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Foreword 

INDIA entered into space research activities with the launch of a Nike Apache 
rocket on November 21, 1963 from the Thumba Equatorial Rocket Launching 
Station (TERLS) situated near Trivandrum. Since then more than 850 rockets 
of different types (both indigenous and foreign) have been launched from TERLS 
for scientific studies and for the development testing of various rocket systems. 
Besides serving as an equatorial range for scientific research, TERLS has also 
contributed significantly to the creation of a highly skilled and trained pool of 
technologists and scientists for the Indian space programme. 

The Rohini Sounding Rocket Programme, which has emerged out of the 
nucleus of activities in TERLS, is directed towards maintaining the supply of 
rockets required for scientific research. 

This report deals mainly with the contributions to space science that have 
resulted from the rocket experiments conducted from the TERLS Range. The 
Range being situated over the geomagnetic equator has been especially useful for 
the study of the equatorial electrojet and the associated ionospheric phenomena. 
The low-background radiation due to cosmic rays and low-energy electrons at 
Thumba has been taken advantage of by X-ray astronomy experimenters. The 
United Nations sponsorship of Thumba has assisted greatly in the Range's service 
to the international scientific community through the participation of a large 
number of scientists from various countries for carrying out rocket experiments. 

We hope that this report, giving an overview of the past activities in space 
research from this Range, would also draw the attention of scientists in India and 
elsewhere to the possibilities of further interesting and useful scientific research 
from Thumba. International participation for scientific research, which has been 
a special feature of TERLS since inception, is warmly welcomed by ISRO as a 
contribution to friendly cooperation between the scientists of all nations. 

•WtVw 

(S. DHAWAN) 
Chairman 

Indian Space Research Organisation 
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Summary 

X HIS report deals with the scientific results obtained from more than 385 
rocket experiments conducted from the Thumba Equatorial Rocket Launching 
Station (TERLS) during the period November 1963 to December 1975. Chapter I 
summarises the facilities available at the Thumba Range, various types of sounding 
rockets launched, ground-support and back-up experiments available during rocket 
flights, etc. 

In Chapter 11 the results obtained from meteorological studies are presented. 
Three types of meteorological rockets have been flown from Thumba — the Judi 
Dart (during 1964-69), Skua (during March 1970) and M-100 (from December 
1970 — to date) using parachute, chafT and wire sensors for, measuring the meteoro
logical parameters. Many new results concerning the equatorial atmosphere up to 
mesospheric heights have been obtained. The wind reversals and warming or 
cooling taking place in the stratosphere and mesosphere a week or two prior to 
arrival of monsoon have been a significant observation resulting from these 
experiments; these could be a potential tool for the forecasting of the features of 
monsoon over the peninsular India. 

Majority of the scientific experiments have been conducted for the study 
of upper atmosphere in the region 80 to 150 km. These results are discussed 
in detail in Chapter 111. Various probes have been flown for the measurement 
of electron- and ion-density/composition, ionospheric electric and magnetic, fields, 
etc., for understanding the equatorial electrojet structure. Chemical releases have 
been made for the study of neutral atmosphere structure and dynamics, and also for 
the measurement of electric fields. Irregularities of various scale sizes have been 
studied in situ using Langmuir probes and their generation mechanisms are being 
studied in greater detail by laboratory simulation experiments. 

Detailed studies of X-ray star Sco X-l including its optical emission were 
made during a joint experiment by the Indian and Japanese scientists. Other 
X-ray stars studied include Cen X I , Cen X-2, Cen X-4, Nor X-2 and Tau X-l. 
Background X-ray emission has been studied by the 'earth occupation method'. 
Chapter IV deals with the results of the above studies in detail. 

In Chapter V areas for future rocket experiments in meteorology, upper 
atmosphere and X-ray astronomy have been suggested. Appendices illustrate 
the various rocket launchings made, different experiments conducted, payloads 
flown, etc. Finally a bibliography, containing list of papers published and Ph.D. 
theses written from results of experiments conducted at Thumba, is included. 
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CHAPTER I 

TERLS RANGE AND THE ROCKET PROGRAMME 

BOUNDING rockets provide a very useful tool for the experimental study of a large region of the 
atmosphere. In fact, they provide the only means of making in situ measurements between 40 and 200 km, 
i.e., above the ceiling height of balloons and below the operational altitude of satellites. The Committee 
on Space Research (COSPAR) of the International Council of Scientific Unions (ICSU) recognised this 
role of sounding rocket research as early as 1962 and proposed extensive synoptic sounding rocket 
programmes in meteorology, aeronomy and astronomy. 

1.1 TERLS Range 
Taking advantage of the ideal location of Thumba for geophysical and astronomical studies, the 

D epartment of Atomic Energy (DAE) of the Government of India decided to establish the rocket launch
ing facility there. DAE entrusted the responsibility of space research tD the Indian National Committee 
for Space Research (INCOSPAR). One of the first steps taken by INCOSPAR was the setting up of 
the Thumba Equatorial Rocket Launching Station (TERT.S) off the Trivandrum sea coast. The site 
offers unique facilities for scientific research in meteorology and ionospheric physics which are of special 
importance to the region of magnetic equator passing closely north (0.8°) of Thumba. Its geographic 
coordinates are S° 33' N and 76° 52' E. TERLS, an unit of the Vikram Sarabhai Space Centre (VSSC), 
is recognised by the United Nations as on international facility for rocket experiments for scientific studies. 

There are about 140 rainy days in a year at Thumba. The south-west monsoon sets in by the end 
of May and continues till September. Oclober to December is the north-east monsoon period. 

1.1.1. Launching facilities 
The Range has launchers for Nike Apache, Centaure, M-100, Skua, Petrel, Boosted Areas, 

Dragon, Judi Dart and Rohini series of rockets. Fig, 1.1 shows the maximum altitudes to which these 
rockets can reach and the possible scientific studies that could be conducted with their help. The Range 
has capabilities of launching rockets up to 560 mm diameter. Instrumentation cabling is available from 
the launch pad to the block houses. Umbilical cables can be made use of by the experimenters. 

1.1.2. Technical facilities 
The Range has the following technical facilities to handle a large variety of rockets, payloads 

and scientific instrumentation: 

— Rocket storage and rocket assembly halls 
— Launch pads, block houses, control room 
— FM/FM, PCM telemetry stations 
— COTAL LV-300 radar 
— Meteorological radar and telemetry systems 
— Tone ranging system 
— DOVAP tracking systems 
— Payload integration laboratories 
— Photo-processing laboratory 
— Pyrotechnics laboratory 
— Environmental test facilities 
— Radio communication and intercom facilities 
— Meteorological observatory with a 200' met-tower 
— Ml-4 helicopter for air surveillance and recovery 
— Sea vessel 
— MINS1C-2 and IBM 360-44 computers 
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1.1.3. Payload integration 
The payload integration group at TERLS consists of mechanical and electronic integration sections. 

These groups between themselves look after (a) launch planning (b) assessment of flight requirements 
connected with vehicle, payload, telemetry and instrumentation (c) fabrication and procurement of 
technological payloads (d) assembly of all payloads and cabling (e) calibration and pre-launch check
outs. 

Telemetry packages for various scientific experiments on rockets, as also some other technical 
systems, e.g. nosecone ejection, probe deployment system, etc., have been provided by the Range. These 
arc summarised in Appendix IV. 

1.2 Sounding rocket programme 
The equatorial region presents special scientific interest for meteorology, aeronomy and certain 

aspects of astronomy due to low-background radiation. The equatorial electrojet, which is known to 
occur above the magnetic equator, presents many interesting problems in aeronorry, particularly those 
dealing with the interaction of neutral and charged particles in the presence of the earth's magnetic field. 
Special features arise from the fact that the magnetic field of the earth is exactly horizontal at the magnetic 
equator. Thumba is one of the very-few rocket launching stations from where a large part of the southern 
celestial sky is visible. The cosmic rays and low-energy, electrons, the main noise factors in the detection 
of X-rays, are lowest at Thumba which is, thus, an ideal location for X-ray astronomy studies. 

The main scientific objectives of the space programme in India can be broadly classified under 
four categories: 

• Exploration of the upper atmosphere, including the neutral particle and ion composition of 
the ionosphere; 

9 The magnetic and electric fields associated with the electrojet and their time variations in rela
tion to solar activity; 

• Study of the meteorology of the stratosphere and mesosphere; and 

• Research in selected aspects of aslronomy for which the location of Thumba is specially suitable. 

The scientific study at Thumba involves, along wihi sounding rocket experiments, continuous mea
surement of some atmospheric parameters with ground-based equipment, analysis of real-time telemetry 
data from satellites and radio propagation studies using satellite beacons. 

The rocket-meteorology programme involves the measurement of winds, temperature and other 
atmospheric parameters to mesospheric altitudes. Rocket experiments also provide photographs of clouds 
formed by the release of sodium and other luminescent vapours which give information on wind velocities, 
shears and regions of turbulence in the vertical profile of the neutral atmosphere in the altitude region of 
80 km through the E-region up to 200 km. The chemical composition of the ionosphere and the vertical 
profiles of electron and ion densities and temperature are studied with various payloads, such as mass 
spectrometers and different probes. Special emphasis has been placed on understanding the nature 
of the D-layer and the irregularities occurring in the E-region ionisation. Using magnetometers, the 
structure, the extent and the movements of the current systems involved in the equatorial electrojet are 
investigated. Electric fields are studied using probes and chemical releases. Studies in X-ray astronomy 
include the measurement of the flux, the energy spectrum and time variation of X-ray sources in and 
beyond our galaxy. 

1.3 Ground-based scientific experiments 
As a ground support back-up to rocket experiments conducted from TERLS, data from the following 

experiments are available on request, for some studies on a collaborative basis: 
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Table 1 

Summary of rockets launched from TERLS between November 1963 and December 1975 

Type of rocket 1963 1964 1965 1966 1961 1968 1969 1970 1971 1972 1973 1974 1975 Total 

Dual Hawk 
Nike Tomahawk 
Dragon I 
Nike-Apache • 
Centaure I 
Centaure IIA 
Centaure IIB 
Petrel 
Boosted Areas I 
Boosted Areas II 
Skua II 

9 — 
— 2 

11 
4 

6 
12 

2 
3 

45 
10 
11 
7 

20 

— 3 3 — — — 6 

Skua I 
M-100 
Menaka I 
Menaka II 
Judi Dart 

Rohini-300 
Rohini-125 MSR 
Rohini-125 
Rohini-100 
Rohini-75 
Rohini-75 TR 
Fibreglass-125 
DTV 
FFAR test rocket 

Total 

— 7 

25 

15 2 — 

13 
12 

— 5 
— 1 
7 3 

10 — 
4 49 
4 2 
5 — 

25 
2 

51 
20 
4 

3 — 
23 18 
37 49 

62 24 
12 
54 

23 14 16 42 49 134 125 113 102 

39 

32 

— 1 

2 — 
9 — 

10 
229 
51 
123 
36 

2 
18 
51 
120 
15 
32 
7 
1 
39 

90 845 

Rockets for scientific studies Rockets for meteorological studies Test rockets 



(a) C-4 ionosondc, operating in the frequency range 1 to 25 MHz for exploring the bottomside of 
the ionosphere. Topside of the ionosphere is also being studied using the recordings made from 
Alouette and ISIS satellites. 

(/;) Riomcters, for the measurement of ionospheric absorption, operating at 16.5 and 21.3 MHz. 

(c) Proton precession magnetometer for recording daily variation of the total magnetic field. A 
magnetic observatory close to Trivandrum is equipped with a set of Akamia earth magnetic 

. variometers for continuous photo-registration of all the three components of the field. 

(<l) Phase-path equipment for the study of motion of ionospheric irregularities. 

(e) A coherent back-scatter radar operating at 54.95 MHz for the study of ionospheric irregularities. 

( / ) Observations of solar activity;'both in optical and radio regions. 

Experiments (a) to (e) arc being conducted at Thumba. Solar optical observations arc carried out 
from Kodaikanal and radio observations from Ooty. 

1.4 Rocket Iaunchings 
Rockets are launched to the west between azimuth angles of 190° and 300°. The maximum possi

ble nominal elevation angle is 85° (87° after wind correction). The impact area lies on the Arabian sea 
up to about 300 km from the shore along the firing azimuth. 

The first rocket from Thumba was launched successfully at 1825 1ST on November 21, 1963. 
It was a two-stage Nike Apache rocket, provided by NASA, carrying sodium vapour payload for studying 
the neutral upper atmosphere between 80 and 200 km. Since that time about 385 rockets carrying various 
scientific and meteorological payloads have been launched till the end of 1975. Many international 
institutions/organisations have fruitfully participated and collaborated in many of these scientific investiga
tions. 

Physical Research Laboratory (PRL) has had the major share in the rocket experiments conducted 
from this Range. Other Indian institutions which have carried out investigations from Thumba include 
the India Meteorological Department (IMD), Indian Institute of Science (IlSc), Gujarat University, 
National Physical Laboratory (NPL) and Tata Institute of Fundamental Research (TIFR). Scientists 
from France, Federal Republic of Germany, Japan, United Kingdom (UK), United States of America 
(USA) and Union of Soviet Socialist Republics (USSR) have collaborated with their Indian counterparts for 
carrying out experiments from Thumba. 

Table 1 shows an year-wise break-up of different types of rockets launched from Thumba. Fig. 1.2 
is a histogram showing the year-wise break-up of scientific and meteorological rockets launched from 
Thumba, indicating also the successes and failures separately. Appendix I (in four parts) is a summary 
.of the performance of various rockets launched and the payloads flown. Appendices II and III are 
tables listing the individual launchings for scientific and meteorological experiments respectively, also 
indicating the performance of the rockets and payloads separately. 

6 



CHAPTER II 

METEOROLOGY 

A major portion, nearly 75 %, of the total rocket experiments carried out from Thumba so far, have 
been for meteorological purposes. The meteorological rocket sounding programme commenced on July 14, 
1964 with the launching of the Judi Dart rocket with copper chafT payload for measuring the upper atmos
pheric winds, which was followed by 35 numbers more up to August 1969. The upper atmospheric wind 
and temperature measurements were also made in March 1970 with Skua rocket system. The regular 
weekly M-100 meteorological racket soundings during the period December 1970 to June 1974 provided 
very good upper air data on winds, temperature and pressure up to 80 km altitude for the analysts of the 
physical processes in the upper atmosphere. The aim of these meteorological rocket sounding programme is 
to obtain geophysical information in the equatorial region with special reference to the Indian monsoon. 
Thumba also actively participated in the International Indian Ocean Expedition (HOE), International 
Quiet Sun Year (IQSY) and Monsoon Experiment-1973 (MONEX) programmes by carrying out meteoro
logical soundings. 

The meteorological rocket sounding data are useful not only for regular weather data but also 
for meteorological support to rocket and satellite launchings. Atmospheric wind and density affect the 
performance of rockets and satellites. For space vehicle orientation and guidance, knowledge of the 
atmospheric structure at least up to an altitude of 100 km is necessary. Atmospheric density profile within 
an accuracy of 5 % is required in planning the re-entry of space vehicles. The Thumba data of lower 
and upper atmospheric parameters will be helpful in the design and development of Indian sounding 
rockets and satellite launch vehicles. 

Synoptic meteorological data collected from Arctic to Antarctic in the eastern hemisphere with the 
help of M-100 rockets and in.conjunction with Soviet stations has helped in a better understanding of 
the circulation processes in the atmosphere and in constructing mathematical and dynamic models of the 
atmosphere. The strato-mesosphcric circulations and energy transfer in the vertical and horizontal direc
tions, under the influence of solar radiation, and their linkage with ionospheric processes, have assumed 
greater practical and geophysical importance for the understanding of weather and climate. 

In the light of the experience gained with Judi Dart, Skua and M-100 meteorological rocket systems, 
ISRO is on the way of designing and developing its own meteorological rocket system 'Menaka'. The 
payloads, being developed by the Indian Institute of Tropical Meteorology (HTM) and Space Applica
tions Centre (SAC), are under test and expected to be operational shortly. 

The meteorological rocket sounding results obtained through Judi Dart, Skua and M-100 rockets are 
presented in this chapter in detail. 

2.1 Judi Dart rocket soundings 
All the Judi Dart launchings were carried out during day time on world days of the IUWDS 

International Geophysical Year Calendar so as to facilitate near synoptic study. The launchings were 
made as part of the collaborative programme between IMD and NASA. The peak altitudes of observa
tions varied from 30 to 65 km. There were a total of 36 Judi Dart soundings, 33 with copper chaff 
payloads and 3 with instrumented dart (for temperature measurement). The instrumented darts failed 
in all the three cases. The last seven Judi soundings employed Indian dart and copper chaff payloads 
developed at TERLS. 

7 



The main conclusions of the above study, reported in various publications (RAO, 1965, 1967, 1969; 
RAJA RAO and JOSEPH, 1969) are summarised below: 

(i) In the equatorial mesosphere (in the altitude range 48-60 km) the winds are generally westerly 
during February through April and again from October to mid-December; in the former period 
the winds are strong attaining at times speeds exceeding 50 m sec-1 and in the latter period 
relatively weak winds in the range 5-15 msec -1 prevail. During the remaining months of 
the year the Mow is predominantly easterly with the speed varying in a wide range from 5 to 
30 m sec-1. 

(ii) In the equatorial stratosphere (in the altitude range 20-48 km) the winds are generally easterly 
except during the two intervals April and October-November; the speed of the easterlies is gene
rally 10-20 m sec-1 except in July-August when they reach 40 m sec-1 or more. On the other 
hand the westerlies lie in the range 20-40 m sec-1 in April and below 15 msec -1 in October-
November. This observed flow is capable of being considered as a combination of a basic eas
terly flow, semi-annual, annual and quasi-biennial components, at times modified'by low-latitude 
migratory systems. 

(iii) During equinoctial periods considerable wind shear and turbulence seem to prevail in the 
equatorial mesosphere, which decrease in winter when there is a peak shear in mesosphere near 
52 km. 

(iv) The seasonal cross-section of observed winds over Thumba conforms to the CIRA (1965) cross-
section at 8.5° N. The only significant difference appears to be that the actual winds in March 
and April above 48 km at Thumba are stronger than the corresponding winds of CIRA. 

(v) A first estimate of the eddy diffusion coefficient K in the equatorial mesosphere is about 
2-3 x 10Gcm2 sec-1. A similar estimate of K in the equatorial stratosphere is about 3-10 X 
103cm2 sec-1. 

(vi) The transition from the middle latitude circulation to the equatorial pattern appears to take place 
gradually through the sub-tropics. 

(vii) From a synoptic study of rocket wind data pertaining to March 17, 1965 over Thumba and 
four other locations, it is inferred that in the equinoctial month of March, the stratospheric wind 
speed increases with proximity to the equator, with the region of maximum wind speed to the 
south of the equator; but in the mesosphere the region of maximum wind is to the north of 
the equator. 

2.2 Skua rocket soundings 
As part of the collaborative agreement between the British Meteorological Office and the 

Indian Space Research Organisation for the synoptic meteorological rocket soundings from Thumba (8°N) 
and Gan Island (equator), there were ten Skua I rocket soundings during March 1970 on alternate days 
about half an hour after the local sunset. One rocket, was launched in the morning about half an hour 
earlier to the local sunrise to detect whether there was any significant night-time cooling. 

The Skua I rocket attains an altitude of 70 km with a payload of 4.5 kg when launched at an angle 
of 85° elevation. The payload consists of a temperature sensor made of thin tungsten wire, telemetry 
system and a 4.5 m diameter metallised parachute. The instrumented payload is ejected at 70 km which 
is then gently brought down by the parachute. The drift of the parachute provides the information for 
determining the wind and the change in resistance of tungsten wire gives the temperature measurements. 
The launchings were made soon after sunset to avoid the temperature correction due to insolation. The 
peak altitude of observations ranged between 65 and 70 km. Temperature data were obtained for the 
first time oyer Thumba. from an initial altitude of 60-65 km down to 20 km for nine days and wind data for 
all the ten days. Detailed analysis of the results have been reported by NARAYANAN and ALMOND (1971). 



Important findings from these launchings are listed below: 

(i) The upper air winds over Thumba (81) and Gan Island (equator) are steady westerlies of 30-35m 
sec-1 from 65 km to about 42 km; steady easterlies of 15-30 m sec-1 between 40 and 24 km and 
variable 5-15 m sec-1 between 42 and 40 km as well as between 24 and 22 km. 

(ii) The temperature increases from a meau value of-72°C at 20 km to a mean value of about 0°C 
at 44 km. The stratification is almost isothermal near 0°C up to about 48 km. Thereafter 
temperature decreases to a mean value of -24°C at 63 km. 

(iii) The standard deviation of winds in different flights is 5-10 m sec"1 above 35 km and 2-5 m sec-1 

below, The standard deviation of temperature is 3-4°C up to 35 km and 6-10°C between 40 
and 60 km. 

(iv) The Thumba temperatures measured by Skua rockets agree well with CIRA (1965) model up to 
50 km but above 50 km (mesospheric region) the temperatures are found to be 5-10°C higher 
than CIRA model. 

