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A SYSTEM FOR RECORDING PHASE PATH YARIATIDNS OF
IONOSPHERIC REFLECTIONS
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AbstFant

An exporlmental sot-up developod {or contlhuous recording of tho phase path varlations
of raflections ot normal Incidence from dlscrate raglons of Lhe terroatrial lonosphets s
dosoribed. Gallent leaturea of Lhe system doslgn and herdwore Implementation of the
samae are prosented. The phass path sounder, whiloh Is currently operatod on a probing
fraquenay of 3.0°MHz ot tho Kodalkonal Obsarvalory, comprises af a brondband tranamittar,
phase coharont recslver(s), fraquancy oynihosleer, timlng and laglo clroults and analog
regording faclilties. Typlecel footures of the pheas path varlatlons of teflaotlons from
lonasphorlo F-roglon over Kodaelkonol rerived lrom recent dota runs are disoussad and

tho reagurcafulneas of the sysiem f{or diagnoatic sludivus of tho equotorial lonosphers Is

outlinad.

Koy wordst lonosphere - phase peth - travelling lonesphario dlaturbanoes (TI1Da)

1. Introduction

Structures or irreguilarities of distinct
categories are well known to exist 1in the
plasma density 1in the earth's {onosphere.
A variety of radio techniques have bean used
ovar the past three decades to study the
characteristics and horizontal movements
of the wavelike 1irregularities in the plasma
density known as 'travelling {onospheric
disturbances' (TIDs). It 1s geperally accepted
that TIDs correspond to.disturbances 1n the
neutral gas associated with the passage of
atmospheric gravity waves 1n the 1{onosphere
(Yeh and L1y, 1974; Francis, 1975). Most
aof the published work on TIDs pertains to
TID's observed at high and midlatitudes.

evidence for
locations 1n the

Although recent studies glve
the presence of TIDs at
vicinity of the dip equator (Sterling et
al. 1971; Nagpal, 1977) Sastri and Murthy,
1977; Rottger, 1977; Somayajulu, et al. 1980),
thare 1s a dearth bf detailed {information
on such TIDs. There 1s thus a definite need
for continued studies of TIDs at very 1low
dip latitudes for a comprehensive understanding
of thelr nature and source(s). Recent work
showed that medium scale TIDs strongly effect
ground-based ohservations of decametric radio
emission from extraterrestrial sources {Meyer-
Vernet, 1980). The effects are observed
as caustic patterns in the dynamic spectra
of solar decametric radic emission (Meyer-
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Vernet, et al, 198l; Genova and Aubier, 1983} .
Detailed information on equatorial TIDs will
thus be useful in modelling and assessing
the terrestrial ionospheric component
in the data obtained with our decameter-wave

radio telescope at Gauribidanur (13°36'N,

77°26'E).

Recording the changes in the phase path
of pulsed radio waves refiected at vertical
or near vertical incidence from the ionosphere
is one of the very sensitive techniques availa-
bile for the detection and study of TIDs and
has been extensively used (Reddi and Rao,
1971; Srivastava et al. 1971a; Vincent, 1972;
Butcher and Joyner, 1972; Schrader and Fraser,
1975). In most of the phase path sounders
developed earlier (e.g. Reddi and Rao, 1967;
" Srivastava et al. 1971b} the phase of the

ionospheric signal is compared in the receiver’

at intermediate frequency (IF) against that
of a stable reference oscillator of a frequency
differing from IF by about 20 KHz. The refer-
ence oscillator is triggered by the transmitter
pulse and 1is thus phase coherent with it,
The beat pattern across the width of the
ionospheric echo is shaped and displayed
on an oscilloscope for recording the movement
of the beat maxima and hence phase path changes,
as a fringe pattern of sloping lines on photo-
graphic film. Even though this widely used
arrangement gives useful information on TIDs
it suffers from some drawbacks. The major
ones, in our opinion, are the kequirement
of an elaborate oscilloscope display system
for recording and the undesirable susceptibi-
lity of the beat pattern across the width
of the echo to interference effects which
cause very frequent jumps or discontinuities
in phase path records espec1a11y' of E-region
reflections. This Tatter lacuna renders
a major chunk (more than 50 percent) of the
data useless for analysis (Reddi, 1969; Schrader
‘and Fraser, 1975). We have developed a phase

