assumptlons may not be valid,

D2 - Briggs. Phillips and Shinn's method
~ \-,
The iading can occur either due to the steady movement

of 1rregu1ar1ties or due to random movements of the scattering
centres or due o both the phenomeng occurring S1multeneously.
In 1950 Briggs, Phillips ang bhinn( ) developed a method for
determining the steady drifit speed of the rattern, the random
velocity of the 1rregularitles and the structure 81ze. The
method is statistical end uses correlation analysis of the

fading records,



The auto and cross-correlatlon coefficlents defined

in‘¥ﬁé last chapter are reproduced here for convenience.

\ [reor-7] [ ety -]
T ey (1)
(R -R]*> ‘

and : — -
. Qz(x,@-aj[mwg,ww-«j{ ,
. 7)) - : - ,

It is assumed in the analysis that the contours of constant fj

(2)

in the{7(g,tr)d1agram are concontric cliipses around the :

origin and the two—dlmen51onal fD surfaces in the f?fé% 61 ri)
diagram are concentric ellipseids which intersect the plane

in eircles, In other words, it is assumed that thexground

b
'

pattern is isotropic.

Briggs et al defined four fundamental veloecitiss
to de&cribe the motion of the diffraction pattern aver the
ground. The two fumdamental Velocities are the steady drift
veloecity (V), and a quantity which is a measure of random
“velocity (VC) . The foilowing are the definitions of the

- different velocitieg:—
(1) Fading velocity (Vé):~ This is a measure of the
ratio of space shift to time-shift needed to produce on the

average, the same change in the value of R, Thus

Vo= o (3)

wheri X, and'to satisfy}?(§? 0) = f)§o, Ty ) « With the
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) above mentioned assumptions the deflnitlon of V' does not

; depend on the value of or on the directlon over the ground
in which the upace co-ordinate denoted by X is meaaured The
physical 1nterpretatlon of the fading ve1001ty V' is that it
is the velocity with which an unchanging ground pattern would
have to move past an observer,to give the observed speed of
fading. This implies that the fading is entirely‘due to the

- Grifting of the pattern with mno random changes,

(2) Steady drift velocity (V):~ This is the velocity of
the pattern over the ground due to its steady motion only, i.e.
the random velocity is assumed to be zero. Under thls condition,
lthe velocity is that of anm observer who has so adjusted his
motion over the ground that he experiences the slowest possible
speed of fading. Such an observer has to cover a distance

in time at such that PC%' ,'r'.)‘ is meximum, Hencer,

 v= B (4)

\ o - hlJ\
(3) Charhcteristic velocity (Vc) ¢t~ This is the ;alue

of Vo that would be seen by an observer who is moving with a

velocity V and is a measure of random changes taking place in

the ground pattern as it moves over the ground. It is important

to note $hat this is not a velocity but has a dimension of

velocity. . : .

(4) Apparent drift velocity (Vf) i—= If the fading records

of receivers Separated by distance §§Q are examined for

T

cross~-correlation, there exists g certain time shif+t for
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whlch the correlation is maximum. The apparent velocity of

"dfiff is defined as,

Ye

. ' o VY = /\_/- '; (5 )
To | _
For two-dimensional ground, if CI;X and |oy represent the

thime shifts for the best correlation in '0X and O0Y directions

then the apparent components are given by;

V-_:{ ;‘%0 3 vsr = 20
Tox od

It is 1mportant to note that these are not components of V',

(6)

To calculate these four different types of v%locities
- from three receiver records one should find out first the |
relation between these four velocities. This deduction is

done with the help of (X, V t) diagrems.

To discuss this method, a .one dimensionai ground is

. considered. The details on the ground can be represented by
“contours of constant amplitudes R in (X, +) plane in Fié 5.1a.
TLere is a tendency for the contours to be parallel to a 1ine
whose slope depends on the velocity of drift of the maxima
andﬂmlnlma of R over the ground. The fading record that can
be obfained from a recei#er situated at 0 will be given by
the signal strength along the line 00'. If the receivers are
now considered to be moving along with the pattern with a
steady drift velocity V, +the resulting (X, 1) plot will be

as shown in Fig.5.1b, The fading observed under this condition
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:éw111 be due to random movements only and the ratio of space

y

L ~\~4 .
shlft to time shift for minimum speed of fadlng glves the

measure of the random movements V . Thus the effect of

multiplylng t by V is to produce 1sotropy between time and

space as shown in Fig.5.1c,

A\

It will be assumed that in the (X, V,t) diagram the

QVeragp change of R at two points depends only on their distance

apart on the diagram.

corresponding to this

In other words, the correlation surfaces

diagrem will have eircular contours

centred around the origin. From this it can be seen tpat the.

~actual P(gj’ ‘T)

For further

Fig.5.2 omitting the

contours must be elllpses. ‘

calculation, Pig.5.1c is redrawn in

amplitude contours. Let be the time

shift for a particular value of € on the crosP—nnrrelogram.

Then the time shlft correspondlng to the same value on the

)

'ikauto-oo;relOgram is given by °T . kN

N\
i

Here a point P on the. record AD is' considered w1th

a time lag (T ' relative to O or A. In other words two p01nts

P and Q, if they are
correlation for lag
the corr-correlation
AP =7V, T /Sine

corresponding to time

selected such that 0P = AQ, the auto-
W"'is governed by the distance AP, and
for lag (T by distence OP. We have,
« Also let Q be a point on the line AD

6T so that AQ gives the auto-correlation

for lag . Now made AQ=OP, i.e, let 9~ be defined as the

time shift giving‘an

correlation for shift

auto-correlation equal to the cross-

T .
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Now OP = Q4 = V,_ T/sin @  and from the triangle
OPA

~

‘*w«J
y one gets,

2_,pe 2

0P%=AP® + 0A% - 2AP.0A Cos © (7)

\‘—‘\
where ® is / OAP. Substituting the values of OP end AP
in eq. (7) and noting that 04 =;4%0 we get,

. 9 .
Vcisz' p? VclLTﬂ'f E‘joz—v'.ﬁ.%bCOS © VC(T/SM Q.

Re-arranging the terms, we get,
=TT (g, —9vg,T) ) Ve L (8)
‘ {

This is an equation of a straight line of the form (Fig.5.2¢)

Y =mX + C

where Y = T'—TZ y X =T , ma- °Ho and 0= %, /ch
- L | v &
; L N X . ~ . 5, .
Therefore a plot of ‘T - against I yields a straight line
4
A
{

Witﬁ“intercept on.the Y axis equal to %;L/ v, » The distance
N , \

c

between the receivers, %%7 is known. Hence V'_ can be calculated.

c .
The slope of the line is 2 VoQt)/\AJQ—. Substituting for VY

one can calculate V. This analysis can be extended to a two

dimensional ground on a similar basis.

This method is quite satisfactory in that from the
fading records obtainedAat three suitable positions the '
deductions of all the velocities can be accomplished. The
only disadvantage is, it is laborious to caleculate the auto
and cross-correlograms without the help of an elecﬁronic

computer,
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The basis assumption involved is’regarding the
c01relation function ,p(§ 7) for one,dimehsional ground .
Contours of constant / - have been assumed to be ellipses.,
There is no obvious bhysical reason why thls should be so.
However the surface has the magimum value at the origin,

where the correlation is neceséarily unit&. It is known that
near a meximum or minimum, any surface has elliptical contours
provided the principal radii of curvture are not infinite

or -zero. Conseguently the above summption will normally be

valid for small veluves of '<% andk v . Anotherlassumption

is regarding the isotropy of the ground pattern. In practical

cases the ground pattern is not isotropic. Finally the method
is only applicable for statistically stationary records of

sufficient length.

