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STATEMENT

The work presented in this thesis was carried out by
the author at the Physidal Research Laboratory,Ahmedabad
under the guidance of Dr.S.P.Gupta and Prof.B.H.Subbaraya.

The studies presented in this thesis deal with various
aspects of the electrodynamics of the middle atmosphere at

low latitudes.

The author has been involved in the design and
construction of instruments for measuring conductivity and
electric field at stratospheric altitudes.These instruments
were flown from the low latitude station Hyderabad (India)

on balloon-borne platforms at a mnumber of occasions in

order to make in-situ measurements .of atmospheric
conductivity and vertical electric field in the
.Stratosphere. The results of these measurements are

presented and discussed in this thesis.

The first chapter forms the introduction to this thesis.
Various concepts which are important for the study of
middle atmospheric electrodynamics have been reviewed
briefly in this chapter.

The second chapter "~ deals with the physics of
conductivity and‘électric field measurement.In this chapter,

an. attempt has been made by the author to discuss different



cheorcfical aspects of. the measurement process.A simple
model for the probe  behaviour has been presented in this
chapter and various possibilities encountered during
realistic measurement situations are discussed in detail.
The relaxation technique for conductivity measuremcﬁt and
the double probe technique for electric field measurement
are described in this chapter(These techniques have been
used by the author for conducting balloon-borne
measurements). This chapter also «contains a discuésion on
the author’s investigations on the mnature and extent of
charging of the balloon-borne gondola during its ascent and
float periods.

A discussion of the use of rocket-borne Langmuir probes
for measuring ion and electron conductivity in the
mesosphere is given in the second chapter. Using the
electron and ion currents obtained from Langmuir probe
measurements, the conductivities at these altitudes were
derived. Ion conductivity for the mesosphere has Dbeen
obtained wusing rocket-borne Langmuir proSe data.This has
been presented in chapter four.

Chapter three describes in detail the instruments
constructed by the author for conducting in-situ
measurements. This chapter also describes various support
instruments that go with the payload during balloon flight.
A discussion of the dnstrument testing procedure and the
balloon launch procedure has been included in this chapter.

The results lof measurement of polar conductivity and

electric field in the stratosphere and mesosphere



constitute the contents of the fourth chapter of this
thesis.

The fifth chapter of this thesis contains discussions
of the results and the new findings obtained during the
present work.

A comparison of the conductivity measurements done by
the author has been made with measurements done elsewhere
by other groups.The positive ion conductivity was observed
to Dbe higher than the negative ion conductivity by a factor
of four and half.This aspect has been discussed’in chapter
five where a comparison has'bcen made between theoretically
expected ratio between the two polar conductivities with
the observed ratio.

A comparison of stratospheric and mesoﬁbhcric
conductivities has also been done in this chapter. A
discussion of the rocket body potential in the mesosphere
as observed during several rocket flights 1s given. A
suggestion has been made that the existence of such
potentials might be indicating a presence of large vertical

telectric field in the mesosphere.

The effects of volcanic eruptions on conductivity has
leo been discussed in chapter five. The positive ion
conductivity has been found to be affected much more
drastically than the negative ion conductivity by volcanic
activity.The implications of this observation are discussed.

The gsixth chapter contains a summay of the important
results. This chapter also contains suggestions for furtherv

work.
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CHAPTER I

INTRODUCTION

vl The Atmosphere

The earth 1is surrounded by a gaseous envelope known as
mefhe atmosphere. This atmosphere is held to the earth by the
force of gravity and balanced by ﬁydrostatic pressure. There
are numerous phenomena taking place in the atmosphere which
make its ‘study interesting and importanf. We study the
atmosphere in the branch of science known as aeronomy.
(TAero" means pertaining to air,and "nomy" means the study
ij- ) Although the study of the atmosphere has been going on
Since a long time, this field 1is still very much active
today and a number of interesting features related to the
‘gtmosphere are being investigated.

The major cpnstituents in the atmosphere are the

fOllowing: Nitrogen constitutes about 78.09 percent of air,
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Oiygeh' constitutes 20.95 percent, Argon consfitutes 0.93
percent and Carbon dioxide constitutes 0.033 percent of dry
air by volume.The proportionvof water in air varies widely
from place to place as well as at different altitudes and
with time. In addition to these there are a number of
species(trace constituents) which occur in minute
guantities—parts per million or less, but which play an
important role in the chemistry and physics of the
atmosphere.

Air also contains ions and ae%osols.Different types of
ions are predominant at different altitudes. ‘Large
cluster—ions are predominant from ground level upto about
40-45 km altitude. At higher altitudes monoatomic and
diatomic‘ ions are predominantf{Mitra, 19811J. Aerosols of
different sizes varying from 0.001 micron to 1 micron are
present in the atmosphere mainly at altitudes ranging from

ground upto 40 km altitude.These particles are mostly dust,

water vapour and sulfuric acid globules [Turco et al.,19821].

1.2 Reqgions of the Atmosphere
The atmosphere has been classified into different
regions for the purpose of reference. The temperature

profile of the atmosphere provides an important basis for
classification of the different regions in the atmosphere.
Fig 1.1 shows this classification.The temperature of air

near the earth's surface is around 300"K. There is a 1afge

variation in this temperature from place to place and
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between ,different seasons. But ‘as one does higher up.,the

temperature decreases at the rate of roughly 5 to 7 degrees

celsius per kilometer of altitudel Iribarne and Cho, 1980, p31.

This continues upto an altitude of 12 to 18 km.This region

is known as the troposphere ard its upper limit is known as

the tropopause. Most of the weather related phenomena,e.d.

cloud formation, thunderstorm and lightning activity,etc.
take place in the troposphere. Above tropopause. the
temperature increases with altitude and reaches nearly

-10°c at an altitude of 45 km. This region is known as the

stratosphere and its upper limit 1is known as the

stratopause. The main reéson why temperature increases in
the stratosphere is the presence of the gas ozone in air
which absofbs incoming solar ultravoilet radiation and
conseéuently heats the air [Rishbeth and Garriott, 1969, p2,
Mitra, 1952, pl431. Above stratopause the temperature again
decreases rapidly with altitude.It reaches almost —-90%c at
around 85 to 90 km.This region is known as the mesosphere
and its wupper limit 1is called the mesopause.Above the
mesopause the temperature increases to a value of 1000%c to
15009 in the region known as the thermosphere. Above an
aititude of around 500 km the atmosphere becomes so much
rarefied that collisions between the air molecules are very
infrequent. The molecules of air in such a situation follow
almost ballistic trajectories({Mitra., 1952, p17,Rishbeth and
Garriott, p31. The exosphere is def ined as that region where

the mean free path of the air molecules is greater than one

scale height. This region extends from around 500 km
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‘altitude right uptb the ﬁpper limit of the wearth's
atmosphere. '

The stratosphere and the mesosphere are together known
as the middle atmosphere,and they cover an altitude region
of 20 to 100 km.

Although ions exist in the atmosphere at all levels,
ionisation effects are particularly strong in the altitude
range between 60 km and 500 km.This region is known as the
Ionosphere. The main sources of.ionisation in this region
are the solar ultravoilet radiation and the x~rays.These
are absorbed by the air molecules which get ionised and
form positive ions and electrons. At lower altitudes many of
these electrons get attached to neutral molecules and form
negative ions.

Fig 1.1 shows the electron density as a function of
height. This electron density profile has a number of maxima
or peaks. The regions where these peaks occur have been
given different names.The lowermost peak occurs between 60
and 90 km. This peak 1is formed only during daytime.The
region where it is formed is called the D region. The next
peak occurs at somewhere around 105 km.The region between
90 km and 140 km altitude(in which this peak occurs) is
known as the E region.The portion of the ionosphere above
the E region is known as the F region. Often during dayt ime,
two peaks appear in the F region. These peaks are_called the
Fl1 and the F2 peaks.At night these peaks merge and there is

only one F layer peak.
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1.3 Middle Atmospheric Electrodynamics

The field of atmospheric electrodynamics covers a broad
range. of phenomeﬁa. These include a study of the global
electric circuit,thunderstorm electrifﬁcation and lightning.
sferics, ionisation in the lower,middle and upper atmosphere,

ionospheric dynamo and solar wind interaction with

geomagnetic fieldsl Volland,19843].Goldbergl 1984] and Maynard
et al.[1984] have discussed the current status of Middle
Atmospheric Electrodynamics(MAE). MAE incorporates various
phenomena like global electric circuit,sun—-weather relation,
vertical and horizontal electric fields and currents,
ionospheric potentials and the recently observed
mesospheric electric fields, etc. The presant study Iis
restricted to a few of the above mentioned topics in the
electrodynamics of the middle atmosphere. The avthor has
conducted balloon-borne measurement of electrical
conductivity and vertical electric field in the
stratospherel Gupta and Narayan, 19871. The author has also
studied some of the features of mesospheric electrodynamics

using data from several rocket—borne experiments conducted

earlier from Thumba, Indial Subbaraya et al.,19851].

1.3. 1 Jonisation in the Middle Atmosphere

The basic sources of ion production in the atmosphere
are high energy cosmic ray particles and solar ultravoilet

photons{ Rishbeth and Garriott, 19691, Different ionising
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sources play the ‘dominant roles in this process at

diftferent altitudes.>Near the earth's surface within a rew
hundred meters héight,radfoactive materials present in the
earth's crust as well as the radioactive radon gas ptoduceg
by them are the main agents fcr the ionisation of air.As
one goes higher up,the ionisation rate decreases a little.,
and then increases upto 10-12 km altitudelCole and Pierce.,
1965, Goldberg, 19841, The cosmic rays play & dominant role in
ion production in this region. In fact, they are the
principal source of>ionisation in the upper troposphere,the
stratosphere and the lower mesospherel Goldberg, 18841. Ion
production by meteoric source has also been proposed by
Aikin[ 19811. Fig 1.2 shows the relative contribution to ion
production by various sources.The two curves marked gq(iNaOH)
and q(CaOH) show the contributions of meteoric sources as
proposed by Aikin. In the mesosphere,as one can see in Fig
1.2, the solar emission at Hydrogen Lyman « (wavelength
121.6 nm) which 1ionises the Nitric Oxide takes over aé the
principal ionising source. Further up;in the E region and
above(not shown), the solar ultravoilet radiation and the
hard X-ravys constitute the main source or
ionisationl Rishbeth and Garriott, 19691.

In the middle atmosphere, the most important
contribution to the jonisation is due to the cosmic rays.
Cosmic rays are vwvery high energy( »BeV) particles of
extraterrestrial origin. These particles consist mainly of
Protons, but: a small number of heavier nuclei are also

presentl Pomerantz, 1971J]. These particles on entering the
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athésphere collide with the molecules present in the
atmosphere and Ygenerate a large number of segondary
particles. These secondary -particles are mainly electrons,
protons, mesons and gamma photonsC Daniel and Stephens, 19741,
The number of secondary particies produced is a function of
the energy of the primary cosmic ray particle. An average
energy of 35 eV is required for the production of one ion
pairl Velinov, 19683, Thus each CR(Cosmic ray) particle which
has energy of the order of BeV can produce'millions of
secondary particles depending on its energy.These secondary
particles react with the constituent molecules of air and
form the ions present in the atmosphere.Thus the total ion
production rate depends on the cosmic ray flux and energy
spectrum,

Since cosmic rays consist of atomic nuclei,they are
deflected by magnetic fields.This results in two important
effects. The incoming CR flux 1is observed to have a
dependence on the solar activity cycle.The primary CR flux
is higher during the solar minima as cémpared to the solar
maxima. This variation is ;oughly by a factor of 2 at 36 km
altitudel Heaps, 19781. The latitude effect occurs because of
the wvariation of the "direction of the gecmagnetic field
lines with latitudel Pomerantz, 19711. The earth's magnetic
field 1is nearly wvertical at polar latitudes. Towards the
equator, the horizontal component of the earth's magnetic
field 1is higher. The motion of a CR particle incident on
earth is gﬁided by magnetic field lines,and it reqguires a

much higher initial energy for the CR particle to reach the
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Vearth’s atmosphere .ai the equator than at the poles.Thus
the resulting flux of cosmic rays at low latitudes is lower
than that at high latitudes. Heaps (19781 has given a
semiemperical formula for the 1ion production rate at
different latitudes and covering the altitude range between
18 and 40 km altitudes.Theoretically,ion production rates
have been calculated on basis of measured flux and energy
spectrum of cosmic rays.Datta et al.[1984] have tabulated
the ion production rates due to primary CR flux for
different latitudes and altitudes.The contributions due to
re—entrant and albeido CR have been calculated by Verma and
Bhatnagar( 19871 and Verma and Kotharil 19871 for
Hyderabad( Latitude 18° north). Actual ionisation rates at

d

low latitudes have been measured only upto 34 km
altitudel Neher, 19671.

The relative contribution to ionisation in the
stratosphere by sources other than CR is not certain.
Theoretically sources of meteoricorigin. have been proposed
which can explain experimentally observed ion
densitieslC Rikin, 19813, but direct measurements are not
available. In the mesosphere,the Hydrogen Lyman o emission
line in the solar ultravoilet radiatipn becomes important.
At still higher altitudes,the solar ultravoilet radiation

at other wavelengths also become important(These are not

shown in fig 1.2).
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1.3.2 . The small iqn=number dens ity

The number density of small ions in the atmosphere
(i.e. those 1ions having mass ¢ 400 amu.),is a function of
their production and loss mechaﬁisms. In the previous
csection the mechanism for ion production was discussed. In
this section the expression for the number density of small
jons will be discussed. The 1loss of ions takes place
primarily through ionic recombination  and through
jon—aerosol attachment processesl Gringel et al.19781. Ionic
recombination takes place when through collision,positive
and negative ions react and form neutral products of
reactionl Bates, 19851. In attachment process, an ion. on
colliding with aerusol particle gets attached to it
physically. Aerosols are much larger than small ions and
gheir mobility is proportionately much smaller. Thus
attachment of ion to aerosols results in its mobility
decreasing by a factor of more than 1000 which in effect
removes them from the scene of electrical conduction. The
small ijon number density is governed by the following

equation of continuityf Volland, 1984, p31]:
. .
ANE _ o - aN,N_ - BNZN, L1y

Here, N+ denotes the number density of the positive and

the negative small ions respectively,q denotes the ion

pair ‘production rate, « is the ionic recombinatiorn
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coefficient., # is:the average attachment coefficient to

o]
i

notes the number density

s}

the aerosols, and N~l d

aerosols.

Under steady state conditions,we can consider dN/dt as O so

that we have an egquation quadratic in N+,The solution of

this eguation is:

-
N+ = £HE ij‘¢”§> A L0122

- LT

o

This is a useful expression relating several important
parameters.

The number density of ions in the stratosphere has been
experimentally measured [Paltridge, 1965,Morita, 1983,Rosen
and Hofmann, 1981B, 13851 as well as theoretically calculated
using the above egquation [ Gringel et al.,19781.Typical
values are shown in fig 1.3 which has been taken from
ArijsC 19831, In the diagram, P64 refers to measurements by
Paltridgel 19651, B66: Braginl 19671, Ro68: Rose et al1.019721,W75:
Widdel et al. (19771 and R79 1is a model calculation by
Reidl 19791. The number density is generally estimated toc be
of the order of 2 X 107 per m® at an altitude of about 3§
km.

The average lifetime “of ions is given by its number
density divided by its production rate.This 1is of the order

of 1000 ~ seconds at 35 km altitude in the

Stratosphere[NevejanS et al. 1985171,
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1.3.3 Ionic Recombination

Ionic recombination is one of the two major loss
processes for the atmospheric "small ions. Ionic
recombination involves those chemical reactions in which
ions of opposite polarity react and form neutral molecules.
Several such recombination reactions are known which take
place in the atmosphere.Recombination reactions have been
classified into dissociative recombination; ‘radiative
recombination,and so onl Bates, 1985,Mitra, 19811.

The recombination coefficient o is the weighted average
of the rate constants of different recombination reactions
that | take part in a given situation. Most of the
recombination reactions that take place in the atmosphere
are either two body recombination reactions or three body
recombination reactions( Smith and Adams, 19821,

At higher pressures which exist in the lower
stratosphere, the dominant recombination processes are three
body type. Three body recombination processes can be

represented by the following equation:

at + B+ M -3 AB + M L. (1.3

+

Here, A and B” are the two reactant ions,M is a third body

which is necessary for taking care of the extra energy of
reaction, but which otherwise does not participate in this

reaction. E3fs the three body recombination coefficient. AR
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.reptésents the prodﬁct, of this reaction.Since three body
collisions are less frequent as compafed to  binary
collisions, such fecombination reactions are dominant at
altitudes < 20 to 25 km where pressure is relatively high
[Gringel et al.,19781.: |

At higher altitudes, Qhere collisional ©processes are
less frequent, probability of three body collisions
decreases rapidly. Under these circumstances, binary
recombination takes over as the dominant recombination
process. Binary recombination processes can be representedA

by the following general equation:

o
a¥ + B -4 ap (+6) S (L4
o, is . the two body recombination coefficient. £

represents an amount of energy released through photon
emission or some other.means.

Several calculations of the recombination coefficient
have been done for the ions present in fhe stratosphere and
'mesosphere[BateS, 1982, 1985, Gringel et al.,1978,8mith and
Adams, 1982]. Experimentally measured values have also been
provided by Rosen and Hofmannl 19813. The recombination
coefficient wvalues given by Smith and Adams (19821 appear
to be the most realistic ones and these values (see Fig

1l.4) will be mainly referred to in further discussions.
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1.3.4 Attachment process

The other method by which small ions get removed from
the. ‘atmosphere is through the ion—aerosol attachment.
Aerosols are particulate matter in solid and liquid phases
which are dispersed in air.They appear in a wide range of
csize distribution right from ©0.01 micron to 100 micron
sizel Twomey, 1977, p2]. When an ion collides with an aerosol
particle, it attaches itself to the particle.Thé attachment
coefficient & is the number of ion—aerosol attachments
taking place per unit volume per unit time for a unit
number density of the particles. Actually,this is an average
over the different sizes,and ﬁNa gives the fractional loss
of small ions due to aerosolslTwomey,1977,p263,Kondo et al..,
19824, Gringel et al., 1978]1. Under normal conditions, this
quantity 1is smali as compared to the recombination loss
terml Kondo et al., 1982A, 1382BJ]. But when conditions like
volcanic eruptions take place., the aerosol number density
can get enhanced to several thousands per ccl Cadle et al..,
19761 and the attachment process becomes important in the
overall ion loss mechanism[Mitra.1981,Volland,l984,p183.

Aerosols play an important part in ion chemistryl Arnold
et al., 1982, Mitra, 1981, Datta et al.,1987Bl.Its role in
positive 1ion chemistry was proposed by Mitral 1981] and was
experimentally observed by Takagi and Morital 1980171, Hofmann
and Rosenl 19872, 19831.Arnold [ 1982] has discussed about the

possikble effect of metallic ions on aerosaol production.But
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the effect of aerosols on ionisation in the stratosphere is

still not fully understood.

1.3.5 Ion chemistry

The ionisation process is intimately related to ion
chemistry. Soon after its production, an 1ion in the
atmosphere undergoes a series of reacfions.The steady state
concentrations of various ionic species in the atmosphere
depends on the rate constants of the numerous reactions
taking place in the atmosphere.The positive ions and the
negative ions follow different schemes of reactionlBrasseur
and Chatel , 19831. The problem of ion chémistry is to make
models of ion reactions and to find out the concentrations
of different ionic species from them which would explain
the actually observed concentrations.

In recent years,'it has become technically feasible to
put mass spectrometers on balloon—-borne gondolas and
measure the ion compositions at stratospheric altitudes.
Arnold et al.[19821, Arijs et al.[1983,19851],Schlager and
Arnoldl 19871, Ingels et al.[1987j have identified the
different 1ionic species present in the stratosphere. The
relative concentrations of different ionic species have
been measured by them at altitudes ranging from 17 to 45 km.
Two families of positive ions have been observed. Ions known
as Proton Hydrates(PH) have the general formula H+<H20)n,
while those ;known as Non—Proton Hydrates(NPH) have the

general formula . H+(CHQCN>m(H?O)n.At altitudes below 35 km,
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NPHV are the domiﬁaﬁt positive ion species while at higher
altitudes, the proton .hydrates' are dominantlBrasseur and
Chatel , 1983, Arijs ‘and Srasseur,1986].There are two main
families for the negative ions also.The negative ions form
sulfate (HSO,)  and nitrate(N03)~ g}uster ions.(sto4) and

4

(HNO,> molecules attach to these ions to form these species
of negative ions. Nitrate cluster 1ions are dominant at
altitudes below 35 km while sulfate cluster ions are
dominant above this altitudelAriijs, 19831.

Because of availability of good ion composition data in
the stratosphere and improved laboratory techniques for
studying the reaction rates [Smith and Church, 1977,
Albritton, 1978, Smith et al.,1981,Viggiano et al., 1982, Alge
et al., 19831,it has now been possible to model the complex
behaviour pattern of stratospheric ions. Brasseur and
ChateLLEl983] did the first elaborate modelling of the
stratospheric ions. Several other models have been given
[ Fergusen et al.,1979,Mitra, 1981,Beig and Chakrabarty, 19871,
which deal with different features .of the 1ionisation
behaviour in the stratosphere.

Ion chemistry models help in getting a consolidated
picture of what happens at these altitudes. Laboratory
measurements such as those by Smifh ét al.[1981] and others
provide the input information to these stﬁdies.other input
information such as ionisation rate, ion densitv,

conductivity and mobility, come from the study of the

atmospheric electric parameters.
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1.4 Conductivity iﬁ the middle atmosphere

Air in the sfratosphege is weakly conducting. Its
conductivity increases roughly éxponentially with altitude
(fig 1.5 in the trpposphere,étratosphere and mesosphere.
This conductivity exists because of the presence of 1ions
which act as carriers of electric charge in the atmosphere.
The polar conductivity 1is the conductivity because of
charge transport by ions of a particular polarity;

The following eguation relates the conductivity with

the number density and masses of the ions.

nie L. (1.5)

Mobility is given by the following expression:

) - € ,

P My 01,60
The average polar mobility is thus,

.+ = e , ni

BE = §x 2+mivi e CLT

S+ = pnt+ e MHoE .01 8)

In the stratosphere n, = n_ and we get
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The ratio of conductivities gives the ratio of average

polar mobilities:
O 48
~‘-:—+; S O 1O

This is related to collision fregquency and‘the mass of
the ions via equation 1.8.

Meyerott et al.[19801 have given a curve showing the
dependence of ionic mobility on ionic mass.This curve is
based on the measurements done by Kilpatricl 1971],Huertas
et =al.[ 19741 and Dotan et al.[19741.0ne can also obtain the
ionic masses from mobility by using the well known relation
between the two guantities.Mobility is related to mass and
collision freguency via eguation 1.6.The main problem with
using this equation is that the mass dependent collision
frequencies for most of the cluster ions is not known at
present. However if appropreate form of this dependence is
assumed (using proper models) then with independent
knowledge of either the number density or mobility the
other quantity could be estimated.

