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STATEMENT

| f’ThGIWOTk presented in this thesis is-based on the results
obtained‘erm the roéket:Eorne.Langmuir'probe and plasma noise
probe studies cver Thumba near gecmagnetic equator, WorkingA
under the guidance of Frof.V.k.Sarahtrei and Prof.Satya Prakash
at the Physical ResearchlLaboratory, the author was responsible
fcr the design and develcopment of the plasma ncise probe that
was émployed to study the fluctuations in Lengmuir probe current
which is termeé as plasma neise in the thesis. The necessary
telemetry system which incluﬂeé subcarrier oscillators and band
rass filters as per I.R.I.G, specifications was developéd by
the authcr, &4 SPectfum_analyser was alsc developed to study
the spectrum of the observed rlasmo noise, The author also

made improvemente in the Langmuir probe system..

The author took active part in extensive testing and
- checking of the langmuir rro.e and plasma noise probe system
prior te launching. He was alsc responsible for'analysing

the data and interpreting the experimental results,

The Langmuir probe was employed to determine the electron
density and electron temperature while the plasme noise probe
was used to study the Langmuir probe current fluctuations with-
amplitudes as low as 0,05% in the frequency range 70 Hé to 1 KHz,
Fluctuations with frequencies less fhan 70 Hz can be studied
Cirectly from the telemetry record of the Langmuir probe current.
These measurements of ionospheric‘irregularities have been inter-

preted in terms of processes taking place in the eQuatorial



IT

‘ipnosrhere. Many conclusive results have come out from the

ne caant Study .

’

The results presented in the thesis contain probably

(%

g

the first in situ measurements of equatorial E region
ifregularities with scale sizes of the order of & few
meters. They also contain probably the first systematic
in-situ meesurements of disturbances created in the medium’
by & moving rocket. It is believed that ion acoustic
waveb are generated in the wake of a vehicle moving fhroughi“
the ionosphere, but so far no in-situ. measurements were
aveilable., The present results therefore provide fresh
insights into plas me instalilities in the equatorial

ionesrhere and the disturbances procuced by the rocket,
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Prof.V.4,%ral bai . 8.P.Gupta
Director : Autlor
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CHAPTER - I

INTRODUCTION

The equatorial ionosphere has many characteristic
features some of which arise due t§ thé.presence'bf the earths
magnetic field Which.is ﬁearly horizontal. The author has
~ studied some of the special featuraséf lower region of the

equatorial lonosphere i.,e upto 180 kms,.

The lower lonosphere is mainly due'tovthe iénisation
of the neutral particles through ultraviolet radiations, X~rays
and pariicle radiations from the sun and the cosmic' rays.

Near the -equator only particles with energies greater than

15 Bev can reach the lower ionosphere and hence the equétorial
ionosphere is mainly due to ultraviolet radiations and X-rays

from the sun, This makes the interpretation of the phenomena

occurring near the equator much easler than that at high

latitude,

The interaction of chafged particles with the hori-
- zontal magnetic field leads to .various geomagnetic.and iono-
spheric phenomena, unique to this region, The enhanced
conductivity at 100vkm associated with the special magnétic'
fiéld configuratiorn at the equator results in a strong}dayw
time equatorial electregjet current, BEven during night time
when‘eiectron density 1s comparatively very small a weak
current floWé in the reverse direction, In the equatorial

E-region we encounter,various‘types of plasma instabilities



_ Which are dlffiCU1t to 51mu] este in the laboratory. This
reglon can be effectlvely used to study some of the plasma

instabilities not yet detected and explored.

The author has carriod out a study of equatorial D
and E reglons over Thumba using a modified langmuir probe.
A plasma noise probe was developed to make in situ measure-
ments of irregularities of sizes as low as 1,0 meter in the
D and B reglons of the ionosphere, Amplitudes as low as
0,05% were measured for small scale irregularities in the
renge 1 meter to 15 meters. This enables the study of irre-
gularities spectrum, Some of these irregularities in scale
: size of 3 meters have been studied by other workers using

backscatter techniques at Jicamerca, Peru, near the magnetic

equator,

The following describessome of the important féaturesv

of the lower ionosPhere near’the_vicinity of the equator,

1.1 The equatorial D region: It is usually considered

the lowest portion of the ionosphere and ranges in altitude.
from about 50 tc 85 km., The region below 60vkm is sometimes
called the C reglon because of its cosmic ray origin., Over
eQuator the C region is almost absent due to a large réduction
1n the high energy particle flux. In the D region the motién
of the électrons 1s dominated by collisions with neutral
particles giﬁing rise to a large radiowave absorption., This

absorption provides a powerful tool for meking measurements
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éf the D.fegién electron*density by radiowave technique. It
18 generally believed that dﬁring Solar quiét reriod thé '
ionisation in the D region is grbduéed due to ionisation of
nitric oxide by Lyman alpha (1216 E)  However, during
periods of increused solar activity the flux of kilec volt
A-rays (2-8 A) increases by an order of magnltULe while the
Lyman alpha flux remains essentially conskant. Above some
level of activity it can be expected that the production of
D region ionisation by solar Z-rays will exc=9d the Lyman
alpha nitric oxide contrlbution. Lt any glven time however
it is difficult to evaluate the relative 1mfortance of these

two lonising sources because the-nltrlc oxide concentration

is not known with certain ty,

1.1.1 D-region irregularities: D region irregularities

have been observed by Clemsha (1963) during day light hours.
&s the neutral density is very large compared to electron
density the dyﬁamical properties of D region irrégplarities
are governed By the’métion-of neutral constituents, Clemshe
has observed that between 80 to 90 knm altitude reglon there
1s no tendency for field alignment while there 1s a slight
tendency for field aligmment above 90 km. Theue 1rregUlari~.

ties are discussed in detail in the Chapter II,

_},2 The day time equatorial E region: _The E tegion

extends from 85 to 150 km, Unlike D region;the:radio wave

absorption in this region is low as the colligion frequency
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of electrén with neutfalo*is mall In E~regioh the electron
density follows closely the (cos 7“)2 law where 7~ is the

solar zenith angle and is called a Chapman layer.

Tbé equatorial Ellayer is similar to that of temper-
ate latitude E region except the preéence of electrojet
current, The electrojet gives rise to irregularities which -
are not observed in the mid-latitudes, These irregularities
afe responsible for non blanketing type equatorial Es (Bowles

and Cohen 1962).

1.2.1 The night time equatorial E region: During the

.night time the E region electron density as high as 104 ele/ce
have been observed both over the coast of Peru (Aikin aﬁd
‘Blumle, 1968) and over Thumba (Satya Prakash et al 1970) in
the height range 95 to 115 km. A4 valley in,lZO km region
with electron density around 102- 103 ele/cc has also been
observed; Such high electron densities around 100 km can't

~ be explalned on the basis of scattered Lyman < and Lyman /3

radiations (Ogawa et al 1964),

1.3 . The equatorial electrojet: The equatorial electrojet

is an enhanced current system within a narrow belt of a few
degrees of the geomagnetic latitude’, This enhanced current
arises due to enhanced electrical conductivity in the 100 km
region, In the presence of a primary east-west electric field
and horizontal magnetic field directed northward, a vértical

polarisation field is set up due to the disparity between the
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electron and lon mobilities, lhlu polarlZ%tlon fleld known

as Hall field is responsible for enhanced conductivity.

The westward drift of electrons during day time is

believed to reverse the direction during night time, Thé -
experimental evidence of the night time floﬁ direction was

‘given by Balsley (1966, 1969 a, b).

D;ring the early periods the prlmdry experimental

ev1dence for tke exls ence of the equatorial current system

was obtalnod from the observations of daily varlatlon in the B

earth’s nawnet:c field by ground based magnetometers, situ-
ated in the Vicinity of geomagnetic equator. The;direét
measurements of the electrojet were carried out by Singer
et al (1959) using rocket borne megnetometers. The exten-

- sive measu+emen€é for the vertical, latitudinal and longi-
tuﬁlnal behaV1our of the electrojet were carried out by.

. ' gwwu
many workers LA Zﬁa]nard (1965), Davies et al (1966)

Sastry (196821 Recent measurement of the current denslty

at the heipght of maximum flcw is = 5 amp/km over Thumba and”

X 10 amp/kr_n2 over the coast of Peru.

1.3.1 Equatorial electrojet model: Suguira and Cain

(1966) derived the electrojet model as the difference of
current wkich will explain the deviations from the normal
magnetic fieid This is exprched in terms of 48 coefflc—
~lents and the POIL@SIOHdlﬂU legendre terms. Other related

parameters being taken from standard atmospheric models.



The valﬁe-of pfimary'east;west'elecﬁric fiéld was calculated
to be 2.4 mv/meter. In addition to that they have shown that
conductivity values for Indian zone! 1is lesser by 60% to that
of hmerican zene, Tids may erplain thevobserved current

density which is nearly twice over Lmericen zone as compared

to Indian zone if it is assumad that rrimary east-west field

is same for both the places,

| Varicus problems of Sq current systems and the equat-
orial electrojet have been reviewed by @nwumechill (1967).
It was thought earlier that the electrojet isla simple‘inten-
sification of the world wide Sg current s:stém; near the
‘geomagnetic equatof. Recently OGEEHI et al (1967) have shown

that all the exrerimental results rcz2n't be explainéd by this
model of electrojet.

Untiedt (1967) introduced a model cf equatorial
~ electrojet imnvolving meridicnal currents, Ihis model yields
Stronger currents and gives larger width of electrojet comp-

ared to previous madels,

1.4 The electric field in the eguateorial E regicn: The

electric field around 100 km altitude have been estimated
from the measurement of the horizontal drift veleocity of

irregularities embadded in the equatorial electrojet (Balsley

kS

1967, 1969 b). Balsley suggests that during certain period

18 a measure of electron

£

the velocity of the irregularities

drift velocity which in t@un can be related to the east~west



electric flle tkrougb rbe follow1ng expr9551on given by

Suguira and Cain,

Eyji —10"6 Ve, Volts/meter 1

A drift Velocity Ve of electrons of the order of 300 m/sec

will correspond to an electric field Ey - 0,3 m V/m.

The observations of Palsley (1969 b) show that
during the night time the electron drift velocity is compar-
able to those during the day time and is of the order of
300 m/sec, This favours the theoretical calculation of
Maeda et al (1963), that the driving electric field has
comparable magnitude during the day time and night time,
Aithoﬁgh the direction of the field during the night time

is opposite to that during the day time.

The electric field measurements car“ied out over
Thumba around 200 km altitude during evening UW111ght using
Bar{um cloud technique.Haerendal et al (1968) WlV@S the
vclue of about 0,5 mv/meter for east-west f’eld and 2.8

mv/meter for vertical field,

1.5 The equatorial electrojet irrepgularities: It has
been realised for some time that certain scatter echo confi~
gurations noted on cénventional ionograms near'the vicinity
of the equator were associcted with the electrojet current
variations, (Matshushita 1962). These‘configurations are
due to irreghlarities embedded in the électrojet and are

knovn as equatorial 'sporadic &Y.



| The irrégﬁlarifies’offsiées S‘ﬁeters have been studied by
béckscatter radar at Jicémarca‘(dip 1°N). Rocket borne
Langmuir prcbes and plasma noise probe were flown over
Thumba to make in situ measurements, The sizes studied
1ié in the range 1.0 to 15 meters (Satya Prakash et al
1968, 1969 &%, 1969 b, 1970). ks shown by backscatter
radar study, these irregularities have been found to be
associated with field aligned plane waves having their
wave fronts oriented parallel to magnetic field lines

and velocity vector perpendicular to it, (Cohen and

Bowles 1967),

These waves are presumed to be of small amplitﬁde,
so that many waves moving in variety of directioné and
having a variety of wave lengths could be present in tﬁe
séme volume simultaneously. The density amplitudes of.the
order of 3% has been estimated by Weinstcke (1968) from the

coherent backscatter measurements from these irregularities.

Two types of irregularities are known to exist in
the equatorial electrojet (Balsley 1567). Type one which
occurs when electron drift velocity exceeas the ion thermal
velocity.: Farley (1963) devéloped two stream instability
- theory to explain their production mechanism, While the

type two exist during most of the periods.

1.6 Necessity of the present study: Mahy of the pheno-

mena in the lower ionosphere over equator have not been
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completely understood, ‘Sdmeggﬁifeatupegwhich require
furtber study and in situ measurements are given in the

following text,

In addition to those méasurements carried out
by rocket berne probes; it becomes necessary to study
the disturbancgs produced by a moving rocket if the
pgSultS-gf the in situ measurements are to be interpreted

correctly,

1,6.1 The equatorial E region irregulerities: The

equatorial E reglon irregularities have been studied at
Jicamarca for quite some time withvbaékscéiter rader,

Only recently in situ‘measuréments of these irregularities
werevmade by Satya Prakash et ai (1969 a) over Thumba. The
rader measurements have shown that strong irregularitieé
are present in the 100 km region most of the time. These
are plane waves with their wevefronts ﬁOStly aligned along
thg magnetic field lines, The horizontal movements of
these irrvegularities deperd on the time of the day and
have been observed to be in westward direction during day
ﬁhiie mostly in eastwerd direction during most of the night
time, (Palsley 1969 b). The rader orerating at a singlé
frequency resclves the one fourier component of irregulari-
ties ﬁhose sizes_are about half the wavelengths of explor-
ing e.m, wava, The above conclusidns are based on the study -

of scale sizes of the order of 2 m. The irregularities of
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différent.Scale sizes can't be studied by the radar technique,
as many radars operating at differeﬁt'fréquencies would be
reqﬁired for such a study. #&ven fo study one scale size the
backscatter technique is quite complicated, If various sizes
are to be studied then the system wili become toco cumbersome

and expensive,

The spectrum of these waves and its relationship
with otber ioncsphere parameters has now been studied with
rocket borne probes in order to examine their production
mechanism, Plasma noiée probe incorporated with Langmuir
probe has proved very useful tcol for such studies and is
complementary to the backscatter radar studies. While the
rocket borne plasma noise probe enables the study of the
spectrum of the irregularities, the coherent backscatter
radar gives the direction of the motion of 1rregular1t1es

and the large scale structure,

The presently known mechanisms resyonsible for the
electrojet irregularities are the cross-field instability,

the two streem instability and the plaéma turbulence, The

conditions and the time at which dlfferent irregularities.

are llke]y to orerate are as follows.

1, The two-stream instability operates when the
veloc1ty of the stream of electrons exceeds that of the

lon acoustic waves in the medium. This condition is likely
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‘to be realized during noon hours when the eleactrojet current
is maximum,

2. The cross-field instability requires the gradients
in the electron density and electric field to be in the same
direction. Such a condition can be realized both in the day

time and the night time,

3. The plasma turbulence requires large shear in
electron drift velocity and which can be realized during
most of the time of the day as well as of night, both above

and below the region where the Hall conductivity is a maximum.

The rresent knowledge of these irregularities 1is
'based on the ground based measurements, However in situ
measurements of the secondary irregularities like those
discussed in this thesis wili greatly help in establishing
the importance of various mechenisms responsible for the

generation of these instabilities,

& few rocket borne plasma-noise probes have been
flown from Thumba during different periods of the day and
night, The'spectrumvof ionosrheric irregularities have
been studied by the author in the scale-size X?- vhere VR

is rocket velocity and f is the frequency, ranging from 70Hz-1KHz

1.6.2 D region irregularities: & few ground based experi-

mental measurements suggest that D region irregularities can
give rise to the scattering of V.H.F (30 MHz to 100 MHz) radio
wvave, (Davies 1965), Due to small electron densities in this

‘region and relatively large absorption, the D region irrégu—
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'1arity measurement with graund 'based’radié techniques are
guite difficult., Langmuir prdbe and plaSma noise probe are
recently employed to study D region irregulsrities over Thumba
by the author, (Satya Frakash et. al 1969 a, 1970). Thus the
stﬁdy‘of D region irregularities and their spectrum will
reveal about the nature of forces reéponsible for D region
irregularities and will indirectly help in locating the region

where such forces are operative,

1,6.3- The equatorial E region: Unlike the study of the

E region at high latitude the study of the equaﬁorial E

region can't be carried out with the conVentioﬁélground based
techniques. This is mainly due to the presence of the equat-
orial type of E, for most of the time of the day and night;'
The in situ measurements are therefore necessary for the study -

of E region.

One of the problems which still remainyunsclved is
the night time scurce of ionization for the B region., Electron
densities as high as 10* elzetrons/ce arcund 105 km have bee#
observed both at high latitude and at equator. Alsp a vélley
around 120 km with an electron density as low as 102/cc has

been cobserved in both the regions.

These obsetvations indicate that a similar mechanism
1s operative during night time hours over the equator as
well as over the mid-latitude. The night time fluxes of

. Scattered Lyman alpha and Lyman beta .radiation can’t account
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/

for Ehe'oBSQrvéd high e1ectfon‘denSity; Vertical downward
drift from the F region into the E region has also been
suggested as a possible mechanism, Hewever, this mechanism
has not been studied on a quantitative basis due to lack of
sufficient data (Likin & Blumle 1968, Smith 1966, Satfa Prakash

et al 1970).

During eVening}tWilight periods a valley around
125 km just starts dgveloping and occassionally an EZ layer
1s also observed arcund 135 km.(Satya Prakash et al 1968).
The above autﬁors poihted out that this léyer is due to
high electron temperatures and some more studies are nece-
ssary to establish the source of such high electron temper-
atures, It was also pointed out that the higher electron
temperature in this region is likely to be due to electric
- currents present in the eltitude region durihg evening
twilight,

Eiectron temperature measurements over equator are
very few, (Satya Prakash et al 1968 , 1969a.), Electron
temperature measurements are neceéséry at.diffexent period
of the day as well as during night to study the nature of

heat sources.

1.6.4 Study of the disturbances produced by moving rocket

-

or satellite: The interaction

: wiath . :
of a moving body.,’4 8 low density plasma (icnosphere)

needs to be studied if the results of measurements by a



- 14 =~

vériéty ofvdiréct-meaSUrement‘deviceS bn space vehicles are
"to be correctly interpreﬁed. This problem has been the subject
of numbgr of theoretical studies. On the other hand, ground
based measurements of these irregularities have yet been
carried out, .3inger and'Walker(1965) Alpert et 51(1965Dhave
carried out theoretical investigation:of the eéfects produced
by moving rocket or sétellite in the earth’svionoSphere.
However, no adequate theory is yet aVaiiable which can explain
the nature of these disturbances taking into account the
rocket velocity, the body potential and body dimensions,
Gurvich and Titavesky (1965) have shown that in the waKe.
region of moving satellite ion acoustic waves are generéted
with frequencies lying in the rangé 0.1we to 1,0Wt yhere

wy is the ion plasma frequency in radians,

The first systematic measurements of these ion
acoustic waves produced by a moving rocket using a Langmuir
probe and plasma noise probe,in the freguency range around
1 KHz, during evening twilight hours were ﬁade in the range
155 to 175 km byFSatya Prakash et al (1969 a). It is nece-
ssary to study the spectrum of these waves and thus correlaté
the experimental results with the existing theories, for
various probe geometries and probe potentials. The author
has studied the spectrum of these waves by rocket borne

langmuir probes and plasma noise probes, These bscillationsl
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were observed near rocket apogee when the probeswere able to
record these fluctuations due to the subsonic motion of the

rockets, The results sre presented in this thesis.

The study presernted in this thesis is based on the
following measure ments carried out over Thumba using modified_

Langmuir probe and plasma noise probe.

1) D region electron density profile and irregulari- |,
ties during afterncon hour and evening twilight

hours.,

2) The electreon density end the electron temperatures -
of equatorlal B region at midday evening and mid-
night hours.

3) The srpectrum of the electron density irregulari-

ties in the 100 km and 145 km altitude region

during midday, evening and midnight.

4) The spectra of plasme ion accustic waves due to
disturbance from the rocket moticn observed near

the rocket apogee.

1.6.5 Synopsis of the thesis: The thesis is orgenised in

7 chapters, The .first charter describes some of the special

features of equatorial ionosﬁﬁéfe between 50 to 150 km region.

Pertinent mechanisms for the generation of equatorial
electrojet irregularities are treated in Chapter II. The

cross-field instability, the two-stream instability and the.
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plasma turbulence in & collision dominated low density

magnetoionic media are treated in some detail,

In Chapter III the various techniques to study lower
ionosphere are described. The basic principles of Langmuir
probe in regard to the electron density and the temperature
measurements are discussed. A4 brief review of various forms
of Langmuir probe is also given. The principles of the
'piasma~noise probe capable of studying the irregularities of
~scale sizes as low as one meter end amplitude as low as 0.05%
of background electron density are described. The distur-

bances created by moving rocket are also discussed.

-

Chapter IV desls with the development and instru-
mentation of modified Langmuir probe and Piasma noise probe.
Varicus circuits including sweep circuit, electrometer ampli-
filer, audio frequency amplifier, subcarrier oscillators aﬁd
band-pass filters are described. The prelaunch checking and
testing of the whole rayload are described in detail, The
results of electron density, electron temperature and Plasma

irregulaerities are presented in Charter V.

Chapter VI includes discussion of results déscriped
ih Chapter V in relation to presently known theories, The
inadequaciés of the presently known theories have alsoc been ‘
discussed. In the last Chapter VII, conclusions drawn from

the above studles are presented,
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. CHAPTER- II

PRODUCTION MECHALNISMS OF EQUATORIAL ELECTROJET IRREGULARITIES

It is now believed that the day time configuratioﬂ"
of 5poradic'E echoes on equatorial ionograms is produced by
electron density irregularities closely associated with ele-
ctrojet. Various authors have noted that equatorial sporadic
E echeoes and electrojet current show a close correlation, The
cbnfiguration due to sporadic B on thé equatorial ionogram
is so strong that the régular E layér reflections are blurred
~making it difficult to determine the B region electfon density
profile from the ionograms. V.H.F. coﬂerent backscatter radar
éxperiments over Jicamarca (dip 1° N) have established that
there are almost always strong scatteriﬁg irregularities
present in the 100 km region, (Balsley 1969 a, b, Cohen et al
1962, Cohen and Bowles 1963),

The drift of the E'region large scale irregularities
of the order of 100 métef over Thumba have been measured
_during day time with the space antenna technique operating
at 2.2 MHz by Deshpande and Rastogl (1966). L westward drift
.- of about 80 meters/sec was observed during day time, There
are some observations vhich indicate that even during twilight
and nipght time hours large scale irregularities are presenﬁ
in equatorial B region: In the thesis the author calls large
scale irregul&riﬁies for sizes 30 to 300 meters and small

scale for sizes 1 to 15 meters, 4n understanding of the
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physicaiicharacteriétics of these irregularities is important
for the purpose of studying the rhysics of electrojet which

is related to physics of ionospheric plasma. Various theories
have beeﬁ proposed for gencration mechanism of these irregu-
larities but none of these can explain all the observed features

of the irregularities,

- &n ionised gas isicapable of sustaining various
ty?es of oscillatory motions and waves. Both longitudinal
and transverse waves qaﬁ be excited in plasma by different
tyre of instabilities. 1In the Fresence of a'magneticbfield
| hydromagnetic waves are gehefated whese frequencies are 1ess‘
than ion eyelotron fréquency?(Stix 1960, Sptizer 1962). In
the equatorial electrcojet thevirregularities are generated
by scme kind of instability., Farley (1963) has shown that.
there is ample reason to believe that électrojet should gene-
rate a tyre of two Stream instability, Such instabilities
are familiar in thé field of plasma:thSics and they lead to
the spontanecus formation of one or more typres of wavé dist-

urbance.,

There is ancther typerf instability called cross-
field instability which was investigated theoretically by
Simon (1963) ‘& for a laboratory plasma, its possible appli-.
cation tb the formation of sporadic E irregulerities in the
ionosphere has beeﬁvstudied by Tsuda et al (1966, 1969). -

Partially icnised plasmas with gradients in ionisation density
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‘iﬁ the éiréction of electric fiéld'and”both perpendicular to
magnetic field are éubject to éross field insfability. The
cther possible cause of icnospheric irregulerities may be
plasma turbulence., Turbulence in neutral atmosphere between
an altitude region 80 to 110 km is cbServed by Elamont and his
group (1961). The neutral turbulence can be imparted to char-
ged perticle through ccllisions and can give rise to ionos-
rheric irregularities. In the electrojet region the electron
drift- may give rise to plasme turbulence which méy not be
releted to neutral gés-turbulence (Balsley 196951 The cross-
fieid instability, two stream instability and plasma turbule~

nce whick may be operating in electrojet region will be dis-

cussed in detail.