53 Prillips and Spencer's method

AN

A
\,

(. | The method by Briggs et al assumes isotroplc

1rregularity i.e, the contours of constant auto-correlation

are circular, which may introduce errors in calculating the
drift direction. In the present method, the effect of non-
isotropic pattern is considered. This implies that contours

of constant auto-correlation are not circular but are elliptical.,

Tn the first section the deduction of the wvarious

parameters of the characteristic ellipse will be done and in

the second section the relations between the real and apparent

drifts of statistically anisometric pattern will be dealt with.
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Let the three receivers be 31tuated as shown in Fig.2,12,

' Lei“the equal sides of the triangle be 120 metres. The equation
of the ellipse with an axial ratio éh(:\9f7l ) referred to
Carte51on co-ordinate with the . ‘major axis along the Y axis
may be given as .. .

2.2 9 2.
roarg = C | (9)

For axes rotated clockwise by an angle ¢’ the equation

becomes

‘LCOL o5ty + sin w)+ 92 Yy Col m|)5m4,cosk,,f\d (a? sinks Coszq,),

!
Let the intercept of this ellipse at ~x = o ) =0 ang Xx=Y

‘be denoted by‘ﬂ@fo,li .and, w respectively,

Then LL (dz COS V¥ o+ sSin qz) /C

| > (& 5|nw+cos~(’)/c |
[(u\ FiI) - iCU\ ) Sin Cos \P] /c

The structure 312@ of the ellipse wili be taken asg the fading
velogity V'. The fadlng velocity defined éariier can be
Tepresented for all the three pairs of receivers by ve (cm),

v (OE) and V!, (NE) respectively for the pair of aerials.

‘iet (T\'°r2 and fTé' be the time lags on autow.
correiagrams correspondlﬂgin zero time shift cross—correlations
of CE, CN and NE pairs of receivers., (Fig.5, 3) Then by the ;

definition of fading velocity we get,
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Ve I»CE R .
o
Ve, - w2
» ' \V La
V% [ = % = W
Substltuﬁlng ‘these values in eq. (10) one gets,
a CG\ cos ¢ + s5mEP) /‘7, -

o ( costy +msmqf)/ .

and o> (o r1) - 2(01-4) sinycosy[q, = o

Let P = ‘T(Zf ‘T;‘_ ‘(‘32‘ - 9‘(}’12‘—-—[ > S A / cC
.
02 To=Ty? o ok (o) cos 2w [
i
R CT‘l-]L 72 = a* (ah) /c?’ .

From these relations one gets,

'l‘ (lfmf

(11)
C |

> |

W T .
*and |

; {-om( Ple) = h

Henge by calculating 'bhe time shifts T, Ty and ‘7’3 for

three pairs of receivers it is possible to determine the -
axial ratio of the characteristic elllpse and also ‘the

orientation of major axis with respeet to X axis,

The relatlon between the real ang apparent drift

velocitles can bhe deduced as followgs 3~ Con31der anisometric

pattern ag shown in Fige5¢4. This pattern corresponds to a
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stretching in one direction by a factor of r of an isometric
i ey
pattern. Hence the pattern in Flg.S 48 when viewed in an

onlique direction appears to be isometric (Fig.5.4¢).

The various parsmeters of the diffraction mattern,

when it is not isometric are shown in Fig.5.4b. Here V, and =N
are the apparent drift velocity and direction b is the
dlrection of true drift V, with respect to a reference
direction OP, V' is the apparent veloecity deduced froﬁ time
shifts between records from a pair of receiving points in

llne -with the velocity V. The corresponding quantltieﬁ for a

transferred isometric pattern are shown in Fig.5.4d. In this

- figure the ellipse of axial ratio % which represents Vc

Sy
‘,\‘

appéars to be a circle.

| Let OP (parallel +to OA) be the reiérencebaxis and
angle of minor axis measured in ant10100kwise gense w1th
;GSpect to 0P. Also let the values of V' along OP and parallel
56 V' be represented by ( Vc )‘and.( Va-)v respectively; then
the direction &b  of the veloelty of drift measured from OA

in anticlockwise sense is given by,

tam Cp-¢) = 27 lan Cda- &) — D
"’5&“‘? da = Vz‘ \ Vo

where c% is the direction that would have been calculated

if the pattern would have been assumed to be isometric. Eq. (12)$

can be put as
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1) tan ( b Syt
+QfH<¢ ‘d)o\ = Q\@‘_ P " C )
I+ & Jrom2 (a&; W),

" ‘Y ; i‘"\a«.ﬂ

(13)

The magnitude of V', and hence of V, may be deduced from the

follow1ng relations which follow from the construction of the

diagran. 4 2 ~l__ ,l_q | 2\ -9 >
VoI T giE t VL'?_ ' ; \/a v cos (¢ - %o
where (N 2 |+ &1) Costwp =
(VC >\/ = <\/C );

U+ (oF=1) Cos?(d-w)
an ! 2 '
| o= (Ve ), /\/)

from eq. (14) we can find the true drift velocity.

5.4 Fook's method : . }

DY

This method ig similar to Philllps and Spencer's

3

method except that the tlme lags used for calculating V*

[T

are- sllghtly different,

N
Phillips—Spencer's method involved three steps E-
(i) From the cross—c§rre1ations of different pairs of
receivers find the values of correlation coefficient at WJ = 0,
1-e. P/I pﬁ— O\)\o! {)Z
" (41) Pind the. values of time displacements T, ,T9.  and Té

such that the auto-correlation funetion has the values Cﬂ | Za

d"l’z .
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(iii) Then (V') for dlfferent pairs were calculated to

.(,

determlne the characterlstlc ellipse,

In the present method there are two alterationss -

~

\(é) . The mean auto-correlation function of all the three

receivers is used, , : \

~(b) An alternative method of finding T, ete. is used.
The method is to read from the cross-correlation function the ' ‘
time displacement « a9 ) giving maximum cross-correlation, and |
also to take the maximum cross—-correlation itself ( F%n ) end
obtain the corresponding time displacement ( T, %‘from the

mean auto-correlation funetion, Then,

A 2.
( Q]>2'? (}T,> +( qgf,)' (15)

This equation is same ag eq. (29) of Briggs et al (3950)

1ength condition (a), viz. taking of the mean auto-correlatlon
is of not much 1mportance. This will bve discussed in more B

detail along with the results. The second condition vig, (b) y
which is valid for anisometric patterns also, makes use of

points at higher level on the cross—~correlation functions

then does the methods in (5 2) and 5,2) above, and so tends | i

to: give results which are 1ess affected by statistical ol

variations, . : ’ il

The parameters of the characteristic ellipse can be




calculated by cczlculating the fadlng velocities by using the
" time shlfte calculated according to eq. (15) The equation of
an. ellip.ae whose centre is at the orlgm, end whose semi-major

a:xie a and semi-minor axis b lie along the X and Y axis can

be written as

9. 'y . : X
X v .
w TE >
& b |
In polar co=-ordinates K= S cos@ ’ '%l @7 sm (9
Cos?(o- wO Sin*(6-w ) {
N T R e

If this ellipse is rotated through an angle ¢  then' the

~egquation becomes in standard notations of polar ce-—erdinétes
asg, 2 : . ‘
@5(@—v)+ 5% ((© - w) |
—_— = 2.

o o= h (16)

Let ( &, S )y (o2 82 ) ana ( 23,87 ) he three points on the

elllpee.,Theee three points are adequate to determlne the

elllpse completely. Since ’rhese points lie on the. ellipse_ s
they satisfy eq.’ '(16) and hence,

dr [ reratend) - o]

2
S, a 2
Similarly the expressions for J——Q— and L& can be written.,
S
YR 3

Putting 1 - D,?_ etc., 1t cen be shown that,
> %

‘9'z
Dig (C0320 0032650 =Dy (€526 C226,)

‘ (18)
Do (Sin 98,7 5in 2@3)—“ DB (617’1 J (9,“5\7)2@))

+an LY =
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4 l%,NC{W ‘ (&’ /‘(9') | and (('9)1 ,(9'9’) Sa‘tiSfy €Q. (17)
o ey ‘ SR
il g | N
. _ Cos (e(-qiz Sin* (0, ~w)
e . (o5 (@Z’kP) . sz(@?,’u‘))

o .9 _
etk Mz 0Fcos (©-9) © Ho g Zsin (6)

'y sin (87

)

L r :
M = &y Cos” (8y-w) ;
Thew

az\m ‘ b=
N'-

)

So if ( O, /91 ¥y ( &2[(92_ ) and ( $3,83 ) are .known the

complete ellipse can bevdetermined‘viz. the semi-@ajor and

_ minor axes and also the +tilt angle 1% of the same,

AN

The three vectors Vi are used as these three points.,

The ambiguity regarding the fixation of the final'

value of cen be solved as follows :- 2 &  will lim between

__T]/\L'f‘o + /2 . 12 b7 a the velue of ¥ nust be altered by
and the vslues of a and b must be interchanged,

Also, J can
be altered by T

if necessary so that it lies between 0 and T .