Equation 1.8 gives the polar conductivity in terms of
number densities of small ions and their mobilities. The
number density of small ions decreases after occurance of

major volcanic eruptions because large amounts of aerosols
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are thrown ‘into the}a£mosphere.These aerosols deplete the
air of ions through attachment process( Equation 1. 1).
Measurement of ratio of polar conductivities before and
after volcanic eruptions can give impértant clues regarding
the. hature of thé ionised medium after volcanic
eruptionsl Kondo et al., 1982B1.

Conductivity measurements are being done since the
beginning of this century.During a balloon flight in 1905,
Gerdien obtained the first measurements ‘of atmospheric
conductivityl Israel, 197031. Later, Wigand[ 19141 performed
similar measurements during ballﬁon ascents upto 9 km
altitude. Numerous measurements:  of conductivity have been
done since then.Some of the results have been summar ised by
Hake Pierce and Viezeel 19731,Rosen and Hofmann( 198 1A1, Rosen
et al.[19821]. In earlier measurements ratio of polar
conductivity was measured only upto around 28 km and this
ratio was found to be “llWoessner et al., 1958, Kraakevick:,
1958, Paltridge, 1965, Hake, Pierce and Viezee, 19731.Recent
measurements have concentraﬁed on positive
conductivity[Rosén et al.. 1982] or total conductivity and
related phenomenal Bering et al.,1980,Holzworth et al.,19841.
We have conducted polar conductivity measurements from
Hyderabad( India)> during the period 1984 to 1987.We have

studied the effect of volcanic aerosols on conductivity.



1.5, The Global Electric Circuit

There exists  a vertical electric field 1in the
atmosphere having a magnitude of the Qrder of 120 volts per
meter in fair weather near the groundlVolland,19843].This
electric field 1is in the downward direction.If we sum this
electric field between the earth and the ionosphere (upto
50 km altitude) we obtain a potential difference of the
order of 3 X 10° volts. Air is a weak conductor in the
region between the ionosphere and the earth's surface.
Because of the potential difference between the ionosphere
and the earth,a weak current flows down from the ionosphere
to the earth all the time.The current density is roughly

10712 amp/mz. In order to maintain this current system,a

source is required which can replenish it.

C.T.R. Wilson [1920] proposed a hypothesis in order to
explain this air-earth current phenomenon.This hypothesis
envisages a global electric cifcuit as is depicted in fig
1.6. SeQeral other people like Whipplel'1929],Reiterl 19721,
Kasemir( 19771, Hill[ 1971J],and Hays and Roblel 19791 have also
worked on this hypothesis and have progressively refined
and evolved it.To date,this is the best explanation we have
for understanding this phenomenon.

According to this hypothesisl Israel, 1970, Muhleson, 1977,
Hays and Roble,19793,thé earth's atmosphere can be divided
into two regions. They are,the fair.weather region,and the

disturbed weather region.By fair weather regions,one means



41NJ¥ID 21¥10313 vE019 IHL §T6T

HOINILNI SHLYV3 \v
«—

oh\\\\\

Wi, — -
(¥3H1vam a3aunisia) 34200,

DIy, . 13A37 v3s —
SWNOLS ¥3IANNHL _— Ylitar

h \*e
LNIY¥NO

+
e % WaoLs w) 0Z 0L Gl
Y

SkOm/ ~




O

b

i

those regions whieh ‘do not have any cloud cover,aor have a
minimal gquantity of it.By‘distﬁrbed weather regions.,we mean
those regions which are partially or heavily clouded,or are
having rain or thundérstorms.During disturbed weather(when
there is rain and : thunderstorms), the electric field
reverses its direction and can increase ten times 1in
magnitude [Gish and Wait, 1950, Stergis et al.,1957,Holzworth
et al., 19861,

Almost eighty percent of the wearth's surface af any
time is inéluded in the fair weather region.In this region
there is an air-earth Cugrent flowing downwards. This
current is a function of the ionosphere—earth potential and
the total resistance between the ionosphere and the earth.
This resistance, calculated over unit surface area of earth
is known as the columnar resistance & and is given by

H
.-x:-J'g,—h L (101D
0
where < is the conductivity of air and dh is an element of
height h. H 1is the total height upte the ionosphere(H ™ 50
km) .,

The values of A are typically around 1.3 X 1017 ohms—m
at the sea levellGish, 1944]1. A is also a function of the
earth's orography.Since the resistivity at low altitudes is
much higher than that at high altitudes.major contribution
(upto 70 percent) to the columnar resistance comes from the
lowermost 2 km of the atmosphere from the sea

levell Muhleson, 19771.This is why the columnar resistance is
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"strdngly dependent on the altitude of the place of
measurement above the sea level.
The Ionosphere—earth potential is calculated by summing

the vertical electric field E_ over height.
v = JEth L1012

The ionosphere—earth potential difference and the columnar
resistance are two important parameters in the fair weather
region of the global electric circuit., The product
ECh) X ¢(h) which is also equal to V/A givés the air earth
current. The air earth current is nearly constant over the
height range between the earth and the ionospherel Goldbergq,
19841. This potential difference is of the order of 290000
volts [Muhleson, 19771 and varies over the period of a day
by almost + 60 percent.The maxima occurs at 1800 hrs. U.T.
and the minima occurs at 0600 hrs. U.T.[Goldberg, 19841,

The principal sources ‘which maintain the ionosphere
earth potential are thunderstorms. They act as generators
for this global current. About 1800 to 2000 thunderstorms
are taking place around the globe at any time. Each
thunderstorm pumps a current of 0.5 to 1 ampere on average
into the ionosphere , thus maintainiﬁg the charge on the
global capacitorl Muhleson, 1977]. If this charging process
stops then it will take about 12 minutes time for the
global capacitor to discharge( T = 100 seconds)(Volland,
198431, Around' 100 1lightning flashes take place per second

around the globef{Orville and Spencer, 19738].As a result the
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global Capacitor cafries a charge of 550000 Ccoulombs which
resides at its two concentric plates.Fig 1.7 depicts the
global circuit, |

Fig 1.8 shows a thundefstorm cell and the air currents
inside it,. Thunderstorms are the main generators in the
global current system. Electric fields of the order of
several hundred kilovolts per meter develop insige
thunderstorn cells [Levin et al., 19771. The thunderstorn
ceils act as dipole current sources[Kasemir,1977,Hays and
Roble, 19791 for the global circuit.

Several mechanisms of charge Seperation have been
identified within thunderstorms. The most common onel Moore,
19771  ig -described below. Water droplets and ice particles
of various sizesg are suspended in air within a thunderstorm
cell. Because of the presence of a vertical electric field
within the cell,which is directed downwards, these droplets
get electrically polarised.Larger droplets fall faster than
smaller droplets. In thisg process, they collide with the
smaller droplets below them. The bottonm side being
Positively polarised, the droplets that brush past take away
Positive Ccharge leaving a net negative charge on the drop.
Because of a higher falling rate, the larger droplets shift
the overall negative charge further downwards, thus building
up the existing vertical electric field.

Whenever 4 large enough potential gradient of the order
of 400kilovolts per meter builds Up through this or some
other chargiﬁg brocess,an electrical breakdown takes place

resulting in 4 lightning discharge.Lightning discharges of



..+_

4 3X10°V
¥ +
FIG1.8: CHARGING OF GLOBAL CAPACITOR
—~ BY A THUNDERSTORM
\\ | /
AN I 4
\ | / e

Ve
THUNDER STORM CELL
,"CHARGE DISTRIBUTION

!
I
™~
l

AN
15 Km N
3X10°V \\
|
.—.’
\ P E
\ SMALL
. DROP
9Km INSET : CHARGING MECHANISM
/
/
S~ ~ —
~ S —
3Km




a0
|

tJ

ud to ground and vice versa
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the kind cloud to cloud or cle
or cloud to ionosphere have been observed. It 1s the
cloud—ground and the cloud-ionosphere discharges that are
major contributors to the global circuit.There are other
sources also which cbntribute to this. Among them are
Convective generatorsl Markson., 19751, Austasch
generatorsl Kasemir, 19771, and non—thunderstorm clouds and
precipitationl Chalmers and Little, 13601,

Some of our measurements relate to the global circuit
and have been discussed in chapters 4 and 5.Table 1.1 Cfrom
Muhleson, 1977] shows the different parameters of the global

electric circuit and their estimated magnitudes.

1.6 Mesospheric electric fields

Recently, there have been several measurements of the
vertical electric field in the mesospherelHale et al., 1981,
Maynard et al., 1981, 1984, Kelley et al., 19831 which have
indicated that there exist electric fields in the
mesosphere whose magnitudes are of the order of several
volts per meter. In fig 1.7, which shows an equivalent
circuit of the global electric circuit,these fields are
included 1in the form of mesospheric veltage scurces.Several
rocket—borne measurements had been carried out from Andova,
Norway under MAE(Middle Atmospheric Electrodynamics)
campaign to study this problem in detaillMaynard et al..

198431, The main observations were that the large vertical

electric fields &are present in the mesosphere only at



TABLE 1.1

Parameters of the Global Electric Circuit

Number of Thunderstorms 1500~1800

Mean Current Intensity over one 0.5-1.0 Amp.

Thunderstorm cell

Global Current 800-1800 Amp.

.Ionosphere Potential 180-400 kV(range)
) 17

Columnar Resistance 1.3 X 107 "0hm m

Total Resistance . 230 Ohms
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o certain times. A necessary but not surficient condition for
their existence was: that the mesospheric conductivity

should be relatively low.Some of our rocket horne langmuir

probe measurements show indirect evidence of  such V/pm

electric fields, The mechanism of generation of thisg
electric field is not yet understood fully and experimental

as well as theoretical study of this problem is required,

1.7 Scope of this thesis

Numerous Measurements of electrical conductivity and
electric field have been done in the stratosphere. But they
have all been done in the high- and mid-latitude regions.
Upto now, Very few measurements have been done over low
latitudes

The conditions at low latitudes are somewhat different
from those at high latitudes. The ion production in the
Stratosphere at Jlow latitudes is much less as compared to
that af high latitudes because of the low CR flux reaching
the atmosphere at these latitudes.

The ion composition at mid latitudes is known and there
exists a model of the ion chemistry Gorresponding to those
measurements. But no model information of ian chemistry of
the stratosphere exists for low latitudes. Although drastic
differences from the mid-latitude ion chemistry are not
expected, the latitude dependent factors like CR flux can

make some difference in the ion chemistry.Measurement of



conductivity at low latitude was thus expected to bring out

some new information of this region.

The measurementé of poiar conductivity done in the
fifties and sixties shéw that their ratio was of the order
of one upto 30 km altitudes.¥Recent measurements of ion
composition suggest that the ratios between polar
conductivities should be as high as three to five times at
around 30 to 35 km altitude.This ratio is the ratio of the
average masses  of the positive and the negative ionic
species, and is a useful parameter which tells about the
kinds of ions to be expected at these altitudes. The
measurement of this ratio which was done from Hyderabad has
been discussed in chapters 4 and 5.As we shall see,this
measurement has given some very useful information about
the nature of stratospheric ions.

We have measured polar conductivity before and after
two major volcanic eruptions and found that the ratio of
the ©polar conductivities undergoes drastic change after the
eruption. The results are given in chaptér 4 and discussed
in chapter ‘5.

Measurement of vertical electric field has been done
just after volcanic eruption.This hasvbeen higher than the
expected values wunder normal conditions. The results are
discussed in chapter 5.

The electrical charging behaviour of ballcocon—borne
gondola has been studied durihg ascent and float periods.
The Charging: of the gondola is one of the nagging problems

for the experimenters involved in ionisation measurements.
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déséribed in chaptér 2,

A peculear behéviour of langmuir probes. in  the
. mesosphere has been iﬁvestigated. The possibility ot
existance of large mesospheric electric fields on the basis
of‘ this anomalous behaviour‘ of tke probe is discussed in
chapters 2,4, and5.

Since Middle Atmospheric Electrodynamics involves 3
large variety of phenomena,it is beyond the Scope of this
thesis to cover all or even most of them.I have attempted
to study some of the phenomena which occur in middle
atmospheric electrodynamics using experimental technique
and have presented them in this tﬁesis.lt is expected that
this work will help towards a better understanding of the

middle atmosphere at low latitudes.



CHAPTER II

PROBE THEQRY AND PHYSICS OF CONDUCTIVITY

AND ELECTRIC FIELD MEASUREMENT

The present chapter deals with the principles of
measurement of conductivity and electric field 1in the
middle atmosphére.Varioué practgcal and thegretical aspects
of the measurement technique are discussed in this chapter.

Conductivity measurement involves measuring the current
collected by a sensor immersed in the ambient medium,
Alternately, conductivity measurement is done by charging =a
sensor  and allowing its potential to decay to the ambient

value. In the latter case the time constant of decay gives

the conductivity, For electric field measurement., two
techniques are generally employed. The double probe
technique is based on measuring potential difference

between probes seperated by a given distance in the ambient

medium, The Ffield mill wses an inductive method for direct

Y

determina+tian of electric field. The author has used the



;felaxafion probe technigque for conductivity measurement and
double probe technique for the measurement of electric
‘field.

\ In section 2.1 and 2.5 of this chapter,the principles
:of measurement of conductivityb and electric field in the
ystratosphere are explained.The basic expression for current
collection by an electrostatic probe has been derived us ing
the Gauss's theorem in sections 2.1.1 and 2.1.2.80me of the
ptoblems encountered during actual measureﬁents and
possible measures for rectifying them are discussed in
sections 4.2 and 2.3. The techniques for conductivity
measurement are described in section 2.2.The author has
éonducted a study of thé variation of floating potential of
thé balloon~borne gondola during the balloon ascent and
float periods. This has been described in section 2.4 of
this chapter.The dauble probe technique which has been used
for electric field measurement in the stratosphere has been
described in section 2.5. In sections 2.6 the principles

involved in measurement of mesospheric conductivity are

discussed. A discussion of possible effect of presence of
large electric field on current collection by a d.c. probe

is given in section 2.6.3.This has been.used in chapter 5

for explaining some of the features observed during

rocket-borne mesospheric measurements.



The conductivity of a medium is the current which

paéses through a unit‘crmss section of the medium yhen unit
electric field 1is applied across it.Conductivity is thus
the inverse of resistivity, The unit of conductivity in the
 MKS system is Ohm;l per meter,also known popularly as mhos
per meter or Siemens per meter(S/m).If E is the electric
field and J is the current density then the conductivity <

is given by the tollowing expression.

Conductivity measurement in the atmosphere is.done with
halp of electrodes which collect ions from the ambient
medium. Basically two methods are used for this purpose. In
attracting potential method a probe is kept at a fixed or a
swept voltage bias and the current collected by it is
Measured. In the transient response method the probe is
initially charged to some given voltage and its potential
is continuously monitored as 1t discharges through the
medium. The conductivity of the medium is obtained from the
time constant for this discharge, The basic principles of

'

these two methods are described below.



2.1.1  Transient response method

kIn the transient fesponse method,a metallic conductor of
suitable shape 1is used for the sensor.Fig 2.1 illustrates
' thi5 method schematically.

In the beginning, the sensor is charged to a suitable
‘z:voltage and is allowed to discharge through the medium. The
~sensor potential decays exponentially with time.The voltage
decay with respect to time is recaorded and the time

constant is measured. Conductivity is obtained wusing

equation 2.2.
T o= =2 L2.2)

where €o is the permittivity of the ambient medium and
T is the time constant of decay of the sensor potential. A
derivation of this expression from basic electrostatic
eqguations is given below.

Consider a capacitor formed by a pair of conductors A
and B. Let an amount of charge +Q reside on the conductor A
and -0 reside on the conductor B. The medium in-between A
and B is weakly conducting and has a conductivity «.Let us
consider an arbitrary gaussian surface S enclosing the-
conductor A in such a way that B lies fully outside 8. Then

for the surface S,using Gauss theorem,we have
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We use 3=¢FE with this and get

;%(ﬁJ.dS:%O (2.4
The total current I is given by
- ' - v
I = éd.ds = R .. (2.5)

where V is the potential difference between the two
conductors and R is the resistance between them. Using

equations 2.4 and 2.5 we get

1. v _Q
TR 7T €0
- t9
or R == O/ V)
or R = £ (2.6)
‘ e RN

If this system of two conductors is charged and allowed to
discharge through the medium,the potential at the conductor

decays exponentially according to the following expression:
V. = Vo exp(-t/T) (2.7

The conductivity & is expressible wusing equation 2.6 in

terms of the decay constant T which is equal to R X C as

~ - EOQ
v

Thus we get equation 2.2.This is the principle which we
have employed in our measurement of conductivity.In the
actual measurement, the sensor B has been taken as a
conduct ing surface at infinity. The voltage decay is
monitored Dby attaching a high impedance voltmeter to the
conductor A, The sensor is charged to a suitable voltage and

allowed to discharge through the medium. The variation of



the

sensor

voltage—time

voltage

curve’

with time

obtained

is measured and recorded. The

in this

way is later analysed

to get the conductivity, The instrument will be described in
detail in chapter 3. put §ome orf the important aspects of
the measurement Process will be discussed in section 2.2,
2.3 and 2.4, We shall see that some of the assumptions
involved in the above eXpression are not strictly true,.
2.1.2 Attracting potential method

In this method the Sensor potential is varied by applying a
voltage Sweep, and the current collected by the sensor is

Measured. The slope %%‘gives the vonductivity,

We use R=g¥ and eg.2.6 to get

dv. _ ko
dal 7 ¢
3 :——-————-—-——_EO :
or Y TECav/an e (2.8)

For making the mMeasurements, a sweeping voltage isg
applied to g sensor  kept in the ambient medium and the
furrent collected by the probe is measured. The slope g% is
derived from the measured current-voltage characteristics,

The conductivity is then obtained by using equation 2.8,

2.2 Instruments for conductivity measurement
=2Btruments for
Two  types or instruments

have been generally used by




éxperimenters for measuring conductivity in the atmosphere,
~ These are known as (1) the relaxa®ion time probe,and (2
the Gerdien condenser. Some experimenters have also used
‘current - collecting Langmuirc probes for conductivity
measurement. In this section I will describe the relaxation
time probe and the Gerdien condenser,which are the more
popular ones amongst the techniques being used. The
:téchnique that we have uszd for our measurements is the
relaxation time technique and its method will be described

in more detail in this section.

2.2.1 Relaxation time probe

The relaxation time probe consists of a metallic sensor
which is put in the ambient medium whose conductivity is to
be measured. The probe is connected to a high sensitivity
voltmeter which continuously measures its potential with
feference to the payload ground pctential. The probe is
charged to a suitable potential and 1is then allowed to
discharge through the surrounding medium. Ions present in
the surrounding medium which have similar polarity as the
Seénsor are repelled from the probe while ions having

'Opposite polarity are attracted by it.The probe collects

these charges and as = result its potential decays with
time. This decay of the probe potential is given by equation
2.7 in Section 2.1.1.0ne should note that the equation 2,7
describes the voltage decay of the probe with respect to

the surrounding  ambient medium while the measurement done




‘pv the voltmeter connected to the probe is with respect to

pavicad around  potentisl, This potential 1s different

from the ambient potential and it is important to know the

1 e discussed in section

o}
.

relation between them, This 7

23, and secticon o.4.
Theorv given in section 2.1.1; allows for the probe

ntion.,Probes of sphericall Mozer

to have any
and Serlin, 196%, Holzworth and Chiu, 1982] and disc shapes

ed for similar measurements,

]

{ Ogawa et al.,1975] have heen u
Thin long & wires have also bzen used by several

et al.,,19821, We have used probes having

3

a spherical geometry. The probes were carried on

balloon—-borne gondolas and the2 measurements were carried

]

cut at the stratospheric altitudes of around 3% km. In order

1,

te do  the measurements the probes were charged to +5 wvolts

to the payleoad ground potential
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and were then allowed to discharge through the medium.

Details of instrumentation and the procedure for data

analysis are given in cnapter 3.
2.2.2  Gerdien Condenszer
The Gerdien Condenser is an insfrument which works on

the nprinciple described in section 2.1.2 as the attracting

Fotential met hod, The instrument has two concentric
cylinders which aci ag electrvodes. The giecirodes are biased
bv  externst clectyic  oircouit =w) that zn electric fietd

exists berwesn Lham, Alr o 1e made to fiow longitudinally in.



>£he hetween the two electrodes. The ions which are

space

present in this air are attracted to the electrodes which

_have opposite polarity and are collected by them. The

current collected by the electrodes iz measured while the

biasing potential of the electrode is varied in a linear

1
fashion. This gives the quantity %% which iz used in
 equati0n 2.8 for calculating the conductivity « [Paltridge,

1965, Leiden, 18761].

2.3 Factors involved in realistic measurement situation

In the derivation of the expression for conductivity

which was given in section 2.1.1 and 2. l.

J

, 1t was
implicitly assumed that the number density of ions in the
vicinity of the probe is not affected as a result of
current collection.In reality,when the probe collects ions,
the air in its neighbourhood gets depleted of charge. The
loss of ions due to collection by the probe disturbs the

state of dynamic balance of ions existing in air as a

result of their production and recombination. If the

~depletion rate due to collection by probe becomes
comparable to the ion production rate, the measurement
prdcess will affect the ion number density and the
measurements will not be true. Let us see what happens
during actual measurement situation.

In the following subsections, I will discuss the

following topics: (1l)Depletion of charges in still air and

the importance as well as effect of air flow around the
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(Z2) &Size of the gondola and the return electrode, and

effect on current collection process, 37

Photoelectric emission from the prohe surface, and

Choice of the size of the probe.

2. 3.1 Need for air flow around the probe

When an isolated charged body is kept in_an ionis=d
medium, it is surrounded by ions of the opposite polarity.
The accumulated charge partially shields the body from
ocutside fields. This effect is known as the Debye shielding
effect. The thickness of the charge cloud surrounding the
conductor is a basic parameter of the medium and is known
@s the Debye shielding distance.For balloon-borne probes in
stratosphere, this distance is of the order of Z cm. Chang

and Kodera [ 19851 have discussed the effect of variation of

probe size(compared te the Debye length) on current
collection in case of stationary ©porobes. For probe
notential f ol e ‘ - kT N

potentials o the order of o~ thev have shown that current

collection gets appreciably affected due to Debye shielding
and the voltage decay curve qgets distorted.

The situations we encounter during our balloon
experiments are different from this case in two respects:
©1) The probe potentials are nearly hundred times larger
th kT : . - A -

han 2 »+ which iz of the order of 0.02 valts,and () the

probe is not stationary.
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Tﬁe  problem of current collection by a spherical probe

“in weakly ionised stationary plasma for probe potentials

a
> &g~ might Dbe mofe relevant for the present case. The
_ problem 'was attempted by the author.The basic equations
uéed are same as those used by Chang and Koderatl985].They

are given below:

N, = N_ =0 V = Vp at the proke surface

N, = N_ =N V=0 at infinity.