2.1. Cross-field instakbility: Fartially ionised plasma \

that contain a magnetic field and gradient in ionisation deﬁsitﬁxv
are subject to a unique tyre of instability under the influencei
of an ambient clectric ficld. This instability can give rise 1
to growing irregularities in ionization density that are field %
aligned alcng the direction of the magnetic field. Such mecha= |
nism can be examined for ionbsyhere with appropriste proPGrties.'é

%

In the ionosphere the electr’e fields are generally present

13
7

along with gradients of clectron density which frequently dis-

rlay the presence of field aligned irregularities,

The instability was first investigated theoretically

by Simon (1963) and its rossible application to the formation
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of sPorédic E irregularities in the ionosphere has been
studied by Tsude et al (1966),1 {ne mode in which the
instability canvoperate has been discuésed by Tsude et al
and is illustrated in fig.j . The horizontal line repre-
sents an unperturbed contour of constant electron density,
and the steady density gradiégéAénd éléctric field are-
both directed upward., The magnetic field is directed into
the paper. If now the density is perturbed by a small
amplitude the E X B drifts of lons and electrons will carry
them both to the left. Since the Hall mobility of the ions
is always less than thét of the electrons, the space charge
will appear. giving rise to small scale electric fields &'
directed alternatively to left and right. The‘corresponding
E X B drifts will then carry the enhanced regionsrdownwafd
and the depleted regions upward, so that they both appear to
grow in amplitude ageinst the background density. Obviously,
1f either the electric field or the steady density gradien?
-wefe reﬁersed in direction, the perturbations would tend to
disappear and-we would have a stable situatiaﬁ. The frequen-
cies inveolved in this type of instability are of the order of

10 Hz, having scale sizes about 100 meters (Tsuda et al 1969).

t

& different mode of operation applies if the steady
electric field in above figure is directed towards the right
instead of upward. The Pedersen mobilities of the ions and

electrons produce same space charge potential with similar
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kresults, (Reid 1968), This mode producey large scale irregu-

larities at greater altitudes in the ionocsthere i.e spread

F irregularities.

For a given gradient in background electron density
and for a given value of electric ficld there is a lower limit
for scale size of irregularities that can exist in a particu-

lar region of ionesrhbere, Th1§ limit is given %y

wa(“ ‘ Yy
where = l-}?xg and H vertical pola izat' n f'eid
. 4 e 3Z oz cal polarizatio i .

for Z=1 kn"?

and E = 1 m.,volt/meter. equal to 100 meters, Thus for

Tsuda et al (1969) give. the value of A min

smaller scale sizes large e1ectrlc £1elu aend large are
g 2 ge [ s

required, */

2.2, The two stream instability: VWhen a beam of electron

traverses in plesma, the plasma becomes unstable and conseque-
ntly wave tyre disturbances grow. The energy required for the
growth of the wave is taken from the streaming electroné. In
a collisionless.plasma the instability develop .s if the drift
.Velocity of the streaming electrons exceed their thermal velo-
.city.' The waves thus generated move with velocities equal td
electron thermal velocity and their frequencies are of the
order of electrbn plasma fre_guency (Buneman, 1959, Fenrose
1960). In the presence of the magnetic field, hyﬂromggnetic‘
waverare generated whose frequencies are less than the ion
cyclotron frequency and vélocity of the order of electron

thermal velocity,
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L collision dominated'magnetéionic'plasma can
develop instability if the eleétron.drift velocity exceeds
the ion thermel velocity,(Farley 1963, EBuneman 1963). The
waves are known as ion acoustic waves. 'They‘mdve with a
velocity of the order of ion therﬁal velocity. Such condi-
tiéns are satisfied in equatorial electrojet over Jicamarca
during noon hours. When the drift velocity of westward drift-
ing electrons exceed the ion thermel velocity., These are
plane weves moving perpendicular'to the magnetic field lines
with their wavefronts aligned at variocus angles to the verti-
cal,

For equatorial electrcjet the general drift of
Velectrons over Peru is of the order of 600 m/sec, while over
Thumba it is only of the order of 300 m/sec. It can thus be
seen that while the threshold for the two stream instability
will be reached over Peru, it may not exceed over Thumba,
Therefore it will be worth confirming whether the type I irre-
gularities are present ovex Indian zone. The above value
for the general drift of electrons has been derived from the
formula J =he€Ve where e is electron density and Y drift
‘velocity, J current density and e electronic charge. The
value of J over Peru has been measured and found to be 10
Amp/kmz while over Thumba 5 Amp/kmz. The electron density

for both the places was found to be of the order of 105e1e/cc
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(b avis et al 1966, Likin and Blumle 1968,

e

Maynard and Cahill 1965, Satya Prakash et al 1670),

The irregulsrities of this type have been studied
at Jicamarca with 50 MHz radar., The irreguiarities thus
Studied are 3 meters in sizg perpendicular to the magnetic

field, They are present only curing nobn hours, These are
known as tyre one ifregularity. During'other'periods the
ilrregularities were of different nature and he-.been called
type II, Follow1ng are the mfln fedtures of the irregulari-

ties, (Cohen and Bowles 1967).,

Iype I irregularitiesﬁ

1. The strength of the Scattered signal for these
irregularltieo 1s closely asscciated with the strength of the

electrojet,

2. The maximum scattered power is received in east~.

west plane i &, echpes o agpect sensitive, | *

3. The Doprler shift associated with echoes is
independent of angle between the beam and the jet current
The sign depends whet her one is looking east or west, To
explain this result: Bowles ot al (1960, 1963) suggested that
the irregularities were plane waves mcving in all directions
in vertieal plane with their wavefronts aligned at various

angles, with respect to vertical,
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in the & layer, Turbulence in the neutral gas around 100 km
region is supposed to be one of the cause of ionospheric E

region irregularities, (Blamont and DeJager 1961),

The turbulence criterien for an incompressible and
isdtroPic fluid is satisfied if the ratio of dynamical force
to the viscous force is much larger than unity. This ratio

is called the Reynold number and is denoted by

L.V | '3

V is streaning velocity, Y the kinematic viscosity and L is
the size of the largcst éddy. For a given L, V and Y, the
Reynold nurber can be valculated for neutral turbulence.

let L =1 km, V = 25¢ 1eter/sec, Y = 50 meters® /sec at 100 km

altitude which glves Flzynold No. = 5000,

The electrcr drift velocity gradients play an
importaht part to ger:cate plasma turbulence, This electron
drift velocity préfiia wili be similar to the conductivity
profile or the vertical electric field profile, The mean
electron flow in tho o?edtrojet has been shown to be confined
by fairly well established boundries, The horizontal electron
velocity is iargé otz the centre of the electrojet while at
boundries it is smeil, Somewhere between these two limits
streng vélocity eimcar should exist. These velocity Shearo
have an obvious ¥nunter part in the confined neutral Flow
within a tube. Iut the underlying forces are quite dlfferent

in plasma turbul :nce compared to neutral . one, (Balsley 1969),
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-The-Reyndld.number caﬁ be céiculated for electron
gas and can be compared with néutral gas values, The value
of kinematic visccsity can be taken equal to the diffusion
coefficients, (Bocker 1956). The diffusion coefficient is
-giVen'by KT . (Thermal velocity)? (Chapman and Cowling 1960).

myY collisicn frequency -
Where K Boltzman's constant, T temperature, m mass and ¥ is

collission frequency of particle. In the ionosphere at 100 km

the electron thermal velccity is vV, = 107 cm/sec and collision
frequency Y= 105/sec. The eléctronbdiffusion coefficient

will be D_ = 10° meter?/sec .

in the rresence of magnetic field the diffusion
coefficient of electron gas in east west direction is given:

by Pedersen diffusion coefficient.

b % Z Do - .
D = -2 Ve = — = 5,0 meterz/sec. 4
PV w ( We ) 2
3ince ‘gﬁg a 140  od- [00Kna Ve ¥

e
We 1is électron cyclotron frequehey. If Hall field is also
considered the diffusion coefficient for electron gas is given
by pressure diffusion coefficient b, = §§%7é~= 10° mz/sec.

For ealculating the value of Reynold numbér for
electron gas,. the Pedersen: ~ . ~. diffusion coefficient
should be used for kinematic viscosity value, ﬁSing the value
of kinematic viscosity equal to 5 meterz/sec and other para-

meter same as written on rrevious pege the value of Reynold
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number comes . tu be 5 x 104 Whlch is larger by order of magni-
tude as the correapene1ng alue of neut1a1 gas. Thus the
presence of magnetic field makes rlasna turbulence more

plausible in electrojet.

2.2.1 Spretrum of eddies produced due to turbulence: For

an eddy proﬂeced by turbulence the energy E(K) contained in
an eddy of wave number K can be represented by E(K) <4 K-, '(5)
n is the spectral index and is of the order of -~5/3 for
peutral turbulence, (Batchelor 1955). The 51ze of the
emallest eddy is given by Ax - ~%—~ = (jF——— ) Where L, (6)
. 0
is the largest sccle size, Re 'S Reynold number and MK is
Rolomogorov microscale. For ionosrheric conditions the value
~of Reynold number goes on decreasing with altitude due to
increase of diffusion coefficient and hence the kinemetic
viscosity, The net result is that thelKolomogorov microScaie
‘value inecresses with altitude. The smallest scale size of
the irregularity which can exist in the neutral atmosrhere
is a few times the mean frec path of the particles, The
mean free path values versus altitude are shown in table I,
“For example at 100 km the mean free path of neutral gas mole-
‘cules is 22 cm, hence the smallest eddy size produced by

neutral turbulence will be more than a few meters,
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CHAPTER - III

EXPER IMENTLL TECHNIQUES

Theory of Langmuinr probe sad plasme noise probe:~ The earth's

ionosphere has been the subject of experimental investigations
for many:decades, The earlier work utilised the ground based
radio techniqué, Other ground based technfque known as optical
téchnique- like air glow provides information about thevcompb~
sition of the upper atmosphere, But in all the ground based’
techniques neither the ionisation; neutfal atmosPheremhér theA 
causative scler radiction CQULQ;PQ dirvectly méasured. Thus

it is not surprising to note the highly speculative nature of -
the explanetion that were proposed for some of the ionospheric
phenomena, before the advent of rockets and satellites. .The
'experimentél techniques for ionospheric studies vhich are in

use todey can be classified in two catagories,

*

i+ Ground based techniques,

}
ii) Rocket and satellite borne techniques.

The ground based techniques are limited to indirect
ﬁrobings, while wockets and satellites made in situ measurements
possible, In eddition, they are also capable of making indirect
probing as employed b& some of the ground based technique like
ionosonde., The satellites are capable of making local meésufe—
ments as a function of the time and geograrhic location, while

the rockets measure the vertical structure of the ionosphere,



. The basié limitatioﬁ of récketlexperimehts are, that a rocket
borne probe cah.sample only a Small part of the ionosphere

for a short period of time.' The rockets and satellites
prévidé direct measurcmerics of charged particle fluies. Recent
measurements have prévided a large amdunt of information on
the solar radiation particularly X-rvays and ultraviolet radi-
ation. These measurements have greatly helped in understand~
iné-ionos;heric-physics and a number ofﬂother related areas

like solar physics, rlanetary atmosphere and meteorology.

3.1 Ground based techniques: The ground based techniques

for studying upper atmosyhere can be classified as (a) radio

wave technique and (b) optical technique.

The radio wave technique imvolves the study of -
reflection and scattering of a tranémitteévradio'wave. There -
are also;the~o her techniques.inVolving the study of naturally. -
Qccurriﬁg trénsmission of radio wave signals, One of the weii
known_techniqué is the ionosohdevtechnique where the frequéhcy
of the trausmitted electrouagnetic wave is swépt:bvér a certain
range and the resulting echo pattern‘known as ionogram is used
to investigate the B and ¥ regibn electron densities, The
time delay of the echo is a measure of the héight of the layer,
The technique is not useful belcw 85 km. The region between.
50 km to 85 km bas been studied with rartial reflection tech-

nique and cross modulation technique,



‘The métion‘ofllarge scale ifrégnlarities of the
order of a few hundred meﬁefs héveAbeen'studieS with the
three spaced antenna technique at a frequency below the
critical frequency of the reflection layer, The backscatter
radar technique employ s a spot frequency transmitter, the
frequency of whick is kert much above the critical frequency
of the layer. The scattered signal is processed for the
determination of various ionospheric parameters, The techni-
que has many adventages over other techniques but needs a
transmittér of very high rower of the order of few megawatts
high gain antennas and very sophisticated signal receiving
and precessing system (Bowles, 1964). Frequencies ranging
from 50 Miz to 400 MHz have been used for this purpose, The
coherent backscatter fadar’technique at a frequency of 50 MHz
has been employed at Jicamarca for studying the irregularities
of the order cf a few meters, (Bowles and Cohen 1962), The
“radio star scintillation stﬁdies and the cosmic radio noise
studies at frequencies much above the critical frequency of
the F layer fall .in the catagory of study of naturally occur-
ing transmission of electrcmagnetic wave and have provided
lot of useful inforﬁétion abcut the motions of large scale
' irregularities. |
The only ground based method which can provide

informations about the composition of the urper atmosrhere

is that of spectrum analysis of light emitted by excitation
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of the atmospheric atoms and molecules. There is a weak air

glow emitted regularly by4nightlsky at all latitudes, due to
the rhotochemical processes which radiate some of the emergy
absorbed from the sun during the day. The presence of sodium

and-hydfoxyl radical was detected from the air glow spectrum.

3.2 Rocket and satellite borne technique?; Rocket

'studies of the upper atmosphere began in 1945 with the use of V,
rockets by the Michigan University Croup. The satellite studies
started in 1957, While the ground based studies were mostly
limited to indirect measurements involving radio wave propaga-
tion, the advent of rockets and satellites has made in situ
measurements possible. Many types of studies which ﬁere not
ﬁossible before are now beihg carried out and our knowledge of

the upper atmosphere has grown beyond expectations.

The rocket and satellite borne technique can be
classified as direct and indirect probing techniqués. The
propagation technique is an indirect technique involving the
measurement of thevamplitude, phase and polarisation of the

’radio wave propagated between rocket and ground station. The
electron density is deduced from these measurenents using
magnetoionic theory. Langmuir probeé have been used for direct
measurements of electron density and elecfron temperatﬁre in the
ionosrhere, Boya(1968) has given a good review of different_typé'
of Langmuir probes used for ionospheric studies. Various
types of R.F, probes have been used for direct probing'

of the ionosphere, Some of the R.F, Probes



- 33 -

are plasma frequency resonance probe, resonance rectification
. probe, impedance probe,and‘Capacitance;probé."A comparative
study of the above R.F. probes have been carried out by

Heikkela et al (1965),

3.3 - Various versions of Langmuir probes used for iono-

spheric studies:- Hok et.al (1953) at the University

of Michigan U.S.& employed rocket borne Langmuir probe for
lonospheric studies, Though the results obtained !y them were
admittedly very crude yet they gave the first indication for
the suitability of the Langmuir probe'téchniqﬁé for the study
of the ionospheric plasma. Spencer et;al(i965) have used
bipolar probes, which consist of a Symmétric;systém of two
guard spherical probes, between which a d.c. voltage, a ramp
was applied., The modified version useﬂla cylindrical elec?rbde
as a sensor %y[épencer et al (196521 'Othér'geometriesllike-
planar and spherical geometries have been suCcesSfully uSgd

by MCNamara (1965) and many other workers., &ono, et.al(1963)
have used meshed spherical probe of 2 cm diameter to reduce -
the effect of photoelectrons. Probes with grids like ~ion
traps, Gerdian condensers and electrostatic analysers

havé been used by various-wofkers. The addition of a grid
between the probe (collector) and the ambient plasma allows
the electron and positive ion currents to be measured sépar~
ately. ‘This technique is superior to the simple probé |

technique for determination of the electron energy distri-



e

bution since the problem of substracting the positive ion

. ecurrent is aveided,

Smith (1967, 1969) of G.CMA,.U;S.A. has made exten-
sivé use of Langmuir debes‘using the;tiﬁ of the rocket nose
cone, ogive in7shépe Jettinger(1965) has emrloyed a new |
version of Langmuir proke khown as pulse probe.  The appealing
feature of the system is that with proper design the résults
can be made independent cof electron temperature.. Satya Prakash
andVSubbéraya (1967) have de§eloped'a Smith type probe with
many additional advantages., Many improvements were made by
the author in the system and it has been extended to measure
miCréscale irregularities in electron density. The additional
de&ice used to study the probe current fluctuations is termed
as plasma noise rrote in the thesis, (Satya Prakash et al 1968,
1969 a, 1969 b), Langmuir'probé’and plasma noise-probe theory

is discussed briefly in forthcoming paragrapkag;

3.4 Theory: .One of the.fundaﬁental technique. and

also the firsf fo»bé used, fbr measurement of plasma parametefé,
is the'Léngﬁuir rrobe .. The technique,wés first employed by
Langmuir and bis coworkers for the measurement of the electron
densiﬁy and the electron temperature in an ionised gas, It
consists in measuring the flux of charged particles to a
metallic sensor either spherical, planar or cylindrical in
shape., A potential is ap?lied between probe and aﬁofher

electrode called return electrode which generally has a
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surface area much larger than that cf the probe, ‘The current
‘flowing to the yrobe is measured as a function of applied
 voltage, by varylng tbe-rrobe voltage from some convenient

negative value to convenient rositive value, The resulting

| - relation between the proke current and probe voltage is known

-as the grobe CbaraCthlStICu. The Lengmuir probe character—
istics are analysed to obtaln information about electron
temperature and electron denulty, Mott Smith:and Langmuir
(1926).

tThe'basic_esstmptions made for electrenstemperature‘
and'density measurement are that 1) electrons have tbxmeliian
energy distrlkution, 2) the Delye shielding distance is very
small compared to mean free path of charged particles and the
electron depletion is negllglble in the immediate neighbourhood
of the probe, Also lengmuir s theory does not take account of
' ambient electrlc and magnetic fields and the presence of

negative ions,

3.4.1 Clessicai éoncett " Though the electrostatlc probes

are simple dev1ces and ang%gﬁznaking local measurements the
matbematical treatment of the probe theory is. extremely compli-
‘cated, The difficulty stems from the fact that probes are
boundaries to a~plasma and near the boundary the ‘equations
governing the motion of the plasma change thelr cheracter,

In particular the condition of quasineutrality is not valid
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| near the boundary Cnd a 1ayer cal]éd a sheath is formed |
around the rrobe in which ion and electron den51t1es?d1ffer
from each other, The thickness of.the sheath depends on
the state of plasma as well as the potential and geometry
of the probe. The literature on Langmuir probe theory is
quite exten31ve and only a few points will be discussed,

& typical characteristic curve is given in fig, 2. The

“qualitative tehaviour of this curve is different in dlfferent ‘

region and the characteristlc can be divided into following

sections,

1) Probe at snacewpotential At this potential

known as space potential, the plasma would not experience
any due to probe and hence both +ve ions and electrons will
move freely in the vi01nity of probe. Due to their random
~motions both positive ions and electrons will be hitting the
sensor and give rise to a net current The point Vs in the
fig.2 represents the behaviour of the probe at sPace potentlal
: According to klnetlc theory the number of particles strlklng
normal to the surface of area.h per unit time is given by
 :é;£§:ﬂ%“ﬂ. Since the thermal velocity of the electron is
4ﬁuch larger than the ion velocity, the rrobe current will be
mainly due to electrons. Therefore, the probe current is
glven by - 1 |

L Ayee¥e
Je 5 7

3117
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Vo = (Bﬁgmge}- =6.21 x 10 f cm/sec

e is averege thermal velocity of electrons, me

is electron masg, Te electron temrerature and K Boltzman's

constant and e electron1c charge.

ii) Probe at sllphtly nega tlve potentlal The typical

behaviour ‘of the rrobe in this region is represented in fig,2
by reglon IT of the characterlstlc; For small negative voltageq
of the probe the probe current consists of two parts, (i)

A space eharge limited positive ion current and (ii) a current

‘_due to the electrons which overcome the repelling field of the

prote. 1In this region the electron current collected by the

rrote is given by:

= ey oV V ‘8
J‘,_ »Léfm’“e_""]ion | |

where V = (Vg ~ V) and Vp is probe voltage, The formula

assumes that the electrons have Maxwellian.energy distribution,

Taking the logarithm of this equation, it is evident that a

plot of @%J versus {robe Voltage will yield a straight 11ne

with the slope e//K Te. This slope can be used to determine

'electron temperature, If tbe electrons .do not have a Maxwellien

dlstrlbution then J versus P plot will of course not yleld
a strelght line, If the electron temperature is known the
electron density value can be determlned from the expre331on

of rrobe current at Srace rotential.
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aNonfwaxwélliah energy distribution: Thebcurrent
voltage curve may be analysed:to test fof Maxweliian energ&
distribution. Druyvésteyn showed tlatL}J is the current
drawn from a plasma by a probe at potential V with respect

to-space potential, then

d2J s, f (V)
davz < V2 : 9,

where £(V) is the ordinate of the energy distribution of

collected particles, Druvesteyn's method is far more sensitive

than semilog plot of J - V characteristic to departure of the -

energy distribution function frem a Faxwellian form. DMoreover
it offers an important advantage for measurements made from a

spacecraft (Bowen et al 1964). Trom equation §it can be

_Veasily shown that

d2J _ - |
g — 5 // d j /d V = -¢/KTe =n 10

Thus the constancy of m can easily be used as a test for
Maxwellian‘energy distributicn, and if the distribution is

Maxwellian the temperature can be readily be derived from it,

1i1) Prote at highly negative voltage: When the probe

voltage is made highly negative only +ve ions are collected
as the elhctrmns do not have sufficient energy to OVﬂrcomo
the aprlied negative voltage. Region III of the curve flg.Z
11lustrates the hehaviour of J -V curve for large negative

potential, The probe current at large negative potentials is.
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eﬁtirely due to positiveAibﬁs and is proportional to the
positive ion density,

Aﬁ a potential Vg fleoating potential betveen
region‘II and IIT the net current teo the probe is zero, At
floating potential the electron and ion fluxes become equal,
&n isolated electrode insefted in plasma will am%w@;wthis

poténtial.