5.5 Yergs's method

Yerg(4) (1955) developed a method of analysing fading

records for three spaced receivers in order to determine
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the motion of the diffraction pattern on the ground. The
metggd called by author as six peint method needs only six
correlatlon coefficlents for determining the parameters V

v and V' Out of these six eoefflcients three are zero time
lag coefficients and the remaining three\lnvolVe an arbltrary'
time shift, In previous methods, viz. the Briggs et al (1950)
'and Phillips-Spencer (1955), to calculate the same parameters

it was necessary to get the full correlograms.,

The correlation coefficient P&\, T) is a function
of space and ‘time and it is assumed that ;- , '
| i
(i) +this funection may be represented as a Taylor's peries
in three variables and T
B ' ’ % /qL/ |

(ii) near the origin only the first and second order

!

 terms are of importance. 7

B Now (D( & N T) hae a maximum velue at the origin
whlch is unity, the Tayler expansion of this function cen be

wrltten as, B

P&, 7)= (145" + BT ol e 2ngn e M T LNET

where A, B, C, Hy M and N are constants ang can be evaluated

(20)

with the help of fading records obtained at three spawved
receivers. It is p0381ble to fina different veloclties in

terms of these constantS. ;

** P50 ,0,0) (600 P,y 0) be tne
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4 lfqex:,o t1me cross-correlatlons of three receiverq situated at

'B&

(.%o ,O> [0 ‘Y}, ) ama (——% "/[0) with respect to the receiver
situated at the origin, It is reasonable to assume that

fZ"%OI {Q),.F(%o/ﬂoxi> Hence only three receivers are

sufficient to evaluate all the. six constants. Let the three

oy be,

correlation coefficients with arbitrary time lag }1

p(0,074) Pl &y Oq{) and P (0, Mo, T;)

substituting all the six correlation coefflclents in eq.(20)

one by one, the follow1ng relations can be obtalned

Lo PlEe,000-1) [ gt -
= [Ploomd-] [ 5> |

¢ = [P(o“’\o 0)- )}/«YL

= [148(500,7) - PLG5,000- (0.0, 7] [ 250

¥ == [14P(-5, 010) - (5, ,9)- PloM0.0] [ 25,1,

= [HP( 0.0, T )= P (%, 0.0)- PCOO (Tﬂ/z%ah

Let Vx and !& be: the components of the true drift speed of

the pattern. It can be shown thau,

N

Uy = %l -—_—i] // [}

- ﬂ - N‘Z-”
Ac C .[“‘,;g



4

;hence the true drift veloelty will be V =

tfr"- A

‘motion as well as the anisotropy of the pattern. The

Ut 124

@)

)"-J.
and_lts direction will be,

o 6= b (e fuy )

N

The fading velocity V' is given by
[B(H"!-G\Y\(D):] [AJerLC\nz@JrSLN Jr@m@’] (22)
The relation between Vs Vo, and V is (Brlggs et al, 1950)
V VC?-f V - Hence knowing V| and V ene can ealculaﬁe Voo

This method isrsimple in a way that it needs only
Six correlation coefficients, It includes effects of Pandom
L
disadvantage of this method lies in the fact that it involves

an erbitrary time lag, and further, it is assumed that the

. correlation function is parabolic. Hence the meth?d is

A

applicable to small q’ values only. The selection of .ﬂﬁ
and its effect on calculated ve1001t1es will be discussged

later.

5.6 Analysis fading records by Briges, Phillips and

Shinn's method

For +the detailed‘analysis of the fading records and
to get the knowledge regarding different velocities and sizes

of 1rregu1arities it is essential to compute the auto and

cross-correlograms.



0 v- » The'fading records were magnifled and retraced on
S
an inch graph sheet, The magnlflcatlon was adJusted to give

0. 2 seconds equal to 1/10th of an inch. Lhe amplitudes of gll
the receivers viz. central (C), north (N) and east (E), were
read at each 0.2 second interval. 120 values of amplifudes“
were scaled for each record which corre3ponds to 24 seconds
length of the actual fading record. This time length was
sufficient to get the auto and crossg—correlograms with

sufficient accuracy.

The calculation of the auto and crdss-eorrelaﬂion
coefficients were done in IBM 1620 computer. The t1me shlft
- for successive correlation coefficient was taken to be 0.2
second. The correlation coefficients thus obtalned were plotted
‘ﬂon centlmetre graph sheets and the further ana1y81F was carried

A

Outo

V‘ix For all the caleulations, wherever the auto—corrélogram

Was(required the auto—correlogram corresponding to Centrsl
antenna was used.‘Thls Wwas done because of the fact that éhe
auto-correlograms Hr all the antennas (C N and E) are dmost
similar and +the average curve was not necessary for the
calculations. Fig.5.5 shows plot of mean auto-correlogram

fgr all the three antennas.

The caleulation of cross-correlation for following

pairs was carried out



TION COEFFICIENT

Flge9e5 Mean auto-correlogram for all the three

CORRELA
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shibennas



East receiver with respect to Central /25
North receiver with respeect to Qeﬁfréi fzn/

North receiver with respeet to Eagt Pen

{

S

N These three cross-correlograms are necessary to
calculate different paremeters of the irregularities, Fig.5.6
shows the auto-correlogram (A). and the three cross-correlograms =

viz. CE, CN and EN;

The eorrelation between the Central and North (CN)
antennas is higher than that between Central and East (cE)
antennas. Also the maximum cross—correlation of CN occurs
almost with zero timél lag for most of the fading recordsﬁ

- For plotting the B.P.S. straight line (eq.8) 0 aﬁd Q’l

were read at equal ID values from the correlograms and then
2 2 . *
rr'-fr"——a'7’ were plotted. The linear relation bftween ¥' -7

and f?’ is valid only for the stralght portion of the

_“scorrelogramb. For higher time shifts this condition is yot

valld. Table No.1. shows the values of T, 'f ’ and other
parameters. The slope and intercepts were found from the W

straight line (Fig.5.7).

567 Analysis of fading records by Phillips-Spencer's

Method

The records selected for B.P.S. method were analysed
for studying this method. The three cross—correlograms viz.

CE, CN and EN and the auto-correlogram of the Central antenna
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.carried out as shown below,

:_128 z:~

5wFre computed by the electronlc computer, IBM 1620 Fig.5.3

)"ttf
shows the above mentioned correlograms. The requlred time

shifts '\, Te ana L} were read from the graph and the size
of‘the 1rregulaf1tiew and the steady velocity were calculated,
Table 2 shows the values of é% (axial ratio of the ellipse)
and the tilt of the major-axis from North N '1n clockwise
sense. The calculation of true drift speed and direction was

done by using the eq. (12) and (14).