The dimensionless forms of these equations are more
convenient to work with. The following dimensionless

" variables can be introduced:

dii+_ o
J+ = W N, VV - D VN V.J, kg =0 L0209
J_ = 4U_N_VV — D_VN_ v+ W= 0 lczow
2y - _8 . _ 5
VEV = =T (NN (2011
where N+ is the number density, K+ and D+ are the
- mobility and diffusion coefficients and the subscripts
refer to the positive and the negative species respectively.
The current collected by the probe is
Ip = ~e é(J+—J_).dS : L2012
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6 = RpV T = t2i5
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The Debye Length is given by lD 5

Neo e

The Einstein's relation has been assumed to hold in the

¢ o= €D
present case (V¥ kT )

Using the above substitutions, the following

dimensionless equations were obtained:

— - S N dn+ a e
j+ = - Vn+ — I‘1+V¢ 7. 'J+ + g+ = © 02,130
j_ = —xVn_ + on v V. o+ %%1 =0 .02, 14>
Ve = ~(Rp/20% (n_ — n_) S (2. 15)

The boundary conditions are now
N, =n_ =0 o= dp at the probe surface
N, = n_ =n o= 0 at infinity,.

We first consider the case of current collection by the
Probe at a steady probe voltage.This corresponds to the
»Case in the attracting potential method when the probe is

kept at a fixed bias potential.Under such a case ~$E= O, If

the solution is to be meaningful and representative of a




steady state condition,one will reguire that
37 = §y = 0 o620 180

Under such a condition eguations Z.13 and Z.14 become

i
O

7.¢ Yn_ + n+€m ) Loz 1T

o+

V.¢ Un_ —qn~§¢ )

fl
O

020 1ED

One can assume characteristic lengths in gradients of V

and n to »be same. Then 5n term goes as E- while the other

ni

term n¥® goes as E-where L is the characteristic lsnath.

~

Sirnce n 1 and ¢ >> 1l,we have 5n<< n 6¢ and thus we can

)

ignore the first term in the above eqguations 2.17 and 2. 18.

The three equations become

7. ¢ n+§¢ )y = 0 L. 02.19)
V.(n v& ) = 0 2,20
v = B2 (n, - n_) (2.2
N + — * &y s
where £ = gﬂ,
p

Since this problem of current collection by a spherical
probe has a spherical symmetry,we shall choose spherical

co-ordinates. Also, for convenience, we shall use the

13 - N . .
co-ordinate system x= £+ 2 ¥.Due to spherical symmetry, the

problem reduces to a one-dimensional one.

Us ing , the equations 2.19-2,21 became

¢
It
o

¥ iteY

ok



2N = a i - R )
x4 S Y x= = 0 cebande
ax ( n+3{ ax
2 D ‘ 2 Al S
-~ o Rt = l:) » x { Liw & 3
0% Uonlx 3% -
- a 2 Q i e ‘ : -3
o Z  Q . o L 4 2 3
x 9o x® 92, - e%n_ —n_» 02,24
3% ¢ ¥ ax g + T o

Integrating equations 2.22 and 2.23 once,wea get

n yB‘I" = C1 L2025
L%
- )
n x‘:':ix' = C2 . L C2,26)
This gives at x = 1
n,tx=1» = ;{;’;" = 0;
_ C2 _ - .,
n_(x=1) = T = 0 (2.272
which means that either @' = 0 at x = l,which is
non-physical, or else,Cl = C2 = O and consequently n, = n =

—~+ —

0 everywhere. This is not consistent with the boundary

conditions except for the trivial case when N = 0.Thus

)

there are no steady state solutions to e@uations 2.22-2.24
which are vpractical (i.e. which satisfy the given boundary
conditions non—-triviallyy.

The non—-existence of a steady state solution in a
stationary plasma is not surprising.It means that if the
ambient medium is stationary,current collection cannot go

on  without depleting the medium{(The steady state solution



R
which does exist for stationary plasma predicts both the
number densities aé zero). Thus one must have a flowing
medium for current collection to take place properly.

A spherical sensor for measuring conductivity having a
diameter of 20 cm will have a capacitance of 10 pf.When it
is charged to 5 wvolts and 1is left to discharge,it will
collect a charge of 5 X lO~ll coulombs during its discharge.
Stratospheric air contains around 2 X 107 ions per cu,m.
Therefore one requires 0.115 cu.m.of fresh air to provide
this charqe.Israel[l97OJ has discussed the aspect of charge
depletion by the probe in detail. According to Israel,a
minimum air flow rate of 20 cm per second is required for
proper current collection by the probe.

During measurement wusing balloons,some air flow alwéys
exists around the gondola.Even when the balloon is floating
at its ceiling altitude, there is a certain amount of air
flow and turbulence present near the gondola which makes it

possible to make the measurement without much difficulty.

2.3.2 Probe in flowing air

In section 2.3.1 it was shown that flow of air around
the probe is necessary for making conductivity measurement
by relaxation technique.In this section I will describe the
behaviour of the probe in presence of air—flow.

A simple model for the behaviour of the probe in
flowing air was given in Israel[1970,éage 3971, The model

considers a probe in air which has a uniform velocity wv.
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’Using this model'Israél has shown that current collected by

the probe is independent of the shape and dimension of the

]

probe and is given by the usual expression (equation 2.2)
as long as the probe is smaller than a particular size
which depends on +the air flow speed and poténtial of the
probe. For typical balloon measurements at ceiling altiude
it is of the order of 0.05m.This is of the sahe order in
size as the ©probe used during the experiment which has =a
radius of 0.1 m, But the flow around the probe is not a
simple wuniform flow as considered by Israel.At Reynolds
number T 100 which is typical of the situation,the flow
corresponds to a laminar to turbulent wake condition at the
rear of the ©probe. A study of the probe behaviour under
these conditions requires a numerical simulation which is
beyond the scope of the present work. However séme ideas
regarding the behaviour of the probe can be obtained by
using simplistic models.

Let uvs consider the case of a spherical probe kept in
flowing air. We have to make some assumption of the rate of
air flow around the probe.Let us take it as 2 m/s which is
roughly the balloon ascent velocity.The probe dimension is
taken as 0, 1lm, Reynold's number is an important parameter
which determines what will be the nature of air flow around
the probe. Re = %h where u is the flow velocity around the
probe, L is the probe dimension and V is the kinematic
viscosity of the ambient air.The values of Vv was taken from
us Standard Atmospherel 1962]. For air at 35 km » =

- - o
2 X 10794 per second. Thus Re at 35 km is of the order of
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idOk and it is higher at low altitudes.For air flowing
around spherical. bodies, a wake developes at the rear s ide
of the body for flow Reynolds number greater than 10
{ Batchelor, 19671. The above mentioned rate of air flow past
the probe is thus well within the régime of occurance of
wake, We can safely assume that g wake is present and see
whether its presence alters the current collection rate by
the probe in any way.

Fig 2.2 which has been taken from Son and
Hanrattyl 19697 shows a spherical probe in flowing air. The
boundary of the wake formed by the movement of air past the
body is also shown. Basic Conservation laws of fluid
dynamics demand that the fluidg inside the wake remains
inside and the fluid outside the wake remains
outsidel Landau and Lifshitz, 19591, The wake itself can be
considered as g cylindrical or semi-ellipsoidal body of
fluid Co-moving with the body. Under such circumstances, if
the wake ig stable and the probe is having some charge then
the fluid trapped inside the wake will soon get depleted of
ions of opposite polarity which will be collected by the
probe. If such a situation ig reached and isg sﬁable(for a
length of time larger than one measurement cycle) then the
only ion collected at the wake side will pe those ions
which cross the wake boundary and enter it due to Coulombic
attraction.

Those ions that Cross the wake boundary are eventually
collected. The number of iong collected at the wake side by

4 probe was calculated for g flow velocity of 2 m/s and
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conditions at 30-35 km altitude, assuming a spheroidal
shaped wake. It was found to be roughly ten times less than
the situation when there is no wake.This quantity has been
found to decrease to very small values at high flow
velocities. If one includes s wake in'the calculation of
current collected by the probe it will mean that most of
the current will be collected by the front half of the
probe. The rear half of the probe will collect a relatively
small amount of current.Thus a wake—if it is formed and is
stable in time, will reduce the total current collected by
the probe by a factor of two. If relaxation time method is
used then the resistance R of the air mass around the probe
is doubled while the Capacitance of the probe ,C remains
unchanged. The product RC is thus twice compared to its
value when there is no wake. In other words, the measured
will have a factor of two lower value.

However, one should apply this model with a caution. The
ballcon movement with respect to the ambient is not very
well known. The velocity during ascent is fairly stable and
relatively high. But during float the’ relative velocity
between the air mass and the balloon depends on a number of
pParameters(e. g, gondola rotation) and this problem is not
very well understood. This velocity is much smaller than the
balloon ascent velocity. Moreover, its direction keeps on
changing due to various gondola motions. There have been no
direct measurements of this wvelocity but it appears that
the conditions are not suitable for forming a strong steady

wake during float pericd{meaning, a wake which remains
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steady for period of tiﬁe more than one measurement cycle).
If however measurements are taken during ascent,the wake
effect should be noticable.Rosen et al.[ 19821 have reported
such an effect during an intercomparison campaign.

However a more accurate simulation supported by careful
measurement of the air flow around the probe is necessary
before arriving at any definite conclusion rejarding the

magnitude of error induced by air flow around the probe.

2.3.3 Effect of gondola and of return electrode

In our experiment the voltage decay of the conductivity
probe takes place with respect to the ambient potential
while the measurement is done with respect to the payload
ground potential. This section deals with the relation
between the ambient potential and the payload ground
potential, In this section,only one aspect—the way in which
the finite size of the gondola and return electrode affects
conductivity measurement-will be discussed. Ogher aspects
will be discussed later in this chapter in section 3. 4.

The probe draws current from the surrounding ambient
medium. In order to complete the electric circuit, the
instrument should replenish this current to the medium. The
return electrode performs this function. At any time one can
assume that the amount of charge transfer from the medium
to the gondola is the same as that from the gondola to the
medium. We shall assume for the present discussion that

there is no gondola charging effect(Actually there is,and
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it Qill be discussed in tﬁe following section).

When a probe is charged to a potential V with respect
to the payload ground potential,the average potential of
the system 1is not changed as a result of this process. The
potential difference V between the‘probe and the gondola is
distributed into two parts: Vp, the potential difference
between the probe and the ambient, and Vg,the potential

difference between the gondola and the ambient. If Cp and Cg

be the capacitances of the probe and the gondola

respectively, then

- LpVp + CgVg R
V = Cp +Cq (2,28

If the net charge on the gondola is zero then
CpVp + CgVg = 0 L (2.29

and Vp and Vg are of opposite polarities.

As a result of this, the probe and the gondola
potentials will decay with different time.constants,Tp and
Tg. The time constant Tp will be given by equation 2.2, The
value of‘ Tg will depend on Cg as well as Rg which is the
resistance corresponding to the discharging of the‘gondola.
This is smaller than the resistance corresponding to a
fully conducting body(mentioned in section 2.1. Dby a

~factor which is roughly egual to the ratio of the area of

’the return electrode and that of the gondola. If this ratio

is o, then

Ty o= = TH L. (2.3

where T+ is the decay time constant for a conductor in
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contact with +the surrounding medium on all sides. The
measured potential at time t,Vt is then given by

Vet)+ = Vp exp(—t/Tp) + Vr exp(—t/7Tr)

. (t=0)+ - - .
or VOt =y~‘c—§—;—§é—‘= €Cg exp(TH) +0p expl 5w )3 ..¢2.30)
- T+

In our instruments the ratio Cg/Cp was between 10 and 20 so
_that the net decay curve was a (weighted) superposition of
two decay curves, the weighting factor being Of the order of
 10: L. This superposition introduces a distortion in the
deéay curve and the measured conductivity can have a

ktypical error of 5 percent and a maximum of 10 percent as a

esult of this distortion,

3.4 Photoelectron emission from probe surface

Photoelectrons are emitted by metallic or carbon coated
surfaces when photons having energy greater than the work
function of the surface material are incident on them. For
_aquadag (amorphous carbon) coated surfaces the work
function is 4.8 voltsl CRC Handbook of Phys. & Chem. 1984-85]
7§nd the threshold wavelength is 260 nm. Photoelectron
 émiSsion occurs when photons having wavelength smaller than
260 nm are incident on the surface.
At stratospheric altitudes,the ultravoilet component of
};kﬁhe incoming solar radiation is substantially higher than
frxihat at the ground level.With increased ultravoilet flux it

_ Is quite possible that the probe starts emitting electrans

“hen exposed to sunlight. Such a situation occurs during
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dayfime measurementé.Nighttime meaéurements of conductivity
are free from . any possible contamination due to
photoelectron emission’ from the probe. In the present

section the possibility of contaminat.on of conductivity

measurement duvue to photoemission from probe surface during
daytime is discussed.

Most of the UV components of solar radiatien get
- absorbed by the atmosphere before theyA reach the
stratosphere. The intensity of solar radiation reaching down
to 35 km is negligibly small for wavelengths less than 190
nm. The probes which have been used were aquadag coated. As
has been mentioned earlier,wavelengths greater than 260 nm
will not contribute to photoelectron emission from aguadag
surfaces. The wavelengths between 190 nm and 260 nm are also
strongly attenuated, but a small portion of it does reach
down to 35 km.

A  theoretical calculation was done to estimate the
magnitude of photoelectron emission to be expected at
Stratospheric altitudes. For this estimate, the amount of

solar radiation reaching the given altitude was first

calculated for various wavelengths. These were mulfiplied by
photoe;ectron vields for +the corresponding wavelengths to
get the photoelectric current density. The incoming flux of
solar radiation for this calculation was taken from Whitten
Qu and Popoff[ 1965, P221.The spectral cross sections of 02 and
‘03 were taken from the datsa compiled by Deshpande and

Mitral 19837, O, number density was based on thumbs

modell Subbaraya and Jayraman, 19871 while the O, number
L
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. TABLE 2.1

Estimated magnitude of Photoemission from the

Conductivity Probe (Radius 10 cm.?

Month Time Alt. Solar Zenith Probg
(A.M.) (km) Angle(Deg) ‘Current
(XlO_Samp)
April 9. 15 35 43 3.375
April 12.00 35 10 4.695
October 9,30 32 40 1.855
October 11.45 32 27 | 2.334
December 8. 40 34 62 1.326
April 7.30 34 70 0.522

April 8.00 29 - 68 .. 0.082
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densifyl waé based on fﬁumba aif densityl Sasi and Sengupta,
19791. The extinction coefficients of Ozone and Oxygen were
’calculated and Beer Lambert'é Law was used to get the
attenuated values of solar UV flux.The photoelectron yield
 va1ues given by Feuerbacher and Fitton[1972] were used for
this calculation. The results of this calculation which are
tabulated in table 2.1 are guite interesting. According to
this calculation, the photoelectric current is orders of
magnitude higher than those expected during conductivity
measurement. Before coming to any conclusion about this
result, let us also see in what way will photoelectron
emission manifest during conductivity measurement.

Figure 2.3, 2.4 and 2.5 depict three hypothetical
situations. In each case,the current voltage characteristics
are given on the left side and the corresponding voltage
decay curves are given on the right side.

Figure 2.3a shows the current voltage characteristics
of the probe when there is no photoelectron e&ission.A
linear dependence of the probe current on probe voltage
exists as given by equation 2.3a. The current wvoltage
characteristic curve is thus a straight line. The decay
curve on the 'right is obtained with help of the following

integral:

rd
N
o~
Nt

V(t) = V(t=0) - JI(t')dt' -

For fig 2.3b,the decay curve is exponential.
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The next figure depibts a situation when photoelectron

emission currents are of the same order of magnitude as

those involved in the measurement. The shape of actual
voltage—current characteristic for photoemission due to a
single wavelength of incoming radiation has been discussed
by Derberwick et al.l18974]. Since there is a finite
bandwidth of the incoming radiation in the present case.,a
number of such characteristic curves have to be.integrated
in order to obtain the overall effect.For our purpose,
however,an approximation will be enough.In the present case,
the current-voltage éharacteristic for photoemission has
~been approximated by the dotted curve in figure 2.4a.The
solid curve gives the sum of conductivity current and
photeoelectric current.The voltage decay curve corresponding
te it has been calculated using equation 2.32 and is shown
in fig 2.4b. The figure shows that the voltage decay curve
corresponding to negative ions is not affected.But the
decay curve corresponding to positive ions is distorted and
is steeper than the exponential curve of fig 2.3b.The
degree of distortion from the exponential will give the
extent of contamination of the positive conductivity due to
photoemission.

Fig 2.5a shows current voltage characteristics similar
to the previous one,only,the photoelectric current here is
assumed to be higher than typical probe currents by a
‘factor of two. Fig 2.5b shows the voltage decay curve
corresponding to it. It is clearly demonstrated that it is

not possible to retrieve any positive ion conductivity
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value under these conditions,or under conditions when the
photoemizsion is sti1ll more. |

In our balloon flights,we obtained voltage decay curves
‘vwhichb were only slightly distprted from true exponential
shapes (Fig 3,16), Thus the possibility of photoelectric
emission to be orders of magnitude higher than typical
conductivity currents, which was predicted by theoretical
1¢onsideration5 earlier in this section has been ruled out.
The reason for this kind of behaviour of the pfobe i5 not
clear. One pcssible reason lis that the photoelectric
efficiency of the probe surface materials as measured by
‘Feuerbacher and Fitton unaer laborateory conditions are toa
large compared to the values under in-situ flight
conditions., Due to surface contaminations during the actual
flight, thé photoelectric efficiency might be getting
drasticallvy reduced, There is also a possibility that the
intensity of the scolar ultravoilet radiation reaching the
kalloon altitude> iz less than the calculated value({which
considers extinction by 02 and 02, but this is not expected
to add more than S50 percent to the total extinction.
Considering the small magnitude of shape disteortion in the
decay «curve, one can say that the effect of photoelectric
emission on measured conductivity at this altitude,if any.
;( iz small. There is a little distortién present in the decay
curves and the curves corresponding to positive ion

conductivity are a little steeper than exponential, But it

is not possible by examining the data obtained during the

daytime flights to ascertain whether this is an effect of
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;photoémission, aor of finite gondola size(section Z.3.3).
" Looking at the decay curves obtained experimentally(Fig

.16, one «can .sav safely that the overall error due to the

b

photoelectric emission as well as the gondola

effect(section 2.3.3) is within 10 percent.

2,3.9 ize and placement of sensor in instrument design

Optimum probe size:In the relaxation time technigue for

conductivity measurement it was shown in section Z.1.1 that
the decay time constant deoes not depend on dimensions of
the sensor. But when one makes measurements,one connects a
voltmeter to the sensor which requires a small but finite
current for making the measurement. We have used
preamplifiers which require about 0,15 pico-ampere current
ror making proper measurement. The sensor should be large
encugh to provide .this current without the probe gettinag

appreciably loaded.The loading effect by the probe has been

discussed by Slamanig [1981] who has given the following

expression to estimate the error involved in electric tfield

measurement:

avo o 1

where ro is the probe radius and Ri is the internal
resistance of the instrument.This comes out to be & ¥ 1074

in the present case,and can be neglected.

In a similar way the error in conductivity can be
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evaluated. The error in the measured voltage is given by the

following equation:

H

AY

The input current of the instrument, Ii,as mentioned above
is ©0.15 picoampere while Ri is given as l/(4ﬂrp§).The value
of AV comes out to be less than 0.z wvolts, which 1s
negligible in the present case.

If necessarv,one can incréase the sensor size to reducs
the above mentioned error. But again, the upper limit 1is
governed by the fact that a larger sensor will load the
overall measuring system resulting in distortion of the
voltage decay curve (section 2.3.3).For larger sensors one
requires larger return electrodes. But a too large return
electrode might be a source of other problems which will be
discussd in section 2.4.1l.A consideration was made of all
these points and a spherical sensor having 20 cm diameter
was chosen. Typical gondola dimensions are between 1l and 2.5
meters(section 3.2.22.

In order to make measurements in-situ, a boom oI
approximately 1lm. length was employed. The boom was deployed
from the gondola.The sensor was connected at the end of the
beom. This ensured two things: (1) The stray capacitance
effect due to presence oI other bodies near the sensor was
small, and (2) the air near the sensor was 1855 affected by

the presence of gondola.The gondola can contaminate the air

RixTi B

(%]
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‘through degassing. Also,since the gondola is a large body, it

will deplete the surrounding air of ions when it gets

charged due to air friction(section 2.4. 1.

’“2.4 The problem of gondola chargqing

The gondola which carries the instruments durinag
 balloon flight, has been found to get charged durind ballqon
éscent, and: remain so for some time after the kalloon has
reached the floating altitude.We observed this problem of
~ ¢harging 0of the gondela during our balloon flights when we
kwere unable to get conductivity data during the ascent
pericd of the balloonlGupta, 1987]1.In the present section
some of the investigations done by the author regarding the

behaviour of the balloon—borne gondola are reported.

2.4, 1 The gondola charging during balloon ascent

During the balloon ascent,the telemetry channels in the
conductivity and the electric field expe;iments were found
to get saturated. These channels correspond to the
measurement of the probe potential with reference to the
pavlcoad ground potential and their getting saturated means
that the potential difference between the probe and the
gondola is greater than the payload supply voltage,which
was +12 wvolts. This state has been found to be present

2

throughout the balloon ascent period and continue upto 2



TELEMETRY OUTPUT DURING BALLOON ASCENT

FIG2.6




ine  can compare it with <fig 3.16 which shows telemetry
uféut at. a time when it was possible to make measurement.
ﬁé asymptotic voltage level in the‘decay curve has shifted
| of range in fig 2.6 thus making it impossible to
measure the time constant. The direction of shift of the
géymptotic voltage level in fig 2.6 corresponds to a
situation where the gondola 1is positively chargéd with
%eference to the ambient medium.In this subsection,some of
the observations related to this effect which were made in

course of our balloon experiments are presented. The

following points were observed:

After the balloon was launched, the voltage output of
the conductivity channel in the instrument(which also
gives the potential difference between the probe and

the gondola) was found to fluctuate in a randem manner

with amplitudes which were apparantly much larger than

the telemetry output range.

o When the balloon ascended to higher altitudes,
fluctuations vere still present in the voltage
discharge curve, but the probe potential tended to

settle at the negative side.

Gr

Above 13 km altitude, the discharge curve became
smoother, and it used to guickly settle to the

saturation wvalue at the negative voltage limit of the



‘telemetry Channél.

4, This state continued for some time after the balloon
reached ceiling altitude. It took =& periocd of time
between about 15 minutes to 2 hours before the
asymptotic voltage of the decay curves gradually came

down to values within the telemetry range of +5 volts.

In one of the balloons (IMAP-CZ),an 'APEX' wvalve was

[}

used. Using this wvalve the balloon was made to float at
two different altitudes. It was observed that the
gondola potential remained small during the float
period, but shifted towards the positive side,both
during balloon ascent as well as descent. Thus it
appears that the polarity of the gondola charging does
not depend on the direction of motion of the gondola,
i.e whether the gondela ascends or descends the

effect is same.