(iv) Probe at positive potential: . The probe current.
for accelerating potentials is shown in fig,2 in the region I,
When the probe is at'sufficiently positive potential the
probe current is entirely due to electrons és the ions are
hcc_able to reach the probe due ﬁo repelling potential,
The current collected by the probe when it is sufficiently
+ve depends upon the electrode gecmetry. . Current expresSions
for various sensor shapes is given in the following equatioﬁs.'
Bract expressions are available when the dimensions of the
eleéffode are ﬁery large or very small compared with the
Debye shielding distance.

(a) for large plane : J = Je - . 11

(b) 1long cylinder whose radius is much smaller

compared to its length:

2

]
— £ m,evﬁ 12
T=de Cyg ) G )
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3.5 ”Electron'tempefature determihation by different-

lating the Langmuir probe charactefistic‘curve:

The required information in the J - V character-
istic may often by aécurataly and more conveniently expressed
in terms of the derivative of the curve, The maxima of §£
of rrobe current can determine the point of space potentlal
on Langmuir characLerlstic. Thus the dlfference between

floatlng potentlal and space potential can be determlned

Whlch in turn is related to electron temperature,
The probe potential U at which the net probe
current is zero and space potential is related by the follow~

ing equation:

_ = . KTe { _ (Je |
Vpm (Up ev) = Klethgncdey
Vp = '75*119 K Te for atomic oxygen lons,

= 9.8 K_Te for molecular oxygen ions,

. €
There is_ho difficulty in locating the potential

at which net probe current is zero. But location of the space
potential point on J = V characteristic is Jifficult due to
gradual curvature of the curve, This can be inferred from
fig;g; The method 1s based on the fact that the first
deriVature of electron current has a maximum when the probe
potential passes from negative to p081t1ve values near the
upper 'Knee'! of the characteristic, the point Vs in fig.2,

The upper Knee of the characteristic is not very well defined

1/
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particularly in case of s?herica] probes which exhibit no
saturatlon of probe current for p051t1ve potentials. In most
cases this maximum of first derivature of electron current
occurs at Irobe voltages leghtly neﬁatlve with respect to Vs,
Because the equation - | |

J = Je e e is valid for electron~cﬁrrent.
eo Kl j

Jeo which are small comparcd to random current Je',

3.5.1 Prqcedﬂre for differentiations- For differentiate

ing the J - V curve by electrcnic method be*h d.c. and 8eCy
voltages are applied to the probe immersed in plasma, The
dec. voltage is swept between say ~1.0 volt to +4,0 volt,

The a.c., voltage is a fixed frequency of 800 Hz with small
amplitude of the order of a few milllvolts. The component of
probe current at 800 Hgz frequency is picked ub and amplified
and deteeted° The detected signal will have maximum amplifude
at space potential, This method is considerably easy and very

reliable to find the space potential in plasma,

3.6 Langmuir probe for iODOSﬁheriC studies:- | The

ionosphere in the E region provides an almost ideal rlasma

for application of ‘the 1a ingmuir probe technlque. The valpe.of
some of the relevant parameter is shown in table | . ‘Thé
theory of the probe is not applicable at heights below about
90 km., because of. the following reasons. Firstly the mean
free path of chorges is small compered to Debye length and

secondly the negative ions are nresent in significant numbers
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and have densities comparable‘to electfon density, The use
of probe.in.the region above 1000 km is limited by photo-~

emission, The photo electric curtent from a tungsten surface
9 2
amp/cm® o -

This becomes equal to the random electron current correspond-

exposed to umattenusted soiar radiation is about 4 x 107

ing to a density of 103 ele/cc, Such a density is reached
around 1000 kms, Hence the Langmuir probe is  most suitable

between 90 km to 1000 km for electron density measurements,

3,6,1 Proportionality between'probe current and electron

density 2~  Smith (1969) observed that proﬁdrtb
ionality between current and electron dehsity remained Ecgstant;
.over considerable ranges in altitude allowing a scaling»féctor,
to be established by comparison with ionosonde, Smith'aiso
found that th;s proportionality can be applied to D'fegian.
- This extension fwto D region is not justified on theo?eﬁical
grounds due to short mean free path of electrons and ions; |
‘Thus one would expect that the current to the prébe in thé b
region has to te determinoé by mobility as well as}number
density of charged partigles. A further compli¢a;?on is intro-

duced due to Supersonic velocity of the rocket in the D region,

iikin and Blumle (1968) have reported the results
of six flighté and.find a change in the ratio about a factor
of two in altitude region 100 to 200 km. This variation with
altitude is attributed to the dependence of probe current

on electron témparature. From equation |3 chapter III
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‘ittisAeasily'seén that for_largetaccelérating potential for
spherical electrode is proﬁortional to'Te”%.. While corres=
:ponding equation:for cylindrical electrode in the acaelerating )
region 1s such that the curyent is proportional to the density

and indepcndont of- electron temperature.

Thus 1t can be inferrcd that between 90 to 180 km
reglon the proportionality bctween probe current and electron
‘density can ba taken as constant. While in D region only

structure can be studied,

3.6,2 The effect of earth's magnetic field‘~ ~ The

‘ geonagnetic field influences the collection of charged particle

to a moving probe in two ways,

1) By altering the charged particle tréjectory.and;‘
'11) By altering the equilibrium potential of the
spacecraft because of.the induction of an e.m.f,

by virture of vat4cle motion.

The charged pérticles are constrained'to follow
spiral paths in presence of magnetic field. In earth's
-magnetic field the radius of g/ratlon of electrons is about 2.cms
while for atomic oxygen ion is of the order of 5 meters,
Tbe raﬁio of the electron, current to positive ion current in
the absence of magnetic.field is given by the ratio of their
_ random thermal velocitics that is equal to the ratlo of square |
roots' of ion mas s to electron mass. This ratlo is of the

order of 200 in the lower ionosphere,
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_ | - The electron current tc‘the
probe is therefore, affected to much greater extent than
the 1ion current, In the presence of a magnetic field the ratio
of electron saturation curfen;;to ion saturation current can

- get reduced by an order of magnitude;

The current to a rocket borne probe shows two effects
which ere attributed to vehicle motion in presence of earth's
magnetic'field. The first is a slow variation haV1ng a perlod~
lcity equal to that of the rocket precesslon and second is a
much more rapid variation having_the same frequency as the
.vehicle'SPin; The conical  shaped electrodes used in rocket _
borne probes by Smith(1967) have shown both precession and spinr
effects. The variation in probe current shows a clearly marked
dependence on magnetic aspeet angle, the maxima and mirips
of probe current colneiding with maxima and minima of aspect
angle, For 'oglve! shaped electrode this effect 1s not seen

so markedly,

The second effect concerns the potential 1nduced due
to rocket motlon. It can be shown that for a rocket velocity
of about 1 km/sec the potential induced over a distance of
1 meter is of the order of a 40 millivolts, Since the probe
normally - operates at about four volts with respect to the
plasma, the induced potential is considered negligible. However
when the probe is operating around zero voltage this effect

may be 1mportant The net effect of induced e,m.f, is to

shift the characteristic on voltage axis.,
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3.7 . Measurement of microscale electron density irre-

¥ gularities and the theory of plasma noise probei-

&n important aspect of electrostatic probe carried
by rockets and satellite is théir'ability to resolve the fine
Structure in charge density (Smith, 1969; Satya Prakash et,al
1969a), The smallest scale size of the irregularity that
-can be resolved by a rocket borne probe is limited by the -
rocket velocity, the frequancy response of the probe electronics
and the probe potential which in turn is related to the
'sheath' tbickﬁess. For example to resolve a size of one meter
' by a rocket moving with velocity of 1 km/sec, the frequency
.~re8ponse of the assoclated electronlcs should be upto 1 KHz,

The sheath thickness i,e. the field penetration distance for
a sthert of radius 1 em kept at 44,0 volt with respect to
ambient medium for various ambient electron dengltles shown

in the table 2,

The thickness of the sheath for a probe of size

more than Debyv length at a rotential, potential V is given

/

3 .
by % 15

d=13 Ay (g% )
where . p is Pabye length, Ihe walue of Debye length for
Various electron densities is shown in table taking electron

- temperature of 500K, For g probe potentlal 4 volt the

above equatlon can bg written as

d E’.G A D
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| Tﬁis will.give.the thicknéss.of electron sheath for
a pﬁobe kebt aﬁbpoéitive potential; The value éf ion plasma
frequency listed in the téble is calculated ffom the equation
£, 0% 5.0 x 1072 bf_m;; e B 16
vhere ne is electron density per cc. The scale sizes of the
irrégularities have been calculated by ~¥§N Where Vg is

acoustic velocity which is about 360 meter/sec,

A _ Table -2
ne/cc - - T Débye J = SHeath ‘Va 2cale size which
KH length thickness —r— can be seen by the
Z - cm ior a_senzor 1 probe, Ten times
‘kept at - cm .
volt cm. of sheatEmthlckness
” 2 " I ‘ 3
10 - 0,55 15 120 750 1.2 x 10
g 2
10 : 1.76 4.8 - 38 240 3.8 x 102
10% 5.5 1,5 12 70 1.2 x 10
107 17,6 0.48 3.8 20 38
3;8 . Theory of plasma noisé probe:~ - The rocket bcrne

plasma noisz prche has beer used by Satya Prakash et.a1(1969,@£9'
ﬁo study lonospheric irregularities, The plasma'noise probe
measured the fluctuations in Langmuir probe currenﬁ in desired
frequency range. Thae a,c, component from the Lahgmuir probe
currentvis selected in the desired frequency range usihg a

band pass filter. The fluctuations are amplified and tele=

metered to a ground based receiving station. -
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The composite plasma noise after spectrum analysis
gives the amplitudes in different frequency ranges. The
filter with + 20% bandwidth were chosen for spectrum analysis

as discussed in Chapter IV,

3.8.,1 Lnalysis of plasma noise:~  Assuming that irregu-

larities follow a pover spectrum like E(k) o« K where E(K)

is energy contained in wave number K, The value of spectral
index.'n is determined from the outputs of spectrum analyser,
If As is the spectrum amalyser output in frequency band

£+ 20% i.e. £+ £/5.

f%%‘f = A(f) is the amplitude of frequenqy foa
n/2 S
L(f) L f A 17

‘Thé long-log plot of above equation will yield a straight line
whose slope will be a measure of spectral index, The observed
scale size of the irregularity can be calculated by dividing

' 1
rocket velocity V, by filter frequency f, i.e. R
Yy Vg DY _

3.9 . Observation of irregularity from a movingfbody when

the irrvepularities are moving with respect to it:-

‘ The observed scale sizes of theAirregularities may
be different from the actual sizes depending on the velodity

of irregularity as well as the velocity of the rocket.

If the irregularities are stationary with orientation
of their wave fronts in vertical plane and the rocket is

moving vertically upward or downward it will not see any
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fluctuétiéns df irregﬁlarities. However, if rocket moves
horizontally which happehs neér apogee it will observe

the same, This can be illustrated in the fig.3. The arrow
'-indicating the direction of rocket motion while Straight

1inesindicate the orientation of Wave'front

ot

. |
<
O
I —
W
>
- HORIZONTAL - |
(G) (&)
~ FRAME OF WAVE FRONTS
REFERENCE. e .

From the following table it can be seen how the
moving rocket samples the irregularities. § is actual

irregulerity size,

(a). Rocket Velocity Irregularity Velocity of Scale size of
orientation Irregularity irregularity
. sampled hy rocket

1, Vertical Vﬁ Vertical Zero Rocket does not
: sample any scale
Sizeo
2, - n Vertical VVé(Horizontal) VR’ S
: v/ Horiz
3. u Horizontal Zero "8
b4, "  Horizontal Vv’ (vertical) Vi, S
© downward RV e
: | [ VR * V Gert|
5, o " ~ Horizontal Vé,(vertical Vk S
upward)
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() Now we shall consider the general case i.e, horiw-
zontal as well as the vertical motion of focket,VH is the
horizontal and V, is the vertical velocity of the rocket

while the resultant velocity is VR‘

Irregulerity Velocity of Scale size of irregularity
orientation irregularity sampled by rocket
1 Vertical  zero V. S
' T ,
2 . Vertical ( v ) V. S
Horizontal ) " Ve
l Vg~ Uy r
3 Horizontal . Zero VR-S
Vv
4 Horizontal '%; VT LS
(downward) ‘ v, o+ Vo y
!
5 Horizontal V., VR , S
' (upward) - _ :
pwar , 7o
\% v

Similar calculations can be done for a rocket moving
in downward direction, We shall meke use of above table in
calculating the actual sizes of the irregularities from the
- observed sizes, The Nike-ipache rocket velocity at 100 km
" and 170 km (near apogee) are 1.6 km/sec 250 km/sec respect -
ively, For.illustration purposes we shall consider only these
two altitudes, At 100 km the resultant rocket velocity is
in vertical direction while around apogee its motion is
entirely in horizontal direction. Let the irregularity
velocities in vertical and horizoﬁtal direction are 30 meters/sec
and 300 meter/sec respectively, We shall assume that these
values are same, at both the altitudes under considerations

1.0. 100 km and 170 km,
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(a) o aRoéket at 100 km (Rocket supersonic):- ‘Referring

section (a) of the above_table and considering all the cases
one by one,

In case (I) the rocket does not. see any lrregu-

- larity , En case (II) observed scale size
1 = zﬁvﬂf_ - LggS =5355
The observed scale sizes are about 5 times the
actual size, In case (III) the observed scale
sizes are saﬁe as actual size. In case (IV) &
(V) the chserved sizes are nearly éamé as actual

sizes in both the cases because the lrregularity

velocity is negligibtle compared to rocket velocity,

(p) Rocket at 170 km:(Rocket subsonic):~ Conéidering
the section (b) of the table and taking each case one by one,
(1) VTR S
Case(I) The observed scale size 1 = = §
H

Case(II} If the irrepularity moving horizontal in
the same direction as that of rocket then ¢

v, S
T% - 250 = 5,58
a Yy 300 - 250

. =

If both are moving in opposite direction then A

_ Y 3 . 2508 . s
' V 1 ) 550 . 2 ® 2
Vg

Case (III}. In this case rocket will not s ample any
irregularity, Case (IV)& (V) the observed scale

sizes 1s given by



- 51 ~

v . 3 , o . ‘
v ‘ ,

%fc

From above calculations - it is clear that the
Scale sizes cbserved by Moy ng rocket can differ from their
actual sizes. The observed sizes may be 0.5 to 8 times of
actual size.

3.10 The environmental conditions around the moving

rocket s The measurements with rocket or satellite:
borne Langmuir probe is greatly effected by the environmental
condition. The major factors are (a) earth's magnetic field
(b) photo electron emission from the sensor (c) contact potent-
ial (d) excitation by R.I'. voltage by telemetry antenna (e) out~

gassing from the rocket making the plasma contaminated and

(f)échange in spatial electron density due to rocket motion,

The effect due to magnetic field and photo electrosms

has been already discussed.

(c) Contact potential: It is observed that when the

probe voltage is zero, the probe current does not become zero.
The effect is believed to be produced due to the contact
potential Eetween.two different metals i.e sensor and rocket
body, (Smith 1967, Boyd 1968). Fig. 5 shows the value of
contact potentiﬁl for day and night time flights. The actual
value of the contact potential does not affect the retarding
voltage anal&sis, while during fixed mode operation a correct-
ion can be obtained from individual current voltage plots,

(EourdeauM1953)..
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- (d) o The excltaflon by radio frequency voltage°  The

presence of R F, fields can not be aV010ud as the transmitting
antenna is requlrod to telemeter the data in rocket borne
‘probes. In the presence of R.F, fields the electrons can
~absorb energy and thus the electron temperature is increased,
' The effect can be minimised by kéeping the antenna far away

from the sensor.

(e) The outgassing from the rocket:- The outgassing

from the rocket contaminating the environment is a severe
problem. The outgassing ié‘muchkmore when an aluminium nose
cone is replaced by a fibreglass nose cone. The use of
fibreglass nose cone becomes necessary when the Langmuir probe

is flown with proton magnetometer.

) The effect of outgassing on probe measurement is to
decrease the probe efficiency for current collection due to the
large no, of collisions with the gas molecules..'Thé effect
of outgassing has been obsefved in the probe current when the

probe was flown with Trimethyl aluminium, The probe cqurrent

values were lowervby a factor of about three after the ejection,

of the T.M,A, The effect of T.M.A, is shown in the density
profile of flight 10.13 fig,3Y4y The thin line and the dotted
lines show maximum and minimum values of probe current during

a spin cycle showing the extent of spin modulation.

(£ . Effects due to vehicle motion in collection of "
current :- When measurcments are carrled out by

rocket and satellite borne probes it is necessary to consider
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veffect_of phé Vehicle potential and its motion. The rocket
bédy acquires’a negative potentlal known as floating potential
which is about to half volt for —%9 200 and electron
temperature 1000°K, The effect of negative potential w111

be clear in forth coming pqragraphs.

The moving rocket perturbs the plasma in its
vicinity and creates the compression region in front and
a weke region behind it. Fig.4 shows the séhematic represent~
ation of disturbed region in the vicinity of fhe moving body,
The shape of the body is considered as spherical and ellip-
soidal to simplify the geometry of the disturbed region,
In practice the rocket body, a cone cylinder configuration

should be considered to represent such a geometry,

-

In the wake region of the rocket the charged particle
density is considerably reduced compared to undisturbed region.
The+ions are not able to fill the wake region due to their
smaller velocities compared to rocket velocity and electrons
due to negative potential of the vehicle., If the probe is
Situated in the wa'e region it will measure électron density
which is considerably less than the density of undisturbed

mediﬁm. Such wake effects have been observed by Oya (1968),

3.11 Production of disturbances in plasma by moving
rocket :- The study of disturbances created by

the'moving rocket is of great interest in its own right and
has greater 1mportance in the analysis of in situ dlrect

mcasurements.
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shapes (From Alpert 196%).
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| An-inétrument for exémple a=§robe situated at tip
of the rocketvhoSe cene ndilects the particles from its
neignbourhood, If some kind of disturbance is present in
its v1o1n1ty it will reco*d the state of the disturbed
region (Alpertet.al 1965), Disturbances created by a moving
rocket in the ionosphere can be detected by the probe on
vehicle under certein special circumstances, When rocket
motion is supersonic the disturbance can't reach the rocket
body or sensor. The disturbance thus created spreads
uniformly in all the direction;ﬁit can move with ion thermal
veleocity or even less Which is much less than rocket velocity.
If the rocket is subsonic the rrobe can record these disturb-

ances,

Llpert et.al(1965) have studled the effects produced,
by moving body as it advances through the 1on08phere. It is
believed that in the wake region of the rocket or satellite
some kind of instability is developed which results in
generation of ion acoustic waves, Gurvich and Pitavsky
(1965) have developed ﬁ dispersion relation for the ion waves
generated in the wake region of moving vehicle, The: frequency
- of these wave ranges from 0,1 Wi to 1.0 Wi where Wi is the

lon plasma frequency of the medium,

The icn plasma frequency around 175 km is around
5 KHz in the evening and in night while at mid noon its value
is 18 KHz. 1In order to study the lower end of the spectrum
of ion waves the measuring instrument should have frequency
‘response at about 0.5 KHz for évening and night time conditions

while around 1.8 KHz for day time conditions.
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CHAPTER - IV

'INSTRUMENTATION

Rocket borne Langmuir probe and plasma noise probe
systems were developed to study some of the ionospheric plasma
parameters. The Langmuir probe was deve10ped to measure .
electron density in the range 1" electrons to 100 clectrons/cc
and electron temperature greater than 200°K. The plasma noise
probe measures the electron density fluctuations in the'frev
quency range 70 Hz to 1 KHz (of SCule sizes ranging from one

meter to 15 meters) and with amplitudes as, low as 0,05% of

the ambient level, The systems are described in forth coming
+ paragraphs.
4,1 The conventional Langmuir probe system: In the

Langmuir prche experiment the sensor is a small section of the
‘nose tip or a separate electrode projecting out from a suitable. .
portion of the nose'cone. which is well insulated from the
rocket body. A voltage, varying around the floating potential,
1s applied to the sensor and the current drawn by it from the
surrounding plasma is measured by a su1table_e1ectrometer
amplifier. In the Smith’s version the sensor stays at a
.potential Well above the floating potentiel for a major portion
of the cycle and the saturation electron cufrent'is measured

for the electron density determination, Durlng a part.of the
cycle the sensor potentlal varies linearly from a fey volts

negative to a few volts positive with respect to the floating
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' potehtial and electron temperature is determined in this
| portion of the cycle by retardlng potential analysis of the

probe current versus probe voltage curve, -

The working of the abOVe system is illustrated
in fig{6a. The sweep generator generates the voltage applied
to the sensor and the electrometer am@lifier measures the
sensor current, It is necessary that the input impedence of
the electrometer amplifier must be small 50 as to keep points
' énd a'! very nearly at the same potential, the potentlal_
difference between the two points being less than 0,01 Volt.
The potential at A 1s not affected to any considerable extent
by changes in the input current, It is customary to use

ampllflers with 100% negative feed back for thlS purpose.