path recording system that relies on coherent

detection and enables continuous vecording
of the phase path changes of reflections
from discrete regions of the 1lonosphere on

strip charts.
ion 1is now widely used
to measure changes in phase path
of arrival of pulsed HF ref lected
from the ionosphere {Balan, et ai. 197%
Reddi, et al. 1980). The system is 1in opera-
tion since May 1983 at the Solar-Terrestrial

The concept of coherent detect-
in systems designed
and angle
signals

Relationships Laboratory of the institute
at Kodaikamal Observatory {dip 3.5°N). in
this paper, we present the design Teatures

of the experimental setup and hardware details
of 1ts constituent wunits. Preliminary resulls
concerning the nature of the phase path varia-
tions of reflections from F-region, ghtained
from the first few months of recording arc
presented. The scope for augmenting the
capabilities of the system for detailed studies
of the wvarious aspects of the equatorial
jonosphere is also discussed.

2. The System Design

The schematic diagram of the experimenta)
set-up is shown in Fig.l. A Dbroadband pulse
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Fig. 1.  Block dlagram of the phase path recording

system.

transmitter of (-4 type radiates 100 n sec
pulses at a repetition rate of 50 Hz with
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paak power of about 2 KW.. A carrier frequency
(f) of 5.0 Miz 1s currently being usad although
the system can be operated on any frequency
in the range 2-20 MHz. A Tow level keyer
pulse apnd a pulsed rf signal of 5V peak-to-
petk generated 1in a frequency synthesiser
unit, te be described at a Jlater stage 1in
this secticn, serve as inputs to the transmitt-
ar. The pulsed rf after reflection 1in the
ionosphere 1s received by a half-wave horizon-
tal dipole antenna, and 1ts balanced output
is coupled to the wunbalanced input of the
preamplifier unit of the receiver through
a 1t1 balun. The recelver which 1s a phase
coherent one, consists of a conventional
mixer and an IF amplifier the IF being 500
KHz, The local oscillator frequency (f+500
KHz) for the mixer 1s also generated in the
frequency synthesiser wentioned above and
1s fed to the receiver. The local oscillator
signal 1s phase coherent with the transmitter
frequency. 2 MHz TTL pulses which are also
generated 1in the frequency synthasiser unit
are fed to the racelver where they are frecuen-
cy divided to yield two square outputs in
phase quadrature at 500 KHz. The signal
IF 1n the receiver 1s then phase compared
against these reference 1F signals 1in two
seperate phase detectors ({see  block diagram
of receiver in Fig.l). The outputs of the
two phase detectors are separately amplified
and band 1mited using low pass active filters.
A gate pulse of 10 u sec width occuring at
a repetition rate of 50 Hz whose delay w.r.t.
to the transmitter pulse can be varried 1is
also generated in the frequency synthesiser,
and 1s fed to the receiver to activate the
sample and hold (S/H) circuits 1in the two
quadrature channels. The filtered outputs
in the quadrature chanrells are thus sampled
and held for a period of 20 ms. From the
quadature channel outputs (A Cos ¢ , A 5in
¢) of the receiver raecorded on strip chart,

the instantaneous amplitude (A) and the carrier
phase (9) and their time variations can be
tomputed. By selecting tha time delay of
the gate, pulse phase path variations corres-
ponding to specific altitude regions 1in the
ionosphere can be recorded and studied.
It 1s pertinent to mention here that the
system does not permit the determination
of the absolute values of the phase path
in view of the initial 2nx ambiguity in the
measured phase angle, which 1s a basic Tmit-
ation of the phase path technique.