From these observations, it appears that +the gondola
charging process takes place when there is a relative
motion between the surrounding air mass and the gondola.
Frictional <forces are velocity dependent and the cause or
charging in the present case also appears to be frictional,
For a better understanding of the problem an estimate
of the extent of +this charging is desirable.Since the
telemetry channels get saturated during the balloon ascent
it is not possible to make a direct measurement of the

potential o©of the gondola.An estimation of this guantity was
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 done using the method described below.
The current collected by the probe at any given stage

of its voltage decay can be written as following:

[ = 40 _ C o4y
dt ~ dt
YV o= X = C SL\Z
/ Ik RC at
- - vdv  fo dV P
or, v=T4al . fodd CaLad
The only problem wih wsing this expression for

estimating V is that < is not known at all the altitudes.
The slope g% can be measured directly on strip chart data.
For the sake of calculation, the condﬁctivity was
assumed to increase exponentially with heightl{ Volland, 198473,
The measured conductivity at float altitude was used as a
reference for this and the conductivity values at other

altitudes were calculated using the expression given below,

with scale height H as 7.5 km:

Nt}
w
Ui
~

T = o exp(h/H) v €

Here, h is the altitude above the reference level and <o

is the cdnductivity at the reference altitude.

This estimation was done for one davtime flight
': ( CIMAP—4) and one nighttime £1ight(IMAP~7),(Details of these
flights are given in table 4.1). The values of floating
potentials observed during these flights are given in fig

2.7 and fig 2.8.In this section the floating potentials of

these flights as observed during ascent time will be
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discussed. The following observations can be made regarding

these floating potential values

During IMAP-7(night)> flight, the gondola potential at
15-20 km was between 100 V and 160 V. These values are
probably on the higher side because the conductivity
measured at the ceiling altitude during that flight
are smaller than the normally accuring valueé.(This is
due to presence of volcanic aerosols in the

stratosphere).,

The ascent velocity of IMAP-4 was around Z.&m/sec
while that of IMAP-7 was 4.7m/sec. The gondola
potential in the latter «case at 15-20 km was about
twice that for IMAP-4. At higher altitudes,this ratio

was still higher.

There have been no measurement of the ballocn gondola

potential to date in the knowledge of the author.Some
Measurements of potentials developed on rocket hodies exist
le.qg. Raja et a&l.,1981) which show that rocket bodies get

charged to several kilovolts during tlight. Similar

measurements for balloon borne gondolas are also necessary.

2.4.,2 Floating potential at ceiling altitude

'/
N

It takes some time for the gondola to dissipate its

charge after it has reached floating altitude. This period

“an  be as small as 15 minutes(for IMAP-4) or as large as 2




hours(for IMAP-7) or more.Only after this time has elapsed.,
’ it Dbecome possible to make conductivity measurement.
fhis subsection describes the different factors which might
{bé influencing the gondola potential.
In section 2.3.3 I have discussed the way in which the
;gondola size and the size of the return electrode affect
_the potential of the gondala.The gondola charging effect
1?oint5 to at least one more factor which i§ important in
;determining the gondola potential. |
That such a source of charging also exists during the
’float period of the balloon can be said because it takes
'upto 2 hours time (during a night-time flight) for the
gondola to ‘discharge from typically. 20~-25 wvolts down to
less than 10 volts(Fig 2.7).The conductivity of air being
gqreater than 107 %% s/m at 34 km altitudecfloat altitude), it
should not take more than abouf 10 seconds time to
dissipate this much charge. The time constant is given by
£0/<, where €o is equal to 8.85 X lO”le farad per meter
while © is of the order of 10711 s/m.Actuélly it took more
than 2 hours time during the float for the potential to
come down. This points to the existence of a source of
charging which is active even during the float period
(although to a lesser extent).

The most probable source of this charging is the

airflow around the gondola. The large amount of charging
‘during ascent might be attributed to the bulk flow of air
past the gondola as the balloon ascends,while the smaller

amount of charging during float might be caused by a



“maller amount of (horizontal) air—flow past the gondola as
is carried about by the wind.
During daytime the gondola potential is less(Fig 2.8,

reason for this appears to be connected with either

'ﬁhotoelectric effect or heating of the return electrode by

! Electric Field Msasurement

Vertical electric fields exist 1in the »5tratosphere
ﬁich have magnitudes of the order of a fraction of volts
pér metef. Instruments that measure electric fields in the
_atmosphere employ either of the two techniques described
below. These two techniques are: (1) the double probe
ktechnique and(2> the electric field mill technique. The
kauthor has used the double probe technigue whose principle
0f measurement will be described in this section, Some
kconsiderations involved in the measurement technique used
"will also be discussed,The field mill technique, although an

lmportant techniquel Israel, 19731 will not be described here.

2.5, 1 The Double Probe Metheod

The double probe technique for electric field
. Measurement consists of using two probes which are kept at

their respective floating potentials. The potential

 difference between them is measured. When two conducting

bodies are seperated by a distance d in a weakly conducting
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mediuﬁ having an ambienf electric field, and allowed to
float, they. eventually acquire potentials whose difference
is related to the potential difference corresponding to
their locations in the ambient medium. This potential
difference divided . by the distance of seperation between
them gives the electric field component in the direction
along the seperation of the two bodies.

Fahleson [ 19671 has descriﬁed the theory of electric
field measurement in détail.Althouqh this theorv deals with
eglectric fields in the ionosphere,a more or Jess similar
mechanism is involved in stratospheric measurement process,

Fig 2.9 depicts the relationship between the measured
electric field and the ambient electric field for
Mmeasurements in the stratosphere. The following equation
gives the relation between the measured potential
difference between the proebes  and the ambient electric
field which exists at the location.

i

Vm = E.d + aW +4V + AVE . (2,369

where Vm is the measured voltage, aW is the difference in

worjk function of the surfaces of the two probes, .V is the

4

error in voltage measurement due to finite current drawn by
the instrument(section £.3.5), and 4Vf is the error due to
frictional charaing effect mentioned in section 2.4.2,F is
the electric field we are trying to measure and d is the
vVector seperation betwesen the two probes,

The presence of the gondola distorts the electric field
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lines appreciably. A cofrection hés to be applied to
compensate for this distortion of field lines.This aspect
will be dealt with in section 2.5.2. In the present
subsection, the different terms in equation 2.36 will be
discussed,

The work function of the surface of a conductor is the
potential difference which exists between a point inside
the conductor and a point outside it.The work function
expressed in electron wvolts is the energy required for an
electron inside the conductor to Dbe ejected out of its
surface, This quantity depends on the material of the

surface as well as the way in which it is prepared.We have

used aquadag coated probes which has workfunction 4.8 volts.
All the probes were prepared in identical manner so as to
ensure that work function differences between the probes
are minimum. This difference is expected to be less than 50
mV,

The third term in equation 2.36 is aV,the error due to
measurement pfocess. AV is given by equation 2,32.The error

due to this term has already been discussed in section

4.3.5 and has been shown to be small.

The fourth term aVf is the difference of. the probe
%Eotentials due to the frictional mechanism which charges
t;e gondola., Since the probes are identical, the only
difference that «can occur in their potentials will be
because of differences in flow velocities past the probes.

The exact dependence on various parameters is not known and

all we can say is that 4Vf is some function of (ul-uz>.
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Although symmetry is maintained to the extent possible in

the size and piadement of the probes,it is quite possible

that the difference between ul - and uz is non—zero,for

example when the gondola rotates.At present this quantity

52}

is difficult to estimate theoretically. Unless it 1
measured, the contribution due to this term is difficult to
establish and estimate.The large almost random fluctuations
in the electric field raw datal(fig 4.10) of I[MAFP-7 might be

partly attributed to this source of error.

2.5.2- Field distortion due to presence of gondola

In the double probe technigue described in section
2.5.1, 1t was implicitl? assumed that the presence of the
measur ing instrument does not distort the ambient electric
field. Actua;ly the situation is not so.The size of the
gondola in the present experiment is comparable to the
vertical distance between the probes.The effective distance

between the probes in such case is different from the
'physical distance, because the electric field lines near the
Jondola get distorted by its presence and a correction has
to be applied.
TKig 2. 10 depicts distortion of equipotential contours
:ﬁ'iﬂ an ambient vertical electric field,around a conducting
body such as a balloon-borne gondola. The doﬁted lines show
_ the corresponding undistorted equipoténtial lines., This

diagram has been adapted from Kirchoffl 1985, p881 which

dives a solution for Laplace's equation for the case of an
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unbounded step function in two dimensions.For the three

dimenéidnal . case, the field 1lines over the body get

compressed roughly,by a factor of 0.66.This factor has been

estimated by making a compariéon between the spherical and
cylindriéal cases for which exact solutions exist.This
ratio for rectangular (2Z-d) and rectilinear ¢(2-d) boundary
conditions is expected to be within 15 percent of this

ratio. The effective distance between the probes for IMAP-7

payload | is thus about 1 meter(for the configuration

depicted in fig 3.2c).

2.6 Measurement technigue for Mesosphere

Mesospheric conductivity measurement is done using

rocket and parachute borne probes. The technique used as
well as the nature of data that one obtains in the
mesosphere are different from those in the stratosphere
where the balloon—borne techniques are used. While
balloon—borne techniques make long duration measuremenfs at

single altitude, rocket and parachute borne techniques give

a height profile at a agiven time.Techniques which have been
successfully used in the mesosphere are Gerdien
Coqgénsergtbeiden,1976],Lanqmuir Probesl Prakash et al., 1967,
1974, Subbarayva et al. 198531, and Blunt probeslYork et al.,

19821, Langmuir preobes have been used for a long time in our
laboratory for measurement of the plasma parameters in the
lonospherel Subbarayva et al., 19853,In this section the use

of  Langmuir probes for measurement of ion and electron
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conductivity in the mesosphere is described.

2.6.1 Conductivity measurement using Langmuir Probe

Langmuir probes are used for measuring plasma
parameters in a given ionised medium. The principle was
ftirst given by Mott Smith and Langmuirf 19261 in their
classic paper. Several sclientists have used Langmuir probes

for measurement of ionospheric parameters since

m

thenl Ichimaya et al., 1960, Spencer et al, 1962, Boyd and
Willmore, 1963, Prakash et al.,1967J.8mith [ 19697 has aiven
an adaptation of the original theory for ionospheric
measurements. Langmuir probes have been used with success at
altitudes above 100 kml Subbaraya et al., 1985]. But in the
mesosphere, the behaviour of Langmuir probe is not
understood very well hecause this is a transition region
bélow which air behaves as a viscous fluid while above it
air molecules display kinetic behaviour. Thus, any
measurement done in this region has to he interpreted
carefully., In the present section the applicability of
Langmuir probe theory in this region has been discussed.
(/Lanqmuir probes are current collecting probes. The praobe
consists of a conductor of spherical or some other shape, In
the present work an ogive shaped probe was usedl Frakash and
Subbaraya, 196731, This probe was biased at a potential of 4
volts (with respect to its return  electrode potential)
us ing eiecttonic ‘technigque and the current collected by it

vas measured. A positive and negative(sawtooth shaped)
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_voltéqe sweep was also applied for a part of the time.The
measured current I under such a situation is related to the

’conductivity < by the following relation:

where V is the probe biasing potential, A 1is its
effective area of current collection and L is its effective
size parameter(™ radius). As mentioned above,the'behaviour
of the Langmuir probe is different 1in the «collision
dominated stratosphere and the collisionless upper
atmosphere. In the uper atmosphere,the current collected by
a positively biased spherical Langmuir probe is given by

the following equationl Smith, 19631:

eV, L. (2,

kT

Here Io is the current collected at the floating

I = Jo (1 +

(2%}
5]
-

poetential and is given by the following equationl Subbarava
(7% »
et al.n:

") on L0203

The equations will also hold for small probes which
have shapes that are not exactly spherical,but nearly so,
for example,an Ogive shape.

The current collected by a negafively biased probe will

depend on ion conductivity according to the equation 2.37

above. This equation can thus be used for measurement of ion



conductivity. The efféctiﬁe area A can be either calculated
theoreticaliy, or a -calibrat}on can be done., The latter
method was used for getting the effective area in the
preseﬁt ~case, This method is desgribed in section 2.6.2, The
effective area obtained was 3.7 sqg.cm.Equation 2.37 was
then used for calculating the ion conductivity.

The ion conductivities obtained in this way are given

in Figure 4. 11.

Method of Calibraticon of Langmuir Probe

to
Cr
o

The expressions (equations 2.38 and 2.39) for electron
density obtained from Langmuir prohe current provides a
means for getting the effective collection area for the
Langmuir Probe in the mesosphere. Electron density
measurements can be done by several in-situ techniques.
Langmuir probes are good for studying <fluctuations in
electron density.But they do not give the absolute electron
density wvalues that accurately. For qooa absolute values
they have to be calibrated using other techniques 1like
radio propagation technique.

Two rockets were launched on 16th February 1980 and
17th  February 1980 These rockets carried a Langmuir Probe
payload from PRL and a radio propagation receiver fraom
NPL(New Delhi)>. The radio propagation technique involves
measurement of attenuation of radio waves propagated
through the atmosphere between the ground and the rocket

for obtaining the absolute electron densityl Somavajulu,
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19711. This method‘ is considered guite reiliable for the
measurement‘ of absolufe electr6n> density.Both the probes
gave measurements between 70 km and 90 km.The electron
densities obtained from radio propagation technique have
beén calculated by Somayajulu et al.[19821].Langmuir probe
current measured during these flights are depicted in fig
4.12. The ratio of Langmuir probe current to electron
density has been given in Table 2.2.The values have been
plotted with altitude and are given in figure 2.12. The
ratio is néarly =3 X lO“lCJ amp.cc over the altitude region
70 to 82 km during one of the flights and 77 to 85 km
during the other.The peaks which appear at higher altitudes
will be seperately discussed in section 2.6.3 and 5.9,

In collision dominated regions, Ip/ne will be given by

the following eguation:

v 02,0400

The collision frequency decreases exponentially with
altitude 50 that in collision dominated regime
characterised by equation 2.40,the probe current ought to
increase more or less exponentially with altitude.On the
other hand, the collisionless model,which is characterised
by equations 2.38 and 2.39 does not predict such a change
in the %E ratio with altitude,except for the square root of
temperature dependance. Thus Dbased on the temperature
variation‘ between the altitudes 75 to 90 km,the ratio of ég

should be within a factor of 1.25 if the collisionless
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TABLE 2.2

Ratio of LP Probe Current to eiéctrpn number density

Altitude Ip/Ne(16 Feb) Ip/Ne(17 Feb)
(km)

70 - 2.99

72 _— ‘ 3.25

74 -~ ' 3.45

76 . - 3.42

78 ©3.19 - | 2.41

80 2.82 3.02
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model is té bejvalid{The‘eXperiﬁentally obtained ratios for
two rocket flights cdnducted on 16th and 17th February

are depicted in figure 2.12.The ratio,as one can see,
constant within a factor of 1.75 over most of the
~altitude region where data 1is available.The error bar is
about 20%. The anomalous peaks which appear in the diagram
iwill be discussed in the next subsection.The ratio %g ig =
3 x 10710 ampere cc down to about 73 km.We can assume Te as

= 200YK and solve equations 2.38 and 2.39 to get the

effective probe area A = 3.67 sq.cm.

2.6.3 Floating potential of rocket body

Figure 2.12 shows the ratio of Langmuir probe current
to elgctron density in the D region. The ratio shows an
‘anamolous peak at 83 km altitude in one of the flights and
‘at 88 km in the other. In this subsection, a possible
_mechanism for the occurance of such a peak in the Ip/ne
ratio is considered.

The electron density 1is related to the probe.current
via eguations 2.38 and 2.39. These equations do not contain
any parameter which c¢an have such sharp peak at this

altitude. The following situation can however explain this

- peak in LP current.

Large potential gradients are known to exist in the
mesosphere. These voltages can he as high as several volts
per meterlMaynard et al., 19841.This voltage peak can affect

Gurrent collection by the Langmuir probe in the following
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way:

The completé Langmuir Probe instrument involves two
electrodes which interact ‘with the ambient medium.One is
the Langmuir Probe which is biased and collects current as
a result of its bias potential)and the other 1s the return
electrode. The area of the return electrode is about 100
times that of the probe.Fig 2.11 is a diagram illustrating
the Langmuir probe system which was installed onboard the
rockets. The two probes are seperated in the axial direction.
If there is an electric field E along this direction,then

the current collected by the probe is given by

I =ID

tot o lgp

S aVy _ . T eE.d
where 1O = ko (l + kT) and Ipp = ko (—%ﬁrg
Knowing the ratio of probe current by electron density

under normal circumstances,one can use this to estimate the

electric field in the rocket axis direction.This is given

by

Thus if an electric field exists in the medium, it will
change the probe current of the Langmuir probe.The electric
field required +to generate the given peaks in fig 2.12 are
about 12 wvolts in the case of 16th Feb.data (peak at 87 km

altitude? and 24 volts in the case of 17th Feb.data(peak at



83 km.altitude).
A further diécussion_ regarding this anomalous peak in

probe current is given in chapter 5 in section 5.9.
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CHAPTER III

INSTRUMENTATION AND DATA ANALYSIS

3.1 Introduction

In’ this chapter, a detailed description of the
balloon—borne instruments used for measuring the electrical
conductivity and the electric field in the stratosphere is
given. These instruments have been wused by the author to
measure atmospheric electrical parameters in the
stratosphere. The electric field at the bailoon altitude was
measured using doublebprobe techniﬁue.The Conductivity was
obtained by measuring the time constant of decay of prohe
voltages to the ambieht values.,

The inétrument for conductivity measurement consists of
a spherical metallic sensor acting as a capacitor which is
charged and allowed to discharge through the atmosphere.The

potential of the spherical sensor is continuously monitored
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_nd-its value is telemetered to the qroundf

For measur ing the electric field, a variation of the
aouble probe technigue has been employed. In this technique,
three spatially separated iaentical sensors have been used
in floating potential mode.The potential difference between
~them was measured. This gives the electric field component
parallel to the axis along the sensors.

A detailed description of these instruments and the
methodology which was employed for balloon borne experiment
is given in this chapter,.

The balloon-borne measurements were conducted from the

Balloon launching Facility at Hyderabad. The Balloon

Facility provides the infrastructure for launching
stratospheric balloons, and gives telemetry and telecommand

facilityl Redkar, 1977, Anniual Report: BF, 19861,

3.2 Mechanical Design

3.2.1 The Balloon pavlieoad train

A drawing of the Balloon payload train is given in
Fig 3.1 (This is not a scaled diagram).The main instrument
is suspended from the balloon,along with other supporting
instruments in a structure which is known as the gondola.
The gondola and other necessary units are suspended fram
the balloon. This configuration is known as the pavyload
train.

The balloon is a large size inverted onion shaped



oiythene ‘film stratospheric balloon.Its volume is around
DOOO' Cﬁbié meters.Immédiately below the balloon,there is a
ailsafe device which cuts off the rest of the payvload

ktrain in the event of an accidental balloon burst., Together

with the‘ failsafe device there is a mechanism which can

effect a cutoff through a telebommand from the ground
%tation and a timer controlled cgtoff device. A system of
redundancy is maintained for greater relliability.
A  parachute is wused +to bring down the pavload train
gnce the experiment is over, and the balloon cutoff is
effected. This parachute, as can be seen in Fig 3.1 is
_situated just Dbelow the cutoff device.Further down along
~ the payload train,is a radiosonde device,which consists of
.8 pressure monitor,an FM encoder and a transmitter.

The radiosonde gives the balloon altitude in terms of

the measured ambient air pressure. With help of a ground
7 ba5ed direction finding radic receiver,one can determine
the elevation and the azimuth of the balloon.

A radar reflector is situated below the radiosonde, This
consists of a large aluminium sheet,twisted to form a shape
which facilitates the reflection of incoming radar beacon
from any direction. This is helpful for locating and
tracking the balloon.

The main instrument gondola is situated below all these
packages. This gondola contains the instrument for the main
experiments. It also contains several other instruments.
These include a PCM encoder (PCM stands for Pulse Code

Modulation), the telemetry transmitter,the main battery pack,
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 and other housekéeping deviées. We héve uséd a fluxgate
maqnetometer for mbpitoring fhe’rotation of the gondola.In
one of the flights, we.have used an inclinometer to study
the tilting motionS'gf the gondola.

In one of the flights(IMAP-C2,Table 4.1),an Apex valve
was bused. This is a valve situated at the apex of the
balloon. It can be opened and closed by giving telecommand.
By opening the wvalve part of the Hydrogen gas from inside
the balloon can be Jet out and the gross lift of the
balloon can be reduced. Apex valve 'operation ig done in
order to control the descent-rate of the balloon. Apex valve
is also used wheﬁ it is désired to conduct experiments at
several different float altitudes.

The total distance of seperation between the balloon

and the gondola is nearly 45 meters.

3.2.2 Mechanical configuration of Gondola

Fig3.2A, 3.2B and 3.2C show the configurations for the
SenNsors in the flights IMAP~-4, IMAP-9 and IMAP-7
respectively, The configuration of IMAP-7 was repeated in
the flight IMAP-C2. The two flights IMAP—4 and IMAP-9 were
combined flights having one payload for conductivity
measurement and another payload for aerosol measurement.
IMAP-7 pavload was designed for conductivity and vertical
electric field measurement.

We wused a hollow metallic sphere as the conductivity

sensor. It had a diameter of 20 cm and was made of
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copper{see Fig 3.7).The senéor was at the end of a lm.long
boom which was hydraulicaily deployed from the gondola
after the bhalloon laﬁnch.Deployment was necessary in order
to avoid damage to the sensor during the balloon launch. The
boom was about lm. long.This length was chosen because if
- short booms are used, the gondela is too near to the sensor,
and there is a stray capacitance effect due to its
proximity. There are also contaminating effects due to
gondola degassing. On the other hand,if the boom- is kept
very long, it creates problem during the'launchinq of the
balloon. A compromise between the two has to be done in
choosing the optimum length of the boom.For a 1m long boom.,
the stray capacitance due to the presence of the gondola is
less than 0.5 pf,
Pallast is used for controlling the balloon ascent rate.
Whenever the ascent rate becomes too low, it can be boosted

by dropping ballast and thus reducing the weight of the

gondola. This is necessary ‘especially at tropopause level

where the temperature falls down to as low as -85%.If the
/

balloon does not pass through this region quickly enough,

_the polyfhene film of which the balloon is made gets

brittle due to the low ambient temperature.This results in

@ balloon burst. The amount of ballast carried by the

vballoon is  about ten percent of the gross weight. About 50

kg ballast was kept in the gondola.Minute iron granules was

Used for the ballast.Ballast is dropped using a telecommand

 from the ground control station.

All  the instruments were assembled within a sturdy
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aluminium  framé(see photograph | in Fig‘3v3)uThis.frame was
fifted' with crash pads atlits bottom. The crash pads absorb
the impact shock when the paylead gondela lands on the

ground after cutoff, and help in reducing damage to the

instruments.

3.2.3 Thermal packaging of the gondola

Because of the extreme low temperatures encountered in
the wupper troposphere and the stratosphere during the
balloon ascent and fleoat periods, the gondola has to be
thermally insulated from the surrcounding environment. The
thermal packaging of the payload gondola was done using 1
inch thick thermocole sheets.These sheets were covered on
one side by a layer of aluminised mylar film.This fiim does
not allow infrared radiation to pass through it, thus
minimising radiational loss of heat from the
gondolalLichfield and Carlson, 1967]. After covering the
gondola with thermocole and mylar,the gondola was wrapped
in polythene film. By thermally packaging the gondola in
this way, it was possible to keep the temperatures inside
the gondola above -10% at all time.An aluminium sheet
coated with aguadag was put above this over part of the

gondola surface. This served the purpose of return current

electrode.
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3.3 Payload>E1ectronics-

The conductivity/electric fieid payload consisted of an
aluminium box of dimension 10.5 X 13 X 18 cm which
contained the electronic circuitary for the experiment( GSee
fig., 3.12). The preamplifier section was housed in a smaller
box. This was an air-tight box whose inside was made
moisture proof with help of silica gel.The full circuit was
assembled on three printed cards which were stacked inside
the payload box. Suitable connectors were used fo connect
this payload box to the magnetometer and inclinometer units.
The power supply to the payload box and the outputs to the
telemetry unit were taken through a common fifteen pin

connector to their respective counterparts.