While the above system is straightforward, in
practice, it involves many precautlons The sweep generatlng
AL bl _gpasio o @ B Ao 04y
system requlres a power supply which has one terminal in
common with the rocket ground, The two batteries are therefore,
independent and must be well insulated from one another, In
.fact, it is essential that the entire sweep generating system
from the poinﬁ S to the point‘A, be well insulated, and
shielded from the rest of the payload with only two points
G and G! hsving any connection with the rest of the system.
The electrical shielding is connected to the rocket body at A',
Leakage currents between this sectlon and the rest of the

system must be much smaller than the sensor currents that

are to be measured. The nature of the difficultywill be,
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aDpreclated when one remembers that in a rocket payleoad

any bal tery that supplies power to tbe circuitry must have
associated relay systems and external batteries for pre~
launchAcheCR—out procedure. A4lso if proper care 1s not taken
even capacitive leakage between the systems can glVe rise

to currents of the same order as the currents are to be
Neasured. The distributed capacity of the sweep circuits
further adds to the complication by modifying the probe current
in that portion of the Sweep cycle where the potential of

" the Frobe is varying. The probe current is modified most

after the voltage of the sensor is made to change suddenly
.from positive to negative. The charge collected in the distri-
buted‘capa01ty disturbs measurements in a substantial portlon

of the sweep during which p051t1ve ion current is recorded,

4.2 " The present systems: An alternate system which is

functionally similar to the conventional System, was used for
the experiment, (Satya Prakash and Subbaraya 1967), This
system is illustrated in fig.6 b, .4 wave form reverse to
that which is to be applied to the sensor is generated and
grounded to the rocket body. If the potential drop 1ntrodUCed
by the electrometer is small (the difference is as before
less than 0,01 volt), the sensor voltage varies with reSpeet
to the rocket body in a manner determined by the generator.
In this system the leakage is reduced to a minimum as the
~input to the amplifler 1s directly connected to the sensor,
If the payload is so situated inside the rocket nose cone

that the sensor and the amplifier are separated by a large
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distance, the leakage and distributed‘capacitances can‘be
minimised by eedlng the aensor through a cable and Shleld

of which is kept at V} since V) differs from v, by 0,01 |
volts only. (V, and V] represent the potentials at & and &'

‘respectively,

- The block diagram fig.7 describes the working
of the system, Using a single’floating power suﬁply the
voltages Vi 18, Vi and V! - 9 are produced with respect
to the rocket body, Yé varying in a manner shown in fig,6,
The electroneter amplifier works on these voltages and converts
the sensor current into an analog voltage which can be
telemetered by FM/FM telemetry system, The present system
1s much simpltr. The frequency response of the system is
| high and depends primarily on the feedback element in the
electrometer amplifier, Since electrometer amplifiers can be
built with frequency response upto 20° KHz Thus the system
is ideal for studying the probe current fluctuatlons Also
the system works on single floﬂting power supply,., It faci-
litates the vse of guard electrode without any edditlonal

electrenics,

Flasma noise probe selects and amplifies the
fluctuations in the probe current in the frequency range
70 Hz to 1 Kz, It can covep a dynamical range from 0.05%
to 4ﬁlof tota1<prob9 curreht. The fluctuatlons with freq-
uencies smaller than 70 Hz can dlrectly be seen on Langmuir .

probe current record,
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4.3 _ DescrLLtlon of the Lanpmulr probe and Plasma noise

probe inqtrunents' v The mechanlcal system and

electronic circuitry of L.P and Plasma noise probe were
designed to withstand a wide range of temperature variation
and high v1bratlon levels Iemperature and vibration are
the main considerations to be taken into account for

rocket borne Instrumentation., The mechanical layout of the
System is such that after assembling the complete unit there
1s an easy accessibility for electronic components. Such
that in case it becomes Necessary, any component can be

replaced without much difficulty,

The ﬁechanical system was designed to withstand
a thrust of about 50 g (g = acceleration due to gravity) with
a vibration rate BOOO/sec. Such conditions are likely to be
encountered during Nike-&pache launch, The payload was
subject to a linear acceleration of 50 g and at a frequency
only 140 V1bratlon s/sec. Shake table facility at Thumba was
avallable for low vibration frequency 1i,e, maximum to 140

revolutions/sec,

The meximum temperature in the payload housing is
expected to be around 60°C, Each electronic circuit was
designed to withstand this temperature, Only those component
i;e. transistors, diodes, capac1tors and resistances which
can stand high temperatUres were used, The electronic
circuits were kept at a temperature of 60°C for half an hour

in an oven and tested for reliability and proper functioning,
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Flnally the assembled payloed was kept at 60°C for half an
hour and checked thoroughly for proper functionlng. ‘The
operation of the assembled payload is continually evaluated

during vibration and temperature test.

hib o Electrode geometry: Electrodes of various geo~

metries like planar, spherical and cylindrical have been used
in rocket borne probes. But for the rocket borne probe, one
of the most convenient shape of the sensor is the tip of the
rocket nose cone. The sensor replaces the standard nose tip
and does not require any modification in the geometry of,

the rocket and aveids use of eny opening device., The conical
shaped electrodes however, show marked aspect sensitivity of
the sensor in erobe current (S8mith 1967). The aspect sensiti-
vity of the sensor creates difficulties in the analysis of -
data and hence should be minimised, The conlcal nose tip was
later replaced to an ogive shaped sensor by Smith and was
found to be relatively insensitive to the aspect, This sensor
was adopted for the present study. The electrode used had

an ogive shape and included angle of 11°.

4.4,1 . Guard electrode: The use of guard electrode

greatly improves the performance of the sensor by rendering
the electric field near the sensor normal to 1ts surface
and avoiding the edge effect. Since the guard electrode is
‘kept nearly -at the same potential as that of sensor hence

| the direct 1eakage current between the return electrode

for the sensor 1s very much reduced, Thus it enhances the

/
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functlon of the 1nsulator Whlch 1nsulates the sensor from
rest of the system. Lny leakcge between the guard and rest

of the body does not affect the measurement.'

o

Stainless steel was used for tip sehsors because
of its‘high work function (to reduce photo electric effect),
high melting point and low magnetic permability as some of
the probes were also flown along with proton precession -

magnetometers,

4,2 The insulator: The insulator material should be

such that in addition to its ability to withstand high temper-
atures 1t should have high insulating propérty and good

mechanical strength., Some of them which' satisfy above require—
ments are boron nitride, teflon and ceramic (alumuna), These _

materials were used in different flights for the insulator.

’The guard electrode was insulated from the rocket
body by teflon insulator, . The photograph armd deawing of the.
 sensor is shown in fig.8, To keep the probe sensor free from
moisture the sensor is fitted at the tip of the rocket nose

.cone just before launching.

4,5 - - Probe Electronics: Fig.7 i1llustrates the block

diagram of probe electronics, The probe electronics consists

of a sweep generator, 4n electrometer amplifier, plasma

noise probe amplifier in frequency range 70 Hz to 1 KHz
‘subcarrier oscillators and band pass filters according to
I.R.I.G, standards, The subcarrier oscillators and associated

filters form the part of the probe electronics, The probe
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Figure~8 : Nose tip electrode photograph.
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.electronicsuoperates‘on_floatingvpower.supply‘of voltages
v '

A
provides ‘the required voltages, The a.c. output of the

+ 18, V) - 9 vo1t. A baitery and voltage regulator

subcarrier-oscillators 1s mixed by a resistance network and
mixed output.is fed to the ﬁransmitterfv The tranSmittgﬁ
,QperaQQd on separate power supply. The electronic circuit
of each,unit will be described briefly in the following oy

paregrarhs,

446 Sweep civeoulr s & linear waveform was obtained

by charging a condenset with a constant current, The wave
form of the sweep volta&e and the circuit diagram of the
' sweep generator is shown in figs, 11 & 10 respectively,

The block diagram of sweep circult 1s shown in. fig,9.

L0

‘Fig.9 Block diagram of sweep generator

As illustrated in block diagram flg 9 R and C
form a charglng network and D 1s a high galn amplifier.
Vs is the supply voltage. With the increase of voltage at

the condenser terminal ﬂuwthewoutput voltage of thé"dfff~



erence amplifler will fall rapidly 1.e, a negative going
sweép will appear at the output. Let ‘the decrease of voltége

in time At be =~ AV at the final output, If g is the
AV

gain of the difference amplifier then — - is the input

to difference amplifier, Thus the voltage across the
condenser C is A V(l + ~%~) and charging current is C 1%?%—
(1 + ~l—). The charging current through the resistance |

R is (Vs - #é%)/ R equating the two currents we get

\
AV (Vs - —LBL_ ) Vs 1.V
C = = 1 " - 18
At RCTF L) ( g EVE )
&
On examining the ahkove equation we can see: that AV will
. : -~ 1 AV ' -~
vary llnedrly with time as long aswg o mg~v§-<§«(1. For thev

sveep used'following were the values.

MVhax = 5.0 volt
Vs =18,0 volt
- 1 AV -2
g = 100  so (g""i""g—v—) 1.3 x10

obvious;y év+ §¢%§L-<Q<1} The linearity of the sweep will be
within 1.,3%,

4,6,1 Working of sweep circuit: Referring to fig.l0

the condenser C is charged through a high resistance K, which
form.a chargihg network with a fairly large time constant.

The othter end of the condenser is returned to the final sweep
output, The voltage at A is fed to emitter follower T,

and T, which in turn‘is fed té a differen-camplifier T,,

through diode D The negative'end of the difference amplifier
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is blased at +2.,0V, The difference amplifier output is fed
to enitter follower Tge The diode D1 and D, form a selective
network, As 1ong as the voltage at E'is less than the
| voltage at terminal E the diode D1 conducts and the output
of the difference ampllfier goes on decreasing and subse-
quently the VOltage at E'also goes on decreasing, As the'
voltage at the base of Ty becomes more than the Voltage at E,
the diode D2 becomes conducting and tho difference amplifier
no 1onger follows the voltage at the emitter of T3 with the
result the output voltage remains constant while the voltage
€. rises. The voltage e, 1s fed to a difference amplifier

T11 and le whose Negative end is biased at 45,0 volt,

Divided 51gna1 from emitter follower Tg is applied
to T, and Tg. The final sweep output is returned to condensor

terminal B,

4.,6,2 - Termination of sweep: The sweep is terminated

when the vo’*wge at e, becomes greater than 5 volts, The
voltage e, 1s fed to a dlfference amplifier circuit T11 & I 12°
bs soon as e, becomes more than +5,0 volt, the difference
ampllfler glves a positive pulse which triggers a monoshot,

The monoshot Ty and T10 gives a +12 volt pulse for 50 m.sec.
‘duration, The'monoshot‘pulse'makes the tremsistor Iy fully
conducting resulting in a shorting of the condensar C. The e,
vaveform and monoshot pulse wave forms are shown in fig,11,
after 50 m,sec 1+ . . the short is removed and the sweep

restartsa
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In order that the duration and the 11near1ty of
the sweep is not affected by the temperature change, the
electronic components were selected carefully. Silicon’
transistors with Ico < < 0.1 micro amp. were used, The
charging condensef C was a low leakage current metallized -
paper caoacitor with a leakage resistance more than ten .

thousand mega ohms.

'Following is the specification of one of the

Sweeps used:~

Sweep voltage levels | -l,OV'to 4;OV

Variable voltage duration 0.6 sec,

Fixed voltage duration . 0,50 sec,

Zero marker voltage duration

(monoshot pulse duration) 50 m. sec,
Tota1<sweep.cyc1e duratien 1,15 sec,
4,7 Electrometer amplifier: - The probe current (in

altitude region 55 to 180 km) that is to be measured rahges
from 2 x 1072 amps to 3 x 1077 amps, The electrometer amplifier
which can measure such currents should meet following

requirements,

1) - &hould be able to handle currents of the order
of lOk;mp. and respond identically for both the
polarities of input currents i.e, positive ion

current and electron current,

2) Large dynamical range for input current should

be about 1.5 x 10%,
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Must be capable of glVlng output voltage from

| -5 OV to +10V to handle the positive ion as

4)

5)

well as electron current and to satisfy

telemetry requirements,

The frequency response should extend from D,.C,
to a few KHz and thus must be able to record
audio frequency,flﬁctuatiohs present in the
probé current, rFréquency response should be

upto 3 KHz,

D.C. Voltage drift must not exceed 100 m.volt

due to tempefature or supply voltage change. .

Fig.12 Representation of a feed back amplifier,

The amplifier in Fig.12 has gain A and Rp is the

feed back element., 1 and Eo represent the input current and
~output voltage respectively, If zy 1s the input impedance

the amplifier . and if ~ 1 is the current flows into the
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- amplifier then,

A.-_Zl D1 ( 1+ T)

i

- Eo ('1 + jéw ) where Eo = —.A_Zi'zx‘i.

i R = =~ FE ( 1+ -+ _F )
' " h Z
For a typical circuit & = 10°
Feedback resistance Re = 40 meg. ohm
Grid leak resistance Z, = 10° meg., ohm

Hence XF << 1

7

Thus the amplifief”butput 1s approximately given by

EBo = -~ 1 Rp within 73.1% and the input current
o s . -Eo
18 given by i = R?'. \9

Input current is given by output voltage divided byvthe'feed
back'resistancé;' Thus it is independent’of thevamplifier~
characteriétics.‘ ‘

Input impedance of the amplifier = ,1§ = 40 x 106

17

= 40 K ohms, which is wtrh less than the value of'Zl.
Referring to fig,13 the input stage of the electro-
| meter amplifier is an electrometer tube Raytheon CK 587 whlch
has a maximum leakage current of 10 13_amp. The output
voltage of the electrometer tube is fed to a difference

ampllfler T2 & T3 through Lmltter follower T1 « The difference
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amplifier at its negative:input‘is-conhecteé fo a pofential
divider. Potentiometer Pis uéed'to adjuét the zero level of
the amplifier., The difference amplifier outrut is followed
by emitter followers Tg and To. Output of T; is fed back to
the input stage through the feed back net work circuit. The
cordensér C is connected to limit the frequency response of

the amplifier and to prevent high frequency oscillations.

4.7.2 Large dynamical range for input current: The large

dynamical range of currents is achieved by using a nonlinear
resistive element for large currents, a pure resistance for
small currents. Thyrites and silicon diodes were used as
nonlinear resistance elements, The feedback network used in
some of the flights is shown in the amﬁiifier éircuit fig.13.
The feed back network consists of thyrite, pure resistance
and diodes. The resistance and thyrite form the feed back
net,work for electron current while diqdes for positive'ibh
current. The resistance can cover a dynamicai range of 102
while the thyrite covers a dynamical range of 1.5 x 102. Thus
the total dynamical range of 1.5 x 104 is achieved for elect-
ron,curfént. While diodes covef dyﬁamiCal range of 103 for

positive ion currents,

For low electron current from one milli micro amp.
to 0,25 . amp a resistence of 40 meg. ohm is used. The
switching from resistance to thyrite is done by the circuit

shown in fig,l4. The amplifier output is fed to a Tg and Ty
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“which giﬁesfa pulse of +15 volt when the amplifier ouﬁput
exceéds 10 volts. The biétableiT8 and Tg gives a pulse which
is fed to T,, which puts on the relay No.2 thus theé thyrite
gets comnnected parallel to the 40 meg. resistance. After each
SWeep cycle a monoshot pulse (from the'sweep circuit) of |
50 m.sec duration resets the bistable. The current range
between 10'3A¢,amp to 0.25 wcanmp. is used for electron temper-
ature determination. Any ﬁncertainity caused by using a non-

linesr element like thyrite as feed back element is avoided.

4.,7.3 Zero current marker: The circuit diagram of zero

current marker is shown in fig. 4 , At the beginning of
every sweep cycle a calibration mark is obtaingd for 50 m.sec,
at the amplifier output. This is achieved Ey shorting'the
feedback net work for 50 m.sec. during each‘cy¢lé with relay
no.l which is-driven by ‘a monoshot. The shorting of the

feed back element gives a more reliable zero mark compared to
discohnecting.ﬁhe input to the amplifier. From the expression
it can be seen foy i = 0, ¥Fo = O{ Also Bo = 0 when Re = 0.
Thus a output corresponding to i = 0 can be got by shorting Rf.
The zero mark can also be obtained by disconnecting the input
from tip sensor. Zero mark obtained by shorting the Re becomes
independent of any.leakagé taking place within amplifier out-
put and the sensor. While in the other method the zero mark
.AWill not be free from 1eakage in the amplifier. Leakages in

the amplifier and the sensor are expected during the prelaunch
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 .§ériod_dué to the moisture. This 1eakage 1s reduced very much

as the amblent pressure decreases during the fllght

bo7 4 The switching relays: Reed switches of G.E. Co. .
U.S.4. were used for relay No.l, and relay Ne.2,
“rhe reed switch coils were wound on a plastic spool of %"

length and outer diameter %",

The amplifier vas tested for temperature variations.
The drift at the amplifier output was less than 0.1 Volt for
supply voltage Var1at10n.V2 + 21 to V! + 15 V and temperature

variation from 27°C to 60°z,

The standard resistances and standard mercury cad-

mium cells were used for amplifiercalibration.

Typical calibration curves are given in fig.15,
curve (4) for electron current with resistance feed back net~
vork, curve (B) for thyrite feed back, and curve (C) for

positive ion current with diocdes as feed back net work.

4.8 Plasma noise aleLfle“: An audio frequency ampli-

fier shown in flg.“& Was Qu&i%ﬂ@d to study fluctuations in:the
probe current from 0.05% to 4 ,0% 6f.total probe current, It
consists of a band pass filter, a signal divider circuit anq
.an ampiifier. -

The band pass filfer has e band width from 70 HZ‘
to 1 KHz, and is a combination of high pass and low pass
filter, tuned at 100 Hz and 800 Hz respectlvely. The toroidal
‘corgs:manufactured by /Arnold Eng.Co. were used for inductance

coils,
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he'c iter oLLrt t is. divided in the ratio 1:12 every

alternate sweep cycle to cover a large dynamicel range. The

' change of gain (division) is obtalned by the flip flop shown
in the cireuit dlagrom, The_flip flop is triggered by a negat;'
‘ive pulse fed from sweep circuit, The divider circuit con-
sists of 22 ¥ ohm resistance and 2 K ohm resistance in series
With the transistor T,. Vhen a positive pulse from flip flop

is applied to base of T, the transistor remeins non conducting

,s_\

and almost full signal eppear:at terminal 4., But for a neg-
ative pulse it conducts fully and no voltage appears across the

transistor TA, The termin 21 B is shorted to -9V and the

signal at &4, i.e, across 2.0 K is divided in the above ratlo

ed to a feedback amplifier,

- 0.4 voit peak to'peak at

°,

The amplif er can handle a signal
its input. It bas a voltage gain of twenty with feed back

and one theousand without feed tack,

In two rocket flights plasma noise signals were
studied within a narrow baﬁd of frequencies, For this purpose
mnarrow band pass filters were employed, - In one flléht}filter
frequency was 880 Hz -+ 15%., In another flight filters of
400 Bz and 960 Hz each of band width of * 7.5% were employed.
The amplifier output used was same as described earlier. The

a.c output of the amplifier was detected and telemetered.

The circuit diagram of phase inverter and diode

detector is shown in fig.,17, Thz a.c output voltage of the
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l,émpllfler is fed to phase 1nmeter T]. - The Voltage at
collector and emitter are 180° out of phaue The diode

D, and D2 form thL diode detector circuit., ihe rectified
output voltage is fed to T?} Thévccndenser C is connected
across the'emitter resistance of T2 for filtering. The
filtered output is fed to an emitter follower and then to

subcarrier oscillator.

4.9, Electronic differentiation of J-V lLangmuir probe

characteristics: In one of the flights electron

temperature was determined by differentiating the J-V charact-
eristic curve. 'TheAtheoretical treatment of this method is
given oh'page ‘. . The electronic circuit used for this
pﬁrpose WasVsimilar'és shown in fig.17. A signal of about

2 m volt of 800 Hz frequency was superimposed on sweep voltage;
with the help of & transformer. The signal at 800 Ez was
salected at the output of the eleétrometer’amplifier and ampli-
fied., The amplifier signal was then detected and telemetered.

The a.c amplitude at 800 Ez will be maximum at space potential

where the J-V characteristic has mazimum cutrvature.

4,10 . Subcarrier oscillators: The d.c outputs of the

electrometer amplifier and a.c signal output of the plasma
noise amplifier are fed to subcarrier oscillators (S.C.0) of
FH/FM telémétry system. The oscillators are transistorised
multivibrators designed for variocus 1R1G standard subcarrler

channels W1th a band width of + 7,57 of the centre frequency



- 73 -

- The-chanﬁel selectéd to telemeter fhe“parﬁicﬁlar information
depends upon the intelligence frequency of the %Eiﬁ?el The
intelligence frequency is 10% 2f the channel., The frequency
of the‘signal should not exceed the intelligence frequency. -
For7exampie, to telemeter plasma noise of 1 KHz frequency

70 KHz # 7.5% channel which has intelligence frequency 1.00KHz
is needed. In case it becomes necessary to telemeter the
signal which has frequency more than a few KHz, then the signal
must be spectrum ahalyzed in the payload itself and the det-
ected signal should be telemetered. Subcarrier oscillators
were designed for cenﬁre~frequéncy of 10,5, 22, 40, 70 KHz
with + 7,5% bandwidth., The circuit diagram of the S.C.0 is

Shown in fig.18. It consists of'a voltage controlled oscill-

ator, a limiter circuit and band pass filter,

(a) Voltage controller oscillatbr: The VCO is a -

multibrator whose oscillation frequenoYYVaries with input
‘ véltagé. The frequency of a stable muitivibrator is given by

_N_J_-,._‘_y..*_» 20
Ry C n( 14 Y ) |

Where Rb is base resistance and C is coupllng condens@r. Ve

is collector voltage and'Vb is the bias voltage. In present
 circuit %%-was about 1, Vb varies from Yé ~0;6 Volt to YA * 2
Volt. Thw V.C.0'were designed for the frequencies of I.R,i.G
channels, The base resistance Rb was taken iOO K ohm and the
approximate value of the condens%r needed for a giVen centre

frequency was calculated from above equation., In order to
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improve the recovery time of the'mmltiVibra£Of pulse the
éollector resistanceAused'was léss than oﬁe tenth of the
base resistance and the collector voltage was clamped at
one third of the total surnly voltage. It alsé makes the
frequency of multivibrator less sensitive to supply voltage

variations.

The oscillating frequency was found to increase
by one percent.when the supply voltage is increased from
+24“V to 430V, With temperature change from 27°C to 60°C
the frequency increase was +1,5% of the central frequency.
Typiqél curve~showing the reélation between inpu£ voltage

and oscillation frequency are shown in fig.l19.

(b) Limiter circuits: The V.C,0. frequency

varies by +7.5% of its central frequency for input variation
of 2.6 Volt. In order that the input voltage variation should
not exceed the desired voltage limit, diode limiter circuits

(fig.18)were used to limit the input voltage levels.

(c) Band pass filters: The square wave output

from V.C.G, is filtered to provide a sine wave input to
telemetry transmitter, Band pass filter were designed
for bandwidth + 7.5% centered at 10,5, 22, 40 and 70 KHz,
The circuit diagrém of the band pass filter is shown in
fig.18. |

It consists of three independent tuned circuits,

The two parallel tuned circuits are coupled by a series tuned

circuit., All the three networks were tuned at nearly Same



$ 74 (g 3

24 T /
4757 ~
N R
-
=, | CENTRAL
O --—---—--.’..—......—..__-_..__..._...._.
2 FREQUENCY DIODE
L LIMITERS
& Vi +2:0 VOLT
Ll / —
& > L . V, —0:6VOLT
a | _-757
RN S L
S 20 /
z /
/
//
o -
/
/
| i i I 1

-2 -08 V{ 08 |2 24
| INPUT ~ VOLTS
FREQUENCY Vs VOLTAGE CHARACTERISTIC
FIG.19




- 75 -

frequency The 1nductance were wound on tor01dal cores

(Arnold Eng Co.U. 8. AL). The Lnductance values were chosen to
get c01L1about twenty. The bandwidth of the filter

is governed by the coefficient of éOUpling between coils

(1) and (2) as well as between coil (2) and COil‘(?) The

filter provides an output voltage Wlth nearly . COTX -ant .

amplitude around the resonance frequency and a sharp fall in

amplltude at frequencies away from resonance by more than

t‘7.5%. The frequency.re5pdnsejof the rilter is shown in

fig.20, Specifications of the filter, frequency bandwidth

‘ i_7.5%.'fﬁttehuation at 2nd harmonic_and<subharmonic,40 db.