(v) There is a. longitudinal variation of temperature and wind in the equatorial stratosphere and 
mesosphere especially in the zonal wind component in the stratopause regica. The temperature 
variations are within I0°C. The winds are stronger over Ascension Island in the stratosphere 
and weaker in the mesosphere, thereby indicating a possibility for larger kinetic energy in the 
southern hemisphere than in the northern hemisphere. 

2.3 M-100 rocket soundings 
The Indian Space Research Organisation entered into a collaborative agreement with the Hydro-

meteorological Services (HMS) of the USSR for the systematic synoptic M-100 rocket soundings weekly 
once from Thumba. The soundings from Thumba form a part of the chain over the 75° meridian ranging 
from Arctic to Antarctic. The Indo-Soviet meteorological rocket sounding programme commenced from 
Thumba on December 9, 1970 and the M-100A series of launchings concluded on June 12, 1974. This 
programme has now been revived from May 1975, after nearly 10 months break, with the launchings of 
M-100B series of rockets. In all about 230 M-100 rockets have been launched till December 1975, of 
which nearly 75% have been fully successful and about 20% partially successful. The results obtained 
from the M-100A series of launchings only are reported here. 

The M-100 rocket can reach a maximum altitude of 100 km when launched vertically. For the meteo
rological experiments it is usually fired at 83° effective elevation, with a payload weight of 66 kg. The 
standard M-100 rocket payload consists of the following: 

• four tungsten-rhenium (40 micron) wire thermometers for measuring temperature in two diffe
rent ranges; 

• two Pirani (hot wire) manometers for measuring pressure from 50 to 5 x 10"3 mm of mercury; 

• other supplementary thermometers for monitoring payload housing temperature and mano
meter temperature; and 

• electronic devices including a mechanical 60 channel commutator, a 22 MHz telemetry trans
mitter, a 1780 MHz radar transponder, antenna system and power supply sources. 

An unbalanced wheatstone bridge arrangement is used for telemetering the manometer and thermo
meter data to the ground. Two telemetry receivers with panoramic and photographic attachments record 
the data along with the timing pulses from lift off. The steeple portion containing the sensor opens around 
60 sec after lift off; the whole payload is separated at 70 sec from take off around 70 km; it attains an 
apogee of 90 km at 140 sec. At apogee, the parachute (35 sq m area hemispherical mylar non-reflecting) 
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exerts a stabilising influence on the payload and fully opens during descent at an altitude of 60-65 km 
around.200 sec after lift off. 

The Meteor radar (operating at 1780 MHz) tracks the payload in the transponder mode and the 
tracking data — azimuth, elevation aiid slant range — are photographed every second for the first 
10 minutes. Processing the telemetry record and radar films, initial data are obtained. These prelimi
nary data are fed to the computer for getting the final results. 

Piggy-back fibreglass and copper chaff payloads have also been flown successfully in M-100 rockets 
to collect wind data in the upper mesospheric region (60-90 km) which are not otherwise available 
from the standard M-100 payload, as the parachute is fully deployed only at altitudes of 
60-65 km. 

In the conventional M-100 experiments three or four fibreglass chaff bundles are ejected at intervals 
of ten km in downward direction starting from 90 km and the different chaff clouds are tracked by a single 
radar system. As this special radar facility was not available at Thumba, two types of chaffs — copper and 
fibreglass — are ejected at altitudes of 70 km and 90 km respectively. The COTAL radar is utilised to track 
the two chaff clouds alternately at 10 minutes interval. The libreglass chafT which falls at a faster rate 
and ejected at 90 km is tracked by the COTAL radar for the first 10 minutes. In addition to 27 chaff 
payloads, seven Indian met-payloads — rocket-sonde (two), falling sphere (five) — were also flown in 
M-100 rocket for testing the pay'.oad performance. 

The M-100 meteorological rocket-sonde data obtained from Thumba have been used for the study of: 

• climatology of upper air parameters over India; 

• regional features of long term oscillations over India; 

• phase relationships between these oscillations; and 

• possible effects of upper air condition on the troposphere over India particularly during the 
monsoon. 

The investigations of the equatorial upper atmosphere over India by these soundings have led to 
the following conclusions (NARAYANAN, 1973; NARAYANAN and GEORGE, 1976): 

(i) In the equatorial mesosphcre, the winds are generally westerly during the equinox periods with 
speeds of 30-50 m sec-1 and a standard deviation of 20 msec"1. During summer and winter, 
the winds are predominantly easterly with speeds varying over a wide range, + 15 to -50 m 
sec-1, with a standard deviation of 25 m sec-1. During the seasonal transition periods, meridio
nal flow becomes predominant, occasionally exceeding 50 m sec"1 with a standard deviation of 
25 m sec"1. For the rest of the period the meri^-'onal flow is weak, less than 10 m sec-1. 

(ii) In CIRA (1965) model, the mesospheric temperatures are found to be 10°C higher than the 
corresponding values over Thumba. The stratopause in the CIRA model is at an altitude of 
50 km, whereas the Thumba data strongly suggest that it is near an altitude of 45 km. While 
the temperature over Thumba up to an altitude of 40 km agrees with that of CIRA the tempera
tures are cooler by about 5°C at 50 km and ranging from 10° to 20°C up to 70 km altitude 
(Fig. 2.2). This difference decreases above the mesopause over Thumba (~75 km). 

(iii) The equatorial mesopause over Thumba is apparently lower by about five km than at sub
tropical latitudes. Mean mesopause temperature was found to be - 84°C with a standard 
deviation of 8°C. 
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Fig. 2.2 Comparison of mean temperature values over Thumba 
with that of CIRA (NARAYANAN, 1973) 
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(iv) The quasi-biennial oscillation is prominent in the lower stratosphere (20-35 km) with a maximum 
amplitude of 22 m sec-1 for the zonal wind and 2.7°C for the temperature. 

(v) The annual oscillation is significant at 20, 35 and 55 km with amplitudes of 10 m sec-1 for the 
zonal wind and 3°C for the temperature. 

The semi-annual oscillation is predominant in the upper stratosphere (40-50 km) and mesosphere 
(70-80 km) with maximum amplitudes of 25 m sec-1 for the zonal wind and 3-7°C for the 
temperature. 

(vi) The power spectrum analysis of the zonal and meridional winds and temperature in the strato
sphere and mesosphere reveals, at 95% confidence level, short term periodicities of 0.5 month 
(~2 weeks) and 0.7 months (~3 weeks) in the stratosphere and mesosphere respectively in 
addition to the well known semi-annual periodicity. The data coverage for 3 years is, however, 
too meagre to detect the annual and quasi-biennial oscillations. 

(vii) The fibreglass and chaff cloud dispersion analysis shows that the average value of eddy diffusion 
coefficient in the equatorial stratosphere is 5 x 10° cm2 sec-1 in the mesosphere and above 
85 km decreases to about 10° cm2 sec-1 in the lower thermosphere. There is a considerable 
increase in the diffusion coefficient in the mesospheric region during summer (~10) 
suggesting strong turbulence during the monsoon season. 

(viii) Examination of the Skua rocket-sonde data of March 1970 and M-100 rocket-sonde data for the 
period December 1970 to March 1971, has shown that warmings, less pronounced than in the 
case of middle and high-latitude stations but of noticeable magnitude, occurred in the mesosphe
ric and upper stratospheric levels (MUKHEIUEB and RAMANAMURTHY, 1972). There is no 
definite -ndication that these warmings were of the propagating type. However, they appear 
to have moved in the vertical at the rate of 3-5 km per day. 
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(ix) Analysis of the rocket wind data from 100 meteorological rocket launchings over Thumba spread 
over two years (December 1970 to December 1972) indicates a significant correlation between 
the intensities of the equatorial stratospheric jet (ESJ) stream and tropical easterly jet (TEJ). 
An instability near the stratospheric jet travels down to the level of the troposphcric jet in seven 
days (RAJA RAO and JAYANTHI, 1975). 

(x) The response of neutral temperatures in the equatorial mesosphere to variations in solar activity 
has been studied by investigating the correlation between the 10.7 cm solar radio flux and 
temperatures obtained from a series of 51 rocket soundings conducted over Thumba during 
the period December 1970-Dcocmber 1971 (RAMAKRISHNA and SESHAMANI, 1973). A strong 
positive correlation between these two parameters has been obtained, indicating mesospheric 
heating effects caused by day-to-day variations in solar EUV emission. The correlation analysis 
indicates that this response persists over several days and that the peak correlation between the 
temperature and the 10.7 cm flux index occurs with a time lag of less than 24 hr. 

(xi) The weekly changes occurring in the upper air temperature and winds over Thumba are found 
to be closely related to the monsoon phenomena — pre-monsoon thunderstorm activity, 
advance, setting in, 'break' and withdrawl of south-west monsoon and the setting in and 
cessation of north-east monsoon. 

The zonal and meridional stratospheric circulation indices (average wind within the layer 40-50 
km) appear to provide an advance information of two to three days regarding the onset of 
monsoon over the Indian peninsula. 

(xii) The wind reversals and warming or cooling taking place a week or two earlier in the strato
sphere and mesosphere give advance information about the behaviour of the monsoon and hence 
can be utilised as a potential tool for forecasting some of the features of the Indian monsoon. 

(xiii) Spring and autumn reversals of equatorial stratospheric winds are also closely related to the 
setting in of summer and winter seasons in the high latitude region. 

Five falling-sphere experiments as piggy-back payloads on M-100 rockets were carried out during 
the period September 1973 to February 1974. Wind data were available in the altitude range of 20-50 km. 
Detailed analysis for deriving other atmospheric parameters from sphere track data are in progress. 

Under the collaborative programme on rocket meteorology between India and the USSR, an Indian 
scientist participated in the 17th Antarctic expedition in 1972. In this programme M-100 rockets were 
launched weekly once from Molodozhnaya (67°S) as part of the synoptic study to understand the Arctic-
Antarctic circulation over the eastern hemisphere zone. Comparison of these data and the results from 
Thumba for the corresponding period has shown that (SEIIRA, 1976 a,b): 

(i) During southern summer the polar tropopause and stratopause are about 27°C and 13°C warmer 
than the corresponding equatorial layers, while the mesopause is about 25°C cooler. 

(ii) During southern summer the zonal winds in the stratosphere are predominantly easterly with 
speed of about 50 m sec-1 both over Antarctica and the equator. In southern winter the Antarctic 
zonal winds are strong westerly with speed of about 100 m sec-1 and equatorial winds are pre
dominantly easterly with speed of about 40 m sec-1. The meridional winds are found to be 
variable. 
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CHAPTER III 

UPPER. ATMOSPHERE 

THE equatorial upper atmosphere, including the ionosphere and the equatorial electrojet, is as yet 
insufficiently understood. An extensive programme of study is in progress at Thumba for this purpose. 
This includes the study of atmospheric parameters like neutral temperature, winds, turbulence, electron 
density and temperature, neutral and ion compositions, electric fields and currents and drifts of inhomo-
geneities in the E- and F-regions of the ionosphere. 

The results and conclusions from the various rocket experiments conducted for these studies from 
Thumba are presented in this chapter under the following sub-headings: 

1. Neutral atmosphere 
Dynamics 
Structure 
Composition 
Atmospheric emissions 

2. Ionosphere: measurement techniques for electron density determinations 
3. Electron density in the D- and E-regions 
4. Ion composition 
5. Electron density irregularities 
6. Electrojet: electric and magnetic field measurements 
7. Solar X-ray and charged particle measurements 

In Fig. 3 .1a comprehensive picture of upper atmosphere is shown. With this figure as reference, 
the various phenomena and results of measurements are discussed in this chapter. Some of the pheno
mena shown in this figure —• e.g., aurora, noctilucent clouds, etc., are, however, not observed at these 
latitudes. 

3.1. Neutral atmosphere 
3.1.1 Neutral atmosphere dynamics 

The first rocket from Thumba flown on November 21, 1963 was for the study of the structure 
and dynamics of the neutral atmosphere by the release of sodium vapour cloud. Since then many more 
rockets have been flown for this purpose, but only recently a few direct temperature measurements have 
been possible. Neutral winds in the altitude region of 100 to 200 km have been derived by observing 
the motion of sodium and barium-strontium (during twilight) and in the height region of 80 to 125 km 
by trimethyl aluminium (during night time) releases. The motion of these controlled chemical releases 
is observed from two or more ground stations, equipped with K-24 aerial cameras, by photographing them 
against the background of known stars. These motions are interpreted as direct measurements of thermo-
spheric winds, and the temperature and expansion of the cloud interpreted as ambient temperature and 
a measure of diffusion respectively. 

Following features of winds have been observed from sodium, barium-strontium and ,'rimethyl 
aluminium vapour releases (BHAVSAR and RAMANUJA RAO 1968; NARAYANAN, 1973; DESAI et al.. 19.'5): 

(i) A wind maximum occurs between 100 and 110 km, the average wind speed at the maximum 
being about 100 m sec-1. 

(ii) Two minima are seen in all the wind profiles, one around 115 km and the other between 135 
and 150 km. 
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(iii) In the 100-110 km regi'-K ..arge wind shears are observed similar to those observed at other 
latitudes. During night times, however, these are of a comparatively lower magnitude. 

(iv) The zonal winds at Thumba are towards east i.i the height region of 115 to 140 km and 
towards the west in the height region of 140 to ISO km. No seasonal effects are observed in 
zonal winds above 150 km. 

(v) The meridional component of winds shows irregular variations with height up to about 150 km 
and thereafter it is mostly towards the north during twilights in winter. This (low is opposite 
in direction in summer to what is observed in winter. 

(vi) The winds show a diurnal variation between 130 and 170 km. the evening twilight winds being 
stronger than those of the morning twilight. 

(vii) The rotation of the wind vector with height does not show any regular pattern. 

(viii) The reversals of the zonal winds to the eastward direction at heights above 200 km as observed 
by Ba-Sr releases seem to confirm the super-rotation hypothesis advanced by King Hele on 
the basis of satellite drag observations. 

(ix) From point releases of Ba-Sr clouds, vertical motions have also been observed on a few occasions, 
sometimes even as high as 30 m sec-1. Horizontal wind velocity variations during the period 
of observation and vertical velocities at some heights have been interpreted as propagating wave 
phenomena. 

(x) Evidences of turbulence features, both during the up- and down-leg releases of vapour clouds, 
have been observed and turbopausc has been located at around 105 km during an.evening 
twilight launch (up-leg) and around 95 km during night time (down-leg). The trail evidences 
of turbopause at Thumba have been interpreted as cessation of the turbulence rather than the 
time-scale effect (as suggested by Rees etal., 1972). 

(xi) There is a good agreement between the results of average E-region drifts, as measured by the 
spaced receiver technique at Thumba, and the night-time neutral motions in this region, in the 
east-west direction. The Ba-Sr releases show that the ion clouds are affected by neutral motion 
fully up to 160 km and only along the field lines beyond this height. 

Recently, under a collaborative programme between ISRO and the Science Research Council 
(SRC) of the UK day-time winds have been measured by the release of lithium vapour clouds and tracking 
them by the photometric technique. An overwhelming dominance of the semi-diurnal component at 
all altitudes has been observed in contradiction to theoretical predictions (BHAVSAR et al., 1975). 
Detailed analysis is in progress. 

General global circulation pattern has been derived (BHAVSAR etal., 1976) on the basis of results 
of winds over Thumba and results from other stations over the globe as observed by vapour release tech
nique, according to which: 

(i) The meridional flow shows strong seasonal trend above 150 km altitude. There is a nett flow 
from the summer to the winter hemisphere, which is more markedly evident from the evening 
twilight observations. 

(ii) The super-rotation hypothesis, that the atmosphere above 180 km has a nett eastward velocity, 
finds support particularly from mid-latitude evening observations. 

(iii) The flow fi om the summer to winter hemisphere also gives credence, to the argument that neutral 
winds are the causative mechanism for the observed asymmetry .in the. equatorial anomaly. 
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Fig. 3.2 Temperature profiles, as derived from diffusion measurements on Ba-Sr clouds released over Thumba on 
March 28 and 30, 196S and comparison with Jacchia (1971) model atmosphere profile (DESAI and NARAYANAN, 1970) 

3.1.2 Atmospheric structure 
A new procedure for correcting sky background in the measurement of diffusion coefficient 

of vapour clouds has been developed (DESAI and NARAYANAN, 1970). A new method for calculating atmos
pheric temperatures from the observed diffusion profile 1MS also been developed and applied to the Ba-Sr 
releases over Thumba. This method of temperature determination, though indirect, will be of great value 
when diffusion profiles are measured simultaneously with temperatures at a few altitudes. The effect of 
finite exposure and the mass motion of the cloud on diffusion measurement shows that this effect is much 
smaller than what has been reported by others. The temperature profile, derived from diffusion profiles, 
below 150 km shows negative gradients not compatible with the present day model atmosphere (Fig. 3.2). 
From mass spectrometer investigations over Thumba (GOLISIIEV el al., 1969) also similar features have 
been surmised. Various possibilities for this anomalous behaviour have been investigated. Wave propa
gation and departures from barometric law of the atmospheric constituents seem to be the important causes, 
besides the possibility of additional diffusion at lower levels (NARAYANAN, 1973). 

3.1.3 Neutral composition measurements 
Two Centaure rockets, carrying radio frequency mass spectrometers, were flown on February 22, 

1968 from TERLS — one during day time and another during night time. Analysis of ratio of ion currents 
for argon and nitrogen shows the gravitational separation to occur at a height of 110 + 2 km. Also 
an increase of relative concentration of atomic oxygen to atomic nitrogen during the day time over that 
of night time, at least in the height interval 110-130 km, has been observed (GOLISHEV et at., 1969). The 
results also indicate an abnormal region near 140 km as seen by the ratio of no. density of argon 
to nitrogen. Th:s suggests a region of excess temperature, also concluded from ail independent study 
of structure determination by vapour releases. 
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Nitric oxide filled ion chamber with lithium fluoride windows were flown from Thumba to measure 
the absorption profile of solar Lyman-alpha radiation which in turn was used to compute the molecular 
oxygen concentrations in the height region 65 to 95 km. SUBBARAYA etal. (1974 a) report results of two 
day-time flights and ZALPURI and SOMAYAJULU (1974 a) have ' -ported the results of three flights conducted 
on a single day. A small diurnal variation of 0 2 density has been noticed with the morning values 
being highest and the afternoon values lowest. 

It is observed in all the flights that 0 2 concentration over Thumba is in general lower than those 
given by Groves' model. ZALPURI and SOMAYAJULU suggest that their experimental values and model values 
can be made compatible if the Lyman-alpha absorption cross-section is reduced by about 10%, while 
SUBBARAYA etal. take recourse to the observational results of large variations in neutral atmospheric 
densities at mesobphcric heights, which is at a lower level over Thumba than at higher latitudes as shown 
by M-100 soundings and as also conjectured by SHIRKE and PRADHAN (1974) from the study of D-region 
electron density profiles. SUBBARAYA etal. (1972 a) also find the presence of wave-like structures with 
a wavelength of 12 km in the Os concentration profiles at mesospheric heights. 

The nitric oxide density profiles have been derived by making use of actual in-flight measurements 
of height distribution of Lyman-alpha intensity, electron density and positive ion density and composition 
(ZALPURI and SOMAYAJULU, 1974 b). The features of these profiles are similar to that of Mcira's experi
mental values with a minimum observed around 82 km. The densities at equator are not significantly diffe
rent from those at mid-latitudes. The values for x = 28° are substantially lower than those for x = 53° 
and JMeira's values, which is not explainable m theoretical b;\sis of reaction rates. 

3.1-4 Atmospheric emissions 
Vertical profiles of 5577 A atmospheric emission due to atomic oxygen was obtained (KULKARNI, 

1976) over Thumba with a dual-filter photometer. The emission has been found to have a peak at 
1 0 2 + 2 km (with a half-width of 10 km) which is a little higher ( ~ 6 km) than that at tropical and mid-
latitudes. Total emission of 5577 A at equator obtained by using the rocket data and ground-based 
measurements, shows that it is low compared to that at tropical and mid-latitudes. It was found that the 
intensity contribution from F-region over Thumba was much smaller than those reported for mid-latitudes. 
Atomic oxygen profile derived from these profiles shows a peak at 102 km with a density of 3.2 X 10u 

atoms cm"3. 

Four XUV photometers were flown on a Nike Tomahawk rocket up to an altitude of 264 km from 
Thumba on March 10, 1970 at 0205 1ST. Observations were made on the emission il.ies of geocoronal 
Lyman alpha at 1216 A, helium 1 at 584 A and helium II at 304 A. 

The hydrogen Lyman-alpha observations (PARESCE at al„ 1972) have given information both on the 
absolute fluxes as well as variations with zenith angle of the geocoronally scattered Lyman alpha in the 
night sky. Whereas the observed zenith angle variations are consistent with the theoretical predictions 
of Meir and Mange, the absolute values are nearly four times larger than the predicted fluxes. Possible 
causes of departure are: (i) deviation in cxospheric temperature from the Meir and Mange assumed 
value of 1100CK and the consequent differences in the exospheric hydrogen distribution, (ii) variations 
in solar Lyman-alpha flux and (iii) variations in the line profile of the solar emission line. The observed 
departure by a factor of four is too large to be attributed to any or all of the above three causes. 