32.3.1 Block diagrams of the payloads
Fig 3.4 shows a schematic diagram of the conductivity

instrument. This instrument contains various functional
blocks which include the preémplifier,fhe charging pulse
generator and the regulated power supply unit.

The output data is encoded wusing a PCM (pulse code
modulation) encoder and transmitted using a FM (Frequency
modulated) telemetry transmitter.

Fig 3.5 shows the schematic diagram of the conductivity
and electric field payload. This instrument includes in

addition to the abovementioned units,two more preamplifiers,
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and an additional signal processing unit.These are used in

ordet-fo get ﬁhe electric field data.

3.3.2 Conductivity Sensor

A hollow metallic sphere was used as the conductivity
sensor. It had a diameter of 20 cm and its sheet thickness
was O.Sv mm. The weight of one sphere was 650 grams. The
sensor is depicted in the photoqraph Fig 3.7.

The sensor was uniformly coated with aguadag.Due to its
amorphous nature aquadag coating provides a surface which
has a uniform work function [Mozer and Serlin, 1969,
Feuerbacher and Fitton, 1972J1. In order to apply a uniform
coating of aquadag,the spin spraying technique was emploved.
This technique has been found to provide good surface
uniformity. The sensor was rotated while spraving it with
agquadag(an alcohol based suspension was used for this
purpose). The spinning process was continued until the
coating was dry. The sensor was slightly warmed by blowing
hot air over it, and +then stored after wrapping it in a
clean conducting polythene wrapper.This precaution is taken

to avoid static charge accumulation on the sensor during

storage.
3.3.3 Cable and boom
The sensor has to be connected to the preamplifier

using a coaxial cable which has a low capacitance and very
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hiqh inéulation résiétance.The.photoqréph in Fiq 3.7 shows
the . sensor connectiéns. Tﬁe sensbr is screwed on to a
coupling. The other end of the coupling has a BNC connector.
This BNC connector has to be connected to a shielded cable

going to the preamplifier.The coupling resides at the end

aof the boom.

A typical «coaxial cable has a capacitance of the order
of 50pf per meter.It would be virtually impossible to make
measurements where this cable is used.to connect the sensor
whose capacitance is of the order of 10pf.This problem is
solved by driving the shield of +the cable with the
preamplifier output [Slamanig »19811. Thus the shield is at
the same potential as the central (core) wire.If we are
able to closely maintain this equality between the core
potential and the shield potential then the effective
capacitance of the cable is drastically reduced.This method
reduces the effective capacitance by a factor Gt where G
is the open loop gain of the input preamplifier.The value
of the open loop gain of the preamplifier in the present
case was of the order of 10000. In . the laboratory
measurements 'which we did in order to test the cable, we
obtained an effective capacitance of 3.5 m long cable as
much less than 0.5 pf.The shield of the coaxial cable was
connected to the output of the voltage follower so as to
reduce the effective capacitance of the cable.

The Dboom is kept folded during the balloon launch and
is  hydraulically deployed soon after launch(at around 1 km.

altitude). This is done so that the sensor may not get



damaged during the launching.

3,3.4 Preamplifier

The coaxial cable coming from the sensor is connected
to a preamplifier which consists of a high input impedance
voltage follower.The preamplifier measures the potential of
the sensor with respect to the payioad ground.

- The circuit diagram of the preamplifier is given in Fig
3.8. It wuses the IC OPA 104 which is a high impedance FET
input operational amplifier designed especially for such
measurements. The input bias current of the preamplifier IC
is about 150 femptoampere which makes it suitable for
measuring resistivities of the order of 1012 ohms which is
typical value for stratospheric measurements.

The preamplifier module was housed inside a sealed
moisture free box in order to ensure that the preamplifier
input impedance does not get derated due to unwanted
current leakage across the circuit elements.The performance
of the preamplifier gets highly derated during damp weather
if it is not protected from moisture.Silica gel was kept

inside the preamplifier box to keep it moisture free.

3.3.5 The Charging Pulse Generator

During the conductivity measurement the sensor gets
alternate wvoltage pulses of +5 V and -5 V with respect to

the payload ground potential every 20 seconds.This is done
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with help of the .charqinqv pulse generator.The pulse is
given through a relay which connects the sensor to the
pulse source and after a predecided duration disconnects
the source for the rest of the half—cvcle.The charging
waveform has been depicted in Fig 3.6, The &uration of
charging is 1.25 seconds while the sensor is kept
disconnected from the pulse source for the rest of the
half-cycle. |

The circuit diagram of the module which provides this
pulse is shown in Fig 3.10. It consists of a sguarewave
oscillator whose output is fed to a twelve stage divide by
two counter (IC 4040).,The output Q12 of this IC is used for
charging the sensor, A reed relay allows the sensor to get
the wvoltage for the duration of just one sixteenth of a
cycle. Outputs Q8 to Qll are fed to a NOR gate constructed
from dicedes and an inverting buffer.This inverting buffer
drives the reed relay coil,

To avoid the problem of leakage inAthe reed relay we
have put a shield over the body of the rélay.This shield is
driven at the same voltage as the sensor by the
preamplifier output. The shield being a low impedance point
at the same potential as the sensor,prevents any leakage of

current across the relay reed.

3.3.6 Power Supply Unit

The conductivity payload requires regulated power supply of

+12v  and +45v. In order to get these voltages from the raw
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voltages (which vary between +22 tovilB volts dependinag on
the flight battery condition),a regulated power supply unit
was used. This PSU( power supply unit) employs veltage
regulator IC's of 788X series for positive voltage
regulation and 79X¥ series for negative voltage reqgulation.
The circuit diagram of this module is depicted in Fig 3.9,
The 0.22 mfd capacitors in the input side are regquired for
stability of the operation of the IC.Protection against
vaoltage surge during switching is provided by the reversed
diodes on the output side.Latching of the negative supply
during dual supply operation is avoided by putting a
protection diode between the common and the output points
of the positive supply as Shown in Fig 3.9,

The voltage regulator provided the power supply for the
conductivity payload, the fluxgate magnetometer and the
inclinometer 5ensors. The power reqguirement of the
conductivity payload is around +80ma, The total power

requirement does not exceed +150 ma.

3.4 Method of Measurement

I

4.1 Method of Conductivity Measurement

In order to make conductivity measurement, the sensor
was alternately charged to suitable positive and negative
voltages and was allowed to discharge through the ambient
medium. Charging was done by giving the sensar a voltage

pulse through a reed relay.The relay switch was then made



open so that the sensor voltage would decay to the ambient
potential. The wvariation of the voltage with time was
monitbréd continuously and was telemetered to the ground
via a PCM/FM telemetry link.Conductivity is obtéined from
these voltage/time curves.

During every cycle of measurement, the sensor was
charged» alternately to +5v and -5v with respect to the
payload ground potential. In this way,we could obtain both
the negative ion conductivity and the positive ion
conductivity. The procedure is similar to that wused by

Holzworth et al.[ 19847,

Method of Electric Field Meaéurement

(e8]
i
jae

A variation of double probe method was wused for
electric field measurement. Three probes were used(see Fig
3.2C) for the measurement of electric field.The probe B was
also wused for conductivity measurement.The‘two measurements
cannot be done simultanecusly because for the conductivity
measurement, the transient part of the voltage—-time curve is
required while for the electric field measurement +the
steady portion of the curve is required. The part of the
curve just before the onset of the charging pulse was used
for electric field measurement. The potential
diff@rence(Va*YQi%E' ) was directly obtained wusing the
electronic circuit depicted in Fig 3.11. The 6utput was
telemetered and recorded on the strip chart recorder. This

was used for deriving electric field values.
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3.5 Support Instrumentation

In addition to the conductivity and the electric field
payload., the gondela carried several other units which were
necessary for the experiment. These included the main
battery pack, magnetic aspect sensor, the PCM encoder, the
telemetry transmitter, telecommand unit and the radiosonde.

This section gives a brief description of the support

instrumentation.

.1 Batterv paclk

3
U

Power supply to the various instruments in the>gondola
is provided by a common battery pack. The battery pack for
our instruments used Lithium cells(Eterna «cells). These
cells have a working voltage of 3 volts and have a very
large current providing capacity.The cells are connected in
a8 series—parallel fashion accdrding to the requifements of
various instruments that are in the gondola. The voltages
are not fixed. They decrease by roughly 20 percent towards
the end of their wuseful life. If steady voltages are

required,a voltage regulator has to be used,

48}
1
8]

Magnetic aspect sensor

Magnetic aspect sensor is used for determining the
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orientation of the gonddla at any given time., It consists of
two fluxgate magnetometers Amriented perpendicular to each
other. A fluxgate magnetometer measures the component of the
garth's magnetic field parallei to the axis. It gives a
voltage output which is proportional to the cosine of the
angle between the axis of the magnetometer and the magnetic
north direction. The output voltage is scaled in such a way
that it is nearly 5 wvolts when the magnetométer points
north and O wvolt when the magnetometer points south. The
magnetic aspect sensors used in our experiments were
provided by TERLS and were qualified for use onboard
rockets. Since requireﬁents for balloan are much less
stringent, this could be used onboard the ballocon borne

gondola without any problem.

3.5.3 Data transmission

The output data from the condqctivity/Electric field &
conductivity instrument was first digitised and then
transmitted serially using a radio link.A PCM encoder was
used for digitising the data and later converting it into a
coded serial output. The encoded data was then transmitted

using a FM/VHF transmitter.

3.5.4 PCM Encoder

The PCM (Pulse code modulation) encoder is used for

converting several analog and/or digital data channels into
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a single serial digital data channel in order that it may
be transmitted conveniently and relliably.All the channels
to be telemetered are input‘ to the PCM encoder. The

conversion to a single stream of serial data is
accomplished in several steps.

A multiplexer is wused which samples all the incoming
data channels in a cyclic fashion.The sampling frequency
for & given channel is the frequency at thch the data for
that channel is sampled. This frequeﬁcy determines the time
resolution of the data. The sampling frequency ‘rfor our
experiment was nearabout 12 per second.Any variation in the
data faster than 6hz will not be observed through this
telemetry system according to the Nyguist
criterionl Gruenberqg, 19671.

The Sampled analog data was converted into digital form
us ing a twelve bit Analoq to digital converter(A/D
convertor). The A/D converter which was used converted a
given voltage signal into a twelve Eit number(a number
which lies between 0 and 4095) proportional to the voltage

Ve — .
output at the given channel(l%~"mym%2-x 4096,

The data was then put into a serial form according to a
predecided format(see Appendix I at the end of this
chapter). The output from the PCM encoder is in the form of
a serial string of "0O"s and "1"s called a bit string,output
at a rate of 10 kilobits per second.The bit,strind was

converted into a NRZ format(see Appendix I) before feeding

it to the transmitter.



.5‘ Telemetrv Transmitter

o2
(02}

An  onboard VHF transmitter,operating at a frequency of
137 Mhz was used for telemetering the data.The output power
of the transmitter was 1.5 watts.The PCM encoder output was
in the form of a bit string in NRZ format. The serial data
was first wused to modulate a carrier frequency of 137 Mhz.
The modulated carrier was then stepped up and transmitted

via a radio link to the ground receiving station.

W
&3

. b Telecommand system

A telecommand system was used for sending various commands
to the ballcon borne system from the ground control station.
It used a PDM/AM/AM system of transmiséion.

The ground segment of the telecommand system consists
of a command encoder and a transmitter.The onboard segment
consisted of a receiver, a command decoder and a command
control unit,. The transmitter operated at a carrier
frequency of 148.25 mhz and its output power was =35 watts.
The transmitter was modulated at a subcarrier frequency of
6.25 khz which was amplitude modulated by the command
signal. The onboard unit receives the telecommand signal and
decodes it. The command control wunit then activates or
deactivates the respective relay switches 1in response.A
confirmation 1is sent through the telemstry channels to the

ground station. Details of the telecommand system is given
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in Appendix II at the end of this chapter.
3.5.7 EKRadiosonde

A radiosonde gives the balloon height and ascent rate
information,. The basic information 1is derived wusing a
pressure transducer kept inside the gondola.This transducer
monitors the ambient atmospheric pressure at the balleon
altitude. This information is transmitted by the radiosonde
using a 375 Mhz FM transmitter.The output power of this
transmitter is 2 watts.

At the receiver end,a beat frequency oscillator is used
to retrieve the signal.The altitude informaticn is obtained
with  help of a calibration chart. The accuracy in height is
+ tens of meters at 15 km altitude and +1 km at 35 km
alititude.

The radiosonde receiver has a direction finding antenna
which can give the balloon azimuth and elevation
information within iBO.ThiS tracking system supplements the

main radar tracking system described in section 3.9. 4.

3.6 Instrument testing and standardisation

The basic aims for instrument testing are threefold.( 1)
Ta test proper functioning of the instrument, its
repeatability and reliability. 22 To test the
compatibility of +the payload with the rest of the system

and 3 To test the payload operation under the
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environmental conditions expected during the flight,i.e. to

gqualify the pavyload for the flight.

3.6.1 Test for pavload operation

Testing the input impedance of the preamplifier:The purpose
of this fest is to find out whether the input impedance of
the preamplifier 1is high enough for the measurements to be
accurate. The input impedance was considered "high enough"
if the preamplifier did not show appreciable change( 5
percent) in voltage at the end of 1 minute.This corresponds
to an input impedance =1.1 ¥ lOl4 ohms.

A 10 pf polysterine capacitor was connected to.the
input point of the preamplifier, which was charged to +5
volts and left to discharge.Since no external resistor was
connected to the circuit,the discharge path was through the
input end of the preamplifier.In such a case the voltage
decay time will correspond to the bias. current of the
preamplifier and the value of the capacitor.

A careful null adjustment and clean and moisture free
handling of the preamplifier section is required in order
to achieve this level of input impedance.Null adjustment of
the preamplifier IC is required for its optimum performance.
This was done by connecting the preamplifier input to
ground via a 1 teraohm resistor(lol2 ohms) and then
adjusting the potentiometer between pins 1 ana 5 of the
OPA 104 operational amplifier until an output of 0 volts is

obtained. This operation has to be performed in a dry
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atmosphere. The preamplifier circuit has to be shielded from

the 50 hz Powerline AC pickup during the operation.

Testing for stray capacitande:The purpose of this test
is to make sure that the total stray capacitance introduced
by the preanmplifier box is within the experimental
tolerance (within 5 percent).

A 100 gigaohm resistor was connected in parallel with a
10 pf capacitor to the input of the preamplifier in the
payload in order +to measure the stray capacitance at the
preamplifier end. The other end of the resistor capacitor
pair was grounded, The time constant of the voltage decay
curve was measuerd and it was verified whether the expected
value of 1 sec 1is obtained or not within tolerance of 5
percent.

Testing the cable: The actual capacitance of the cable
is 50 - pf. per meter. For a typical cable which is 2 meter
long, the capacitance is much higher than the sensor
capacitance. By using an active feedback process, the
effective capacitance is brought down to a value well below
the capacitance of the sensor.To test whether a given cable
satisfied this condition or not, a Im. long cable was
connected with a grounded 100 gigaohm resistor in parallel
with a 10 pf. capacitor at ome end and the preamplifier
input point at tﬁe other end,and the voltage decay curve
was observed. An identical configuration was used with the
length of the cable as 3.5 m.No difference between the two

decay curves could be made out. This implies that the



effective capacitance of 2.5 m of cable(the difference) is

very small ( <0.5 pf).

Tesfing the sensor:In actual measurement the sensor is
a metallic sphere having a radius 10 cm, Theoretically, the
capacitance comes out to be 10 pf.The actual measurement of
the sensor capacitance is difficult because of the pfesence
of a large amount of 50 hz.powerline AC which is picked up
by the sensitive preamplifier under normal circumétances.We
have tested the system by putting the sensor within a
faraday cage. Under laboratory conditions,actual simulation

was difficult mainly because ground level air conductivity

is too small(~ 10714 Siemens per meter) to be measured by
our instrument.

Electric field and conductivity payload: The linearity

of the output channels was also tested. The output voltages
of the electric field channels represent the differences
between the different combinations of the input voltages. So
when a particular set of voltages is appiied at the input
Foints, one expects a particular output voltage.This test
was done for each of the channels for the different

possible combinations of the input voltages.

3.6.2 Pavload compatibility tests

Payload compatibility tests include the following tests.
1) Test for the power consumption of the payload,
(2> Testing the output impedances of each of the output

channels, and (3 testing whether the output voltage
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limiters are properly working or not.

Telemetry channel output impedance test: The 'input
impedance for the analog channels of the PCM encoder is 100
kiloohms. The output impedances of the telemetry channels of
the payloads are 2 kiloohms. The payload was tested to see
that it would not get loaded by the encoder inputs by
measuring the output voltage,first as it was and then with
a 100 kiloohms resistor connected between the output point
and the ground line.If a difference lérger than 2 percent
of the output wvoltage is obserﬁed, it implies that tﬁe
channel is getting loaded, and it has to be seen to as to
why this is happening.

Voltage limiter operation: To test whether the voltage
limiters are working properly or not, input voltages were
applied which would give output voltages exceeding the
specified wvoltage range. The output voltages were measured

to see if they exceed the prescribed limits or not.

3.6.23 Environmental tests

Low temperature test: The purpose of low temperature test is
to check whether the paylead would continue to function in
 kca5e the gondola temperature goes down to subzero values in
the tropopause region or at the float altitude. The gondola
4iS thermally packaged and our experiences show that the
temperature seldom falls below =zero degrees celcius. A
tolerance of 10 celcius is kept.In the low temperature

‘test, the payload is kept at a temperature of -10% for 2



hours and at around -18% for two hours.A low temperature

chamber situated at the ﬁalloon facility was used for
conducting this test.

In the low temperature fest, the payload was kept
switched ON. in the low temperature chamber.The payload
operation was continuously monitored (1> while the
temperature went down, (2)during thé time the temperature

was kept at steady value,and (3) while the temperature was

again brought back to the room temperature.

3.6.4 Mechanical and electrical Integration

After these tests are owver,the mechanical and electrical
integration of the gondola is done.

The gondola frame is made of angled aluminium. Inside
the frame there is a provision for keeping the instruments
in a multitiered rack. The placement ofv different
instruments is decided keeping’in mind the requirements and
compatibilities of ' all the instruments.The instruments are
finally mounted on the racks firmly with clamps and screws.

A wiring harness is prepared for interconnecting the
different wunits within as well as outside the gondola (in
the payload train).All the interconnections are checked and
the payload 1is tested for proper functioning using an
external power supply(regulated power supply units which
use the 220 VAC line for their power source).If there are
any operational snags, they are removed at this point. The

fully integrated gondola is then tested using the flight



battery for a short while.

3.6.5 Long Duration test at room temperature

The long duration test iz conducted after the
electrical integration 1is over. The complete system is
operated on external power supply wunder flight ready

condition for a duration which is approximately twice the
expected flight duration This test ensures that the the
payload can continucously operate for the duration of the

flight without any problem.

3.7 The launch Procedure

The launching of the balloon 1is a complex procedure
which requires the coordinated effort of more than fourty
persons. Success of the launch depends on a number of
factors{ Gokhale et al., 1966). A description of the launch
procedure is given below.Fig 3.14 depicts the sequence of

the balloon launch.

3.7.1 Decision to launch

Just Dbefore the take-off,a final test is conducted to
check whether all the different payload units are properly
functioning or not.This test is called Launch pad test.

The decision to launch is taken only after the gondola

is in flight-ready condition. Stratospheric balloons are
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very large.d successful launch is dependent on many‘factors.
The surface wind condition is an important parameter.If it
is high then difficulty will be encountered during the gas
filling operation. The balloon may flutter and flap so much
because of the wind that it can burst.Therefore balloons
are not launched during high surface wind conditions.A
limiting wind speed of 5 knots(which is a little more than
5 miles per hour) has been decided as the upper limit for
balloon launching.

The second parameter which 1is considered in the
decision is the maximum wind shear during ascent.This is
the rate of change of wind velocity per unit. increase of-
altitude. Wind shear 1is considered in terms of the balloon
ascent rate. The maximum allowed 1limit of wind shear is
35 m/s per minute of balloon ascent.The balloon ascent rate
is nearly 2 to 3 meters per second.If the wind shear is
high +the Thorizintal shearing forces of the wind on the
balloon may cause it to burst.

The third parameter also related to the wind is the
wind condition at the balloon float altitude.A specific
area has Dbeen prescribed by the civil aviations department
and the Dballoon is not supposed to drift out of this area.
This is called the balloon flight corridor and is shown in
Fig 3.15, The wind at the float altitude should be such as
to allow the experiment to be performed while the balloon
is still within the boundary of the flight corridor.

In order to find out about the wind shear and the upper

wind conditions,a special rubber balloon known as the totex
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rubber balloon is launched. It carries a radar reflector and

it is. tracked by Radar in order to get the necessary wind

informations. Wind conditions at different altitudes are

deduced from the trajectory of the balloon.Fig 3.13 shows a
typical wind profile obtained from a totex balloon flight.

Apart from the winds, the cloud coverage over the

launching ground are also considered. The cloud coverage

should be less than two coctal(two eighths of the sky?). This
condition 1is necessary because the balloon accumulates a
large amount of electrical charge if it passes through a
cloud. If it happens so,this may result in a balloon burst
and the instrument may also get damaged.

The abovementioned factors are the major factors which
can affect the balloon performance during the flight. They

have to be taken into consideration before launching the

balloon.
3.7.2 The Launch

Once the decision has been taken to launch the balloon,
the payload gondola is suspended from the launch truck in
the front side and moved +to the centre of the launching
ground around three hours before the launch time. The
various units 1like the hydrogen cylinders, the filling
buffer, and other accessories are also brought to the
lavnching ground. Then, depending on the surface wind
direction, the balloon and the loadline are laid on the

ground. All +the instruments that, go with the balloon are
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then properly interconnected and hooked onto the loadline

at their proper places.The prelaunch test is then conducted

and the experimenters as well as the control

instrumentation groups iindividually certify +that their
instruments are working all right. Then only the balloon
filling operation is started. The balloon is filled to
roughly ‘one tenth of its full volume capacity.This is done
s0 as to allow for the expansion of the gas when the
balloon reaches higher altitudes.Once the filling operation

is over, the balloon launching 1is done. The launching

sequence for the IMAP 4 flight is showr in Fig 3. 14,

3.7.3 Tracking and recovery

The balloon 1is continuously tracked after the launch A
system of redundancy is maintained in the tracking process
and three methods are employed for tracking:Using radar,
theodolite and radiosonde.