5e3 Analysis oflfading Tecords by Fook's method

{
The arrangement of enitenna system is as shown 1n

‘Fi Se2.12. With respect to the Central antenna there are two

.antennas one in the NWorth direetion and the other in East
‘direction. Hence in eqs (18) we have to put CQI = 0°, & =90°
 and 593 =132°, The calculation of;;@h [y ahd n33> were

'\ix ”Rewriting eq. (15) we have WJ \) (Y)) 'f< VM>"

\

Simllar relation can be written for Z_ end 13 . Letﬂd12,.
d13 and d23 be the distance between the C-E, C~N ghd NéElpairs

|
of antennas. Hence (\/C ) |- P‘:?’
| T

. 1
gimilkr relstions foz'(yéf)zﬁ and (\/C >3 can be written.
Taking the structure size of the ellipse as equal to the

distance where auto—correlation falls to 0.5 we get,
S = CVC ) FTe |
fﬁlz’_ (\/Cl)lx (T~§—
= (V)3 X T
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o Table 2 |
‘Taﬁﬁ@fshowing the calculation of &y and V. by Phillips-

Spencer method

.

— g v - s — o g

Date T Ty T3 S N
7~3-64 0.60 0.46  0.52 1.96  31°
0730 E | | |

1"8-64 0-96 0044 1.00 2.21 40
0700 E A L

where V. s~ 18 the time lag for the auto—correlaticn to, give

0+5 correlation. Substituting these values of (r.??., S) COLQ @Z;>
‘and ( Chglﬁag ) in eq. (18a) and (19) the axial ratio and can

be calculated.
549 Analysis of fading records by Yerg's method

. N
s This method needs 8ix correlation coefficients, three

AN

i .
atuz%ro time-shift and three at an arbitrary ‘time shift, Hence

the selection of different time-shifts yields dlfferent values
of Viy Vo and V (Pig.5.8). For lower time-shifts it can be
seen that Vé and Vc vary to a'great extent For higher values
they attainka constant value. The varlation in V is not muchg
The correspondlng variation of drift direotlon is also shown

in the figure, ‘ ' ' ¢

For lower values of °T; the drif+t direction is higher

and then it reaches a constant value., All the caleculations
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4 fweﬁ@ made for the values corréSponding to  the steady values
U e ) Loy

of.different parameters,

5;36: Comparison of the results obta;ﬁed by various methods

About thirty records were selected and were analysed

by the different methods described above.

Table 3 gives the results of veloeity (V) and
direction for each of the observations as derlved by
these methods. For 1nter—comparing the results by these methods
the values derived by each pair of methods are shown in
-diagrams in Fig.5.9. The B.P.S. method.is chosen as commoh
- for each diagrams as this method is used for detaiied analysis
of the fadings records discussed in later chapters. The records

~are randomly chosen and no particu}ar selection waf mede.

o Regarding the drift speed diagrams it is Loted that
wléngre are wide differences in the values determined by Mitra's
aﬁdﬁB.P;S. method. It is expected to be so because Mitra's

metﬁod takes>no dccount of the rendom movements within tﬁé
irregularity. The values determined by Mitra's method are in
general larger by a factor of 1.5 to 2.0 with respect to the

values obtained by B.P.S. method.

Comparing the values of V by B.P.S. and Phillips-
Spencer's method it is ﬁoted.that'both the methods yield almost ;
the same values and the points lie fairly close to the line

making angle of 45° with both the axes.
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Fig.5.9 Comparison of the drift speed obtained by
different methods

Comparing the B.P.S. and Fook's method it is found .
that the later yields a slightly smaller value being about
0.93 times that derived by B.P.S. method. There is slightly

larger scatter of points between this case than between B.P.S.

and Phillips-Spencer's method.
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Oomparlnn B. P Oe and Yergs methods, one notes a

{iafimy large scatter of p01nts, still there 1s a\suggestlon

that for low values of 'V, - Yerg's method yields comparatively
smaller values,'while for large values of V the Yerg method

ylelds & comparatively smaller value.

Comparing. & by Mitra's ond B.P.S: method one notes

that (Fig.5.10) the points lie fairly in a straight lines

{
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Fig 5.10 Comparison of drift adirections obtained by
different methods
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which is signiflcantly different from the 45° 1ine. A variatlon

of G)

from 260° to 290° by Mitra's method corresponds to &

change of 230° to 310° by B.P.S, method. Thus using Mitra's

‘method one obtalns more concentrating of ®  values along

270° direction than by B.P.S. method. It is to be noted that

there is 1little difference of the angle 8 obtained by two

methods when its value is closeto 270°, Thus it is concluded

that the component of N-S drift is apparently reduced in

Mitra's method due to the alongation of the irregularities

'along N-S direction.

i

The values of  obtained by Fook's and B.P.S:

.. method are found to be mearly the ssme over the rénge 240° to

540°. There are some scatter of points but the values determined

by different methods are not too different from each other.

1
'?‘:‘t\

k

It is therefore concluded that the more precise

analy31s although reduces the apparent drift determined. by

51mp1e Mitra's method by a factor of about 1.5 to 2.0, but

,\\

the direction remains still predominantly Westward.

S

4.

Briggs B.H.,
Phillips G, J &
Shinn D.H.

Phillips G.J. &

~ Bpencer M,

Fook G.F.
Yerg D.G.
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CHAPTER VI

§EP$RATIOi OF FANDOM AND QTEADY COMPONENTS OT DRIPT BY
Rk
CORHFLATION ANALYbIS. RESULTS FOR 2.2 AND 4.7 MC/S DRIFTS

6;3?‘ Introduction

As has been already desctibed in the previous
chapter the pattern over the -ground alters as it sweeps
aoross the reveivers. The extent to which the pattern alters
depends also on the degree of random movements in the
irregularities., Therefore it is worthwhile to study these
random chenges in detail for reflections from both,tha

regions of the ionosphere viz. E and F.

The separation of random and steady components can

be.accomplished.by two methods,

| o |
(i)  the method of Briggs, Phillips and Shinn, and

v
ey

(i1) the method of Yerg. N

The procedures of these two methods: have been
described in the‘previous chapter. The detailed study of;%he
random and steady components for both the regions has been
made by B.P.S. method. A few fading records have also been

analysed by Yerg's method for comparison purposes.

The data of five days in a month were analysed
for separating random and steady components by .other methods

8lso.
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rﬁyg%aj‘ Results of E snd Frégioys | :
| The calculation of the steady arift (V) and the
Iandom component (V ) was made for E and B reglons separauely
by Briggs, Phillips and Shinns' method. At Thumba in almost
&all the cases the cross-correlogram of NOrth Antenna and the
auto-correlogram almost coincide with each other. (Correlogram)
of 2-8-64, 1700 E, shown in Fig.,5.6). Hence the random and
gteady components along N-S direction are zero, and the
resultant direetion 1ies along E-W direction. To get the
relation between V and Vo, a mass plot of V ggainst Vé wes
carried out for both the regions (Fig.6.1 and 6.2). The ﬁbints
- show a rough linear relation, i.e. as V increases Vb also
increases for both the regions. In the case of the E region,
K the values of V are slightly more for the same va}ue of v
than in the case of F region, indlcaéing that the random

N

vg9vements in the 2,2 Me/s - refleections sre eomparatively,higﬁer.
| The raé;o of the random component to the. gteady
component of drift gives an idea regarding the relative f\
proportions of these two movements. Therefore the histogﬁaﬁs
of (V,/V) were plottedfor both the regions in Fig.6.3 and
Fig.0.4, for the different Seasons. Referring to E region it
can be seen that during Winter months the ratio (V /V) ranges
from 0.1 to 2.5 with a most probable value: of O 5« Owing té.
the 1a1ger number of observatlons in the higher ranges of

(VG/V) the mean velue of this ratio is 0.98.
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During Equinoxes the values .are relatlvely spread
over a smaller range viz. from 0.3 to 2. O The most probable
value is 0.7, which is sllghtly higher than that of Winter
mqnths. The average value of (Vc/V) is Ol81. During Summer

the values range between 0,1 and 2.1 with a most probable

value of 0.5, and the mean value is 0.90. Hence it is seen

that during Winter the ratio (Vc/V) has the maximum value and =

during Equinoxes it is least. The whole year average value of
(VO/V) is 0.91.