The stable frequenclies required for
transmitter and recelver 1injection and for
various timing circuits are a1l generated

synchronously from a single 10 MHz
osci1lator

crystal
in the frequency synthesiser umit
which thus constitutes the heart of the system
The alternative arrangement of feeding the
transmitter and receiver from two’ independent
frequency sources and maintain an acceptable
level of phase coherence of the received
signals requires frequency standards with
an stabilty of better than 1 part in 109.
Such sources &although avallable commercially
are quite expensive and hence this possibility
is not explored. The 10 MHz crystal osciilator
used here has a 1long term stability better
than 1 part in 10% and & short term stabi 1ty
an order of magnitude more and 1s thus quite
adequate to maintain phase coharence of the
signals, as the transmitter
frequenclas are phase locked. We hava adopted
the direct method of frequency synthasis
where in a seguence of arithmatical operations
are performed on +the reference frequency
to generate the various other required frequen-
cles. This 1s preferred to the indirect
technique of using a voltage controlled oscill-
ator (VCO) 'phase locked to the reference
signal because (a) it permits finer resolution
and greater spectral purity 1in the output

and recelver
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and (b} it's stability fis
with that of the reference freguency,

Tinked
unlike
in the indirect technique where the stability
of VCO and the bandwidth of the phase Tlock
loop [PLL) alse influence the output.

directly

The block diagram of the frequency synthe-

siser is shown in Fig.,2. The various frequen-
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Fig. 2. Block diagram of the frequency synthesiser
and selective delay pulse genersator.
cies required for the individual units of

the system are derived from the 10 MHz master
oscillator by doing the standard operations
of frequency division, mixing,
and adopting digital

as follows.

fittering
logic. The scheme is
The output of the 10 MHz crystal
oscillator is frequency divided ta get 5
MHz, 2 MHz, 500 KHz, 500 Hz and 50 Hz. the
500 Hz and 50 Hz TTL pulses are used in conjun-
ction with logic gates to generate the negative
pulse for the transmitter Keyer unit and
the positive pulse for the delay gate pu]sé
generator, Both the pulses are of 100 u

sec duration with a repetition rate of 50
Hz and occur at the same time. The CW carrier
frequency of 5.0 Miz for the transmitter
is generated by filtering the 5.0 MHz square
waves from the decade scaler chain, The
CW 5.5 Miz L.0 signal for receiver injection
is derived by mixing the 5.0 MHz and 500
KHz squares and filtering the output, The
filtered output is anplified and is fed to

to the receiver through an attenuator, i
conventional four decade counter comparator
is used to generate the delay gate pulse
of 10 u  sec width for activiating the S/
circuits in the receiver. The 100 n  see
positive transmitter pulse and the 100 KHz
pulses from the decade scaler chain sorve
as the initiating pulse and clock pulses

respectively for the counter comparator logic.

Although
quadrature

strip chart recording of the

outputs of the receiver

evaluation of the

permnits
phase path variations to
an accuracy of about 15°,
of the data laborious and highly
time consuming particularly when  data  aro
to be reduced on a routine
run typically spans about 3 howrs and  the
chart speed used is 10 cm/min, The Hmitation
of the manual scaling of data is Lhus obvious.
To overcome this, a simple
been developed in the first instance which
enables strip chart recording of the phasi
path changes in units of 2% radians (a wave-
length of the operating frequency) For case
of scaling the data. The Tlogic schome, the
block diagram of which s shown in Fig.l,
essentially identifies the 2nw (n is an into-
ger, positive or
using both the

the manual scaling
becomes

hasis, A dala

togic scheme  has

negative) phase condition

quadrature oubpuls of  the

receiver and gives out a positive {negative)

spike when the phase angle i increasiog
{decreasing) through  2nw The quadrature
outputs are fed to two comparators and the

comparator to which the SINE channel is fod
is referenced to ground. The comparator
to which the COSINE channel is Fed is howevor
referenced to a positive d.c. veltage about
70 percent of the maximum expected amp 1itude