Tracking by radar: A 32 cm X band Selenia radar
stationed at the Begampet airport,Hyde;abad was used for
tracking the balloon. This radar has a tracking range of
around 300 km and can give the balloon's position with an
accuracy of +1 km.

The operation of the radiosonde has been discussed
earlier in section 3.5.7.Tracking by radiosonde is not very
accurate and gives only an approximate value for the
distance. The advantage is that radiosonde tracking is

continuously done while radar tracking facility is only
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available when it isbfree.If the radar loses track of the
balloon, it can be redirécted to the targeti(balloon) with
the information provided by thevradioéonde.Theodolite can
be used for balloon tracking during daytime only.

The Indian Civil Aviation Department has granted a
certain area over which the balloon can overfly.The balloan
is not permitted to drift beyond this flight corridor.This
corridor has Dbeen depicted in Fig.3.15. Thé. balloon is
cutoff using telecommand before it drifts out of this air
corridor.

After the cutoff command is given the payload train
drops down with help of a parachute, Tracking is
continuously done during this operation by the radar. This
wav, the location of fall is known within a radius of five
km. Later on,a team is sent for recovering the payloads. The
payloads can be reused after recovery if it has not got

damaged by the fall.

3.8 Data recording and Analysis

At the ground station,a Miqrodyne‘llOO AR VHF telemetry
receiver was used for receiving the telemetry signals[Damlé
et al., 1981]3. The received signals were fed to a Dpad II
unit which 1is 'a microprocessor controlled PCM decoder and
display  unit. The incoming data was also recorded on analog
tape on an AMPEX PR 2230 tape recorder and on digital tape
on PERTEC T8840-9-45 tape recorder.

The dpad IL decoded the incoming FPCM data into
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individual channels. A Watanabe strip chart recorder was
used for the on—line recording of the telemetry data. The
chart recorder can do simultanecus recording of four
channels of data.Raw data from our experiment was recorded
on  this c¢hart recorder at a speed of 250 mm/min.Data

recording was also done on digital tapes on the PERTEC tarpe

recorder.

3.8.1 Analysis of conductivity data

In order to determine conductivity from the raw data;it
is required to measure the decay time c.nstant of the probe.
The voltage decay curves are obtained in the form of
strip—chart records as shown in Fig 3. 16, Scome of the curves
exhibit large fluctuations and time constant measurement is
not possible for these curves.,Hence these curves cannot be
used for measuring conductivity. (Examples of such curves
are shown in Fig 3.17).0nly good exponential decay curves
j}e used for conductivity determination. The present section
briefly describes the method of data analysis.

The relaxation time constant is defined as the time
taken for the sensor potential to decay from any given
value to 1/e of that wvalue. For exponentially decaying
curves, the wvalue of time constant will be same,no matter
what portion of the curve one chooses for making this
estimation. Thus one will obtain the same time constant
value whether one makes measurement over the portion of the

curve starting from 5 volts or from 1.5 volts(or from any
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other value). This is no longer true if the curve 1is not
exponential. For analysisv of the present data two suitable
voltage levels were chosen with a ratio of lie (e = 2.7183)
between them and the amounf of time taken for the probe
potential to change from one value ta the other was
measured. Similar measurement was repeated over a different
portion of the same decay curve in order to Cross—check the
results,

Throughout the experiment, a chart speed of 250mm/min

was used for recording the data. Thus for the analysis, a

scaling factor  of 4. 16 mm for 1l sec was used. The time

constant was obtained by evaluating the time elapsed
between the cccurances of the given two voltages.
Conductivity was obtained wusing the relation *:%Q The

permittivity of air has been taken as 8.85 X 10*12 Farad
per meter. Time constant values are in seconds. This gives

the conductivity in S/m.

3.8,2 Error estimation in conductivity

Owiﬁg to the inherent difficulties in the measuring
pProcess, measurement of the atmospheric electrical
Parameters is always accompanied by a number of
uncertainties. In the present section,an attempt has heen
made to estimate typical and maximum errors in our

‘
conductivity lMeasurements due to different sources,

Some of the sources of error for conductivity

Measurement have been described in Ch pter 2, The error due
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to finite input impedance. of the preamplifier was shown in
section 2.3.5 to be negligible compared to other sources. In
section 2.3.3 the error due to a finite gondela size was
discussed. This effect can cause an overestimation of
conductivity by about 5 percent.The maximum error possible
is about 10 percent.The error due to photoemission from the
probe is not known.But it was shown in sectionv2.3.4 us ing
theoretical considerations that errors in conductivity
measurement which can occur due to photoemissidn from the
probe during daytime,can alter the shape of the decay curve,.
The magnitude of shape distortion in the decay curve gives
an indicatibn of the magnitude of the error due to
photoemission. In the decay curves that we obtained,a shape
distortion was observed.But it was not large and one cannot
make out whether it is due to a finite gondola size or due
te photoelectric emission from the probe. The total error
due to shape distortion was estimated to be within 10
percent.

Due to the presence of small fluctuations in the
gondola floating potential,an uncertainty can occur in the
measurement of the time constant.As mentioned above, thase
curves having large fluctuations have hot been analysed for
conductivity. For other curves,an error bar can be assigned
in the measured values of condﬁctivity.This is done in the
following way.

Fluctuations can cause an uncertainty in the asymptotic
voltage lewvels of the decay curves upto a maximum of 0.4

volts. & a result of this an error upto +7.5 percent can
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occur  in  evaluating thé time constant.Thus the total error
bar including shape error§ due to finite gondola size and
photoemission is + 12.85 percenthn worst cases,the error
can go upto 17.5 percent.

Note that errors in wvoltage calibration of the
telemetry channels does not lead to error in conductivity

measurement because time constant determination for

exponential curves is independent of voltage scaling.

. 8.3 Electric Field data analvsis

@)

The two flights IMAP-7 and IMAP-C2 carried payloads for
electric field measurement. The sensor configuration is
depicted in Fig 3.2c. If Var Vg and Vo are tﬁe ambient
potentials measured by the probes A,B and C respectively.

the vertical electric field is given by:

where d is the effective distance of seperation between the
two probes. The value of d was estimated using the method
described in Chapter 2 section 2.5.2.,It came out to be 1 m
+ 0. 15m,

During the experiment,probes A and C were kept floating
in the ambient medium.Probe B was charged periodically for
the conductivity measurement.So it was not possible to use

the probe B during the periods of charging and discharging.
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Electric field measuremenfs were done after the probe B had
attained the ambient potential. The time constant of
dischatge was less than 5 seconds.So a half-cycle time of
20 seconds was adequate for the probe to attain steady
voltages. Electric field measurement can be done only after
such a potential has been attained.Measurement of electric
field was done Jjust before giving the charging pulse.The
voltage at the electric field channel was measured and was
divided by the effective probe distance to give the

electric field.

3.8.4 Error estimation for electric field measurement

As discussed earlier in chapter 2,error in electric
field measurement can occur due to several factors. These
are, mainly, (1) Error in the effective distance between the
probes, (2) Error due to instrumental sources,and,(3) Error
in measuring the voltage during data analysig.

The effective distance was calculated to be 1 m + . 15m.
The rounding error in voltage measurement is + % division
which is equal to +0.0575 volts, Typical readings are around
0.4 volts.Hence this amounts to + 12 percent error.

A detailed discussion of the various sources of error
in electric field which are of an instrumental nature are
given in chapter 2 section 2.5.1. These sources are,( 1)
difference in work functions of the probe surfaces,(2)
grror due to finite input impedance of the instrument,and,

(37 error introduced due to the gondola charging mechanism.



=105~
As discussed earlier,tﬁe first two of these are not serious.
The third source, i.é. error due tobqondola motion is more
serious because 1its nature is not yet understood.The large
fluctuations observed in the electric field measured during
IMAP-7 flight as shown in Fig 4.10 can be attributed to
such a source. Since these fluctuations are statistical in
nature, a 2 minute running average was taken to smooth out
these fluctuations. Such a smoothing also takes care of
rounding error during data analysis. A ten percent error

will remain inspite of such a smoothing.Thus a total error

b

]

r of + 20 percent can be assigned to the measured

electric field values.



APPENDIX I

DETAILS OF TELEMETRY SYSTEM

. The  telemetry system used during the balloon flights
‘rom Hyderabad were of PCM/FM (Pulse Code
odulation/Ffequcncy modulation) type.The telemetry encoder
was provided by the Control Instrumentation group of TIFR.
The details of the telemetry encoder are as follows:

Bit rate : 10 Kilobits per second
Output code : Biphase (L)

Output Level : 0 to 5 volts

Bits per word : 8 bits (7 data + 1 parity)
Parity : 0dd

Analog Channels

There are 8 (multiplexed) analog channels of input
range 0 to 6 volts;The output is straight binary.

There are 8 (multiplexed) analog channels of input
range ~4,25 to +4.,25 volts; The output is

complementary binary.

Resolution : 12 bits (7 bits for quick look).
Digital data : 16 seven bit data words.

Analog data : Total 16 analog channels.

Frame counter : 7 bits (0 ti 127)

Data alignment : MSB first

Frame Structure

Sync :WO,W1
Frame Counter. W2
ADC (0 - 6V) :W3,W4

ADC(~4.25-4,25V) :W5,W6
Digital Channels:W7-W22
Timer :W23~-W25

Transmitter Power: 1.6 Watts
T/M Transmitter Frequency: 137 Mhz.



APPENDIX II

Details of Telecommand System

Total Number of "Commands:

Carrier Frequency
Transmitter Power
Polarisation
Modulation

Carrier Modulation
Subcarrier Frequency
Subcarrier modulation
Bit Rate

Word Length

Command Frame Structure

Address Code

.
.

.
.

.o

33

145.25 Mhz
35 Watts
Vertical
PDM/AM/AM
75 7
6.25 Khz

:100 %

87 Bits per second

8 Bits (Sync,6 code bits,
blank)

2 address words followed

by Command words.

111111 (Six "1"s)



CHAPTER IV
t

RESULTS

The author was involved in conducting six balloon

flights. These balloon flights were conducted during the
period cf 1983-87 under the Indian Middle Atmosphere
program (IMAP) for measur ing conductivity and electric

field in the stratosphere. Out of these six flights, good

data was obtained from four flights.Thé other two flights
did not give data because of balloon burst at tropopause
altitudes. Two of +the four balloons that gave data were
launched in the morning hours while the third and the
fourth ones were launched at night.Table 4.1 q1ves the list
Of the balloon flights conducted.

? In the preseﬁt chapter, the results obtained during

these balloon flights are discussed. Apart from these

Measurements. the results of three rocket-borne measurements

of mesospheric ion conductivity and electron density are

also discussed. Two of these rocket flights had been

Conducted during & February 1980 oapmg 17 February 1980



TABLE 4.1

SN e e e eh R e e S W e e M e b b e e e M A e e e e v b e A b B Bmt e e T e

IMAP-2 20-10-1983 Conductivity morning
and Aerosol

IMAP-4 18.4.1984 Conductivity morning
and Aerosol

IMAP-3G 27.11.1984 Conductivity night
and E-~Field

IMAP-9 22.10.1985 Conductivity morning
and Aerosol

IMAP-7 29.12.1985 Conductivity mnight
and E-Field

IMAP-C2 8.4.1987 Conductivity night
and E-~Field '

Tropopause
Burst

Successful

Tropopause

Burst

Successful

Successful

Successful
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while the third one had beén conducted on 12th August 1972.

The latter gave ion conductivity values for mesosphere,

4.1 " Results of Conductivity Measurements

The main results of conductivity measurement obtained

~during the four successful ballcon flights are given in

‘this section.

4,1.1 Results from IMAP-4 Balloon flight

The IMAP-4 balloon was launched on 18th April 1984‘at
6.10 a.m. I.S.T. (Indian Standard Time. The local time at
Hyderabad is 15 minutes ahead of I.S.T).The balloon carried
a4 payload for measuring conductivity, Along with it there
was a fluxgate magnetometer for monitéring the payload
gondola rotation.

Fig 4.2 shows the positive and negative ion
_conductivities measured during this balloon flight at the
Ceiling altitude of 35 km. The positive ion conductivity

Varied between 7 X 10 1%s/m and 2.2 X 107 s /m. The negative

ﬁon conductivity varied between 2 X lO~125/m and

LR

6 ¥ 10725/ during this flight. The following features were

Observed in the data.

The measured positive ion conductivity was observed to

be three to five times higher than the negative ion

conductivity.
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2. The two conducti&ities themselves show a large
variation in their magnitude. The variation is
approximately by a factor of three between the maximum

and minimum values.

o

The wvariations are in phase. Thus,when the positive ion
conductivity is high or low, the negative ion

conductivity is also high or low respectively.

The sclar zenith angle changed from 43° to 10° between 9.13
a. m. and 12.00 noon.The total conductivity varies between
1.0 x 107 Ms/m ana 2.8 x 107ls/n  at the ceiling altitude
of 35 km. However the variations do not show any trend and
they are not correlated with the solar zenith angles.

The balloon flight tfajectory was monitored using a
Radar. It was also monitored optically using a theodolite.
Thus the balloon's position was known within an accuracy of
five km. An on-board rosemount device gave the balloon
altitude. Fig 4.1 shows the balloon ascent profile.As can be
‘Seen in the diagram, the balloon reached the ceiling

altitude of thirtyfive km at around 9. 10 a.m. and this

2ltitude was maintained within +1 km throughout the rest of

a

the flight.



The IMAP-9 Balloon was launched on 22nd October 1985.
This balloon carried & payload identical with the one

carried by IMAP-4., It -consisted of an instrument for

'measuring conductivity together with a magnetic aspect'

sensor. The balloon was launched at 6.00 a.m. and it reachedqd
 the ceiling altitude of 32 km at around 9.00 a.m. I.S.T.The
balloon ascent profile is shown in Fig 4.3.The balloon

‘maintained its altitude within +1 km for the remaining time

until its cutoff, The balloon was cut off at 11.45 hrs.

Fig 4.4 shows the conductivity measured atvthe ceiling
altitude during the IMAP-9 Flight. The positive ion
conductivity dur ing this flight was measured to be
1.2 X 107 s/n at  the ceiling altitude. The negative ion
-cahductivity was about 2.8 X 10725/, The following

 features were obéerved in the data.

1. The positive ion conductivity was around four and half

times larger than the negative ion conductivity,

2. The wvariation in the absolute magnitudes. of the two

conductivities was very small wunlike the situation

during the IMAP-4 flight.

3. There appears to be little evidence of increase in
conductivity with solar =zenith angle wvariation. The

solar =zenith angle at 9.30 a.m. was 409 while at 11.45
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a.m.(cutoff time) was.27".

.3 Results from IMAP-7 Balloon.Fliqht

The IMAP-7 Balloon was launched on 29 Deéember 1985, The

ate of launching was one and half months after a major
olcanic eruptiin in Nevado Del Rouiz,Colombia (Lat 59N,
ong. 75°W). The volcanic dust takes normally about 20 days
to go around the globelRampino and Self, 19841.This balloon

flight +took place at a time when volcanic dust and gases

4

were Dbelieved to be present in the stratosphere over India.

The launch time was 1.00 a.m. I.S.T.This balloon carried a
pavload for measuring the vertical electric field and
conductivity;It also carried an aspect sensor.

The balloon ascent profile is shown in Fig 4.5.As the

launching was done at night time,optical tracking of the

éballoon ‘was not possible. The IMD Radar. stationed at
fBegampet, Hyderabad tracked the>balloon.The balloon reached
a8 ceiling altitude of 34 km at 3.00 a.m.

The conductivity méasurements done during this flight
 f§fe shown in Fig 4.6. The conductivity values.which were
gbtained during this flight are around 3 X 10 %2s/m for
bositive ion conductivity, and 2.2 ¥ 10 '%s/m for negative
ion conductivity. These values are lower than those which
Qefe_ obtained during the two previous flights.The following

features were observed.

 1. The positive ion conductivity ‘obtained during this
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flight is highef than ther negative ion conductivity,
However the ratio between the two conductivities is
only of the order of 1.3 this time.

\

2. The ratio of the two ignic!conductivities show a very
gradual increase after sunrise. The sunrise at the
balloon float altitude took place at 6.23 a.m. I.S.T.
The solar zenith angle at cutoff time (¢8.40 a.m.) was
62°. The positive ion conductivity increased from 2.6 X
10712 s/m to 3.1 % 1072 s/m during this period of

A

time.

3. The conductivity values do not show a very large
amplitude wvariation as the IMAP-4 measurements had

shown.

4, 1.4 Results of IMAP-C2 Balloon Flight

The 1IMAP-C2 Balloon was launched on 8th April 1987 at

- 1.00 a.m. I.S.T. This flight was conducted about two and
half months after vfhe eruption of the Pacaya. volcano in

pautemala(Lat 15°N, Long 90°E). An Apex valve(Described in
| ' , :

i
1

‘section 3.2.1) was used on this balloon.This method is uéed
in order to get measurements at more than one altitudes.

The balléon flew over disturbed weather area.This was
indicated by the fact that the electric field channel
Showed a reversal in the electric field direction as

Compared to the fair weather situation.The electric field
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channel remained saturaked almost throughout the duration
of measurement.

Conductivity values were obtained at two alfitudes.
Because of an unexpected high wind condition during the
balloon flight, the observations had to be restricted to
very short duratian(from 6.45 a.m. te 8.10 a.m.). The
conductivity results are shown in Fig 4.8 and Fig 4.9.The
positive conductivity at 34 km altitude was around
6 X 107%s/m and at 29 km altitude was 2.1 X 10" 2s/m. The
negative conductivities af these two altitudes were

3 X 10725/ and 1.8 X 10 t2g/n respectively. The following

features are observed in the data.

1. The ratio of the two polar conductivities & /¢_=2,35

at 34 km.This ratio is = 1,25 at 29 km altitude.

2. At several places the conductivity values are smaller

than the average values by almost a factor of three.

3. The positive ion conductivity at 34 km altitude showed
a tendency to increase. It increased from about 5 X

10712 5/m at 6.40 a.m. to 6.5 X 10722 s/m at 7.15 a.m.

Results of Electric Field Measurement

The +two balloons IMAP-7 and IMAP-C2 carried payloads
for measuring electric field. Only the results of IMAP-7
flight are given here. During the IMAP-C2 flight, the

electric field was observed -to be in the upward direction
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(which is opposite to: the normal fair weather direction)
and throughout the flight, its magnitude was more than. 10.
‘volts per meter(which 1is the maximum electric field which

the instrument could measure).

Fig 4.10 shows the values of electric field obtained
du;iné the IMAP-7 flight between 6.15 a.m. and 8.20 a.m.
The electric field data before 6.15 a.m. is not shown here
because it was contaminated by the charging of the payvload
gondola. The vertical electric field was measured to be of
the order of 0.4 to 0.5 volts per meter.The electric field
values showed a variation with time.‘The electric field

varied between around- 0.6 to 0.7 volts per meter at 7.00

a.m. and around 0.4 to 0.5 volts per meter at 8.20 a.m.

4f3 Mesospheric Rocket—Borne Ion and Electron

Conductivity Data

The results of rocket-borne measurement of ion and
electron conductivities in the mesosphere are presented in this

section. The Langmuir probe technique was employed for these

J measurements. The first of these measurements was carried
}Out on 1l2th August 1972. The D region measurements of
felectron and ion conductivities from this rocket flight are
Presented here. The second and third measurements were done
en 16 and 17 February 1980 respectively.These measurements
were carried out wusing Centaur rockets which carried

Langmuir probe and radio propagation receiver for electron

density measurement. The results of this flight were used
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for the calibration of the Langmuir probe sensor in the D

region. These results are presented in section 4.3.2.

4.3.1 Electron and Ton Conductivity measurement results

A Centaur rocket flight (Flight no. CO 5.14) was

conducted from Thumba <(Lat S.SON,Long 77°E> on 12 . August
1972 which carried a Langmuir probe. This probe was gperated
at both positive and negative bias voltages.The rocket was
launched in the morning hours at 7.45 hrs.I.S.T.It reached
an  altitude of 145 km. Electron and ion currents were
measured during the flight.The altitude profiles of these
currents are shown in Fig 4. 11.These current profiles were

used for calculating electron and ion conductivities at the

mesospheric altitudes accprding ‘to the method given in
section 2.6. Fig 5.5 (Chapter 5) shows the ion conductivity
which was calculated oﬁ the- basis of the LP data.It was
Obéerved that the conauctivity increases almost
exponentiaily with altitude‘between 60 and 90 kms. Its value

3t 60 km is 6.5 X 10 %s/m and at 90 km is 1.0 X 10 /s/m.

The scale height is approximately 6.5 km.

4.3.2 Results of February 1980 measurements

A campaign of three Centaur rocket flights was conducted
during the total solar eclipse on 16 February 1980. These
 Tockets carried Langmuir probes (PRL) and radio propagation

_Feceivers (NPL, New Delhi). The Langmuir probes gave data on
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all .the three flights while therpropagation receiver -worked
during two of the three flights.The two flights in which
both the instruments worked will only be discussed here.
These two rockets were launched on 16 February 1980 and 17
February 1980. The launching time for both the flights was
15.22 hrs.I.S.T.The 16 February flight was conducted during
_the solar eclipse at a time when there was 70 percent
obscuration. The technique and the results of measurement of
the latter experiment has been described by Somayajulu et
al.[1982]. The Langmuir probe. results have been given by
Gupta and Narayanl 19841, The data was used by the author for
the calibration of Langmuir probe as explained in section

. 2.6.2.



CHAPTER V

DISCUSSIONS

The present chapter contains discussions on various

topics of the middle atmospheric electrodynamics. The
chapter is ‘divided into several sections,each dealing with

a different aspect of the ©problem. In section 5.1, a

comparison has been made between our conductivity
Measurements and other measurements which have been done
using relaxation technique. In section S.Z;an estimate of
the ratio of polar oconductivities has been done which is
based on the experimentally observed ion compositions in
" the stratosphere. This has been compared with“the ratios
which we have obtained dﬁring our measurements. In section

| .
5.3 various ionisation related parameters have been

Calculated with help of our results. During two of our
balloon flights conducted in the month of April,large
fluctuations were observea‘ in the measured conductivity,
These are discussed in section 5.4.Section 5.5 deals with

some of our observations related to decrease in
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conductivity after volcanic eruptiéns.Sestion 5.6 contains
a discussion on the electric field measurements done during
IMAP-7 flight.In Section 5.7,0ur balloon-borne measurements
have been presented together with rocket-borne measurements
of ion conductivity in ;order to get an coverall view of
conductivity in the middle atmosphere. Section 5.8 deals
with certain observations of variation of floating

potential of rocket body in the mesosphere and its possible

interpretations.

5.1 Conductivity measurements: a comparative study

In the present section, a comparative study has been
made between our measurements and those done by other
groups at wvarious locations.Firstly,a comparison with those
results will be done which have been obtained using the
relaxation technique. Most of the measurements have been of
a single altitude-long duratioﬁ type. Thus it was found
appropreate to reduce éll conductivity values to a common
‘altitude. The values presented in Table 5.1 are measurements
~done by various groups which have been reduced to the
Corresponding wvalue at 30 km using equation 2.35(page 57).
This has been done for the sake of convenience in
Comparison. The scale height has been taken as 7.7 km (This
Scale height wvalue appears to be appropreate in the two
cases of Mozer and Serlinl 19691, and Ogawa in Rosen et
1 2l.01982] where a height profile was available: Fig 5. 1).