In the case of F region during Winter the probability

of lower values of (VO/V) are higher with a most probable

value.of 0.5+ The values range from 0.3 to 2.5 with a mean
value of 0.,70. During»Equinoxes, eventhough the most probable
value is 0.5 the probability of higher values of (V /V) is
higher then that of Winter and the fesn value is 0.86. In

™ Summer the most probable value of (V /V) is higher (0. 7) as

compared to other two seasons, but the values are more

concentrated in the lower range of (V /V) The mean valug of
(VC/V) for Summer is 0.79. The mean value of (VO/V) is 0.81
when averaged over the whole year. Comparing the results of

E and F regions we conclude that the highest velues of (VG/V)
occur during Winter and Equinoxes for E and T regions
ieSPectively. On  the average the random component is slightly

more prodominant in E rather than ¥ region drifts. The

diurnal variations of Vc as well as of V for each season are

shown in Fig.6.5 and 6.6 respectively for the E and F regions.
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N ?The general patterns of dazly variation of V and V are

o
81ﬁilar to each other during any of the season&. Re ferring

to E region durlng WVinter, the value of V steadlly increases

from 07 hr to & maximum velue of 57 m/s at 10 hr, and there-

a+ter decreases and reaches thg lowest value of about 40 n/s

z

‘at 13 hr and then it starts again inereasing and shows an

evening peak at about 17 hr. The variation of Vc is similar
to that of V except that +the forenoon peak occurs between
10-11 hr and the evening peak occurs about an houp earlier,

(i.e. at 16 nr). During Equinoxes the value of Vo forithe E

region reaches a maximum of 100 m/s at 09 hr, and'than starts

decreasing till 18 hr giving a value of 50 m/s, The veriation

in Vc is similar to that of V but for lower wvalues. The

about 30 m/s. A

maximum value of V. is about 75 m/s and the minimum value is

|

Durlng Sunmer V shows a broad maxima between 08-10
hr Wlth a value of 75 n/s and a manimum at 15 hr with a value
of 40 m/s, There.is a small maxima ot 17 ar. The variatioh
of V, is similar to that of V. The maximum value of Vc(75 n/s)
occurs at 08 hr and thereafter decreases steadily to a minimum
value of 30 m/e at 14 hr. There is an indication of secondary
maxima at 16 hr. Referring Fig.6.6 for the ¥ region, during
Wlnter maximum value of V ig about 110 m/s and occurs at 09

hr and then gradually decreases to g minimum value of 45 m/s

at 17 hr. The peak of V., has shifted to 13 hr and has the

value of 60 m/s., The evening minimum occurs at 17 hr, It is
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;0 béqnoted that during the forenoon hours v /Y ratio is
1ower than the corresponding ratio for the afternoon hours,
qulng Equinoxes the moning peak of V and Vc occur at 09 hr
wi%h the respécfive values of 135 n/s ané 125 m/s. Thereafter
both speeds decréase till.ia-hq'where they have & minimum
values of about 35 m/s. During ‘.‘b‘ummer: values of both V and v,
gare less as compared to Equinoxes, but the general trend of

variations are similar. However it is important to note that

for both the regions the values of steady drift (V) are higher

~than the random drift (Vc)_for all the seasons of the year.

!

In general the values are higher in P region than in E region

and both V and Vc show a similar type of daily variations as

that of apparent drifs speed’determined by Mitra's method.

This would mean that for fastor fadings the steady drift must

also be higher. To test the walidity.of this re;atlon the
n mass plots of V was carried out against the number of fades

.per gecond (N), for both the reglons (Flg 6.7 and 6.8). For

both the regions there exists a linear relation between the
steady drift and the number of fades per second, 1ndieat1ng

that faster the fadings higher the values of steady drift.

In general it cean be concluded that the variations

for E and F regions are similar.

0e3 Comparison of the results by different methods

A few records were snalysed by Yerg's method for

obtaining Vc, Vé and V. In this section the comparison of
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Vc,and V,/V will be done for- the results obtained by B.P.S.
and ?%rgs mefhod. Fig.6 9 shows the plot of V by Yerg's

- method against Ve determlned by B.P.S5. method. Table 1 shows
c&%re5ponding fesults‘of v, by two methods. I+t can be seen
that the values of V Vdgtéfﬁineﬁ*by‘B P.S. method are in
bgeneral lower than the Yerg's metHOu. The values of V range
from 30 m/s o 90 m/s £or B.P.S. method while for the Yerg's

" method they renge from 30 m/s te 200 m/s. In general the
values of V, determined by both the methods do not show a

definite correlation.
;

| To study the inter-relation of (V,V) by the above
mentioned methods & plot.of (V,/V) by both the methods was
done in Fig.610. It can be seen that the velues determined
by BuP.S. method range betWeen 0.5 to 2,0.While the same

| values determined by Yerg's methodffange between 5.5 to 4.0.
ﬁF Therefore~the values determined by Yerg;s method are ia :
Wééneral higher than that of B.P.%., method. Efom the fig;re
it';én:be seen that the values determined b& both the methods
are independent. One disadvantage involved in the Yerg‘%

‘method is that the values, such as V, V, and V! depend on the

gselection of an arbitrary time delay;

It is concluded that for enongated irregularities
such as are obtained at Thumba, Yerg's method of separating
the random and steady cdmponents of the drift velocity

introduces larger errors.:
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Fig.6.0 Comparison of Vg by Yerg and B,P.S. method
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" Table showing rendom and steady drifts

0 0 £ ety L R N e S o T R £ A B g S e e B I e et RS S A S R D e g e ST SRR ek e e S R G e i e

" Rendom dx

B D SR SR ERR R ST I VR e e e i ﬂir—"ﬂ’«"ﬂﬂ”#‘#ﬁ!ﬁmﬂwgﬁ%ﬂ RrITI IR "wwmrr:—mmﬁ

How True drift speed (V)
Date Reglon Yerg ' «Leia erg
7~5—64 07308 96 87 115
21=h-64 0800 75 82 3
21464 0BOOF 80 7w 10
22wl -H4 OT00E 14 19 - 27
22==64 08008 169 97 443
22w-d=H4 16007 121 56 180
29 w5=h 4 Q700E 178 100 163
20 «6=64 O700F 100 135 281
29-6=64 - 0800F 115 101 57
29664 08008 64 78 148
29 mbfd - 09008 65 66 2178
29-6-64 . 0900F 138 91 320
29 ~f=B4 1000E 134 111 57
4704 Q900E 50 45 146
31T =64 D900R 87 78 111
BT =64 0900F 130 105 154
3764 10008 1%0 115 154
Bl=T=04 - 11008 110 78 - 393 !
51=T=64 11007 113 114 262 i
1-8=-64 - OT00E 59 50 108
R P Y 08002 116 ) 90 187
=864 0900F 80 80 - 112
1Bl 42008 81 | 61 228"
1=8-54 1500F: 86 42 B4
2-B~64 - 0900F 61 89 130/
2864 10008 - 99 49 56 !
2~8~64 1700F 65 67 134 ;
GuB=64 0900F: 80 78 333 ‘




a
I

.s 143 ¢

Comparison of results obtained with other low

[N . : 3

latitude stations ; o

_ ‘The results obtained by various workers at low
1atitude statlons will be compared in this section. The
following low latitude stations data was available from the

published work of the various authors,

(1) Tamale 0.5°S Dip
(ii) Singapore 9°S Dip
(iii) Waltair 19°N Dip
. {
{iv) Nairobvi 26°S  Dip