The intensity variation of the 304 A radiation obtained above 250 km is not consistent either tvitft 
diffusive equilibrium models of exv-,pheric helium ions or with plausible models of helium in the inter
planetary medium. A constant density plasmasphcric model with an equatorial trough and a tenuous 
plasma sheet extending to the magnetopause was found to be compatible with the observations. The 
required ion densities for this model are compatible with existing satellite observations (PARESCE et al., 
1973 a). 

The flux of the He I emission at 5S4 A varies with look angle from 16 + 5 rayleighs to less than 1 
rayleigh. Since the- peak flux levels observed are approximately two orders of magnitude larger than that 
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expected from gcocoronal resonant scattering, the results have been compared with those expected from 
two interplanetary sources of neutral helium: the penetration of the local interstellar medium into the solar 
neighbourhood .and the dust dc-ionisation of solar wind alpha particles. Both sources are compatible 
with the data, the latter fitting better. It has been concluded (PARESCE el al., 1973 IS) that more extensive 
observations of He 1 584 A radiation will provide information on the temperature and density of the local 
interstellar medium or on the distribution of dust witv,;i the solar system or both. 

3.2 Ionosphere 
A large number of experiments have been conducted from the Thumba Range for the measurement 

of electron density-height profiles to understand the behaviour of the ionosphere using various .types of 
plasma probes. A typical electron density profile is shown on the right hand corner of Fig. 3.1. The 
electron number density profile in the ionosphere has large diurnal and seasonal variations. It is also a 
function of latitude and solar activity. 

The ionosphere extends from about 60 km to the far reaches of the atmosphere with three distinct 
regions, D-region (60 to 90 km), E-region (90 to 150 km) and F-region (150 km and beyond) and also 
the less marked C-region during day time below about 60 km. The C-layer is believed to be produced 
by cosmic rays, D-layer by solar Lyman-alpha radiations at 1215 A as well as hard solar X-rays, and 
the E-region by solar Lyman-bcta radiation at 1025 A and soft X-rays. The F-layer is produced by helium 
1 and II lines at 584 A and 304 A. The role played by other particle fluxes, if any, is not yet clear. The 
equatorial region is an ideal location to study the relative roles of these agencies in producing the different 
layers of ionisation, as at the higher latitudes the incoming charged particles play a more dominant role. 

The various techniques that have been employed at Thumba for measuring the electron density 
profiles in the D- and E-regions are described below in brief: 

(a) Langmuir probe 

In the Langmuir probe the tip of the nosecone forms the probing electrode and is insulated electri
cally from the rocket body. A slowly varying sweep voltage is applied to the same. Depending on the 
polarity and amplitude of the applied voltage, ions or electrons are attracted towards the probe constituting 
the current in the probe circuit which is then amplified several million times before being detected and 
monitored on the ground. An analysis of the volt-ampere characteristics of the probe yields the electron 
density and temperature profile in the region explored by the rocket (SATYA PRAKASH and SUBUARAYA, 1967). 

(b) DC probe 

A DC probe is a simple variation of the classical Langmuir probe. In a Langmuir probe every 
voltage sweep yields one value of electron density and electron temperature (typically in one second) 
which is not satisfactory for studying fine structures in electron density profiles. In such cases a DC probe 
is used with advantage. Hco the probe voltage is kept constant at a sufficiently high positive value and 
the resulting electron current to the probe is measured. The current, is proportional to the ambient elec
tron density. If the probe current is suitably calibrated the electron density profile can be obtained. 

(c) Capacitance probe 

In this technique the capacitance associated with the tip of the nosecone forms part of a tank 
circuit of an if oscillator. As the probe enters the ionosphere the capacitance changes, thereby shifting 
the resonance frequency of the circuit which is monitored by swiftly sweeping the oscillatoi over a range 
of frequencies. The data are then telemetered to ground. It is possible to interpret the results in terms 
of electron density and collision frequency of electrons. 

(cl) Resonance probe 

The resonance probe technique utilises a sweep-frequency transmitter and a receiver, both suitably 
located on the same rocket. The" signal transmitted from the transmitting antenna propagates into the 
ambient medium and a part of this signal after traversal in the medium is received by the receiving antenna. 
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As the frequency of the transmitter is swept the received signal goes through a number of series and 
parallel resonances at different characteristic frequencies of the medium, e.g., the upper hybrid frequency. 
A knowledge of these frequencies can be used to determine the ambient electron densities. 

(e) Radio propagation method 

This involves flying a radio receiver in the rocket which as it recedes from the ground records 
the field strength of a ground-based transmitter giving a measure of the ionospheric absorption of 
radio waves. This in turn yields the electron density and electron collision frequency profiles in the 
absorbing region. The quasi-transverse propagation conditions at the magnetic equator offer some 
interesting experimental possibilities for precision measurements of C-rcgion; measurements which would 
be impractical at mid-latitudes. 

( / ) Cosmic radio noise method 

Some of the stars in the sky are found to be continuously emitting radio waves labelled the 'cosmic 
noise'. Ionospheric absorption measurements can also be made using a rocket-borne receiver monitoring 
the absorption of cosmic noise produced by such radio stars instead of a localised ground based trans
mitter. Interpretation of the results is relatively difficult in this case as the sources are distributed in the 
sky and the noise background is continuously changing. 

(g) Variable frequency impedance probe 

Here the nosecone is used as a sensor antenna. When the sensor enters the ionised medium, the 
simple neutral air capacitance between the nosecone and the rocket body transforms into a resonant 
circuit, the values of components in the equivalent resonant circuit depending on the electron/ion density. 
As the frequency of the constant voltage oscillator sweeps every half second from 1 MHz to 8 MHz, a 
current minimum corresponding to parallel resonance and a maximum corresponding to series resonance 
are observed which after suitable detection and amplification are transmitted to the ground telemetry 
station. The telemetry record thus gives variation of probe current against the oscillator frequency. The 
frequency corresponding to the major current minimum is taken in the calculation of plasma frequency 
at different heights. 

The probes described above have features complementary to each other and have to be used in com
bination to achieve the best results. 

3.3 Electron density profiles in the D- and E-regions 
The general features of the profiles measured over equator are similar to those obtained at other 

latitudes. The electron density rapidly increases with altitude up to about 70 km. Above this height 
the electron densities vary relatively slowly with altitude showing a peak at 75-78 km and reach a sharp 
minimum in the range 80-85 km. Above this minimum the electron density increases very rapidly 
with altitude. 

Evaluation of the possible production sources leads to the conclusion that solar X-rays, photo-ionisa-
tion of nitric oxide by Lyman alpha and cosmic rays dominate ion production in the D-region during 
quiet conditions (AIKIN et ah, 1972). 

The equatorial electron density measurements have been used to depict the variation of electron 
densities as a function of solar zenith angle in an attempt to identify the relative importance of the solar 
Lyman alpha and galactic cosmic rays as production sources (SOMAYAJULU etal., 1973). It is seen that 
at altitudes below 65 km the electron densities are practically independent of solar zenith angle, thus, show
ing that solar Lyman alpha makes little contribution to the ionisation and that galactic cosmic rays are the 
dominant production source. The electron densities at heights of 70 and 75 km show a strong solar 
zenith angle dependence (Fig. 3.3). One may, thus, infer that in the altitude range 70-75 km the solar 
Lyman alpha is the principal i onisation source. Since below 65 km cosmic rays are the main ionising 
source, the transition from cosmic rays to Lyman alpha seems to occur in the altitude region 65-70 km 
at equatorial latitudes. . - . ' . ' 
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Fig. 3.3 Variation of electron density with solar zenith angle (SOMAYAJULU el al., 1973) 

SHIRKE and PRADHAN (1974), from the various electron density measurements made from the 
Thumba Range, have shown that a good correlation exists between the electron density at 80 km and the 
sun spot number (a measure of Lyman-alpha flux) at the time of these experiments. The correlation bet
ween electron density in the D-region and the corresponding solar X-ray flux has been shown to be rather 
poor. This shows that normally it is the Lyman-alpha radiation from the sun that is responsible for 
producing the D-layer of the ionosphere. 

It was shown by AIKIN el al. (1972) that the profiles for .v = 53°, 28° and 48° obtained over 
Thumba are consistent with the latest nitric oxide density profiles measured by Meira (1971), the presence 
of hydrated ions and the recombination coefficients measured in the laboratory. Above 75 km the profiles 
are shown to be consistent with nitric oxide profiles of the type given by Meira and the relevant solar 
X-ray flux measured by proportional counters aboard the same rockets and by satellites. AIKIN el al. 
(1972) have also noted an unexplained asymmetry between the forenoon and the afternoon profiles 
above 70 km. 

Measurement of D-region electron density profiles carried out by a rocket-borne riometer (SOMA
YAJULU and AVADHANULU, 1974) agree fairly well in shape with those derived from the propagation 
experiments, carried in the same flight, except for absolute values. The accuracy in the riometer probe 
is limited because of the small amount of the total D-region absorption during normal conditions. On 
the other hand, this technique would yield better measurements when there is large ionospheric absorption, 
such as during a period of high solar activity, a solar flare or a PCA event. 
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SATYA PRAKASH etal. (1974) from an analysis of three D-region profiles obtained during day time 
(1110 1ST, 1300 1ST and 1415 1ST) on different days with Langmuir probes (normally used for E-region 
measurements) have reported the following features: 

(i) A high degree of variability of profiles observed above 75 km and the near constancy below, 
indicating that the two regions are probably characterised by altogether different ion chemistry. 

(ii) The presence of a ledge in the electron density profiles around ihe height region of 60 km on two 
of the three profiles. This appears to be a common feature of the noon-time D-region over 
Thumba. The ledges have been explained on the basis of electron removal by photo-detachment 
from negative ions, following the suggestion of Thomas et al. It is also suggested that these 
negative ions could be predominantly the heavy water clusters. 

(iii) One of the flights showed a steep gradient at 86 km, the electron density increasing by a factor 
of 5 in half a km. Another profile also showed a gradient, but to a smaller extent. This is nor
mally attributed to changes in positive ion composition — the lower heights dominated by water 
clusters and other heavy ions and the higher heights by NO+ and C>2+. Ion composition 
measurements over Thumba (GOLDBERG, 1971) also confirm this feature. Loss rate criterion 
indicates the predominance of heavier water clusters at these heights. 

SOMAYAJULU et al. as well as SATYA PRAKASH et al. have noticed that the valley which normally 
exists between the T>- and E-regions of the ionosphere gets filled up during disturbed solar conditions 
when the solar X-ray flux increases considerably. This suggests that though under normal conditions 
the X-rays from the sun do not play an important role in ionising the D-region, they do become 
very important during a solar flare. 

Combined results of various techniques show (SHIRKE and PRADHAN, 1974) that the D-region 
ledge in the equatorial zone is a few km lower than what is observed at mid-latitudes. This has been 
attributed to the relatively lower level of the mesopause in the equatorial region, as evidenced by M-100 
meteorological experiments (vide Chapter II). 

The electron density profiles in the equatorial lower ionosphere obtained from rocket experiments 
have been compared with the mid-latitude profiles obtained during- similar conditions of solar activity 
and using the same techniques. KANE (1969), from the comparison of Thumba and mid-latitude D-rcgion 
profiles, has conjectured some evidence for a latitude-dependent effective recombination coefficient in the 
altitude region dominated by cosmic rays. It is seen (SOMAYAJULU el al., 1974) that the electron density 
profiles in the altitude range 70-80 km for mid- and equatorial-latitudes agree very well, both in magnitude 
and in general features, where Lyman-alpha radiation acts as a dominant production source and no signi
ficant latitudinal dependence is expected to be observed. Below 70 km, however, the equatorial electron 
densities arc found to be larger than the mid-latitude values, in contradiction to the current concepts of 
production mechanisms. The differences have been shown to be primarily due to the negative ion chemistry. 

Observations made in the E-region reveal a well defined valley around 130 km during mid-night 
hours as measured by LP and during early morning hours as measured by capacitance probe (SATYA 
PRAKASH el al., 1970; DEGAONKAR etal., 1970 6). The f/-type sporadic-E observed on ground ionograms 
has been shown to be due to irregularities in the height region 90 to 125 km and not due to a layer of 
enhanced ionisation. 

On two evening-time flights an E2-layer was observed in the 140 km height region. The electron 
temperature profile also showed a maximum around 140 km. Electron temperature values-were higher by 
a factor of two to three than the neutral gas temperature as taken from CIRA (1965) model. During 
times when an E2-layer was observed the electron temperatures in the layer were found to be larger than 
that below the layer by a factor of two which may be partly due to electric currents flowing in these regions 
(SATYA PRAKASH et al., 1968, 1969 b). An early morning profile measured with capacitance probe showed 
an E2-layer at 120 km. The decrease in the recomh'nation ccifficient with the increase in electron 
temperature has been shown to be at least partly responsible for the enhanced ionisation in these regions. 
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3.4 Ibn density and ion composition measurements. < 
Composition and number density measurements of negative ions is very difficult due to the presence 

of electrons. An estimate of negative ion density is made by simultaneous measurements of electron 
and positive ion density and applying charge neutrality criterion. Above about 80 km, there exist practi
cally no negative ions and the electron and positive ion density balance each other. 

For the measurement of positive ion density the following techniques have been used in the flights 
carried out at Thumba: . • • . , ,,<;,, • • , 

Total positive ion densities , ' , 

(a) GenUen condenser 

The device in its idealised form consists of two concentric cylinders between which is maintained 
a determined flow of ionised air. With the appropriate electric field between the two cylinders the current 
to either reaches a saturation value I, which is a simple function of the ion density N+. 

(b) Cylindrical probe : > . i ,• • 
The cylindrical probe consists of a cylindrical .wire electrode emerging from the side of the rocket 

body. A negative sweep voltage on the electrode with respect to the rocket body attracts positive ions, 
constituting the probe current which can be monitored after suitable amplification. 

Such positive ion probes were flown from Thumba on three Skua rockets by UK scientists in 1971, 
results of which are not yet available. i 

Ion composition 

(c) Quadrupole mass spectrometer 

In this system two pairs of rods arc arranged at the four corners of a square. Suitable radio fre
quency and DC voltages are imposed on these rods so as to allow ions of a particular mass to reach the 
collector located at the other end of the system. The trajectories of ions with masses other than the selected 
mass are not bounded within the quadrupole system. They get lost to one or the other of the four rods 
and do not reach the collector. By sweeping the DC voltage ions of different masses can be made 
to reach the collector. 

KANE (1972) has reported positive and negative ion composition measurements made by Gerdien 
condenser and propagation experiment on three Areas rockets from Thumba in March 1970 at twilight 
hours( -Y.= 86°, 92° and 98°). It has been seen that below 83 km the positive ion density appears to 
increase with increasing solar zenith angle. This has been explained taking into the belief that the rate 
coefficient for dissociative recombination (for N+ and Ne) is greater than that for ion-ion recombination 
(for N+ and N_). 

The ratio of positive ions to electron number density increases as the altitude decreases in the D-
and C-regions of the ionosphere. The results also show that with increasing solar zenith angle during 
twilight periods the ratio of negative ions to electrons increases at any given altitude. Also the ratio is 
in general larger at night than during the day time. Thus, at the bottom of the ionosphere the number 
density of negative ions far exceeds that of electrons and it is the negative ion density that largely balances 
the positive ion density at low altitudes. 

The equatorial D-region positive ion composition has been measured (GOLDBERG, 1971; GOLDBERG 
and AIKIN, 1971) with quadrupole ion mass spectrometers carried by two Nike Apache rockets launched 
from Thumba on March 19, 1" 70 at solar zenith angles 53° and 28°. The observed distribution 
indicates no major variations from the measured mid-latitude distribution.. The mid-day equatorial 
.D-region is observed to. be dominated by ions of atomic mass unit (amu) 37+. Heavy water clusters 
(48+,55+, 65+) peak at the Lyman-alpha unit optical depth suggesting NO+ as a major source for these 
constituents. . . . . . 
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3.4 Observed distribution of positive non-metallic ion species in the night-time E- and F-rcgions 
Thumba (GOLDBERG et a!., 1974) 

The reduction of 37* to secondary status at high zenith angle is observed. The larger zenith angle 
leads to the reduction of X-ray penetration into the D-region, consistent with the interpretation for the 
distribution above 80 km. However, this cannot account for the distribution below this height on the 
basis of currently accepted parameters and reactions. 

The same two rocket flights provide E-region data up to an altitude of about 125 km. NO+ and 
0 2

+ have been found to be the major ions as expected. These are found to oscillate with height, out of 
phase with each other. 

The E-region ion composition was also observed on two night-time rocket flights at 1940 and 
0110 LMT on March 9-10, 1970 with the ion mass spectrometer (AiKiNand GOLDBERG, 1973; GOLDBERG et 
ai, 1974). It is seen that the equatorial E-region contains a metallic belt centered at 93 km and dominated 
by Mg+ and Fe+. Traces of Na+, Al+, Si+, K* and Ca+ are also detected. The layer has a broader peak-
width and the metallics show no secondary maxima above 100 km as observed at mid-latitudes. This 
metallic layer is found to exhibit a post-sunset rise followed by a downward drift to normal height by 
0100 LMT indicating an in-phase relationship wjth the night-time dynamo-controlled h'Es and lunF2 
drifts. 

An important source of the equatorial metallic ions may be charge transfer reactions involving 
NO+ and 0 2* with the metal constituents Mg and Fe. Strong depletions of NO* and 02* at metallic 
ion peak heights in the night-time data combined with no apparent day-time photo-ionisation enhancement 
of Mg+ and Fe+ appear to justify this interpretation. 

Two ion composition altitude profiles representative of the behaviour of the night-time equatorial 
ionosphere between 200 and 300 km were obtained using ion mass spectrometer on March 9-10, 1970 
(GOLDBERG et ah, 1974). The dominant ion is O* which exhibits a nearly constant density of 2 x l 0 3 

cm - 3 for a zenith angle of 112°. The F-region exhibits a downward drift during the course of the night 
resulting in an increase in the concentration of O* by as much as a factor of 103 near 300 km about five 
hours later (Fig. 3.4). 0 2

+ concentration is correspondingly enhanced by 0 + charge exchange processes. 
NO* exhibits some increase above 200 km, also caused by the downward drift. 

Below 200 km the number densities of electrons, 0 2* and NO + remain nearly unchanged between 
flights. Since the Oa

+ and N + densities in this region deplete too slowly to be accounted for by currently 
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accepted loss rates, other sources of night-time ionisation are required. The constituent 28+ is similarly 
over abundant below 200 km if it is identified as N„+ but can be accounted for if it is identified as Si+. 

Light metallic ions (Na+, Mg+ and possibly Si+) are observed up to altitudes of 300 km. Heavier 
metallic ions, such as Ca* and K+, are observed up to 200km but in reduced quantity. The metallic ions 
are apparently influenced by ionospheric transport processes which at the equator result primarily in 
vertical drift. 

3.5 Ionisation irregularities 
Ionisation irregularities present in the medium manifest themselves in different forms at different 

heights, viz., sporadic-E, spread-F, radio star scintillation, hf and vhf scatter, etc. One of the topics of 
great interest has been that of the generation of irregularities of various sizes in the equatorial ionosphere. 
The dip equatorial region is particularly interesting in this respect as the electric and magnetic field con
figurations and the electron density gradients existing there are most suited for the production of certain 
type of irregularities which are difficult to obtain at other locations. 

At Thumba, rocket-borne Langmuir probes have been used extensively to study the ionisation 
irregularities in the equatorial ionosphere with regard to their amplitude and spectrum as well as their 
vertical extent. The Langmuir probe has a response close to 5 KHz. However, the telemetry system 
brings it down to 1 KHz corresponding to a 1 m size fluctuation in the vertical electron density profile 
when the rocket is travelling at a typical speed of 1 km per sec in the ionospheric region. By using a 
bank of electronic filters for selecting the frequency ranges it has been possible to study the amplitudes 
of these irregularities in different scale sizes. The power spectrum analysis eventually leads to a spectral 
index for each type of irregularity. The index often differs considerably from one type of irregularity to 
another permitting easy identification of the different types. 

During a radio propagation experiment, the radiowave absorption profile showed clear modula
tion in the 80-95 km region. Interpreting these as the result of horizontal electron density irregularities 
in the medium, SHIRKE and PRADIIAN (1975) have been able to show that the horizontal scale size increases 
from a value of 53 metres at 85 km to 130 metres at 90 km. 

Studies have been conducted by the Langmuir probes for investigating the irregularities at various 
times of the day as well as during the night (SATYA PRAKASH et al., 1972 a). While the results support 
the ground-based radio and radar observations in some respects, many new features have also shown 
up. The various types of irregularities observed are summarised below: 

3.5.1 Rocket-induced irregularities 
Near the apogee of the trajectory the velocity of the vehicle diminishes and often becomes subsonic. 

Rocket-induced irregularities are seen on such occasions with an amplitude of the order of 1 per cent of 
the ambient electron density. The irregularity amplitude increases with the decrease in scale size cor
responding to a spectral index of about 4-1. The scale sizes lie between 1-15 m. 

3.5.2 Neutral turbulence 
In the lower ionosphere around 80 km, fluctuations of the order of 15-20 percent are observed 

in the ambient electron density. These irregularities are of various scale sizes and persist up to very low 
altitudes. They are believed to be produced by neutral turbulence in the presence of a vertical gradient 
in the electron density. 