Figure 5.1 summarises various conductivity measurements
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Table 5.1

List of various measurements of conductivity using

Relaxation Technique
(The values are reduced to 30 km altitiude level)

Quantity Value Remarks

measured (X 10712 5/m

Total Cond. 3.3 Mozer and Serlinl 196973
(Several altitudes)

Total Cond. 10.9 Bering et al.[ 198013
(35 km alt.)

Total Cond. 6.8 . Holzworth [ 19813
(26 km alt.)

Pos. Cond. 6.0 Ogawa [Rosen et al. 18821
(Several altitudes)

Total Cond. 8.6 Holzworth et al.[ 19841
(26 km alt.)

Pos. Cond. 4.4 Norville & Holzworth

Negq. Cond. 4.2 [ 198771 :¢(26 km alt.)
measured: Mar 1983

Pos. Cond. 8.7 Norville & Holzworth

Neg. Cond. 4.2 £19871 :¢(26 km alt.)
measured: Feb 1984

Pos. Cond. 9.25 Gupta & Narayvan

Neg. Cond. 2.15 . [1987]1 :¢(32-km alt.)> —
measured: Oct 1985

Pos. Cond. 1.78 Gupta & Narayan

Negq. Cond. 1.3 [£1987] :(34 km alt.)

measured: Dec 1985
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which have been doﬁé using’ relaxation technique.
Measurements done by Mozer ~and  Serlinl 196913, Bering et
al.[ 19801, Holzworth et al.C198l; 198431, Norville and
Holzworth (19871, and Ogawa ([Rosen et al.,1982] have been
compared with our measurementsl Gupta and Narayan, 19871. If
one compares the vafious conductivity values reduced to 30
km(Table 5.1), one finds a large difference in value among
the different measurements. For example, the measurements
done by Holzworthl 19811 reduce to a value 1.9 times larger
than ours.At the same time our IMAP-4 and IMAP-7 values are
about 2 times larger than Ogawa's values and 3.5 times
larger than Mozer and Serlins' values.Bering et al's values
at 35 km are almost same as our values., The various
Measurements span a range of about one order in magnitude.

There are two main reasons for  variation in
conductivity. One is the variation in ion composition
between different altitudes. The other reason is variation
in ion production rate with latitude.This is due to the
latitude effect in the cosmic ray flux.The ion production
rate towards the pole at a given altitude is larger than
that at the equatorEHeaps, 19781. Norville and
Holzworthl 19871 have observed a variation of conductivity
‘with latitude and their measurements fit a latitude
dependence of ¢ = (A-FBSinq.l)l/2 as suggested by Heaps.A and
B are constants and * is the geomagnetic latitude.Such =
dependence can account for the wvariation in conductivity
between high "and 1low latitudes which |is present in

different - measurements shown in table 5.1.Holzworth's high
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latitude measurements[l@Sl] appear to be the largest out of
these.Bering et al's mea?urements[lQBO] are also quite high.
Both are high latitude measurements (x> 709 . 7Tt is not
clear why Mozer's measurements conducted at Fort Churchill
is so 1low. The measurements by Ogawa are done froh'the
~mid-latitude station of Laramie and have a value lower ghan
the high latitude values.Out of the measurements done by us,
the '"negative ion conductivity measurements are in agreement
with the abovementioned dependence on iatitude.At the same
time, a factor of 4 high value of <+ as compared to - does
not fit into this picture.

Most of the measurements presented here as well as
other measurements of polar conductivityle.qg. Paltridge,
196531 show a @+/¢- ratio of = 1.Almost all of them have
‘been done below an altitude of 30 km.Our measurements at 35
km altitude show a significantly large <+/¢— ratio of about
4. Norville and Holzworthl 19871 . have . also reported
measurements(done in Feb. 1984 at 26 km altitude) in which
the &+/¢-~ ratio is =2 which is significantly different
from 1. Norville and Holzworth have also mentioned
observing day-night variation in positive ion conductivity
fwhich they have attributed to instrumental sources.But the
author has reasons tao believe that such variations may not
be fully instrumental. A detailed discussion of various

instrumental sources of error has been done in chapter 2 of
this thesis, including a discussion of photoelectric effect
(Section 2.3.4,‘p47>. If photoemission is present and is

appreciably large,then no measurements of conductivity will
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be possible at all. The photoeLectric currents have to be in
a8 range of about 10 percent to 60 percent of the maximum
probe current(éorresponding to the charging pulse voltage)
to make the distortion in the exponential curve not very
large so that the curve éan still be interpreted to give an
erfoneous conductivity value. Beyond that the distortion
will be obvious,and can easily be detected because. the best
fitting exponential curves will have different time
constants at different portions of the curve. In such cases
the data cannot be interpreted to give conductivity values.

Continuous measurements of conductivity between sunrise
time and noon would have been useful in understanding the
nature of sunrise effe¢t better. Measurements of
conductivity over a period between the sunrise time and
noon as well as measurements done while keeping the sensor
in shade are needed to positively resolve .these doubts
about presence of sources of error. There are plans for
conducting such measurements in future.

In Fig 5.2, we have shown our mesospheric conductivity
values obtained from Thumba rocket data and have compared
them with Maynard et al.'s (19841 values. These latter
measurements were made from high latitude station Andova,
:Norway(69.30N, 16°E). The diagram shows positive ion
conductivity wvalues measured between 60 km and 90 km
altitude, by the use of rocket-borne Langmuir probes and the
positive conductivity values obtained during wvarious
balloon flights in the stratosphere.

The three measurements of Maynard et al. are night-time
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measurements and they show a factor of 10 variation at 60
km altitude. Out of these theimeasurements of 7th and 18th
October correspond to magnetically disturbed days while the
11th October measurement corresponds to a magnetically
gquiet day. The magnitude: of X ray and electron enerqy
deposition for the magnetically disturbed days were
measured by Goldberg et al. (19841, Since low 1atitudes
should not show auroral effects,rso a less amount of
variation due to fluctuations in magnetic conditions are
expected. The main mesospheric sources of ionisation at low
latitudes are solar Lyman o radiation,and meteoric showers
as discussed in chapter 1(section 1.3.1). Thus although
variations 1in conductivity can occur at these latitudes, the
range of wvariation should be smaller.The only mesospheric
measurement done by us at 1low latitudes is shown in Fig
4.11. It was done during morning hours (7.45 Hrs. I.8.7.)
when the solar zenith angle was ~GOD.Considering an error
of about 20 percent, these measurements appear to be about

same in magnitude as high latitude values.

5.2 Mobility and Ion composition
Ionic mobility is a function of +the masses of
constituent ions in the atmosphere. The positive and

negative ion mobilities are related to the masses and

relative abundances of corresponding ions via equation 1,7,
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With  the adventv of balloon-borne cryogenic mass
spectrometers, it has now become possible to measure the
relative abundances of the ionic species present in the air.
Thus it has become possible to calculate the“hobility of
positive and negative ions in the stratosphere.

Using the ion composition measured by ‘Arijs et
al.[ 19831 and Schlager and Arncldl 13873 and theoretical
profiles of Arijs and Brasseurl 19861, the ©positive and
negative mobilities were calculated for various altitudes
on the  basis of eguation 1.7. Apart from the relative
abundance and mass of the constituent ions,this equation

Valso requires a knowledge of the collision frequeﬁcy.The
collision frequency Vv is a function of the mass and

Scattering cross section of the colliding particles[Rief;

1965, p4701.

~

¥ = nov L. (5. D

where n is the number density of air molecules, < is the

scattering cross section and v is the average relative
. velocity between the two molecules.

For most of the cluster ions presént in the
jstratosphere the scattering cross section information is
'not available. Therefore a calculation of mobility using
equation 1.7 directly is not possible. Meverott et al.[ 1980]
have discussed laboratory measurements of mobility by

Huertas et al.[ 19741 and others,as a function of ionic mass

and suggested that they can be used to obtain the knowledge
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of  ionic masses if moility meaéurements are available(or
vice versa). These studies have their own limitations and
cannot be taken as final. A rough calculation of the
relative wvalues of collision cross sections was done for
Several molecular mass: values. The calculated values of
average molecular diameters are: shown in Table 5.2.1f we
assume the mobilities as given in the paper[Meferott et al.,
19801, then the average molecular diameters do not seem to
increase with increasing molecular masses. This obv1ously
cannot be true.On the basis of this discrepency, the author
feels that in actuality, variation of mobility with mass
ought to be much more than what these measured values show.
The author has done a theoretical estimation of
mobility for different masses (based on the assumptions

given below) and Galculated the expected ratioc of the two

mobilities at different altitudes. The method used is given
below and the results are given in Fig 5. 3.

(One can use a modified version of equation 5.1 to do
this calculation. For heterogeneous molecules the collision

rate is given by the following expression[Cédle and Kiang,

19771:
- NaNb .~  ~ 2 . Ma+Mh 5
; z = =g (T + ) L8MRTC g2 Mb)] 0502

where =z is the heterogeneous collision rate,Na and Nb

are the number densities of species A and B,Gé and < are

their (average) molecular diameters,and Ma and Mb are their

respective masses,

The collision fequency for species (B) is just %S'Since
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Table 5.2

Calculated (Relative) Molecular sizes from the

Mobility-mass relation in Meyerott et al.[ 19801

Mass Reduced Coll.Freq. .Cross Section
mobility (relative) (relatived
Cvil/¢mb__ ) <c:vredJa>
amu cmz/v.sec (arb.units? (arb.units?
70 2.0 7.143 X103 0.0319
100 1.75 5,714 XlO“3 0.0267
350 1.0 2.857 X103 0.0145
1000 0.65 1.538 1072 0.00803

10000 0. 14 7.4128 10°%  0.00377
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one does ﬁot know thezséatterind cross sections, they have
to be assumed.The following assumptions. were made regarding
the scattering cross sections:Firstly,the cluster ions were
assumed to be spherical in shape.(The larger an ion is,the
more its 'shape approaches a spherical shape).Secondly the
molecular volume was calculated by dividing the mass by its
density,. A weighted average of densities .of cluster
components(e.q. HZSO4, H,0, etc. )was wused, and the cross
secions corresponding to different masses were calculaed.
This method for calculating the size of molecules appears
to be adequate for a first order calculation of molecular
size (Lange's Handbook of Chemistry,19733.Using the above
assumptions the collision frequency and the reduced
mobility for different ionic species were calculated(Table
5.3). These were wused for caiculating the average reduced
ionic mobilities for positive and negative species at
different altitudes. The measured ion composition data of
Schlager and Arnoldl[ 19871 and Arijs et al.[1983] were used.
Fig 5.3 shows the calculaed ratio of polar mobilities.

According to equation 1.10, the vratio of polar
conductivities is same as the ratio of the average
mobilities of the positive and the negative ionic species.
We have carried out balloon-borne measurements of polar
conductivity in the stratosphere during four occasions.
During two of these effects of volcanic aerosols were
présent(section 5.5), but during the other two
flights( IMAP—4 ‘AND IMAP-9), volcanic effect was not there.

The ratio of polar conductivities observed during all these



Table 5.3

Collision Frequency(at NTP)> and Reduced Mobility

for different Stratospherib Ions

Jonic Species Mass Density Coll.Freq. Mobility
________________ ey Kkt X10%se) X6 i/t see
NOZ. HNO, 125 1.5 7.263 10.554
HSO,. HNO,, 160 1.68 7.524 7.958
NOZ. CHNO.) 125 1.5 7.263 10. 554
HSO,. H,50, 195 1.8 7.837 6.269
HSOZ.(HN03>2 223 1.64 8.500 5,054
HSOZ.(HZSO4)2 293 1.8 9.063 3.608
HSOZ.(HZSO4)3 391 1.8 10, 13 2.419
Hso;.<H2504>4 489 1.8 11.11 1.763
H+.(H20>3 55 1.0 6.743 25.84
H.(H,00, 73 1.0 7.375 17.79
H+.<H20>5 91 . 1.0 7.683 - 13,7
H*-X.<Hzo> 60 0. 84 7.325 21.8
H+.X.(H20>2 ‘78 0.88 7.712 15.92
H+.X.(H20>3 96 0.9 8. 125 12. 28
H+-Xé.(H20> 101 0.81 8.598 11.03
H+.X2.(H20>2 119 0.84 8.715 9,238
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occasions are also VsHown in- Fig 5.3 along with the
theoretically estimated wvalues of M+)p_ ratio.During the
IMAP~-9 flight(22 October 1985),we observed a <+/<~ ratio of
roughly 4.5 at the ceiling altitude 32 km(Fig 4.4).Durinag
the IMAP-4 flight we ©observed large fluctuations in the
conductivity data. This data will also be discussed in
section 5.4. The polar conductivity wvalues appeared to
switch between a set of lower limit wvalues and one of
higher 1limit wvalues. These changes were in phase with each
other(Fig 4.2). The ratio of o+/d- af these two limits were
3 and 5 respectively.

The ratio &+/&—~ was found to be much less after
volcanic eruptions on both the occasions.The ratio during
IMAP-7 flight was around 1.3 while that during IMAP-C2 was
around ‘2.1 at 34 km and around 1.25 at 29 km.(This aspect
will be dealt with in more detail in section 5.5).

The high wvalue of <+/&%— ratio (= 4.5) that we obtained
during our measurements thus are consistent with the
measured relative abundances of the ionic species;It was
also noticed that the ratio of polar conductivities becomes
smaller when volcanic aerosols are present in the
fstratosphere. The inérease in d¥/6~ ratio from ~1.25 at 29
km to ~2.1 at 34 kmk which was observed during IMAP-C2
flight seems +to go in line with the model results (Fig 5.3
> which predict an increase of ¢,/9_ ratio by a factor of 2
between 29 km and 36 km altitude.

Measurement; done elsewhere using balloon—horne Gerdien

condensers and relaxation technique (Paltridge, 19685,
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Holzworth, 19811 have shéwn a ratio Ib upta 30 km,
Parachute—borne Gerdien vcondensers at 36;40 km altitudes
have ailso reported o+/o— ratie as 1l Maynard et al, 19847,
The reason for this discrepency in the ratio of polar
conductivities is not clear. |

Norville and Holzworthr 19877 have reportedvmeasuring a
5+/G_ ratio of =3 during 1982 and =2 during 1984, These
Measurements were done at 26 km altitude. The reason for
this difference is not yet explained. But one would expect
°n  the basis of the Ho/B_ ratio shown in fig 5.3 that the
ratio wilil further increase at altitudes arcund 35 km. Also,
One can expect that the altitude at which the G+/d_ ratio
increases significantly, i.e. at which the nature of the
Predominant ions changes, has 3 latitude dependence. This
might be the reason why even at 3] km, we observed a d+/g_
ratio oﬁ 4.5,

Regarding the solaf zenith angle dependence of
conductivity as discussed by Mitchell et al.[ 19761 and
observed by Norville and Holzworth[l9873,it is difficult to
Say at this point what is the magnitude of such an effect
.in Our data.We diq observe a small tendency of conductivity
'£o increase after sunrise, but it was small.We would like to

have some More measurements before making any conclusive

remarks.,

5.3 The small ion number density and mobility

Apart from conductivity and electric field.there are
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several other parémeéets of importance in the middle
atmospheric electrodynémics.These parameters are related to
each other. During our balloon flights we have measured
conductivity in the étratosphere.It is of interest to see
how our conductivity imeasurements relate té:sdme of these
other atmospheric electrical parameters, |

The number density of small ions is governed by the

continuity equation given below(equation 1.1).For steady

state,
9 - an,n_ —-F ntn, =0
Since n+ ¥ n- we can write that

g -~a«n® -Bnn, = 0 (5.3

In the above equation, the first term q is the ion

production rate. The other two terms are loss terms. The

second term gives the ion loss rate due to recombination

while the third term gives the rate of loss of ions through
attachment to aerosols. Under normal circumstances,the loss
' of small ions by attachment process is much less than loss

by recombination so that we can write [Gringel et al. 19787,

<4

w

n = (q/u:r:)l/2 o

This relation is generally used to estimate q from the

experimentally measured values of n and o [ Gringel et al.
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19781. The small ion numﬁer density is usually measured with
a Gerdien condenser operated in saturation model Paltridge.,
1965, Rosen and Hofmann, 1981B1.

The same equation, "if one knows g and «,can give the
number density alsolDatta et al.,19843. An estimate for the
number density of ions for lo; latitudes was done in the
following way:

In order to get o, we used the experimentally determined
values of Smith and Adams[ 19823]. These appear to be the most

representative out of all the values of o obtained so far.

The ion production rate corresponding to the

geomagnetic latitude of Hyderabad(1ll.1°N) has been measured
by Neher[1967]. There are also theoretical estimates. A
calculation based on Velinov's methodl 1968] has been done
by Datta et al.[ 1987A1 which gives the ion production rate
due to primary and secondary Vcosmic rays for altitudes
between 18 km and 45 km. These values at 30 - 35 kms.

altitudes are 'smaller than Neher's measured values. Verma

and Bhathagar[l9873, Verma and Kotharil 19871 have measured
thg albedo and the re-entrant components of CR from
. Hyderabad (Geomag. Lat. 11.1°N) and . estimated their
}contribution to the ion production rate. They showed that at
rlow latitudes, a substantial contribution to the ionisation
rate comes from the albedo and the re—entrant components.
The theoretically calculated values of Datta et al. and

Verma et al. have been used for obtaining the overall

'

ionisation rate.

A third estimate of .ionisation. rate 'can Be 'done on

N
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basis of Heaps' parametric formula.Heapsl 19781 has given a

semiemperical formula for the ion production rate. The

lonisation rate calculated from Heaps' formula has also

been wused for estimating ion density. These ion density
estimates have been shown in Table 5.4,

The number density obtained in this way has been used
for calculating the average mobilities of the positive and

negative ions. The mobility is given by

B = Z/ne .. (5.5)

We have used our o+ and <¢- values at 32 and 35 km altitudes

for calculating the mobilities. The mobilities obtained are

tabulated in Table 5, 4.
If one assumes that the dominant positive and negative

ions are generally the same as those at midlatitudes, then

out . of the three formulas for ion production rate, the first

One appears to be nearest to the actual situation. These
Calculations also point out to the possibility that the
values of number density assumed so far might be

‘ underestimates. Direct measurements apart from those done by

Neherl[ 19671 are lacking.

5.4 Conductivity fluctuations observed during premonsoon
period
The © April-May months in the Indian zone are

characterised by frequent thunderstorms and showers.This is



Iable 5.4

Estimates of Ion Density and Mobility from Jon
Production Rates given by different authors

Altitude(km) 25 30 32 35
Ion Production Rate
(aYDatta et al.[ 19831 1.16 0.52 0.24
(due to Primary CR)
(b)Verma et al.[ 19871 4.81 2.34 1.12
(due to Albedo &
Re—entrant CR)
(1>Sum of (a)+(b> 5.97 2,86 1.36
(2)Heapsl 19681 2,17 0.73 0.52* 0.31*
(3)Neherl 19671 1.7 0.85 0.64 0,42
Recomb. ef, o
X 10'98 mos~ L
{Smith & Adams, 19821 6.03 3.32 2.66 1.95
IJon density(= g/o> X 10° per me)
N (D 2.8 2.6 2. 4%
N (2O 1.9 1.5 1.4 1.26
N (3D 1.7 1.6 1.55 1.47
G, ¢ X 10_12s/m) 13.0  20.0
F_( X 10 s/m) 2.8 5.0
[ Gupta & Narayan, 19871
Mobility(mzper v.sec)
P+ (D 0.03 0.052
b+ 1 (2) 0.058 0.099
P+ 103 0.052 0.085
P— (D 0.0068 0.013
b— (2D 0.0125 0.0248
P— 1 (3D 0.0113 0.0212

(%)

Interpolated values
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the premonsoon period.Two of our balloon flights (see tahle
4. 1> have been conducted during the months of April, and
during both these flights the measured conductivity
displayed large fluctuations,

The conductivity measurements done on 1g April 1984
¢IMAP-4) are shown in Fig 4.2, e observed fluctuations ip
conductivity which was by a factor of 3 inp the case of o+
and 2 in the case of &—-, The polar’conductivity values
appeared to switch between a set of lower limit values (ﬁ+

12 S
s/m) a set of upper limit

values (G; = 2,2X10 s/m and o= 6310—12 s/m). The

= 7210712 g,n ang o = 2X107

variations of the two polar conductivities were in phase
with each other.

One can enquire whether such observations represent
genuine geophysical phenomena or whether these fluctuations
have instrumental origin. The only possible instrumental
S5ource of such behaviour can be photoelectric effect. But,
1<l) No correlations were found to exist between the
Sensor's orientation (whether it was in the sunshine or in
the shade of the gondola) ang the fluctuations,(2) The
fluctuations did not appear to be correlated to changes in
solar zenith angle.Thus we can deduce that photoemission is

not the source of the observed fluctuations and consider

This kind of fluctuations in conductivity can happen
either if there are some extra sources of ionisation or if
Some  ion sinks are pPresent in the atmosphere.Enhancement in

ionisation has been associated with solar activity[Bering
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et al.. 1980, Holzwofth, 19811 or with thunderstorm
activitylHolzworth et al., 19861. On this particular day
there was no such solar event which can cause this
enhgncement. Also, the wéather was not diéturbed during the
balloon flight. Thus both these scources were absent and
enhancement in density can safely be ruled out.

Let wus consider ion depletion.Ion depletion can occur
if dust or agueous clouds are present at the location. A
value of EN <in equation 1l.1) equal to ]..ZXlO—3 per cc per
second would be required to produce a depletion ﬁf this
magnitude. This corresponds to roughly 400 particles per cc
assuming B to be 1.2 X lO~3.Such a magnitude of depletion
is possible if there is either agueous clouds pesent or
wind-borne desert sands are present at that altiude. The
time scale of these fluctuatuins are =15 minutes as seen in
Fig 4.2. During this period of time the balloon drifts over
a distance of 5 to 10 km.Thus the spatial structure is = 10
km.

A different type of fluctuations in condﬁctivity was
observed during the IMAP-C2 flight (8 April 1987,Fig 4.8
and 4.9), A reversal in vertical electric fieid had been
bbserved during this flight which indicated a presence of
some alobal current source below the balloon. The
conductivity measurements could be carried out for a short
duration of time only. Fig 4.8 depicts the conductivity
measured at 34 km. There are occasional dips in the
conductivity values.Fig 4.9 shows the conductivity measured

‘at 29 km. The fluctuations are seen here guite clearly.
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Unlike the two othér cases, the wvariations in this
particular case seem to be random. Such a pattern of
conductivity variatioﬁ | has ‘been observed above
thunderstorms by Holzworth et al.C[1986] and our
measurements more or fess support their observations.In
this case, unlike IMAP—4, a possibility of increase in
conductivity due to the presence of an active source of
ionisation in the wvicinity of the balloon or below it
cannot be ruled outlHolzworth et al.,19861.