S0 much so, each time the phase angle of
the received signal s close to nw o, the
comparator A gives a positive gate pulse

for the duration when. the input to it exceeds
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the reference level. The comparator B, on
the otherhand, gives a wide positive pulse
. of width aqual to the time interval when
A'S1n¢ is positive (2Zm < ¢4 < (2n+l)w}, which
after differentiation yields a positive (nega-
tive) going Spike when the - phase angle is
equal fo. 2nn and A Sin ¢ swings through zero
from negative to positive (positive to negative)
The analog gate allows the spike output of
the - SINE chunne] to pass through only when
1t occurs  in coinc1dance with a gate pulse
in. the COSINE channe], a situation that corres-
pqnds to the phase angle around 2nx as may
‘be " seen from the wavaforms 11lustrated 1n
Fig:3(a). The output recorded on a. centre
.2ero strip chart . recorder will thus be a
series of positive and negative spikes, the
positive (naggitWe) -spike indicating a phase

z /\ ----- T

Wavelorms of Lhe - lagle achame lor
reaarding phdse path chenges in unlls
of 21 radinns. .

Fig. 3n).'

path . increase (decﬁease) by 2n radians.
The inferred changes in phase path are practi-
cally Insensitive .to amplitude changes as
the 27 condition is identified from the changes
i both the SINE and COSINE outputs.  The
logit has been axtens1v.elly tested under actual

operational conditions and was found to give

relliable data as may be secen from the portion
of a test record reproduced. in Fig.3(b).
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The reference level for the comparator in
the éQSINE channel s Judi':‘:.iny"sw.‘ chosen
on indiyidual occasions to minimise the ,.errors
due to fading. .

3. The Electronics Design
3.1. Transmitter {Tx)

The pulse -Llransmitter unit rigged up
1s a convéntmrjal. master osclllator power
amp Hfier (MOPA) arrangement with associated

power supplies, It consists of a keyer section

and a rf section comprising of a three stage

preamp 11fier, an intermediate ampiifier and
a final power amplifier (see Fig.l). In
the keyer section, the negative TTL - keyer

pulse from the frequency synthesiser is boost-
ed in a three stage amplifier employing GSN7
and 6J5 tubes, and 1ts positive pulse output
s fed to .a string of flve cathade followers
madeup of 6L6 tubes. The outputs of the
cathode follmers are fed to the varlous
amp 1ifier stages of the transmitter 1.e.
the "amplifiars are all keyed to the transmitter
pulse and operate only for the puise duration.
The pulsed rf signal of 5Y pesk to peak 1s
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amplified in a three stage preamplifier compri-
sing of 6AG7 and 3E29 tubes. The first stage
of this preamplifier is however not keyed.
The amplified rf pulsed output of the preampli-

fier is fed to the 1intermediate amplifier
the output of which in turn is capacitatively
coupled to the final power amplifier. Eimac
4PR60B tubes are wused for both the interme-
diate and final power amplifier stages.
The final power amplifier 1is a push-pull
configuration the balanced output of which

is capacitatively coupled to the transmitting
antenna through an open parallel wire feeder
of 600Q impedance. The transmitting antenna
is a horizontal three element folded dipole
at a height of A /4 from the ground. The
transmitter requires unregulated d.c. voltages
of +4KV, +2.5KV, +1KV and -600V and regulated
voltages of +600V and +250V.
power supplies
make. The

The regulated
used here are of
unregulated power

commercial
supplies have
been rigged up in our laboratory using standard
circuits adopting either electron tubes (3B24,
836) or semi-conductor diodes (ERIE XE-50)
as rectifier elements. A1l the high voltage

components (e.g. capacitors) wused in the
transmitter units are of indigenous origin.
A1l the rf coils used in the Tx unit are

of air core type and are wound in our labora-
tory.

3.2. Receiver (RX)

The phase coherent receiver incorporated
in the experimental set-up is a general purpose
commercial wunit that enables
of the phase of the carrier signal (frequency
2-20 MHz)
to any reference oscillator.
does not contain any internal local oscillator
and the selection of the operating frequency
of the receiver is made by feeding
appropriate local
The unit also needs from an external source

measurement

fed to the receiver with respect
The receiver

in the

oscillator frequency.