When the rocket-induced noise is excluded, the irregularities that represent genuine features of 
the ambient medium are found to depend on the time of the day at which the experiment is performed. 
This indicates that the production of these irregularities and/or their maintenance is dependent on the 
ionospheric parameters. While the evening and night-time results seem to fall under one category, the 
day-time results fall under a different category. 
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3.5.3 Gradient instabilities 
As the rocket approaches about 90 km, a type of irregularity is seen which has a larger amplitude 

of fluctuation on the longer wave length side (300 m vertical scale) of the spectrum. Typically the ampli
tude of these irregularities varies with altitude and may be anywhere from 2 to 20 per cent of the ambient 
density. The scale size of these irregularities are in the range 1 to 300 m and are observed in the 90 to 
125 km height region. A spectral index of the order of - 4 to - 2 is observed for these irregularities. 

These type of irregularities were observed on three evening and on one night-time flights and also 
below about 95 km, during day time. During evening twilight hours these irregularities arc found to 
occur in regions of positive electron density gradient whereas during the night time they are found to 
occur in regions of negative electron density gradient (Fig. 3.5). It may be noted that the electric fields 
at these heights aie directed upward during day time and evening he irs and directed downward £>t night time. 
From these observations it has been suggested that these irregularities are due to a plasma instability 
which requires the presence of electron density gradients and electric fields in the same direction, i.e., 
E X (dN/dz) positive, where E is the electric field vector and dN/dz is the electron density gradient. 

This condition is satisfied during evening and night-time hours, and during day time below 100 km. 
These type of irregularities are called 'cross field instabilities' or 'gradient instabilities' or 'typc-II irregu
larities'. These irregularities occur in discrete bursts and can be identified as a horizontal foggy patch on 
the ionograms, the so called q-type sporadic-E. 

During a counter electrojet event (at 1532 1ST on August 17, 1972) this instability was found 
to be absent in the positive gradient regions (SATYA PRAKASH et al„ 1976). This indicates that the vertical 
Hall polarisation field which becomes downward during counter electrojet inhibits the growth of this 
instability. The presence of a downward directed field was also indicated by the appearence of a layer 
of enhanced ionisation at 94 km on this flight. 

One of the peculiarities of these irregularities is that their vertical shape looks saw-toothed, the 
rising edge being sharper than the trailing edge when the rocket is moving upwards. This can 
be interpreted in terms of a sharper gradient in the bottomside of the irregularity than at the top. The 
reverse is the situation at night when the electric field is reversed. 

3.5.4 Two stream instabilities 
At altitudes between 105 and 110 km one notices yet another type of irregularity during noon hours. 

The spectral index of such an irregularity, which has a scale size of 1-15 m, is close to zero indicating that 
the amplitude of the fluctuations does not vary with the size of the irregularity. The fluctuations in the 
electron density are about 2 per cent of the ambient density. The maximum amplitude of these irregu
larities is seen at an altitude coinciding with the altitude of maximum electrojet flowing in the ionosphere. 
Existing theories show that such irregularities can be generated only if the streaming velocity of electrons 
in the jet is equal to or greater than the ion acoustic velocity at that altitude. These irregularities are 
also referred to as 'type-I' irregularities. 

Using the simultaneously measured electric current densities and electron densities, the drift veloci
ties of electrons were derived. The threshold velocity for the generation of the two-stream instabilities 
is the ion acoustic velocity. It is found that the electron drift velocities calculated were greater than the 
ion acoustic velocity on the occasion when irregularities were present and on another occasion when 
irregularities were not seen, the drift velocities were less than the acoustic velocity. 

3.5.5 Large scale irregularities 
On one mid-night flight large scale irregularities with a vertical scale size of 4 to 10 km were observed 

between 90 and 125 km. These irregularities are seen as layers in electron density profiles. The horizontal extent 
of these structures are at least 40-60 km (SATYA PRAKASH et ah, 1970). A wavy structure with a vertical scale size 
of ~ 8 kmhas also been reported by RAO et al. (1969) from capacitance probe measurements in the 120-140 km 
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region on one of the rocket flights during day time. No satisfactory explanation exists for such structures 
at equatorial latitudes, although internal gravity waves have been invoked to explain them. 

3.6. Equatorial electrojet: measurement of electric and magnetic fields 
As has been described earlier, the Thumba Range assumes its unique importance because of the 

strong eastward electrojet current flowing closely above it at around 100 km height. Several experiments 
have been conducted for studying the structure and variability of the equatorial electrojet current system 
from Thumba. 

3.6.1 Magnetic field measurements 
Vertical profiles of magnetic field have been obtained using the 'proton precession' and 'rubidium 

vapour' magnetometers. 

The proton precession magnetometer consists of a sensor coil which surrounds a bottle containing 
water which acts as the proton source. A heavy current is passed in the coil which orients the dipole 
elements in the form of protons in the direction of the magnetic field produced by the current. When the 
current is suddenly switched off, the dipole elements start processing around the ambient magnetic field. 
The frequency of precession is linearly proportional to the ambient field and a measure of the same yields 
the amplitude of the ambient magnetic field. 

In rubidium magnetometer, the characteristic frequency of rubidium (7948 A) is generated by 
radio frequency excitation of a bulb filled with rubidium vapour. This radiation when incident on 
another rubidium cell gets absorbed. However, very soon the opacity is reduced unless the cell is bom
barded with an appropriate radio frequency which optically pumps sufficient number of electrons to higher 
states. The radio frequency, in fact, is the Larmor precession frequency of the electron in the outer shell 
of a rubidium atom and depends on the ambient magnetic field. The radio frequency required to give 
optimum opacity is linearly proportional to the ambient magnetic field to be measured. 

During the ISRO-SRC campaign in February 1975, 3-component vector magnetometers were 
flown. However, the payloads were only partially successful and vector measurements were not possible. 

The results of the various rocket experiments show that (MAYNARD and CAIIILL, 1965; SASTRY, 
1968, 1970) in the Indian zone the electrojet current has a maximum around 107 + 2 km. The amplitude 
of the current at its maximum is of the order of 9 amp km - 2 around noon time flowing from west to east. 
The half-width of the jet of current is around 10 km in the vertical direction. The amplitude of the 
current at its maximum in the Indian zone is about half as intense as that in the American zone. 

Three rockets carrying proton precession magnetometers were launched during the course of a 
single day (August 29, 1968) to study the diurnal change in the behaviour of quiet-day electrojet. The 
results from these flights show that (SASTRY, 1970): 

(i) The disturbance vector due to the electrojet lies in the magnetic meridian. 

(ii) The electrojet near noon, when the diurnal variation of H at the ground attains its maximum 
value, is thin and intense. During the afternoon it becomes less intense and broader. Near 
mid-night the current in the electrojet is very small (Fig. 3.6). 

(iii) The height of maximum current density does not change appreciably during the course of a day. 

(iv) The maximum current density of the electrojet and the associated magnetic field decay more rapidly 
than the horizontal intensity at the ground. Part of this discrepancy in decay rate could be due 
to a difference in phase between primary electrojet currents and the secondary currents induced 
in the ground. 
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Fig. 3.6 Altitude variations of current density observed during three rocket flights 

at 1108 1ST, 1415 1ST and 2300 1ST on August 29, 1968 over Thumb:. (SASRTY, 1970). 

Two rockets have so far been launched during the night time, which could not give a conclusive 
evidence on the reversal of th'. currents from day to night (SASTRY, 1971). Both flights measured small 
currents flowing in the same direction as that of the day-time ones and appear to be remnants of day-time 
currents. One of the NASA launchings from Peru, another electrojet station, however, had indicated 
a reversed current during a night flight. 

MAYNARD and CAHILL (1965) have reported detecting a second weak layer centered between 140 
and 145 km on January 27 and 29, 1954. The latter day was magnetically slightly disturbed and recorded 
a little more intense current at the second layer than on the first day. 

A rocket carrying proton precession magnetometer was launched just after a proton flare on 
July 7, 1966. The results indicate (SASTRY, 1973): 

(i) The presence of a second current layer near 130-140 km. Enhancement of XUV emission 
from the sun could have caused the formation of this layer. It has been proposed that appear
ance and disappearance of this second layer is one of the causes of large day-to-day variability 
of diurnal variation of H observed on the ground. 

(ii) Gradual enhancement of the 'S ' component of XUV radiation from the sun during the period 
July 1-6, 1966 has been marked by the gradual increase in the A H amplitude at Trivandrum 
during this period. 

The diurnal variation of the geomagnetic field exhibits large day-to-day variations in its amplitude. 
A study was made (BURROWS and SASTRY, 1976) to understand whether electrojet alone can account for 
this large day-to-day variations. Two Petrel rockets carrying rubidium vapour magnetometers were 
launched, one on a day with normal A H around 80 T and another on a day with an abnormally large A H 
around 140 V. Ground stations were maintained to determine the width of the eleotrojet. The presence of 
a second current layer was not evident during these flights. The results of these flights indicate that the 
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Fig. 3.7 Barium-strontium clouds released over Tliumba during evening twilight 
on March 28, 1968 
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normal single layer electrojet itself can account for the large day-to-day variations in the diurnal amplitude 
of H observed on the ground. The total jet current, however, changes in proportion to the magnetic 
effects observed on the ground. 

A Nike Apache rocket carrying a proton precession magnetometer and an electron temperature 
probe was launched on a quiet day (April 25, 1971) to study joule heating in the E-region due to equa
torial electrojet current. The results indicate (SAMPATH el al., 1974) that: 

(i) The measured electron temperatures were higher than the model neutral gas temperatures 
throughout in the E-region. 

(ii) The excess of electron temperature over the neutrals (Te-Tg) correlated well with the current 
density and shows a peak corresponding to the main electrojet layer, thus, indicating that this 
increase may be due to the joule heating by the electrojet currents. 

(iii) The observed electrojet strength can account for only one third of the observed increase in 
the temperature of electrons. 

(iv) The nature of collisions between electrons and neutral molecules around the main electrojet 
layer is shown to be inelastic. The mean fractional energy loss per collision, A, derived from 
the experimental data agrees with the laboratory measurement of A-

3.6.2 Counter electrojet 
A layer of enhanced ionisation was recorded at 94 km at 15321ST on August 17, 1972 by 

Langmuir probe, while the impedance probe carried by the same rocket recorded depressions at 97.5 and 
99km (SATYA PRAKASII etal., 1976; KOTADIA era/., 1975). This was during a counter electrojet. It is 
believed that these anomalies are the result of the downward movement of the ionisation, as during 
the counter electrojet the electric fields get reversed. 

A preliminary analysis of the February 1975 ISRO-SRC campaign has shown that a significant 
contribution to the electrojet current is due to the local wind dynamo; and in particular indicates a possibi
lity that localised reversal of electrojet current may be entirely an effect of neutral winds (BHAVSAR et al., 
1975). 

3.6.3 Electric field measurements 
Barium-strontium clouds were released by four Nike Apache rockets to study the electric fields 

in the 130-300 km altitude region of the ionosphere in March 196S. The experiments were carried out, 
three during evening twilight hours and one during morning twilight. The clouds were photographed 
by the K-24 cameras. The barium cloud gets ionised by the solar UV radiation and aligns as a cigar 
shaped cloud along the magnetic field (Fig. 3.7). It moves under the influence, primarily of the ambient 
electric and magnetic fields, and also of the ambient neutral motion. A knowledge of the neutral winds 
(obtained by strontium clouds) and magnetic field gives a measure of the three components 
of the electric field. 

Puring evening twilights the electric field was found to be towards east and vertical of the order 
of 1 mV rn_1 and 3 mV m - 1 respectively. Indication of field reversal was evident at the close of the obser
vation period, which corresponded to the start of night at the particular height. But large errors of obser
vation during this time could not give definiteness to this conclusion. The observations during morning 
twilight Were obscured greatly by natural clouds, but they did show that the 'fields were opposite to that 
observed in the evening (HAERENDEL etal., 1969). The direction of the drift by the spaced receiver 
technique agreed well with the observations of movements of these clouds. 

Three further experiments conducted in 1972 using Petrel rockets under the ISRO-SRC collaboration, 
showed the electric fields at 150 km to be of the same order as measured earlier (ANANDA RAO et al., 1976). 
These and earlier results show that the ratios of vertical to horizontal fields are better correlated to 
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JcrHds/jffj,ds than to the simple ratio vJaT as believed earlier (<T„ and crT are the Hall and Pcdersen 
conductivities respectively). This suggests that the cumulative effect of the anisotropic property of electrons 

along the entire field line is responsible for determining the value of the field components at higher levels. 

Simultaneous measurements of electron density and clectrojet current intensity made' by 
rocket-borne Langmuir probes and proton precession magnetometers flown from Thumba at various times 
have been used to study the structure of the electrical conductivities and the electrostatic field within the 
equatorial clcctrojet in the Indian zone. It shows that (SUBBARAYA et al., 1972 b) the cast-west electric 
field is not uniform with altitude in the elcctrojet region, since the current density peaks at an altitude 
above that of the Cowling conductivity peak. The east-west electric field increases with increase in height 
in the clectrojet region. It has a value of about 1 mV m"1 al 100 km. 

A Centaure rocket carrying electric field probe was launched from Thumba in 1972 as the first 
attempt to measure electric fields in the equatorial region in situ. It is found that the vertical polarisation 
field (Ez) which is almost zero at 90 km increases to 25 mV m" 1 near 118 km and reaches a plateau 
above this altitude. The current density in the electrojet, however, reaches a maximum of 10.5 amp km - 2 

near 108 km altitude and reduces rapidly to 2 amp km"3 at 120 km. This is not in agreement with 
the- current theory which demands Ez to peak in the same region where current density peaks. 

3.7 Solar X-ray and charged-particle measurements 

Two Nike Apache rockets were launched on March 19, 1970 which contained solar X-ray ( < 8 A ) 
proportional counters, besides many ionospheric probes, the results of which were described in earlier 
sections. The unattenuated X-ray spectra obtained from these flights compare favourably with SOLRAD-9 
satellite ion chamber results below 5 A. The observed data have been fitted (i) between 3-S A, with a 
2 X 10° °K gray body spectrum and (ii) below 3 A with a 10' °K gray body spectrum. The integrated 
fluxes are 1.7 x 10"3 ergs cm"2 ser"1 and well below 1 x 10 -3 ergs cm - 2 sec - 1 for these two energy 
ranges (AIKIN et al., 1972). 

Results from a rocket-borne ion mass spectrometer flown over Thumba at 0108 LMT (described 
in section 3.4) on March 10, 1970 also exhibited an unusual background current above 200 km (GOLDBERG, 
1974). This current is observed to increase by 3.5 orders of magnitude between 200 and 260 km before 
maximising to a fixed value from 260 km to the 295 km apogee of the flight. Properties of the back
ground combined with laboratory measurements have permitted probable identification of the background 
sources as 2 to 20 keV electrons or protons. Maximum electron fluxes have been estimated to be of 
the order 1010 particles cm -2 sec -1 str_ l in accord with 1S1S-1 satellite measurements at higher altitudes. 
The background was not observed on an earlier flight at 1938 LMT, suggesting the particles to be quasi-
trapped in a belt that drifted below 300 km between the two flights. The low-latitude penetration of these 
fluxes may have been related to the great magnetic storm of March 8, 1970. Simultaneous measurements 
of thermal ion distribution compared with these results qualitatively suggest that the soft energetie particles 
are responsible for an observed 0 . + and NO + enhancements. 

Electron fluxes, a few times 102 particles cm"2 sec"1 str"1 keV"1 were measured at anidnight 
at Thumba in the altitude range of 100-150 km, with energies ranging from a few hundred eV to a few keV. 
The measurements were made with electrostatic analysers and channeltrons flown on Petrel rockets. It 
has been suggested (ROTHWELL etal., 1973) that photo-ionisation may be the predominant source of 
electrons in the keV range in the ionosphere at these latitudes. 
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CHAPTER IV 

X-RAY ASTRONOMY 

1 HE electromagnetic and particle radiations reaching the earth from outside the solar system carry 
with them the signature of various dynamical processes that characterise the universe. In the last two 
decades, with the advances in space technology, it has become possible to deploy detectors outside 
the deleterious cllccts of the atmosphere thereby throwing open the entire spectrum of the electromagnetic 
and particle radiation to direct observations. This, in turn, has opened up completely new vistas in the 
field of astronomy and astrophysics, revealing celestial phenomena hitherto unsuspected or explored only 
through theoretical means. 

The discovery of strong and nearly exclusive emitter of X-rays in the constellation Soorpius in 1962 
by Giacconi and his colleagues, which heralded the beginning of X-ray astronomy, is one such remarkable 
example that revealed the existence of high energy processes in the universe. For the first time, the 
observations in the X-ray and the electromagnetic spectrum revealed the presence of dense magnetic fields 
(~1012 gauss), high temperatures (~109°K) and high energy electrons (~10GeV) in localised and 
extended regions, both inside and outside our galaxy. Detailed investigations using rocket, balloon and 
satellite borne detectors have since then revealed the existence of a large number of such objects, both 
discrete and extended, besides a diffuse X-ray background that is nearly isotropic over the sky. 

4.1 Detectors 
The existence of a high geomagnetic cut off over India and the consequent low cosmic ray induced 

background has proved a great asset for conducting rocket astronomy studies in the range below 20 keV 
from Thumba. Recently, Steward (1974) has studied the distribution of electron fluxes below 100 keV 
(which penetrate the detector and produce X-ray like events) obtained from satellite data and has shown 
that at Thumba the electron flux is the lowest. The cosmic rays and low energy electrons, which are the 
main noise factors in the detection of X-rays, are quite low at Thumba (Fig. 4.1) and, thus, this is an 
ideal location for X-ray astronomy studies. 

Tl.e objectives of these investigations from Thumba have been to study the energy spectrum of 
the various sources, both in the X-ray and optical regions. Another aspect has been the use of the 
earth as the occulting body to identify the diffused X-ray background. 

Scientists from the Physical Research Laboratory and Tata Institute of Fundamental Research have 
conducted rocket experiments from Thumba for studying various X-rays stars. Two of the rocket ex
periments were part of a collaborative programme between PRL and the Institute of Space and Aeronautical 
Science (ISAS), Japan. And as part of this programme two more rockets have been launched from 
Kagoshima, Japan. 

Proportional counters using extremely thin (50 I1) beryllium window were used as detectors. These 
counters, filled with xenon gas as the primary detector medium and methane as the quenching agent, 
are sensitive in the 2-20 keV energy range. TIFR counters were sensitive in the 5-10 keV range and used 
argon and methane for detection and quenching respectively. The window was of 6 micron thick poly
propylene film. For identifying the X-ray sources, to an accuracy of + 1°, the rockets were equipped 
with biaxial magnetometers and solar/moon sensor. 

The various investigations that have been carried out from these rocket experiments can be divided 
into the following categories: 

(a) Transient sources (X-ray novae) 
(b) Binary X-ray sources and irregular variables 
(c) Supernova remnants 
(d) X-ray background 
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Fig. 4.1 Compilation of non-solar X-ray background observed at various launching 
sites of balloons and rockets (SHARMA, 1974)' 

4.2 Transient sources (X-ray novae) 
The following X-ray novae were observed: 

4.2.1 CenX-2 
The remarkable time variability of Cen X-2 makes this source a unique object of interest. This 

source was first discovered on April 4, 1967 by Harris eta!. (1967) when it had an intensity of about 
11 X 10-8 ergs cm-2 sec-1 in the 2-5 keV range. It presumably reached a peak around April 10 after 
which it decayed to about a quarter of its peak value about 40 days later. The decrease in flux during 
April-May 1967 was found to be exponential, with a time constant of 23.4 days. This decrease was 
also accompanied by a softening of the spectrum." On September 28, 1967 it could not be detected, 
which was also confirmed by a flight on July 12, 1968. 

Two rocket flights conducted on November 3 and 7, 1968 by the PRL group from TERLS 
detected this source, but at a lower level of X-ray emission. The fluxes detected were 0.68 X 10~8 and 
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0.23 X 10~8 ergs cm~: sec"1 on the two days respectively. These observations were the first evidence for 
the existence of low energy X-ray flux from this source in the 2-20 keV range since May 1967 (RAO 
etal, 1969 a, d). 

The position of the source was determined from these flights as 201° ± 2° RA and -62.5° + 2° 
declination, consistent with earlier observations. Though the data from the two flights can be adequately 
represented by an exponential spectrum with a characteristic temperature of about 5.4 kcV (T = 6.3 X 
107°K), a power law spectrum fits better, which for the two flights is 

f(E) = 5.8cxp (-1.2 + 0.2) dE and 
f (E) = 5.1 exp (-0.9 + 0.2) dE 

respectively. The observations of high energy flux measured at balloon altitudes by Lewin et al. on Octo
ber 15, 1967 and the present observations taken one year apart seem to fit a single power law spectrum 
with an exponent of 1.2. 

The totality of observations made so far clearly indicate that Ccn X-2 is a nova like source, giving 
rise to recurring X-ray bursts, each outburst lasting probably a short period of time. 