In the context of the global circuit,such measurements
are important because normally, the conductivity in and
around the thunderstorms is implicitly assumed to be the
same as the fair weather wvalue when global currents are
estimated. This is done primarily because measurements of
conductivity wunder these circumstances are lacking.Thus it
is important to have measurementé which can give an idea of
the magnitude of conductivity above thunderstorms.As shown

by our measurehents and those by Holzworth,the conductivity

above thunderstorms can be gquite different from fair

weather  values and can have a spatial and temporal
structure.

5.5 Effect of volcanic aerosols on conductivity

There have been several volcanic eruptions during this
decade. The major volcanic eruptions of this decade are Mt.

St. Helens(18 May 1980),El Chichon(4 April 1982),Nevado Del

Ruiz( 13 November 1985) and Pacaya(ZS January 1987).Large
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volcanos are known tb ;throw "a large amount of dust and
gases in the stratosphere. Such a loading of the
stratosphere by the volcanic dust causes a number of
changes in the opticaltRosen, 1969, Cadle and Grams., 18975,
Ashok et al., 19821 and electrical properties [ Rosen: 1869,
Kondo et al., 1382B] of the stratosphere. The present section
describes the observations of the effect of volcanic
activity on electrical conductivity in the stratosphere
made at Hyderabad by the author.Fig 5.4 shows the dates of
volcanic eruptions together with those on which our balloon
measurements were done. The observed positive and negative
conductivity wvalues obtained during these measurements are
also giwven.

The first measurement ( IMAP-9) was carried out on 22nd
October 1985 at a float altitude of 32 km.Prior to this,
there‘ had been no major volcanic eruption since EI
Chichon's eruption in April 1982.It takes about six months
time for the aerosols of volcanic origin to settle
downl Hunten, 19751. The three and half vear period elapsed
‘before the IMAP-9 balloon flight 1is thus believed to be
1ong enough for aerosols of volcanic origin to h;ve settled
éown. Thus this measurement represents a condition of the
stratosphere free from volcanic aerosols.

On 13 November 1985,the volcano Nevado del Ruiz erupted
in Colombia (Lat.:SON,Long.75DW).According to A.G.U. report,
this was a strong eruption. The volcanic dust which is
thrown out info the stratosphere covers the globe within

about 20 daysC{Rampino and Self, 1984] and it spreads mainly
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in a latitude range &f +15% with respect to the site of
eruption. The balloon launching station at Hyderabad ¢ 18°N)
lies within this range. of dust coverage.A balloon flight
(IMAP-7) was conducted on 29th December 1985. Conductivity
and electric field measurements were carried out at float ™
altitude of 34 km.By this time l%»months had elapsed since.
the volcanic eruption[Guﬁh and Naﬁwaﬂ,@BV}-

We observed that the positive ion conductivity had
decreased by roughly a factor of five while the negative
ion conductivity had decreased by a factor of about 1.7.
(Note that the IMAP-9 measurement was done at 32 km,and the
present measurement was done at 34 km,so we have normalised
these wvalues to 34 km altitude.) The results show that the
volcanic dust affects the positive ion conductiyity more
than the negative ion conductivity.

After this measurement we waited for another volcanic
eruption. A major volcano in Central America.at Pacaya(Lat.
15N, Long.90%E) in Gautemala erupted on 25 January 1887. The
interval between the eruption of the wvolcano and our
- balloon measurement was 2% months., The positive ion
conductivity during this measurement had decreased about
two and half times while the negative ion conductivity had
aecreased by a factor of about 1.3.Thus in this flight also
there was a <clear evidence of a decrease in the positive
ion conductivity.

On both the occasions when we made conductivity
measurements affer volcanic eruptions, we have observed a

decrease in conductivity. Such a decrease in conductivity



\

__13 S —

has been observed Eearlier[Rosen, 19691 and has been
attributed to the increase in aerosol number density.No
direct measurements of enhancement in aerosol density have
been done after the Ruiz eruption cover the Indian zone to
the best knowledge of the author. In the case of Pacaya
eruption, an increased amount of aerosol over:India has been
observed by Satyanarayan et al.[1987] using Lidar technique.
An increase in the number density of aerosols will increase
loss of ions from the atmosphere through éttachment process.
Under such circumstances, the attachment term in equation
1.1, ﬂNa becomes comparable to the recombination term and an
appreciable decrease in the number density of ions can
occur. Kondo et al.[ 1982B] have calculated ion loss terms on
the basis of comparison between pre—volcanic and
post—-volcanic values of positive conductivity. in the
present work, FENa hés been calculated for the two flights,
IMAP-7 and IMAP-C2.The results are tabulated in table 5.S5.
In both the cases (.BNa)+ comes out to be much larger than
(ﬁNa)—'

The attachment coefficient 1is a function of collision
frequency between the aerosél and the respective ions. It is

ithus dependent on the nature of ions.But its dependence is

:not very strong in the sense that it goes as the negative

sixth root of size(“mass) and the 2/3rd power of density.If
we assume that the ratio of densities of‘ negative to
positive ions is same as that of HZSO4:HZO then the ratio
between collision frequencies of positive and negative

ionic species with similar aerosols can at most he by a



Table 5.5

Calculated Attachment Factor due to Volcanic Aerosols

Altitude: 34 km

o : 2.13 X 10 7cn®/sec

Period ENa( pos) BNa(neg)
(sec’") (sec)

Dec 1985 2.5 X 1079 5.5 x 1074

Apr 1987 . 1.16 X 1079 3.97 X 1074
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factor of 1.3 Such a difference cannot account for such a -
large ratio Dbetween (.éN)+ and <EN)_. One must therefore
conclude that after volcanic eruptions pesitive ions get

depleted to a greater extent than negative ions.Thus the

number density bf positive and negative smat! .mhs%:-,n+

and n_  should not be assumed tb be equal after volcanic

eruptions. Several calculations of ENA have been done on the
basis of decrease in positive ion conductivity onlyl Kondo

et al.l1982R1. If some chemical mechanism also exists for

positive ion loss after volcanic activity as our

observations of drastic decrease in d+/d_ ratio after
volcanic eruptions suggest,then the calculations of FNa on
the basis Qf decrease in <+ would be erroneous.The decrease
in negative ion conductivity should also be considered
while calculating ENa under such circumstances.

To the knowledge of the author,the present models of

ion chemistry [e.g. Brasseur and Chatel, 1983, Mitra, 1984] do
not have any reaction schemes which would cause a depletion

in positive ions after volcanic eruptions,when the SO2 and

H2504 contents in the atmosphere increasss. In order to

explain this behaviour some new mechanism has to ‘be invoked.

5.6 Air—earth current measurement

Electric field measurements are important because of
their role in understanding the global electric circuit. The
air—earth current at any place can be determined by

measuring conductivity and electric field.During the IMAP-7
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flight(29 December 19855, measurement of conductivity and
electric field was done during the balloon float period.Due
to a limited float duration,measurement could be carried
out onlv between 6.15  a.m. and 8.30 a.m.Measurement of
electric field 'bef;reb 6.15 a.m. are believed to be
contaminated due to a large fleoating potential acquired by
the gondola and are not shown.Fig 4.6 shows the measured
conductivity while Fig 4.10 shows the electric field
measured during this period.

The air—earth current is given by Iae = V/A.Alternately
it is given by the feollowing equation:

Jae = ¢E ..(5.6)

Knowing the conductivity and the electic field.,one can
thus get the air earth current.Fig 5.5 shows the air earth
current for IMAP-7.The smoothed electric field profile has
been wused for the sake of this calculation.The duation of
the present observation was not long enough for the
characteristic diurnal beaviour of the global air earth
currentl Israel, 19731 to be observed.

The present measurement of air earth current was done
at the time when the conductivity of air was an éppreciable
g.6 times lower than the normally existing conductivity
value at that altitude. This was due to the presence of

volcanic dust in the stratosphere.Such a condition of the

stratosphere does not alter the air—earth current by a

great deal. This is Dbecause the air earth current is
directly dependant on columnar resistance. More than 90

percent of the total columnar resistan&e is contributed by
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the lowermost 12 ‘km: "of . the air column in the
atmospherel Muhleson, 19775. Since the vaolcanic dust resides
mainly in the stratbsphere,where conductivity is relatively
high, even a2 factor of 4 to 5 change in the conductivity at
stratospheric altitudes(above 15 km) will not cause more
than one: and half timés increase in A. In response to the
decrease in conductivity what actually happens is that the
ambient electric field increases. This appears to be the
main reason that while the expected electric field at 35 km

altitude is 0,08 V/m,we observed an electric field ofod V/m.

5.7 Conductivity in the Middle atmosphere

Conductivity measurements spanning the full range of
the middle atmosphere have been done at high latitudes by
| Co—ordinated wuse of several instrumentsl York et al., 1982,
Maynard et al., 1984]. But no such efforts have been
undertaken at low latitudes.

The author was involved in conducting several balloon
Kflights for making conductivity measurements. Apart from
these, conductivity wvalues in the mesosphere have been
obtained by the author from Langmuir probe data as
described in chapter 2(Section 2.6.1). In the present
section, all these Measurements are presented in an attempt
to obtain a consolidated picture of the middle atmosphere.

Fig 5.2 depicts the positive conductivity measured by
Langmuir probe Eetween 60 km and 90 km alfitudes.For

comparison., the measurements of Maynard et al.[ 19841 have
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also been . shown. It is seen that 'the conductivity increases
almost exponentially with éltitude in the middle atmosphere.
The scale height is 6.4 km.

The diagram also shéws our balloon measurements of
conductivity. The IMAP-4 'and IMAP-9 wvalues of positive
conductivity are consistent with the picture of the
conductivity increasing with altitude in an exponential
fashion. In this diagram,the higher one of the IMAP-4 values
has been given because the lower values in Fig 4.2 are
believed to be caused by some local source of ion depletion.

The other three balioon measurements shown are
post-volcanic eruption wvalues and they show an appreciable
decrease in the positive ion conductivity.

Thus this diagram gives some idea of how the
conduct;vity is expected to behave at various altitudes in
the middle atmosphere.Also,the lowilatitude valuesrseem to
be similar to the high latitude ones.(Here one should keep
in mind the fact that the techniques are different and
apart from the expected statistical errors, these
instruments might also be displaying characteristic
patterns of behaviour during measurement.) To get a more
complete picture therefore,more measurements are required,
and if possible, intercompaisons should be done between the
different techniques to check their relliability.

Such measurements can help in the understanding of
other phenomena also. The sunrise effect has been observed
by Mitchell et‘ al.(19761]. Theyfhaye:égéé;&édlfhe positive

km

e
T

ion conductivity to increase betwéen 30" km and
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altitudes during ﬁorniﬁg hours and shown this increase in
cenductivity to be reléted with solar zenith angle. There
are other observations also which could be verified.A large
number of observations made by Maynard et al.[ 1984] have
shown that the conductivity in the mesosphere at high
latitudes displays a large variability which can be as

large as by 2 factor of ten. Although such variations are

P

not expécted at low latitudes,one has to see wheher it is
S0 or not.Only one set of measurements so far is available
‘given in Fig 5.2).This can only give an idea of the kind
of conductivity wvalues to expect in the mesosphere at low

latitudes at various altitudes.

5.8 Rocket body potential in the mesosphere

During several rocket flights,the‘floating potential of
the rocket body has been observed to display a
characteristic behaviour at altitudes around 80 km., This
behaviour has been discussed earlier in chapter 2 (section
2.6.4). In that section,the ratio of Langmuir pgobe current
~to electron density measured during two occasions were
‘given. During these flights,the ratios diéplayed peaks at 83
km and 87 kn altitudes respectively. Such a peak can be
attributed to a change in the floating potential of the
return electrode. In section 2.6.4,it was hypothesised that
the presence of ambient electric field can bring about such

a change. It has been shown (Subbaraya et al, 19831 that a

drastic change in probe performance is taking place below
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100 km altitude in wﬁich the ratio Ip/Ne changes by a
factor of 2. This has been attributed to a shift of the
ambient plasma behaviour from collision dominated regime to
collisionless regime which takesbplace at these altitudes.
“Tzur and Roblel 19841 ha&e proposed a theoretical model
which predicts the existence of a local vertical electric
field based on difference in ion ahd electron mobilities in
the 50 ~ 100 km altitude region.Such an electric fields can
be upto two orders in magnitude larger than the downward
mépped ionospheic fields according to Tzur and Roble.

Very careful measurements have been conducted by
Maynardl 198031 which have shown the presence of electric
fieldé in the mesosphere having volts per meter magnitude
during several occasioné. These have been discussed by
Kelleyl 19831, Experimental’ observations of  such high
electric fields have also been reported by' Hale et
al.[1981],Maynard et al.[1984] and others,

The Langmuir probe measuements discussed in section
2.6.4 alsb point out to a possible existance of an electric

.field 1in middle atmosphere,although these evidences are not

direct,.
! There are other measuements also.,essentially similar in
content. Guptal 13701 has reported measurement of floating
potential of rocket body during two occasions when similar
experiments were being performed. The rocket—prbbé
configuation was the same as shown in Fig 2. 1l.Subbaaya et

al.l[19831 have reported another instance in which a

characteristic negative peak in the fioating potential was
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obéerved at around 80 km'altitude.These three measurements
shown in' Fig 5.64 and 5.6B show sharp peaks in rocket body
potential corresponding to the Langmuir Probe measurements
shown in Fig 4. 12.

From these observations one can Sayh:that at the
altitude around 80 km, some phenomenon is éccuring which
changes the floating potential of vthe rocket body.This
change is in negative direction as one can see in Fig 5.6
and 5.7 where the rocket body potential has decreased
during these peaks. This situation coresponds to an upward
electric field. Most of the measuremehts however at high
latitudes by Maynard et al.(1984] or Hale et al.[19811]
point to a downward directed electric field.

Thus although the observation of large shift in rocket
body potential in ’the mesosphere appears to be a fact,its
nature as well as its cause is not yet established.In order
to pinpoint the «cause, firstly, it has to be established
whether electric field of the kind mentioned above is
present or not at the time when the Langmuir probe displays
anomalous current. Also, a better theoretical understanding-

of the rocket probe behaviour is required.



CHAPTER VI

SUMMARY AND CONCLUSIONS

6.1 Summary of this thesis

The present thesis consists of the work done by the
author during the 1last six vears, The present work mainly
deals with balloon-borne measurements of the stratospheric
conductivity and electric field over the low 1latitude
station of Hyderabad( India). Some of the results of
Rocket—-borne conductivity measurement carried out at Thumba
near Trivandrum (India) are also presented.

An instrument based on the relaxation method for
conductivity measurement and double probe method for
electric field measurement was developed by the author. Four
balloen flights were successfully conducted from Hyderabad

during the period 1984 to 1987,

The first balloon flight was conducted on 18th April
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1984, We obtained the conductivity data at the ceiling
altitude from 9.15 am to .12.00 am. The main observations
were as follows: (l);The positiverion conductivity values
obtained were betweeh 7 X 10_12 s/m and 2.2 X 1071 s/m,
+(2) The negative ion% conductivity wvalues varied between
2 X100  s/m and 6 X 100  s/m. The positive ion
conductivity was three to five times higher than the
negative ion conductivity. (3) There was a largé variation
in the magnitudes of the two conductivities.The variations
of the two peolar conductivities were in phase.

The second balloon was launched on 28 October 1985. The
measured positive ion conduétivity was about 1.2 ¥ 10711
s/m while the negative ion conductivity was about
2.8 ¥ 1071% s/m. Thus the positive ion conductivity was
about four and - half times higher than the negative ion
conductivity. The result is similar to that of the previous
flight, except that large fluctuations in the conductivity
values were not observed during this flight.

The third balloon was launched on 29th December 1985.
This time the positive ion conductivity was measured to be
around 3.0 X 10*12 s/m while the negative ion conductivity
was around 2.2 X lO—_12 s/m.The ratio between the two ionic
conductivities was thus about 1.3 instead of 4.5 as in the
case of the two previous flights.Compafed to the October
1985 wvalues, the Observed positive ion conductivity was
smaller by a factor of 4. The negative ion conductivity

values were less by a factor of 1.2 only.

The fourth balloon was launched on 8th April 1987,
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Conductivity measuremént was done at two altitudes, 24 km

and 29 km. At 34 km altitude,the positive ion conductivity

. —17
was observed to be around 6 ¥ 10 12 s/m,while the negative

ion conductivity was ébout 2.8 X lO*ld s/m. The conductivity

values at several plaées were observed to be lower than the
mean value by almost a factor of three. The two polar

conductivities measured at 29 km altitude showed large

fluctuations. The average conductivity wvalues at this
altitude were 2.4 X 10°%¢ s/m for ¢, and 1.9 X 10712 s/nm
for & _

The Dballoons launched on 29 December 1985 and 8 April
1987 carried electric field probes also.During December
1985 flight, the vertical electric field was measured to be
of the order of 0.4 to 0.5 voits per meter.The electric
field was downward and the measured values showed a
variation with time. They varied between around 0.6 to 0.7
volts per meter at 7.00 am. and 0.4 to Q.5 volts per meter
at 8.30 am.

The vertical electric field measured on 8 April 1987
was found to be reversed (upwards) and its magnitude was
higher than 10 wvolts per meter. Such a condition is
indicative of disturbed weather below the balloon
trajectory. Since this electric fieid was larger than the
signal handling capacity of the telemetry encoder, no
measurements could be done.

Studies in mesospheric electrodynamics were also done
by the author. Data from rocket borne measurements of

electron and ion density from Thumba,Trivandrum(dip:O.665)
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by Langmuir Probe te%hnique was used to calculate the
electron and positive' ion éonductivities in the altitude
range between 60 ana 100 km. A comparative study of
stratospheric and mesgspheric conductivities was done in
order to get a Consolidéted picture.

The main conclusions derived from this study are given

below.

1. A study of probe behaviour under in-situ conditions
was done which showed that it is very little likely
that the conductivity measurements are getting

affected by photoelectron emissions from the probe.

2, At the balloon ceiling altitudes of around 32-35 km we
obtained the ratio of the two polar conductivities,
@+/ﬁ_ as roughly 4.5.Prior to this there had been no
observations of this kind at this altitude.This ratio
of 4.5 between the two polar conductivities implies
that the average mobility of the"positive ions is
roughly four and half times higher than that of the

negative ions under normal conditions in the altitude

range of 30 to 35 km.

3. In the premonsoon period we have found large

fluctuations in the conductivity values.

4, A comparison of the conductivity values measured in
October 1985 with those measured in December 1985
shows a 'drastic decrease in the December 1985 value.

This is expected because of the injection of a large



w0

~147~
number of aerosoh parﬁiclés in the stratosphere by the
valcanic eruption in Colombia. The decrease  in the
pPositive ion conductivity is about four times more
than the decreaée in the negative ion conductivity. A
similar decrease was observed in April 1987
measurement of éonductivity. Compared to the October
1385 value, the positive ion conductivity was smaller

by a factor of 2. The negative ion conductivity was

only marginally smaller.

The ~Stratospheric conductivity is lower by a factor of
4 in the December 1985 flight,and the electric field
is  higher by roughly the same factor. It appears that
the presence of aerosol in the stratosphere does not

affect the air earth current significantly.

The two polar conductivities observed during 8 April
1987 flight show a- ratio of G+/ﬁ =1.25 at 29 km
altitude and =2.35 at 34 km altitude.Thus the ratio of
the polar conductivities was found to be altitude

dependant.

The vertical electric field was observed to be upwards
during thunderstorm period on 8 April 1987. Its
magnitude was more than 10 volts per meter.During fair

weather, the electric field is in the downward

direction.

Rocket borne Mmeasurements in the mesosphere show that

15

at 60 km altitude the posifive ion conductivity is of
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the order of, ﬁ.l”X 1077 s/m.This is higher than the

stratospheric Cdnductivity values at 30 km altitude by

a factor of 10%.

[Xe}

It was observe&~ that the balloon—borne gondola gets
positively cha;ged -during the balloon ascent. Te
potential developed on the gondola was measured. It was
found that dur ing ascent, the gondola acquires

potentials of the order of a hundred volts,

10. It was observed that rocket bodies acquire floating
potentials of the order of a few volts when they pass
through the mesosphere. This phenomenon has been
observed at altitudes around 80 km and exists over a

narrow altitude range of about 5 km.

6.2 Suqgestions for follow—up actions

The present work,while it gave a number of new and good
results, it alsc exposed some of the areas where more work
is  required, either in the form of understanding the
measurement process, or in the form of follow—up action
based on the results obtained during the present work.

The behaviour of the charging of the gondola is one of
those aspects of instrumentation which deserves a serious
‘study. In the present experiment, we could not get
ascgnt~time‘ data due to this problem. The gondola potential

was measured during two of the balloon flights and was
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found to be of ,thegorder of a hundred volts.The cause of
this large potential aeveloping on the gondola has not been
properly understood. %his problem is a serious one and it
should be investigéted thoroughly as it affects the
balloon—-borne measu#ements of conductivity related
parameters. Its cause has to be understood and methods aimed
at rectifying this problem have to be developedfso that one
Can obtain relliable conductivity data both during ascent
as well as during float periods.

Another point which emerged during the present work is
that although there have been some attempts of modelling
the probe béhaviour in the ©past, the actual measurement
environment is more complex than what these models have
considered. Several aspects of the probe behaviour are still
to be understood. For example, the effects of photoemission
on probe current is not understood properly. It has been
shown through simple calculation of the solar ultravoilet
flux at the balloon altitudes that one should expept very
large probe currents during daytime, several orders of
magnitude higher than the conductivity currents measured by
the pfobes.Yet it is not so in practice.The question of why
the photoemission from the probe surface is not as high as
the theoretically expected value is indeed interesting.
Another interesting problem to be looked into is the
current collection by a probe in flowing medium. The author
has investigated this problem to a certain extent,but a
rigorous numerical modelling of the probe behaviour under

typical measurement conditions remains to be done.
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The author feelé that it is important to study the
temporal and spatialévariation of conductivity and electric
fields in the sfratosphereﬁ Although long duration
measurements have nét been conducted from Hyderabad due to
several constraints,;the author feels that measurements
spanning over a period of one full day conducted in
different seasons will provide answers to a number of
questions which have arisen during the present work.At the
same time, such a work will help in a better understanding
of the global electric circuit.

The- lafge fluctuations measured in conductivity during
April 1984 appears to be related to some yet unknown
phenomenon. This observation merits a systematic follow—up
action in the fofm of observation of stratospheric
conductivity together with in-situ measurements of water
vapour and particulate matter concentration.

The changes in polar donductivityl values observed
before and after volcanic eruptions poses an interesting
problem for theoretical modelling. As an input to such a
model, measurements are required of conductivity and number
density of ions. The author feels that a simultaneous
measurément of several parameters like conductivity, ion
density and aerosol concentration will be more useful for
studying the volcanic effects.

In view of the observations of rocket body potential in
the mesosphere, the author feels that investigations as to
whether theée potentials are a manifestation: of the

mesospheric electric fields or due: to some other cause
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should be done.

In the above péraqraphs; some of the questions and
unscolved problems thét came up during the present work are
described. Apart frpm it, it was felt that the
electrodynamics of t%e middle atmosphere at low latitudes
offers a number of ‘interesting problems to be solved. The
intimate relation between the st;atospheric electricity and
chemistry should be investigated.Future experiments should
be planned towards measurement of ion composition together

with electrical parameters in the low latitudes.
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