The results of the observations made by Koster (1)vat Tamale
showed the value of(vc/V) to be 0.77 for E region (Table 2).
Hence at Tamale the random component it about 1.3 times

. . ;
lesser than the steady component of drift. For F region this

Tf ratio VG/V was found to be 0.53 which indicates that the

steady drift is almost twice as high as random component in

¥ region. Ty o - N

Al

The results obtained another low latitude station
viz. Singapore by Osborne (2) . He obtained a value of (v /V)
equal to unity for ¥ region. Therefore at Singapore the
magnitudes of steady end random components are almost of the

same order. The results obtained by Rao and’Rao(j) at Waltair

. 8showed a value of Vc/V equal to 0.75 for E region. Kelleher

and Mig11(4) reported the values of VC/V for E and F regions

to be 1.3 and 1.0 respecfively. For this station the random
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;gqqggonent is about 33 % more than the steady component in
R R T Ty T

[N .
E region. i

- From the above discussion it is concluded that,

(1) The megnitude of the steady component is more than
that of random component for bé%h the reéiona of the ‘lcnosphere
‘for the low latitude stations, concept at Nairobi where the
magnitude of the steady component is lesser than the random

component for E region.

(i1) In general thers is no systematic variation of
f
Vc/V with latitudes.

Table 2

Table showing the values of V /V for |
low-latitude dhtions for B anﬁ P regions

RN g ; ¢ | ‘Vc/fr' | ™
Lo ”#aﬁldn» E region F region
Singapore 1.00
Waltair 0.75
Nairobi 1.30 1.00

T BRI 7 T 7 T ST S e O S vy e (Y A e T TR e STt e s e



vy ' REFERENCES

145 :

1. Koster J.R. 1965
\
2. Usborne B.We 1865
3. Rao A.S. and
Rao BoRQ 19 63
4‘@' KallCher R'cFo and A 1965

Miall P,

.Proceedlngs of Second International

Symposium on Equatorial Aeronomy,
285,

Jour.AtmosQTerr.Phy., 6y 117.

Jour.Atmos.Terr.Phy., 25, 249,

Proceedings of Second Inter-
nationgl Symp051um on Equatorigl
Aeronomy, 283.

[

N



CHAPTER VII

* 7V\DBIERMINATION OF SIZE AND SHAPE OF TONOSPHERIG IRREGULARITIES
FROM'! FADING RECORDS - | a

N '.'"’A
N

7ol Introduction

| 1.2 Results of analysis of 2.2 and 4.7 Me/s records
T>3 Comparison of the axial ratio and the orientation
;o

Tk Comparison with the results obtained at other low-

latitude statioms ’

"
-
e,

N



4

CHAPTER VIT

) DPTERMINATION OF SIZE AND oHﬁPI oF IORO t’I]’E‘RIC TRREGULARITIES

P B
3

rﬁ“m”fADING RECORDS : N

7§ﬂ= Introduction

The size and shape of the diffraction pattern of

N W

the irregularities over the ground is another important

rarameter. The simplest form of the pattern would be s circle
if the pattern is isometric. Actually, this is rather rare
and hence it is necessary to cdnsider an extension in the

pattern shape. It will be assumed for simplicity thaﬁ the

pattern is an ellipse. o ‘ i

To determine an ellipse completely, three points on
it are required. By this the ma gnitude of the major an&-minor-
axis and the.orientation of the elllpse can be determined.

These three points which lie on the eElipse are called V'

"' vectors and are in three different directions. The method of

ahg;ysis is that of Fook which has been explained in Ghapter V.

, N
The calculation of the major-axis, minor-axis, the
angle of tilt of the major-axis with respect to North, the
axial ratio, etc.were computed by the auto and eross-

correlogreams using IBM 1620 electronic computer,

The notation used for the description is as followss— '
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a represents semi-magor ax1s, b represents seml—mlnor axis
v

dwkT”Qz. represents the orientatlon of the magor axis with

respect to North in clockwise sense,

“ﬁ“ The structure size of the ellipse was chosen so as

to correspond to -the time hlft required to change the value

\ W

of the auto~correlation coefficient to 0:5.

Te2 Results of smalysis of 2.2 and 4.7 Mc/s records

The fading records for five days in a month were
selected for the E and F regions and were subjected t? the
correlation analysis by Fook's method. A few sampie‘fadipg

.records were also analysed. by PhllllpS-Spencer's method for
comparison purposes, | B

The histograms of the axial ratio r for Winter,

. Bquinoxes and Summer are plotted inﬁFig;7.1. In Winter, the

;Rﬁy‘yalues of .axial ratio ranges from 1 to 8 but the significant

| “values range from 1 to 4 only. The most pxobable value\of r
lles between 2 and 2.5 with a mean of 3.12., During Bquinqxial
months the values of r range between 1 and 6 which is less
than in Winter. The most probable values in 2,65, Duriné Summer,
the velues of r are distributed from 1 to 8 and the histogram
ghows consideféble flatness as compared to the other two
seasons. The most probable value ig 3 and the mean value of
r is %.7. We conclude that for the E region %he average axial !

Cratio is a maximum in Summer and minimum in Equinoxes,
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Fig 7@1 Lllsto{rams of the axial ratio for B rcgwn
(2.2 hc/.s mﬂectlons) v .
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In- the case of the P region (Flg 7°L), in all the
}?55“%Wns, the values of r range from 1 to 7o 5 Durlng Winter
and E qu1nox1al months the average values of r are 2.91 and
2{93 respectively. But during Summer,-as in the case of the
E region the histogram is markedly flat as compared to the
other two seasons and the mean value of f is 3.89. In the
P region also, the maximum values of r occur in the Summer

months, and there is no marked difference in the values of

for 2.2 and 4,7 Me/s refTeotlonS.

Another important characteristic of the ellipse is

!
the orientation of the major axis with respect to‘l\Tortb,i

measgsured in clockwise sense « Mg.7.3 shows the polar
£ 1Y

histogram of for different seasons for the E region,
05” Y ‘zunge belween 3260540 Mo’re“]hoﬂ)

In Winter, the valuesizle between 350° and 20°., The g;q?v$
. - }
median value of Yy is 2°, During “Bquinoxes the significant

™ wvalues of- *} renge from 340° to 20° with a median vaWDPJ of

X A

359°, The variation in Summer is similar to that in the
Equinoxes., The annual median value of ¥ for the T region

ig 0.5°,

In the case of the F wregion (Pig.7.4), in Winter
and DLquinoxes, the values of P range between 3%20° and 30°.,
The median values of WV for these two seasons are 1°. In

Summer about 40 % of values range between 350° and 0°. The

_probability of occurance is sbhout 30% in the range of 0°
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Fige7.2 1’Latoglams of axial ratio for F reglon (4.7 r4<,/r- .
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- THUMBA E REGION 2:2 MC/S 1964 . |
3 BT NORTH NORTH _ NORTH NORTH

Flozse®  0° 10° 350" ©° 10° 356° ©° I0°°'350° © ©° 10
} | \ \y’=o.5° I
| _30%—
.20 L2
o~ . \O
N 4
i

WINTER EQUINOXES SUMMER ANNUAL

Fig.7.3 Polar histograms of the oriemtation of the major "
axis of the characteristic ellipse (2.2 Mc/s)

THUMBA F REGION 47 MC/S 1964
NORTH NORTH - NORTH NORTH
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| 20 ] |20
\0
“
WINTER EQUINOXES SUMMER ANNUAL

N
S

FigsT.4 Po:}.ar histograms of the orientat
axis of the characteristics ellipse (4.7 Mc/s)

ion of the magjor.
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_Ato 10° and very few observamions lie beyond ‘these ranges.