In order to explain this behaviour, Manley proposed an expanding constant mass plasma model for 
the source, according to which a dense plasma cloud of radius ~ I 0 U cm was heated at constant volume 
to nearly 2 x 10' °K which then proceeded to expand isothermally and cooled off. The recurring short
lived outbursts, like the one observed by Lewin et al. and the low energy observations of the PRL group 
have been attributed to a shock wave from the nova outburst expanding into the circumstellar medium. 
Such a shock could accelerate and heat the gas to a high temperature as it propagates into a medium of 
decreasing density. 

4.2.2 Cen X-4 
This X-ray nova was first discovered by Conner etal. (1969) through their observations using 

instruments on board Vela satellite. This source erupted into a bright X-ray star around July 9, 1969 
in the constellation of Centaurus. Initially the source strength increased rapidly reaching a maximum 
around July 11, 1969. It remained almost constant at its peak brightness for the next four days and then 
gradually began to decline. At its peak this source was almost twice as bright as Sco X-l (Sec. 4.3.1). 

On August 7, 1969 Kitamura etal. (1969) observed the same source during a rocket flight and 
found that the observations were consistent with an exponential spectrum similar to that of Sco X-l 
with a flux of ~44 photons cm-2 sec'1 in the 2-25 keV energy band. 

Jn continuation of the above observations and in order to investigate the decay characteristics of 
this interesting source, a proportional counter payload was launched from TERLS on December 7, 1969. 
The detector dfi not record any significant flux from Cen X-4 (RAO et al., 1971). It showed Cen X-4 
on December 7, 1969 was emitting X-rays £ . 13 photons cm"2 sec"1 in the 3-12 keV range. The observa
tions on December 7, 1969 also shows that in the energy range 2—30 keV the source strength had decreased 
at least by a factor of ~ 800 over a period of ~ 150 days when compared with the peak emission. The 
totality of all epochal measurements of X-ray flux from Cen X-4 as a function of time shows the rapid 
build up within about two days followed by an exponential decay with a time constant of ~ 10 days. 

The similarity between the concentration of X-ray sources and that of novae along the galactic plane 
has already been pointed out by Gratton. The spectacular time variation, shown by X-ray sources 
like Cen X-2 and Cen X-4, is very much like the optical luminosity variation of novae. Arp has esta
blished a definitive relationship between the maximum magnitude attained by novae and their total dura
tion, the lesser magnitude novae corresponding to lesser duration. Novae with a duration similar to 
Cen X-4 will have a typical apparent magnitude of about 17. The similarity between the light intensity 
of a typical fast nova and the X-ray flux of Cen X-4 is very striking, indicating that Cen X-4 is a nova
like object. 
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4.2.3 Cen X-1 
During the PRL flight of December 7, 1969 Cen X-1 was also within the field of view of the detec

tor. This source which was discovered by Friedman et ah (1967). was reported to have an intensity 
of 0.17 counts cm"2 sec"1 in the 1.5-3 keV range. Several attempts by various workers to observe this 
source subsequently did not meet with success. The data obtained by PRL scientists indicate that this 
source was not observable above the background level, indicating a flux of S .09 photons cm - 2 sec -1 in 
the 2-10 keV range. All the observations indicate that Cen X-1 also belongs to the same class of 
transient sources as Cen X-2 and Cen X-4. 

4.3 Irregular variables and binary X-ray sources 
4.3.1 ScoX-1 

Since the discovery of Sco X-1 by Giacconi eta!. (1962) a number of observations have been 
performed to determine its location, flux and energy spectrum. The X-ray observations have indicated 
that the energy spectrum of the Sco X-1 source in the energy range 2-20 keV exhibits apparent time 
variations. After the optical identification of Sco X-1 by Sandage etal. (1966), Hiltner and Mook 
(1970) and others have carried out systematic and extensive photometric observations through 1967-1969 
to investigate the time variation of its optical luminosity. These observations have clearly revealed that 
the optical intensity of Sco X-1 represented by the blue magnitude, B, varies between 12.5 and 13.4 
within a few hours. 

Two rocket flights conducted from TERLS on November 3 and 7, 1968 observed Sco X-1 in 
the energy range 2-20 keV (RAO etal., 1969 b, d). The data have been fitted to an energy spectrum of 
the type 

f(E) = K exp(E/Eo)dE. 

In the energy range 2-12 ke"V, the value of Eo for both the flights was 4.4 + 0.2 keV corresponding 
to a temperature of a hot thin plasma of 5.1 x 107 °K. The energy spectrum beyond 12 keV, however, is 
consistent only with E0 ~ 18 keV, in agreement with the observations of Bussel etal. The energy 
spectrum observations show a flattening at higher energies and is explained in terms of the multilayer 
complex model for Sco X-1 proposed by Shklovsky, the higher energies being emitted from the higher 
temperature plasma in the core of the object. No statistically significant \ariation in the absolute flux 
of the Sco X-1 intensity was observed as measured on November 3 and 7, 1968 flights. 

Important results on Sco X-1 were obtained during the collaborative campaign between the PRL 
group and the 1SAS group of Japan. As a part of this, two flights each were carried out from TERLS 
(Fig. 4.2) and Kagoshima. The important results from these flights are described below (KITAMURA 
clal., 1971): 

(i) The Sco X-1 source has an energy spectrum of an exponential nature indicating thermal brems-
strahlung from a hot thin plasma as the possible source of production. The temperature and 
the flux show wide variability. 

(li) Simultaneous X-ray and optical observations show that simple relations exist between tempera
ture, volume emission measure and optical luminosity during quiet period. 

(iii) Based on the:-.e relationships, a self consistent plasma cloud model for the star has been formu
lated. The observed X-ray spectrum has been extrapolated into the optical region and an 
attempt has been made to explain the observed .'optical fluxes through the semi-opaque plasma 
model. Using this model an estimate of the physical parameters of the source has been ob
tained. The source has been characterised by a temperature of about 107—10s °K, a density 
of about 1010-1017 cm - 3 and a radius of about 10s-10° cm. 

(iv) The size of the source is very small, comparable to or smaller than the size of a white dwarf. 
This size is consistent with a distance at which a gas of this temperature is confined by the gravi
tational force of a central body of approximately one solar mass. The study of interrelations 
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between the physical parameters favours for Sco X-l a hot plasma cloud deriving energy 
through accretion of matter from a secondary in a binary system on to a primary star of solar 
mass and dimension 109-10Dcm. 

The X-ray spectrum of Sco X-l has been determined by the T1FR group in the energy range 
0.5-10 kcV using thin window proportional counters carried aboard a Centaure IIA rocket launched 
from Thumba (IYENGAR eta!., 1975 6). A simple exponential source spectrum corresponding to a 
thin source bremsstrahlung with a plasma temperature of 7 x 107 °K attenuated by the absorption due 
to a gas column of 2.4 x 1021 H atoms cm-2 provides an adequate description of the X-ray observa
tions. The upper limit to the variability of the X-ray absorption measure within the period of the observa
tion is +.50% at 95% confidence limit. Several experiments in the past have shown that the X-ray 
absorption measure of Sco X-l varies from 0 to ~5 X 1021 H atoms cm-2 and variability of as much as 
200% has been observed on one occasion in several tens of seconds. It appears more likely that the 
lime variation in the apparent column density are caused by variations in the soft X-ray spectrum. Varia
tions in the spectrum in the time scales down to tenths of second can be expected due to instabilities in 
the accretion disc. 

4.3.2 NorX-2 (CirX-1) 
During the flight conducted on December 7, 1969 by the PRL group the source Nor X-2 was 

observed at RA 234° 30' + 2° and declination - 56° 22' + 2° consistent with earlier measurements (RAO 
et a!., 1971). This source has recently been identified with a binary X-ray source known as Cir X-l. The 
source is found to emit a thermal bremsstrahlung spectrum given by 

dN = 0.75 exp (-E/5.25 + 0.25) dE photons cm-2 sec"1 

implying a temperature of ~ 6 X 107 °K. The number of photons in the 2-10 keV range is 2.0 photons 
cm-2 sec-1 corresponding to an intensity of ~ 1.75 x lO - 8 ergs cm"2 sec-1. 
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All the low-energy observations of Nor X-2 made at different epochs show that the source spectrum 
as well as the intensity exhibit large variability. Whereas the X-ray flux changes by factors as large as 
~ 6 , the temperature of the source derived and the assumption of an exponential spectrum show variations 
of kT from 4 kcV to 11 kcV. The existence of such a large variability has also been confirmed by these 
observations which have shown intensity variations in the 2-6 kcV energy band by factors as large as ~36 
in extreme cases. 

Even though a power law spectrum is generally considered as indicative of the synchrotron mecha
nism for X-ray production, Manlcy has shown that consideration of a sharp high energy cut off in the 
relativistic electron spectrum can modify the power law spectrum for X-rays into an exponential one. It 
is extremely interesting to note that a supernova remnant P 154S-55 at RA 237' 15' and declination - 55° 59' 
and a pulsar MP 1530-53 at RA 232° 35'45" ± 30" and declination-53° ± 1° are located within the uncer
tainty circle of Nor X-2 coordinates. Since Poveda and Woltjcr first suggested the possibility that all 
supernova remnants were X-ray emitters, only two X-ray sources have been definitely identified with 
supernova remnants. The likelihood of Nor X-2 being also associated with a supernova remnant, 
coupled with the possibility of its X-ray spectrum favouring a synchrotron emission, makes this a source 
of great astrophysical interest. 

5.3 Supernova remnants 
5.3.1 Tau X-l 

One of the earliest X-ray sources to be discovered was Tau X-l. The speciality of this was that this 
X-ray source exactly coincided with the known supernova remnant which erupted in 1054 A.D. Inciden
tally this was the source where first radio pulsar was discovered and by which the neutron stars came into 
picture. This source was observed in November 1968 PRL flight and the January 1973 TIFR flight. 

During the PRL flight only the spectral measurements were made in the energy range 2-18 keV 
(RAO etal, 1969f/). The data were fitted with the following shape: 

dN/dE = 8.0 ± exp ( - 0 . 9 ± 0.2) photons cm"2 sec-1 keV"1 

implying a 2-5 kcV flux of 1.6 x 10"8 ergs cm - 2 sec-1. 

During the TIFR flight the observations were made in the 0 . 5 - 1 0 keV energy range. The spectrum 
can be well represented by a power law with an exponent - 2 . 1 beyond 2 keV. The absorption of the soft 
X-ray component below 2 keV was clearly observed in this experiment. Attempts to understand quantita
tively the spectral features in terms of interstellar absorption lead to a column density of hydrogen in 
the direction of the Crab nebula of 3-5 X 10 ; l hydrogen atoms cm - 2 if a revised version of the interstellar 
absorption coefficients of Brown and Gould is adopted, so that the contribution of heavier elements, espe
cially of iron, is also included. This value of density is a factor of two higher than the density obtained 
from 21 cm radio observations, but falls within the range of values for atomic and total hydrogen deducible 
from ultraviolet measurements with satellites and the measured visual extinction coefficients for the Crab 
nebula (IYENGAR ct al., 1975). 

5.4 X-ray background 
As discussed earlier, in addition to discrete X-ray sources, X-ray background also exists which is 

almost isotropic over the sky above 2 keV. This indicates that it might be extragalactic in origin. The 
background have been detected by various methods. The PRL group employed, what is known as the 
'earth occupation method'. 

The earth and its atmosphere play the role of a shutter, blocking the celestial X-rays whenever the 
detector views the earth during any part of the rocket spin. The detector registers events both due to charged 
particles as well as diffuse X-ray background when it views the celestial sky. The count rate when the detec
tor is facing towards the earth (in ideal case zenith angle = 180°) is only due to the charged particle 
background. Consequently, a comparison of count rate when the detector looks at earth with the rate 
when it looks at the sky should provide a reliable estimate of the diffuse background flux. 
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Fig. 4.3 The background X-ray spectrum as measured during two rocket flights over 
Thumba using the earth as the occulting body (PRAKASA RAO el al.. 1971) 

The above simple situation exists for rocket observations where small opening angles of the telescope 
are used. In practice, however, when the zenith angle is not very far from 90° and the detectors have fairly 
large opening angles, intermediate situation exists. Larger the deviation of zenith angle of the rocket from 
90°, better the blocking effect of the earth as a shutter and more reliable will be the estimate of the diffuse 
background. Hence the effective solid angle has to be evaluated for different portions of the spin 
azimuth to estimate the background flux. 
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The PRL experiments conducted on November 3, 1968 and December 7, 1969 have been utilized 
to derive the background spectra (PRAKASA RAO era/., 1971). The data have been fitted to a power law 
photon spectrum (Fig. 4.3). The best fit spectrum for the results in the energy range 2-18 keV for 
both the flights are: 

dN/dE = 13.6 + 3.8 exp (— 1.73 + 1.5) photons cm -2 sec -1 str - 1 keV~\ 

The results, besides establishing the effectiveness of the method of using the earth as a shutter for 
deriving the diffuse background, confirm that the spectrum of diffuse X-ray background in the energy range 
2-18 keV is flatter at higher energies. Such a break in the spectrum at about 20-40 keV has also been re
ported by other workers. To explain this feature of the background spectrum, the model based on inverse 
Compton scattering of black body photons by relativistic electrons from radio sources at large red shifts 
(Setti and Rees,- 1969) seems to be most satisfactory. Change in the spectral component can be explained 
by invoking additional adiabatio energy losses, such that the Compton lifetime for the relevant electrons 
is equal to the time required for the radio source to expand to twice its radius. Also the emission needs 
to be from a region of small window of red shift for this process to be effective. 

With larger area counters used in conjunction with the secondary background rejection techniques, 
such as veto counters and pulse-shape discrimination, this method of analysis can be very powerful for 
obtaining an accurate estimation of the diffuse background. 
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CHAPTER V 

FUTURE PROGRAMMES 

A B O U T ten Centaure rockets, carrying various scientific payloads for the study of upper atmosphere 
and X-ray astronomy, are to be flown during the next six months from Thumba. Weekly meteorological 
soundings with M-100 rockets are also continuing on a routine basis. During 1976-78 1SRO and HMS 
have agreed to collaborate on two projects: 

• the study of the structure and circulation of upper atmosphere in low latitudes; and 

O the study of the relationship of strato-mesosphere processes with solar activity. 

The former is a continuing activity and the latter involves the simultaneous observations of various atmos
pheric parameters from rockets with associated ground-based observations. About ten M-100 rockets 
are to be down as part of this latter programme during the period 1976-78. Proposals have also recently 
been invited from Indian scientists to fly payloads on about fifteen Indian Centaure rockets which will be 
available during 1976-77. 

1977-78 will be the International Magnetospheric Study (IMS) year and 1979-80 the GARP/ 
MONEX period. Thus, a comprehensive rocket programme will be a vital supplement to the ground-based 
and satellite observations that will be employed for these programmes. 

Any future programme has to be necessarily centered around people who arc interested in carrying 
out such experiments, especially when it comes to pure science investigations. However, an attempt has 
been made in the following to identify areas which need to be explored. The final choices are to be 
viewed in the larger context of the overall programme of ISRO and other related organisations. 

5.1 Meteorology 
The programme for rocket meteorology for the next few years is likely to be: 

0 weekly sounding by M-100 rockets from Thumba and associated ground-based observations; 

• routine sounding from Thumba and SHAR by Menaka rockets, when they become operational; 
and 

• routine sounding from one or two additional locations in India at northern and/or eastern 
part of India. 

As a first step it is essential to develop a met payload suitable for flying on Menaka rockets on 
a routine basis. SAC and I1TM have been developing independently instrumented met payloads in the 
past, but so far no proven system has come out, partially because of the lack of interest ensuing from 
the malfunction of Menaka rockets. This needs to be pursued with more vigour, especially in view of 
the likely availability of proven Menaka rockets. The development of falling sphere payload, capable of 
measuring atmospheric parameters up to about 80 km, also needs to be pursued. 

During the inter-comparison of the different met-systems conducted at Wallops Island (USA) in 
1972 and at Kourou (South America) in 1973, it has been shown that the Soviet M-100 meteorological 
system shows appreciable departures from the American and French systems, particularly in temperature 
measurements above 45 km.. Because of the long range programme with the USSR it is imperative that 
an.inter-comparison of Indian met payloads vis-a-vis Russian system be made. 
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Although there is only one ascent . per week from Thumba, enough climatological data have 
been obtained. Studies of specific events, e.g., diurnal variation of temperature and winds, need to be 
undertaken. The August 1972 1SRO Seminar had recommended and identified the following studies in 
the area of rocket meteorology: 

• study of the upper stratospheric and higher level circulation over India accompanying the 
monsoon, for long range forecasting 

• quasi-bienniel oscillations 

• stratospheric warming 

• atmospheric tides. 

It was recommended that it was necessary also to measure static atmospheric parameters like density, 
ozone concentration, solar radiation, minor constituents, etc., for a proper understanding of the lower 
atmosphere. The planned programme during 1976-78 with the USSR is likely to be a step towards this 
study. 

It has been found that the wind data obtained over Thumba up to 45 km are of some use for fore
shadowing the strengthening or the weakening of the monsoon over peninsular India two or three days 
ahead. One has to determine whether data to be collected from SHAR will have a similar use for fore
shadowing the intensity of the monsoon over central India, northern India or eastern India. 

It is believed that the southern hemisphere has more atmospheric energy than the northern hemi
sphere and at times there is a sudden surge of energy from the southern hemisphere to the northern hemi
sphere accompanied by change in weather conditions over Siberia. One of the objectives of the present 
series of M-100 meteorological rocket soundings from Thumba is to detect the existence, if any, of the 
exchange of energy between the two hemispheres. 

Pollution and effect of exhaust gases from high flying jets on minor constituents, like ozone, need 
to be studied in much greater detail to understand its repercussions on global climatology. 

On the applications side, weather modification rockets and frangible rockets for hailstorm suppres
sion need to be developed. 

5.2 Upper atmosphere 
The study of D-and lower E-regions and upper air observations of meteorology are interlinked in 

many respects. Minor constituents such as water vapour, carbon dioxide, atomic oxygen, nitric oxide, 
etc., are some of the constituents which need to be studied using mass spectrometers and other techniques 
and these are to be related to meteorological observations of temperature, density, winds, etc. Negative-
ion composition and recombination processes in D- and lower E-regions also need to be studied. Studies 
of metallic ions and formation of layers at equatorial latitudes need to be investigated in detail. 

There are some indications that the neutral atmospheric structure in the equatorial regions exhi
bits departures from standard atmospheric models, especially at mesospheric and lower thermospheric 
heights. This needs further exploration because the neutral atmosphere forms the seat of all aeronomic 
phenomena. The temperature structure which seems to show some anomalies in the 120-150 km region as 
revealed from mass spectrometer and vapour cloud observations has to be studied in greater detail and 
for this direct temperature measurements are a must. 

The equatorial electrojet has been explored only for its gross features. Many of its vagaries, such 
as the counter electrojet, the existence of night-time currents, effect of local wind systems on electrojet, 
etc., remain to be studied and understood. These will need day-time and night-time wind measurements, 
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measurement of neutral temperatures, 3-component magnetic field, electric field, electron densities, electron 
temperatures, electron density irregularities, etc. 

Ionospheric irregularity measurements have yielded valuable results and in turn have posed many 
new problems, like the mechanisms of their origin and sustenance. An interesting condition of a similar 
nature also exists in the F-region (spread-F). The origin of this phenomena, more so its absence during 
sunlit hours, needs to be studied using instrumented rockets reaching high altitudes. 

The latitudinal distribution of electron density (the Applcton anomaly) in turn is believed to pro
duce profound changes in the neutral distribution of air masses. Mass spcctromctric measurements of 
both the neutral and ionised constituents at higher altitudes in the F-rcgion of the ionosphere is required 
to be made in addition to many other parameters using rockets to understand these mechanisms in greater 
detail. 

The measurement of low-latitude low-energy electron fluxes in conjunction with the study of air-
glow Nj,"1" emission from ground, will greatly help in understanding the equatorial F-region, particularly 
during night times. 

The equatorial problems arc linked in many respects with those of global phenomena. The link 
between the low and the high latitudes has to be established by experiments from widely spaced locations. The 
scientific contribution from the Thumba Range and the Sriharikota Range put together are bound to be 
important in view of the locations of these two places. This would be our contribution to the Middle 
Atmosphere Programme (MAP) being sponsored by COSPAR and scheduled for 1977-80. 

The 18th COSPAR meeting held at Varna in June 1975 had made the following specific recom
mendations: 

The meeting, recognising the very limited understanding of the D-region winter anomaly and its 
coupling to mesospheric and stratospheric events, has recommended conducting integrated rocket cam
paigns in the mesosphere and lower thermosphere, including ionospheric and neutral atmospheric experi
ments. 

The same meeting, noting the importance of the minor neutral constituents for the study of atmos
pheric problems of the lower thermosphere, and recognising the need to determine the fields of atmospheric 
motion in all time and space scales, has recommended the development of coordinated programmes which 
emphasise simultaneous measurements of minor constituents and the determination of temperature and 
motion by means of different techniques, including remote sensing, mass spectrometric, optical and chemical 
release methods, and has recommended the continuance and expansion of existing techniques of upper 
atmosphere wind measurements until satellite systems and other more advanced techniques become 
available. 

It has also noted the importance of studying the ionisation recombination cycle for the purposes 
of ionospheric modelling, and has recommended simultaneous measurements of the parameters of this 
cycle (concentrations, temperatures, ionisation rates) by geophysical rockets and satellites with special 
emphasis on the height interval 150-300 km. 