4.11 Power supply: The power supply consists of a

battery and a regulator. 4 40.5 volt battery pack was used
Which can give 100 m.,a. current for ten hours. Six burgess

. 135 R mercury cells each of 6.75 volt were used which have an
ampere hour capacity with maximum current drain of 100 m.a.
‘VWhen the batteries are loaded by 100 m.é. the voltage drops
to 36.0 volt because of the internal impedance of the cells
which is about 45 ohms,

The probe electronics operated on floating power

supplies at voltage Vi

+ 18 volt and V; - 9 volt and requires

100 m,n. current. A voltage regulator was designed for these
requirements, It had an output 1mpedance of the order of

,fen milli ohms. The circuit dlagrnm of thc voltage regulator

is shown in fig.21. The transistor 11 and the power Transistor T,

‘form-a series control circuit, Transistor-TB and T4 form
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comparator and amplifier cifcuit.‘ The zener diode of 9.0 volt:
is used for reference voltage. The condens¢r C is used to

supress oscillations in the power supply.

The power regulator provides regulated voltage of

27 volt. It is divided as +18 V and -9V with respect to Vl

The divider circuit is also shown in the same figure. The
resistance R3 and R4 divide the 27,0 volt in the ratiévz:l.
The divider output is taken through emitter followers T5 and

T6. T, is a péwer transistor. T, output taken as reference

voltage,‘VA._ The circuit provides two voltage as V}_l - 9V &V}{HBV

High value capacitors are connected across these two voltages

to by pass high frequencies or transients,

4;12 Spectrum analyser: For spectrum analysis 6f the
composite plasma noisé a spectrum analyser.was designed which
conéists of six band pass filters, The filters are centered
at frequencies 110, 170, 260; 400, 600 and 900 Hz each with a
bandwidth + 20% of centre frequency. The bloék diagram of
spectrum analyser and recording systems.iﬁ' shown in fig. 22,
‘The composite plasma noise is fed to a driver stage and the
driver output is fed to the six filter sections. The filter
outputs are amplified and fed to a recorder. Frequency respo--

nse of spectrum analyser is shown in fig. 23.

4,13 Wiring of the payload circuits: The complete

electronic circuitry was wired on six fibreglass cards. &

photograph of one of the wired cards is shown in fig.24, The
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‘ electrohiCICOmpoﬁents were mounted and Solderéd on oné side
while interconnections were made on other side. To assemble
‘a1l the cards of one payload, four ‘brass rods of 3/16" dia-
meter and length 6%" were used. Spécers of about 1" height
were used between the two successive cards, The assembled
payload photograph is shown in fig.25, The assembled unit
is tested for proper performance. A4fter proper checking and

adjustment the unit was given a conformal coating,

% VR Potting of the payload: The payload undergoes a
certain amounts of acceleration and vibration during rocket
~launching. Hence it is necessary that each electronic compo-
_nént should be tested upto certain specified condition,
Mechanical suprort is necessary for higger componénts. The
payload cards were potted to give firm support to the compo-
nents. ]‘ _

First an afalﬂite layer was put‘on.bothvthe sides
of the card., A&fter the araldite is cured the units were .
potted with eécofoam. For potting an aluminium mould was
designed, The material used for potting»was the ¥ P H Resin
and 12-4H catalyst manufactured by Emerson and Cumming Co.of
U.S.L. The Resin and catalyst Werevmixed in the ratio 4:3 by
welght, The mi xed compound ié poured on card kept in the
mould, The mould is then clésed by an aluminium rlate, A4fter
about ten minutes the potted card is taken out from the mould,
The card acquired a solid shape with thickness about 3/4".

Al1 the electronic components are completely covered by the
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Photograph of wired circuit.




Figure-25 t Photograph of Langmulr probe and Plgsma
noise probe payload.
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- potting compound. ThetsilaStic R.T.V. rubber was used to
~cover the intercerd connection terminals aﬁd othér points
where potting compound cannot be used., The R.T.V. rubber
does not require a mould and hence is quite convenient to
use. However, the resistance of the material reméins low
till it gets completely cured. Hence care should be taken
not‘td use rubber to cover terminals Where high .resistances

are used.

4,15 Telemetry requiréments: &L FM/FM standard telemetry

system was employed. The mixed output from subcarrier channels
modulates the transmitter frequency. The transmitters used
had a carrier frequency in the Vieinity of 240 Miz., Following

were the specifications of one of the telemetry system.

Transmitter:

Frequency 244 ,3 MHz

Power ‘ 2 Watt
éensitivity 100 KHz/volt r.m,s
Bandwidth 500 KHz

Cutput impedance 50 Chms
Lntennas :
The transmitter output is fed to the paiz of
circularly polarised turnstile antenmas, The characteristics

impedance of the antenna was 50 Ohms, and length about N b,

Where A is wavelength of the electromagnetic wave.

4.15.1 Transmitter supply: The transmitter operates on

separate power supply whose one terminal is grounded to rocket

body. 4 D.C to D.C converter was used to supply proper volt-
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ages to the transmitter. The D.C - D.C converter operates at
6.0 Volts. Yardney silver cells FR-3 were used for comverter
supply. In ome of the flight DC-DC cdhverter operated on

30.0 Volts,

4,15,2 Mixing of subcarrier channels: A linear taper

law was adopted for setting the carrier deviation to corres-
pond to different subcarrier channels so that the signal to
noise ratio remains equal in all the subcarrier channels.
This presumes that the signal strength at the receiver-is more
than lOOfmicrovolt énd no receiver noise is added to the sig-
nal. Foster (1965). However if weaker signal - is expected
then the channel voltages should be mixed in pfoportion of
fS/Z law,

| Following table shows R.f deviation‘required for
linear taper and also r.m.s modulation voltage for each

channel for a transmitter described above,

W e e Ee M M Ma Mm e WA Em e m ke e s e M e MR S M2 ke e T e m m Y e e B B Mm b M B M e B e e e e fem e e e e e me B e e W P e

Central frequ- R.F deviat- R.M.S Experimental values
ency channel ion requir- voltage Input to r.f deyi-
{Hz ed KHz ’ mixer ation
\ T .m.S © observed
voits in KHz
10,5 8.40 0.084 0,13 10
22 17.6 0.176 0.26 20
40 32.0 0.32 0,43 35
70 56 .0 0.56 0.60 55
114 KHz 1.14 ¥ 1.42 120 Kz
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4,16 ‘_' Méunting‘& fixing of-the payload and probeﬁ The
"Laﬁgmuir prébe and plésﬁa nbise:probe including telemetfy
are accommodatéd in the cyiindriéal por;ion of'the rocket
nose-cone. In one rocket flight e!??rt'of conical portion
of the rocket nosecone was also used. The whole paylcad is
mounted in a rack, Fibreglass racks were used for flights
accompénied byvmagnetometers; While for other flights the
aluminium racks were used. Mounting procedure of the ﬁayload
for one of the flight accompanied by T.M.4 payload is des-
cribedﬁbglow, and the photograph of ihtegrated payload |

including telemetry is shown in fig.26,

‘ In the photograph the nosecone &4, cylindrical
portion B (a part of apoche body) and the integrated payload
c is shown with sensor electrode. The sensor electrode is
screwed at the tip of the nosecone. - The cylinder B encloses
the integrated payload C and is SCYewed at the telemetry

housing portion. 4bove this the nose cone is fitted.

The rack used in one of the Flight consists of
four aluminium stripgjég length twelve inches, - Three stripsA
of width one inch while the 'raceway' strip had a width of
two inches. The base and top plates of the rack were also

" .
of aluminium,

The rack is mounted on the telemetry housing region
- which encloses the D.C to D.C converter anduéXtend upto the

region where it is screwed with the T.M.L payload housing
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Figure-26 t Installation of Langmuir Probe, Plasma
‘ noise probe and Telemetry system in a
Nike - Apache rocket.
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portion of rocket The I.C to D.C nonvertcr connections are
brought thvougb the bottom plate, througb a connector, .The
transmitter, antenna. bases and rocket ﬁmblical is mounted on
the bottom portion of this reck. In the upper portion the
"Langmuir probe and plasma noise probe payload is fitted, The
battery box, consists of a pack of batteries for D.C to D.C
converter and is mounted cn the top plate of the rack. The
top plate is provided w1th 1+ hele, so the cable coming from"
the tip sensor is COﬂnPCted to the electrometer amplifier

input,

4,17 " Prelaunch testing: Prior to launching extensive

tests ere carried out while the rocket is on the launch pad.
This includes horizontal checks and vertical cheeks. The
block diagram/;;yload centrol and monitoring is shown in
fig.27. The payload mounting points are broﬁght from ﬁocket
umb11Cﬂ1 te block house through cables. 4ll the teéfing is
carried out on external rower, The payloadlperfqrmance is.
checked at grouncbased téi@metry s£ati0nvwhi1e the payloadl
and transmitter voltage suﬁply is monitored from block’house;
The FM/FM telemetry station at Thumba confirms the IRIG
standard (TERLS hand book 1967). The telemetry station,
subcarrier discriminstor and recerding oscillograph levels

are rrorerly adiusted before final calibration.

The contrel box was built to monitor the payload

from block house whose circuit diagram is shown in fig., 28.
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The control box consists of driver éircuité of transiétor
JTl,'TQ'aﬁd TB; T4} The”voitmeter Vl.inaicatégthe external
pover surrly Pi voltage. G1 an& G2 galvanbmeters indicate
amplifier output and sweep voltages-respectively. Ammeter
Al indicates the current drawn by the paylecad, when it
0perateé on external surply. Switches are shown for chaﬁing

the supply from external to internal.

The transmitter supply P, and reléy control suPplyv
Fq with ammeter hy and_.é;3 are also shown, The push button
switches are shown by S5, S, and S4. The tfansmitter and
the probe e}éctronics can be switched separately. Indicating
meters are fixed in the test box to indicaﬁe sweep voltage
and also Langmuir probe amplifier ocutput. The transfer of
payload to internal power is alsc indicated by the same

meters,

Just before launch calibration of the amplifier
and sweep is carried out, Known resistancesare'put between
"the sensor and rocket body and the discriminator outputs are
recorded, Calibration is done while the instrument operaty’

on internal hatteries.

The telemetered signal i.e recei&er output is tape
recorded, At the same time a real tiﬁe fecord is obtained
at a chart speed of 10"/sec., Slow speed, record is prepared
by playing béck the tape at a chert speed 1"/sec and 0.16/sec
The slow speed record is used for quick look of electron

density profile.
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CHAPTER - V
EXPERI’MENTAL .RESULTS

Four N1ke~Apache rockets carrying. Langmuir prpbe
and plasma noise probe were flown from Thumba (India) (8, SZON
lat. 76.87°E, long. 0.47°dip) during 12th March 1967 to 29th
hugust 1968, Each rocket was launched at an elevation}anglet

of 84°(effective) and azimuth angle of 270°(effective).

A brief summary of each rocket flight including

payload and vehicle performance is as follows:~

1. F]ight 10, 11, 12th March 1967, 1857 Hrs., I S.T, Tip

sensor w1th guard electrode was used for Langmuir probe\ The
insulator betveen the tip and guard electrode was of boron
nltride The plasma noise probe was flown to study the fluct-_
uations in the Langmulr probe current at frequency 880 Hz +15%,
A signal of 2 milli volt at a frequency 800 Hz was superimposed
on sweep voltage of differentiating the Langmuir probe char—
acterlstic Lo measure electron temperature by sPace potential
method, The whole system was flown with sodium vapour payload.
Sodium failed to -eject, Hence.both ascent as well as descent
data were available for electfon density, temperature and
rlasma noise, The rocket reached an estimated height of

164 km,

The perfermance of prowe and associated electro-
nics was satisfactory. Some leakage due to ebsorption of
m01sture by the boron nitride insulator was observed in the

initial stages of the flight, The leakage decreased with -
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tlme and becane negllglble at about 100 seconds after launch
during ascent whlch corrnsponds te an altitude of 120 km.
This leakage was corrected for during data analysis, 1In

later fllgh*s boron nltrloe insulator was not used,
,gb'—é - 5

2. Flight 10,13, 2nd February 1968 Hrs. IST: The
' -1

tip sensor with guard electrode was used. In this flight the

insulater was replaced hy teflon, The Lahgmuir probe was
accomranled with plasma noise probe which studied the fluctu~
ations in probe current in the freauency range 70 Hz to 1 KHz,
b&n 1nf11ght Srectrum analysis facilitated the recording of
plasma noise at frequencies 400 Hz and 960 Hz each w1th band
width of + 7,5%., The rocket also carried a trlmethyl alumin-

ium payload, The rocket reached an estimated height of 192 km,

The probe and associated electronics functioned
satisfactorily, The T.M.4 ejected around 165 knm during
descent, Near the apogee for a distance of about 20 km the
probg‘data were not useful since the probe amplifier got, |
shorted to the rocket ground at T + 158 sec. i.e 173 km during
ascent. The short was removed due to the shock from SqubS

used for releasing T M s

3. Flight 20.07, 29th hugust 1968, 1415 Hrs, IST: Tip
sensor with guard electrode vith a ceramic insﬁlafor waé

‘ uéed.‘ The insulator was replaced by ceramic alumina, The
Langmuir probe and plasma noise rrobe (frequency range 70 Hz
<£o 1 KHz) were accompanied bf a proton precession magneto-

meter, The rocket reached an estimated height of 175 km,
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The probe electronics functloned satlsfactorlly.
The electrometer amplifier Oot saturated above 105 km due to .

the large resistance of feed back alement (thyrite) and also

due to high electron densities during day time hours, However

the electron density profile was plotted above 105 km also”

by knowing the frobe sensitivity at different probe voltages,

b, Flight 20.08, 29th August 1968, 23.00 Hrs,IST: The

| sensor assem&ly and the payloads were identié&l to those on
flight 20.07, The system was flown with proton preceséion
magnetométer. The rocket rea ched an estimated height of
175 km, Thp lrobe and assoc1qted electronics functioned

satisfactorily,

The data from these four flights were analysed
and the results are presented in this and the following

chapters,

5.1 Nike Lipache 10.11: The tip sensor was insulated

from guard electrode by a boron nitride ring 1/8" in height,
The guard ring was of %" thickness insulated from the rocket
body by teflon insulator of height 3V, Tip sensor diagram

1s shown in fig.29(a).

The Sengor electrode is connected by cable to
input of the e]ectronefer ampllfl . The sensor voltage
was varied from ~1.0V to +4.0V for 0.5 sec. and kept at

+4,0V for 1.0 sec.
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" The rrobe émpiifier.employed the electrometer
tuke CK587 (Raytheon) at the iﬁyut. The amplifier was similar
to that shown in fig.12 with thyrite as the feed back element
The thyrite feed back was employed to cover a dynamical
fangevof about 104. Thyrites (G.E. Co, U.S,A) which reéponw
- ded identically for positive as well as negative durfents
.were used in the amplifier cirvcuit, Thyrites which showed
polarity effect Wére-rejected.» Ln inflight zero current
marker was obtained by shorting the thyrite by a reed relay

at the end of every sweep cycle,
: | '
The amplifier output was telemetered on two

telemetry channels. ThewaIl signal was telemetered on
AO_KHZ + 7.5% chénhgl."The rrobe amplifier output was fed
te the plasma néise*?rpbé which consisted of a band pass
filter in the frequencyuréﬂge 750eﬁz_td 1 KHz and an audio

frequency amplifier. . -

| The Langmuir probe characteristic was electréhiw
cally differeptiéted by supor-imrosing a sine wave_volfage
of 2 milli voit of frequency 800 Hz on swéep voltage., The
a.c éignal at output of electrometer amplifiex was smplified
aﬁd detected, _Thevdetected‘D,C signal was telemetered on
22 KHz channel. The a.c amplitude will be maximum at §page_
potential, |

The plesma noise was also telemetered on 22%6'KHZ

channel, But the plasma noise was studied when sensorvwas,ét

much more positive'potentiél éompared to space potential, &t
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such potentials the differentiated signal amplitud@ will be

only about 5% compered to its value at space potential,

i calibrated baroswitch with two pairs of contacts
set at 50,000 ft and 70,000 ft respectively was used to geﬁ
information about rocket trajectory. When the pressure
reached reference value during ascent the contact closes
thereby shifting the d.c level of an electronic ciréuit.'Tﬁis

was telemetered on 10.5 KHz + 7,5 channel.

The .four subcarrier outputs were mixed by resi-
stive network, The mixer cutput medulated the carrier

frequency 241.6 Itz of Bendix transmitter of power 2 Watt,

During the flight the telemetry signal was
received with modulation upto 336 sec. after launch. The
R.F. signal continued to be received upto 405 sec. which
was taken to be the total flight time. The receiver output
was recorded on magnetic tape and simultaneously it was fed
to discriminators of corresponding telemetry channels.  The
discriminatorboutput was recorded on the photographic paper

with a chart sreed 10"/sec,

The telemetry record showed the presence of
leakage between the sensor and the guard electrode when the
rocket was still on the launch pad. The leakage gradually
decreased during rocket ascent and became negligible around
120 km, It is believed.that the leakage was due to absor-

rtion of moisture ty the boreon nitride insulator during

+
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prelﬁuncb perlod which gradually decreased due to heatlng

during rocket ascent,

Operation of the baroswitch could be“;eccfded
only dﬁring aseent. Thi s record together with the total
flight time was used to get the rocket trajectory. ;

) oo . The correct rocket trajectory
'was obtained by matching ascent and descent electron density-

profile at the base of E region,

5.1.1 Determination of electron density: The current:

collected by the sensor when it is cperﬁted in the fixed

- potential mode {.,e at * 4.0V is measured from the telemetry

chart, The telemetry chart calibration and electrometer cali--
bration are made use in this process. The sensor is kept at
+4.0 for 1,0 sec. Sc on the telemetry chart about 10" length
is avql]atle (for chart speed 10"/sec). The average of 10
readings taken during the each sweep is tabulated versus time.
The above probe current is later tabulated against altitudt.

5.1.2 Ihe conversicn of rrobe current into electron

density: The probe current could not be norma1~
ieed to give electrdﬁ_densit;es since the densities were too
low to be detected by the ioncsonde at Thumba. The probe
sensitivity was extrarclated from the previcus day time flight,
Satya Prakash et al (1968). Tt is found that a probe current

of 1 .i.amp, corresponds to an electron density of 1.5 x 10%/ce.
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The electron dehsity profile for flight 10,11 is shown in
fig.30. |

5.1.3 The electron temperature: The pfobe current

is plotted against probe voltsge for individual sweeps (in
theIVariable portion). The part of the graph representing
collection of positive ions is extrapolated to obtain the
contributicn of positive ions to the probe current and
substrgcted_from the total probe current to give electron
current. This is then plotted on a conventional semildgA
graph. The slope of this semilogbplot is used to caleulate
electron temperature. A typical plot is given in fig,.31,
The electron temperature values thus determined are plotted
in fig,32. Full line represents neutral gas temperature

~for flight day conditions taken from CIRL (1965).

Because of some leakage observed upto 120 km, no
attempt’%as made to determine electron temperature below
120 km during ascent, As can be seen from the figure, the
electron temperature valurs are much larger compared to
neutral gas temperature. The electron temperature show a
éhérp maxima around 140 km, The region of electron temperature
maxima coincties with the regions of maxima in electron density
profile,

Lin attempt was made to determine electron temper-

ature by differentiating the langmuir probe characteristics,

The theory of the method has been discussed in chaptér 3. &
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sine wave of about 2.'miliivolt'atsa frequency of 800 Hz was
superimposed on_the sweep’applied to the sensor. The a.c
component at the electrometer amplifier output will have
maximum amplitude when the sensor VOltége is equal to space
potential as the curvature, in the probe characteristic.iS_
maximum at space pétential. This facilates in locating the

Space potential point on Langmuir characteristic,

Electron temperatures ‘determined by this methéd
for a few sweep cycles. Only those sweeps were selected in
which the point of inflection was clearly shown up in the
telemetry record. The actual electron velues of Te were
Qalculated from the equation:

Vv -V = 5.1 KTe 'zq
(s 3 =]

Where VO is probe potential at which probe current is zerb_
and V_ is the observed space potential. These values were
lover than the electron temperature valuesvobtained from

the usual retaf&ing potential voltage method by a factor of
about 1,8, But the nﬁmber of observations available was small

hence this factor required further confirmation,

5.,1.4 Small Scale irregularities: Small scale flucg-
uations in frequency range 880 + 15% in the Langmuir probe
current of amplitudes'Upto 0.5% of the total probe current
were observed, in some height regions., In these regions the
first differehtial'of J-V¥ characteristic was less than 0,05%
of the probe current. Lerge scale fluctuations of sizes more

than 50 meters can be seen directly on Langmuir probe current.
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iThe’?ercentége'fluctuation in the probe current
is shown in fig,BS. The fight'ﬁand side figuré represents
the absolute value of electron density fluctuations. This
curve when compared with tre electron density profile shdws
that‘fluctuations in electron density are observed mostly in
the regions where the electron density gradient is positive
(in upwerd direction). The flucuations are seen between 90
‘to'120 km and between 130 to 145 km region both in ascent
as well as in descent. Fluctuatidns seen between 150 km to
164 km i.e around apogee is due to rocket motion itself
(Satya Prakash et al 1969), Fluctuations were not seen
between 115 to 125 km region vhere electron density gradienté

are negative in upward direction.

5.2 Nike Lipache 10,13 The sensor had the same ghze

and shape as that on flight 10,11. The boron nitride insul-
ator was replaced by a teflon insuletor of 1/8" thickness,
The guard electrode thickness was 1" and it was insulated
from rocket body by a teflan insﬁlator of thickness¢1", Tip

sensor diagram is shown in fig, 29 (a),

The sensor electrode wes connected by cable to
input of electrometer amplifier, The sensor voltage was
varied from -1.0V to +4,07 for 0.5 sec. and stayed at +4,0V

for 0.5 sec.
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Tbe probe amplifier consisted of electrometer tube
CK587 (Raytheoﬁ) The amplifiefvwas similar as shown in
fig.13. The resistance feed back of 40 Meg ohm was employed
for current rﬂnge 0.1 M amp (positive ion current) to +0. 25
Ax amp, (electron current). While for current larger than
0.25 4~ amp. thyrite feedback was employed. The resistance to

thyrite‘feedback switching circuit is shown in fig.l4.

The.éﬁplifier'output was telemetered on two

# telemetry channeis. The full signal was telemetered on

40 KHz + 7.5% channel while signal was telemetered on 22 KHz
+ 7.5% channel. Piasma noise measurements were carried out
in the frequency 70 Hz to 1 KHz a.c output of the amplifier
whiéﬁ represents the total noise in this frequency range was

telemetered on 70 KHz + 7.5%.

The plasma noise in frequency bands 400 Hz +7.5%
and 960 Hz + 7.5% were filtered and telemetered after proper
amplification and detection on 10.5 KHz + 7.5% channei on
time sharing basis. This provided an inflight spectrum

analysis of plasma noise.

The four subcarrier outputs were mixed by resi-
stive network The mlxer output modulated the carrier frequency

244,98 1%z of transmitter of power 2 watt.
During the flight the telemetry signal was rece-

lved upto 420 sec. which was taken to be the total flight

time. Radar could track the rocket upto 50 km., Radar data



1
O -
2
I

together with tota] flight time and matching of the ascent
& deceﬁf"electron density proflles at the base of E region
was used to determine the rocket trajectory as described

earlier,

5.2.1 Electron density: The probe current when.the
sensor is operated at +4.0 volt is determiﬁéd from telemetry

- record, The probe current values were converted into electron
density from ioﬁogram obtained ‘at Thumba around flight time,
The ionogram at 1830 Hrs I.S.T. at Thumba showéd_a clear

E region echo with a criticael frequency of 1.7 MHz at a

virtual height of 165 km,

Lt 1850 Hrs I.S5.T. a diffuse pafch was visible
upto 1.3 MHz, With some reservation this can be taken to
correspond to peak probe current observed during the flight,
This gi&es a scaling factor of ltamp. of probe current

= 115 x'104'electron/cc.