Thé ﬁ%dian value of v, for Summer(is 350° &nd the annual

median is 0.5°.
- o o
From this analysis it is concluded that the
irregularities in the E as well as F regions at Thumba are

A\ W

highly field aligned,

The drift direction is preaomlnently Westward, and
hence it is 1mportant to study the nharaeterlstlcs of the
minor-axis of the ellipse b, Fig.7.5 shows the histograms

of b for different seasons for the E region. In all the

,seasons‘tﬁé significant values of b range from 35 metres! to

160 metres. There is no marked seasonal variation in the

distribution of b. The averag values of b for Winter, .

Equ1noxes and Summer are 104 m/s, 110 m/s and 105 m/;

v !
N «:3 i

respectlvely.

; 4in the case of the F region (Fig.7.6), the moast
ﬁ;gbable values of b are 70 metres for Winter and Equinoxes
and the respective mean values of b are 92 metres and 1Qé
metres. During Summer months the most probabie velue of b
has a little higher values (90 netres) as compared to the
other twc seasons and the average velues of b ig 102 metres.
Gomparing the results of b for both regions we conclude that

there is® no conswderable difference between the results for

' ;the E and F regions.,
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To. study the dependence of the semi-minor axis of
?%HEm@llipse on drift speeds and the number of' fades per
second,(N), the average hourly values Sf the above-said
parameters were plotted in Fig.7.T7 and Flg.7.8 for E and F
régions respectively. These plots are made on semi-logarithmiec
graph paper with a log scale. In the case of E region in
general the drift speed increéses with decrease in the value
of b and vice-versa, During the course of the day the semi?
minor axis ranges frqm 9% metres to 145 metres. The variation

of the number of fades per second and b is similar to +that

of drift speed and b, !

" THUMBA E REGION 2-2 MC/S 1964.

07 ® ; e
— @ . @
06 %’. : \0\ /
05 : 9 o )
o . \ig‘-__./
, . ®

0-4 [
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(00

Fig.7.7 Relations between drift speed, semi-minor axis
and the fading rates
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.. Fige7.8 Relations between drift speed, semi-minor axis
‘ and fading rates for the F region

N,
~

In the case of T region (Fig.7,6) the drift speed
attains a maximum of 250 m/s at 11 hr and gradually itf\
decreases till evening‘hours. The variation of b is exactly
in-the opposite séﬁse. At 07 hr the‘value of b is 125 metres
and it grédually decreages and shows a broad minima between
09-11 hr. and thereafter it increases steadily +ill 18 hr.

and attains a—maximum-value of 140 metres. The variation of

t
L

b end the number of fades per second is similar to that of b

ané‘drift speed.
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From the above diseussion it is coneluded that the
géﬁi@minor axis of the chara&keristlc elllpse shows a negative
correlation with drift speed and the fading rgte. Further, the

1esu1ts of & and F regions show a similar type of behaviour.

To lmve a better picture of the interrelation of
drift speed (V'), the fading ﬁate () ané ‘the 1ength“of the
semi-minor axis of the ellipse (b) the mass plot of drift
speed was carried out aéainst the pfoduct of fading rate and
semi-minor axié. These plots are shown in Fig,7.9 and T.10,
for different seasons for the E snd F regiéné respectively.
From the previous discussion, it was concluded that ei)gas b
| increases. Hence to study fhe effeet of b and N on V"ﬁhe
above mass plote have been made. From Fig.7.9, it can be seen
that as V' increases, bN also increases in all the segsons.
Hence the effect of b on V' is considerably less ‘than that
. of N on VY. The same éonclusion can be drawn for all the
“seasons’from the F region results. To test the validit? of

thls conclusion the observations with N values between O 5
“and 0.6 were selected, and the mass plot of the drift speed
and b was carried out (Fig.7.11) for both the regions.
Lffectively in this plot N is held constant. It can be seen
from the diagrem that in both the regions the drift speed is
practically independent of b., Hence it can be concluded that
for both the regions at Thumba, the variations observed in

~ drift speeds are mainly due to variations in the fading raﬁes,
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CPigeT.9 Mass plot of drift speed agpinst N for E regi&n

Fig.7.10 Mage plot of drift speed aguinst bN for F region
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7.3 ”' 'OémpariBOﬂ of the axial ratio and the orientation

© About 30 records were selected and analysed to get

v, 45 of major exis by different methods
the values of 9 and ¥’ by Phillips-Spencer's method. The
6o;fésponding records were also analybed by Fook's method
(Table 1). In Fig.7.12 are shown the mass plot of the tilt
angle obtained by Fook's method and Phillips~$pencer';‘method.
_ Ifrcan be seen from the diagrem that the points show a
considerable scatter. But, in general y/ determined by both
the methods show a positive correlation. When a line is drawn
through these.points'for the best £ip its slope works out to
‘be almost ity 1ndlca$1ng that the values of NY determined
by both the methods are of equal importance.

In Fig.7.13 are shown the mass plot of the axial ratio
9 determined by both the methodgf Except for g very few
7w1points there exists a good linear réiation betweeﬁ the values
) 6# v defermined by both the methods. The line drawn $hrough
these points yields a slope of unity indicating the agreemént

between the two methods. -

Hence it is concluded that, eventhough the approaches

of both the methods are different they give results which agree
fairly well.

7.4 Comparison with the results obtained at other low

latitude stations
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| Table 1

\v" : A
Comparison of axial ratio and tilt angle by Phillips~
Spencer's and Fook's methods ‘

e s oovn i e St s e

Axiel ratio __Tilt angle

9-8-64 0900E

Hour T I I I e S 0

Date Phillips  Fook Phillips Fook
_‘_~_____§f§ffn =Spencer  _ _Spencer .
T=3=64  O730E 1.96 1.84 31 28
21-4-64 0800E 6435 5e53 1 1
21=4=64 OBOOF 37T 2,70 0 ]
- 22=4-64 QT00E 1.96 227 6 T
22-4~64 Q800E 3.50 3,15 9 7
22-4-64 1600F 1.80 2,67 10 -8
29-6=-64 ' O700% 1.91 2.25 39 39
29-6-64 QT00F 3.00 2.74 0 0
29-6~64 0B00E 3,80 3,70 2 7
29-6-64 0Q900E 5.98 6.70 5 3
29-6-64 Q900F 4,50 4.00 90 90
29-6-64  1000E 7.00 5467 0 3
4~T-64 0900L 3476 3491 2 0
31=7=64 0900E 5.13 8.19 1% 12
31=7-64 0900F 8.40 5.16 9 3
51=7-64 1000E 2465 3.03 9 4
B31~T=64 1100 10.00 - 1166 §] i B
31-7-64 1100F 6,00 5.55 ., 0 0
1-8-64 (O700E 2021 2¢25 4 4
. '1=8=64 080QE 2.58 2.46 13 12

1=-8-64 0900F Te33 570 13 8
"1-8-64 1200F 5.69 5,23 16 14
1-8-64 . 1500E 2,60 6.76 22 3
2-8-64 0900E 3460 3.47 5 356
2-8=64 1000E 4.71 4448 9 2
- 2-8-64 1700F 2.71 2,92 3 7
4,53 Te13 1 T

!
i
|

i
i
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il
i
t
|
|
|
i
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1
i




3 157 3

The‘compariéon of the axial ratio 6f the characteristic

'@gse and the orientation of ma3or-axls with respect to North

4

was done with the fgllowing statlons--

v (1) fTamale  0.5°8

(ii) Ibvaden 6.0°5
(1iii) Singapore 17°8 '
(iv) Waltair 19°N
(v) QNairobi 26°S

In the case of equatorial stations there is very little time
shift between the fading records obtained along magnetic N-S
direction. This indicates that the irregularities aré h%ghly
elongated along magnetic N-S direction. Hence it is intéresting
to compare the results obtained by the equatorial and low
latitude stations with that of Thumba results. |

Koster(1)'in 1965 reporté&Athe anisotroéy parameters
” xof the characteristic ellipse for E and F regions. In N
Wcase of B region the axial ratio was found to be 5.5, whleh
1ndicates that at Temele the 1rregu1ar1t1es have a very.large
anisotropy. It was also found that the characteristic Qllipae
was highly field aligned and he reported the tilt of major
axis with respect to North within + %°. The size of the semi-
minor axis ilie. the distence over which the correlation

" function falls 0.5, was found to be 50 metres.