During the time of the 1SRO-HMS meteorology-cum-aeronomy programme, scheduled for 1976-78, 
it would be useful to plan a larger campaign involving Centaure and RH-560 rockets besides M-IOO 
rockets for a comprehensive study of lower and upper atmosphere from Thumba and SHAR. 

The various payloads flown so far from Thumba for electron and ion density/composition measure
ments also need to be inter-compared. 
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5.3 Astronomy 
Simultaneous balloon and rocket observations will be valuable to study the hard, medium and soft 

X-ray spectrum together. Also rocket programmes for infrared astronomy needs to be initiated, 
however, only as a next step to ground-based and balloon observations. 

5.4 Technological developments for scientific experiments 

The experiments so far conducted with rockets have enabled observations in the free spinning mode. 
This unfortunately is a severe limitation for observations in X-ray astronomy in view of the fact that 
detailed study of specific X-ray sources cannot be carried out for any length of reasonable time. One major 
technological development that will be called for in tliis direction will be attitude-controlled rockets with 
good pointing capability. In the first instance it will be desirable to develop pointing capability with at 
least 1 ° of pointing accuracy so that observations of a longer duration can be realised for discrete sources. 

Also there is a lack of good attitude sensors especially star sensors that can derive the attitude of 
the payloads at arc second accuracies. This is a major development and calls for a concerted effort. 

When one goes for such a high accuracy pointing control systems as well as high precision attitude-
sensors, it is highly desirable to have a reliable recovery system, as payloads arc very expensive. This, then 
would need developmental efforts for payload recovery systems. 

Provision has to be made available at Thurrtba for high-density digital tape recorder and high-
bit rate PCM ground systems for enabling studies of X-ray emission with milli second time resolution. For 
analysing such data, and also those of electric and magnetic field probes recorded on tapes, a computer inter
facing system should be established as a common facility. ISRO Satellite Systems Project (ISSP) and TERLS 
have the infrastructure for this and one of these must be augmented to suit the specific needs of the 
experimenters. 

A small optical telescope capable of seeing objects at least up to 12 or 13 magnitude for monitoring 
their intensity variations in the optical range will be highly desirable for carrying out time-correlated 
studies in astronomy. 
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Abbreviations of Institutions/Organisations 

AEET 
BMO 
CISIR 
CNES 
CNRS 
ERDL 
GU 
HMS 
IITM 
1MD 
1SAS 
MASEG 
MPI 
MSSL 
NASA 
NPL 
PRL 
RSRS 
SAC 
SRC 
SSTC 
TERLS 
TIFR 
UB 
UCL 
UCL (USA) 
UNH 
US 
USu 

Atomic Energy Establishment, Trombay, Bombay. 
British Meteorological Office, UK.. 
Ceylon Institute of Scientific and Industrial Research, Ceylon. 
Centre National D'Etudcs Spatialcs, France. 
Centre National De La Recherche Scientifique, France. 
Explosives Research and Development Laboratory, Poona. 
Gujarat University, Ahmedabad. 
Hydrometeorological Services, USSR. 
Indian Institute of Tropical Meteorology, Poona. 
India Meteorological Department, New Delhi. 
Institute of Space and Aeronautical Science, University of Tokyo, Japan. 
Microwave Antenna Systems Engineering Group, Ahmedabad. 
Max Planck Institute, West Germany. 
MuIIard Space Science Laboratory, UK. 
National Aeronautics and Space Administration, USA. 
National Physical Laboratory, New Delhi. 
Physical Research Laboratory, Ahmedabad. 
Radio and Space Research Station, UK. 
Space Applications Centre, Ahmedabad. 
Science Research Council, UK. , 
Space Science and Technology Centre, Trivandrum. 
Thumba Equatorial Rocket Launching Station, Trivandrum. 
Tata Institute of Fundamental Research, Bombay. 
University of Birmingham, UK. 
University College, London, UK. 
University of California, Los Angeles, USA. 
University of New Hampshire, USA. 
University of Sussex, UK. 
University of Southampton, UK. 

Abbreviations of Payloads 

Ba 
ED, ET, EF 
EUV, XUV 
Li 
LP 
Ne 
Ni 
Rb 
RFMS 
TMA 
UV 

Barium 
Electron density, Electron temperature, Electric field 
Extreme ultraviolet 
Lithium 
Langmuir probe 
Electron density 
Ion density 
Rubidium 
Radio frequency mass spectrometer 
Trimethyl aluminium 
Ultraviolet 
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APPENDIX 1(a) 

Rockets launched from Thumba for scientific and meteorological soundings 

during the period November 1963 to December 1975 

Rocket type Country 

USA 
USA 
France 
India 
India 

France 
USA 
USA 
USSR 
USSR 
USA 
USA 
UK 
UK 
UK 
UK 

Total 

3 
3 

10 
11 
7 

1 
2 

36 
190 
39 
45 
3 

20 
10 
3 
3 

Successful 

3 
3 

10 
9 
6Za 

_— 

— 
32Zb 

188Zc 
39 
44 
3 

19Zd 
10 
1 
3 

Fail 

— 
— 
2 
1 

1 
2 
4 
2 

— 
1 

— 
i 

— 
2 

— 

Remarks 

1. Boosted Areas I 
2. Boosted Areas II 
3. Centaure I 
4. Centauve IIA 

6. 
7. 
8. 
9. 

10. 
11. 
12. 

. 13. 
14. 
15. 
16. 

Centaure IIB 

Dragon 
Dual Hawk 
Judi Dart 
M-I00 
M-100B 
Nike Apache 
Nike Tomahawk 
Petrel 
Skua I 
Skua II 
SkuallCT) 

Za-includes two rockets for SLY 
sub-system testing 

Zb-three rockets under-performed 
Zc-one rocket under-performed 

Zd-three rockets under-performed 

Total 386 370Ze 16 Ze-seven rockets under-performed 



APPENDIX 1(b) 

Year-wise break-up of performance (payload + rocket) of rocket launchings from Thumba 

Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Total 

T 

1 
16 
17 
11 
8 

17 
12 
29 
56 
69 
68 
25 
57 

386 

Total 

S PS 

1 — 
15 — 
12 — 
8 1 
3 2 

12 2 
10 — 
26 3 
40 9 
50 11 
49 14 
19 6 
38 14 

283 62 

F 

1 
5 
2 
3 
3 
2 

— 
7 
8 
5 

5 

41 

T 

1 
9 
2 
6 
6 

17 
5 

15 
8 

18 
6 

18 

111 

Scientific 

S PS 

1 — 
9 — 

— — 
3 1 
1 2 

12 2 
4 — 

12 3 
1 5 

12 1 
4 — 

11 3 

70 17 

. F 

— 
2 
2 
3 
3 
1 

— 
2 
5 
2 

4 

24 

Meteorological 

T S PS 

7 6 — 
15 12 — 
5 5 — 
2 2 — 

— — — 
7 6 — 

14 14 — 
48 39 4 
51 38 10 
62 45 14 
24 18 6 
38 26 11 

273 211 45 

F 

1 
3 

— 
— 
— 

1 
— 

5 
3 
3 

— 
1 

17 

Remarks 

Za 

Zb 
Zc 
Zc,d 

Zc 

Notation : T —Total, S-Successful, PS — Partially successful, F—Failure 
RF — Rocket and/or other systems failure. 

Note: /_VL — 3 Judi Dart rockets under-performed. 
ZJo — 1 M-100 rocket under-performed. 
Z.c — includes Centaure launched for SLV sub-system testing, one each during 1974 and 1975. 
Z.& — 3 Petrel rockets under-performed. 



APPENDIX 1(c) 

Scientific payloads flown from Thumba 

Payload 
Total Foreign Indian 

PS F RF 
Remarks 

PS F RF PS F RF 

I. Neutral atmosphere 
1. Sodium vapour 
2. Trimethyl aluminium 
3. Lithium 
4. RFMS payloads 
5. Lyman alpha, UV, EUV 
6. Airglow (visible) 

II. Probes for electron density 
and ion density/composition 
1. DC probe 
2. Langmuir probe 
3. Resonance probe 
4. Noise probe 
5. Capacitance probe 
6. Radio prop, experiment 
7. Impedance probe 
8. Cosmic radio noise 
9. Nose-tip probe 

10. Planar trap 
11. Gerdien condenser 
12. Cylindrical probe 
13. Quadrupole ion mass 

spectrometer 

19 
7 
2 
7 

16 
1 

6 
32 
4 
3 

10 
16 
5 
1 
1 
1 
7 
5 
4 

5 
21 
3 
3 
5 

14 
2 
1 
1 

6 
4 
4 

9 
4 
2 
5 

6 
4 
2 
4 
5 

— — 3 

— 2 

4 4 
1 — 

7 3 — 
12 12 — 
3 — — 

1 

10 
3 

— — 1 

1 3 

1 2 

2 
31 
4 
3 
3 
4 
2 
1 

1 
21 
3 
3 
2 
2 
2 

1 4 — 

1 
6 6 — 
3 3 — 
4 4 — 

1 
2 

— 1 

— 1 — 



m . Electric and magnetic fields 
1. Barium cloud 
2. Barium shaped charge 
3. Proton magnetometer 
4. Rb scalar magnetometer 
5. Rb vector magnetometer 
6. EF probe 
7. ED, ET, EF probe 

IV. Charged particle, X-ray, etc. 
1. Charged particle detector 
2. Proportional counter for 

soiar X-ray 
3. Proportional counter for 

X-ray astronomy 

Note: Za 
Zb 

10 7 1 — 2 
3 — — 2 1 

13 12 — 1 — 
4 4 — - -
2 — 1 — 1 
4 3 — 1 — 
2 — — 2 — 

5 1 — — 1 
2 2 — — — 

10 6 — 2 2 

PRL and UCL joint venture 
Status of three charged particle 

9 
3 
4 
3 

— 
2 
2 

5 
2 

2 

7 

4 
3 

— 
2 

1 
2 

— 

—. 

— 
— 

— 

— 

1 
to

 1
 

— 
— 

2 

2 

2 
i 

— 
— 

— 

1 

— 

1 

9 
1 
2 
2 

8 

8 
1 

— 
1 

6 

1 

— 
1 

— 

— 

1 
— 
— 

J 

— 

— 
1 

—_ 

2 

Za 

Zb 

flown in March 1975 not known 



APPENDIX 1(d) 

Meteorological payloads flown from Thumba 

Payload 

Rocket-sonde 

Chaff payload 

Falling sphere 

Total Foreign. Indian 

T S PS F RF 

240 190 33 11 6 

77 63 5 6 3 

5 — 5 — — 

T S PS F RF 

238 190 33 10 5 

58 52 4 1 1 

T S PS F RF 

2 — — 1 1 

19 11 1 5 2 

5 — 5 — — 

Remarks 

Za 

Note: ^a-Chaff payload break-up: 
Copper + fibreglass chaff — 34 
Copper chaff — 33 
Fibreglass chaff — 10 



APPENDIX II 

Rocket experiments conducted from Thumba for scientific studies 

TERLS 
SI. no. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

12. 

13. 

14. 

Rocket/Flight 
no. 

Nike Apache 
10.01 

Nike Apache 
10.02 

Nike Apache 
10.03 

Nike Apache 
20.01 

Nike Apache 
20.02 

Nike Apache 
20.03 

Nike Apache 
20.04 

Nike Apache 
10.04 

Nike Apache 
10.05 

Nike Apache 
10.06 

Date and 
time(IST) 

21.11.63 
1825 

8.1.64 
1845 

12.1.64 
0556 

25.1.64 
1044 

27.1.64 
1000 

29.1.64 
1530 

31.1.64 
1900 

6.11.64 
0538 

9.11.64 
1824 

10.11.64 
0535 

Rocket 
apogee 

(km) 

208 

187 

187 

164 

164 

167 

168 

192 

192 

192 

Project scientists) and 
affiliation(s) 

P D Bhavsar, PRL 

P D Bhavsar, PRL 

P D Bhavsar, PRL 

N C Maynard, UNH 
L J Cahill, UNH 

N C Maynard, UNH 
L'J Cahill, UNH 

N C Maynard, UNH 
L J Cahill, UNH 

N C Maynard, UNH 
L J Cahill, UNH 

P D Bhavsar, PRL 

P D Bhavsar, PRL 

P D Bhavsar, PRL 

Payload(s) and organisation^) 
responsible for it 

Sodium cloud—CNES 

Sodium cloud—CNES 

Sodium cloud—CNES 

Proton magnetometer—UNH 
DC probe 

Proton magnetometer—UNH 
DC probe 

Proton magnetometer—UNH 
DC probe 

Proton magnetometer—UNH 
DC probe 

Sodium cloud—CNES 

Sodium cloud—CNES 

Sodium cloud—CNES 

Data obtained in 
the altitude 

range of (km)/ 
Remarks 

170-100 

185-100 

170-100 

164-

165-

167-

168-

170-100 

170-100 

170-100 



ls> 

TERLS Rocket/Flight 
SI. no. 

22. 

23. 

35. 

39. 

40. 

41. 

42. 

44. 

46. ' 

47. 

48. 

49. 

50. 

51. 

no. 

Centaure I 
15.02 

Centaure I 
15.01 
Centaure I 
15.03 

Nike Apache 
10.07 

Centaure I 
15.04 

Centaure I 
15.05 

Nike Apache 
10.08 

Nike Apache 
20.05 

Nike Apache 
10.09 
Nike Apache 
10.10 
Nike Apache 
10.14 
Nike Apache 
10.12 

Nike Apache 
10.11 

Centaure I 
45.01 

Date and 
time(IST) 

29.4.65 
0527 

2.5.65 
0518 

8.1.66 
1841 
24.3.66 
1900 

24.3.66 
2215 

25.3.66 
0230 • 

25.3.66 
0549 

7.7.66 
1345 

6.3.67 
1857 

9.3.67 
1857 

12.3.67 
1857 
12.3.67 
2230 

13.3.67 
0544 

19.4.67 
1144 

Rocket 
apogee 
(km) 

150 

140 

150 

201 

163 

159 

201 

178 

178 

184 

168 

183 

155 

128 

Project scientist(s) and 
affiliation(s) 

P D Bhavsar, PRL 
Satya Prakash, PRL 

P D Bhavsar, PRL 

P D Bhavsar, PRL 
Satya Prakash, PRL 
P D Bhavsar, PRL 

P D Bhavsar, PRL 

P D Bhavsar, PRL 

P D Bhavsar, PRL 

T S G Sastry, PRL 
Satya Prakash, PRL 

P D Bhavsar, PRL 

P D Bhavsar, PRL 

P D Bhavsar, PRL 
Satya Prakash, PRL 
P D Bhavsar, PRL 
Satya Prakash, PRL 
P D Bhavsar, PRL 
Satya Prakash, PRL 

Satya Prakash, PRL 

Payload(s) and organisation^) 
responsible for it 

Sodium cloud—CNES 
DC probe—PRL 

Sodium cloud—CNES 

Sodium cloud—AEET & ERDL 
LP—PRL 

Sodium cloud—CNES 

TMA—CNES 

TMA—CNES 

Sodium cloud—TERLS 

Proton magnetometer—PRL 
LP—PRL 

Sodium cloud—TERLS 

Sodium cloud—TERLS 

Sodium cloud—TERLS 
LP—PRL 

TMA—TERLS/PRL 
LP—PRL 

Sodium cloud—TERLS 
LP—PRL 

LP, Lyman alpha—PRL 

No ejection 
Signals for 180 sees 

No ejection 

118-100 
Signals for 40 sees 

No ejection 

125-100 

125-100 

No ejection 

175-

No ejection 

No ejection 

No ejection 
164-

120-80 
180-

No ejection 
155-

No data 



64. Nike Apache 2.2.68 
10.13 1856 

65. Centaure I 2.2.68 
15.06 1920 

66. Centaure I 22.2.68 
25.02 0110 

67. Centaure I 22.2.68 
25.01 1655 

68. Boosted Areas I 8.3.68 
12.01 1205 

69. Boosted Areas I 8.3.68 
12.02 1810 

71. Nike Apache 28.3.68 
10.15 1855 

72. Nike Apache 30.3.68 
10.16 1855 

73. Nike Apache 31.3.68 
10.18 0537 

74. Nike Apache 31.3.68 
10.17 1745 

76. Nike Apache 22.4.68 
40.01 2122 

78. Nike Apache 24.4.68 
40.02 2114 

81. Nike Apache 29.8.68 
20.06 1108 

82. Nike Apache 29.8.68 
20.07 1415 

83. Nike Apache 29.8.68 
20.08 2300 

88. Centaure I 3.11.68 
35.01 0849 

89. Nike Apache 7.11.68 
40.03 0835 

191 P D Bhavsar, PRL 
Satya Prakash, PRL 

159 P D Bhavsar, PRL 

140 A A Pokhunkov, HMS 
J S Shirke, PRL 

155 A A Pokhunkov, HMS 
J S Shirke, PRL 

84 J A Kane, NASA 
W L Hanes, NASA 

87 J A Kane, NASA 
W L Hanes, NASA 

210 G Haerendel, MPI 
R Raghava Rao, PRL 

211 G Haerendel, MPI 
R Raghava Rao, PRL 

208 G Haerendel, MPI 
R Raghava Rao, PRL 

169 G Haerendel, MPI 
R Raghava Rao, PRL 

159 M Oda, ISAS 
U R Rao, PRL 

159 M Oda, ISAS 
U R Rao, PRL 

170 Satya Prakash, PRL 
T S G Sastry, PRL 

170 Satya Prakash, PRL 
T S G Sastry, PRL 

168 Satya Prakash, PRL 
T S G Sastry, PRL 

159 U R Rao, PRL 

149 U R Rao, PRL 

TMA—TERLS/PRL 
LP—PRL 

TMA—TERLS/PRL 

RFMS—HMS 

RFMS—HMS 

Radio propagation—NASA 

Radio propagation—NASA 

Barium cloud—MPI 
Capacitance probe—MPI 

Barium cloud—MPI 
Capacitance probe—MPI 

Barium cloud—MPI 
Capacitance probe—MPI 
Barium cloud—MPI 

Proportional counter—ISAS 
Magnetic sensor—ISAS 
Proportional counter—ISAS 
Magnetic sensor—ISAS 

LP, Plasma noise probe—PRL 
Proton magnetometer—PRL 
LP, Plasma noise probe—PRL 
Proton magnetometer—PRL 

LP, Plasma noise probe—PRL 
Proton magnetometer—PRL 
Proportional counter—PRL 
Magnetic sensor—PRL 

Proportional counter—PRL 
Magnetic sensor—PRL 

Data not reduced 
173-

Data not reduced 

138-

153-

84-

87- : 

280-130 

280-100 

200-150 

250-150 

No data 

No data 

170-

No data 
170-

168-

159-

149- • ; 



TERLS 
SI. no. 

104. 

106. 

107. 

129. 

141. 

142. 

153. 
-

156. 

157. 

Rocket/Flight 
no. 

Centaure IIA 
45.02 

Nike Apache 
40.04 

Nike Apache 
40.05 

Dragon I 
26.01 

Centaure IIA 
45.03 

Nike Apache 
30.01 

Skua II(T) 
16.01 

Nike Tomahawk 
17.01 

Nike Tomahawk 
17.02 

Date and 
time(IST) 

26.2.69 
1530 

26.4.69 
2230 
28.4.69 
2234 

21.9.69 
0130 

7.12.69 
0605 

2.1.70 
1235 

18.2.70 
1505 

9.3.70 
2000 

10.3.70 
1030 

Rocket 
apogee 
(km) 

145 

143 

147 

Failure 

123 

125 

92 

298 

296 

Project scientists) and 
affiliation^) 

S S Degaonkar, PRL 
U R Rao, PRL 

U R Rao, PRL 
Y Orgawara, 1SAS 

U R Rao, PRL 
Y Orgawara, ISAS 
S D Rozdestuvensky, RMS 
J S Shirke, PRL 
U R Rao, PRL 

Satya Prakash, PRL 
O P N Calla, MASEG 

S S Degaonkar, PRL 
U R Rao, PRL 

Y V Somayajulu, NPL 

A P Willmore, MSSL 
J S Shirke, PRL 

A C Aikin, NASA 
R A Goldberg, NASA 

A C Aikin, NASA 
R A Goldberg, NASA 

HF Capacitance probe—PRL 140-

Proportional counter—PRL 143-
Magnetic sensor—PRL 
Proportional counter—PRL 147-
Magnetic sensor—PRL 
RFMS—HMS 

Proportional counter—PRL 
Magnetic sensor—PRL 
LP—PRL 
Transponder—MASEG 

HF Capacitance probe—PRL 123-
Proportional counter—PRL 
Magnetic sensor—PRL 
Cosmic radio noise—NPL 125-
Radio propagation 
DC probe 
Lyman alpha No data 
Cylindrical probe—MSSL ? 

Quadrupole ion mass spectrometer 298-
—NASA 

CW Doppler radio propagation 
EUV detectors (band 900-1500 A) No data 

Quadrupole ion mass spectrometer 269-
—NASA 

CW Doppler radio propagation 
EUV detectors (band 900-1500A) No data 



158. Nike Tomahawk 
17.03 

10.3.70 264 
0205 

S Boyer, UCL (USA) 
A C Aikin, NASA 
R A Goldberg, NASA 

170. Nike Apache 
10.33 

19.3.70 97 
0849 

A C Aikin, NASA 
R A Goldberg, NASA 
Y V Somayajulu, NPL 

171. 