Near the apogee for a distance of about 20 km
the probe data was not useful since the probe amplifier input
got shorted to rocket bedy at T + 158 sec., corresponding
a height of 173 km. The short was removed due to the shock
from squ1bs used for releasing T.M.si at T + 289 sec, during
descent(corresPondlng to a helght of 165 km). The effect of
T.M.4. release on the probe performance was to decrease
the current collection and also introduce a marked spin modu-

lation in the probe current profile. However, the general
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 featurés of”the’probe cﬁrrent profile could be made ocut even
during this pefiod'and the.elecfron density is'plotted for
this period also.

The electron dehéity profile is shown in fig.34.
For descent values the thin line and dotted line show maximum
énd minimum values of probe current during a spin cycle. The

difference between the two shows the effect of spin modulation

5.2.2 Plasma noise: The fluctuations in frequency

range 70 Hz to 1 KHz (scale sizes 1 to 15 meters) were
reccrded in probe current. The fluctuations in probe current
were cbserved when the sensor voltage was such that it was
opgfating in region II and I of Langmuir prObe character=-
istic sce fig.2.

The percentage fluctuafions in the probe currénﬁ
in frequency range 70 Hz to 1 KHz corresponding to scale |
sizes from 1 mgter to 15 meters is plotted in fig.35., The
right hand side plot shows the absolute value of eleétrqﬁ
‘density fluctuations. The values are plotted only for alter~
nate sweep cycles when the plasma noise probe amplifier gain
was high., A4lso only ascent values are plotted. Due to T.M.A
éjection around apogee no attempt was made to determine
percentage fluctuntions in probe current during desceht.
This plot when compared with-the electron density profile

of fig.34 shows that fluctuations in electron density are
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- observed when electron density gradients are positive in
s ) 'S Y\eW\) - »
upward direction. The nocise observed apogee i.e around
“

175 km is due to rocket motion itself.

5.2.3 - Spectrum analysis of plasma noise: The composite

kplaéma neise was spectrum analyéed by playing back the mag-
netic tope. The discriminator output was fed to the Spectruml
analyser., It ccnsists of six band pass filters each of band
width + 20%, and centered at 110, 170, 260, 400, 600 and

$00 Hz. The scale size of the irregularities has been cal-
culated by VE/f where Vp is rocket velocity at the altitude
under‘consideratiOh and f is the filter frequency, The‘ |
amplitude of different scale sizes is shown in fig.36. The
aﬁﬁlitude scale along the abscissca when multiplied by a
certain calibration constant will give directly the absolute
value of fluctuations in electron density ovér the ambignt
medium. The constant in this case is 7. /Ln examination of
fig.36 shows that in the height range 97-106 km the fluctuat-
ions amplitudes are large in entire range of’scélé sizes

covered i.e 1 meter to 15 meters.

Below 97 km the amplitude are sﬁall. It should
be ‘pointed cut that in the height range 87 to 97 km fluct-
uations corresponding to erQUencies less than 70 Hz i.é;
scale sizes 1arger than 15 meters can be directly seen on

Langmuir probe current,
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‘Thé'fluctuatigh amnlitudes were plotteq against
their scale size cn a log-log fiot.and Spectral’iﬁdex n wa$
calculated for a power law of tyrenE(k) £ X" where E(K) is
the energy ih wave number K. 4 typicalhplot is shown in '
fig. 37 The resulting values‘of ‘n' are shown in fig. 38?
It shows that 'n' is of tha order éf -3.5 at lower heights.
With increasing height the nerative value of n we¢s decreased

to a value of -1;6.

5.3 Flight 20.07: The probe assembly in this flight

consisted of a stainless steel ogive electrode with a ceramic
“insulator of helght 1", The puard ring was of stainless
- steel and 1/16" in height Fig.29.b, The guard electrode

was insulated from the rocket Lody by a teflon insulator.,

The sensor voltage was varied from -1,0 volt to
+4.0 volt in 0.5 sec. and kept at +4.0 Volt for 0.5 sec,
The clectrometer amplifier was same as the one used on
flight 10.13. The full signal of electrometer amplifier was
telemetered on 40 Kiz cheriel while divided signal on 22 KHz,
The amplifier output was telenetered on two channels. The
plasma noise was telemetered on 70 Kiiz + 7.5% channel. The
mix?d signal of three subcarrier oscillators was fed to the

transmitter for frequency 241 MHz end 2 watt power.
‘During the flight the telemetry signal was
received upto 408 sec, This wans taken as the total flight

time, The rocket trejectory vas determined by the matching
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of electrons denSity‘profile”foriascent and descent at the

base of & region and the total flight time.

5,3.1 - Blectron density and electron temperature: The

probe.curient profile vas first obtained in the usual manner,
| The flight took place at 1415 hrs, I.5.T. when Thumba iono-
sonde recorder could not give any marked reflection due to
présence of sporadic E. The average value of critical
frequency of & lé?@r over Lhmedabad (dip 34°N) for the month
of lugust, 68, was taken for calibration purpose. The average
value of critical frequency'at 1430 hrs I1.5.T. was 3.5 MHz at
100 km altitude over Lhmedabad. This gives a scaling factor
one micro amp. equivalent to 7,5 x 103 ele/cc. This scaling
factor was used to convert probe current into electron
density. The resulting electron density profile for flight

20.07 is sheown in fig., 39.

The electron temperature value obtained from

semi log rlot is shown in fig.40.

5.3.2 ~Plasma noise: The percentage amplitude of probe

current fluctuations in frequency range 70 Hz to 1 KHz is shown
in fig.41l. In the same figure the absclute value of density

flucppations is also shown.

5,4 . Flight 20,08: The probe assembly éndbprobe

electroniés were identicsl to that of flight 20,07, During

the flight the signal was received upto 405 sec, Which was
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'fakén és toﬁal flight timef' The rocket Wés tracked by radar
upto 50 km, Tﬁe'complete trajeét;ry of the rocket was
calculated using radar data, total flight time and by matching
the density profile for ascent and descent at the base of
B région. Since the. probe system was identical to that of
flight 20.07, the normalising factor for conversion of probe
current into electron density was taken to the same as that
for’flight 20.071‘ The electron density prefile for 20,08 1s
shown in fig.42. It can be seen that profile has large.
structures around 110 km which coincide with during ascent

and descent, The electron density values change as much as

a facter of 20 within a few km.

5.4.1 Electron temperature: The electron temperature

values for this flight is shown in fig.43. 4 gap between
120 to 140 km is due to low electron densities in this region,
Even during midnight hours the electron temperature values

are seen to be higher than neutral gas temperature,

5.4.,2 Plasma noise: The amplitude of plasma noise

observed in 70 to 1000 Hz frequency range is shown in fig.45.
The fluctuafions were spectrum analysed, the amplitude for

different scale sizes and tabulated in table 4 as percentage
fluctdéticns. These amplitude are plotted against frequency
in a log-log plot and the Spectral index 'n' calculated from

the slope of this plot. These values are shown in fig.46.
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5.4.3 _ Large stale irrégularities: Percentage fiuéth
uations in probe current Qf scalé sizes ranging frcmg30 mefers
to 300 meteérs are tabulated in table No.3. These fiﬁctuati;
ons are directly seen on Lahgmuir probe telemetryﬁ%ecOrd; The
percentage fluctuations and electron demsity profile for
ascent and descent are shown in figs. 44, a, b.~J0n examinat-
ing this fmgure it is seen that fluctuations occur where the

electron density: gradlents are negative in upWard dlrectlon.

»
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Percentage fluctuation in the irregularities of scale sizes

30 m to BQO m.

- hscent :

Flight No.20.08

Lltitude Scale Amplitudé Lltitude Scalé Amplitude
range size of of fluct~ range size of of fluct-
km ' bursts uation km bursts uation
| (neters) (%) ’ (meters) (%)
86-87 204 5,2 102-103 72 64
131 6.0 51 5,7
91-92 99 1.1 57 7.7
90 0,8 114 8.3
138 1.9 103-104 252 9.2
92-93 135 2.0 90 5.1
102 1.2 90 2.0
" 150 3.1 39 3.5
81 2.0 78 4.0
93-94 96 2,0 60 5.0
117 4.1 109-110 99 6.7
51 4,2 111 8.0
| 42 4.3 129 13.3
95-96 132 2.5 75 5.3
174 6.0 , 117 3.3
R 120 5.0 114-115 39 4.2
4 81 2.5 51 5.2
96,97 90 5.8 120 2.7
186 7.4 117-118 78 8.4
84 5.1 72 28,2
97.98 54 4.6 66 27 .2
30 4.8 144 11.5
126 14.2 42 4,3
282 11.0 42 9.3
156 10,0 135 14,1
81 12.8
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‘Table TII(Cont...)

Lltitude Scale  Lmplitude Altitude Sesle  Lmplitude

Tange size of of fluct- range size of of fluct-
km bursts waticn = km bursts uation
© (meters) (%) . (meters) (%)
118-119 72 5.6 120-121 90 8,6
’ 54 6.0 135 22.9
114 10,5 60 10,0
120 . 2.9 96 18.7
‘ 26 1.3 121-122 87 18.7
119+120 72 3.6
‘ 96 - 2.1
135 3.9

186 7.1
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TABLE - III

Percentape fluctuation in the irregularities of scale sizes

30 m to 300 m

Descent: Flight N¢,20,08

&Lltitude  Scale Lmplitude ALltitude  Scale Amplitude

range size of of fluct- range size of of fluct-
bursts uation km bursts uation
(meters) (%) (meters) (%)
124-123 54 " 5.0 118-117 54 4.0
' 42 7.2 81 20,3
63 11,2 168 11,1
36 5.2, 51 0.5
60 1.3 321 21,2
122-121 180 7.6 117-116 60 3.6
63 10.4 66 2.0
150 10.0 60 4,0
156 12,5 | 141 9.2
156 12,8 - - 156 8.7
=p 2.2 116-115 /8 1.6
121-120 147 10,9 69 1.6
135 . 1.5 147 6.1
201 2.3 60 1.5
75 1.7 69 1,5
. 120 5.0 69 1.4
120-119 81 5.1 115-114 216 8.5
180 6.6 192 7.1
0 119-118 144 6.8 113-112 66 7.4
' 66 1.2 120 '13.8
159 4.1 135 10.4
165 3.6 81 15,0
84 2.8 '
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Table ITT (Cont...) .

bltitude Scale  fmplitude Lltitude Scale  hmplitude

range size of of fluct- range size of of fluct-
bursts uation km ‘ bursts uation
(meters) (%) (meters) (%)
o 1l12-111 57 1.7 102-101 . 51 1.9
” 69 4.2 114 5.1
221 6.4 189 5.4
111-110 159 10,0 69 1.2
| 43 5.9 101-100 141 1,8
60 2.8 153 1.6
8a 7a0 138 1.6
141 9.5 -
| 99-98 123 2,1
106-105 126 1.4 111 19
’ 75 24 75 5.1
57 3.8 204 5.2
_ 93 6.0
105-104 51 4.9 28-97 90 3.6
72 11.0 96 946
51 10.6 R 3.7
72 19,6 | 36 1.8
87 10.0 40 8.2
14 6.0 192 9.5
72 5,2 26 12.0
104-103 48 5.0 45 3,8
Y87 3.7 36 2,2
81 2.1 96 6.8
69 1.9 97-96 50 2,0
60 5.4 108 4,0
39 4.8 108 2,0
36 7.6 159 6.0
103-102 240 12.1 126 4.0
220 14.3
60 7.0

57 4.6
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| CHAPTER - VI

DISCUSSION OF EXPERIMENTAL RESULTS

The results of four rocket bofne Langmuir probe. and
| plasma noise probe exneriments described in Chapter-V were
critically examined and discuss sed in this Chapter. The
equatorial D and E region ionisation irregularity measure-
ments are interpreted in terms of presently known theories.
The results of ion ééoustic waves produced in the wake of
.moving rocket are also discussed. The electron temperatﬁfe

observed in the E region has been also discussed,

6.1 Ionisation irregularities

48 pointed out earlier ionisation irregularities
have been 6f great interest as they givé rise to many well
known effects on radio wavevprOPagation. Some of these
effects have been discussed in Chapter II, Most of the
information about the nature of these irréguiarities obtaingd
earlier was from the ground based observations. The rocket
borne techniqué using Langmﬁir probe and plasma noise probe
glves the information‘about the amplitude and spectrum of |
these irrepularities and their height ‘distribution. The
ground baséd teéhniques and rocket borne techniques are
complimentary in nature and should be used simultaneously to
derive best results. Wo simultaneous ground based obserVatioﬁs
of the irregularities were avallable for the present rocket

results,
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'The plasma noise’prébe waé used to determine the
amplitude and spectrum of irreguiarities.in thé scale size
1-15 meters, The irregularitieé of scale size 30-300 meters
vere measured from the Langmuir probe outputs. Hereafter,
the irregularities of scale size 30-300 meters are termed as
large scale irregularities while the 1-15 meters are termed
as small scale. The amplitude and spectrum of these irregu-
larities and their'relationship with other ionospheric para-
mefers have been used for the identification of the production
mechani sms operating at various altitudes during different;

i

times of the day,

It can be said that all the mechenisms mentioned in
Chapter II are operative under various conditiohs‘ip ﬁhe
equatorial ionosphere, 4 study of the occurrence and gpectrum
of the ionespheric irregularities will be useful in identify-
ing the mechanisms responsible for the rroduction of these

irregularities,

6.1.1 Irregularities in the 60-80 Km region

This region is characﬁeriéed By negative gradients in
t he neutral gas temperature with height giving rise to
unstable atmospheric Conditioné. There hes been much duscus-
sion about‘the nature of the origin of ionisation irregulari-
ties which give rise to week partial reflections from the
D region (Clemesha 1963), Gardner and Pawsey (1953) have

pointed out that a change in electron density in a distance
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léss than the'Wavenlength‘of fhe ekﬁloring electromagnefic
wave of only 2 eiectrmns/cc would cause the typiéallobserVed
reflection ccefficient of 102 at 70 Km, Since in the 70 Km
region, the total electron density is about 102 ele./cc, the
required changes would be only a few percent of the mean

ionisation.

Figure 39 shows the electron density profile in this
regicn obtained'on mié~day flight, It can be seen that the
electron density increases monotonically from 60 to 100 Km,:
The values of Gr%g_gg for mid-day flight iy "7 5. Cheos

"o are given in table 7, This factor which will be
represented as «{ is a measure of gradient in electron
density. The value of £ is 0.11 Kmhl:between 75-80 Km,
for ﬁhe mid-day flight, During the evening and night time
flights; the electron densities below 80 Km were less than
lO'ele./cc;, hence no irregularities were observed in these

flights,

The amplitude of cumposite plasma noise in frequency
range 70 Hz to 1 KHz corresponding to scale sizes 1-15 meters
that was measured on flight 20,07 is shown 1n Figure 41,

The comno°1te amplitude is about 1.0% between 65 to 82 Km,

and between £#2 to 90 Km, it is about 0,5%. These amplltudes
corresyonds to density fluctuations of about 5 electfons/cc.
in scalé sizes 1-15 méters; The values are comparable to the
value of 2 ele./cc. obtained by Gardner and Pawsey for. the

70 Km region for 18 meters irrepularities.
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6.1.2 - Irrepularities in the 80—90 Km region_

This region is characterised by large wind shears and

large electron density gradlenuo in the upward direction.,

large wind shears can give rise to turbulence which in the

. L : 4
Fresence of a background gradient of lonisaticn can produce L

appreciable electron density fluctuations. Gallet (1955) has
taken recourse to turbulence in the Fresence of background

density gradients to explain D region scatter propagation,

The nature of_the‘irregularities changes with altitude

end period of the day, While both large scale irregularities |

and small scale irregularities have been observed in this
region on two evening flights 10,11 and 10.13 on the mid-night :
flight 20.08, very few irregularities (smal] as well as large)
have been ohserved helow 90 Hms. On the afterncon flight

20.07, only small scale irregularities have been studied.

The telemetry record for the flight 10,13 illuétrates

the nature of the irregularities at two different altitudes ;

during evening times, In figure 47a.starting from the bottom
of the récprd the first two channels represent the Langmu1r
yrobe current out;uta; The third chennel represents the
fluctuations in Langmuir probe current in 70 ﬁz to 1 KHz

Which corresrend to 1 to 15 meter
I

[
0
9_}
et

e ,1ze3 with high and

low geins on elternative sweep eycles., The top channel '

. ‘.l
repregents the fluctuations in the frequency band 400 Hz + ' |

7.5% and 960 Hz + 7,5% telemetered on a time sharing basis, I
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'The 1grge sca 1e flucfuatlons greqter thﬂn 30 meters can be
seen directly on Langmuir rrobe current record, and their
amplitude are as high as 30% as can ke seen in figure 47a,b
of.LangmUir‘pfobe current oﬁtputs. On examining the record,
Ve can see that at 87 Km the noise in 1-15 meters occurs in
btursts, Whbile in the 96-97 Km, rogion, it is ﬁore or less
continuous. &4lso at 96-97 Km, the amplitude of the small
.scaie sizes is much'more than large scale sizes. This
feature is demonstrated by the spectrum analyser outputs in
figure 48 a, h corresponding to the two altitudes
under consideration. From top to bottom, the top channel
shows the comrosite noise while rest of channels show the
fluctuations in frequency ranges centred at 110, 170, 240,
400, 600 and 900 Bz each of bandwidth + 20% of the centre-
frequency. We can see that in 87 Km region lower frequencies
are dominating vwhile at 96-97 Km region higher frequencies
are dominant, The irregularities in this region occur in
bursts which are randomly serarated. Table 5 shows the burst
size and separatign between them for flight 10,13 CSatya
Frakash et al 1969 a, b). Some of the burst amplitudes are
mere than 2% of the ambient value, Only.samples for alter-
native sweers where the rlasma noise amplifier gain was
high, were taken, Hehce, the table does not contain all the
bursts that are prQSEnt in this altitude region. The table
shows that the most probable sizes are around 100 meters

which corresrond to large scale irregularity sizes,
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6.1.3  Irrepularities in the 90-120 K region

Tbis repion iq‘characterlsed by hlgh wind shears.
This region coincides with electroget height where varicus
1OHHQpber1c 1rregular1t1es are encountered The irregularities
“in this region over geomagnetlc equator give rise to @V'type
ES . The small scale. irregularities of 3 meter size have

been studied by back scatter radar at Jicamarca,

On the afternoon flight 20,07, small scale irregula-
‘rities Vio2re studied and found to occur more or less
continuously, For the large séale irregularities observed
in this region, the scale sizes are much larger than the
mean free path of neutral rarticles. While for the small
scale irregula rltles the sizes are of the order of or even

less then the mean free rath,

a) Large scale irregularities (30-300 meters)

Figure 42 shows the electron density profile for the
mid-night flight. There ié a general agreement between the
ascent and descent profiles. They exhibit the fbllowing
majbr features., The three major reaks in the electron d density
rrofile are observed .“»:;"U'q;“m } -QlTud at (92,96)
Kms, (101.5, 102) Kms, (109, 110.5) Kms. Lbove 120 Km there
is a deep vélley where the electroh density falls by two
orders of magnitude (to a few hundreds per cc). hbove
140 Km there is a general rise in the electron density upto

the rocket arogee of 175 Km,
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Both rbe ascent and the descent profiles are charact-
Cerise Ty the rresence cf Jﬂr?e.ﬂcale struCtures. The vertical
scale size of these °tructur 5 is a few Kms and they can he
Seen throughcut the rroille Eut tﬁey are markedly present in
the helght region 90-120 Kms, 1In the more striking of these
strﬁCtures, the ionisaticn density varies by a factor varying
between 4 and 25 within tbe structure, thereby giving them the
arpearance of layerc.' The overlapflnt of these structures
(layers) Tetween the ascent and the descent profiles shows
that they have a fairly large horizental extent (the horizontal
Seraration hetween the ascent and tho Jescent profiles is about
60 Xms at an altitude of 100 0 Km).