The F region studies made by Koster gave the axial
ratio to be 7 and the orientation angle of the ellipse to be



K 1’58 s

x 0.4° from North. The semi-minor axis of the elllpse was

i fbunﬁ to be 46 metres. . .

\

Sklnner, Hope and Wright( 2) made the studies of the
anlsotropy patterns for E and ¥ regions over Ibadan. The
1rregularit1es were found to be highly enongated along magnetic
N=5 dlrectlon. The axial ratio for E and F regions were found
to be. 5 and 11 respectively and the major-axis of the ellipse |

was fpund to be almost along magietic N-S direction.

- The observations made by Osborne(B) at Singapore
showed an axial ratio of 1.7 in ¥ region, which is considerably

lower than other equatorisal stations., i

‘ The prellminary results obtained by Kellcher and
M1a11(4),for E and F regions, gave an axisl ratio of 3.0 and -
B el respectively. The length of the seml-mlnor axis was found
to be 82 netres and 42 metres for F and F regloné respectively,
'?::About 25 % of observations showed the value of V/ batween

,} 20° of the magnetic N-S direction.

The results obtained at Waltair by Reo end Raold) o
- 8howed an axial ratio of 2,10 for E region. With an average
+t1lt angle of major afis of 3.%6° from North in clockwise

sense,
From the above discussion it can be concluded that,

(i) In the case of E and ¥ regions the irregularitigs !
are elongated slong the magnetic N-8 direction at the \

equatorial stations,



W

equatorial stations,

3"‘:-1
axi

3159

(il) Eventhough Thumba 1s very elose to magnetlc equator,

51 ratios show smaller values as compared to other

!

\Vl(iii) In general the anisotropy is more in F region than

E region.

LD

‘4-0*

‘Koster J.R.

Skinner N.J;,
Hope J. and
Wright R.W,

Osborne B.W.

Kellcher R.F. and

Miall P.

Rao A.S5. and
Rao B.R.
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CHAPTER VIIT

2 g E.g@pT OF MAGNETIC DISTURBANCES ON THE DRIFT.SPEED

SN

81 Introduection |
N i . .

According to the dyname theory, the Sq variation of
the magnetic field observed at the ground is caused by =
current system set up in the étmosphere near the level of +the
E region by the tidal motion of ionised air acrosse the earth's
magnetic lines of forces, Martyn(q) hes given a theory of
tidal movements in the F2 region according to which the drifts
in this region are caused by the S field of the daily magnetie

- variation communicated to the F region from ‘the lower d;namo
region slong the magnetic lines of forces. Thus the drifts of
ionization in the E and ¥ region would be associated. In this

chépter are discussed E gng P reglons drift speeds on

magnetlcallg quiet and disturbed days.

IR
Cod

8.2  Analysis of the © and P region resulte

Fi#e International Quiet days and five Internaf;onal
Disturbed days for each month were taken and the histograms
of drift speeds are obtainsd for the year 1964, The histograms
of the £ region (Fig.8.1) for Quiet and Disturbed.:deys are
very similar to each other, with average values of drift
\speeda of 134 and 435 m/é respectively. Fig.8.2 shows the

" histograms of drifi speeds for Quiet and Disturbed days for.
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Fig.8, :L Hlstﬂbram‘“ of h reglon (2.2 Mc/g) dxli‘t speeds for
five international Quiet and leturbed days in 1964
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P rcgion. Low values of drift Speed are comparatively less
ﬁ?@quent on disturbed days than on qulet dayQ. ‘Although the
histograms for Quiet and disturbed days are slightly different,
}5till the mean value of V' is almost the same, being 150 m/s
for quiet and 150 n/s for disturbed days. Thus comparing the
histograms of drif% 8peed, there seems to be almost no effect
of magnetic activity on the drifts in E or in F regions at

Thumba.,

To investigate further the effeet of msgnetic activity
on drift speed, the relation between V' and daily sun of
magnetic index = K are further studied. All the ayailable
data for each of the months was used. A tabulation of daily
mean drift speeds and the corresponding > K? for each day
was prepared. Then the values of =T Kp were grouped in

-different ranges viz. 0~4, 5-8, 9-12 etc. and thé corfespondlng

.. mean drifi Speeds in each range were found out. These_fesults

S

" were plotted in Flg.B.S and Fig.8.4 for E and F regions

reépectively° In the case of E region the p01nts show a linear
relation indicating that with the increase in the magnetlc
activity index ST K o? the drift speed also increases. The
drift speed correspondlng to Ei K equal to unity is about
130 m/s and it inecreases to 150 m/s for the value of ji.K

requal to 34. Thus there is an average gradient of 0.6 m/a/fgf K .
In the case of F region also the points show a fairly 1¢near ﬁ'

" relationship. Hence in the F region also, the drift speed E |

inecreases with the increase in magnetic activity, from 150 m/s



5

- uoT8ex § I0I peeds AITID DUR QMN

z¢ 8z bz 0Z 9l & 8

&

- 961 S/OW 2-Z NOI93Y 3 VEWNHL

- usengeq UOTYBTOY - £°8°914

ozl

OSi

s/W (A) 433dS L41u@



A

moﬂwuu g mca @mmmm Pw,npd puB onmw mweapmcr &oﬂpmamm ﬁow.wﬂh .

| = S |
82 vz o0z 91 N,m_:,m.

: m

| L 1 )

08I

~ 'P961 S/OW L-t NOI93d 4 VEWNHL

09l

00z

S/W (A) a33ds 14w



is about two times that of E region,

T\s.,
N :

E 16% ¢ -

Ty o 195 m/é, and the correspanding 1ncrease in 2. Kp is from

4“‘**'-#
10 34. This gives an average gradient of 1.3 n/s/ §:_K which

- The tabulation of daily mean drif+ speeds and the

corresponding S Kp was analysed in a different way. This time

the drift speed was classified into different groups viz.

| 61-80, 81-100, 101-120 m/s etc. and the corresponding mean .

values of > Kp were calculatgd for each ranges. Fig.8.5 and
Fig.8.6 show the plots of this analysis for E and F regions
respectively. In the case of E région, days with higher dfift
speed are also dayd with higher T K, when the drift speed
is below about 150 m/s, beyond which the curve gets into
saturatlon indicating that bhigher higher values of drift speeds
are independent of ELZKP. Thersame type of v%riation is
observed in F region also. With inerease in fhendrift speed

= Kp also increases upto a value of 120 m/s then t@e curve

;gets into saturation for the value of p Kp equal to 15.

In general it is concluded that drift speed increases
with the magnetic activity in both the regions of the

ionosphere,

Be3 Comparison of the Thumba results with those of Waltair

The variation of drift speed with the magnetic index
has been studied by Rao and Rao(z) for E and F regions of
Waltair for June 1960, to December 1961. The drift speeds were
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3&cdmputed'by the simiiar fade method for 240 fading records
Foad - U
) and: the average values were obtained for different X indices.

Fig.8.7 shows this plot for E and F regions. In the case of E

' region the plots reveal a feirly linear relation between the

\drift speed and the K indéx. The value of drift speed
,incréases from about 75 m/s to about i15 m/s, forafhe
corresponding increase of K index from 1 to 7 for E region.
This gives a gradienf of 6,6 m/s . For Thumba the mean
~gradient for E region is 6.6 m/s/K.

For F regien,}Waltaii does nct show any clear

i
I

relation between drift speed and magnetic index K.
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