172. 

175. 

176. 

177. 

178. 

179. 

Nike Apache 
10.34 

Nike Apache 
10.35 

Nike Apache 
10.36 

Boosted Areas I 
12.03 

Boosted Areas II 
12.04 

Boosted Areas II 
12.05 

Boosted Areas II 
12.06 

19.3.70 
1039 

19.3.70 
1531 

27.3.70 
1055 

27.3.70 
1230 

27.3.70 
1812 

27.3.70 
• 1836 

27.3.70 
1900 

97 A C Aikin, NASA 
R A Goldberg, NASA 
Y V Somayajulu, NPL 

196 A C Aikin, NASA 
R A Goldberg, NASA 

Y V Somayajulu, NPL 

195 R Raghava Rao, PRL 
T S G Sastry, J'RL 
Satya Prakasb, PRL 

68 J A Kane, NASA 
W L Hanes, NASA 
S Gnanalingam, CIS1R 

93 J A Kane, NASA 
W L Hanes, NASA 
S Gnanalingam, CISIR 

103 J A Kane, NASA 
W L Hanes, NASA 
S Gnanalingam, CISIR 

97 J A Kane, NASA 
W L Hanes, NASA 
S Gnanalingam, CISIR 

He-304 A, 584 A—NASA 264-
3 EUV spectrophotometers 

—Lyman a & band 900-1500 A 
CW Doppler radio propagation 
Planar trap No data 

Radio propagation—NASA 97-
Gerdien condenser 
Quadrupole ion mass spectrometer 
Ion chambers (UV and OJ . . 
Proportional counters (solar X-rays) 

Radio propagation—NASA 97-
Gerdien condenser 
Quadrupole ion mass spectrometer 
Ion chambers (UV and 0») 

Radio propagation—NASA 196— 
Nose-tip probe 
Ion chambers (UV and (X) 
Proportional counters (solar X-rays) 

Proton magnetometer—PRL 195-
LP—PRL No data 

Radio propagation—NASA 68-
Gerdien c.udenser 

Radio propagation—NASA 93-
Gerdien condenser 

Radio propagation—NASA 103-
Gerdien condenser 

Radio propagation—NASA 97-
Gerdien condenser 



TERLS Rocket/Flight 
SI. no. no. 

Date and 
time(IST) 

15.4.70 
1535 

16.4.70 
0720 

7.1.71 
0557 

28.1.71 
1040 

28.1.71 
1110 

5.4.71 
1857 

19.4.71 
1855 

25.4.71 
1130 

29.4.71 
1855 

Rocket 
apogee 
(km) 

93 

91 

Failure 

163 

191 

88 

197 

160 

Failure 

Project scientist(s) and 
affiliation(s) 

K Norman, MSSL 
J S Shirke, PRL 

K Norman, MSSL 
J S Shirke, PRL 

P D Bhavsar, PRL 
A P J Abdul Kalam, SSTC 

Satya Prakash, PRL 

J S Shirke, PRL 

R Raghava Rao, PRL 
T S G Sastry, PRL 
Satya Prakash, PRL 

P D Bhavsar, PRL 
J N Desai, PRL 

P D Bhavsar, PRL 
J N Desai, PRL 

T S G Sastry, PRL 
T Obayashi, ISAS 
K Hirao, ISAS 

P D Bhavsar, PRL 
J N Desai, PRL 
T Obayashi, ISAS 
K Hirao, ISAS 

182. 

183! 

276. 

280. 

281. 

301. 

303. 

304. 

305. 

Skua.lI(T) 
16.13 

Skua 11(1) 
1C.12 

Centaure IIA 
05.12B, 

Nike Apache 
10.37 

Nike Apache 
10.38 

M-100 
08.19 

Nike Apache 
10.41 

Nike Apache 
10.40 

Nike Apache 
10.39 . 

306. Nike Apache 30.4.71 
10.42 1138 

171 T S G Sastry, PRL 
S S Degaonkar, PRL 

Cylindrical probe—MSSL 9 

Cylindrical probe—MSSL 

Sodium cloud—TERLS 
Payload recovery—SSTC 

LP, Resonance probe—PRL 
Lyman alpha—PRL 
Radio propagation—PRL 

152-

Payload tested 

Proton magnetometer—PRL 
LP—PRL 

Sodium cloud—TERLS 

Sodium cloud—TERLS 

No data 
190-

Release could not 
be photographed 

160-100 

Proton magnetometer—PRL 
Electron temp—ISAS 
Impedance probe—ISAS 
Capacitance probe—ISAS 

Sodium cloud—TERLS 

Electron temp—ISAS 
Capacitance probe—ISAS 
Impedance probe—ISAS 

Proton magnetometer—PRL 
HF Capacitance probe—PRL 

160-
160-
No data 
No data 

171-
Data not reliable 



398. 

399. 

401. 

402. 

404. 

405. 

406. 

3 409. 

410. 

412. 

414. 

420. 

424. 

430, • 

Petrel 
18.01 

Skua II 
16.14 

Petrel 
18.02 

Petrel 
18.03 

Petrel 
18.04 

Skua ir 
16.15 

Petrel 
18.05 

Skua II 
16.16 

Petrel 
18.06 

Petrel 
18.07 

Petrel 
18.08 

Daul Hawk 
21.01 

Daul Hawk 
21.02 

Nike Apache 
10.43 

4.1.72 
1844 

5.1.72 
1842 

6.1.72 
1844 

7.1.72 
1841 

14.1.72 
2343 

18.1.72 
0607 

18.1.72 
1105 

31.3.72 
1825 

2.2.72 
1100 

5.2.72 
1130 

13.2.72 
1825 

5.3.72 
1935 

11.3.72 
1938 

7.4.72 
1230 

167 

Failure 

127 

157 

128 

40 

Failure 

79 

134 

139 

137 

Failure 

Failure 

148 

G Martelli, USu 
R Raghava Rao, PRL 

G Martelli, USu 
R Raghava Rao, PRL 

G Martelli, USu 
R Raghava Rao, PRL 

G Martelli, USu 
R Raghava Rao, PRL 

P Rothwell, US 
R Raghava Rao, PRL 

G Martelli, USu 
R Raghava Rao, PRL 

S P Gupta, PRL 
P Rothwell, US 
R Raghava Rao, PRL 

G Martelli, USu 
R Raghava Rao, PRL 

K Burrows, RSRS 
T S G Sastry, PRL 

K Burrows, RSRS 
T S G Sastry, PRL 

K Burrows, RSRS 
T S G Sastry, PRL 

G Haerendel, MPI 
R Raghava Rao, PRL 

G Haerendel, MPI 
R Raghava Rao, PRL 

Satya Prakash, PRL 

J S Shirke, PRL 

Barium cloud—USu 155-

Barium shaped charge—USu 

Barium cloud—USu 124-

Barium cloud—USu 157-

Charged particle—US 

Barium shaped charge—USu No release 

LP—PRL 
Charged particle—US 

Barium shaped charge—USu No release 

Rb vapour magnetometer—RSRS 134-

Rb vapour magnetometer—RSRS 131-

Rb vapour magnetometer—RSRS 137-

Barium cloud—MPI 
Capacitance probe—MPI 

Barium cloud—MPI 
Capacitance probe—MPI 

LP—PRL 
Resonance probe 
UV, Lyman alpha 
Radio propagation—PRL 

148-
Noisy 
One UV failed 

• 95-



463. 

465. 

488. 

489. 

<-h 
OO 

520. 

523. 

532. 

533. 

552. 

578. 

Centaure IIA 
05.14 

Centaure IIA 
05.16 
Centaure IIA 
05.17 

Nike Apache 
10.44 

Centaure IIA 
05.15 
Centaure IIA 
05.18 
Centaure IIA 
05.19 

Nike Apache 
10.45 

Centaure IIA 
05.20 

Centaure IIA 
05.21 

12.8.72 
0745 

17.8.72 
1532 
13.10.72 
1227 

13.10.72 
1259 

22.1.73 
0310 
3.2.73 
0035 

3.3.73 
1135 

3.3.73 
1220 

11.4.73 
2320 
4.7.73 
0645 

150 

151 

120 

148 

165 

147 

125 

158 

161 

Failure 

K M Kotadia, GU 
Satya Prakash, PRL 

K M Kotadia, GU 
Satya Prakash, PRL . 
J Satrial, CNRS 
T S G Sastry, PRL 
Satya Prakash, PRL 
T S G Sastry, PRL 
Satya Prakash, PRL 
J Satrial, CNRS 
S Naranan, TIFR 
B V Sreekantan, TIFR 
P V Kulkarni, PRL 
Satya Prakash, PRL 

J Satrial, CNRS 
T S G Sastry, PRL 
Satya Prakash, PRL 
T S G Sastry, PRL 
Satya Prakash, PRL 
J Satrial, CNRS 
S Naranan, TIFR 
B V Sreekantan, TIFR 
K Hirao, ISAS 

Y V Somayajulu, NPL 

Impedance probe—GU 150-
LP—PRL 150-
Cylindrical probe—PRL No data 
Impedance probe—GU 150-
LP, Cylindrical probe—PRL 
Electric field probe—CNRS 117-

Proton magnetometer—PRL 
LP, Resonance probe—PRL 

148-

Proportional counter—TIFR 
Magnetic sensor—TIFR 
Dual-filter photometer—PRL 
LP, Lyman alpha—PRL 
Electric field probe—CNRS 

165-120 

147-

Data not reduced 

Proton magnetometer—PRL 
LP, Resonance probe—PRL 

158-

Proportional counter—TIFR 
Magnetic sensor—TIFR 

NO detector—ISAS 
LP, ET probe, Lyman alpha 
Impedance probe 
Gerdien condenser—NPL 
Radio propagation 

Nosecone did not 
eject 



726. 

727. 

728. 

729. 

730. 

731. 

732. 

733. 

734. 

735. 

736. 

739. 

740. 

741. 

743. 

Petrel 
18.09 

Petrel 
18.10 

Petrel 
18.11 

Petrel 
18.12 

Centaure 11B 
05.23 

Petrel 
IS.13 

Centaure IIB 
05.25 

Petrel 
18.15 

Petrel 
18.14 

Centaure 1IB 
05.24 

Petrel 
18.17 

Petrel 
18.16 

Petrel 
18.18 

Petrel 
18.19 

Petrel 
18.20 

9.2.75 
0554 

9.2.75 
0559 

9.2.75 
1100 

9.2.75 
1105 

9.2.75 
1120 

9.2.75 
1238 

19.2.75 
1105 

19.2.75 
1407 

19.2.75 
1412 

19.2.75 
1434 

19.2.75 
1902 

15.3.75 
2204 

16.3.75 
0530 

19.3.75 
1451 

24.3.75 
0536 

162 

141 

134 

165 

Failure 

143 

160 

164 

133 

164 

166 

147 

120 

120 

90 

D Rees, UCL 
i N Desai, PRL 

S P Gupta, PRL 
T S G Sastry, PRL 

J W G Wilson, UJB 

D Rees, UCL 
J N Desai, PRL 

TSG Sastry, PRL 
D Rees, UCL 

S P Gupta, PRL 
T S G Sastry, PRL 

T S G Sastry, PRL 
S P Gupta, PRL 

D Rees, UCL 
J N Desai, PRL 

J W G Wilson, UB 

T S G Sastry, PRL 
D Ree'v, UCL 

D Rees, UCL 
J N Desai, PRL 

P Rothwell, US 
S P Gupta, PRL 
R. Raghava Rao, PRL 

P Rothwell, US 
S P Gupta, PRL 
R Raghava Rao, PRL 

P Rothwell, US 
S P Gupta, PRL 
R Raghava Rao, PRL 

R Raghava Rao, PRL 
G Martelli, USu 

TMA—UCL 162-90 

LP, UV—PRL 135-
EF probe—PRL/UCL 

ED, ET, EF probe—UB No data 

Lithium cloud—UCL 165-95 

Rb vector magnetometer—PRL/UCL 
Solar sensor—UCL 

LP, UV—PRL Data noisy 
EF probe—PRL/UCL No data 

Rb scalar magnetometer—PRL 170-
LP—PRL 

Lithium cloud—UCL 150-85 

ED, ET, EF probe—UB No data 

Rb vector magnetometer—PRL/UCL 164-

Solar sensor—UCL No data TMA—UCL 

Particle detector—US 
LP—PRL 

Particle detector—US 
LP—PRL 

Particle detector—US 
LP—PRL 

166-80 

1 

130-

? 

Data noi: 

120-

Barium cloud—TERLS 



TERLS Rocket/Flight Date and 
SI. no. no. time(IST) 

Rocket 
•apogee 

(km) 

Project scientist^) and 
affiliation(s) 

747. Centaure IIB 
05.26 

748. Centaure HB 
05.27 

808. M-100B 
08.224 

21.4.75 
1341 

21.4.75 
2300 

157 

156 

6.12.75 92 
1104 

J S Shirke, PRL 
Satya Prakash, PRL 
A A Pokhunkov, HMS 

J S Shirke, PRL 
Sarya Prakash, PRL 
A A Pokhunkov, HMS 

Satya Prakash, PRL 

Payload(s) and organisations) 
responsible for it 

Data obtained in 
the altitude 

range of (km)/ 
Remarks 

RFMS (ion)—PRL 155-
LP—PRL Data noisy 
RFMS (ion-cum-ncutral)—HMS ? 

RFMS (ion)—PRL 155-
LP—PRL 150-
RFMS (ion-cum-ncutral)—HMS ? 

LP, UV—PRL Data noisy 



APPENDIX III 

Rocket experiments conducted from Thumba for meteorological studies 

TERLS Flight Date and Payload(s) and organisationfs) 
SI. no. no. time (1ST) responsible for it 

Rocket Data obtained 
apogee in the altitude 
(km) range of (km) 

Remarks 

PART A 
Rocket type — Judi Dart 

Project scientist — M S V RAO, IMD 

8. 

9. 

10. 

11. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

11.01 

11.02 

11.03 

11.04 

11.05 

11.06 

11.07 

11.08 

11.09 

11.10 

11.11 

14.7.64 
1224 
15.7.64 
1525 
16.7.64 
1440 
19.8.64 
1131 
5.12.64 
1225 
15.12.64 
1200 
16.12.64 
1308 
12.1.65 
1629 
13.1.65 
1545 
3.2.65 
1309 
17.3.65 
1225 

Copper chaff—NASA 

Failure 

55 

58 

58 

65 

60 

64 

59 

61 

6! 

54-29 

57-37 

57-28 

64-33 

59-42 

63-24 

58-28 

60-25 

60-27 



TERLS 
SI. no. 

24. 

25. 

26. 

• 27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

36. 

37. 

38. 

43. 

45. 

Flight 
no. 

11.12 

11.13 

11.14 

11.15 

11.16 

11.17 

11.18 

11.19 

11.20 

11.21 

11.22 

11.23 

11.24 

11.25 

11.26 

11.27 

Date and 
time (1ST) 

19.5.65 
1234 
16.6.65 
1234 
21.7.65 
0820 
18.8.65 
1240 
15.9.65 
1501 
20.10.65 
1240 
17.11.65 
1406 
23.11.65 
0757 
15.12.65 
1305 
17.12.65 
1206 
18.12.65 
1217 
19.1.66 
1500 
16.2.66 
0900 
16.3.66 
1740 
13.4.66 
1300 
13.7.66 
1150 

Payload(s) and organisation^) 
responsible for it 

Copper chad"— NASA 

If 

3$ 

3} 

33 

) 3 

33 

Instrumented dart — NASA 

Copper chaff—NASA 

Instrumented dart — NASA 

Copper 

J J 

chaff—NASA 

J ) 

J J 

33 

33 

Rocket Data obtained 
apogee in the altitude Remarks 
(km) range of (km) 

57 56-30 

60 59-33 

60 59-34 

64 63-34 

61 60-33 

62 61-20 

63 62-20 

Failure 

61 60-24 

Failure 

Failure 

59 58-20 

61 60-21 

61 60-20 

60 59-20 

57 56-20 



53. 11.28 20.11.67 Dart and copper chaff"—TERLS 
1045 

55. 11.29 20.12.67 
1509 

110. 11.30 11.6.69 
1050 

115. 11.31 25.6.69 
1142 

116. 11.32 16.7.69 
1100 

117. 11.33 23.7.69 
1120 

120. 11.34 30.7.69 
1100 

121. 11.35 6.8.69 
1120 

123. 11.36 20.8.69 
1627 

45 44-20 

41 40-20 

63 60-26 

No data Premature ejection of chaff 

49 43-20 

59 58-20 

29 29-20 

33 33-20 

36 35-20 



TERLS 
SI. no. 

Flight 
no. 

Date and 
time (1ST) 

PayIoad(s) and organisation^) 
responsible for it 

Rocket 
apogee 
(km) 

Data obtained 
in the altitude 
range of (km) 

Remarks 

PART B 

Rocket type — Skua I 
Project scientists — R ALMOND, BMO, UK 

— P R PISHAROTY, PRL/ISRO 
— V NARAYANAN, TERLS 

154. 

155. 

159. 

;•* 160. 

161. 

162. 

163. 

169. 

173. 

174. 

16.02(M) 

16.03(M) 

16.04(M) 

16.05(M) 

16.06(M) 

16.07(M) 

16.08(M) 

16.09(M) 

16.10(M) 

16.I1(M) 

6.3.70 
1915 
8.3.70 
1915 
10.3.70 
1945 
12.3.70 
1915 

. 14.3.70 
1935 
16.3.70 
1915 
17.3.70 
0520 
18.3.70 
1915 
20.3.70 
1915 
22.3.70 
1915 

Rocket-sonde — BMO 
(wire sensor and parachute) 

61 

58 

60 

66 

63 

62 

62 

62 

68 

64 

60-20 

57-20 

58-20 

63-20 

61-20 

60-20 

60-20 

60-20 

66-20 

60-20 



PART C 

Rocket type —M-100 
Project scientists — A V FEDYNSKI, HMS, USSR 

— PR PlSHAROTY, PRL/ISRO 
— V NARAYANAN, TERLS 

258. 08.01 9.12.70 Rocket-sonde — HMS 91 80-6 Za 
2315 (wire sensor and parachute— 

transponder-mode) 
270. 08.02 16.12.70 „ 90 80-6 

2306 
271. 08.03 23.12.70 „ 92 80-4 

2300 
272. 08.04 30.12.70 „ 93 80-6 

2305 

S 275. 08.05 . 6 . 1 . 7 1 
2300 

277. 08.06 13.1.71 
2305 

278. 08.07 20.1.71 
1000 

•279. 08.08 20.1.71 
2300 

283. 08.09 30.1.71 
1022 

284. 08.10 4.2.71 f,. 
0 0 0 5 '•' <l 

285. 08.11 10.2.71 
2300 

,/a-Wind data for all flights arc from 60 km and down only, except where chaff payload is used, when wind data is available 
from 80 km downwards. What is indicated under 'Data obtained' refers to temperature data, unless stated otherwise. 

89 

94 

91 

89 

89 

91 

91 

80-5 

80-6 

80-8 

80-6 

80-7 

80-11 

80-6 



TERLS Flight Date and Payload(s) and organisation(s) 
Sl.no. no. time (1ST) responsible for it 

Rocket Data obtained 
apogee in the altitude Remarks 
(km) range of (km) 

286. 

289. 

290. 

291. 

292. 

299. 

300. 

302. 

309. 

310. 

311. 

312. 

318. 

322. 

323. 

08.12 

08.13 

08.14 

08.15 

08.16 

08.17 

08.18 

08.20 

08.21 

08.22 

08.23 

08.24 

08.25 

08.26 

08.27 

17.2.71 
2300 
24.2.71 
2300 
3.3.71 
2300 
10.3.71 
2300 
,17.3.71 
2200 
24.3.71 
2200 
31.3.71 
2200 
5.4.71 
1932 
19.5.71 
2005 
26.5.71 
2000 
2.6.71 
2010 
9.6.71 
2000 
16.6.71 
2000 
23.6.71 
2015 
30.6.71 
2136 

st-sonde 

J> 

a 

)) 

»» 

79 

5J 

» 

» 

» 

» 

>» 

» 

84 

91 

90 

90 

94 

89 

89 

90 

90 

92 

90 

? . 

91 

88 

80-7 

80-7 

80-6 

80-6 

80-5 

80-6 

80-7 

No data 

No data 

80-8 

80-8 

No data 

80-8 

80-9 

Pailure 

http://Sl.no


324. 08.28 7.7.7 J Rocket-sondc 
2000 

325. 08.29 14.7.71 
2004 

326. 08.30 21.7.71 
2000 

327. 08.31 28.7.71 
2007 

337. 08.32 4.8.71 
2000 

338. , 08.33 11.8.71 
2003 

343. 08.34 18.8.71 
2000 

344. 08.35 25.8.71 
2000 

345. 08.36 1.9.71 
2000 

346. 08.37 8.9.71 
2000 

347. 08.38 15.9.71 
1935 

349. 08.39 22.9.71 
2000 

350. 08.40 29.9.71 
2000 

363. 08.41 6.10.71 
2000 

364. 08.42 13.10.71 
2001 

371. 08.43 20.10.71 
2000 

372. 08.44 27.10.71 
2150 

376. 08.45 3.11.71 
2000 

94 

89 

92 

91 

91 

86 

92 

89 

90 

89 

91 

89 

86 

90 

87 

9 

89 

92 

80-9 

80-9 

80-9 

80-8 

80-9 

80-9 

46-8 

80-9 

80-8 

80-8 

80-7 

50-8 

80-9 

80-7 

55-7 

No data 

80-7 

80-7 

Data missing between 
34-23 ki. 