Figure 44 a, b shows the ampr1itude of the large scale
irrepularities urtc 130 Km as_pereentage fluctuations, In the
same figure, the electron censity rrofile is alse shown. It can
be seen that the irregularities have teen obtserved mostly in
these regicns where the electron uenley fradients are negative
in gpward‘direction. Tatle 2 gives the amplitude of laroe scale
irregularities versus altitude There are a feyw exceptlons
where the irregularities were cbserved in the region of positive
density gradient, The excertions are arcund 101 and 104 Kus
during descent, The amrlitude of the irregularities around 101
Km is small and hence can be ignored, Hence, it may ke concluded
that the irregularities of large scale sizes (30 to 300 m)

mestly lie in the region cf negative ienization'density gradients,

- On both the evening flights large scale irregularities

were clserved around 100 Km region where electron density
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Flight 10,

13

Characteristics of ~lasma noise bursts during ascent

uAiEitUdQ (EE?WMWA | 'wmwﬁurst width

et~ sgrase
TR

€5,20
87,04
07,90

87,65

Hpio
5.0
122.0
| 1030

(m) ¥Burst interval (m)

J41i0
26240
347.0

89 .4
19,83

94.0
103.0
108.0

478.0
103.0

131.0
122.0
75,0
56 .0
78,0

131.0
141,0
159,0
7540

96.19

65,0
75.0
103;0
141,0
112.9
94.0

169 ,0
94,0
122:0
131.0
384.0

X Burst interval was . measured between the centres of two

conzertutive kursts,
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Flight 10.11: 12th March 1967 hllght 10, 13: 2nd Fehruary 1958
| 18.57 Frs, IST. A 18,56 Hrs, IST

~---*———--~-.—_--—.—--—-—--.---————-———-—u——u_-————*—-_—.---n—-v-—-—.-

Ascent
Lltitude -1
] Km

Km

100

110~

125
135

140

145

0.137

0.0446

Descent

Altitude

100
110

125
135

140
150

Graﬂ Ne
= ( e )

0.021

0.20

0.024

T e A e e e . e e

liscent
Altitude,

Km A Km

90
100

100
110

110
- 115

125
130

135
145

A Me Mt e o R s me A A M e e e e e

0,066

0.0394

0.0126

0.0283

0.0504
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Flight 20.07: 29th Aug 1068 | Tlight 20,08: 25th Lug. 1968
14,15 Hrs 1.8 23.00 Hrs,I.S.T.
A1t tuéce_nt_  Descent . hscent »‘Descent
- hltitude ZLo Hltitude -1 Ll1td tud -1 Altitude -1
kn { Kn TR (Ko T ok CTEERU < K
75 75 85 87
{3 o.11 g0  0.0s8 8 L.z 87 o 0.5
80 - 80 95 e 92 .
g5 0,185 g5 0.264 2 0.403 55,5 0.9
85 85 -~ 100.5 . 96,5
oo 0.157 oo  0.21 107 .61 Z2+° 1.3
90 50 102 99
95 95 104 . 101,5 -
105 0.185 10 0125 [oe o 0,67 los.5 1.5
100 - 100 . 107 . 103.5
109 105 .
111 052 457 5 0.32
111 . 108.0
114 9.36 475'5 0.5
115 110,5
115 0.48 1115 1,05
120 115 4
151 2,13 110 1,05
123 117.5 ~
15 1.09 1 1.05
121.0 .
= ( ,frad Ne ) . 122'5 O./(“'B
Ne :
123 1,25

123.5



JECRT

- 107 -
gradients are TOultiVE in upward directlon,l The value
of wwlcb is a measure of electron density gradients is
shown in table 6. It can ke seen that electron density
exhibits large pradients  The large scale fluctuations can
be illustrated from the-felemetry record of evening flight,
In figure 47 . b the 2nd channel from'bottqm to top is the
telemetry record ok 96 Fw which illustrates the large scale
fluctuations in ‘the Langmulr probe current The irregulari-
ties occur randomly in space and suggest that they are due
to some form of instability or turkulehce in the medlum.A
These fluctuations are likely to have nearly same dimensions
in the plane perrendicular to the earth's magnetic field,

i.e., in vertical as well as in east-west direction over

geomagnetic equator, esrecially for small scale sizes,

b) Small scale irregularities (1-15 meters)

The rercentage amrlitude of small scale irregularities
in frequency range 70 Hz to 1 KHz (1-15 meter scale size) is
plotted for flights 10,13, 20.07 and 20,08 in figure 35,
figure 41 and figure 45, restectively, on flight 10,11, the
signals were studied in frequency range 740-1025 Hz and the
observed amplitudes are shown in figure 33, The values of
the electron density fluctuations are rlotted on the right
hand side of the diagram‘far the same scale sizes. On mid-
night flight irregﬁlarities of 1-15 meters were observed in
regions where electron density exhibits negative gradients in
upward direction, figure 45. Tﬂble 4 shows the percentage

amrlltude in various acale sizes versus altitude.
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Flgure 26 shOws'the-amplitude of irregularities in
arbitray uuits of scale sizes for the f1ight 10.13 in the
range 1 to 15 meters. The factor along the abscissa when
multiplied ty 7 will give the density fluctuations as electrons

rer cc in scale size shown in the figure,

The syectral index 'n' values for flight 10,13 and
‘20 08 are shown in fig.28 and fig.46 respectively, 1In both
the figures, we find that the value of 'n' is ahout 3.5 at

lower height and incresses with baight to a value of ~1.8,

6.1,4 Small scale irregulerities around 140 Knm

On both the evening flights 10,11 and 10.13, small
scale irregularities were observed arcund 140 Km, Figuresl
33 and 35 gives the amplitude of irregularities in this region,
The electron density exhibits rositive gradient in upward
direction around 140 Km as is evident from figures 30 and 34.
The spectral index for 10.13 is about.-2,0 around 145 Kn,
which gradually increases and becomes positive above 160 Km,
This is due to the fact that above 150 Km, the irregularities
due to rocket motion itself are also detected by the probe
along with the ambient irregularities, The spectral index
for the rocket induced irregularities is positive as only the
lower end the Sfectrum is observed. The rocket induced
irregularities will be fiscussed in the later rart of this

Chapter.

6.2 - Summary of the results

1, On the afternocon flight 20 07, the irregularities in
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the scale size (1 15 meters) were: observed in altitude reglon

60-100 Km and thelr nature was found to be more or less

continuous,

n2. - The occurrence of irregularities of the scale size
1~15 méters and 30-300 meters in the 80-90 Km range on both
the evening flights are random in nature. On mid-night f1i-
ght, very fewularge scale irregularities were seen below

90 Km and snall scale irregulerities were completely abgent
below this dltltude. Below 90 Km, the electron density

gradients are rositive for all the flights,

32 The 30 to 200 meters size irregularities in the
altltude range 90 to 110 Km,occur randomly on both the evening
flights., 1In the same height region small scale irregularities
1-15 meters were also cbserved. The spectrum of small scale
irregularities shifts to higher frequencies with altitude.

In this height region the electron density exhibits a positive
gradient in upward direction. Irregularities on the mid-
night flight were observed in the regions where electron
density gradieqts are negative., They occur randomly in
altitude, The small scale (1-15 meters) irregularities also
occur in the same regions where large scale irregularities are
observed, |

4. Irregularities on both the evening flights were also
observed around 140 Km, On 10.13 the scale sizes studied were
1-15 meters while on 10,11 the size studied was 1.5 m, to

2.0 meters,
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5. | The sPectral index of the 1- 15 m 1rregU1ar1t1es
 obserVed on evenlng fllghr 10 1? in the altitude region
$0-105 Km increases from ~-3.5 to -1.8, “The Spectral index
exhibits a large scatter. Similar features are observed on
mid-night fllght in altltude regicn 95-120 Km. For the
evening flight 10.13, the value of the spectral index around

140 Km is -2.0 and does not show much scatter,

6. The Spectral index for the irregularities cobserved
near the rocket épogee have a rositive value. These
irregularities are rroduced due to rocket motion. The
observed resitive Spectral index érises frem the fact that
only the lower end of the spectrum of these irregularities

was studied bty the present instrument,

6.3 Discussion

It was pointed out in Chapter IT that the ionospheric
lrregularities can Fre rroduced hy neutral turtulence, cross
field instability, two stream instability and plasma
turtulence, HNeutral turbuience can arise due to the unstable
configuration in the neutral étmOSphere or due to large
'isturbances Jike those due to wind shears., The eddies
rroduced by neutral turbuléﬁce bave a spectral index of -5/3
for an incomressitle fluid, The turtulence in rresence of
an electron density gradient ecan glve rise to iohisation
irregularities through collisions with positive ions., By
‘this mechanism only the irregularities of scale size larger

than a few times the mean free path of neutral particles can
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bte rroduced, Sizes smaller than the mean free path cannot
ke accounten for Fy the neutral turtulence. Teble 1 of page
28 qhows the'valueq of the mean free path of neutral particles

atjdifferent heights in the atmosphere.

The cross-field instability operates when the

-~grad1ents in the electron Umnulty are in the same direction

as the ambient L]ectrlc field. - The scale sizes produced by

'cross field 1nstab111ty ere a few timeés larger than the mean

free rath of ncutrnl rarticles at the altitude under
con51deratlon The study of large scale irregularities (30-300
meters) can be effectively employed to study cross field

1nst1b111ty in the absence of neutral turbulence., While the

. study, of 1-15 meters irregularities can help in understanding

the nature of other instabilities like two stream instability

:ahd plaéma turbtulence,

- /The two stream instability can give rise to irregular-

ities when the electron drift velocity exceeds the ion

%

thérmai velocity, The drift velocity is given by : Vg = -3.8

x 10 x g% B meters/sgc.; where 61 and Sé are the Pedérsen

“and Hall conductivities respectively. E is ambient electric

fleld in cast west direction., The maximum value of g% - is

reallsed around 100 Km, The threshold condition will there-
forex derend on the value of E wbich is presently not known.
Thereforg, it 1q élfficult to rredlct when the mechanism is
1ikq1y to ke most;@ffectlve,’ ¥rom the back scatter observa-

tioﬁs at Jicamarca, the thresheld conditions are satisfied
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around noon hours near 100 Km region (Balsley 1969 a, b),
- This mechanism can rroduce scale sizes even lower than one

meter,

The rlasma turbulence concept was first introduced by
“Balsley (1954, 1965, 1967) to explain the bifurcation of the
'equatorial electrojet irregularity regions. It will be most
Aeffective in the regions where Hall conductivity exhibits
maximum gradients, These regions are 90 to 100 and 100 to
110 equisreced on either side of the nominal peak of the.
conductivity profile at 100 Kus. Like two stream instability;
the plasma turbulence may produce_scaie sizes as 1Qw as a few
’meters. 'Baléley telleves that Plasma tUrbulence mechani sm

1s operative cduring a1l the time of the day and night,

The scale size of the irregularities étudied below
90 Km is many times larger then the neutral medn.path and
hence, their procuction can te explained by the neutral
turbulence and the cross field instability, Neutral turbu-
‘lence in the 60-80;Km region can arise due fo decrease in
neutral gaﬁ temperature with altitude, This makes the
atmosrhere unstable and small disturbances like Vertical'
gradients in neutral wind can give rise to convective over-
turning which resulte in neutral turbulence. This turbulence
is imparted to the Plasma through collisions with positive

ions.

The above mentione? irregularities were first invoked

to exrlain the origin of weak partial reflections from
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D region by Gardner & Pawsey (1953). They estimated a value
of 2% for the amplitude of irregularities, for .scale sizes
about 18 meters, The am iitude of irregularities detected
in the present study is about 1% in the scale size 1-15
meters., 'The present results are therefore roughly in agree-
ment with that of Gardner and Pawsey and suprort the théofy
of rroduction of these irregularities due to comvective
Overturning. - v

The region between 80 to S0 Km is characterised by
large wind shears, which pive rise to turhulence. Wind shears
have teen observed arcund $0 Km cver Thumba bty Bhavsar and
Ramanuja Rao(1965). The <diurnal behaviour of these shears is
nét kncwn yet., Hines (1963) helieves that internal atmos-
rhere crevity waves pley dominant role in this altitude
region. These waves are physicelly similar to tidal and
rlanetary waves in which earth's gravity plays important role,
vHines suggested that gravity wave oscillations lead to density
variations of the neutral atmosphere which would give rise
cisturbances in Plasma, Wind sheers producedjby the gravity
‘waves could lead to turbulence and turbulence in the presence
of icnisation gradients will produce ionisation irregularities.
First large scale eddies are rproduced and these in turn |

rroduce small scale eddies till viscous Jdissipation sets in,
T I

The amplitude of the irregularities produced by neu-

tral turbtulence can he estimated from the following equation:
2

AVe YTz L2 prad Ne 32 = 1 2 2 :
( e 5 b ( prad Ne ) 3l A7 (22)

N

A DR
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where 'Ne' ig background electron density and 1, is size of
larpest eddy. The factor _Jégé_ gives half the peak to
peak amrlitude used in the pres:nt'analysis.

- On night time flight 20.08 the irregulerity size of
240.meters at 87 Km had an amplitude of about 15%, The
value of &£ is tatulated in table 7. The value of +« around
87 Km is 1.13 Fa™l, Lmplitude of about 30% in present study
can be accounted from the akove formula. The results are
thus in fair agreement with the theory. No small scale size
irregularities were observeé below 907Km. On this.flight
the irregularitiesvobserved above 90 Km are of different typer

and will be Jdiscussed later,

During evening flights 10.11 and 10,13, both large
scale and the small scale irregularities were observed, The
irregularities of scale sige 30-40 meters have amplitudes as
large 20%. Suck large amplitudes can't be explained by
neuvtral turtulence, .The scale sizes 1 to 15 meters havé'been
observed both in 100 Km ac well as 140 Km regions., These
scalé sizes leing much smaller than the neutral mean free
rath, their production cannot bte explained by neutral turbu-

lence,

During evening bours, the srmall scale irregularities
were observed along with large scale irregularities in 85 to
95 Km région. They ceeur in bursts, Table 5 shows the
amplitude of burste and their sizes., The tursts are randomly

Serérated. In the 95 to 105 Xy region, the occurrence of the
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Small scale_ifregularltles Tecome continuous  4lso the
smaller scaie sizeo ucmlnate over the 1arger one with increa-
sin 1t1tuﬂe, which is contrary to what weuld be expected
for neutral turbulence, Lis discussed in Chapter II, the
Kolomogorov microscale i.e., size of the smallest eddy should
increase with altitude, Scale sizes és low as 1 meter which
1s even less than the electron mean free path have been
observed around 100 Km, Such features cannot be accounted

by the nettral turbulence

The spectral index of ~3.5 is much smaller than what
would he expected from neutral turbulence. The spectral
- index due to neutral turbulence has a value of ~5/3. This
may indicate that either the efficiency of production of the
small 1onlzat10n irregularities from neutral eddies is l
smaller or that the attenuation of small scale size is much
larger, . The occurrence of small scale irregularltles in
large amplitudes and more or less continuous menner su;port
the ides that the rroduction of the small scale irregularities

from neutral turbulence is less efficient than the large

scale ones,

hnother form of instability, a cross field instabi~
lity which requires the Fresence of D.C.electric fields and
a backgrouﬁd gradient in the electron density has been recent-
ly considered by Tsuda et al (1965, 1969) and by Reid(1968)

with a view to explain the formation of sporadic £ and spread

F‘lrregularltles. This mechanism needs a specific relation-
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" ship between the direction of thé aprlied electric field and
the si¢n of the.background eleéfron density gfadient. With

& negative electron density gradient the diredtion of the
am%ient,horizontal electric field needs to be westwards, It
is exrected that the electric field in the equatorial E
region which is castward during daytime becomes westward
during night time (Balsley 1965, 19569 a, b; Romero et al
1968)," Balsley exrerimentolly demonstrated this reversal
from the movements of the small scale irregularities of scale
‘'size of 3 meters. It has heen observed that the reversal

takes rlace late in the evening (Romero et al 1968),

The vertical field arises due to Hall polarisation
and its magnitude is a function of 6'/6i, where 61 and 65
are the Pedercon and Hall conductivities respectively, This
factor 6&/6& increases from S to 28 in altitude region 90 to
100 Km. and again decreases to about 10 at 110 Kms., Around
85 Km, this factor is about 4, The eastward electric field
glves vertically upward directed Hall rolarisation field
wvhile the westward field produces Hall field in downward

direction,

The vertically urward electron density pradients need
the electric field to be in urward direction if the cross-
field instability is to become operative, If either of them
reverse direction, the medium will be stable and the Cross-

field instability will be inhibited,
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The electrcn density rraolents bLlOW $0 Km are always
in urward direction and hence, the cross-field instability
18 operative curing afternoon and evening periods, while it

vill be inhibited during mid-nipht below 90 K,

The experimental results of preéent study below 90
Kms are in agreement with cross-field instability theory,
It is not evident .vhether the scale sizes of (1-15) meters
can be explained by this mechanism., 1In the height regioﬁ
below S0 Km, no lrregularities (1-15 meters) were seen during
nighttine while they have been observed during day and evenlng
\tlmes The atsence of 1arge scale irregularities (30-300
meters) helow 90 Kms during nighttime may be due to the

absence of wind shears,

The results of irregularities in the 90-120 region
of miﬂ-night £1ipht 20.08 has bteen ideal for the study of
the cress-field instability, ‘45 already mentioned, the
electron density rrofile on this flight exhibits large stru-
ctures, a few Kms in vertical extent »» €iving rise to positive
as well as nepative electron- denclty gradients in this
altitude region, Since Hal] polarlsation field is directed
Vertically'downward during night, the ccecurrence of irregular-
ities of scale sizes 20- 200 meters in this region of negative
gradients of electron density confirms qualitatively the
rroduction of these Irregularities due to cross~-field

instability mechanism,
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- The irregularities associated with cross-field
instability were found to occur randomly and hence have some

similarity with those rroduced by neutral turbulence,

Yor a given gradient in background electren density
and aprlied e]ectric field, there is a lower limit Aviam for
the scale sizes of the irregulerities that can exist in a

given region of the ionosphere, This limit is Froportional. to

\

where «( and & have usual meanings, With E=l] mv/m and é

1 Km"l, the analyuiﬂ of Tsuda et al (1959) gives a lower
limit of 100 meters for the lrregularities in the 100-120 Km
reglon. The factor for the major structures in the electron
density profile range from 0,3 to 2.0 Kn"! and electric
fielﬂs of the order of 1 to 2 my are known to exist in the

L region heights, Hence the 20-300 meter irregularities can
be quantitatively explained Iy the cross-field instability

mechani sm,

: The small size irregularities which are observed in
the height range $5-120 Kn In regions where there is a large
negative gradient in electron density, This suggests some
relaticnship with electron c¢ensity gradients., The hei ght
range 95-120 Km where they océur Suggests a relationship with
the electric fields that are exlected In that region (the
region of the electro1et) It wou]d be difficult to explain
these irregu]aritleq on the htasgis ef the presently known
theory of the cross-field instalility mechanism, Large

electric fields will have to be assumed if the theory in
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its pres ent form is e/tende to these scale sizes,

Balsley (1967) has recognised the existence of two
different tyres of irrepularities in the electrojet region

from the VHE' radar echoes. One type which is seen only for

- a few hours around nocn is due to the two stream mechanism

and consists of plane wave irregularities with a wavelength
of a few meters, But this mechanism would not be related to
the éiectron density pradients and would not disttngﬂish_
between the signslof the gradients, The second type of
irregularities recognised by‘Balsley cceur both during the
day as well as during the night, They are considered to he

duz to a form of rlasma turbulence arising out of large shears

in electron velocity., In the [resence of an applied horizon-

tal (east-west) electric figld E, tle horizontal electron
velocities at E-region heights are ’ue to (a) a Perderson
mobility due to the ambient field and (b) a Hall mobility due to
G-

the vertlcal rolarisation field B8 = 2 E. Where 6, and &,

p gT 1 2
are the Pedersen and Hall conductivities, 1In the entire
height region under cons ideration, i-he Ball mobility is
fredominant, Therefore, if we agsvme the applied horizontal

electric field to Fe constant in htlght the rrofile of the

6
horizontal electron veloc1t1eq will follow the 52 profile
1
in this bheight regions. The conductivities 6, and Gé and

—
. . O o
hence the ratio EZ is critically de-endent on the values of

, 1 :
the ratios l%; and _%f ,Yeand Y- ave the electron and ion

- e
collision frequencies while we and v Terresent the gyro-

frequencies fcr electrons and lens respectively, The ratios
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lé'and _L change rurluly in thg height ra ange of interest.
Vg

While thé gyrofx equencies are known Falrly, accurately, the
srme cannot te said of the colllsion frequencies. The day
time and the night time values of the collision frequencies,and
their variation with height in-the region the 90-120 Km are not
known clearly from direct experiments, Computétions based on a
standard atmospheric mcdel such as the CIRA 1955 do not give
Aany cifference between the day time and night time values of

I~

gi even though such variaticns probebly exist. A height profile

1L 5
of "2 has teen worked out by several workers (for ex. Sugiure

‘,-._

and &aln 1956), Their results show that 2 (and hence the
O
electron velocity) maximises around 100 Kﬁs and large shears

can be expected in the electron velocity on either sides of

the IOO Km level in the entire height region of interest,

sZince the actual values of Yeand y,-may bte different from the
mocdel values and since the ratios %ﬁ and ¥+ undergo large varia-
‘tions in the height range of interegt,(tab%e 1 page 28),
meaningful quantitative analysis cannot te carried out. But
qualitatively it can be seen that large shears in electron
velocity are rossitle in the height regions where the irregula-

rities withA< 15 m have teen olserved, Hence, plasma turbulence

can be expected at these beights. This however, does not explain

why these irregulerities exist only in regions of negative

electron density gradient, The complete lack of these irregu-

larities in regions of rositive electrecn censity gredient suggests

he

that the negative gradient some kelps in generating these irregula-

rities while a positive gradient inhitits it. lasme turbulence

e s e, e
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Avdoes not secem to pléy_dominant role <if any) in the 8enera-
tion of these_irregularitieﬁ. {same is_prbbably true of the

two Strean instébility mechanism which will re effective

in region where electron velocities are maximum i,e., arcund

IOO_Km.' H@wever, the rossibility of more than one mechani sm

Operating stimultaneously cdfimot te completely ruled out,

The smail scale ag well as 1at89 scale irregularities
Were colserved letween 90-110 Km region on two evening
flights and small écale on efternoon flight, where the
eIectron density exhibitsgpositive gradient in upward direct-

ion. Irregularities of 30-300 meters, therefore can te ex-

plained on the Fasig of cross~-field instability on toth the

evening flightg,

The spectral index of small scale irregularities was
Studied on tyg fiights and needs some comments, This index’
vas =2.5 around 87 Ky on evening f1ight and increases to a
value te a value of about -1.8 at 105 Km this increase is
COMLrary to what ig expected for irregularities produced by

neutral turtulence., The large séatter tn the epectral index
value indicates that the irrepularities of two different

- types co-exist in the‘medium. The'incréase of the spectral
indey with height indicate;that irre@hlarities less than a
rarticular scale size may have 1onger3life compared to large
scale sige irregulafitiés.'iThis is probably.tfue for electron

vaves where rositive ions do net rlay important role
(sptizer,‘1962).. |
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The irregularities of scale sizes less than 15 meters

observed around 100 Km region for the evenlng flights and

afternoon lllghtu cannot be exrlained on the basis of cross-
field 1nstab111ty, hence other nbchanloms like two stream

1n°tak111ty anc plasma turkvl-~nce have to te invoked,

The value of Spectrel index of scale size 1-15 meter
for night time flight are similay to the values obtalned
for the irrepgularities cbeerved during mid- nlght This
suggests that the mechaniesm respensitle for the generation
of the irregularities ic same at both these times. Since at
the time of Foth these u} ‘ervatipns, the electron density
gradients were large *he importece of rany competing mechani -
sm can he gssessed only by ohbsg €' 7ing the nature and the
spectrum of the 1rregu1ar1C1cs at 1 time when the electron

den51ty gradients are small,

The irregularities in 1-15 meter size observed around
145 Km during evening f£flight have Spin:tral index of ~2.0
and does not show much.scatter, ﬂueJ?o their small scale
sizee, the rroduction of these irrecﬁﬁﬁrities cannot be
exrlained by the cross- -field IHQtahlllby mechanlism and some
other mechanism ig necessary to explair. their production.
The srectral index values of about -1,C seen hetween 155-150
Km are due to overlay of Sﬁectrd of the ‘rocket produces
irregularities and irregularities in the ambient medium
similar to that of 145 K, ~Only the - 1ovar end of the spectrum
of the rocket induced irregwlarities was studied with the sys-

tem and hence a positive sre¢tral index .  observed for them.

O Wy S tsion e e e
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6.4 Irrepularities due to rocket motion

The distﬁrbances rroduced by moving rocket were
studied on two evening flights and on one mid-night flight
- between 155 to rocket arogee i.e. upto arcund 175 Km, On one
evening flight 10,11 signals were studied in frequency band
880 + 15% Hz while on rest two flights signals were studied

in frequency band 70 Hz to 1 Kiz,

The percentage amplitudes of irregularities produced
due to vocket motion are shown in figures 33, 35, 45 for two
evening and one micd-night flights respectively, The irregus.
larities i,e. ion acoustic waves produced by vehicle motion
were ohserved above 150 Km and upto the apogee where rocket
motion is subscnic. The observed amplitudes were about 19 of
the ambient medium, The observed frequencies were around
500 Hz and above; The noise amplitude during ascent was
higher than during descent and varied with rocket spin, The
noiée amrplitude was found to ke derendent on (a) probe

rotential, (b) rocket velocity (e¢) rocket spin.