2 MHz TTL pulses for phase detection at IF
(see Fig.l). is built up of
solid state electronic devices and is supplied
in two sub-units:

The receiver

the front end preamplifier
and the tail end receiver module. The preampl-
ifier unit 1is housed in a weather proof box
and mounted on the support pole of the recei-

ving antenna. RG 8A/U co-axial cable is
used for carrying the rf output of the preampli-
fier to the receiver module and also the
+15V d.c. from the Tlatter to the former.
To compensate for changes in the input signal
level to the receiver due to changing iono-
spheric conditions, a 10-position front-panel
controlled attenuator is incorporated before
the mixer to provide attenuation from O :to
40 db in steps of 5 db. The IF bandwidth
of the receiver is 40 KHz and is thus wide
enough to handle pulses of 50u
and Targer. The over-all gain is 100 db
(max). The d.c. Tlevel of the quadrature,
channel outputs is O to 10 V and can be adjust-
ed by frontpanel

sec width

mounted potentiometers..

Provision is also available to check for
the presence of d.c. off-sets in the quadrature
channel outputs and to null them. The 1input

and output impedances are 50Q . The receiver

requires vregulated supply voltages of =+ 15V

(dual) which are fed from commercial units.
3.3. Frequency Synthesiser

Solid state hardware (IC chips and

transistors) is exclusively used for the freque-
ncy synthesiser which
circuit cards.
the 10 Mz oscillator, frequency
dividers and the logic gates for the generation
of the negative and positive Tx pulses. The
detailed circuit arrangement is shown in
Fig.4. 7437 quadruple 2-input NAND = buffer
is used as 10 MHz master oscillator with
the mounted crystal in its

is wired on 3 printed
The first card accommodates
crystal

feedback loop
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Flg. 4.

Clreult dlagram of tho
osalllator,
mitter rf

10 MHz corystas
Irequeanay dividers and Lrane-
and keyer pulss gensrators.

ind the output of which is fed to a string
f 7490 decade counters. Pulsa trains with
'requencies of 5.0 MHz and 500 KHz required
‘or synthesising the drive frequency for
he Tx and L.0. for the Rx are taken through

louble 1nverters (7404) from appropriate
woints of the divider chain. 7410 triple
nput NAND gates are used 1in associatfon

1th the last two decade scalers of the divider
hain to genarate the negative and pos‘tiva
ulses to 100 u sec width and 50 Hz repeti-
ion frequency. The delay gate pulse genera-
or, the circult of which is given 1n Flg.5,
s wired on the second card. 7485 4-bit magni-

ig. 5.

Circult dlagram of tha delay gele pulen
ganeralar.

ude comparators.
¥76 J-K flip-flops
ite constitute the

7490 decade cdunters,
‘and 7402 2-input NOR
hardware used. for the

21

legic designed to generate the gate puises
of 10 u sec width. After the counter 1s
init1ated by the positive Tx pulse, the compa-
rator output will go high once the two counts

match. The high comparator output enables
the next pulse to 1initialise the counter
and also increment the counter producing

mismatch between the two counts.
the comparator owtput to go low and thus
generates pulses of 10pn sec width.  Four
thumb-wheel switches together with 7404 inver-
ters generate the programme of delay for
the 5/H gate pulse.

The 5.0 MHz and 5.5 MHz (L.0.) signal
generators are wired on the third card.
The circuit diagrams are shown 1n Fig.6.

This renders

Flg. 6. Clreull diogeam of (A) carrler frequancy
{B8) locel oscllilaiar [froquenocy ,qenerators
and {C) loyle laor recording phase peth

changos In wavolengih {A } unlte.

The 5.0 Mz square waves are filtered 1n
a Buttermorth filter to yleld a 5.0 MHz CW
signal free from higher harmonics, - and the

-output 1s taken through a current amp 1ifier

stage employing 2N 2219A transistor.  The
IOOu sec negat1ve Tx pu]sa is used to pulse
modulate tha carrier signal. - A 2N 708 transis-
tor is used to mik-the 5.0 MHz and 500 KHz
square waves and the mixer output 1s -filtered
in 2 .3-section Butterworth filter to remove
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all frequency components above and below
5.5 MHz. The filtered output 1s amplified
in a tuned amplifier stage wusing 2N 2219A

transistor and is fed fto the receiver through
an attenvator.