No temp data 

No temp data 

No temp data 

No radar data 



TERLS 
Sl.no. 

383. 

384. 

385. 

386. 

390. 

391. 

396. 

397. 

400. 

403. 

407. 

408. 

411. 

413. 

417. 

Flight 
no. 

08.46 

08.47 

08.48 

08.49 

08.50 

08.51 

08.52 

08.53 

08.54 

08.55 

08.56 

08.57 

08.58 

08.59 

08.60 

Date and 
time (1ST) 

10.11.71 
2000 
17.11.71 
2000 
24.11.71 
2000 
1.12.71 
2000 
8.12.71 
2000 
15.12.71 
2030 
22.12.71 
2030 
29.12.71 
2000 

5.1.72 
2003 
12.1.72 
2000 
19.1.72 
2001 
26.1.72 
2225 
2.2.72 
2000 
9.2.72 
2000 
17.2.72 
2000 

Payload(s) and organisation^) 
responsible for it 

Rocket-sonde 

S) 

s> 

» 

1J 

Rocket Data obtained 
apogee in the altitude Remarks 

(km) range of (km) 

87 

90 

90 

89 

87 

87 

90 

92 

88 

89 

91 

89 

91 

9 

90 

80-7 

55-6 

80-5 

80-6 

80-6 

80-7 

80-7 

80-7 

80-6 

80-6 

80-5 

80-6 

80-6 

No data 

80-6 

No temp data 

No radar data 

http://Sl.no


418. 

419. 

421. 

425. 

427. 

428. 

429. 

431. 

432. 

* 433. 

434. 

435. 

436. 

444. 

445. 

446. 

447. 

448. 

08.61 

08.62 

08.63 

08.64 

08.65 

08.66 

08.67 

08.68 

08.69 

08.70 

08.71 

08.72 

08.73 

08.74 

08.75 

08.76 

08.77 

08.78 

23.2.72 Rocket-sonde 
2000 
1.3.72 
2000 
8.3.72 
2200 
15.3.72 
2004 
22.3.72 
2000 
29.3.72 
2000 
5.4.72 
2000 
12.4.72 
2000 
19.4.72 
2000 
26.4.72 

.2000 
3.5.72 
2000 
10.5.72 
2157 
17.5.72 
2035 
31.5.72 
2007 
7.6.72 
2000 
14.6.72 
2000 
21.6.72 
2000 
28.6.72 
2010 

88 

? 

91 

89 

91 

90 

90 

9 

87 

9 

92 

91 

88 

90 

90 

89 

90 

88 

80-6 

50-6 

80-6 

80-6 

80-6 

80-6 

80-6 

No data 

80-5 

32-5 

55-5 

No data 

80-6 

80-16 

55-8 

80-8 

55-6 

80-9 

Wind data from 40-6 km 

No radar data 

No radar data 

No temp data 

Parachute failure 

No temp data 

No temp data 



TERLS Flight Date and Payload(s) and organisation^) 
Sl.no. no. time (1ST) responsible for it 

449. 08.79 5.7.72 Rocket-sonde 
2002 

451. 08.80 12.7.72 
2000 

452. 08.81 19.7.72 
2035 

453. 08.82 26.7.72 
2000 

454. 08.83 2.8.72 
2014 

462. 08.84 9.8.72 
2000 

464. 08.85 16.8.72 
2000 

472. 08.86 ' 24.8.72 
2000 

473. 08.87 30.8.72 
2000 

474. 08.88 • 6.9.72 
2000 

475. 08.89 13.9.72 
2227 

484. 08.90 20.9.72 
2005 

485. 08.91 27.9.72 
2000 

486. 08.92 4.10.72 
2000 

487. 08.93 11.10.72 
2000 

Rocket Data obtained 
apogee in the altitude 

(km) range of (km) 
Remarks 

86 

86 

89 

88 

88 

87 

88 

88 

90 

87 

86 

85 

88 

89 

89 

80-8 

80-9 

55-9 

55-11 

80-8 

80-9 

80-9 

55-9 

80-9 

80-9 

75-7 

80-7 

80-9 

80-8 

55-7 

Temp data 25-9 km 

No temp data 

No temp data 

No temp data 

http://Sl.no


490. 

497. 

498. 

499. 

500. 

501. 

502. 

503. 

504. 

509. 

510. 

511. 

512. 

517. 

518. 

519. 

08.94 

08.95 

08.96 

08.97 

08.98 

08.99 

08.100 

08.101 

08.102 

08.103 

08.104 

08.105 

08.106 

08.107 

08.108 

08.109 

18.10.72 
2036 
25.10.72 
2000 
1.11.72 
2014 
9.11.72 
2000 
15.11.72 
2000 
22.11.72 
2000 
29.11.72 
2000 
6.12.72 
2003 
13.12.72 
2000 
20.12.72 
2000 
27.12.72 
2000 

3.1.73 
2000 
3.J.73 
2120 
10.1.73 
2000 
11.1.73 
2140 

17.1.73 
2000 

Rocket-sonde 

Rocket-sondc + C 

Rocket-sonde 

Rocket-sonde + C 

Rocket-sonde 

Indian met payload — PRL/SAC 
Alphatron densitometer — PRL 

Rocket-sonde + C 

Indian met payload — IITM 
Alphatron densitometer — PRL 

Rocket-sonde 

91 

86 

86 

88 

90 

84 

88 

83 

89 

89 

87 

88 

86 

84 

23 

80-6 

80-7 

80-7 

80-7 

80-8 

80-7 

80-7 

80-7 

80-7 

80-7 

80-7 

80-7 

29-14 

80-6 

No data 

Chaff data 65-62 km 

Chaff data 80-60 km 

Chaff data 80-65 km 

Chaff data 79-61 km 

Zb 
Zc 
Chaff data 80-61 km 

Zd 
Zc 

86 80-7 

C indicates copper and fibreglass chaff payload. Copper chaff has been provided by TERLS and fibreglass chaff by HMS, USSR. 
Z.b : Project scientist — P R Pisharoty ^ c : Project scientist — T S G Sastry / d : Project scientist _— H Mitra 



TERLS 
SI. no. 

521. 

522. 

524. 

529. 

530. 

531. 

- j 

M 534. 

545. 

548. 

549. 

550. 

551. 

553. 

554. 

555. 

Flight 
no. 

08.110 

08.IJ1 

08.112 

08.113 

08.114 

08-115 

08.116 

08.117 

08.118 

08.119 

08.120 

08.121 

08.122 

08.123 

08.124 

Date and 
time (1ST) 

24.1.73 
2000 
31.1.73 
2007 
8.2.73 
2005 • 
22.2.73 
2000 
28.2.73 
2000 
1.3.73 
2020 
7.3.73 
2000 
14.3.73 
2000 
21.3.73 
2000 
28.3.73 
2000 
4.4.73 
2000 
11.4.73 
1930 
18.4.73 
2000 
25.4.73 
2000 
2.5.73 
2000 

Payload(s) and organisation(s) 
responsible for it 

Rocket-sonde 

> • 

>» 

Rocket-sonde + C 

Rocket-sonde 

» 

r» 

Rocket-sonde + C 

Rocket-sonde 

J* 

)) 

>» 

Rocket-sonde + C 

Rocket-sonde 

S) 

Rocket Data obtained 
apogee in the altitude Remarks 
(km) range of (km) 

90 

84 

80 

85 

23 

88 

88 

85 

88 

91 

90 

87 

84 

89 

84 

75-8 

80-7 

80-5 

80-9 

No data 

No data 

80-8 

50-7 

55-5 

80-5 

80-6 

80-7 

80-7 

80-8 

80-8 

Chaff data 75-64 km 

Chaff data 80-68 km 
No temp data 
No temp data 

Chaff data 68-64 km 



08.125 9.5.73 Rocket-sonde 
2000 

557. 08.126 14.5.73 
2000 

558. 08.127 16.5.73 Rocket-sonde + C 
2000 

559. 08.128 18.5.73 Rocket-sonde 
2000 

562. 08.129 21.5.73 
2000 

566. 08.130 23.5.73 
2000 

567. 08.131 25.5.73 
2000 

568. 08.132 30.5.73 
2000 

570. 08.133 6.6.73 
2000 

573. 08.134 14.6.73 Rocket-sonde + C 
2000 

574. 08.135 20.6.73 Rocket-sonde 
2000 

577. 08.136 27.6.73 
2000 

579. 08.137 4.7.73 
2000 

580. 08.138 11.7.73 
2000 

583. 08.139 18.7.73 
2000 

584. 08.140 25.7.73 
2000 

587. 08.141 1.8.73 
2000 

588. 08.142 8.8.73 
2000 

88 

86 

82 

84 

87 

89 

90 

86 

87 

83 

88 

89 

88 

89 

89 

87 

88 

87 

80-8 

80-8 

80-6 

80-7 

60-8 

60-8 

80-10 

60-10 

80-9 

80-10 

80-9 

80-11 

80-10 

80-10 

80-10 

80-10 

80-10 

80-11 

Chaff data 76-61 km 

No temp data 

No temp data 

No temp data 

Chaff data 79-61 km 



- J 

TERLS 
SI. no. 

589. 

590. 

593. 

594. 

595. 

596.' 

597. 

598. 

599. 

600. 

601; 

602. 

603. 

604. 

605. 

Flight 
no. 

08.143 

08.144 

08.145 

08.146 

08.147 

08.148 

08.149 

08.150 

08.151 

08.152 

08.153 

08.154 

08.155 

08.156 

08.157 

Date and 
time (1ST) 

16.8.73 
2000 
22.8.73 
2000 
29.8.73 
2000 
5.9.73 
2000 
12.9.73 
2000 
19.9.73 
2000 
27.9.73 
2000 
3.10.73 
2000 
10.10.73 
2000 
17.10.73 
2000 
24.10.73 
2000 
31.10.73 
2000 
7.11.73 
2000 
14.11.73 
2000 
17.11.73 
2000 

Payload(s) and organisation!^) 
responsible for it 

Rocket-sonde 

J> 

19 

Rocket-sonde + C 

>» 

Rocket-sonde + F 

» 

Rocket-sonde 

» 

Rocket-sonde + C 

Rocket-sonde 

J J 

» j 

Rocket-sonde + C 

Rocket-sonde 

F indicates Falling sphere payload. Project scientist -

apogee 
(km) 

86 

88 

87 

82 

84 

86 

84 

90 

89 

85 

90 

87 

87 

84 

86 

in the altitude 
range of (km) 

80-10 

80-26 

60-9 

80-18 

80-9 

80-10 

60-8 

60-9 

80-9 

80-8 

80-9 

80-8 

80-6 

80-7 

80-7 

— S. Ramakrishna, IISc 

Remarks 

Wind data 60-11 km 

No Temp data 

Chaff data 77-64 km 

Chaff data 80-63 km 

Falling sphere data 45-37 km 

Falling sphere data 26-21 km 
No temj) data 
No temp data 

Chad data 73-60 km 

Chaff data 72-60 km 



612. 

614. 

615. 

616. 

617. 

618. 

619. 

620. 

621. 

622. 

623. 

624. 

625. 

626. 

627. 

633. 

634. 

641. 

08.158 

08.159 

08.160 

08.161 

08.162 

08.163 

08.164 

08.165 

08.166 

08.167 

08.168 

08.169 

08.170 

08.171 

08.172 

08.173 

08.174 

08.175 

21.11.73 
2045 
24.11.73 
2000 
28.11.73 
2008 
1.12.73 
2000 
5.12.73 
2000 
12.12.73 
2000 
15.12.73 
2000 
19.12.73 
2000 
26.12.73 
2000 

2.1.74 
2000 
9.1.74 
2000 
16.1.74 
2030 
23.1.74 
2000 
30.1.74 
2000 
6.2.74 
2000 
13.2.74 
2000 
20.2.74 
2000 
27.2.74 
2144 

Rocket-sondc 

Rocket-sonde + F 

» 

Rocket-sonde 

Rocket-sonde + C 

Rocket-sonde 

Rocket-sonue + C 

Rocket-sonde 

>> 

Rocket-sonde + F 

Rocket-sonde + C 

Rocket-sonde 

7 

90 

86 

83 

84 

84 

87 

83 

86 

27-7 

80-8 

80-7 

55-6 

80-6 

80-7 

80-7 

80-7 

S0-37 

No temp data 

No temp data 

Falling sphere data 36-24 km 

Falling sphere data 52-25 km 

Chaff data 81-55 km 
No data 22-14 km 
Wind data 60-6 km 

85 

86 

85 

86 

81 

84 

85 

86 

90 

80-8 

80-8 

80-7 

80-8 

75-8 

80-7 

80-7 

26-7 

80-7 

ChafT data 58-53 km 

Falling sphere data 44-24 km 

ChafT data 82-58 km 

Wind data 60-6 km 



TERLS Flight Date and Payload(s) and organisation® 
SI. no. no. time (1ST) responsible for it 

646. 08.176 6.3.74 Rocket-sonde 
2000 

647. 08.177 13.3.74 Rocket-sonde + C 
2000 

654. 08.178 20.3.74 Rocket-sonde 
2000 

655. 08.179 27.3.74 
2000 

656. 08.180 3.4.74 
2114 

660. 08.181 10.4.74 
2000 

3} 661. 08.182 17.4.74 Rocket sonde + C 
2000 

662. 08.183 24.4.74 
2128 

674. 08.184 1.5.74 
2000 

681. 08.185 8.5.74 
2000 

684. 08.186 16.5.74 
2000 

689. 08.187 22.5.74 
2000 

692. • 08.188 29.5.74 
2000 

693. 08.189 5.6.74 
2000 

694. 08.190 12.6.74 
2000 

Rocket Data obtained, 
apogee in the altitude Remarks 
(km) range of (km) 

83 

83 

86 

88 

87 

88 

83 

83 

86 

82 

84 

80 

86 

81 

85 

80-7 

80-6 

19-7 

20-7 

80-8 

80-8 

80-8 

80-6 

80-8 

80-7 

80-8 

80-8 

80-9 

24-9 

80-9 

Chaff data 68-61 Ion 

Wind data 60-7 km 

Chaff data 82-57 km 

Chaff payload failure 

Chaff data 81-60 km 

Chaff data 82-58 km 

Chaff data 80-58 km 

Chaff data 77-58 km 

Chaff data 75-65 and 60-55 km 

Chaff data 80-61 km 

Chaff data 71-66 km 



749. 08.191 19.5.75 
2000 

751. 08.192 21.5.75 
2000 

752. 08.193 23.5.75 
2000 

753. 08.194 26.5.75 
2000 

755. 08.195 28.5.75 
2014 

757. 08.196 30.5.75 
2120 

758. 08.197 4.6.75 
2120 

760. 08.198 11.6.75 
2000 

763. 08.199 18.6.75 
2000 

765. 08.200 25.6.75 
2000 

766. 08.201 2.7.75 
2010 

768. 08.202 9.7.75 
2000 

769. 08.203 16.7.75 
2000 

770. 08.204 23.7.75 
2049 

771. 08.205 30.7.75 
2009 

PART D 

Rocket type —M-100 B 
Project scientists — A V FEDYNSKI —HMS, USSR 

— P R PISIIAROTY —PRL/ISRO 
—V NARAYANAN —TERLS 

Rocket-sonde 
'ire sensor and bigger parachute) 

J ) 

» 

33 

33 

33 

33 

33 

33 

J J 

)» 

33 

a> 

j> 

88 

86 

86 

84 

84 

86 

88 

88 

88 

88 

86 

87 

87 

88 

89 

80-7 

60-8 

80-9 

80-9 

80-8 

55-9 

80-9 

80-8 

80-9 

80-9 

80-10 

60-10 

80-10 

80-9 

80-9 

No temp data 

No temp data 

No temp data 



TERLS 
SI. no. 

772. 

773. 

774. 

775. 

782. 

783. 

- j 786. 
oo 

789. 

791. 

794. 

795. 

796. 

797. 

798. 

Flight 
no. 

OS.206 

08.207 

08.208 

08.209 

08.210 

08.211 

08.212 

08.213 

08.214 

08.215 

08.216 

08.217 

08.218 

08.219 

Date and 
time (1ST) 

6.8.75 
2017 
13.8.75 
2000 
19.8.75 
2000 
27.8.75 
2000 
3.9.75 
2045 
10.9.75 
2000 
17.9.75 
2000 
24.9.75 
2000 
1.10.75 
2000 
8.10.75 
2017 
15.10.75 
2000 
22.10.75 
2006 
29.10.75 
2023 
5.11.75 
2000 

Payload(s) and organisation^) 
responsible for it 

Rocket-sonde 

Rocket-sonde + C 

Rocket-sonde 

j > 

j ) 

3S 

Rocket-sonde + C 

5> 

>» 

)> 

» 

} > 

!> 

») 

Rocket 
apogee 
(kin) 

86 

89 

86 

84 

85 

84 

87 

87 

82 

86 

1 

? 

83 

83 

Data obtained 
in the altitude 
range of (km) 

80-9 

80-10 

80-9 

80-10 

80-9 

80-9 

80-9 

80-10 

80-11 

80-8 

83-64 

36-15 

80-7 

80-10 

Remarks 

No temp data 

Ze. Chaff not ejected 

Ze 

Only chad" wind data 

Ze. No radar data 
Chaff not ejected 
Ze 

Ze. Chaff not tracked due to 
radar trouble 

, / e — TERLS ejection system with USSR timer. Payload: Rockct-sondc + Fibreglass and copper chaff. 

71" — TERLS ejection system with TERLS timer. Payload: Rocket-sonde + Fibreglass chaff". 



800. 

802. 

803. 

807. 

809. 

810. 

811. 

812. 

813. 

08.220 

08.221 

08.222 

08.223 

08.225 

08.226 

08.227 

08.228 

08.229 

11.11.75 
2010 
19.11.75 
2000 
26.11.75 
2000 
3.12.75 
2000 
10.12.75 
2000 
17.12.75 
2000 
18.12.75 
2000 
24.12.75 
2000 
31.12.75 
2000 

Rcckct-sondc + C 

Rocket-sonde 

Rocket-sonde + C 

85 

91 

84 

82 

89 

87 

87 

84 

81 

80-6 

80-6 

80-8 

80-6 

80-7 

80-61 

80-5 

80-5 

80-5 

Z e 

Z f 

Zf. Chaff not ejected 

Zf. Failure of payload 
separation 

Zf. No Chaff data 

Zf 



APPENDIX IV 

Payloads and sub-systems contributed by TERLS for rocket experiments from Thumba 

Payload/sub-system Flight no. as in Appendices II and III 

CO 

o 

(A) Meteorological experiments 
1. Telemetry 

2. Timer 

3. Payload ejection system 

4. Dart and copper chaff 

5. Copper chaff 

(B) Scientific exp e r i m e n ' s 

1. Telemetry 

2. Sodium—filling 

3. TMA—filling 

512 

596, 597 617, 618, 620, 624, 627, 633, 647, 661, 662, 
674, 681, 684, 689, 692, 693, 694, 803, 807, 810, 812, 
813 

596, 597, 617, 618, 627, 791, 794, 796, 797, 798, 800, 
803, 807, 810, 812, 813 

53, 55. 110, 115, 116, 117, 120, 121, 123 

498, 499, 501, 502, 517, 529, 545, 553, 558, 573, 594, 
595, 600, 604, 620, 624, 633, 647, 661, 662, 674, 681, 
684, 689, 692, 693, 694, 773, 786, 789, 795, 802, 809 

66, 61, 16, 18, 81, 82, 83, 88, 89, 104, 106, 107, 129, 
141, 142, 153, 175, 182, 183, 276, 280, 281, 304, 305, 
306, 404, 406, 430, 463, 465, 488, 489, 520, 523, 532, 
533, 552, 578, 727, 730, 731, 732, 735, 739, 740, 741, 
747, 748, 808 

42, 46, 47, 48, 50, 276, 301, 303, 305 

49, 64, 65 



4. Barium—filling 

5. Timer 

6. Nosecone systems 
(a) Axial 

(6) Split 

7. Probe deployment 

8. Yo-Yo 

9. Magnetic sensor 

10. Other specialised jobs 
(a) Fibreglass cylinder and 

resonance probe assembly 

(b) Accelerometers and 
pressure pick-ups 

(c) Stainless steel adapter, 
HE charge for generating 
barium jet 

743 

46, 47, 48, 49~ 50, 64, 65, 276, 301, 303, 305, 743 

76, 78, 106, 107, 129, 301, 303, 305, 520, 523, 552, 732, 
735, 743, 748 

66, 67, 88, 89, 578 

142, 488, 532 

76, 78, 88, 89, 532, 488 

306, 430, 520, 552, 578, 731, 747, 748, 808 

280 

304 

409 
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