These fluctuations were observed when the sensor
was kept at a rositive potential with resyect to ambient
rlasma and the‘fluctuation amp-litude was found to increase
with increase in proke voltage., The telemetry record at
171 Km in fig. 47c, (2nd channel from top) illustrates some
of the features of tlig noise, It can be seen for the

comparison of channel 2 and 23, that as the rrobe voltage




1ncrea§eg, the a F1itudé.6frncise élso-increasés.‘lThe
varlatlon éf the noise aﬁrlltude with rocket sv1n can also
be seen from this flgure ~ The ubove,features can also be
seen in the spectrum analyser output *eéord Figure 48c.':The
first channel in flpur” 48c shcws the con;051te n01se Wbllﬁ
the reqt of the channels ehnw filter outputs 1n ascendlng
iorder of frequuncj. From the record it is clear thdt.only
klgh frequancxes are rres sent_at this beight’_ The amrlltude

is magimum in the bottom cbanne1 wbo°e frequency is 900 + 20

Hz,

The values of the urectral 1ncex Lor the evenlng and
night time £lirh (ilg. Ao) veries From +1 to +3 from 155
t& 175 Km., The cbserved pocltlvp Qrectral 1ndex arises from
the fact thet only the 1ower end of th spectrum of these
1rregular1t1es wos stu 1 .ed by the present instrument. These
fluctuations wereICAaervec arcund rocket apogee whan 1t is
moving nearly horlzonfa11y, with its axis in the vertical
direction. In this case the angle of attack is about 900,
The rocket velocity around arogee is about 250 meters/sec.

The size of the body in this case is equal to the diameter of

‘the Avache body whichfis 18 cm. The ratio of the body velocit,

to 1t° size is a meas sure of self frequency of 0achllatlonc of
the body an? the scale of ﬂvvmcted fr@qucncy °pectrum of waves
evcited in plasma by the moving rocket, The value 1n present

case is 1.6 KHz,

1
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6.4,1 Discussion

It is believed that in the weke region of the
vehicle'movihg through the icnised media, ion accustic
waves are generated, Yor a SUyerschic.motion this wake
region can extend as long as™ten times the dimensions of the

body (4lpert 1565).

fs already discussed in Chafter II1I, the frequency
of the waves generated due to rocket motion lies in the
range 0.1 to 1.0 wi.(Gurvich and Pitivesky 1965)._ The ion
: rlasmé frequency arcund 175 ¥m altitude during evening and
night hours is about 5 KFz while during noon hours. it is‘
18 Kz, Since the bandwidth of the emplifier was 70 Hz to
1 WHz these (isturhonces were studied only for thé evening

and mid-night flight,

Study of the disturbances produced around a body
travelling through a rlasme is of imrortance in many rroblems,
Extensive theoretical analysisris carried out for su?ersonic
speeds by Alpert et al (1S$65). L satellite moving with a
velocity about R Km/sec at altitudes betﬁeen 500 Km to 1000 Km
has velocity about three times the ion thermal velocity..

The rresent situation is quite different. Yirstly the measure-
ments were carried out with vockets whose velocity is compar-
able or even less than the icn thermal velocity, &t these
‘1oWef'vebic1e spéeds electric fields will play a more importent

+

role because they have larger time to imfluence the motion



of the ions. - Hence the theorié s developed for satellite
motione cannot he arplied to rocket motions, Secondly the
share of the satellite body is ‘generally srherical while for

rockets a cone cylinder configuration should be considered,

48 already rointed out in Chapter III, a space-craft
will detect the disturhances rroduced by its motion only when

it is subsonic., Such conditions are realised by a rocket
arcund ite arogee and provide an ideal situation to stﬁdy
ion woves excite’ by the vehicle. The dimensions of the
recket are much smaller than the menn free paths of charged
rerticles at heights abtove 150 Fm. Thue the collisions
between charge? particles do not have any important influence
on the disturbances to the concentration of the particles in

the vicinity of the wrocket.

The efficiency of the rocket to produce and cetect
the disturbance derends on its velocity, /4round 100 Km the
rocket is surersonic and its efficiency for producing ion
waves is high, B@t here it is least efficient in detecting
these waves as the waves are unable to reach the rocket body,
On the dther hand, when rocket is subscnic i.e. arcund apogee

its efficiency for rroducing the disturbances is low but the

rrobe will be most efficient to detect these disturbances.

For surersonic motion the anrlitude of the disturbance
can ke as bigh as 50% - 100% of background medium. Tor

subscnic motion the wave emplitude would te less by an order
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of magnitﬁde."The‘fréqueﬁcy of oscilletions of the waves
is likely to he less thah the ion plasma freﬁuency for both
surersgonic and subsonice motion. In rresent study the ampli-
tude,of‘the‘observed fluctuations was atout 1%. ‘As the
efficiency of detection of these waves iz not known, the

amktient amplitude may be even an crder of magnitude higher,

The ion plasma frequency around 170 Km is about
5 KHz in evening an has nearly the esame value around mid-
night also. The observec frequencies of around 1 Kz are
therefore in good agreement with Gurevich and ritavesky's

theory.

6.5 Equatorial D-repion electron density ﬁrofile

On examining the electron density rrofile between the
heights 50 and 100 Km obtained on the afterncon flight
(1415 Frs, I.5.T.), figure 39 we find that the electron
‘ensity increases more or less monotonically in this height
region, There is no evidence of any layer or valley. This
rrofile can be compared with that of Smiddy and Sagalyn(1957)
for ncon hours whick was also obtained over the equator,
omiddy's rrofile shows a well cefined layer ot 75 Km and
valley at 85 Km, ‘The difference may partly be éttributed to
difference in solar activity, The solar flux index on 28th
Lugust 1960 was 119 while on 20th March; 1965 (éorres;onding
to Smiddy's profile), it was 74. Ioreover there was a short

radio wave fadeout during the time of launch; 1415 hours I1.S.T.



on 25th fLugust, 1968, From these observations it can be
inferred that due to relatively high solar activity the
valley between 75 to 90 ¥n was filled ur by enhanced ion-

isation which is attributed to increased X-ray flux.

The absolute values of electron density below 90 Km
are uncertain since the langmuir probe theory is not applica-
ble in the D-region (see rege 42). In the height range
telow 90 Km the actual electron Censity values are uncertain
by a factor vhich gradually increases with decreasing height,
This feature rrohibits any serious attempt of a quantitative
study of the data in terms of rhotochemical processes
occurring in this regions. FHowever the present electron
density values can still tre compared with those obtained by
rrepagaticon exrperiment for a day on which solar activity
wvas nearly same (Kane 1956). Table below gives the results

of twe techniques.

Langmulr rrobe measurement Yroragation tecanlque Korokoni.
over Thumba dir 0°9,47° S, (Creece) dip 34°N, May 1956,
29th Lupust, 1960,

14,15 Frs, I.8.T. 12,00 Ers, L.T.
Lltitude Ne/cc Ne/cc

70 6 x 10 3 x 102

80 2z 107 173

88 1.5 x 10% 10%



6.6  The equdtciial,E-regioh'during afternoon hours

Referring.td figure 29, we see that the electron

Censity value increases monotonieally from 85 Km to 110 Km

and then femains’mcre or less constant., No sgoradic'E layer
has been observed around 105 Km, Ionograms taken during the
- flight by the C‘A recorder at Thumba show strong non—blanketing
"sroracdic-L’ layer of fyye E It has been known (Bowles and
Cohen, 1962) that the oripln of the such 'spofédic-E' ionogram
record is due to radio wave scattering from irregularitiés.
Probe measurements conductec durlng 15.30 hrs, I 5.7, by
Maynard and Cahill (1965) and bés group over Thumba do not
indicate the rresence of_spora01c E layer in agreement with
the prasent result., Lahgruir probe experiments conductedvby
Likin and Bluhble (1968) over the coast of . Peru arouné 5id~
noon c¢id not rerort any enhancec ionisation at 100 Km, Our
results are in agreement with Alkin and Blumle and Meynard &
Cahill's results, Thé small scale ifregularities observed in
the height region S0 to 100 Kn has been already discussed

earlier.

6.7 The equatorial B repion during evening twilight

The flights'lo.li and 10,13 took place during evening
twilight on two days of low scler activity and high solar
activity resrectively, Figures 20 & 34,

4L comparative study of the electron density profile

chowWs that after sunset on extremely quiet days the electron
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density increases by an order bf magnitude within a few Km
around 90 Km, Whereas on highly disturbec dey for flight
10.13 there is o more gradual rise from 80 to 90 Km, In
flight 10,11 no ionisaticn was observed below 85 Km while
in 10,12 the ionisation kas been observed even upto 78 Km,
The region 78 to €5 Km is ionised by Lyman alpha and solar
R-rays 2 - 8 L°, 'The sclar X-ray flux vaiies by a large
factor from a quiet day to a disturbed day. The day (2nd
Peb., 1968) was chavacterised as a highly disturbed day and
a solar flare of importance two was reported at 1500 hrs,
I1.5.T. (Boulfer Trediction Centré, USL). Solar activity
remained high throughtoeut fhe day, It is most probable
that the rre-sunset electron‘density on 2nd TFeb., 1968 was
much more than on 12th March, 1567, so that the electron

censity tock more time to cdecay after sunset,

Libove 95 Km especially in the 100 to 120 Km region,
the elécfron éenéity rrofile on btoth the days are similar,
This is due to the fect that the day time ionisation in this
region is due to solar ultraviolet racdiation in the Lyman
betgé: and Lyman contim'nm from the sun and these vadiations
are relatively insensitive to solar activity. Eoth the
evening time rrofiles show the rresence of a valley around

125 ¥m, which hecomes ceerer during mid-night fig,42,

Comparison of the electron density profiles of 10,11

and 10,12 in an altitude region around 140 Km shows a layer in



'both‘the flighté. In 10.11 a clear ldyer is seen Wlth an
electron deng1ty of 2 x 10% ele/cc with a sharp increase
within a few In both in ascent and descent,; This layer is
kncw.as EZ layer in literature (for ex, Kastogi 1954), The
rrofile of 10,13 shows & gradunl increase in ionisation from
120 to 150 Km end then a nearly constant value afterwards,
This difference may be possibly due to tEe difference in
sclar activity on these days., Sharp well defined Ez layers
may be more common on quiet day while broad s layers may be
characteristics of the high solaxr activify (Satya Irakash

et al, 1959).

6,8 The E-repion over Thumba around mid-night

The electron density rrofile for flightVZO.OB
(22.00 brs.I.S.T. ) is shown in figure 42,  There is a>steep
rise in electron, density from 85 to S0 Km region. Electron
den sities as hlgh as- 1O4 ele/cc have been observed both during
ascent unﬂ descent at 102 ¥ helght. This rrofile hes some
very interesting features, . FEetween 95 to'120 Km regionllérge
variations in electron density (by & factor of 4 to 20)
heving a vertical scale of a few Kus have been observed, The
méaxima, “no\mlnlma 1n blectrcn density coincide very well
during ascent and oescent_inﬁiéating that such structures
extend in east-west direction for more than 100 Kms, One or
mere layers of sporadic I with a fairly large value for ratio

tetween the electron denéity within the layer to that outside
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the layer have.beén detectédAéarlier over mid-latitudes
during the night time by rocket hdfne, Langmuir Frcbes
(Smith 1966)., 4lso the profile of fié,qz, exhibits multirle
layers, There is not enough éxperimental evidence to show
whether the occurrence of such layers in the equatorial E
region is a regular rhenomenon or the present observation

rerresent an excertional case,

The most rorular mechanism for the formation of
dense thin layers in the B region is the mechanism of wind
shears., DBut this mechanism in its rresent form does not
crerate sudcessfully in the equatorial ragion. 4t present
it is not rossible to exrlein the chsewed layers on the

Fasis of any other known mechanism,

L fégﬁ'valley is chserved both in ascent and descent
bétween 115 to 140 Km, centered at 125 Km where the electron
density goes cdown to a value as low as 102 ele/cc. The
electron density»incredses monotonically from this value
upto the rocket apogee at 175 Km.

6.8.1  Bxrlanaticn for high electron density in the
equatorial @ region end the valley in the

120-140 Kms region during mid-night.

The likely sources of ionisation during mid-night

over peomagmetic equator can be scattered solar Lyman alpha

and Lyman beta. Galactic X-rays can also be a source of

ionisation; hcyever their intensity, as known today is too
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small to rroduce any reasoﬁa%lé_effect. @gawa'and Tohmatsu
(1966) have used scattered Lyman alpha.flux and a nitric

oxide density of 5 x 107/cc with a Lyman Feta flux 10 in a
mociel of night time E layer which yields electroh densities
of the order of 10%/ce arcund 100 Kms during night. Using

3 ele/cc

these flux values, the meximum clectron density of 10
can be achieved during mid-night hours. The observed electron
densities are higher by an order of magnitude. The scattered
.ultraviolet radiation connot directly account for such high

electron densities.

It has been suggested that in the equatorial & vegior
there is a downward transrort of ionisation during mid-night
houre from ¥-region. Vertical drifts of magnitude about 5
meters/sec.have been observed in the ¥ region over
Jicamarca by Woodman & Hagfore (1969) and Ealsley (1969 a,b)
at 200 Km altitude. Fkut no measurements have been made to
find vertical drifts in the equatorial & region. If such
drifts ere yresent in the L region, they can give rise to

electron densities that are observed in the present experiment.

knother interesting festure of the night time E
region is the presence of a-deep valley in the 120-140 Km
region., The electron density at 125 Km is 102 ele/cc
while at 100 ¥m, it is akout 104 ele/ce. It may be noted

that during evening twilight flights indications of such

valleys have been cohtserved (figures 20 and 24). The evening
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‘time vallies.arévnot.so deer. b&s indicated esrlier night-
time vallies bhave been ohserygﬁ‘bVer equator by Satyaprakash
et al (1$67), Likin and Elumle (1968), and over mid-latitude
by Smith‘(1965). From these results the rresence of such a
valley in the night-time & region can be taken as a common

feature,

L rossible explanation of the vallies would be the
night time presence of a source of ionisation which has a
Froéuction profile exhibiting ¢ fairly shearp minimum around
120 Km, Ionisation due to scattered Lyman alpha during night
has such features, It shows a maximum production rate around
100 Km and a minimum around 125 Ka, With such a production
profile end an allowatle margin for the variation in the
recombination coefficients, it is possible to reproduce an
electron density similar to that shown in figure 42. In
additien to Lyman alrha, scattered Lyman heta radiation is
elsc present during night time hours. The procuction profile
due to Lymén beta does nct show the features required for a

valley between 120 to 140 ¥m vegion,

Probably the presence of a night time source of

ionisation together with the movement of ionisation from

]

above can give rise to observed electreon density profile.

.9 hlectron temnrerature in the equatorial B region

[6))

The electron temperature values of the mid-day,

evening and mid-night flights are shown in figures 40, 32,



42 respectively, On the mid-night flight.Z0.0B, there is a

gap in the 120 to 140 Km height region. This is due to the

low ambient electron densities. Yor comparison purposes, the

neutral‘gau temperature is also plotted. Following are the

main features of the okserved electron temperatures in the

equatorial K region.

L. Thevelectron temperéture; Té 1s larger than the

neutral geas temperature through out the height region
100 ¥m to 175 ¥m, Various workers have measured
electron temperature in the E region over various
latitudes at different times of the day and pight.
Their results bave shown hizher vealue of Te comy ared
to neutral pas in the & region (Smith 1965, Erace

1$65, Satya Irakash 1669 a).

2. A common feature cbserved in all the flights was the
asceﬁt values of electron temperature were higher |
than descent values upto about 130 K@. This effect
was first observed by>Smith (1969) and he attributed
it to aerodynomic heating of the tip sensor during

&scent,

6.,9.1 Discussion

The electron temperature T, is ean essential para-

he

meter of the ioncsyhere firstly hecouse it reflects

3
©
o

sources of atmosyheric heating which are present, Secondly

it influences the rates of recombination and therefore
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exercises a degreé of control over the chafged~particle
concentrations, In the forthcoming praragraphs, various
sources of heat input to the electron gas are considered,
The experimental results of Langmuir probe measurements over

Thumba will te ccmrared with the theory.

The equilibrium electron temreratures in the ionos-
rhere ave determined by the heat input to the electron gas

and the various loss rrocesses, Lbscrrtion of sclar radiation

o
)
Fh

general heating of the atmosphere. Fut Joule

[t

rroduces a
heating due to ionospheric currents is also an important

source for inrut energy.

The total rhoton energy available at 150 Km is about
1.2 Kev/ce/sec for ¥ 204 L° for neon conditions (Hanson and
Johnegon 1961). ¥From the ezpression given by Delgarno et al
(1962) this much energy cannot raise the electron temperatures

more than 100°K abeve the neutral gas temperature,

Other scurce of Lzat input in the equatorial & region
is Joule heating due to the dissipation cf electrojet currents.
The heat flux aveilable due to Joule heating is about 10 Kev/
cc/sec., in the electrojet region during micd-ncon hours when
the electrojet current intensity is maximum, During other
reriods of the day and night this value will be much smaller

than 1 Kev/cc/eec due to large decrease in current intensity,

The results of electron temrerature of all the
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flights show that even aroﬁnd'IOO Km, the electron temperature
is larger than neutral gas tem;erdﬁure by'5OOOK. Lin input
energy of about 5 Kev/ce/sec. is needéd te give rise to such
high values. bs already discﬁssed the heat input due to
éo]ar radiation around noon is about 1 Ké&/cc/sec. at 150 Km.
1 Kev/cc/sec. during the periogé when flights took placei
Neither the sclar radiation nor the electrojet current can
account for higher values of electron temperature compared

to neutral gas temrerature.

It is important to note thet langmuir probe electron
temferature measurements are based on the assumption that the
electron energy distribution is Mexwellian., But in practice
only about a few percent of electrons (compared to electrons
collected at space rotential) are involved in determining
electron temrerature. The measurem:its could be in errbr if
for example the electrcon distribution were very nearly
Maxwellian around the most prcbable energy but deviated from
the Maxwellian form in the ‘'tail’, Such condition might
occur when electron to neutral collision frequency is &

function of electron energy (Talbot 1550).



- 128 -

QP LiR-YII

SUMMARY AND CONCLUSIONS

The eguatorial ionosphere represents an ideal-
magnetoionic media to study plasma instabilities. The
study of these instabilities in the laboratory, plasma
becomes difficult as a fileld free plasma is difficult to
realise in the laberatory. Some  of the plasma ingtabilities
are respongible for the production of ionospheric irre--
gularities. These ionospheric irregularities are
responeible for many ionospheric phenomena like non-
blanketing type sporadic E and spread F in the equatorial

ionosphere.

The rocket borne plasma noise probe incorporated
with the Lengmuir probe was employed by the author to
study equatorial E region irregularities in the scale sizes
1-15 meters over Thumba (dip latitude 0.47°S). The system
is capable of studying probe current fluctuations as low
as 0,05%. The scale sizes greeter than 30 meters were
studied directly from the Langmuir probe outputs,c The
observed current fluctuations are due to electron dengity

fluctuatipns in the neighbourhood of the probe.

The present system was also employed to study the
local disturbances produced by the rocket itself. These

disturbances are studled begt when the rocket ig subsonicy
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i;e.'around'rOckeE apogee; The rocket béfne Léngmuir pfobe
and plasma nolse probe study carried out over Thumba have l
shown very interesting features of eduatorial E region
irregularities, electron dengity and electron temperature.

_Following is the summary of the main results

i) On an afternoon flight, the small scale irre-
gularities (1-15 meters) with amplitude of about 0.5 =
1.5%‘were observed between 60 to 100 Km. No large scale
(30 to 300 meters) irregularities were studied on this
flight. The irregularities in the 60-80 Km region are
probably due to convective overturning in the neutral

atmosphere which gives rigse to neutral turbulence.

ii) ' The irregularities in 80 to 90 Km region observed
on two evening flights and on the afternoon flight in
scale size 1-15 meters with amplitudes about 1-2% are due
to neutral turbulence. Neutral turbulence is efféotive
even'above this feginn. Large scale irregularities
(30-300 meters) of amplitude as high as 20% observed in
this region nn two evening flights can also be attributed
to neutral turbulence. Very few large scale irregularities
were observed below 90 Km on the midnight flight while
small scale irregularities were completely absent. On

all the flights, the electron density profiles exhibit
positive gradients upto éo Km., The conditions exlsting

in this region are also favourable to the growth of crogge
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field instabilities for day and evening time.

iii) In 90-120 Km region large scale irregularities
(30~-300 meters) were nNbserved on two evening flights in

thé region of pogitive electron density gradients. On
midnight flight, the above irregularities were nbserved

in the reginn of negative electron density gradients. Theilr

nccurrence can be explained on the basig of the crigge

field ingtability mechanisme

iv) In the 90 t» 120 Km region, the small scale
irregularities 1-15 metefs with amplitude 2-3% were observed
in the same reginns where lafge scale irregularities were
nbserved. Their production cannnt be explained nn the

basis nf crrgg-field instability. From the height
distribution of these ilrregularities, it ig concluded that
the twn stream instability is nnt very effective for
production nf these irregularities during midnight NOoUTs .

Same isg true for plasma turbulence.

On twn evening flights, small scale (1-15 meters)
irregularities were algh nNbgerved ar-und 140 Km where
electron density gradients were pnsitive (in upward
directiomn).

) The spectral index for irregularities of scale

size 1~15 meters increases from -3.5 t0 -1.8 in altitudes
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“region 90 t01105'Km,-fof-ev¢ning flight‘ The épectralb
index exhibiﬁs‘a,large scatter.-lsimilar features were
observed on midnight flight in altitude region 95 to 120 Km.
The large scatter probably indicates the existence of

more than one type of mechanisms Operating simultaneousgly.
For the evening flight the value of spectral index around

145 Km ig ~2.0 and does not show much scatter.

The increase of gpectral index with height
indicates that irregularities smaller than a particular
scale size may have a 1oﬁger life compared to that of the
large scale sigeg. This is probably true for the electron
waves of scale sizes much less than the mean free path
of neutral particles, where positive ions do not play

important role in the propagation.

vi) The irregularities observed around rocket apogee
i.e. 155 to 175 Km are due to ion acoustic waves generated
by rocket itself. Their amplitudes are about 1-2% and
frequency about 1 KHz. Their gspectral index is #2.00 at

175 Km. The positive spectral index is due to the fact

that only the léwer end of the spectrum was studied, The
frequency range lies well within the Gurvich and Pitavesky!'s

dispersion relation.

vii) Wo enhanced electron density was observed in the

100 Km region during afternoon hours, The day time
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configuration of equatorial sporadic E observed on the
equatorial ionograms can onlyAbe eXplained-ffom the

scattering of radio waves from the small scale irregularities.

viii) . The electron temperature values were higher
éompared to neutral gas temperature in the equatorial

- B region during afternoon, evening and midnight period.

To explain the high values of electron temperature
observed in the B region, heat sources with large energies
are redquired. Solar radiation and electroject current

cannot account such high value of electron temperature.

ix)  Around 100 Km., electron densities as high as
10% ele/cc were observed during midnight hours. Such
high électron densities can bé accounted by transport

of ionisation from F region to E region if certain
assumptions are made, Large structures in electron
density were observed in altitude region 90 to 120 Km.
Electron dénsity varies by a factor of 4 to 20 within
a few Kmg within these st:uctures. These structures

may be as larger as 40-50 Km in the east-west direction.

A valley was observed around 125 Km during midnight.

|
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