3.4. Logic for Inferring Phase Path Changes

The circuit diagram of the
adopted to
phase path

logic scheme
sense and vrecord the changes in
in units of is shawn
in Fig. B(C) and is wired on a separate card
which is also mounted in the frequency synthe-
siser unit. The voltage comparators used
are LM 311 chips and the analog gate used
is the Siliconix DG 181 chip. wuw A741 1linear
operational amplifier and 7404 iaverter are
the other hardware useo in the Jogic schene.
A1l digital 1I1.C. aperated with
& regulated supply of +5Y and all transistors
and linear 1C's with 215V (dual)
from commercial units.

Zn radians

chips are

4. Observations and Discussion

The sounder is operated regularly during
‘day light hours for about 4 hrs a day and
phase  path data are being accumuiated under
diverse idonospheric conditions. The sounding
schedules are restricted to day time in the
first instance because the frequency of occur-
rence of TIDs is quite high during day time
than during night; We present in this section
a -hrief account of the general features of
the phase path variations of F-region reflect-
ions noticed in the first few months of data
'acquisition.' . The procédures for
and data reduction are as follows. The quadra-
ture outputs  (before S/H circuits) of the
receiver are monitored on a dual beam oscillo-
scope and- the rf atisznuation is
as to . give an

recording

adjusted so
output of about "V in both
The channel oukputs’ are also
f;hgcked for the preéén;e- of d.c. off-set.

the channels,

derived:

‘on theoretical grounds,

The delay of the S/H gate puise 1s adjusted
to select the altitude region of interest
and is made to coincide with the ionospheric

echo maximum, Monitoring of the channel
outputs is continued throughout each data
run to observe and record the prevailing

ionospheric conditions and to make adjustments
of the rf attenuation and gate pulse delay,
if required. The data are scaled by simply
total (each
pulse corresponding to a phase path change
of 1 ) that occurred during time intervals
of 30 sec., intu account the sign of
the pulses,

counting the number of pulses

taking
The cumulative sum of the phase
path changes in successive 30 sec
is then taken as the temporal
phase path,

intervals
variation of

Following the above analysis procedure,
found that the phase path variation
of F-region reflections on 5.0 MHz {trueheight

it s

of reflection around 190 km) at Kodaikanal
consistently shows a general decrease in
the forencon period and a general increase

in the afternoon period, as may be seen from
the typical examples presented 1in Fig.7.
The magnitude of the steady decrease (increase)

in the forenoon (afternoon) hours is noticed
te “undergo considerable changes from day-
to-day. The steady components in the temparal

variation of phase path can be attributed,

to the diurnai changes
in the true height of reflection and/or changes
in the electron density profile below the .
ref lection level with the solar zenith angle.
It is also to be noted that besides production
and loss of ionization due to photoionization
and recombination processes,' there are other
vertical drifts which’
can affect the electron density at all Jevels
in the ionosphere, The vertical drift ‘is‘.
particularly ‘important at lJow dip latitudes.
Ray tracing ‘and modelling studies based. on .

mechanisms such as
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Flg- 7. Variatlon of phaso path {F) wilh tlimo

of reflectlon from F-reglon over Kodal-
kanal durlng prenoon end postnoun houra.
Also shown aoro tho plots of the 5-point
running means of phase path change
(AP) per 30 sac versus Lime.

Jocal electron density profiles are needed
to assess the relative contributions of the
various machanisms to the steady components
and their day-to-day variability. As we
have the C-3 ionosonde and La cour magnetogram
facilitigs at Kodaikanal, this work will
be attempted as soon as adequate data is
acquired. 1t 1s also noticed that superposad
on the steadily decrsasing (increasing) phase
path in the forencon (afternaon) hours, small
scale oscillations 1in phase path 1invariably
manifest as may be seen from the typlcal
data presented in Fig.7. To bring out thase
smalle scale parturbations
phase path (P) versus time curve is different-
fated and 5-point running averages of the
phase path change (AP) per unit time (30
sec) are evaluated and plotted. The running
‘mean values of AP are als subjected to spec-
tral analysis using the maximm entropy method
(MEM) to infer the spectral content of the
small scale fluctuations. The Jlength of
the prediction error filter _(PEF) is .taken

wore clearly, the .

as 25 percent of the sample length in computing
the frequency spectrum of AP adopting the
algorithm of Radoski et al. (1975). The
results of these operations with thea data
recorded so far demonstrated that wavelike
distortions 1n phase path with peak-to-peak
amplitudes of 5-10 a (300-600 metres) and
pericds in the range 5-20 min occur with
reflections from ‘tower thermosphere 1in the
vicinity of the dip equator. This featurs
may be seen from Figs 7 and 8 when 1in the

ity
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plots and frequency spectra of AP corres'ponding
to the typical data of fig.7 are prasented,
The fraquency spectra of AP also exhibit
an 1interesting property- namely, an incraase:

~in ‘the amplitude of the- pérturbaﬂons with
~their

pariod. The 'peak-to-peak ufpl‘ltude
and dominant periods of tha_'f'luctuations
:are; however, found to vur_y_frnu.orie day
to another. These results, a]thou'tjh pre liml-

nary, are the first ones of theﬂ-_Hnd chtained
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in the Indian electrojet region. The obsarved
eanll scale quasi-perfodic fluctuations in
phase path are attributed to atmospheric
grayity waves since thelir dominant wave
periods fall well within the expected frequency
spectrum of gravity waves at F-region altitudes
and they exhibit one of the characteristics
of gravity waves namely, the increase of
amp litude with 1increase in period of the
wave,

Basides as a tool for the detection
and study of TIDs, the phase path sounder
. can profitably be used for other {onospheric
1nvéstigat10ns because of the excellent tempo-
ral resolution it offers, and its inherent
capabi lity to' measure even esxtremely small
variations in phase path. For example, the
rapid changes 1in the 1onosphere that occur
in association with geophysical events like
solar flares, solar eclipses, geomagnetic
sudden compencesents and geomagnetic micropul-
sations can be studied. The scope of investi-
gations can slso be widened by augmenting
the basic system described here with addition
fac111t1es Some feasible configurations

wh1ch will be taken up for develnpment shortly -

are outlined 1in the following. Recording
of phase path variations with a single recei-
ving antenna gives only a Mmited information
on TIDs. (wave period and amplitude). The
phase path sounder, 1f operated with a set
of " three recelving antennae -situated at - the
© corners of & right angled 1s0sce less triangte,
will yiéld additional information  such as
the speed and direction of propagation of
TIDs, and will help to gain an insight -into
the possible source(s) of TIDs.  Simltaneous
record1ng of the phase path var‘iutions of
r'eflect1ons from d1fferent altitude reglons,
which can - be. dona by dupTicating some of
the exist‘lng c1rcu1try. during phenomena.
11kg hlankeﬂng sporadic- -E(Egp). and equatorial

sprendF (ESF) can lead to a ‘better under--

standing of tha dynamics and structure of
the 1onosphere, The experimental set-up
can also be developed as a phased array synth-
etic aperture system of spaced antennas to_
measure the direction of arrival of ionospheric
ref lections with an accuracy better than
1° {Balan et al, 1979). It 1s to be emphasised
in this context that as the basic system
is augmented and operated with multiserial
and/or nultihgight facilities, the number
of strip chart data channels will 1increase
manyfold leading to data hand1ing and analysis
problems. To cope up with these, a digital
tape recording facility needs to be developed.

Digital recording also helps to realise the
intrinsic capability of the system to measure
phase path changes with an accuracy of about
15°, The - quadrature channel arrangemsent
of the phase coherent receiver used rendars
the present system readily adoptable for
digital tape recording and computer processing.
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